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1. Abstract Noffnal

'Me influence of the crystal structure of CVD GfoWth side

diamonds on their charge collection efficiency has Lulet T7 .7
been investigated by using a heavy ion microprobe ion 89=
with Li and Cr ions of 36 MeV/u and C ions of 5.9
MeV/u. Nuciarion skm

11. Introduction

Because of its extreme radiation hardness diamond

is a very interesting material for the detection of Figure 1: Schematic drawing of the crystal structure
high energy charged particles and its high charge and the iadiation directions.
carrier mobility makes it useful for dosimetry in a
high particle flux environment. A single pulse width M. Experiment
of less than 200 ps was observed with a GHz
prearnplifier and a time resolution of 30 ps for CVD We scanned the polycrystalline diamond by a
diamond detectors has been achieved [1]. Since focused ion beam with a spot size of around I m
chemical vapour deposition (CVD) diamonds in diameter. The irradiation was performed normal
became commercially available at a price and parallel to the growth side of the diamond.
comparable to silicon surface barrier detectors the Measurements with 36 MeV/u Cr-lons 36 MeV/u
application of diamonds as particle detectors is no Li-Ions and 5,9 MeV/u C-lons were performed.
longer prevented by their high cost.

Unfortunately, the charge collection efficiency of HI. 1 Normal Irradiation

CVD diamonds is below 50% and in some cases To obtain information about the microscopic charge
even less than 5%, which limits their use to collection efficiency and the topology of the
spectroscopy applications. As we suspected that the diamond we measured the charge pulse height
particle induced charges are mostly trapped at grain spectra and the secondary electron signals from the
boundaries, and that trapping should decrease with diamond surface with respect to the x and y co-
rising bias, we investigated the charge collection ordinates of each ion hit. Fig. 2 shows the
efficiency of polycrystalline diamonds secondary electron image of the crystal growth
microscopically with a high energy heavy ion side. Here the secondary electron signal of each ion
microprobe at various bias voltages. The impact was recorded together with its x- and y-
microprobe allows us to image the surface topology coordinates. At the upper right side (arrow) a
of the diamond and at the same time map the charge diamond single crystal is visible.
collection-efficiency of individual micro-crystals.

The chemical vapour deposition (CVD) is a non -
equilibrium crystal growth process. The nucleation
process is usually enhanced by providing small
nucleation centres on a substrate. Diamond growth
is a competition between the formation of graphite
and diamond and etching the graphite by the
hydrogen in the process while the diamond is inert.
The result of the process is a columnar structure of
small diamond crystals. Slow growing crystal
orientations are outgrown by fast growing crystal
orientations. Therefore, the surviving crystals have
all the same orientation. Mechanical stress between
the diamond crystals is unavoidable. The crystal Figure 2 Secondary electron image of the detector
structure is indicated in Fig. 1. surface. Sgga field 350 x 300 Mm
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The results of the irradiation in normal direction area by secondary electron imaging, but we were
concerning the charge collection are shown in Fig. able to see the columnar structure of the CVD
3. Charge signals above the indicated threshold are diamond by charge collection imaging (Fig. A
plotted versus x and y. Light areas correspond to clear identification of grain boundaries is
low charge collection efficiency and black areas to a impossible. This could be an other indication
high efficiency. The 350 x 300 m scan field has supporting our suspicion that the grain boundafies
been uniformly irradiated. The charge collection are not the main charge traps.
varies strongly among different micro-crystals, all
though all crystals are uniformly ofiented. It is even
non-uniform within a single crystal so that grain
boundaries cannot be the main reason for the T
inefficient charge collection. Especially the single
crystal at the upper right side (see aiTow) shows a
non-uniform charge collection efficiency.
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Figure 5: Lteral iadiation, charge collection image of
the detector. Scan field 120 x 100 m.

Fig. 6 shows the charge collection spectirum
corresponding to the iage in Fig. 5. The black dots
in Fig. correspond to amplitudes above the

indicated threshold.

Figure 3 Charge collection image of the detector, sarne
scan area as in Fig. 2 Scan field 350 x 300 gm.
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Fig. 4 shows the charge collection spectrum
corresponding to the image in Fig. 3 The black dots
in Fig. 3 correspond to amplitudes above the :IbmdnM

indicated threshold.
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Figure 6 Charge collection spectrum for the scan areasit
shown in Fig. 5. 7be dashed line indicates the threshold
for the charge signals plotted in Fig. .

324 IV. Conclusions

I TI6 Isis x IM Our measurements demonstrate that the charge
collection efficiency in polycrystalline CVD

Figure 4 Charge collection spectrum for the scan area diamonds is much below 100% even within'single
shown in Fig. 3 The dashed line indicates the threshold crystals, and it vies strongly among different
for the charge signals plotted in Fig. 3 single crystals. Therefore, grain boundaries should

UI.2 Lateral Irradiation not be the dominant reason for charge trapping.

Charge trapping should also not be dominated by
To obtain information about the charge transport impurities, because the production process should
and trapping along the crystal columns, we lead to equal impurity levels within different single
irradiated the diamond detector also from the side. crystals.
As the sides could not be coated by a thin gold layer
it was not possible to see the topography of the scan
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Therefore, we suspect that different mechanical
stress levels generated during the growth process
among different single crystals are the reasons for
their different charge collection efficiency.
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