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Abstract the calculated microhardness is found to be proportional to
the measured size of the indenter stamp diagonal. The

Neutron irradiation effects on (p-n) and Schottky-junction microhardness in general is not affected by the thickness of
silicon detectors were studied. The observed structural the silicon detectors. The defects identification on the nano-
changes varied as a function of the neutron irradiation level was carried out with an Atomic Force Microscope
values. These changes affected the electrical and mechanical (AFM), operated in air at room temperature. The AFM was
characteristics of the detectors. A critical irradiation level, equipped with a scanner, which allowed maximum scale
limiting the device performance, was defined. range of 1.7x 17 gm' and a four-quadrant photodiode as the

position-sensitive detector (PSD). The probe was a silicon

Summary nitride cantilever with an integrated pyramidal tip (the
spring constant of the cantilever was 0 12 N/m and the

Studies of neutron irradiation defects and their influence on length 200 gm). The images were then 3-D displayed on a
the characteristics of silicon detectors are continuously scale of I or 04 gm, and the cross section profiles for all
performed for the last decade. However, there is still a results in the Y direction, were in angstrems. An AFM
considerable lack of knowledge concerning the structure surface roughness analysis was also applied for more
defects created by neutrons interactions with the silicon detailed investigation of the defect's morphology.
lattice. 131. In this work we present a new method of It was found that a neutron interactions with
Atomic Force Microscopy (AFM) detectors evaluation monocrystalline silicon create specific types of

i microstructure defects with morphology, differed by the
along with a traditional optical microscopy, and level of the neutron fluences (0). The isolated dislocation
microhardness measurements. The obtained results have
shown structural defects, created by neutron irradiation, and loops, formed by interstitials atoms, were observed in
their ifluence on the electrical and mechanical microstructure images for IO`<4)_<1O` n/crn' (Fig.la,
characteristics of silicon detectors. b).Their density was increased with the increase of fluence.
The investigated samples were obtained by scribing a The microhardness in the irradiated zones, enriched with
silicon wafer near a p -n -n+ junction zone following a such defects, is much larger 2500-3000 kg/mm') than in the
neutron irradiation at Triga reactor RC/I of the National non-irradiated silicon (800-1000 kg/mm', Fig. 2 There
Organization for Alternative Energy (ENEA) at Cassacia were also found regions eriched with vacancy complexes-

Rome. The flux of the reactor, for the energy range o "White-regions" or W-type regions, much more softer than
24.8keV - MeV, was 6.475x]O" n/crn's, at a working those of the non-irradiated silicon (H=300 kglmm', Fig. 2.
energy of LMeV. The maximum neutron fluence (0) at A strong change in the dislocation loops density and a
which the investigated silicon samples were irradiated, was cluster formation was observed for (D 03 n/CM2 (Fig. I c).
(D= IO " n/CM 2 for a working energy of of I MeV. A drastic silicon damage was found for fluences of 0> 1014

The irradiated and non-irradiated silicon samples were n/cM2. These fluences created zones enriched with all types
investigated after an HF-etching process, for removing the of dislocations, covering more than 50% of the total surface
silicon oxide layer from their surfaces. A universal optical area (Fig. Id). A mechanical fragility appeared in that
microscope Nikon-Optiphot with magnifications 160-1600 fluence level in a form of microcracks made by the
was applied for surface defects investigation. Microhardness in icrohardness indentations with oads of more than I Og.
(H) measurements were done with a hand-operated standard The investigation of thin structures and defects
tester PNIT-3. Vickers indentations were taken with constant identification, impossible with optical microscope, were
loads of 5, 15, 25, and 40g, by continuous pressure for 15 done by means of AFM (Fig. 3 Fig. 3a presents a three-
seconds for each loading. All measurements were followed dimensional topographical image of W-type regions,
by a metallographical control of the indentor's stamps irradiated in high neutron fluences ()>5.28x 1014 n/CMI) It

quality to avoid ISE (indentation size effects), according to is clear from this image that a W-region after high fluence
the method suggested by 4 In this method, the value of irradiation is enriched with vacancies and their
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accumulations, looking like lines"- of specific vacancy Fig.l. Dislocation structures dependence on irradiation
complexes. Indenter penetration locations after fluences in silicon:

microhardness measurements are presented in Fig. 3b. a - .9&10" n/cm2 b - 4 = 8.52x 1012 n/CM2, C-

While penetrating the indenter comes in contact with dfects 0=5.28xIO14 n/CM2 d- OP-3.12xlO" n/cm'.
that am situated in a eeper layer. If the hardness at this
point is high the material deformation is not homogeneous 3M -

any more. As a result the microhardness value is averaged
and is influenced by the type of defects and their 3 -

distribution in the material's vohnne in the indentation zone. fs
0�!1014n/ I'When A 2M.The ritical value of neutron irradiation Cm

the mechanical fragility and the drastic changes in the : 2M
silicon structure were found, corresponds also with the 0
abrupt changes in the detector's electrical characteristics [5- 1000
8). From Fig. 4 [5] it is seen, that the forward characteristics A

1000
IrVr for silicon detectors iadiated in high fluences 
(D�1014 n/cm� are essentially differentiated from those - in Soo a
low fluences. Thus, it can be defined as a critical level of
neutron fluences, limiting the performance of silicon
devices. to- I*" 10" son 1013 10'. 10's

Fluences (n1cm2)
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Fig. 3 AFM-images of structure and deformation character
of neutron irradiated silicon.
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Fig.4. 1V caracteristics of Si detectors, irradiated at
fluences of 1.2x I 0"<q)-<8.9x I 0" n/CM2. [51
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