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DEVELOPMENT OF HIGH SENSITIVE SILICON STRIP
DETECTORS OF LARGE SIZES
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Key words: silicon detectors, silicon detectors of large size, semiconductor detectors of p-i-n structure,
coordinate sensitive detectors, strip detectors of radioactive radiation.

Abstract. Currently, in the world, relatively small size detectors are well developed. At the same time there is
an urgent need for the development of semiconductor detectors of large dimensions. They are connected with the
manifestation of the effects caused by interconnection parameters of the original crystals of large diameter with
development of effective nuclear radiation detectors on their basis. In particular, it is related to providing high-
quality detector structures such p-n or p-i-n to larger crystals. At the same time there is an urgent need for a large
SCD (9>50 + 110 mm, W>3 + 10 mm). However, they are creating not only physical, technical, technological
peculiarities and difficulties, but especially the processes of collecting charges, kinetic processes at large volumes of
sensitive area of SCD.

The successful solution of the task of building of high-performance Si (Li) detectors of nuclear radiation of
large areas and the extent of sensitive area depends on a proper understanding of the properties of the original crystal
of large diameter, and their physical connection to the performance of the detector. This requires a better
understanding of the properties of the original crystal and establish their role in the formation of high-performance
detector structures such as p-n, p-i-n junctions.

In this paper it was considered the creation and optimization technology of strip detectors with orthogonal
field, on the basis of Si (Li) p-i-n structures with, big area of workspace. The results of the energy resolution of
these detectors are measured by using a source of “*Ra - o particles and °’Bi- B particles. There are shown the
results of measurements of the electrical and spectrometric characteristics of silicon strip detectors. Also, it was
illustrated the structure of Si (Li) p-i-n detectors of large.

Silicon position-sensitive detectors based on p-i-n structures are now one of the main tools of
investigation of various particles and radiation, which are the products of nuclear reactions. Their
advantages are small energy, high stopping power, which gives a compact shape to detector, the high rate
of collecting statistics and the most mature technology of silicon detectors.

To this purpose it was developed highly sensitive systems where the main part of a semiconductor
detector. With the help of these detectors it has already obtained very interesting results in various fields
of research [1-3]. Let’s bring a few examples.

In medical practice, the position-sensitive detector is used to obtain data on the distribution of
radioactive substances i.e. an original photo of the object, which emits X-rays. These devices have
become a diagnostic means of identifying malignancy, monitor the general condition of the patient, to
monitor the dynamics of the processes occurring in the body [4,5].

In space research semiconductor detectors are very promising for telescopic systems for identification of
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the isotopic composition of solar and galactic particles. Since the flows of these particles is very weak, it is
desirable to broaden the angle of view of the system and its sensitivity, which leads to the dispersion of the
length of the trajectories of particles passing through the detector, and the uncertainty in the transmission of
these energy detectors. If we know the coordinates of the particles hit, it is possible to accurately determine the
path of the particles in each case and to introduce corrective amendments [6,7].

Development of silicon strip detectors with orthogonal field, with high energy and position
resolution, linearity of the signal over a wide energy range for various types of particles, is closely linked
to the technology of manufacturing the detection modules and properties of the original silicon crystal.
The disadvantages of existing silicon strip detectors are not high position resolution, as well as the
impossibility of combining the thin entrance window with a sufficient thickness of the sensitive area.
Processing methods of creating resistive layers and modes are not enough covered in the technical
literature. The identity of the elements of discrete strip detectors with orthogonal field and characteristics
of resistive layers of continuous strip detectors caused by the initial parameters of the semiconductor, in
particular, distribution of the coordinate of inhomogeneities in the volume and nature. All of these factors
significantly alter the processes of diffusion and drift of lithium ions, and the choice of the resistive layer.
However, it is necessary to solve a number of issues of technological and physical nature. These issues are
related to the process of diffusion and drift of lithium ions in large size silicon and to the optimizing the
electrical and radiometric characteristics of each band and structure

Fig.1. Strip silicon detectors

Si (Li) p-i-n structure were made on the basis of single-crystal silicon wafer of p-type (1) (Figure 1),
as well as initial parameters: the resistivity p = 5000Q.cm, the lifetime of the charge carriers T = 300 ps.
After some chemical-technological operations on plates the diffusion of lithium to one of its sides were
carried out in vacuum at a temperature T = 450°C a depth 320-350 um. After that, to compensate for the
entire thickness of the plate it was carried out drift of lithium ions in the entire thickness of the plate. The
process of drift conducted at a temperature T = 80 = 100°C, and the reverse bias voltage of 60-300V
compensated for the i-region. The thickness of the i-region is 6 mm (3). After the process of drift the plate
was cut in rectangular shape, then diffusion (n +) region (4), in diameter of (100 + 300) microns, were cut
by wire saw. As a result of extended operation, it was obtained a groove with depth of 0.4 + 0.6 mm and a
width of 200 mm at a distance of 0.4 ~ 1 mm from each other. Then held a number of chemical-
engineering operations. Using a mask on each strip deposited Al (2) and Au (5) contacts.

In the manufacture of silicon strip detectors we measured the electrical spectrometric characteristics
of the detectors. Obtained by the proposed method detectors have the following typical parameters: a
reverse bias voltage U,; ~ 20200 V, dark current I ~ 0,1 + 0,5 mA, the capacitance C ~ 2 + 20 pF, the
noise of energy E, ~ 12-35 keV . The energy resolution of the system for o-particles “*Ra (E, = 7,65
MeV) energy resolution of R, = 46 xeV and B-particles from the source of *’Bi (E; ~ 1 MeV) R; ~ 18
keV taken at T =300 ° K.

For most of cases, there are most significant two types of measurements: determination of the energy
of the particles and their flow measurement. Sometimes it is necessary to register a group of particles of
low intensity in the presence of a large number of other particles with very similar energies.

According to the most intense peak (482 keV and 976 keV) it was defined value of channel Al and in
width at half maximum of the most intense peak value it was found energy resolution in the keV by the
formula:

2
R, = /(AEN, ) —E}, .
Where AFE, - value of the channel, N, — number of channels at half-maximum, E,, — noise of

installation.
The energy resolution is measured by using a source of o particles °Ra and p particles **'Bi.

—— § ——



ISSN 2224-5227 Me1.2016

Registration of amplitude spectra was carried out using a conventional spectrometer path.
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Fig.2. The energy spectrum of B-particles *”’Bi (Eg~1 MeV).
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Fig 3. The energy spectrum of a-particles ?°Ra (E,=7,65 MeV).

As a result, we can obtain a quite convenient detection system capable of generating spectrometric
investigation of various ionizing particles from small to sufficiently high energies.
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PA3PABOTKA BBICOKOYYBCTBHUTEJIbHBIX KPEMHUEBBIX CTPUIIOBBIX JETEKTOPOB BOJIBIIINX
PA3BMEPOB

A.K. Caiim6eros’, H.M. I:kanamos?, H.K. Cucenos’, H.B. Kyrrhi6aii®,
B. Myxamerkanu®, E. Ty.mmﬁaﬁy.rlme, M.K. Hypranues’
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KawueBple ciioBa: KpeMHHEBBIC IETEKTOPHI, KPEMHHEBBIC IETEKTOPHI OOJBIINX pa3MepoB, KPEMHHEBEIC
JETEKTOPBI P-i-N CTPYKTYPBI, KOOPJHMHATHO-YYBCTBUTEIBHBIE [ETEKTOPbI, CTPUIIOBBIC JETEKTOPHI PaJHallHOHHOTO
U3TYYICHUS.

AnHotanus. B paboTte paccmarpuBaeTcss CO3JaHHE W ONTUMH3AIMN TEXHOJOTHU CTPHIIOBBIX JETEKTOPOB C
OpPTOrOHANBHBIM, ToJieM Ha ocHOoBe Si(Li) p-i-n crpykTyp ¢ GonbmuM oO0beMoM paboueii obiactu. [lTokasaHsl
PEIYIBTATHI DHEPTETUUCCKOTO PASPCHICHUA 3TUX ACTCKTOPOB UBMCPCHHBIX C MTOMOIIBIO UCTOYHHUKA O YaCTHUI] 226Ra u
 wacTuig 207, [IpuBeneHs! pe3ynbTaThl U3MEPEHHS IEKTPOPU3HUECKUX U CHEKTPOMETPUIECKHX XapaKTEPHCTHK
KPEMHHEBBIX CTPHUIIOBBIX IeTeKTOPOB. [Tokasana crpykrypa Si(Li) p-i-n qetekropa 60NBIINX pasMepos.

REFERENCES

[1] Muminov R. A., Saymbetov A. K., Toshmurodov Y. K. Special features of formation of high-performance
semiconductor detectors based on aSi-Si (Li) heterostructures. Instruments and Experimental Techniques. 2013. Ne. 1. 32-33 p.

[2] Muminov R. A, Radzhapov S. A., Saimbetov A. K. Silicon-lithium telescopic detector in one crystal. Atomic energy.
2009. Ne. 2. 141-142 p.

[31 Muminov R. A., Radzhapov S. A., Saimbetov A. K. Developing Si (Li) nuclear radiation detectors by pulsed electric
field treatment. Technical Physics Letters. 2009. Ne. 8. 768-769 p.

[4]  Ljudvig J. Detektornye sistemy dlja medicinskoj diagnostiki. 1zd. VUZov, 2003, Ne 6, 75-79 p.

[5] Toops T., Bilheux H., Voisin S., Gregor J., Walker L., Strzelec A., Finney C., Pihl J., Schillinger B., and Schulz M.,
"Neutron tomography of particulate filters: A non-destructive investigation tool for applied and industrial research,” Nuclear
Instruments and Methods in Physics Research Section A, vol. 729, pp. 581-588, 2013.

[6] Kurfess, J.D.,W.N. Johnson, R.A. Kroeger, and B.F. Phlips. Considerations for the Next Compton Telescope Mission "
AIP Conf. Proc. vol. 510, pp. 789-793, 2000.



mailto:asaymbetov@gmail.com

Jloxnaovl Hayuonanvhoti akademuu nayk Pecnyoauxu Kazaxcman

[71  Phlips, B.F., S. E. Inderhees, R. A. Kroeger,W. N. Johnson, R. L.Kinzer, J. D.Kurfess, B. L. Graham, and N. Gehrels, ”
Performance of a compton telescope using position-sensitive germanium detectors”, IEEE Trans Nucl Sci. 43 (3): 1472-1475
Part 2, 1996.

CE3IMTAJIABIFBI 2)KOFAPBI KPEMHWJII 2KOJIAKTbI,
YJKEHYJIKEH OJIINEMI AETEKTOPJIAPAbBI " KACAY

A.K. Caiim6eros’, H.M. Jxanamos, H.K2 Cucenos, H.B®. Kyrrbi6aii, B MyxaM(eTKaﬂnS, E. TYHKiGaﬁ¥HbI,6M.K.
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On-Papadu arsianarsl KasYV, du3uka-TeXHUKAIBIK GakyiabTeTi, Anmarsl K., Kazakcran PecriyOimkacsl
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Tyiiin ce3mep: KpeMHWIi [ETEKTOpiap, YJKECH OJIIeMIi KPEeMHHII JACTEKTOpiap, p-i-n KYpbUIBIMABI KPEMHUI
JeTEKTOpJIap, KOOPAHUHATTHI CE3Ti3 ICTEKTOPIIAp, PaIHAlMIIbIK CyICICHYJIiH KOJaK IeTeKTOpIaphl.

Aunnotauusi. by Makanana sxymsic icrey aymarsl yikeH Si(Li) HeriziHmeri p-i-n KypbUIBIMIBI OJAKThI JACTCKTOPIIAPIbI
JKacay JKOHE OHTAHIAHIBIPY TEXHOIOTHSIAPHI KapacThpbltFan. CoyleneHy Kkesi petinge o - 2°Ra sxone B - 2'Bi Gemmektepi
ANBIHBII OYJ1 JETEKTOPIapIblH SHEPHSUIBIK pyKcar Oepy alMarbl KepceTiireH. KpeMHHINI »KOMakThl AETEKTOPIApIbIH
9NMEKTPOPU3UKAIBIK JKOHE CHEKTPOMETPHSUIBIK CHIIATTaMAalapblHbIH HOTIKenepi kenripinred. Si(Li) Herisimgeri p-i-n
KYPBUIBIMJIBI JKOJIAKTHI JETEKTOPJIApAbIH KYPBUIBIMBI KOPCETLITEH.
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