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DEVELOPMENT OF SILICON STRIP DETECTORS
WITH ORTHOGONAL FIELD

The development of semiconductor 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 with the
technology of manufacturing the detection modules and semiconductor properties of the original crystal. In this
paper we consider the physical and technological features of manufacturing of Si (Li) strip detectors with
orthogonal field with a large sensitive area. The manufactured detectors have following electro-physical and
radiometric characteristics: under working voltage U = (50-600)V shows the | ~ (0,1+0,5) uA reversed current,
capacitance is C = 25 pF, noise E = (12+35) keV, energy resolution R = 18 keV from the source of 2°7Bi (Es =
1MeV) and Ra = 46 keV from the source of 238Pu (E, ~ 5,5MeV). Investigation of the impact of irregularities on
characteristics of strip detectors, as well as their role in the phenomena of charge transport in a condition of
orthogonal field.

Key words: p-i-n stucture, detector, Si(Li) strip detector.
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OpToroHaAbAbl 6picneH KpeMHHUI HeTi3iHAE XKOAAKTbl AETEKTOPAAPAbI AalbIHAAY

JKofapbl 3Heprug MeH OpblHFa Me OPTOrOHaAbAbl ©PICTi WAAAOTKI3riLL KOAAKTbl AETEKTOPAAPAbI
»Kacay, TYPAI TUNTI GOALIEKTEP YLiH SHEPrusiAapbl KEH apaAblKTarbl CUFHAAAbBIH CbI3bIKTbIFbl, aHbIKTay
MOAYAbAEPAI AaMblHAQY TEXHOAOTUSICbI )K8HE GacTankbl KPUCTAAAABIH LLIAAABTKIBIILUTIK KacMeTTepiHe
TbIFbI3 6aAQHbICTbI. BYA )KyMbICTa YAKEH ce3rill aymakKa me Si(Li) HerisiHAe XKOAaKTbl AETEKTOPAAPAbI
AAYAbIH, (PM3MKaAbIK >KOHE TEXHOAOTMSIAbIK epeKLIEAIKTEPI KapacTblpbIAFaH. AAbIHFAH AETEKTOPAbIH,
IAEKTPOU3UKAADBIK, )KOHE PAAMOMETPUKAAbIK, napameTpaepi: U = (50-600)B apaabifblHAQ KepHey
OepiAreHAe OHbIH, LIEKTi napameTpAaepi KapaHfbiAblK, TOK [~ (0,1+0,5) MKA, cbiIMAbIAbIK, C=25 nd,
wyblAbl E = (12+35) k3B. AetektopabiH, 8-06Aluek 297Bi (E=1 M3B) Rg=18 k3B xoHe a-GeAliekTepi
226Ra  (E,=7,65 M3B) R,=46 k3B 6o0MbiHWA 3HEPreTUKaAbIK, CrMeKTPAEpi aAbiHAbL >KoAakTbl
AETEKTOPAAPABIH CMMaTTaMaAapbiHa OiPTEKCI3AIKTIH ocepiae 3epTTeAAl XXK8He OpPTOroHaAb epic
yaKTbIHAQ 3apSA TaCbIMaAAQYLLUbIAAPAbBIH 8CEPIHIH POAI 3epPTTEAA|.

TyiiiH ce3aep: p-i-n KypblAbiMbl, AeTekTop, Si(Li) >KoAaKTbl AeTEKTOP.
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Pa3pa60TKa KPpE€MHUEBDbIX CTPUMOBbIX AETEKTOPOB C OPTOrOHAAbHbIM MNMOAEM

PaspaboTka nMOAynpOBOAHMKOBbIX NMOAOCKOBbIX AETEKTOPOB C OPTOrOHAAbHbIM MOAEM C BbICOKOM
3Hepruen 1 NOAO>XKEHUEM, AMHEMHOCTb CUrHAAA B LIMPOKOM AMarasoHe 3HePrui AAS Pa3AMYHBIX TUMOB
YaCTHL, TECHO CBSI3aHA C TEXHOAOTMEN M3rOTOBAEHWS MOAYAEN OOHapy>KEHWS 1 MOAYNPOBOAHMKOBbIX
CBOWCTB MCXOAHOIO KpUCTaAAa. B paboTe paccmaTpmBaioTcst hU3MKO-TEXHOAOTMYECKME OCOBEHHOCTH
M3roToBAeHus Si(Li) CTPUMNOBbLIX AETEKTOPOB C OPTOrOHAAbHOM MOAEM C GOAbBLLIOM YyBCTBUTEABHOM
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Development of silicon strip detectors with orthogonal field

006AaCTbIO. DAEKTPOU3NYUECKME U PAAMOMETPUYECKME NMAPAMETPbl M3rOTOBAEHHOM AETEKTOPOB Mpu
paboyem HanpskeHnn U =(50-600)B HaxoASTCS B NpeAeAax 3HaveHust TemHoBoro Toka | ~ (0,1+0,5)
MKA, eMkocTb C = (20+200)n®d, wymbl E = (12+35) k3B. DHepreTnyeckune paspelueHns Rs = 18k3B no
IBK 297Bj (Eg = TM3B) 1 R, = 46 k3B no 238Pu (E, ~ 5,5M3B), cooTBeTCTBEHHO. MCCAEAOBAHO BAUSIHUE
HEOAHOPOAHOCTEI Ha XapakTepPMCTUKU CTPUMOBBIX AETEKTOPOB, a Tak)Ke MX POAb B SIBAEHUSIX NepeHoca
HoCUTeAel 3apsAa B YCAOBUSIX OPTOTOHAABHOMO MOASI.

KaroueBble caoBa: p-i-n CTpyKTypa, AeTektop, Si(Li) ctpun aeTekTop.

Introduction

The solution of many problems of modern
science and technology, especially experimental
nuclear physics, requires the creation of new, and
improvement of existing devices for registration of
nuclear radiation. In recent years, it is becoming
more widely to use semiconductor detectors (SCD)
based on silicon, germanium, and compound
semiconductor type compounds as A’B’ and A’B°
[1-3]. Among the broad class of nuclear radiation
detectors based on semiconductor crystals the
silicon-lithium detectors occupy a special place
[4-6].

The development of semiconductor 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 with the technology of manufacturing
the detection modules and semiconductor properties
of the original crystal. In this paper we consider
physical ~and  technological features  of
manufacturing of Si (Li) strip detectors with
orthogonal field and with a large sensitive area.

The disadvantages of existing semiconductor
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,
coordinate the distribution of in homogeneities in
the volume, and nature. During the spectrometric
processes heterogeneity manifested in the form of
large-scale traps, but their nature and coordinate
distribution in the track remain undiagnosed. The
obtained correlation of the effective dimensions of
in  homogeneities and their spectrometric
characteristics of the detectors is not investigated on
the working conditions of detectors with orthogonal
field.

Investigation  of  various  defects in
semiconductors and having the ability to control
their concentrations carry fundamental importance
in the development of high quality semiconductor
strip detectors with orthogonal field and with large
amounts of sensitive area, as these characteristics
ultimately determine the coordinate and computing
spectrometric characteristics of these devices.

Material and methods

Si (Li) p-i-n structure was made by us on the
basis of single-crystal silicon wafer of p-type with
initial parameters: the resistivity p = 5000Q.cm, the
lifetime of the charge carriers =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 7= 450°C at a depth
of 300 um. After that, to compensate for the entire
thickness of the plate, the drift of lithium ions in the
entire thickness of the plate was carried out. The
process of drift conducted at a temperature 7= 80 +
100°C, the reverse bias voltage 60-300V for
obtaining the compensated i-region. The thickness
of the i-region is 6 mm. After the process of drift,
the plate cut rectangular shape, then the diffusion
(nt+) region erupted with wire saw with diameter of
(100 +300) um. As a result of extended operation, a
groove with depth (0.4 + 0.6) mm and a width of 200
um at a distance of (0.4 + 1) mm apart was obtained.
Then a number of chemical-engineering operations
were held. By using a mask, Al and Au contacts
were deposited on each strip.

Results and discussion

For large size SCD particular importance is the
flatness of the p-n junction overall area of its
sensitive surface, and the depth of the p-n barrier
forming by diffusion method. This is due to the fact
that on the one side the thickness of the diffusion
region should be sufficiently thin (the "dead layer"),
i.e. layer on which the energy loss of the charged
particles in this layer do not contribute to the energy
spectrum of the amplitude and on the other side the
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thickness should be enough thick to provide an
effective p-n barrier. In order to ensure effective
conditions for the formation of p-n barrier and one
of the important radiometric parameters (of the
"dead layer") of SCD-based on Si (Li) p-i-n
structures, we carried out a study on the selection of
the optimum thickness of the diffusion region after
the end of the drift of lithium ions to the desired (set)
thickness of Si (Li) p-i-n structure. On the lithium
side, a layer with thickness of 120 microns was
removed. The remaining layer of lithium determines
the resistance of the diffusion layer from the detector
parameters and conditions of diffusion. The
calculated values were in good agreement with the
measured values. Lithium side was probed with
collimated source. It is shown that the lithium layer
is homogeneous. Consequentially, there are
analytical dependences of noise for signals that
determine the energy and position of a particle from
the parameters of the detector, the temperature
resistance of the diffusion layer and constant of
forming a continuous chain [3]:

S(E) = 7,2915 x 10'°C x
1
X[kTTRe (1 LR )] /2 ecv, 0

48R,

S(p) = 7,2915 x 1019 %
CZReR)]l/Zﬂ
19272 c’

2

[SRTT (1 + % +

where C is the capacitance of the detector — 25 pF,
R — resistance of the resistive layer, R.— equivalent
noise resistance of the FET 200 Ohm, 7 — time of the
forming a chain — 0.25 ps, kK —Boltzmann's constant,
T is the temperature — 300 K. After substituting the
values of the equation it can be rewritten as keV:

5(p) = 1285~ (1+ %2)]1/2, 3)

5(E) =35[1+ ;46]1/2, (4)

where R is expressed in kilo Ohms. The contribution
of the leakage current in the noise energy signal, at
room temperature in the case of single
differentiation-double integration pulse shaping, can
be written as keV:

§() = 3,44[I7] /2, (5)
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where / — leakage current. The total noise of the
energy signal from (4) and (5)

SUE) = [62(E) + 62(I)] /2 6)

can be written from (6)

S(P)XL
=, (7

§(P) =
where L is the length between the contacts of the
lithium layer, £ — energy of particles.

In the manufacture of silicon strip detectors and
we have measured the electrical characteristics of
the spectrometer. Obtained by the proposed method
detectors have the following typical parameters: a
reverse bias voltage U,., ~ 20 + 200, dark current /
~0,1+0,5 pA, the capacitance C ~ 25 pF, the noise
energy £, ~ 12-35 keV.

In most cases, the two types of measurements is
the most significant: 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.

The energy resolution is measured by using a
source of o**°Ra particles and B particles **’Bi.
Registration of amplitude spectra was carried out
using a conventional spectrometer path. The energy
resolution of detectors for a-particles is ***Ra (E, =
7,65MeV) R, = 46 keV (Fig.2.) and for S-particles
from the source of **'Bi (Es ~ 1 MeV) Ry ~ 18 keV
(Fig.1.) taken at 7= 300 ° K.

Studies have shown that the shape and energy
resolution for a and f particles are not significantly
different from the area of the entrance and side
window detectors.
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Figure 1 — The energy resolution of the detector
or o-particles ?*°Ra (Eq = 7,65MeV).
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Figure 2 — The energy resolution of the detector
for B-particles 2O'Bi (Ep ~ 1 MeV)

Manufacturing process of Si (Li) strip detectors
with large working area from the large-diameter
silicon has their own characteristics. This is due to
impurity in homogeneities, formation of dipole
structures in places, acceptor impurity clusters and
inhomogeneous distribution of the resistive layer in

the large size silicon surface. 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 relate to the characteristics of the low-
temperature diffusion of lithium to obtain a uniform
resistive layer and also for the processes of diffusion
and drift of lithium ions in large size silicon,
optimizing the electrical and radiometric
characteristics of each band and structures, and for
matching electronics.

Conclusion

Consequently, research has shown that the
detectors that was developed by us, can operate
effectively with both perpendicular and parallel fall
of the particles relative to electric field, and can be
successfully applied to the detection of long charged
particles.
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