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DEVELOPMENT OF TECHNOLOGY AND MAKING
OF SILICON DETECTOR STRUCTURES OF LARGE SIZE

A. K. Saymbetov, N. M. Japashov, N. K. Sissenov, N. B. Kuttybay,
B. K. Mukhametkali, Ye. Tulkibayuly, M. K. Nurgaliyev
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E-mail: asaymbetov(@gmail.com
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nate sensitive detectors, strip detectors of radioactive radiation.

Abstract. In this paper we consider the creation technology and the formation of silicon-lithium detectors
p-i-n structure of large size. The technology of manufacturing of detectors of large size is shown. For the manufac-
ture of lithium-silicon p-i-n structures it was chosen the industrial p-type silicon as a bulk material, with a resistivity
p=1 =5 kO, the lifetime of carriers 300 microseconds. Also it was considered the technological problems of ma-
nufacturing of detectors large size, in particular, difficulties arising in the process of mechanical and chemical
treatment. It is shown detailed descriptions of the manufacturing process of p-i-n structure. Additionally, there are
gradually illustration of the structure of the samples and the processes of diffusion and drift. Noted materials and
chemical composition of mixtures used in the manufacturing technology of large size detectors.

Nuclear spectroscopy technique has now reached a very high level. This progress is largely due to the
creation of semiconductor detectors (SCD) of nuclear radiation. SCD is widely used in the experiments,
where the low rate accounts or short lifetime preclude the application of magnetic spectrometers in applied
and basic researches. The development of semiconductor detectors with a high energy and positional
resolution, with the linearity of the signal over a wide energy range for various types of particles, is
closely linked to the presence of impurity inhomogeneities in the crystal volume and semiconductor
properties of the initial crystals. Especially important parameters are the value of the sensing surface and
radiometric characteristics of the SCD [1-4].

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
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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 (>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 [5-7].

In this paper we consider the creation technology and the formation of silicon-lithium detectors p-i-n
structure of large size, for the manufacture of lithium-silicon p-i-n structures from industrial p-type silicon,
with a resistivity p=1 = 5 kOh, the lifetime of carriers 7300 microseconds.

Also, it is known the technology of production [1], which includes cleaning, deposition and diffusion
of lithium. This technique is most effective when compared to other technology to create high-quality p-n
junctions of large and small areas. Lithium is applied to the surface of the silicon, sputtered in vacuum
from metal lithium. In this method it is possible to strictly control the location of the p-n junction in size
and depth, concentration and impurity concentration gradient that allows you to create semiconductor
detectors with highly reproducible characteristics.

The process of making p-i-n structure is composed of the following steps:

1) To remove the layer, which was disturbed during cutting, is used double-sided grinding on grinder
with micropowder M-14, M-5 with consequent reduction of the diameter of the abrasive. After grinding
the process of washing the plates with deionized water and alkali-free soap, in each side is removed layer
with thickness less than 50 microns.

2) Preparation of the initial structure is due to the diffusion of lithium. Lithium diffusion was carried
out in a vacuum p ~ 107 torr at a depth of 300 micrometers on the entire surface of the wafer for t = 3
minutes at a temperature equal to 450 ° C.

3) The pickling polishing etchant - acid mixture HF:HNO;:CH,COOH, with a ratio of 1: 3: 1 and
aniline etchant.

4) The drift of lithium ions in an electric field of the p-n junction should be carried out at a
temperature of 70-80°C and reverse bias voltage 100 = 400 V for 20 = 30 days. It depends on the thickness
of the sensitive region.

5) After the end of the drift to identify i-region one side of the crystal n + -region n + -i-p structures
are grind on a glass disk with micropowder of silicon carbide.

This thickness of the sacrificial layer illustrates with taking into account blurring diffusion profile.
The thickness of the polished layer is typically 50 + 400 microns. Derivation of the i-region is carried out
with the help of decorating etchant HNO3: HF = 1: 1000. The i-region is considered to be fully withdrawn
when its contours are close to a circle with a diameter equal to the diameter of the diffusion region (Figure 1).

- p

i-o6.1aCcTB

Figure 1 — Si(Li) p-i-n structure

For technical problems it is should be included mechanical and chemical processing of silicon wafers
of large diameters. To generate the required p-n or p-i-n structures on wafers with larger diameters ensure
a high flatness of their surfaces need solutions for a number of technical problems to mechanical and
chemical treatments.

To maintain optimum flatness of wafers in chemical processing, it is required to obtain a uniform
velocity of these processes simultaneously etching the entire surface of a large area. To ensure these
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conditions, we have developed the optimum formulations of chemicals, as well as developed a dynamic
process of chemical etching. The essence of this process lies in the fact that the plates are of silicon
crystals at a certain angle (60 + 65°) and rotated as a particularly selected rate. These modes of chemical
treatment processes were selected in accordance with, mainly with respect to the initial diameter of the
silicon crystal plates.

Diffusion of lithium was carried out in vacuo from two sides to a depth of ~ 400mkm at t = 450°C.
The depth of diffusion is controlled by ball-polished section. After the diffusion the plate was etched for
obtaining the T-shape on both sides. After etching, polishing etchant mixed at acid HF: HNO3:CH3COOH
and aniline etchant, initial samples had reverse currents I<10 microamps, and then were put on a drift of
lithium ions. The drift of lithium ions was carried out at a temperature (70 80°C) and voltage U=(100 +
400)V, followed by low temperature in (T = 60°C U = 200V) leveling drift. After the end of the drift to
identify the i-region the crystals are ground on a glass disk micropowder silicon carbide M-14. The
thickness of the polished layer is generally ~ 100um. Withdrawal full i-region is carried out with the help
of decorating etchant HNO;: HF with an optimal ratio.

Figure 2 — The silicon-lithium detector of p-i-n structure:
1 — Contact of Au, 2 —n region, 3 — p region, 4 — contact of Al, 5 —1 area

After the full compensation one of the n + - diffusion regions ground off to a depth of ~ 400 mkm.
Then, the entire crystal undergoes chemical-processed. To the finished structure metal contacts are
deposited, Al (~ 1000°A) and Au (~ 300°A) in the n + -region and i-area, respectively (Fig. 2).

Obtained by the above method Si (Li) detectors have improved characteristics, namely under reverse
bias Uy, = 200V. Detectors with sensitive area thickness W; = 4 mm have a dark current value I ~ 0.7 mA,
the capacitance of C =3 ~ 4 pF , the energy equivalent noise E, ~ 14-17 keV.
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YJIKEH ©JIINEM/II KPEMHWJII JETEKTOPJIBIK KYPBIJIBIMIAP/IbI AJTY
7KOHE OHbIH TEXHOJIOTUSACBIH ’KACAY

A. K. Caiim6etoB, H. M. I’xanamos, H. K. Cucenos,
H. Bb. Kyrrtsei6aii, b. Myxamerkaau, E. Tyaku6aiiynasi, M. K. Hypranues

Tipek co3aep: KpeMHIII AETEKTOPJIAP, YIKESH OJIIIeM Il KPEMHUIII IETEKTOpap, P-i-n KyPbUIBIMIBI KPEMHHIAI
JIETEKTOpJIap, KOOPMHATTHI CE3Ti3 IETEKTOpIIap, PaHallisuIbIK CYJICICHYIIH JKOIaK AeTeKTOPIaphlL.

AnHoTanus. JXympicTa p-i-n CTPYKTYpajsl KPeMHHH JUTHNNI IETEKTOPIApAbIH Kacaly >KOHE KaJbITacy
TEXHOJIOTHSUIApbl KapacThIPbLUIFAH. YJIKSH OJIIeMIi JEeTEeKTOpPIapIblH JKacaly TEXHOJIOTHsUIApbl CHUIIATTAJIFaH.
KpeMHuit TuTuii, p-i-n KypbUIbIMIBI JETEKTOPIIAAbI JKacay YLIiH [IUKi3aT peTiHae MeHikTi keaeprici p=1 ~ 5 kOm
’KOHE TOKTHI TaChIMaNJayIIbUIAPbIHBIH YaKbIThl T>300 MKC O0JaThIH OHIPICTIK KpEeMHHIA TaHAam anbiHIbl. COHBIMEH
KOoca OyJI J)KYMBICTA YJIKEH OJIIIeMJEr] JAeTeKTOpap/bl )KacayAaFbl Ke3/IeCeTiH Heri3ri TEeXHOJOTHSUIBIK Macesenep
KapacThIPbUIFaH, aTall ailTKaH/aa, AETEKTOpJIapbl MEXaHUKANBIK JKOHEe XUMMSIIBIK OHICTeHAE Ke3[IeCETIH KUbIH-
HIBUTBIKTAp TYPaJibl ka3bUIFaH. P-i-N KYPBUIBIMBIH KacayblH TyOereilni cumarramachl OepiireH. YJIKEH eJiemMIi
JIETEKTOPIIA (bl alyAaFbl KOJIIAHBUIATHIH KOCBUIBICTAP MEH MaTepUaliap TYPFBICBIH/A TOJIBIK MaFIyMaT OepiireH.

PA3PABOTKA TEXHOJIOI'MA U TIOJTYYEHUSI KPEMHHUEBBIX
JETEKTOPHBIX CTPYKTYP BOJIBIINX PASMEPOB

A. K. Caiim6etoB, H. M. I'xanamos, H. K. Cucenos,
H. b. Kyrrtsei6aii, b. Myxamerkaau, E. Tyaxku6aiiynsi, M. K. Hypranues

KasHY um. anp-®apabu, pusuxo-rexanyeckuii ¢pakynsTer, Anmatel, Kazaxcran

Kiro4eBble c10Ba: KpeMHHEBBIE JIETEKTOPHI, KPEMHHUEBBIC AETEKTOPHI OOJBIINX Pa3MepoB, KPEMHHEBEIE Je-
TEKTOPHI P-i-N CTPYKTYpPHI, KOOPAMHATHO-IYBCTBHTEIBHBIC JETEKTOPHI, CTPUIOBHIC JETEKTOPHl PaIUallMOHHOTO
W3ITy9ICHUS.

AHHoTanus. B paboTe HaMU paccMaTpHBAETCS CO3JAHUSA M TEXHOJOTHH (OPMHUPOBAHUS IETEKTOPHBIX KpPEeM-
HHUU-JIMTUEBBIX P-I-N CTPYKTYp OOJNBIIUX pa3mepoB. M3iojkeHa TEXHOJOTHSI M3TOTOBJICHHS JETEKTOpa OOJBIINX
pa3mepoB. [l M3rOTOBICHHUS KPEMHHU-JIMTHEBBIX P-i-N CTPYKTYpP HaMHU BBIOpAaH MaTepuan W3 MPOMBIIUICHHOTO
KPEMHHMs P-THIIA C YAEIbHBIM CONPOTUBIeHHEM p=1 + 5 kOM, BpeMeHeM XU3HU HocuTeel Toka 1>300 mkc. Taroke
paccMarpuBaeTcsl TEXHOJIOTHUECKHE MPOOIeMbl U3TOTOBJICHHS IETEKTOPOB OOJIBIINX Pa3MepOB, B YACTHOCTHU, TPY /-
HOCTH, BO3HHUKAIOIINE MIPH IPOLIECCe MEXaHMIECKOW M XUMUIECKOH 00paboTku. JlaHel OAPOOHBIE OMICAHUS BCETO
MpoILlecca U3rOTOBICHUS P-i-N CTPYKTYpbl. [103TaITHO MPOMILTIOCTPUpPOBaHA CTPYKTypa oOpasua u mpouecc aud-
¢by3uit u apeiida. OT™MeUeHbI MaTepHaIbl 1 XUMUYECKUI COCTaB cMeceil, NPUMEHsIeMbIe B TEXHOJOTUH MOIY4EHHS
JIETEKTOPOB OOJIBIINUX Pa3MEPOB.

Tocmynuna 10.02.2016 2.
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