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

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 manufacture
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 xOh, the lifetime of carriers Tt > 300 microseconds. Also it was considered the technological problems of
manufacturing 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.

Key words: silicon detectors, silicon detectors of large size, semiconductor detectors of p-i-n structure,
coordinate sensitive detectors, strip detectors of radioactive radiation.

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 semi-
conductor 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
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 sili-
con, with a resistivity p=1+5 xOh, the lifetime of carriers T > 300 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.
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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

e
/ i-o61acTh

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
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: HNO;:CH;COOH
and aniline etchant, initial samples had reverse currents <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.

— 16 ——
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The thickness of the polished layer is generally ~ 100 um. Withdrawal full i-region is carried out with the
help of decorating etchant HNOs: HF with an optimal ratio.

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 (Figure 2).

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

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 OJIINEMJI KPEMHWJII JETEKTOPJIBIK KY¥YPBIJIBIMJIAPJbBI AJTY
ZKOHE OHBIH TEXHOJIOI'USACBIH )KACAY

AHHOTanus. By xyMbIcTa p-i-n CTPYKTYpabl KpEMHHUN JTUTHIATI JETEKTOPIAPABIH KACAIY KOHE KAIIBIITACY
TEXHOJIOTUSIIapbl KApaCTRIPBUIFaH. YJIKSH OJIIIeMIi JeTeKTOPIIap bl Kacaly TeXHOJIOTIMsUIapsl cunartaiFad. Kpem-
HUH JTATHI, p-i-n KYPBUIBIMABI AETEKTOPIAAHI Kacay VIIH IIWKi3aT peTiHae MEHIIKTI kemeprici p = 1+5 kOm
JKOHE TOKTBI TacChIMAJIAAyIIBIIAPBIHBIH YakbITBl T>300 MKC OOJNaTBIH OHAIPICTIK KPEMHMH TaHIANl ajbIHIbL.
ConbIMeH Koca OyJI )KyMbICTa YJIKEH 6JIIeMIeri AeTEeKTOpJIap/ bl yKacayarbl Ke3JEeCETiH HEeri3ri TeXHOJIOTHSUIBIK
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Macenenep KapacThIPbUIFaH, aTal aiTKaHIa, JEeTEKTOpIapAbl MEXaHUKAJBIK JKOHEele XUMUSJIBIK OHICTeHIe Ke3le-
CEeTIH KUBIHIIBUIBIKTAp TYPaNbl Ka3bUIFaH. P-i-n KYPBUIBIMBIH KacayablH TYOeTeii cumaTraMacsl OepinreH. YIJIKeH
OJIIEeM/II IeTeKTOpIIaabl alyJarbl KOJJaHBUIATHIH KOCBUIBICTAD MEH MaTepHalgap TYPFBICHIHIA TOJBIK Marjiymar
OepinreH.

Tyiiin ce3nep: KpeMHUIII AETEKTOPJIAP, YIKEH OJIIIEMIlI KPEMHHII IETEKTOPJIap, p-i-N KYPHLUIBIMIBI KPEMHHIAIT
JEeTeKTopIIap, KOOPIMHATTHI CE3Ti3 JETEKTOpIap, paluallisIIbIK CyJICNeHYITiH XKoJIaK JeTeKTOPIIaphl.

A. K. Caiim6etoB, H. M. /I;kanamos, H. K. Cucenos, H. b. Kyrthi6ai,
b. Myxametkaau, E. Tyakuoaityasi, M. K. Hypranues

KaszHY um. anp-®apabu, ¢pusuko-rexnudecknii pakynbrer, Anmarsl, Kazaxcran

PA3BPABOTKA TEXHOJIOI'MHU "
HOJYYEHUSA KPEMHHUEBBIX JETEKTOPHBIX CTPYKTYP BOJIBIIUX PASMEPOB

AHHoTanusi. B pabore Hamu paccMmaTpuBaeTcsi CO3JaHUS M TEXHOJIOTHH (DOPMHUPOBAHHUS JIETEKTOPHBIX
KPEMHHU-JIMTUEBBIX P-i-N CTPYKTYp OOJIBIINX pa3MepoB. M3i10ikeHa TEXHOIOTHsI U3TOTOBIICHUS IETEKTOpa OONbIINX
pasmepoB. Jlisl M3rOTOBJICHHST KPEMHHMH-IIMTUEBBIX pP-i-N CTPYKTYp HaMu BBIOpaH MaTepHaj W3 MPOMBILIIEHHOTO
KPEMHHSA pP-TUIA C YASIBHBIM CONpOTUBIEeHHEM p = 1+5 kOMm, BpeMeHeM Ku3HH HocuTenerd Toka T > 300 mkc. Tak-
JKE pacCMaTpPUBACTCS TEXHOJOTHMYSCKHE MPOOJEMBbI M3TOTOBIICHHS JCTEKTOPOB OOJBIINX Pa3MEpPOB, B YaCTHOCTH,
TPYAHOCTH, BO3HHUKAOLIME NPHU MPOIECcCe MEXaHMYECKOW U XUMHUYecKol o0paboTku. /laHbl MoapoOHbIE ONMUCAHUS
BCEro IMpOIecca M3TOTOBJICHUS pP-i-n CTPYKTYpHL. [To3TamHO MpOMILIFOCTPHpPOBaHA CTPYKTypa oOpasiia M Impolecc
muddysuii u npeiida. OTMEUCHB MaTepUAIIBI I XUMHYCECKUI COCTaB CMECeH, IPUMCHSIEMbIC B TEXHOJIOTHH IOJTyYe-
HUS IETEKTOPOB OOJBIINX Pa3MEpOB.

KioueBble cjIoBa: KPEMHHEBbIC JCTEKTOPBI, KPEMHHUEBBIE JIETEKTOPBI OOJBIIMX Pa3MEpPOB, KPEMHHEBBIC JIe-
TEKTOPBI P-i-N CTPYKTYPbhI, KOOPAWHATHO-YYBCTBUTEIbHBIC NETEKTOPBI, CTPHIIOBBIC IETEKTOPHI pPaJHAMOHHOIO
H3ITyYCHHUSI.
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