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In this paper, the technology of application of ohmic contacts using arc discharge assisted by HF field was de-
veloped for semiconductor radiation detectors production. Polycrystalline diamond material for production of detec-
tors was synthesized by chemical vapor deposition method (CVD) in NSC KIPT. Bilayer contacts were deposited on
polycrystalline CVD (pCVD) diamond films, where the first layer was chromium, and the second layer — copper or
stainless steel respectively. Electro-physical characteristics of pCVD diamond detectors with different contact mate-

rials were studied.
PACS: 52.77.-j, 52.77Dq,

INTRODUCTION

In recent years, the problem of the development of
highly portable dosimeters and spectrometric instru-
ments for radiation monitoring is extremely important.
Semiconductor materials are being increasingly used as
sensitive elements in such devices instead of scintilla-
tion and gas detectors [1-3].

Detecting and electrical characteristics of such struc-
tures depend on the properties of the semiconductor
material, and the properties of the metal-semiconductor
layer as well as of the manufacturing method.

The semiconductor detector consists of two metal
contacts applied on its opposite sides forming metal-
semiconductor-metal structure. Electro-physical and
detecting characteristics of such structure depend both
on properties of the semiconductor material, metal-
semiconductor layer and the method of contact deposi-
tion. Ohmic contacts are intended for connection of the
semiconductor to readout electronics, therefore they
have to possess continuous and extremely low re-
sistance.

Thus, research of possibility of improvement of the
electro-physical and detecting characteristics of metal-
semiconductor-metal structures with ohmic contacts is
an actual task for effective registration of irradiations.
Metal contacts also carry out a sheeting role and they
have to be almost pore-free. In the present activity, the
coatings on the basis of Cr, Cu and stainless steel were
applied to metal contacts.

In this paper, the technology of application of ochmic
contacts using arc-discharge assisted by HF field was
developed for semiconductor detectors production.

1. EXPERIMENTAL SETUP

The application of coatings was carried out on
Bulat-6 type device, additionally equipped with a high-
frequency generator [4]. Fig. 1 schematically shows the
device for HF-cleaning and ion-plasma assisted deposi-
tion.
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Fig. 1. Experimental device: 1 — vacuum chamber; 2 —

rotator; 3 — redactor; 4 — capacitor; 5 — HF-generator;

6 — arc power source; 7 — substrate-container; 8 — HF

antenna; 9 — focusing coil; 10 — anode; 11 — stabilizing
coil

For HF cleaning (Fig. 2) and subsequent deposition,
the samples were placed in a fluoroplastic holder, joint-
ly with the masks of PTFE or aluminum foils in titani-
um polyacetal special container.

The sample container and the electrode with HF
coils are mounted on a rotating device in the center of
the vacuum chamber against the arc evaporator. Rotat-
ing table was connected to the HF generator via a capac-
itance. The advantages of plasma method of ion clean-
ing is in its uniformity allowed processing of details of a
difficult form, and simplicity of technical realization

At the same time, during application of dielectrics
with assisted HF potential, it is possible to eliminate the
accumulation of over-discharge-surface and hence inhi-
bition of ions that occurs at long constant-displacement
potentials. An important fact is a decrease of droplet-
fraction formations during application.
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Fig .2. Finishing ion cleaning with HF-generator in Ar
at Py=(1...5)-10" Pa, Ucm HF = (-0.7...1) kV

During HF-plasma generation with closed HF-
output, the resulting signal consists of three compo-
nents: sinusoidal voltage, positive and negative shifts.
The negative shift rate is almost equal to HF-
amplitude.
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Fig. 3. Samples temperature during coatings applica-
tion

The cleaning process starts with the start of the rota-
ry apparatus, neutral Ar gas inlet and supplying HF
voltage to the target (sample container, HF-coil).
Aproximate  cleaning mode: the shifting voltage
Us = -(700....900) V; pressure. The cleaning took 3...5
minutes, and temperature was not higher than 60°C
(Fig. 3).

The application of coatings starts immediately after
cleaning. A characteristic feature is pulsed operation of
the evaporator on a particular program. The plasma ion
method lead to heating the substrate (container with the
sample) up to a temperature above permissible, there-
fore, there was designed a pulse mode of operation of
the evaporator with switched HF voltage (assisted sput-
tering). In such a mode the temperature do not exceed
120°C  (Fig.4). The coatings thickness was
0.2....0.3 pm.

Parameters for coatings applying: arc current — 100 A,
pulsed evaporator mode - 2 min, pause duration — 3 min,
the number of cycles - 10; the shift voltage — 100 V;
focusing coil current - 1.4 A; frequency of HF generator
— 5 MHz. The total time of the coating is determined on
the basis of the required thickness of the contact area
(200...450 nm).
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Fig. 4. The temperature of the samples during applying
coatings

Fig. 5. Iagés ”drlet fractions with (a) — arc plasma
source; (b) — arc plasma source and assisted HF field

To determine the thickness of the coatings we use sev-
eral “screens” (glass or glass-ceramics), the thickness of
the coatings were determined with the help of "MII-2"
device and profilometer “HOMMEL TESTER T500”.

It should be noted that the application of the HF coil
for cleaning, increased sputtering rate of the target due
to additional ionization.

Combination of plasma arc discharge with HF dis-
charge significantly increases the adhesion of the film,
helps to seal texture coating and significantly reduces
droplets formation (Fig. 5).

2. RESULTS AND DISCUSSION

The study of detector’s electro-physical properties
was carried out by measuring the current-voltage char-
acteristics and registering the pulse-height distributions
of the detector signal under o irradiation from
uncollimated %*Pu source on the open air. For measur-
ing the current-voltage characteristics we employed
Keithley 6487 picoammeter as a displacement voltage
source and a measuring device. The spectrometric
measuring system consisted of a preamplifier, a shaping
amplifier Canberra 2026, high-voltage source Canberra
3106D, multichannel analyzer Canberra Multiport |1
and computer with Genie2000 software. Conventional
incoming control for pCVD diamond samples consists
of magnetron sputtering of Au contact with the follow-
ing study of electro-physical properties. The pulse-
height distributions of the detector signal under o irradi-
ation from ***Pu source for detectors with different con-
tact materials (Cr, Au) are shown in Fig. 6.
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These distributions could be considered to be equal;
the existing differences are within the reproducibility of
the experiment. Based on these results, in further exper-
iments Cr was used as a main contact material for de-
veloping CVD diamond detectors, because of its signifi-
cantly greater adhesion to the rough surface of unpol-
ished pCVD diamond.

10000 - U, =400V

\ Au
1000 -

counts

T T T -
0 100 200 300 400 500 600 700
channel number

Fig. 6. The pulse-height distributions of the detector
signal under « irradiation from 2**Pu source for differ-
ent contact materials (Au, Cr)

The main purpose of depositing bilayer contacts is
solving the problem of connecting detector to the
readout electronics in the operating conditions, when
heating above T=120°C is possible, because at this tem-
perature the degradation of conductive adhesive contact
occurs.

One of solutions of this problem is the connection to
readout electronics by soldering. Bilayer contacts were
deposited on pCVD diamond films, where the first layer
was chromium, and the second layer — copper or stain-
less steel respectively.

The current-voltage characteristics for detectors with
different bilayer contacts in the voltage range -2...+2 V
are shown in Fig. 7.

Linear character of current-voltage curve in low
voltages area is the evidence of obtainment the ohmic
contact with selected method. Stainless steel is more
resistant to environmental influences material in com-
parison with copper, so copper as the material for the
second layer of metal contact for further manufacturing
of pCVD diamond detectors wasn’t used. The typical
pulse-height distributions of the detector signal under o
irradiation from 2*°Pu source for detectors with bilayer
metal contacts (Cr-stainless steel) are shown in Fig. 8.
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Fig. 7. The current-voltage characteristics for bilayer
contacts (Cr-Cu, Cr-stainless steel)
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Fig. 8. The pulse-height distributions of the detector
signal under a irradiation from *°Pu source (Cr-
stainless steel metal cotacts)

CONCLUSIONS

The technology for application of metal contacts on
pCVD diamond samples was developed with combina-
tion of high frequency and arc plasma sources. Detec-
tors of ionizing radiation have been constructed. For
electrical contacts - Cr, Cu and stainless steel were pro-
posed. Coating in vacuum-arc setting with high-
frequency field to assisted allowed to apply coatings on
dielectric samples at low temperatures - up to 150°C.
The method allows adjusting the thickness of different
metals deposited to 1.5 microns. In addition, it gives the
opportunity to increase the adhesion and to achieve a
high density and pore-free coatings.

Electro-physical characteristics of pCVD diamond
detectors were studied by measuring the current - volt-
age characteristics and registering the pulse-height dis-
tributions of the detector signal under a irradiation from
uncollimated ***Pu source on the open air. At present
time pCVD diamond detectors with bilayer metal con-
tacts are tested in “Accelerator” Science and Research
Establishment of NSC KIPT.
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PA3PABOTKA 1 HAHECEHHUE METAJVIMMECKNX KOHTAKTOB HA
HNOJIUKPUCTAVIMYECKHUE AJIMA3HBIE IIVIEHKH C HCITIOJIb30OBAHUEM KOMBUHALIMHU
BY- 1 AYTOBOI'O IIVTASMEHHBIX NCTOYHHUKOB

P.M. Mypamoe, A.A. Bepeéxun, B.E. Kymnuii, 10.H. He3oeéuboamuoko, A.B. Pvioka, B.C. Tapan

IIpencraBneHa TEXHOJOTHUSI HAHECEHUSI OMUYECKUX KOHTAaKTOB C MOMOUIBIO TyTOBOI'O pa3psja C aCCUCTUPOBAH-
HbIM BU-noneM 11l mOaynpoBOJHUKOBBIX JaTYMKOB MOHM3UPYIOMIETO M3nydeHus. [lonukpucraminyeckuid anmas-
HBIA MaTepuai JUisi MPOU3BOJCTBA JCTCKTOPOB OBLI CHHTE3MPOBAH METOJIOM XMMHYCCKOTO OCAXKICHUS U3 Ta30BOU
¢daser (CVD) B HHI[ X®TU. [IByxcioiiHbie KOHTaKThl HaHocwiuch Ha PCVD-anMasHbIe IUICHKH, MEPBBIA CIIOH
COCTOSUI U3 XpOMa, a BTOPOM — M3 MEOU WJIM HEPKABEIOIIEH CTalld COOTBETCTBEHHO. lccienoBaHbl 3JEKTpPO-
(hm3nUeckre XapaKTePHUCTHKHU JETEKTOPOB Ha OCHOBE IOJIMKPHCTALIMYECKOTO aliMa3a ¢ Pa3HbIM MaTepHalioM KOH-
TaKTOB.

PO3POBEKA i HAHECEHHS METAJIEBUX KOHTAKTIB HA IIOJIIKPUCTAJITYHI AJIMA3HI
IVIIBKA 3 BUKOPUCTAHHAM KOMBHUHALII BU- I IYTOBOI'O IIJIASMOBHUX /IKEPEJI

P.M. Mypamos, O.A. Bepvoskin, B.€. Kymuiii, I0.M. He30eu6amuxo, A.B. Puoka, B.C. Tapan

[IpeacraBneHa TEXHOJIOTISE HAHECEHHS! OMIYHMX KOHTAaKTIB 32 JOIOMOTO0 JAYTOBOTO PO3PSAY 3 ACHCTHPOBAHUM
BY-moniem it HamiBIpOBIJHUKOBHUX JATYMKIB 10HI3yI04Oro BUNpoMiHIOBaHHS. [lodikpucTaniuHuil anMaszHuid Ma-
Tepiall Uil BUpOOHUIITBA AETEKTOPIB OYB CHHTE30BaHHI METOJOM XIMIYHOrO OcaJykeHHs 3 maposoi ¢asu (CVD) B
HHII X®TI. JIBomaposi kouTakTH HaHOCHIncs Ha pCVD-anmasHi IUTiBKH, MEPIIHii 1ap OyB 3 XpoMy, a Ipyruil — 3
Mizai abo HepkaBirouoi cTali BimmoBigHO. JlociimkeHO eneKTpodi3ndHI XapaKTepPUCTHKH ASTEKTOPIB HA OCHOBI ITO-
JKPHUCTAIYHOTO aJIMa3y 3 Pi3HAM MaTepiajJoM KOHTAKTY.
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