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In this work the opportunity of replacement of conductors based on the precious ruthenium, silver -
palladium and gold materials in thick-film elements of hybrid integrated circuits (HIS) by conductors
based on nickel boride has been investigated. The structural-phase and electro-physical properties of the
film conducting elements based on Ni3B, received at annealing with the help of the cathode beam (CB) and
in the furnace has been investigated. It has been established, that the functional materials based on NizB
are stable enough at radiative-thermal influence and can be used at conducting pastes manufacturing.
Conducting elements based on nickel, annealed with the help of CB, on the electrophysical parameters do
not concede to conductors based on the ruthenium, silver — palladium compounds, withstand a repeated
burning out without the property deterioration.
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1. INTRODACTION

Nanocomposition materials are widely used in mi-
croelectronics, in particular, as film resistive and con-
ducting elements of hybrid integrated circuits (HIC),
solar batteries and sensors [1-3]. As a current-carrying
phase mainly precious materials are used: ruthenium
compounds, silver, palladium and gold. In the given
work the opportunity of precious materials replacement
by conductors based on nickel boride (NisB), received
with the help of an cathode beam has been investigat-
ed.

2. SAMPLES AND INVESTIGATION METHODS

Thermal processing of nanocomposition was carried
out in the furnace and with the help of the cathode
beam on electron accelerators of the MULE-6, the
MULE-8 type under normal conditions on air.

As an initial material for paste compositions it was
used NisB, received by a method of direct synthesis
from nickel and boron according to reaction:

3Ni+ B =NisB

in the vacuum furnace of C — 1.2,5/25 I1 type. For
synthesis it was used carbonyl and an amorphous bo-
ron (marks-94). After synthesis the material was
grinded on planetary spherical mill in a chalcedonic
drum to dispersion of 1900 cm?/g. As a constructive
material BK-94-1 ceramics and glass C 279-2 were
used, and as organic binding - terpineol. Investigations
of the material phase structure were carried out by
methods of X-ray analysis on the installation URS-01
and diffractometer DRON-3. Identification of the found
lines was carried out on card-file ASTM.
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3. DETAILS OF THE EXPERIMENT

For the analysis of the change of the initial func-
tional material phase structure (glass, a current-
carrying phase) under the action of the thermal and
radiation-thermal processing there were manufactured
samples as a entire covering by thickness of 200 mi-
crons on ceramics BK-94-1. The phase structure of a
glass in an initial condition has been established:
Si02 + 1% «-Si02. The phase structure of conducting
phase without processing: NisB+1%Ni, a crystal lattice
- texture-oriented Ni. The results of investigations had
shown, that the phase structure of a glass C 279-2 after
radiation-thermal processing in the interval of temper-
atures 390-950 °C does not change.

The results of conducting composition phase struc-
ture change at processing by the cathode beam and in
the furnace are given a in Table 1.

For the investigation of the influence of technologi-
cal modes at processing by the cathode beam of current
layer on electrophysical parameters the composition of
the following structure has been used: 87 % — NisB,
10 % — C 279-2. Dependences of conductor specific sur-
face resistance on modes of the cathode beam pro-
cessing are submitted on Fig. 1a, b, c.

Simultaneously with the ps change, the size of adhe-
sion of the conducting elements based on NisB to a
surface of a ceramic substrate has been determined.
The adhesion in the interval of technological modes
(850-950° C) makes not less than 150 kg/cm? for the
samples received by the CB annealing. The adhesion in
the interval of technological modes (850-950° C) for the
samples received by the annealing in the furnace is
much below and makes 4-10 kg/ecm?.

The conducting elements during the HIC manufac-
turing pass some cycles of the heat treatment and in
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Table 1 — The phase structure of conducting composition based on NizB changes at processing by the cathode beam and in the

furnace
Processing kind Annealing temperature | Phase structure Crystal lattice
Processing by CB 390° C NizB+7% Ni+NisB3 a=3524 A
450° C NisB+13% Ni -
680° C NisB+21% Ni -
850° C NisB+7% Ni+a Al203 | -“-
900 C NisBs+Ni+aAl2Os -
950 C NiB+Ni+a Al203 -
Processing in the furnace | 390 C NizB+Ni+H3BOs Texture-oriented Ni
450 C NisB+Ni+H3BO3 -
680 C NixBy+Ni -
850 C NiuxB@+y+Ni+NiO | NisBs
900 C NisBs+Ni+NiO -
950 C NiyBs+Ni+NiO -
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Fig. 1 — Dependences of the conductor specific surface re-
sistance ps on the modes of processing by the cathode beam:
annealing temperature (a), temperature speed rise up to
T =850° C (b), time of the sample treatment at T'= 850° C (c)

addition, as a rule, maintain 3-4 multiple annealing
without the change of the properties.
Dependence of the specific surface resistance of the

conducting elements based on NisB at repeated modes
of processing by an cathode beam (duration of each
cycle 40 c), is given in Fig. 2.

p.,Q-107/0

Fig. 2 — Dependence of the specific surface resistance of con-
ductors based on Ni3B on the amount of processing by the
cathode beam

At the forced annealing modes of the conducting el-
ements based on the nickel with the help of CB it is
observed that decrease of the specific surface resistance
with the annealing temperature increase. The increase
of maintain at optimum temperature or decrease of its
speed rise has the essentially identical character.

At heating these changes, naturally, are connected
to the covering structural transformations, increase of
its density, hence the area of contacts between the
particles of the functional material. It proves to be true
by the investigations of the structure of the conducting
elements, received at different modes of processing
(Fig. 3).

The occurrence in the conducting layer of a phase
aAl203 does not result in increase of specific surface
resistance. This component, probably, takes part in the
formation of a transitive layer conductor-ceramics and
is responsible for the adhesion, but not for the conduc-
tivity of the thick-film structure. It is necessary to note
the change of the nickel texture-oriented lattices in the
initial material at radiationally-thermal processing to
classical, that does its durable relative to action of a
different sort of external factors. As the results of mi-
croscopic and microprobe analysis of sections of the
conducting layer have shown the transition region is
more developed and more saturate with nickel at the
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Fig. 3 — The structure of the conducting covering (0x5000): (a)
Tan=820°C, t=40s;(b) Tan=880°C,t=40s

annealing with the help of CB as against the samples
fabricate on the traditional technology. Besides, the
results of microscopic and microprobe analysis of the
sections of the samples received on traditional technol-
ogy have shown the presence of emptiness on the inter-
face of ceramic base sheet - film, in the size from 2 up
to 60 microns. It determines the significant decrease of
adhesion and, probably, is connected to intensive gas
evolution process at annealing.

The diffuse spread of the edges of the topological
figure of the conducting paths imposes the restrictions
on the resolution of the thick-film technology. At tradi-
tional technology of the heat treatment, the migration
of a conducting material is high enough and depends on
the compound of the thick-film composition and tem-
perature annealing modes. In the given work on the
results of the microprobe analysis of the films, an-
nealed by the CB, it is established, that nickel diffuse
spread in the time 40-60 s makes approximately 5-7
microns, that allows to densify essentially topology
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elements without danger of short circuit between the
paths at the expense of diffuse processes so to increase
HIS integration degree.

4. CONCLUSIONS

1. It has been shown the opportunity of replacement of
conductors based on the precious ruthenium, silver-
palladium and gold materials in HIS thick-film el-
ements by conductors based on nickel boride.

2. It is established, that functional materials based on
nickel have stable enough electrophysical parame-
ters at radiationally-thermal processing and can be
used at manufacturing of conducting pastes for film
resistive, conducting elements of HIS, solar batter-
ies and sensors.

3. Conducting elements based on nickel, annealed
with the help of CB, on the electrophysical parame-
ters do not concede to conductors based on the ru-
thenium compound, silver - palladium, maintaining
repeated annealing without deterioration of their
properties. At the forced annealing modes of con-
ducting elements based on nickel with the help of
CB the decrease of the specific surface resistance
has essentially identical character with the anneal-
ing temperature and the maintain at optimum tem-
perature increase, or decrease of its speed rise.

4. The amount of adhesion of conducting elements
based on NisB to a surface of a ceramic substrate in
the interval of CB technological annealing modes
(850-950° C) makes not less than 150 kg/cm?2, that is
much higher than at annealing in the furnace (4-
10 kg/cm?).

5. Diffuse spread of a film conductor at CB thermo treat-
ment allows significantly condense elements of topology
without the danger of short circuit between paths and
hence to increase the HIS integration degree.

CrpyxrypHO-hba3oBbie U 3IeKTPO(PHU3NIECKHEe CEOMCTBA HAHOKOMIIO3UTOB HA 0a3€e CHCTEMBbI
«ctekn0-NisB», mosyyeHHbBIE OT:KUTOM 3JIEKTPOHHBIM IIyYKOM

A.N. Jlenux, T.W. JlaBpeuosa, H.M. Camosas

MeowceedomemeertbLil HaywHO-YueOHbLil pusuro-mexrnuueckuil yenmp MOH u HAH Yxkpaunvt npu
Ooecckom HauuoranbHoMm yHusepcumeme umenu H.U. Meunurosa, ya. Jleopanckas, 2, 06582 Odecca, Yrpaura

B pab6ote wncciieoBana BO3MOMHOCTH 3aMEHBI IIPOBOJHUKOB HA OCHOBE J[PATOIEHHBIX PYTEHUEBHIX, Ce-
pebpo — maIagueBsIX U 30JI0THIX MATEPUAJIOB B TOJICTOILIEHOUHBIX 9JIEMEHTAaX TMOPUIHBIX MHTETPAJIBHBIX
cXeM IIPOBOJHHUKAMHU HA OCHOBe Oopuaa Hukesisa. VccieqoBaHo CTPpYKTYPHO-a30BbIe U 3JIeKTPOPUINIECKIe
CBOMCTBA IIJICHOUHBIX NIPOBOJHUKOBBIX 9JIEMEHTOB Ha OCHOBe Ni3B, mosy4eHHBIX IIpU OTIKHIe C IOMOIIBIO
anexrporHoro myuka (JI1) u B meun. YeranosiaeHo, yTo PyHKIIMOHAIBHEIE MaTepHuasIbl Ha ocHoBe NisB mo-
CTATOYHO CTAOMJIBHBIE IPU PATUAIMOHHO-TEPMUYECKOM BO3IEMCTBUHM M MOTYT OBITH MCIOJIB30BAHBL IIPU U3~
TOTOBJIGHUH IIPOBOJSIINX IacT. [[pOBOJHUKOBEIE 3JIeMEHTHl HA OCHOBE HUKEJIsl, KOTOPBIE OTOMKIKEHBI C II0-
mourpo OII, mo cBoum amexTpodU3MUECKUM TapaMeTpaM He yCTYIIAKT IIPOBOJHUKAM HA OCHOBE COeIMHEHMUIA
pyTeHwus1, cepebpa-masiaaus, BEIeP:KUBAs MHOTOKPATHBIN OTKUT 0e3 YXYIIeHUs CBOUCTE.

Kinrouersie ciaoBa: MaTepuasis 115 IJIEHOYHBIX 9JIEMEHTOB TMOPHUIHBIX NHTETPAILHBIX cxeM, CTpyKTypHO-

das3oBbIie 1 3eKTPOdU3NIECKHE CBOMCTBA.
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CrpykrypHO-(ha30si Ta ejexkTpodisndHi BJ1acTUBOCTI HAHOKOMIIO3UTIB HA 0a3i cucremu
«ckJy10 -NisB», orpuMmanux BianagoBaHHAMAM €JIEKTPOHHUM IIyIKOM

.1 Jlemix, T.I. JlaBpenosa, H.M. Camosa

Misceidomuuti Hayk080-Ha8uaANbHUL Pisuro-mexHiunuil uenmp MOH i HAH Ykpainu
npu Odecvromy HauionanvHomy yHisepcumemi imeni I.1. Meunurosa, 8yn. J[sopsarcoka, 2, 06582 Odeca, Yrpaina

B poGori mocimimskeHo MOKJIMBICTD 3aMIiHM IIPOBIMHUKIB HA OCHOBI JIOPOTOIIHHUX PYTEHIEBHX, CPibIIO —
maJaJieBUX Ta 30JIOTMX MATepia/iB B TOBCTOILUIIBKOBMUX €JIEMEHTAaX TIOPUIHUX IHTErpaJIbHUX CXeM ITPOBIJI-
HUKAMHU Ha OCHOBI Oopuay Hikemo. JlocmimxeHo cTpyKTypHO-0a30Bi Ta eJeKTpodIisUIHI BIACTHBOCTI ILTIB-
KOBHUX MPOBIIHUKOBUX €JIEMEHTIB Ha ocHOBI Ni3B, orpuManmux mpu BimaloBaHHI 3a OTOMOTOK €JIeKTPOH-
soro myuka (EIT) i B meui. BeramorieHno, 1mo dyHKIIoHaNMRHI MaTepiaim Ha ocHoBl NisB qocrarano crabinbHi
IpY pamiariiHo-TepMIYHIA Jii 1 MOXKYTh OYyTH BUKOPHCTAHI IPW BUTOTOBJIEHHI MPOBIMHUKOBUX macT. [IpoBi-
JTHUKOBI eJIeMEeHTH Ha OCHOBI HiKeJo, AKi BigmaJieHi sa gormomoroio Ell, 3a cBoiMmu enerTpodisnyunmu ma-
pamMeTpaMu He MOCTYIATHCA IIPOBIIHUKAM HA OCHOBI CIIOJIYK PYTEHI0, CcpibJia-masaiin, BATPUMYOUH Gara-
TOKpATHE BUIIAJIEHHS (€3 MOTIPIIeHH BJIACTUBOCTEN.

KirouoBi cioBa: Marepianu mjsi IUIIBKOBUX €JIEeMEHTIB ribpuiaHux iHTerpasbHux cxeMm, CrpyrTypHO-
da30Bi Ta eeKTPOi3UIHI BJIACTUBOCTI.
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