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The authors present the results of investigating the c-BN micropowders sized in region
2-10 um which were synthesized in high pressure/high temperature technique by themselves.
The results of investigating the properties of the powders was carried with the use of SEM
microscopy, Raman spectroscopy, X-ray analysis and grain size microscopic analysis, chemical
analysis.

The powders were applied to prepare thick film dielectric pastes of high thermal
conductivity. The pastes were screen printed onto different substrates. The properties of the
layers such as microstructure, porosity, dielectric constant, resistance, thermal conductivity,
etc. will be discussed.

1. Introduction

A wide band gap of 6.4 eV (the recent dates from private communication - 6.42 eV) of cubic boron
nitride (¢cBN) has made the material to be very attractive for its application in semiconductor and optical
devices [1,2]. It is very well known as closest analogues of diamond which suppresses the latter in band
gap, thermal, electrical and radioactive resistance, in possibility to emit secondary electrons. As A;Bs
semiconductor cBN can be easily transformed in n- and p-type (to compare to diamond) and because of
very high thermoconductivity it can be used in microelectronics as passive element as well. CBN has been
considered as a model material for A;Bs group compounds at last.

The real high pressure/high temperatures synthesis achievements of p- and n-type ¢cBN doped by
appropriate impurities [3-5] have showed promising prospects for fabrication of p-n junction and
ultraviolet light emitting diodes based on the material [6,7]. However, because of technical difficulties of the
crystals growth with stable and reproducible properties under HP/HT conditions and in films technologies
c¢BN s still not available for wide practical use. Semiconducting, emitting, optical and electrical properties
of real CBN samples are poorely known because of absence of reliable results of their characterization.
There are some theoretical efforts in calculation of energetics of vacancies, interstitials and some impurities
defects and their interactions in ¢cBN [9-13]. Some methods have been applied for characterization of cubic
boron nitride real micro-properties. Among them Raman. EPR and luminescence investigations are
presented [ 14-23].

The application of ¢cBN micropowders for high thermo-conductive thick film layers fabrication is
described in present work. The properties of these layers are discussed.

2. Method of synthesis of the powders

The micropowders of cubic boron nitride sized in region 2-10 um were synthesized in high
pressure/high temperature technique. Large - tonnage presses (630 tonns) were used.. High pressure
apparatuses of “toroids” type (a modified form of the Bridgman-type anvil apparatus) with different
reaction volumes were applied for the synthesis. The micropowders synthesis was carried out at
temperatures about 1500 °C and pressures about 4-5 GPa via phase transformation in hBN (hexagonal
boron nitride) precursors of different types in presence of different sorts of catalysts additionally to
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nitrogen rich Li;N. The light-yellow cBN powders were extracted from synthesis product by application of
chemical mehods and classified in grains size.

3. Properties of the powders

The grain size and the characterisation of the powders are presented in Table 1. SEM images of four
(A,B,C,D) c-BN powder types are presented in Fig.1 which were synthesized in above mentioned technics.
It is possible to see that powders are different in sizes and crystallinity. The powder A shows the best
crystallinity and the powder D shows the worse one. It is important to notice, that initial precursor for the
powder A synthesis was the purest about impurities hBN powder. All X-ray spectra of powders A,B,C,D
show traces of hexagonal boron nitride (Fig.2). The powder A does not show traces of any others
impurities confirming its the best quality. We manged also to register Raman spectrum of powders using
RENISHAW 1000 spectrometer. The spectrum of powder A showed well resolved broadened lines of
transverse and longitudinal optical phonons:TO = 1038 (A=16) and LO = 1269 (A= 18 cm™) cm™. The
positions of the lines are shifted to low wave numbers in full correspondence to micropowder’s behavior
to compare to a crystal of the same nature. In the powders B ,C and D TO and LO lines appeared as very
broad and low intensive. EPR spectra of the powders showed some signals of known paramagnetic centres
[18]. Among them signals with g=2.0023, g=2.003 , g =2.0018 (‘diamond center”) and g =2.0013 (,,high
temperature center”’) were presented from specimen to specimen. It should be noted that the powder A
showed signals with g = 2.0023, g =2.0013 and g = 2.0018. The centers were considered previously as
vacancy, boron-divacancy and analog of P1 center in diamond correspondingly. The powders B,C and D
showed the additional signal with g =2.003 (N =2x10 '°~3x10 ' ¢cm-") assumed previously with boron
micro inclusions. The results of chemical analysis is shown in Table 2.

Table 1
The characterisation of elaborated powders
Symbol of Grain size Remarks
powder [um]
A 5-6 well defined grains
B 3-5 not so well defined grains with inclusions
C 7-10 well defined grains
D 2-5 not so well defined grains with inclusions

Magnification 2000x
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Magnification 10000x
Fig. 1. SEM pictures of powders A, B, C, D
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Fig. 2. X ray results for A, B, C i D powders

Fig. 3. The results of investigation of powder A with IR

64



Table 2
Chemical Analysis of c-BN powders

Rodzaj proszku c-BN Impurities
A Si, Cu, Fe, Mn, Ca, Ni
B Mg, Si, Ca, Mn,Fe, Cu, Ni
C Cu, Ca, P, Fe, Mg, Mn, Si
D Ca, Fe, Mg, Mn, Si, Zr

2. The properties of obtained thick film layers

The elaborated thick films pastes are the mixture of c-BN powder, glass and standard organic
vehicle ethylcellulose in terpineol. The major component of the paste are particles of cubic boron nitride
(c-BN) of different grain size, shape and obtained by different methods. Inorganic glass is supposed to bind
together the particles of ¢c-BN and good adhesion of the layer to the substrates. Several glasses have been
tested. Most of them did not wet properly the ¢c-BN powder, resulting in porous bulk structure with poor
adhesion of the layer to the substrates. Thick films have been obtained by screen printing on (96%) Al,O;
substrates, dried and then fired in a belt furnace at 850°C.

The layers made of A, B, C and D powders are sintered much better and exhibit better dielectric
properties, as well as better heat dissipation. However the layers of finer c-BN powder (1-3 pm) presented
in Fig.4B are smoother than those shown in Fig.4A containing c-BN powder (3-5 pm). It explains why
multilayer structures prepared from pastes based on c-BN powder 1-3 um produce better dielectric
properties to the contrast of their heat dissipation ability.

Image microscopic analysis showed that total porosity of the layer made of c-BN powder (BA) of 1-
3 um is 3.2 %, with the mean pores size is 1.61 um and standard deviation 0.46 pm. Figure 5 presents the
derivative (R) and integrate (C) distribution of pores size of the c-BN layer.

SEM of ¢-BN layer from powder A. 4000 x SEM of ¢-BN layer from powder B. 2000 x
a b
Fig. 4. SEM of c-BN layers made from powder A i B
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Fig. 5. Distribution of pores sizes of c-BN layer, R — derivative, C — integrate
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Dielectric properties of the latter c-BN layer were tested using standard capacitor test . The
electrodes were made of palladium silver paste P-202 (ITME). Results are presented in Table 3. The layers
exhibit satisfactory dielectric properties.

Table 3
Electrical properties of c-BN layers (powder A)
Thicknessu Resistivity, p
Number of | Cp, pF
umber of layers m P, P € Tgd GO O*em
Two layers, separate firing 74 720 30 0.12 13.0 2.8x10"
Three layers, separate firing 119 410 32 0.12 4.8 3.9x10"

The elaborated ¢c-BN (BA) layers were applied on other than alumina substrates such as silicon,
copper, stainless steel, and kovar. The pastes deposited on silicon were fired in air while those on metal
substrates were fired in nitrogen with oxygen content below 100 ppm. All layers were fired at 850°C. Fig.
6A shows the c-BN layers on a single crystal Si wafer, (ground or polished) while Fig. 6 B shows the c-BN
layers on copper, stainless steel and kovar. In all instances the layers exhibited good adhesion to the
substrate. For the non-metallic cases, multiple firings caused no problems.

The elaborated c-BN layers exhibit better heat dissipation properties than alumina substrate. This is
presented in Fig. 7. The heat was generated by a one square mm resistor placed on alumina substrate
coated with 80 um thick ¢c-BN layer and on naked alumina, for comparison. The IR camera thermal
distribution shows the spread of temperature. It can be observed that the heat is "travelling" much faster on
the substrate covered with the c-BN layer.

a b

Fig. 6. c-BN thick films (squares) A - on silicon, fired at 850°C in air, B - on copper, stainless steel, and kovar

Fig. 7. IR camera thermal distribution generated by a one square mm resistor on the c-BN thick film coated Al,O;
substrate (left) and on an uncoated substrate (right)
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5. Conclusions

Cubic boron nitride is a very promissing material for thick film technology. It has been possible to
develop and process a variety of new thick film pastes consisting of crystallites of the zincblende phase of
boron nitride (c-BN), derived from HPHT synthesis processes, and a bismuth-silicate glass. The pastes
could be readily printed on different substrates such as alumina, silicon and metallic: copper, stainless
steel, and kovar. Bonding between the layers and the substrates appeared satisfactory. Initial thermal
property evaluations of the films, using IR cameras clearly showed the ability of these prototype films to
effectively spread and dissipate heat in semiconductor devices. It could be anticipated that c-BN will find
applications not only in heat dissipating films, and as a thermal via material, but also in the engineering of
embedded (integrated) passive components in MCIC's, preferably executed in low temperature co fired
ceramic (LTCC) technology.
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JocairkeHa aKyCTHYHO CTHMYJ/JbOBAaHA 3MiHA KOHIEHTpaNii eJeKTPOHIB Ta cHeKTpiB
KoMOiHaniiiHOro posciroBanHs cBitTaa nas TBepamx po3umHiB n-Cd,Hg, Te. BecranoBiaeno
KOpeJANil MiK 3HAYEHHAM e(eKTiB Ta CTyeHeM CTPYKTYPHOI JOCKOHAJIOCTI MaTepiay.

Sonic-stimulated change of the electron concentration and Raman scattering intensity in
n-CdHg, ,Te alloys was investigated. It was determined that the value of such effects grows at
increasing of dislocations and low-angle boundaries density in crystal.

VYbTpa3ByKoOBi METOAM LIMPOKO BUKOPUCTOBYIOTH Y raily3i TEXHOJIOTiYHMX OOpOOOK Ta Hepyii-
HiBHOT aiarHocTiku HaniBnposiaHukie [1]. [Ipore aist Toro, 1modu oTpUmMaTH NPOrHO30BAHUN PE3y/IbTAT
00poOKM KpucTana, HEOOXiJIHO YiTKO PpO3YMITH MeXaHi3MHM iHAYKOBAHMUX NPOLIECIB Ta BU3HAYUTH
napamMeTpd 30BHILIHBOTO BIUIMBY, SIKi NPsIMO 3ajie)kaTh BiJl BMXIJIHOrO CTaHy Mmarepiany, sKUd
o0pobasierbesi. Ll poGota € mpooBxKeHHsIM JI0CiimKeHHs: BIIMBY YyibTpa3Byky (Y3) aonoporosoi
MOTYKHOCTI B P&XKUMI IMHAMIYHOIO HaBaHTaXXeHHSs (in-situ) Ha TBepai pozuunu Cd,Hg,  Te [2,3]. Meroro
pobOTH € BU3HAYEHHS BIUIMBY CTYIMEHS CTPYKTYPHOI JIOCKOHAIOCTI Ha BEJIMYMHY aKyCTU4HO
ctumynboBaHoro (AC) siaryky kpucrtaniB CdHg Te (x~0.2), skuii mposBiseTbcs y 3MiHI MapamMeTpiB
3pa3KiB MpH YJIbTPa3ByKOBOMY HaBaHTa)keHHi. 30Kpema, OyB MOCHTI[UKeHMH BIUIMB YJIBTpa3sBYKy Ha
crieKTpu koMOiHarliiiHoro po3citoBanns cBiTia (KPC) Ta koHIeHTpallito eeKTPOoHiB.

ITapamerpu mocmimxennx 3pa3kis Cd\Hg; Te, siki po3aineHi Ha ABi rpynu, HaBeaeHO B Tabmui. Jo
nepiuoi rpynu Oy 3apaxoBaHi 3pa3Kd 3 HE3HAUHOK I'YCTHHOIO ManoKyToBuX rpanunb (MKI'), ska e
nepepuityBana Ny < 3 ¢M'', Ta T'yCTHHOIO IUC/IOKallili B Meskax N, fion (10°+10°% em™. Jlo apyroi rpynu
HAJIeKATh 3PA3KK 3 Po3ratykeHoro Mepexeto MK Nyir = 2+50 cM™ Ta IyCTHHOIO JMCIOKALLii Nmuc <
10°cm™. JInst BUSIBIIGHHS CTPYKTYPH TOBEPXHI Ta BU3HAUCHHS 'yCTHHH NPOTSHKHAX Ae(eKTiB 3pasku Gyiu
00po0iieHi B cejiekTuBHOMY TpaBHuKy: lu. 50% poszuuny CrO; B H,O + lu. HF + 1u. HCI [4]. Yac
BUXiJHOT 00poOKM noBepxHi ctanoBuB 30 ¢ npu KiMHaTHIN Temneparypi 0e3 nepemiuryBaHHs. Beauunnu
Npuc Ta Nyxr BU3HA4aIuCs BizyasibHO 3a 1ornomMororo ontuuHoro mikpockona NV2E ( Carl Zeiss lena ).

KoHuenTpauis enexkrpoHis Oyja BusHaueHa metoaoM edekty Xojula Ta Ul BCIX AOCHIIKEHMX
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. 14 .
3pa3kiB 3Haxoawnacs B Mexkax (3+5)-107 cm™”, skmo 7=77K. AKyCTHYHO CTUMyJbOBaHA 3MiHA

KOHIEHTpaIlil eIeKTPOHIB peecTpyBanacsa Oe3rnocepelHbO Mpu Y 3-HaBaHTaxkeHHi 3paskiB. Cnextpu KPC,

68



