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DEPENDENCE OF NANOCOMPOSITE SYSTEM “GLASS - PB>RU.Qg,
RUO.” ELECTROPHYSICAL PARAMETERS ON PROPERTIES OF A
GLASS AND STRUCTURALLY-PHASE TRANSFORMATIONS

Yaroslav 1. Lepikh, Tatyana I. Lavrenova
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Background. Electrophysical parameters (EPhP) of hybrid integrated circuits (HIC) thick-film elements or sensor sensitive
elements which are formed from “glass - Pb,Ru,0¢; RuO,” heterophase systems on the given time are characterized by low
reproducibility and significant instability. The degradation of thick-film elements characteristics is another problem.
Objective. The aim of the paper is to establish the influence on EPhP glass properties as nanocomposite binding agent,
structural-phase transformations and mechanisms of electric conductivity.

Methods. Heat treatment of nanocomposites of different structure and their X-ray structure analysis were carried out.
Changing of EPhP of films from nanocomposites of different structure, and also factor of linear thermal expansion depending
on external factors were determined.

Results. Influence of glass properties and structural-phase transformations in nanocomposite systems “glass - PbyRu,Og,
RuO,” were established at their annealing. A principal cause of lead ruthenate decomposition and dioxide ruthenium
formation is not thermal dissociation of initial current-carrying phase, but chemical reaction at interaction between Pb,Ru,0-.
« and glass binding components. It is the consequence of stronger acid properties of binding metal oxides, in particular, boron
oxide. Dependence of percentage content, in particular, a current-carrying phase on B,O; concentration in constant binding
are established.

Conclusions. The big content of boron oxide and glass high acidity is a principal cause of chemical decomposition of lead
ruthenite and formation of dioxide ruthenium at “glass - Pb,Ru,0¢, RuO,” nanocomposite systems annealing.

The increase of investigated system nanocomposite layers conduction, at contents of a current-carrying phase increase it is
possible to explain by percolating transition owing to occurrence of conducting phase cluster in matrix structure.

Keywords: nanocomposite heterophase system “glass- b,Ru,Og, RuO,”; structural-phase transformations; electrophysical
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Introduction

The functional basis of thick-film semiconductor
materials make, as a rule, oxide compounds of
ruthenium, for example, Ru,, Pb,Ru,O¢ As glass
binding agent in structure of pastes enter lead-boron-
silicate glasses [1]. Nevertheless, as researches have
shown, nanocomposites based on “glass - Rup,
Pb,Ru,O” have low reproducibility of electrophysical
parameters (EPhP) [2-4].

Principal causes of such state are insufficiently
investigated structural-phase transformations,
mechanisms of nanocomposite electric conductivity and
degradation processes [2-4].

It is established, that at annealing of thick films
there is an interaction between a current-carrying phase
and glass components. The phase composition of thick-
film elements is appreciably connected to a glass
chemical compound. That’s why in the work the
combined influence of glass properties and processes of
structural-phase interaction of a glass matrix with a
current-carrying phase on EPhP systems “glass - Ruy,
Pb,Ru,04” has been investigated.

Basic part

Influence of glass composition on EPh of “glass -
Pb,Ru,07, RuO,” heterophase systems has been
investigated.

Contents of lead ruthenate and the constant binding
agent in paste inorganic components, made accordingly
20, 30, 35 weights %. The resistive films received by
annealing the pastes applied on ceramics BK-94 at
temperature 850 C, the time of stand at the maximal
temperature made 15 minutes.

It is established that in pastes which contain in an
initial state only Pb,Ru,0;4, after annealing on
roentgenograms is observed not one crystal phase as it
was necessary to wait, but two crystal phases, which
correspond to compound Pb,Ru,05.  (with structure of
pyrochlorine) and Ru, (with structure of rutile).
Occurrence of dioxide ruthenium in layers cannot be
connected with thermal dissociation of initial current-
carrying phase (CCPh) as the temperature of annealing
for this purpose is small. So, RuO, forms as a result of
chemical reactions at interaction between Pb,Ru,O-
and binding agent components.

Lead ruthenate interact with some oxide metals.
This interaction is connected to the acid-base properties
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and realized because at these acids metals acid
properties are expressed more strongly, than at
ruthenium. In constant binding agent of resistive pastes
in our case there are components which acid properties
are expressed more strongly, than at ruthenium. Thus in
paste annealing process components of a glass interact
with lead ruthenate, displacing Ru, out of it. To oxides
of acidic compound which enter into glass refer silicon,
aluminium and boron oxides. It is established that the
large contents of boron oxide and high glass acidity are
principal causes of chemical decomposition of lead
ruthenate and formation of ruthenium dioxide at
annealing of heterophase systems. Destruction of lead
ruthenate begins at acid B,O; concentration ~ 10...20 %

(Fig. 1).
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Fig. 1. Dependence of percentage contents of a current-

carrying phase on concentration B,O; in constant binding
agent (1 - Pb,Ru,Og; 2 — Ru0,)

The film surface resistivity decreases, as electric
conductivity of Ru, is two orders higher than electric
conductivity of Pb,Ru,O4. With increase of B,O; oxide
concentration in glass the conductivity increasing
begins at smaller concentration of Pb,Ru,Og.

The content variation changes not only the acid-
base (chemical), but also physical and chemical
properties of glass binding agent. Changing of Pb/Si,
ratio in structure of two-component glasses results in
changing of basicity and reduction of temperature
coefficient of linear expansion. Such property changing
naturally influences also on formation of film elements
circuit resistors physical properties. With increase of
PbO concentration acidity grows, that is concentration
of Ru, grows, resistance falls. The reduction of the
surface resistivity p; at increasing of PbO concentration
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proceeds under the parabolic law with extreme value at
80 % PbO (Fig. 2).

The further increasing of p; is connected with the
fact that concentration of PbO 1is increased due to
decomposition Pb,Ru,O¢. Introduction of bivalent metal
acides into glass structure raises p,. The particularly
large influence make PbO, BaO, CaO. It is reflected in
increase of p, of dielectric barriers between the particles
of conducting phase.

Whether this process proceeded under the action
only the acide-base interaction which results in RuO,
accumulation in film bulk their resistance should be
steadily to decrease.

lg p
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Fig. 2. Dependence of the surface resistivity on Pb contents in
the structure of two-componential glasses. Content of
Pb,Ru,04 in an initial composition, %: 1 - 20,2 - 35,3 - 50

Nevertheless, this value changes not monotonously,
under constant binding agent compound, but under
some law with extreme value (Fig. 2).

Changing of glass compounds can result in gradual
change (reduction) of an internal deformation pressure
in a film, in its removal and even development in an
opposite direction [5]. Such changing of an internal
pressure can be reflected in change of thickness of
dielectric barriers between the particles of the current-
carrying phase and be imposed on processes, which
proceed at formation of the film properties.

At studying of concentration dependence of film
elecrtoconductivity it is established, that at increase of
Pb,Ru,07-, conducting phase concentration up to 30 %
and above prompt growth of film conductivity takes
place. It is possible to explain such increase by
percolating transition electroconductivity owing to
occurrence of cluster of conducting phase in a glass
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matrix. It was marked, that with increase of B,Os oxide
concentration in glass the conductivity increasing
begins at smaller Pb,Ru,0; concentration owing to
increase of concentration of more highconducting Ru,
phase in matric-disperse system.

As the mechanism of current transport it was
considered electron carry between separate conducting
grains owing to thermionic emission which assumes
presence of activating process. The mechanism of
electron tunneling has been considered also.
Temperature-activating component can appear because
of redistribution of charges between the conductive
islands. Probable is tunnel-resonant conductivity owing
to presence of impurity in a glass matrix.

Electric conductivity of thick films on a basis of
ruthenates has the mixed character of conductivity as a
combination of processes which proceed in a current-
carrying phase and glass phase. The current-carrying
phase has metal conductivity. Charge carrier moving
through thin glass phase layers, surrounding a current-
carrying phase, occurs on the help of tunnel effect in
energetically narrow zone which turns out at glass
doping by ions which diffuse from a current-carrying
phase.

It is established, that varying of glass binding agent
compound in system PbO-SO,-B,0O; changes not only
the acide-base (chemical), but also physical and
chemical properties of glass binding agent. Change of
ratio PbO-Si0,- B,0; in structure of three-componential
glasses results in changing of basicity, and also for
change of temperature coefficient of linear expansion
(TCLE) (Fig. 3).
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Fig. 3. Dependence of tem crature ?oefﬁcient of
linear expansion (TCLE,a — 10" 'degree™ ) on changing of
Si0, contents thanks to PbO. Content of B,Os, %: 1 - 10,

2-20,3-30,4-50,5-60

As the basic glass forming component of glassy
bond of nanocomposit it is selected bismuth oxide
which gives an opportunity to receive more fusible
glasses. Doping impurity (SiO,, CdO, ZnO, MgO,
B,0;) picked up so that to provide necessary film
element physicotechnical characteristics in structure of
integrated circuits and composites materials.

Reduction of glass softening beginning temperature
up to 400 — 430° C allows lowering resistive materials
annealing temperature on 100 — 150°C, that
considerably reduces expenses for their manufacturing.

Conclusions

The high contents of boron oxide and high acidity
of glasses is a principal cause of chemical
decomposition of lead ruthenate and formation of
ruthenium dioxide at annealing of heterophase systems.
Destruction of lead ruthenate begins at concentration of
B,0; acid about 10... 20 %. The ratio of components of
the alkaline and acid character should be less then 1. In
this case, this amount is about 0,5. With increasing of
B,0; oxide concentration in glass the conductivity
increasing begins at smaller Pb,Ru,O-.concentration.

Increasing of resistive layers conductivity at
increasing the current-carrying phase content it is
possible to explain by percolating transition owing to
cluster conducting phase occurrence in a glass matrix.

As the physical mechanism of currentpassage is the
possible of electron transferring between separate
conducting grains with the help of thermionic emission,
which assumes presence of activating process. The
mechanism of electron tunneling also takes place.

The structure varying changes not only the acidic-
alkalide (chemical), but also physical and chemical
properties of SC. Changing of ratio Pb/SiO; in structure
of the two- componential glasses results in changing of
basicity, and also for reduction of temperature
coefficient of linear expansion. Such changing of
properties naturally influences on formation of resistor
physical properties. With PbO increasing the acidity
grows, that is the concentration of RuO, grows,
resistance falls.

Changing of PbO-Si0,.B,0; ratio in structure of
three-componential glasses results in changing of
basicity, and reduction of temperature coefficient of
linear expansion.
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Jlenix A.1., Jlaspenosa T.1.

3asexHicTb e1ekTpodi3HUHNX MapaMeTpPiB HAHOKOMIIO3UTIB cucteM “cki0 — Ph,Ru,O4, RuQO,” Bin BaacTuBocreii
CKJIA i CTPYKTYpPHO (pa30BUX NIEPETBOPEHb

IIpodsematuxa. Enexrpodizuuni napamerpu (EQII) ToBcTommiBKOBHX enemMenTiB riopunaux interpamsanx cxeM (I'IC)
a00 YYTIMBUX ENEMEHTIB CEHCOpIB, SIKi (hOPMYIOThCS 3 rerepodasHux cucteM “ckio — PbRu,Og, RuO,”, Ha manwmit yac
XapaKTepU3YIOThCS HU3BKOK BiITBOPIOBAHICTIO 1 3HAYHOK HecTalOinbHICTIO. [IpobneMoro € Takox jerpajanis BUXiTHHX
XapaKTEPUCTUK TOBCTOILTIBKOBHX €ICMEHTIB.

Meta nocaimkens. Beranosuru BB Ha EQII BnactuBocTeil ckia sK 3B’S3yl040r0 HaHOKOMIIO3UTIB, CTPYKTYpPHO-
(ha30BHX TIEPETBOPEHD 1 MEXaHI3MH €IEKTPOIPOBITHOCTI.

MeTtoauka gocinkens. [[poBomics TepMooOpoOKa Pi3HOTO CKIIAy HAHOKOMITO3UTIB 1 PEHTTEHOCTPYKTYPHHUHN aHAI3.
Busnauanacst 3mina E®II miiBok 3 HAHOKOMIIO3UTIB PI3HOTO CKJIAJY, 8 TAKOXK KOS(IIIEHT JIHIHHOTO TEPMIYHOTO PO3IIMPEHHS
B 3aJIEKHOCTI BiJ] 30BHIIIHIX YNHHUKIB.

PesyabraTn gociaimkeHb. BcTaHOBIEHO BIUIMB BJACTHBOCTEH CKIIa 1 CTPYKTYpHO-(a30BHX IIEpPEeTBOPEHb B
HAaHOKOMIIO3UTHHUX cHcTeMax “ckio — PbyRu,O4, RuO,” mpu ix BimmamoBanHi. OCHOBHOO MPHYUHOIO PO3KIATAHHS PYTCHITY
CBHHITIO 1 YTBOPEHHS JIIOKCHTY PYTEHII0 € He TepMidHa JUCOIialis TI0YaTKOBOI CTPYMOTIPOBIAHOT (ha3y, a XiMidHa PEeaKIis IpH
B3aemoii Mixk  Pb,Ru,07. 1 KOMIIOHEHTaMH CKIISHOTO 3B’si3yto4oro. Lle € Hacl KoM CHIIBHININX KUCIOTHUX BIACTHBOCTEH
OKCH/IIB METaliB 3B’A3yHOUOro, 30KpeMa OKcuIy Oopy. BcTaHOBIEHO, 30KpeMa, 3alleKHOCTI TPOLEHTHOTO BMICTY
ctpymornpoBigHoi dazu Bix koHenTparii B,O; B mocTiiiHOMY 3B’s3y1040My.

BucnoBku. Benukuii BMICT OKcuy 00py 1 BUCOKA KUCIOTHICTh CKJIda — OCHOBHA MPUYMHA XIMIYHOTO PO3KIALY PYTEHITY
CBUHIIIO 1 yTBOPEHHS TIOKCHIY PYTEHIIO IIPH BiMATIOBAaHHI HAHOKOMIIO3UTHHX CHCTEM ‘Ko — Pb,Ru,Og, RuO,”.

301TbIICHHES TIPOBIAHOCTI HAHOKOMITO3UTHHX IIApIB JIOCIIKYBAaHOT CHCTEMH MPH 3pOCTaHHI BMICTY CTPYMOIPOBITHOT
(a3u MOXHA MOSCHUTH TIEPKOJIAIIHHIM TIepeX0/I0M BHACIIJOK BAHUKHEHHS KIIacTepa MpoBiiHOT (a3 y CKiaji MaTpHILi.

Karouosi cioBa: HanoxommosnTtHa retepodasna crucrema “ckio-Pb,Ru,Og, RuO,”; cTpykTypHO-(ha3oBi mepeTBopeHHs;

eIeKTPOQi3iuHi mapameTpu

Jenux A.U., 1aspenosa T.U.

3aBHCHMOCTD 3JIEKTPOU3NYECKHX NAPAMETPOB HAHOKOMIIO3UTOB cucreM “crexiao — Pb,Ru,0g RuO,” or
CBOIICTB CTeK/1a U CTPYKTYPHO (ha30BUX NpeBpallleHuii

IIpodsnemaTuka. Dnekrpodusudeckue mapamerpsl (IDII) TOJCTOMICHOUHBIX AIEMEHTOB THOPUIHBIX HHTETPATbHBIX
cxeM (I'MC) wim dyBCTBHTENBHBIX 3NEMEHTOB CEHCOPOB, KOTOPHIC (POPMUPYIOTCS H3 TeTepo()asHbIX CHCTEM “‘CTEKIO —
Pb,Ru,0¢; RuO,”, Ha maHHOE BpeMms XapaKTepu3yloTCsi HU3KOW BOCIPOM3BOJMMOCTHIO M 3HAUHMTEIBHOH HECTaOMIBHOCTBIO.
[Ipo6emoii sBISETCS TAKKe JErpagalis BEIXOAHBIX XapaKTEPUCTUK TOJCTOIUICHOUHBIX JIEMEHTOB.

Heapr wucciaegoBanmii. YcranoButh BausHue Ha O®II CBOWCTB CTEKIa KAaK CBS3BIBAIOIIETO HAHOKOMIIO3HTOB,
CTPYKTYpHO-(ha30BBIX IIPE0OPa30BaHHI 1 MEXaHU3MBI DIIEKTPOIPOBOTHOCTH.

Metoanka ucciaegoanmii, [IpoBoaumics TepMooOpabOTKa HAHOKOMIIO3UTOB PAa3HOTO COCTaBa U PEHTTEHOCTPYKTYPHBIN
aHamm3. Onpenernsnocs m3meHerne DOl mieHOK W3 HAHOKOMIIO3UTOB Pa3HOTO COCTABa, a TakkKe KOA(D(HUIMEHT JIMHEHHOTO
TEPMHYECKOTO PACIIUPEHHS B 3aBUCHMOCTH OT BHEIIHHUX (haKTOPOB.

Pe3yabTaThl MccaeqoBaHMi. YCTAaHOBIEHO BIMAHHE CBOWCTB CTEKIA M CTPYKTYPHO-(Da30BBIX TPEBpANICHWH B
HAHOKOMITO3UTHBIX cHcTeMax “ctexio — Pb,RuyOg; RuO,” mnpm ux omxure. OCHOBHOW MPUYMHON pasNoKeHHs pyTeHaTa
CBHHI[A ¥ 00pa30BaHMs JJUOKCH/A PYTEHHS SBJIACTCS HE TEPMUYECKas IMCCOLMAIMS HAYaJIbHOW TOKOMPOBOJSIIEH (asbl, a
XUMHUYECKast PEaKNus TPy B3auMoeicTBur Mexay Pb,Ru,O;, 1 KOMIOHEHTAMH CTEKIITHHOTO CBSI3YIONIETO. JTO SBISETCS
CcIeNcTBHEM 0oJiee CHIIBHBIX KHCIOTHBIX CBOWCTB OKCHJIOB METAJLIOB CBSI3YIOIIET0, B YaCTHOCTH, OKCHJIA O0pa. Y CTaHOBIEHHI,
B YACTHOCTH, 3aBHCHMOCTH IPOIEHTHOTO COACPKUMOTO TOKOMPOBOISINEH (ha3bl OT KOHIEHTpauud B,0; B MOCTOSHHOM
CBA3YIOIIEM.

BroiBoabl. Bosbiioe coxepkanne okcuaa 0opa M BBICOKAs KUCIOTHOCTh CTEKNA — OCHOBHAS NPUYMHA XUMHYECKOTO
pa3NOKEeHNs PYTEHHTAa CBUHIA M O00pa30BaHHSA AMOKCHIA PYTEHHS HPU OTXKUIE HAHOKOMIO3WTHBIX CHCTEM ‘“‘CTEKIO —
szRlle6; RUOZ”.

VBenuyeHue NPOBOJMMOCTH HAHOKOMIIO3UTHBIX CIIOCB HCCIEIYEMOW CHCTEMbI TpPH BO3PACTAHUM COACPKUMOTO
TOKOMPOBOAAMIEH (ha3bl MOXKHO OOBSICHHUTH MEPKOJIAMOHHBIM TIEPEXOIOM BCIE/ICTBHE BOSHUKHOBEHHMS KJIACTepa IPOBOAIIEH
(ba3bl B cocTaBe MaTPHIIBI.

KioueBble c0Ba: HaHOKOMIIO3HMTHas rerepodasHas cuctema “‘crekino-Pb,RuyOg, RuO,”; crpykTypHO-(ha3oBbie
peoOpa3oBaHus; ANEKTPOPU3MIECKAE TAPaMeTphI



