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BuB4eHo CTPYKTYpPY Ta BJIACTHBOCTI TATAHO0API€BOr0 CKJIA IBOX CHCTEM:

1) 6e3 pomimku Migi; 2) 3 JOMIIIKOIO MiTi.

Bcranosiieno BB koHuentpaii TiO; y ckiaji ckiia Ha psiji BJacTUBOCTEN.

Binznaueno, mo 1Jisi mepIIoi CUCTEMH CKJIA XapaAKTEPHUM € Pa3oM 3 MiJIBUIEH-
HSIM Koe(illieHTa 3a;I0MJIEHHs, MiIBUIIEHHSI TYCTHHH, pedpakiii ii MOJbHOT0 00 €My
3umkeHHst KTJIP ta TensionpoBianocTi. st Apyroi cucreMu OCTaHHI IBa mapaMeTpu
3pOCTaIOTh Pa3oM 3 MePUIUMHU YOTHPMA.

A research into peculiar properties of titanum boracic glass was carried out
involving itstwo systems:

1) without addition of copper; 2) with addition of copper.

An influence of TiO2 concentrations over a variety of properties was ascertained.
It was noted that the first glass system is distinguished by coefficients decrease of
temperature linear expansion and heat conductivity together with the coefficients
increase of refraction, density and gram-molecule volume. The final two characteristics
aswell astheinitial four onesexpand in relation to the second system.

TutanoOapieBi Marepiadd HIUPOKO 3aCTOCOBYIOTHCS y BHUPOOHMIITBI PalioeIEKTPOHHOL
ammaparypu (PEA). [TommpenHs ranxy3i iX BUKOPUCTaHHS Ta IMiBUIIEHHS BUMOT J0 €KCIUTyaTalliii-
HUX XapaKTEPUCTHK OOYMOBIIOIOTH HEOOXITHICTH IMOIIYKY HOBHX CIOJYK ITMX MarepiaiiB Ta

CHCTEMax CKJa:

1. TuranoGapieBo-60opathi (Mac. %-x Ti0,-40 BaO - (60-x)B203);

2. TutanomiaHi-06apieBo-60patHi (Mac. %-x Ti02-15 CuO-35 BaO-(50-x)B203);

CKJ10 0Z1epKaHO 3a 30J1b-T'eJlb TEXHOJIOTIELO.

TKJIP Bu3Hauanu Ha 3paskax 5 X 5 x 30 MM, Topii SKux Gy/nH BiAMONIpOBaHi 3 INIOCKO-
napanensHicTio = 0,01 MM, Ha KBapuoBoMy amnatomerpi Tumy JIKB-4 3 moxuOkoio Bumipy
+ 25 x 107 K. IlokasHuku 3amoMicHHS BH3HAYEHI IMEPCIHHUM METOJIOM 3a JIOIOMOTOI0
mikpockorna MUH-8 (An = + 3 x 10‘3). ['ycTuHy — TiZpOCTaTUYHUM METO/IOM — 3BaXKyBaHHSIM Y
XIMIYHO 9HCTOMY Toiyoli (Ap = £ 3 X 107 r/em®). KoediuieHT TemonposigHocTi BUMipsuin Ha
npukitagi UT- A — 400 3 moxubkoro BuMipy + 3 %, crekTpu moriuHaHHsS B Y@ Ta BHIMMIi

001acTAX CHEKTpa BUMIPSIIHCH 3a JoroMororo criekrpomerpa KBCY-12.



JJist BUSIBJICHHSI CTPYKTYPHUX OCOOJIMBOCTEH CKJIa, IO BiOYBAIOTHCS MPH JIETYBAaHHI 3MiH B
fioro kapkaci, Oyia po3paxoBaHa MoJIbHA pedpakiis. Pe3ynbraTu mokaszani Ha puc. 1,2,3.
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Puc. 1. 3anescnicmv napamempie bapicso-o6opamuozo ckia 8i0 Kinekocmi (mac. %):
1-TiO, 2-TiO,+ CuQy @ioeo cxkradi
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Puc. 2. 3anexcnicmo napamempie 6apiceo- bopamnoeo cxia 6io kinekocmi (mac. %):
1-TiO,; 2-TiOx+CuO y idioeo cxnadi

['yctuna (p), moka3HUK 3aMoMiIeHHS (), MonbHa pedpakmis (R) 11t ckia nepmioi cucreMu
Npy 3aMiHI OKCHJIy CKJIOYTBOPIOBada OKCHJAMH THUTAHY MiJABHILYETHCS, IO MOXHA MOSCHUTH
OLTBIIIOI0 MOJIEKYJISIPHOIO Baroro i MokazHukom 3anomiieHHs B Ti0, mopiBHsHO 3 B20s.

Xapaktep 3MiH BUIIE3TaJaHUX MapaMeTpiB 3 JIENI0 OLTBIIOW IHTEHCHUBHICTIO 30€piraeTbes
JUTS CKJIa JIPYroi CUCTeMH. Y I[bOMY BHIIAJKy 3HaYeHHs NIOKAa3HUKIB 71, P Ta R OB’ sA3aHi 3 BILTMBOM
10HIB Mifli Ha pe3ynbTaTH. MoJIbHUN 00°€M 1 pedpakilis 3MiHIOIOTHCS B3a€MOIIOTOKEHO.

[Teperun y kpuBHX 3asIe’kHOCTEN MostbHOTO 00°emy (V) 1 pedpakii (R) Bix ckiagy ckia nmpu
CYBOpIiHi JHIHHOCTI KOedillieHTa 3aJTOMIIEHHS 1 TYCTUHH MOXKE€ CBITYATH TPO 3MIiHH Y CTPYKTYpI
CKJIa APYroi CUCTEMHU.
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Puc. 3. 3anexcnicmo onmuuno20 nPONYCKaHHA CKad 8i0 Kinbkocmi (mac. %) OoMiutok y 1020 cknaoi:
1-10CuO+ 15TiO,; 2—10CuO+ 10TiO,; 3—10CuO + 5TiO,; 4—20TiOy;
5-15TiO;; 6—-10TiO,; 7-5TIO;

ExcrieprMeHTaIbHO BCTAHOBIICHO, 11O MPH JIETYBaHHI MiJTHOOapieBO-00paTHOTO CKia OiTb-
me sk 12 mac. % TiOg, y #oro MaTpuili yTBOPIOIOTHCS JIIKBaIliiiHI 00nacTi, 30aradeHi THTAaHOM.
[Ipu 3pocrtanni konmeHtpanii TiO2 y GapieBo-00paTHOMY CKJIi MOJBHHUHA 00’€M Aemo 3011b-
mryetbest, a KJITP He3sHauHO 3MEeHITy€eThCS.

[TomiOHI 3MiHU Y THTAHOBOMY CKJIi TIOSICHFOIOTHCS ITiIBUIIIEHHSM MOOUTEHOCTI CTPYKTYPH 32
paxyHOK 3MEHIIEHHS 3apsAaoBOi TYCTHHH y cdepi aTOMIB THTaHY Ta 30UIBIICHHS CTYIEHS
ribpuau3zanii XBIIbOBUX (QYHKIIH TUTaHy Ta KHCHIO [1]. V pe3ynbTaTi yTBOPIOETHCS Pi3HOMAHIT-
HUI aHIOHHMH MOTHB, IO CKJIANAEThCS, SK 13 TpUKyTHHKIB BO3 1 TerpaenpiB BOa, Tak i 3i
3MIIIIAHOTO TUTAHOOOPATHOTO KapKacy.

KinpkicTh OCTaHHIX CTPYKTYPHUX OIHMHHUIh 30UTBLIYETHCS MpH 30UIbIIEHHI KOHIIEHTpAIl
Ti0, Ginbmre sk 10 mac. %. [osiBa 6inbin cnadkoro 3B°s13ky Ti-0, MOPIBHSIHO 31 3B’SI3KaMU CKJIOYT-
BoproBaua B-0 3011b11ye pyXOMICTh CTPYKTYPH Ta IMoJjerurye Bapiarito KytiB B-O-Ti mija BrummBom
TeMmIepaTypy. VIMOBIpHICTb PO3CISHHS TEMIOBHX XBHJIb Y I[bOMY BHITAAKY TAKOX ITiIBHILYETHCS.
VY pe3ynbTaTi MpU MOPIBHSHO HEBEIWKIN 3MiHI MOJIBHOTO 00’€My CKJa MPH 3pOCTaHHI B HOTO
cknani kinpkocTi TiO2 3menmyetbes sk KJITP, Tak 1 TeronpoBigHicTs. JIiKBaiiHi yrpymyBaHHS
CTaTUYHO PIBHOMIPHO PO3MOJIUICHI y MaTPHIIi CKJIa.

CkJ10 Ipyroi CUCTEMH, SIKE MICTHTh JIBa BUIU JIOMIIIIKOBUX 10HIB: MiJIb Ta TUTAH — XapaKTe-
PU3YETHCSI HASBHICTIO JIKBAIIMHUX OONacTed, y SKUX KOOPAWHALIWHE YUCIIO TUTaHy OinbIie
YOTUPBOX, 10 crpusie nesskomy 30inpmenno KJITP. Ilpore 30iibieHHs TEMIONPOBIAHOCTI MPU
nigBUIeHHI KoHIeHTparlii Ti0, CBIIUYNTh Mpo 3MEHIIECHHS [IEHTPIB PO3CISHHS TEIJIOBUX (DOHOHIB,
10 CIIPUYMHSIE TT1IBUIIICHHS BHUIKOCTI PO3IIOBCIOKEHHS TETUIOBUX XBHIIb i CEPEIHBOI IOBKHHH
BUIBHOTO TIpo0iry ¢oHoHiB. Taka cutyariisi Moxke OyTH BHKJIMKaHa MEPEX0A0M Bifl "OIMKHBOT" 110
"cepenHboi” ymopsakoBaHocTi. IlinTBep/PKEHHSAM IHOTO MPHUIYIICHHS € 3MIIMICHHS MEeXi
MPOITYCKAHHS y CKJII IPYroi CHCTeMH B OiK XBWJIb OUTBINOI TOBXKHUHH. [lepeBakHO 1€ BUSABISETHCS
y CKJIi 3 HasABHICTIO KPUCTAIIYHOI a3 y MaTpHIl ckia [2].
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BucHoBxku

MeTooM 30JIb-T€Ib TEXHOJIOTIl OFEp)KaHO JIBI CHCTEMH THUTaHOOapi€BO-OOpPATHOTO CKIIA.
CkJo, 10 CKJIQAy SIKOTO BHECEHA J0JAaTKOBa JIOMIIIKAa Mifdi, (hOpMye CTPYKTYpY, SKy MOXKHA
OXapaKTepu3yBaTH '"CepeqHbOI0” YIMOPSIAKOBaHICTIO. J[Ji1 IIbOTo CKJla Mpu 301IbIIEHH] KUTBKOCTI
Ti0, XxapakTepHOO € HapiBHI 31 3HAYHUM 30UIBIICHHSIM Koe]illieHTa 3aJJOMJICHHs HEBEJIMKa 3MiHa
KJITP Tta A.
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Po3riisiHyTO HOBI TOBCTOILIIBKOBI MaTepiajiM Ul CTPYKTYPHOIO pe3ucTopa Ha
AieJIeKTPHUKY i ONMCAHO BJIACTMBOCTI Takol CTPYKTYpH. JlociigxeHo cralijibHiCTH Ta
1’ €30€JIEKTPUYHI BJACTUBOCTI Pe3UCTOPA HA JIieJIEKTPUKY.

The new set of thick film materials for a structure resistor on dielectric and the
properties of the of this structure are presented in this paper. The properties of resistor
placed on dielectric such as stability, piezoresistive properties aswell as microstructure
was investigated.

1. INTRODUCTION

Miniaturisation in thick film microcircuit is realized by higher density packaging of ele-
ments. It could be achieved by producing thinner and closer paths and/or producing more levelsin
the multilayer structure. Introducing resistors to the multilayer structures always causes problems.

Resistors could be introduced to thick film multilayer structurein different ways[1,2,3]:

a) use both side of a substrate; on one side multilayer structure is placed, the resistors on the
other,

b) use of chip resistors surface mounted,

c) division of the substrate into areas for resistors and the areas for multilayer connections,

d) deposition of resistors onto the substrate and built up of multilayer over them (buried
resistors),

€) deposition of resistors onto the top of dielectric layer.

The simplest alternative is to a pre-completed multilayer structure as a substrate for resistor
deposition, which becomes the last layer to be printed and fired. This reduces the number of
resistor firings to one and eliminates level changes. It is necessary to find sufficiently large flat



