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V ¢om vidite uplatnenie
vysledkov tohto projektu:

Vysledkom vyvojovej Casti projektu je nové zlozZenie univerzalnej mikkej aktivnej spajky
SnInAgTi vhodnej na spajkovanie Sirokej Skaly kovovych, nekovovych a keramickych materialov.
Uplatnenie vyvojovej spajky vidime najma pre spajkovanie v elektronike a elektrotechnike, pri
vyrobe elektrozariadeni, kde je potrebné spajkovat’ rézne druhy materidlov a kombinované spoje.
Vysledky vyskumu materidlovej spajkovatelnosti stanovili druhy materialov, ktoré mozno
spajkovat’ vyvojovou spajkou.

Podpisom zaverec¢nej karty rieSitel’ vyjadruje svoj stihlas ku zverejneniu idajov v nej uvedenych.
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Charakteristika vysledkov
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Sthrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - slovensky:

Vysledkom rieSenia projektu je vyvoj mékkej aktivnej spajky a stanovena spajkovatelnost’ Sirokej Skaly materialov. Vysledky
vyskumu potvrdili, Ze vyvojova spajka SnInAgTi je univerzalna spajka umoZziujuca spajkovanie kovovych, nekovovych a keramickych
materialov spifiajica zakonné podmienky z environmentalneho hladiska pre aplikaciu v elektrozariadeniach, pretoze neobsahuje zakazané
latky. Spajka je urend na spajkovanie bez taviva na vzduchu s pouZitim mechanickej aktivacie (zaskrabavanim, vibraciami, trenim,
ultrazvukom).

Vysledky vyskumu materidlovej spajkovatel'nosti preukdzali, Ze vyvojova spajka SnInAgTi je vhodnd na spajkovanie:

= kovovych materialov - (Cisté kovy: titan, vanad, chrom, mangan, kobalt, nikel, med’, zinok, hlinik, hor¢ik, zirkon, niob,
molybdén, paladium, hafnium, tantal, volfram, olovo, zliatiny: ocel konstrukéna (11 373), nehrdzavejuca (17 274), mosadz,
zliatina hlinika AlSi5, kov vo forme povlaku: striebro, zinok, nikel,
= nekovovych materidlov- kremik, germanium, uhlik (vo forme grafitu),
= keramickych materialov - Al,O3, SiO,, ITO (keramicky material tvoreny zmesou oxidov india a cinu), TiO,, zafir, rubin a r6zne
typy beznych skiel.
Na tychto materialoch aj pri ich akychkol'vek vzajomnych kombinaciach zarucujeme materialova spajkovatelnost’ za predpokladu, ze na
spajkovanie sa pouZije ultrazvukova aktivacia. Zlato sa neodportca spajkovat’ vyvojovou spajkou vzhl'adom na jeho vysoku rozpustnost’
(stratu) pri spajkovani.

Interval tavenia spajky sa pohybuje od 116 do 156 °C a teplota spijkovania sa odporica od 150 do 160 °C. Spajka nemusi byt’
vysoko tekutd, nemusi sa roztekat’ pretoze spajkovanie ma charakter nanosového spajkovania.

Zistilo sa, Ze spajka m4 heterogénny charakter aj po vyrobe metddou rychleho ochladzovania a obsahuje velké mnoZzstvo faz, napr.
Ti3Sn, TisSns, TigSns, TisIng, Ag;Sn, Ag,Sn, AgTi;, Ag;In, Agln,, In;Sn, InSn,.

Pevnost’ v Smyku spajky sa pohybuje od 8 do 18 MPa v zavislosti od druhu spajkovaného zékladného materialu. Pre konkrétnu
kombinéciu spajkovanych materialov a konkrétnu spajkovana konstrukciu je potrebné overit’ pevnost’ spoja.

Z hladiska mechanizmu vzniku spoja medzi spajkou SnInAgTi a keramickym materidlom sa zistilo, Ze najdélezitejSiu ulohu pri
vzniku spoja mé indium (podporené UZ aktivaciu pri spajkovani na vzduchu). Indium sa v procese spajkovania kombinuje s kyslikom zo
vzduchu za vzniku komplexnych oxidov india, ktoré nasledne vstupujii do reakcie s povrchom podkladu keramického alebo nekovového
materialu. Takze proces spajkovania vyvojovou spajkou sa realizuje na zaklade likvidovo-solidovej reakcie prebiehajucej medzi
samotnymi oxidmi.

Suhrn vysledkov rieSenia projektu a naplnenia cielov projektu (max. 20 riadkov) - anglicky:

The project resulted in development of an active solder, while solderability of a wide assortment of materials has been determined.
The results of soldering metallic, non-metallic and ceramic materials meet the legal requirements set for application in electronic
equipment, from the ecological and environmental viewpoint, since it does not produce any harmful substances. The solder is destined for
fluxless soldering in the air with application of mechanical activation (by scraping, vibrations or ultrasound).

The results of study of material solderability have shown that the developed SnInAgTi solder is suitable for soldering of the following
materials:

= metallic materials - (pure metals: titanium, vanadium, chromium, manganese, cobalt, nickel, copper, zinc, aluminium,

magnesium, zirconium, niobium, molybdenum, palladium, hafnium, tantalum, tungsten, lead and the following alloys: structural
steel (11 373), stainless steel (17 274), brass, aluminium alloy AlSi5, metals in form of coating: silver, zinc, nickel.

= non-metallic materials - silicon, germanium, carbon (in form of graphite),

=  ceramic materials - Al,O;, SiO,, ITO (ceramic material formed of a mixture of indium and tin oxides), TiO,, sapphire, ruby and

different types of commercial glasses..
We guarantee the material solderability with these materials and at their arbitrary combinations, supposed that ultrasonic activation will be
used prior to soldering. The developed solder is not advisable for soldering the gold, owing to its high solubility (loss) during soldering.

Melting interval of this solder varies from 116 to 156 °C and the recommended soldering temperature is from 150 to 160 °C. The
solder need not be highly liquid and need not show a good spreading, since this soldering process shows the character of deposition
soldering.

It was found out that this solder has a heterogeneous character even after manufacture by the method of rapid cooling down and it
contains a great number of phases, for example: Ti3Sn, TisSn;, TigSns, TizIn,, AgsSn, Ag,Sn, AgTi;, Ags;In, Agln,, In;Sn, InSn,.

The shear strength of solder varies from 8 to 18 MPa, in dependence on the type of soldered material. However, it is first necessary to
approve the joint strength for an actual combination of soldered materials and for an actual soldered structure.

Regarding the mechanism of joint formation between the SnInAgTi solder and a ceramic material, it was revealed that the most
essential role in joint formation is played by indium (supported by ultrasonic activation during soldering in the air). In the soldering
process, indium is combined with the oxygen in the air, accompanied by formation of complex indium oxides, which subsequently enter
into reaction with substrate surface of the ceramic and/or non-metallic material. Thus, the process of soldering with the developed solder is
realised on the basis of a liquidus-solidus reaction taking place among the oxides proper.
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