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BIIJIMB 30BHIIIHbBOI'O TUCKY HA KIHETUKY
POCTY ®A3U Y CUCTEMI Cu-Sn-Cu

Excnepumenmanvro odocniosceno Kinemuxy pocmy ¢paz y cucmemi Cu-Sn-Cu npu
i3omepmiunomy eionani (250°C), npu ammocgepHomy mucky i 3 HPUMYCOBUM 308HIUHIM
mucxom. Obpaxosarno moswuny ¢az CudSn + CubSnS uepes neeni npomixcku wacy sionauy
cucmemu i3 NPUMYCOBUM 308HIUHIM MUCKOM [ 6e3 Hbo2co. Ha ocHosi ompumanux OaHux
npedcmasieno epagiku 3anedchocmi  moswunu ¢has 6i0 uacy eionany. Ilokasano, wo
306HIUWHIL MUCK 3HAYHO CHOBIILHIOE picm ¢ha3 y 0aHiti cucmemi.

Kurouosi ciioBa: peakiiitna nudysis, 6iHapHa cuctema, piakodaszHi peakiii MiJii 1 0J0Ba,
KIHETHKA POCTY.

1. Beryn

He3Baxarounm Ha CTpIMKHI PO3BMTOK Ta MIHIATIOPU3ALiI0 €IEMEHTHOi 0a3u cy4yacHOl
€JIEKTPOHIKH, peali3allisl eJeKTPUYHUX 3’€lHaHb KOMIIOHEHTIB BIJOYBA€ThCSA 3a PaXyHOK
BUKOPUCTAHHS J]ABHO BiJIOMOI'O METOAY MasiHUX 3’€HaHb, OCHOBHUMHU KOMITOHEHTaMM SKHX
3aJIMIIAI0THCS MiJb Ta 0J0BO. [Ipu CTBOpEHHI MasHOro 3’€HAaHHA BIJOYBA€ThCS peakiiiiHa
IuQy3ist MK MO Ta PIAKUM OJIOBOM Y pe3yJbTaTi 4Oro Ha iX KOHTAKTI YTBOPIOIOTHCS JIBI
¢a3u Cu6Sn5 Ta Cu3Sn. Y mporeci pocty azu Cu3Sn B Hiil popMyrOThCS TOPH, SIKI MOXKYTh
BIUIMBATH HAa MEXaHIUYHI Ta EJEKTPUYHI BIIACTUBOCTI KOHTAKTy 1 CIyTyBaTH MICISIMU
3apOJKEHHS Je(PEKTiB, 0 CIPUYUHSIOTH BUXIJ 3 JIaly cCaMe €JIeKTPUYHUX 3’ €THaHb €JICMEHTIB
cxemu. ToMmy gociikeHHsAM peakuiiHoi nudysii y cuctemi Cu-Sn Ta npobiieMi yTBOPEHHS
HIOp MPHUCBSIYCHO 0arato myOIiKaIiii eKCIepHMEHTAIBHOTO Ta TEOPETHYHOTO Xapakrepy [1-5].

Ha mpomuec pocty dasm Cu3Sn Ta yTBOpeHHS B Hiil mop BIuMBae Oarato (axTopis,
HATIPUKJIA]] PO3MIp 3epeH MiUI0KKH Mifl [6], MeTouka 06poOka miamoxku [5]. B maniii poboTi
NIPOBE/ICHO EKCIIEPUMEHTAJIbHE TOCII/KEHHS BIUIMBY 30BHIIIHBOTO THUCKY Ha TPUTHIYCHHS
pocty ¢a3z Cu3Sn+Cu6Sn5 B cucremi Cu-Sn-Cu.

2. MeToauKa eKCepUMEHTAJBHUX JA0CTiKeHb

JIJIs eKCIIepUMEHTAITLHOTO JTOCITIKSHHSI KIHETHKH pocTy (azu y cucremi Cu-Sn-Cu Oyito
BUTOTOBJICHO JIBI MiJHI TUIACTUHKMA OJHAKOBUX PO3MIpPIB 3 PETEIbHO MiATOTOBICHUMU
MOBEPXHAMHU, SIKI OyJM MiAJaHl MEeXaHIuHIA Ta XiMiuHIA 00poOui. Mixk miacTUHOK Mial OyB
HaHECeHM mpomapok onosa. [l 3abe3meueHHs (hiKCOBaHO! TOBIIMHHU IIapy Sn y 3pa3kax,
OyJM BCTaHOBJIEH1 0OMeKyBayl 3 IBOX CTOPIH MIACTUHOK.
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Ili oOmexyBadi TrapaHTyBaJid OJHAKOBY ToBHIMHY Sn (15u) y 3paskax. Ilicns
PO3IMIIOBAHHS MaTepially, OTPUMaHi JBa OJHAKOBUX 3pa3KH, 3 SKUMH IPOBOIMIIN OB
nocmimkenHs (puc.l). Topui 000X 3pa3kiB Takox OylW MiAgaHI MEXaHIYHIM Ta XIMIYHIA
00po011i, 1006 3a0€3MeYNTH OJTHAKOB] YMOBH VISl IIPOBEICHHS €KCIIEPUMEHTY.

Cu

—>I Sn Jsw I«—

Cu

Puc. 1. Burorosnena cucrema Cu-Sn-Cu
Fig. 1. The Cu-Sn-Cu system was produced.

B ekcrnepumMeHTi OyJi0 BUKOPUCTAHO JiBa 3pa3Ku: OJWH 3 HHUX 3HAXOJIUBCS TpPHU
aTMoc(hepHOMY THCKY, a ApyTuii OyB CTHCHYTHH 3 ycixX 00KiB. 1 3a0€3neueHHs piBHOMIPHOTO
TUCKYy Ha CHCTEMY 3 YCiX OOKiB, 3pa30K OyB CTHUCHYTHH METaJCBHMU CTCPKHSIMH Ta
IUTACTHHAMU (pHC.2) 3 IOMOMOTOIO TifpaBiiuHoro npecy (Tuck 150kre/cm2 ). [locTiitHmii THCK
(bikcyBaBcs CIiellialbHO BUTOTOBJICHUMH 3aTucKayaMu. JlaHa mporeaypa Oyiia 3acTOCOBaHa 3
METO0 BUBYCHHS BILTUBY 30BHIIIHBOTO THCKY Ha KiHETUKY pocTy ¢aszu y cucremi Cu-Sn-Cu.

Puc. 2. 3pa3ok Cu-Sn-Cu y BUIIISITI caH/ABIYA, 3aTUCHEHUH Y CTPYOIIHHI.
Fig. 2. A sample of Cu-Sn-Cu in the form of a sandwich, clamped in a clamp.

[Ticng miAroTOBKHM €KCIEePUMEHTAIbHUX 3pa3KiB, MPOBEIEHHS MEXaHIYHOi Ta XIMIYHOI

00poOkH, OyJ10 po3MOYaTO BiJINai 3pa3KiB JUIsl BUBYEHHS KIHETUKU pocTy ¢a3u y cucreMi Cu-
Sn-Cu.
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JlaHi eKcIiepUMEHTAIbHO JOCHIKYBaHl 3pa3Ku MEBHHUM 4ac MiJAaBajics OAHOYACHOMY
130TepmiuHOMY Bianany npu temmepaTypi 250°C. Uepes neBHi iHTepBalu yacy (2 roJIuHU)
o0uiBa 3pa3KH JiCTaBajy 3 MeYi Ta MPOBOAWIM 3HIMKH TOPLEBOI MOBEPXHi. 3arajJpbHUN 4ac
BiJnany ctaHoBUB 12 roauH. J{ns npukiaay 3HIMKHY (3 OJHAKOBUM 301IbIIIEHHSM ) 3pa3KiB IMiCIs
130TepMIYHOr0 BiAnaxy IpoTAroM 6 TOAWH MiJ TUCKOM 1 0e3 HpOro 110 300paxkeHo Ha (puc.3-

4).

Puc. 3. 3pazok micinst 6 roauH Bigmany 6e3 Bl'[J'II/IBy 30BHIIIHBOTO TUCKY.
Fig. 3. The sample after 6 hours of annealing without the influence of external pressure.

IIpoBeeHO LUK €KCIIEPUMEHTIB JJIsi BCTAHOBJICHHs BIUIMBY TEMIIEpaTypu Ha IPOLEC
YTBOPEHHSI HAHOMOSCIB Ta MOOyIOBaHI BIAMOBINHI 3aJIeKHOCTI BOJHEBUX ITOKAa3HHKIB Ta
B’SI3KOCTI JTOCHIKyBaHUX cycrneH3id. Ha puc. 4-10 mpencraBieHi pe3ynbTaTH BILIUBY
TEMIIEPATypd Ta IHTCHCHBHOCTI IEPEMINIyBaHHS Ha BOJHECBUI ITOKa3HWK Ta B S3KICTh
CyCIIeH311 y IpoIeCi CUHTE3Y.

Puc. 4. 3pa3ok miciist 6 TOaUH BiJNaIy IMi1 BIUIMBOM 30BHIIITHBOTO THUCKY
Fig. 4. Sample after 6 hours of annealing under external pressure
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Uepes koXHI 2 TOAMHHM BUMIpIOBaach 3aranbHa ToBIMHA (a3 Cu3dSn + Cu6SnS. [ns
BHUMIPIOBaHHS TOBIIMHU (a3 OyB 3acTocoBaHmii MeTanorpadigyauii mikpockon [1M, a o06poOKy
3HIMKIB Ta BHUMIpPIOBaHHsS TOBUIMHHM BHILE BKa3aHUX (a3 31HCHIOBAIM 3 BUKOPUCTAHHIM
nporpamu Photoshop.

Hagith 6e3 BuMiptoBaHHS TOBIIMHH (a3, BizyalnbHO (puc.3-4) BUAHO, IO B 3pa3Kax sKi
3HAXOJMJIUCH i1 30BHILIHIM 101aTKOBUM THCKOM (150krc/cM2 ) ToBIIMHA (pa3 MeHIIa HIX Y
3paszkax mig atMocepHuM TuckoM. [licns 3aBepiieHHS KOXXHOTO BiJmaiy, MPOBOAMIACH
perenbHa 00poOKa 3pa3kiB [7] Ta 0OpaxyHOK TOBIIMHHU (a3.

Jlnst Bizyamizamii  3ajekHOCTI  pocTy (a3 Big yMOB Bigmamxy 13 OTpUMaHUX
eKCIePUMEHTAIBHUX JTaHUX OyI10 moOy1oBaHo rpadik.

Ha rpadiky (3pa3zok 1) npencraBiaeHuid TOCHIKYBaHHH 3pa30K, SKAW BiaNaTrOBaBCs 0e3
30BHIIIHBOTO TUCKY, TOAL SIK Ha Tpadiky (3pa3ok 2) mpencTaBlIeHU JOCTIHKYBAaHHHA 3pa30K,
KU BiAIIOBaBCs MPHU CTUCHEHHI 3 yCiX cTOpiH (puc. 5). ['padik geMoHCTpyE, IK 3MIHIOETHCS
picT a3u B 3aJ€KHOCTI BiI yMOB BiAmamy.
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Puc. 5. I'padik 3anexxHocreit pocty a3 BijJ 4acy Biamnamy
Fig. 5. Graph of phase growth dependences on annealing time.

Jlinisg Ha rpadiky 110 BIANOBIJAE BiANATy CUCTEMI MiJl 30BHIIIHIM THCKOM 3HAXOJUTHCS
HIDKYE HIXK JIIHIA, 110 BIAMOBIAA€E BigNany npu arMocepHoMy TUCKY. OTXKe 11e TOBOPUTH MPO
Te, mo ToBmuHA ¢az Cu3Sn + CusSn5 y 3pasky 3 JOAATKOBUM 30BHIIIHIM THCKOM MEHIIN HiXK
6e3 Tucky. Takox 3 rpadika BUIHO, 110 B IIIJIOMY TOBIIMHA (a3 Mpu aTMOChEepHOMY Bigmai
pocre aemto mBue. OCKUIbKY a3y IpH BiANaii 13 30BHIMIHIM THCKOM MEHIII 3a pO3MIpOM,
1 pOCTYTh MOBUIbHIIIE TPU aHAJIOTIYHUX YMOBAX, TO JOT1YHO Nepea0adynTH IO 1 Mop, K1 B HUX
YTBOPIOIOTHCS B IIJIOMY OyJie MeHIne. TakuM YWHOM, JJaHa METOJINKA MOKE PO3TIISAATUCH SIK
OJIUH 13 CIIOCOOIB MPUTHIYEHHS YTBOPEHHS MOP Y CUCTEMI1 MiJ[b-0JI0BO.
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3. BucHoBkH

1.Ilpu mocmijpkeHHI KIHETHMKKA peakuiiHoi audys3ii B cucremi Cu-Sn-Cu  mpu
13o0TepmivHoMy Biamani (250 0C) po3risiiaBcs OJMH 13 BapiaHTIB CIOBUILHEHHS pocTy (a3 i
BiJITIOBITHO TIOP, SIK HETaTHBHOTO SIBUIIA.

2.ExcriepuMeHTaIbHO, 3 JIOTIOMOTOI0 MMOPIBHSUIBHOTO —aHaii3y, BCTaHOBJICHO, IO
30BHIIIHIN THCK 3HAYHO CIOBUIBHIOE picT a3 y cuctemi Cu-Sn-Cu (pe3ynbratu A0CTiHKEHb
npuBe/ieHI Ha Tpadikax).

3.0tpuMaHi pe3yJIbTaTH TOBOPSATH MPO TE, IO TAHUK METOJ (I0AATKOBUI 30BHIITHIN THCK)
MOYKHA PO3TIISIIATH K OJIMH 13 CIIOCO0IB MPUTHIYEHHS YTBOPEHHS MOP y CUCTEMI Mi/Ib-0JI0BO.
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THE INFLUENCE OF EXTERNAL PRESSURE ON THE KINETICS OF
PHASE GROWTH IN THE Cu-Sn-Cu SYSTEM

In the conducted study, the kinetics of phase growth in the Cu-Sn-Cu system under
conditions of isothermal annealing at a temperature (250°C) were investigated. In addition, the
effect of external pressure on the process of growth or inhibition of the phase and the formation
of pores was studied. The main goal of the study was to determine the influence of external
pressure on the thickness of the Cu3Sn and Cu6Sn5 phase during certain periods of annealing
time of the system.

After the experiment, the obtained data were processed and analyzed. The thickness of the
Cu3Sn and Cu6Sn5 phases was processed for two test samples: with and without the influence
of external pressure. For this purpose, the values of the phase thickness at different stages of
system annealing were measured. After the calculation, graphs were drawn that show the
dependence of the phase thickness on the annealing time for both systems.

The results of the experiment showed that the external pressure significantly slows down
the growth of the Cu3Sn and Cu6Sn5 phases in the studied system. Graphs of changes in phase
thickness from annealing time showed a noticeable difference between the studied samples.
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This research has an important practical application in the field of materials science and
metallurgy. Because during the creation of a soldered joint, reactive diffusion occurs between
copper and liquid tin, as a result of which two phases are formed at their contact. In the process
of its growth, in turn, pores are formed, which can affect the mechanical and electrical
properties of the contact and serve as places for the nucleation of defects, which cause the
electrical connections of the circuit elements to fail. That is why the findings can help to
improve the technology of making soldered joints, ensuring better quality and their mechanical
properties.

Key words: reactive diffusion, binary system, copper/tin state liquid reactions, growth
Kinetics.
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