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BIIJIMB 30BHIIIHbBOI'O TUCKY HA KIHETUKY
POCTY ®A31 Y CUCTEMI CU-SN-CU

Excnepumenmanvro odocniosceno Kinemuxy pocmy ¢haz y cucmemi CU-Sn-Cu npu
i3omepmiunomy eionani (250°C), npu ammocepromy mucky i 3 NpuUMyco8uM 308HIUUHIM
mucxom. Obpaxosarno moswuny ¢az CudSn + CubSnS uepes neeni npomixcku wacy sionauy
cucmemu i3 NPUMYCOBUM 306HIUHIM MUCKOM | 6e3 Hbo2o. Ha ocho6i ompumanux OaHux
npedcmasieHo epa@iku 3anexcHocmi  moswuHu Gaz 6i0 uacy eionany. llokazano, wo
306HIUWHIL MUCK 3HAYHO CHOBIILHIOE picm ¢ha3 y 0aHiti cucmemi.

KuarouoBi cioBa: peakuiiina mudysis, OiHapHa cucrema, piakodasHi peaxuii miai i
0JI0Ba, KIHETHKA POCTY.

1. Beryn

Hes3Baxarounm Ha CTpPIMKHI PO3BUTOK Ta MIHIATIOpPHU3allil0 €JIEMEHTHOI 0a3u cy4yacHOl
€JIEKTPOHIKH, pealli3allisl eJIeKTPUYHUX 3’€lHaHb KOMIIOHEHTIB BIJIOYBA€ThCSA 32 PaxXyHOK
BUKOPUCTAHHS JJABHO BiJIOMOI'O METOAY NasHUX 3’€JHaHb, OCHOBHUMHU KOMIIOHEHTAMH SIKUX
3aJIMIIAIOTHCS MiJb Ta 0J0BO. [Ipu CTBOpEHHI MastHOro 3’€/HaHHS BiIOYBa€ThCS peakiiiiHa
Judy3ist MK MO Ta PIAKUM OJIOBOM Y pe3yJbTaTi 4Oro Ha iX KOHTAKTI YTBOPIOIOTHCS JBi
¢a3u Cu6Sn5 Ta CudSn. YV mporeci pocty dazu Cu3Sn B Hill popMyIOTECS OPH, SKI MOKYTh
BIUIMBATH HAa MEXaHIYHI Ta EJIEKTPUYHI BJIACTUBOCTI KOHTAKTy 1 CIyryBaTH MICISIMU
3apO/UKEHHS JIe(eKTiB, 10 CIPUYUHAIOTH BUXIJ 3 Jaay caMme eJEeKTPUYHHUX 3’€JHaHb
€JIEMEHTIB cXeMHu. ToMy JOCHIKEHHSAM peakuiiHol audysii y cucremi Cu-Sn ta npobnemi
YTBOPEHHSI MOpP NPUCBAYEHO Oarato MyOJiKaliil eKCHepUMEHTaIbHOI0 Ta TEOPETHYHOIO
xapakrepy [1-5].

Ha mponec pocry ¢asu Cu3Sn Ta yTBOpeHHS B Hiil mop BIuiMBae Oarato (akTopis,
HAIPUKJIAJ PO3MIp 3€pEeH MIOKKH Mial [6], meTomuka oOpoOka mimtoxku [5]. B manii
poOOTI TPOBEEHO EeKCHEpUMEHTaJIbHE JOCHIUKEHHS BIUIMBY 30BHIIIHBOIO THUCKY Ha
npurHideHHst pocty a3z Cu3Sn+Cu6Sn5 B cucremi Cu-Sn-Cu.

2. MeToaHMKA eKCTIEPUMEHTATbHUX H0CTiTKeHb

Jl1st eKCIepUMEHTAIBHOTO JOCHIKeHHS KIHeTUKH pocTy (azu y cuctemi Cu-Sn-Cu Gyio
BUTOTOBJICHO JIBI MiJHI TUTACTUHKHA OJIHAKOBUX PO3MIPIB 3 PETEIHHO IMiAITOTOBICHUMH
MOBEPXHAMHU, sIKi OyJu mijJaHl MexaHiuHil Ta XiMiuHiil 00poOui. MiX MIacTUHOK Miai OyB
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HaHECEeHMUH mpouapok onosa. [ 3a0e3nedenHs ¢ikcoBaHO! TOBLIMHU IIapy Sn y 3pas3kax,
OyJii BCTaHOBJIEHI 0OMEKyBadi 3 IBOX CTOPiH IJIACTHHOK.

Ili oOmexyBaui rapaHTyBaJid OJHAKOBYy ToBIIMHY Sn (15n) y 3paskax. Ilicns
PO3MIIFOBAHHS MaTepially, OTpUMaHi JBa OJJHAKOBHUX 3pPa3KH, 3 SKHMHU IMPOBOIMIIH MO
nocmimkenns (puc.l). Topui 000X 3pa3kiB Takox Oynu MmiagaHi MEXaHIYHIM Ta XIMIYHIN
00po011i, 1006 3a0€31MeYNTH OJTHAKOB] YMOBH ISl IIPOBEICHHS €KCIIEPUMEHTY.

Cu

—)I Sn ‘:1511 If—

Cu

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

B excnepumMeHTi Oyn0 BHKOPHCTaHO [Ba 3pa3Ku: OIMH 3 HHUX 3HAXOAMBCSA IIPU
atMocepHOMY THCKY, a Jpyruidi OyB CTHCHYTHH 3 ycix OokiB. [[ms 3abe3meueHHS
PIBHOMIPHOTO THCKYy Ha CHCTeMy 3 YyciXx OOKiB, 3pa3oKk OyB CTHUCHYTHUH MeTalleBUMHU
CTep)KHSAMHU Ta IJIaCTUHAMH (pHC.2) 3 JOMOMOTOI0 T1IpaBIiYHOTO Tpecy (Tuck 150kre/cM2 ).
[Mocriiinuii THCK (ikCcyBaBCs CHELiaJIbHO BHTOTOBJICHMMHM 3aTHCcKadamu. JlaHa mponemypa
OyJa 3acTOCOBaHa 3 METOI0 BUBUEHHS BIUIMBY 30BHIIIHBOIO TUCKY Ha KIHETUKY pocTy (a3u y
cucremi Cu-Sn-Cu.

Cu

\
wlSu Sn

Puc. 2. 3pa3zok Cu-Sn-Cu y BUIIISITI caH/ABIYA, 3aTUCHEHHUH Yy CTPYOIIHHI.
Fig. 2. A sample of Cu-Sn-Cu in the form of a sandwich, clamped in a clamp.
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[Ticng miArOTOBKHM EKCIEPHUMEHTANbHUX 3pa3KiB, MPOBEICHHS MEXaHIYHOI Ta XIMIYHOI
00po0kH, OyJ10 pOo3MOYATO BiJINaN 3pa3KiB JUlsl BUBYCHHs KIHETUKU pocTy (a3u y cucremi Cu-
Sn-Cu.

JlaHi excrepUMEeHTaIbHO JOCTIAKYBaH1 3pa3Ku MEBHUHN Yac MiAJaBaluCs OJHOYACHOMY
13o0TepmiunoMy Binnany npu temmeparypi 250°C. Yepe3 meBHi iHTepBaiu 4acy (2 roIuHH)
o0u/1Ba 3pa3Ku JICTABaJIM 3 T€4i Ta MPOBOJWIN 3HIMKH TOPIIEBOI MOBEPXHI. 3araJbHUIN Yac
Binany cTaHoBUB 12 roguH. J{ns mpuxiagy 3HIMKM (3 OJHAKOBUM 30UIBIICHHSIM) 3pa3KiB
HiCJsl 130TEPMIYHOTO BiANaly MPOTAroM 6 TOJIWH MiJ TUCKOM 1 0€3 HOro 10 300pa)xKeHo Ha
(puc.3-4).

: ’ ‘ " A S
Puc. 3. 3pazok micns 6 roauH BiAnagy 6e3 BIUIUBY 30BHIIIHBOTO THCKY.
Fig. 3. The sample after 6 hours of annealing without the influence of external pressure.

[TpoBeneHO MUKIJI €KCIIEPUMEHTIB JJII BCTAHOBJICHHS BILTUBY TEMIIEpaTypH Ha IPOIIEC
YTBOPEHHSI HAHOMOACIB Ta MOOYIOBaHI BiAMOBIAHI 3al€KHOCTI BOAHEBHX IOKAa3HHUKIB Ta
B’SI3KOCTI JTOCHiKyBaHUX cycrieH3iidi. Ha pwuc. 4-10 mpexacraBneHi pe3ynbTaTH BILUTUBY
TEMIEpaTypd Ta IHTEHCHBHOCTI TMEpEeMIlllyBaHHS Ha BOJHEBUH TOKAa3HUK Ta B’A3KICTh
CyCITeH311 y TIpoIieCi CHHTE3Y.
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Puc. 4. 3pazoxk miciis 6 roAMH BiANady i BIUIMBOM 30BHILIHBOIO TUCKY
Fig. 4. Sample after 6 hours of annealing under external pressure

Yepes kokHI 2 TOIWHHU BUMipIoBaiachk 3araibHa ToBOMHA (a3 Cu3Sn + Cu6SnS. s
BUMIpIOBaHHA TOBLIIMHM (a3 OyB 3acTtocoBaHMi MeTanorpadiunuii mikpockon IIM, a
00poOKy 3HIMKIB Ta BHUMIPIOBaHHS TOBIIMHU BHUIIE BKa3zaHUX (a3 3miiicHIOBaIM 3
BUKOpPUCTaHHAM nporpamu Photoshop.

Hagits 0e3 BuMiproBaHHs TOBIIMHU (a3, BizyasnbHO (puc.3-4) BUAHO, IO B 3pa3Kax sKi
3HAXOJMJIUChH I/l 30BHILIHIM J101aTKOBUM THCKOM (150krc/cM2 ) ToBIIMHA (a3 MEHILA HIXK Y
3pa3kax mix atMochepHUM THCKOM. Ilicist 3aBepIIeHHs KOXKHOTO BiAIay, MPOBOAMIACH
perenbHa 00poOKa 3pa3kiB [7] Ta 00paxyHOK TOBILMHU (a3.

Jnst  Bigyamizamii 3anmexxHocTi pocty ((asM Bix yYMOB Bigmalmy i3 OTpUMaHHUX
eKCIepUMEHTAIbHUX JJTaHUX OyJ10 MoOynoBaHo rpadik.

Ha rpadiky (3pa3ok 1) mpeacraBieHui JOCTIKYBAaHUH 3pa3oK, SIKWH BiIamoBaBcs 0e3
30BHIIIHBOTO TUCKY, TOAL K Ha Tpadiky (3pa3ok 2) npencTaBlIeHUi JOCTiKyBaHUH 3pa3o0kK,
KW BiNMANIOBaBCS TNPH CTHCHEHHI 3 ycix cTopiH (puc. 5). I'padik nemoHCTpye, sK
3MIHIOEThCS PICT (pa3u B 3aJI€KHOCTI BiJl YMOB Bijmay.
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Puc. 5. I'padik 3anexHoctelt pocty ¢a3 Bij yacy Bianamy
Fig. 5. Graph of phase growth dependences on annealing time.

Jlinis Ha rpadiky 110 BIAMOBIZAE BiAMATy CUCTEMI IiJl 30BHIIIHIM TUCKOM 3HaXOAMUTHCS
HIDKYE HIXK JIIHIA, TI0 BIATOBIAA€E Bignamy npu atMocepHoMy TUCKY. OTKe 11e TOBOPUTH IPO
Te, 1m0 ToBmuHA ¢a3z Cu3Sn + CusSn5 y 3pa3ky 3 10AATKOBUM 30BHIIIHIM THCKOM MEHIII HIXK
6e3 Tucky. Takox 3 rpadika BUIHO, 110 B LIJIOMY TOBUIMHA (a3 npu aTMochepHOMY Biamai
pocTte nemo mBuAme. OckibKy (a3u Ipu BiAMaii i3 30BHIIIHIM THCKOM MEHIII 32 pO3MipoM,
1 pOCTYTh MOBUIBHILIE NPU AHAJOTIYHUX YMOBaxX, TO JIOTIYHO MepeadaduTH 1o 1 mop, Kl B
HUX YTBOPIOIOTbCS B IsIoMy Oyae  MeHmle. TakuM 4YHMHOM, JlaHAa METOJIMKAa MOXeE
PO3IIIAIATUCh SIK OJJUH 13 CIIOCO0IB MPUTHIUYEHHS YTBOPEHHS [OP Yy CUCTEMI Mi/ib-0JI0BO.

3. BucHOBKH

1.Ilpu nmocnmimxeHHI KiHEeTHKM peakuiHoi audys3ii B cucremi Cu-Sn-Cu npu
13otepmiuHomy Bianani (250 0C) posrisiaaBcst OMH 13 BapiaHTIB CHOBUIBHEHHS POCTY ¢a3 1
BIJITIOBIJTHO TIOP, SIK HETaTUBHOT'O SIBUILA.

2.ExcriepuMeHTa bHO, 3 JIOTIOMOTOI0 MMOPIBHSUIBHOTO —aHaNli3y, BCTAHOBIJIEHO, IO
30BHIINIHIN THCK 3HAYHO CIOBLIBHIOE picT (a3 y cuctemi Cu-Sn-Cu (pe3ynbTaTi J0CiiKeHb
NpUBE/eHI Ha rpadikax).

3.0TpumMaHi pe3ynbTaTH TOBOPSATH MPO T, MO JAHWUN METOJ (0JaTKOBHI 30BHINIHIN
TUCK) MOXHa PO3IJISAATH K OJHH 13 Coco0iB MPUTHIYEHHS YTBOPEHHS MOP Y CUCTEMI MiJib-
0JIOBO.
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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.

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.

Ooeporcano peoaxyiero 08.09.2022
Ipuiinamo oo opyky 12.10.2022

76


mailto:denyskolomiiets95@gmail.com
mailto:etatar@ukr.ne

