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3.2 Anajiz CEM-300paskens inTepdeiicy Mifi B peakuiiiHii 30Hi MiJb/0J10B0

Jnist  oCHi/KeHHS BIUIMBY JIOKQIBHOTO BUKPHBIEHHS iHTepdeiicy Migli Ha pict
npoMibKHUX (a3 mpoBefeHo MUQY3iHHMNA BiAman ENEeKTPONITUYHO OCAKEHHX B PIZHHUX
peKuMax MpoIapkKiB Miai 3 ooBoM BrpooBx 190 rox. 3a Temmeparypu 210 °C.

BSE COMPO 30.00kV  x300 200 BSE COMPOQ

BSE COMPO 30.00kV  x300 BSE COMFPOQ 30.00kV

BSE COMPO 30.00kY  x300

Puc 4. MikpodoTtorpadii HoBepXOHb TOPLIEBOI0O MEPEPi3y €IEKTPOOCAHKEHUX
MpoIIapKiB Mifi Micis peakiii 3 0J0BoM 3pa3kis: a) 1, 6) 2,B) 3, 1) 4, o) 5.
Fig. 4. Micrographs of the free surfaces of the end section electrodeposited copper
layers after reaction with tin on samples: a) 1; b) 2; ¢) 3; d) 4; e) 5.
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Ha Puc. 4 npuBeneno CEM 300pakeHHSI TOPLIEBUX IEPepi3iB peakiiiHOl 30HU MicIs
TBepA0(ha3HOI peakKilii, 0 OTPUMaHi Y BTOPUHHUX eJIeKTpoHax. Ha yopHOMY (pOHI ITpHBEICHO
pEeKOHCTpYHOBaHi JiHiI iHTepdeiicy Mimi, (QpakraabHa PO3MIPHICTh SKUX BH3HAYalach B
noxanpiioMy. s OTpUMaHHS JTiHIA iHTepdelcy 3acTOCOBaHO MporpaMHi 3acolu s
norepeHboi 00poOku 300pakens [10].

3.3. Pospaxynox ¢hpakmanvroi posmipnocmi inmepgeticie enrekmpoocadicenoi mioi.

Jnist po3paxyHKy (pakTaibHOI pO3MIpHOCTI iHTepdeiciB Mifl Ha TOPLEBUX Iepepizax
Oyno po3pobieHo mporpamHi 3acobu aHanizy CEM 300paxeHs. @pakranbHy pO3MipHOCTH
TiHi# iHTepdeiicy po3paxoByBanu 3a Bupazom [ 18]:

_ log(N) @
" log(1/r)’
ne, N — KUIBKICTh KBaJIpaTiB 31 CTOPOHOIO I, ki HEOOXITHO BUKOPUCTATH JUIsl TOTO, 1100
TTOBHICTIO TTIOKPUTH 1HTEpPeEiic.

Cepen uncenbHUX METO/IB 00paxyHKy (pakTaJbHOI PO3MIPHOCTI MOBEPXOHb HAMOLIBIII
posmnoBcropkernM € meton BC (box counting)[19, 20].

Jliig 0OpaxyHKy (ppakTanbHOI pO3MIPHOCTI 3TMHA0YOI JIIHIT TOPLIEBOIO 3pi3y 1HTEpdEiicy
€JIEKTPOOCAPKEHOT0 TPOIIapKy Mifi OyB po3poOJIeHNN KOMIUIEKC Iporpam i 0OpoOKu Ta
obuucneHHs PppakTaabHOT po3MipHOCTi Ha Python v. 3.6.

Kommiekc ckimamaeThcsi 3 OBOX He3alnekHUX mporpam. llepmia mporpama 3piiicHIOE
00poOKy 300pakeHHs Ui BUJIIJICHHS] OTMHAIOUO] JIiHIT IHTEpdeiicy.

Anroput™ poOOTH JaHOI IPOrpaMu HACTYITHUI:

1. [TocninoBHO HakIaIaeTbes HA 300paskeHHsT GUIBTP pO3MUTTS 1o ['aycy Ta yacTOTHUI
bIBTp 3 0OMeEx)eHUM pajiiycoM (3acodamu rpadiunoi 6i6mioreku Pillow);

2. BynyeTtbcs ricrorpama po3noaity Koasopy B Mexkax Big 0 — 255 (B rpagamisix ciporo);
3. BubupaeTncs iHTEpBa «CIpOCTI», 110 BiMOBIIAE 32 300pKCHHS MPOIIAPKY MiIi;

4, Jlam 300paxxeHHs 00pOOJISIETHCS 32 HACTYITHOKO CXEMOIO:

o Sxmo komip MmKCeNsl BXOJWUTh y BUOpaHHWMA I1HTEpBA «CIpOCT» 3MIHIOEMO HOTrO
3Ha4eHHs Ha 255 (Oinuit Kouip), iHakie 3MiHI0eMO Ha 0 (YOpHUI KOJTIp);

o [Ticnsa 1mporo, pyxar4uch MO MIKCEISIX OTPUMAHOTO 300paKEHHS, OOpPaxOBYEMO

3HAYEHHS TPAMIEHTY KOJBOPY, SKIIO I BEIMYMHA BiMIHHA BiJl HYJSI, TO 3MIHIOEMO KOJIp
mikcesst Ha Ouui (255).
5. 306epiraeMo oTpruMaHe 300paKCHHS.

a

Puc. 5. Intepodeiicu enekTpomiTHYHO OcakKeHol Miji A0 (a) Ta micns TBepAodazHoi
peaxiiii 3 o1oBoM (0)
Fig. 5. Interfaces of the electrodeposited copper before (a) and after solid-state reaction
with tin (b)
Ipyra mporpama 3aidCHIOE OOpaxyHOK (pakTaJbHOI PO3MIPHOCTI OTPUMAaHMUX
300pakeHb. Po3paxyHOK (hpakTaabHOI PO3MIPHOCTI I'PYHTYETHCS Ha BHM3HAYEHHI KyTOBOI'O
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KoeillieHTa HaXWIy PErpecuBHOI MPsAMOI, sika anpokcumye 3anexHicts InN = f(In1/r), ne

N- KiJIbKICTh KBJIpaTiB 31 CTOPOHOIO ' HEOOXIAHUX, 11100 MOBHICTIO MOKPUTH OTHHAIOYY JIIHIIO
iHTepdeiicy. OCKiIbKH 300pakeHHSI MICTHTh OTMHAIOWy JIiHiI0 iHTepdeiicy, To (pakTanbHy
PO3MIPHICTh 00PaXOBYEMO 33 HACTYITHOIO CXEMOIO:

1) 3aBaHTaXyeEMO 300paXKCHHSL.

2) 3amaeMo MovaTKOBE 3HAUCHHS I = 2.

3) 3amaemo kiHumeBe 3HaueHHs I =max(H,W)/2, ne H, W- Bucora Tta mupuHa

300paxeHHS.

4) OO0paxoByeMo N — KiJIbKICTh KBaJIpaTiB HEOOXIIHY VISl TOTO, 100 MOBHICTIO MOKPUTH
iHTEepdeiic.

5) Byayemo 3anexsicts INN = f (In1/r).

6) ANpoKCUMy€EMO OTpHMaHy 3aJISKHICTh MPSIMOIO perpecii 3a METOJAOM HaWMEHIIHX
KBaJpaTiB, Koe(illieHT HaXWIy TMpsAMOi perpecii i € 3HAYeHHSM (QpaKTaIbHOL
PO3MIpHOCTI.

Crmin 3a3HauMTH, MO TpH BU3HAUYEHHI (pakTambHOi po3MipHOCTI Mex iHTepdeicy
€IIEKTPOOCA/DKEHOI Mili Opaiucst B pO3paxyHOK JHIIE Ti O0JacTi, IO YTBOPIOBAIH
MEePKOJIAIIHHAN KiTacTep, TOOTO 130JIbOBaHI BIJOKPEMIICHI OCTPIBIII HE BPaXxOBYBaJIKCS.
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a o
Puc. 6. I'icrorpamu ppakraibHOi po3MipHOCTI iHTEpdeiciB Mii 10 (a) Ta micis
TBepa0o¢a3zHoi peakilii 3 010BoM (0)
Fig. 6. Histograms of fractal dimension of copper interfaces before (a) and after solid-
phase reaction with tin (b)

3 ricrorpam Ha Puc. 6 4YiTKO BHWJIHO, IIO OTPMMaHI B HECTAIlIOHAPHUX PEKUMaxX
eNIEKTPOOCAKEHHSI Ta 332 BHCOKOTO 3HAYCHHS TYCTHHU CTPYMY 3pa3kd MaioTh OuIbIIy
¢bpakTanbHy po3MipHicTh iHTepdelicy mial Hixk 3pazku 1 ta 5. [licns TBeprodazHoi peakiii
€JIEKTPOJIITUYHO OCA/DKEHUX MpOIIApKiB MiJi 3 ojoBoM BrpoaoBxk 190 roa. mpu 210 °C
(bpakranbHa pO3MIPHICTH 3pa3ka 2, II0 €JIEKTPOOCAPKEHUI CTallloHapHO 3a BHUCOKOI'O
3HA4YeHHs OBEpIOTEHIially, 3HauHO 3MeHuwiacs. IIpu npomy, ¢pakrajibHl PO3MIPHOCTI
iHTepdeiiciB Mifl B 3pa3Kkax, L0 OTPUMaHI B CTOXAaCTHUHUX DPEXKHMMAX EJIEKTPOJIITUYHOIO
OCaJKEHHsI, MICIIsI IPOBEAECHHS TBEpA0(a3HOI peakilii CyTTEBO HE 3MIHUIIUCS.

4. BucHOBKH

B poGotri mpoBefeHO NOPIBHSAHHSA (PpakTaabHOI PO3MIPHOCTI TOBEPXHI MIJHUX
NpPOIIAPKIB, IO OTPUMaHi 3a PI3HUX PEKUMIB €JIEKTPOOCA/UKEHHS — CTalllOHApHOTO,
PEBEPCHOI0 IMITYJILCHOTO Ta CTOXAaCTUYHOro. CTOXaCTHUHI PEKUMH eJIEeKTPOOCaPKEHHS
OTPMMAaHO Ha OCHOBI MojieNi reHeparopa Uya BUNIQIKOBUX KOJIMBaHb O1JIs IBOX CTalllOHAPHUX
Touok. CTalioHapHi CTaHU MiAOUpaNucs 3 aHali3y MOJApHU3aLiiHOI KPUBOT 3riIHO 3 YMOBaMH
eleKTpocakeHHs. B pe3ynbrari Oyno MOKa3aHo, MIO €NEKTPOOCAHKEHHS Mial Ha MigH1
IUTACTUHKM B CTOXAaCTHMYHUX PEKHMMaxX HPUBOJATH 10 YTBOPEHHS HIOPCTKUX MOBEPXOHb 3
(bpakTanbHOIO PO3MIPHICTIO. EKCepUMeHTanbHO JOCHIIKEHO BIUIMB (DpPaKTaIbHOCTI
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€JIEKTPOOCAKEHHX B PI3HUX PEKMUMaX MPOIIAPKIB Mijl Ha pe3ysbTaT TBEPAO(Da3HUX pEaKIliil
3 OJIOBOM. BcCTaHOBIIEHO, IO 33 CTOXACTUYHUX PEXHUMIB EJIEKTPOOCAHKCHHS OTpUMaHa
dpakTanbHiCTh iHTEpQEHCY Mill € JOCUTh 3HAYHOI Ta HE3HAYHO 3MIHIOETHCS TICHS
TBepao(dazHoi peakiii 3 0JIOBOM Ha BiAMIHY BiJ] 3aCTOCYBaHHS CTalllOHAPHOTO PEKUMY
€JIEKTPOOCAKEHHSI MiJli 3 BUCOKHAM TOTEHIIIAJIOM IIEPEHAIIPYTH.

10.

11.

12.

92

Cnuncoxk BUKOPHCTAHOI JIiTEpPaTypu:

Tu K. N. Electronic thin-film reliability / K. N. Tu. — Cambridge University Press, 2010.
— 412 c. — PexxuMm joctymy:
https://www.cambridge.org/ua/academic/subjects/engineering/materials-
science/electronic-thin-film-reliability?format=HB

Tu K. N. Solder joint technology / K. N. Tu. — New York: Springer, 2007. — 370 c. —
Pexxum noctymy: https://doi.org/10.1007/978-0-387-38892-2

Gusak A. M. Kinetic theory of flux-driven ripening / A. M. Gusak, K. N. Tu // Physical
Review B. — 2002. — Vol. 66, Ne 11. — P. 115403. — Pexum gocTymy:
https://doi.org/10.1103/PhysRevB.66.115403

Tu K. N. Physics and materials challenges for lead-free solders / K. M. Tu,
A. M. Gusak, and M. Li // Journal of Applied Physics. — 2003. — Vol. 93, Ne 3. — P. 1335-
1353. — Pesxum goctymy: https://doi.org/10.1063/1.1517165

Suh J. O. Size distribution and morphology of Cu6Sn5 scallops in wetting reaction
between molten solder and copper / J. O. Suh, K. N. Tu, G. V. Lutsenko, A. M. Gusak //
Acta Materialia, — 2008. — Vol. 56, Ne 5. — P. 1075-1083. — Pexum moctyry:
https://doi.org/10.1016/j.actamat.2007.11.009

Liashenko O. Yu. Differences in the interfacial reaction between Cu substrate and
metastable supercooled liquid Sn—Cu solder or solid Sn—Cu solder at 222° C:
Experimental results versus theoretical model calculations / O. Yu. Liashenko, F. Hodaj
/[ Acta Materialia. — 2015. — Ne 99. — P. 106-118. — Pexwum mgocrymy:
https://doi.org/10.1016/j.actamat.2015.07.066

Liashenko O. Yu. On the initial stages of phase formation at the solid Cu/liquid Sn-based
solder interface / O. Yu. Liashenko, S. Lay, F. Hodaj // Acta Materialia. — 2016. — Ne 117.
— P. 216-227. — Pexxum noctymy: https://doi.org/10.1016/j.actamat.2016.07.021
Liashenko O. Yu. Spectrum of heterogeneous nucleation modes in crystallization of Sn-
0.7 wt% Cu solder: experimental results versus theoretical model calculations / O. Yu.
Liashenko, A. M. Gusak, F Hodaj // Journal of Materials Science: Materials in
Electronics. —-2015. — Vol 26, Nell. — P. 4664-4672. — Pexum mocTymy:
https://doi.org/10.1007/s10854-015-3516-z

Gusak A. M. Kinetic pinning versus capillary pinning of voids at the moving interface
during reactive diffusion / A. M. Gusak, T. V. Zaporozhets, J. Janczak-Rusch //
Philosophical Magazine Letters. — 2017. — Vol. 97, Ne 1. — P. 1-10. — Pexxwum moctymy:
https://doi.org/10.1080/09500839.2016.1262559

Morozovych V. V. Influence of Copper Pretreatment on the Phase and Pore Formations
in the Solid Phase Reactions of Copper with Tin /V. V. Morozovych, A. R. Gonda,
Yu. O. Lyashenko, Ya.D. Korol, O. Yu. Liashenko, C. Cserhati, A.M. Gusak //
Metannodusuka u Hoseimue texuonorun. — 2018. — Vol. 40, Ne 12, — P. 1649-1673. —
Pesxxum moctyny: https://doi.org/10.15407/mfint.40.12.1649

Hikonenko 0. B. Po3pobka Ta 3acTOCyBaHHs amapaTHO-NPOIPAMHOI0 KOMIUIEKCY Yy
MPaBIiHHI MPOILECOM ENEKTPOJIITUYHOTO OCA/UKEHHS MiJll B PEXHMI CTOXAaCTHUYHHUX
konmuBaHb / 1O. B. Hikonenko, B. A. [inyk, S. . Kopons, 0. O. JIsmenko // Bicauk
Yepkacbkoro yHiBepcutery. Cepis «®Pizuxko-marematnuyHi Haykm». — 2016. — Nel. —
C. 27-29. — Pexxum poctymy: http://phys-ejournal.cdu.edu.ua/article/view/1372/1396
Tiorenko B. M. BrumB SMAT 00poOku Ha CTPYKTYpYy €NeKTPOOCAKEHUX B
CTAallOHAPHOMY, PEBEPCHOMY Ta CTOXACTUYHOMY peKXHMMax mpomapkiB migi / B. M.
Trorenko, B. B. Mopo3zosuu, B. A. [diayk, C. O. Komniasko, FO. O. Jlsmenko // Bicauk



Cepist «Pi3uxo-mMaTeMaTH4Hi HayKm», 2019

13.

14.

15.

16.

17.

18.

19.

20.

Yepkacbkoro yHiBepcutery. Cepis «®Pizuko-marematnyHi Haykm». — 2017. — Nel. —
C. 63-78. — Pexxum poctymy: http://phys-ejournal.cdu.edu.ua/article/view/2334/2406
benenpkuii M. A. DneKkTpoOCaKICHUE METAUIMYECKHX MOKPBITHH: CrpaBoYHHUK /
M. A. benenbkuii, A. ®. UBanos. — M.: Metamyprus. — 1985. 292 c.

Popov K. I. Morphology of electrochemically and chemically deposited metals /
K. I. Popov, S. S. Djokic, N. D. Nikolic, V. D. Jovic. — Switzerland: Springer, 2016. —
379 p. — Pexxum noctymy: https://doi.org/10.1007/978-3-319-26073-0

I'puauenko B. T. BBeneHwe B HEIMHEHHYIO JIUHAMUKY. Xaoc W ¢pakTtaibl /
B. T. I'punuenko, B. T. Mausinypa, A. A. Cuapckuit, — Mocksa: U3a-so JIKU, 2007. —
280 c. — Pexxum goctymy: ISBN 978-5-9710-6410-7

Chua L. Dynamic nonlinear networks: State-of-the-art / L. Chua // IEEE Transactions on
circuits and systems. —1980. — Vol. 27, Ne 11. — P. 1059-1087. — Pexum mocrtymy:
https://doi.org/10.1109/TCS.1980.1084745

Matsumoto T. A chaotic attractor from Chua's circuit / T. Matsumoto // IEEE
Transactions on circuits and systems. — 1984. — Vol. 31, Ne 12. — P. 1055-1058. — Pexxum
noctymy: https://doi.org/ 10.1109/TCS.1984.1085459

Nayak S. R. Fractal dimension of grayscale images / S. R. Nayak, J. Mishra, P. M. Jena
/I Springer, Singapore. — 2018. — Vol. 710. — P. 225-234. — Pexum noctymy:
https://doi.org/10.1007/978-981-10-7871-2_22

Sarkar N. An efficient differential box-counting approach to compute fractal dimension
of image / N. Sarkar, B. B. Chaudhuri // IEEE Transactions on systems, man, and
cybernetics. — 1994. — Vol. 24, Ne 1. — P. 115-120. — Pexum pgocrymy:
https://doi.org/10.1109/21.259692

Chen W. S. Two algorithms to estimate fractal dimension of gray-level images /
W. S. Chen, S. Y. Yuan, C. M. Hsieh // Optical Engineering. — 2003. — VVol. 42, Ne 8. —
P. 2452-2465. — Pexum moctymy: https://doi.org/10.1117/1.1585061

References:

Tu K. N. (2010). Electronic thin-film reliability. Cambridge University Press. Retrieved
from https://www.cambridge.org/ua/academic/subjects/engineering/materials-
science/electronic-thin-film-reliability?format=HB

Tu K. N. (2007). Solder joint technology. New York: Springer. Retrieved from
https://doi.org/10.1007/978-0-387-38892-2

Gusak A. M., Tu K. N. (2002). Kinetic theory of flux-driven ripening. Physical Review
B, 66(11), 115403. Retrieved from https://doi.org/10.1103/PhysRevB.66.115403

Tu K. N., Gusak A. M., Li M. (2003). Physics and materials challenges for lead-free
solders. Journal of applied Physics, 93(3), 1335-1353. Retrieved from
https://doi.org/10.1063/1.1517165

Suh J. O.,, Tu K. N., Lutsenko G. V., Gusak A. M. (2008). Size distribution and
morphology of Cu6Sn5 scallops in wetting reaction between molten solder and copper.
Acta Materialia, 56(5), 1075-1083. Retrieved from
https://doi.org/10.1016/j.actamat.2007.11.009

Liashenko O. Y., Hodaj F. (2015). Differences in the interfacial reaction between Cu
substrate and metastable supercooled liquid Sn—Cu solder or solid Sn—Cu solder at 222°
C: Experimental results versus theoretical model calculations. Acta Materialia, 99, 106-
118. Retrieved from https://doi.org/10.1016/j.actamat.2015.07.066

Liashenko O. Y., Lay S., Hodaj F. (2016). On the initial stages of phase formation at the
solid Cu/liquid Sn-based solder interface. Acta Materialia, 117, 216-227. Retrieved from
https://doi.org/10.1016/j.actamat.2016.07.021

Liashenko O. Y., Gusak A. M., Hodaj F. (2015). Spectrum of heterogeneous nucleation
modes in crystallization of Sn-0.7 wt% Cu solder: experimental results versus theoretical
model calculations. Journal of Materials Science: Materials in Electronics, 26(11), 8464-
8477. Retrieved from https://doi.org/10.1007/s10854-015-3516-z

93



ISSN 2076-5851. Bicuuk Yepkacbkoro yHiBepcuteTy. Bumyck Nel. 2019

9.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

94

Gusak A. M., Zaporozhets T. V., Janczak-Rusch, J. (2017). Kinetic pinning versus
capillary pinning of voids at the moving interface during reactive diffusion. Philosophical
Magazine Letters, 97(2), 1-10. Retrieved from
https://doi.org/10.1080/09500839.2016.1262559

Morozovych V. V., Honda A. R., Lyashenko Yu. O., Korol Ya. D., Liashenko O. Yu.,
Cserhati C., and Gusak A. M. (2018) Influence of Copper Pretreatment on the Phase and
Pore Formations in the Solid Phase Reactions of Copper with Tin. Metallofiz. Noveishie
Tekhnol., 40(12): 1649-1673. Retrieved from https://doi.org/10.15407/mfint.40.12.1649
Nikolenko Yu. V., Diduk V. A., Korol Ya. K., Lyashenko Yi. O. (2016). Development
and application of the hardware and software complex in the board by the process of
electrolytic deposition of copper in the mode of stochastic oscillations. Visnyk
Cherkaskoho Universytetu. Seriia «Fizyko-Matematychni Naukyy (Bulletin of Cherkasy
University. Series "Physics and Mathematics™), 1, 27-29. Retrieved from http://phys-
ejournal.cdu.edu.ua/article/view/1372/1396

Tiutenko, V. M., Morozovych, V. V., Diduk, V. A., Kolinko, S., & Lyashenko, Y. O.
(2018). The influence of SMAT processing on microstructure of copper films
electroplated in steady-state, reversed impulse and stochastic regimes. Visnyk
Cherkaskoho Universytetu. Seriia «Fizyko-Matematychni Nauky» (Bulletin of Cherkasy
University. Series "Physics and Mathematics"), 1, 63-78. Retrieved from http://phys-
ejournal.cdu.edu.ua/article/view/2334/2406.

Belenkyi M. A., Ivanov A. F. (1985). Electrodeposition of metal coatings: Handbook.
Moscow: Metallurgy (in Rus).

Popov K. I. DjokicS.S., NikolicN.D., JovicV.D. (2016). Morphology of
electrochemically and chemically deposited metals. Switzerland: Springer. Retrieved
from https://doi.org/10.1007/978-3-319-26073-0

Hrynchenko V. T., Matsypura V. T., Snarskyy A. A. (2007) Introduction to nonlinear
dynamics. Chaos and Fractals. Moscow: LKI (in Rus) Retrieved from ISBN 978-5-9710-
6410-7

Chua L. (1980). Dynamic nonlinear networks: State-of-the-art. IEEE Transactions on
Circuits and Systems, 27(11), 1059-1087. Retrieved from
https://doi.org/10.1109/TCS.1980.1084745

Matsumoto T. (1984). A chaotic attractor from Chua's circuit. IEEE Transactions on
Circuits and Systems, 31(12), 1055-1058. Retrieved from https://doi.org/
10.1109/TCS.1984.1085459

Nayak S. R., Mishra J., Jena P. M. (2018). Fractal dimension of grayscale images. In
Progress in Computing, Analytics and Networking. Springer, Singapore. 710, 225-234.
Retrieved from https://doi.org/10.1007/978-981-10-7871-2_22

Sarkar N., Chaudhuri B. B. (1994). An efficient differential box-counting approach to
compute fractal dimension of image. IEEE Transactions on systems, man, and
cybernetics, 24(1), 115-120. Retrieved from https://doi.org/10.1109/21.259692

Chen W. S., Yuan S. Y., Hsieh C. M. (2003). Two algorithms to estimate fractal
dimension of gray-level images. Optical Engineering, 42(8), 2452-2465. Retrieved from
https://doi.org/10.1117/1.1585061

A. R. Honda
Undergraduate student,
Educational and Scientific Institute of Information and Educational Technologies,
The Bohdan Khmelnytsky National University of Cherkasy,
Cherkasy, Ukraine.


https://doi.org/10.1117/1.1585061

Cepist «Pi3uxo-mMaTeMaTH4Hi HayKm», 2019

V. V. Morozovych
Post-graduate student of the Department of Physics,
The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine,
vladmorozua@gmail.com

Ya. D. Korol
Candidate of physical and mathematical sciences, associate professor,
Director of the Educational and Scientific Center for Physical and Chemical Research,
The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine,
yaking@ukr.net

Yu. O. Lyashenko
Doctor of physical and mathematical sciences, Professor,
Director of Educational and Scientific Institute of Information and Educational
Technologies, The Bohdan Khmelnytsky National University of Cherkasy, Cherkasy, Ukraine,
urico@ukr.net

FRACTAL STRUCTURE OF ELECTRODEPOSITED COPPER IN STOCHASTIC
REGIMES AND ITS EFFECT ON PHASE FORMATION IN TIN REACTIONS

Summary. The Cu-Sn phase formation process is influenced by the structural structure
of the copper layer and its roughness. The structural structure of the copper layer depends
primarily on the technology of pre-treatment of copper plates.

The purpose of this work is to study the fractal dimension of the rough surfaces of copper
layers, which are obtained as a result of the action of stationary and non-stationary regimes of
electrodeposition of copper on copper plates. Copper coatings obtained by different regimes of
electrodeposition were examined using a scanning electron microscope. In the course of the
work, the fractal structure of electrodeposited copper layers after the solid-state reaction of
copper with tin was analysed. The electrodeposited copper samples were immersed then briefly
in molten tin and subjected to long-term solid-state annealing. As a result, the features of the
fractal structure of the interface of copper layers before and after the solid-state reaction,
depending on the regime of copper electrodeposition, were identified.

The influence of the structure of copper layers obtained under different regimes of
electrodeposition - stationary, reverse impulse and stochastic on the result of solid-phase
reactions with tin was compared. Stochastic modes of electrodeposition were obtained on the
basis of the Chua random oscillation generator model with two stationary points. The
stationary states were selected from the analysis of the polarization curve according to the
conditions of the electrodeposition. As a result, it was shown that copper electrodeposition onto
copper plates in stochastic modes leads to the formation of rough surfaces with fractal
dimension. It is shown that the fractal dimension of the copper interface before and after the
solid-state reaction depends on the regime of electrodeposition and characterizes the features
of the roughness of the obtained interfaces. It is established that under stochastic regimes of
electrodeposition, the obtained fractality of copper interface is quite significant and changes
slightly after solid-state reaction with tin, unlike the use of stationary mode of electrodeposition
with high overpotential.

Keywords: copper/tin, electrodeposition, solid-state reaction, fractal dimension, Chua
generator model, roughness of the interface
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