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BIIJIMB TOBHIMHU ITPOIIAPKY HIKEJIIO HA PICT ®A3 Y CUCTEMI CU-NI-SN
IPU I30TEPMIYHOMY BIJAMAJII®

Y pobomi nposedene excnepumenmanvHo 00ciodxcents Kinemuxu pocmy ¢pas y cucmemi Cu-
Ni-Sn npu isomepmiunomy sionani 3a memnepamypu 340°C. Ilpu pisnux uacax ionany UMIpsHO
moswuny azosoeo npowapky Cu3Sn+Cu6Sn5. Ha ochosi ompumanux eKcnepumenmaibHux Oanux
no6y008aHO 3aNeAHCHOCMI MOBWUHU ¢ha3 6I0 yacy Gionany npu pPi3HUX NOYAMKOBUX MOBUUHAX
npowapky nikento. Ilokasano, wo moswuna npowapKy Hikeao 3HauHo GNIUBAE HA KIHEMUKY POCHLY
¢aszosozo npowapry Cu3Sn+CubSnS.

KarouoBi ciaoBa: peakiiiina audysis, OlHapHA CHUCTeMa, 130TEpPMIYHMN Bianay, KiHETHUKA
pocTy, IHTepMeTamiax.

1. Beryn

He3Baxaroum Ha MiHIATIOpU3AIil0 €JEeMEHTHOI 0a3uW CydacHOI E€JEKTPOHIKH, peaizalis
€JIEKTPUYHHUX 3’€JHaHb KOMIIOHEHTIB BiZIOYBA€ThCS 32 PaXyHOK BUKOPHCTAHHS JAaBHO BiJJOMOTO
METOAY MassHUX 3’€JHaHb, OCHOBHHUMH KOMIIOHEHTAMH SKUX 3aJHUIIAIOTHCS Migb Ta 0yioBO. Ilpm
CTBOpPEHHI MasHOTO 3’€JHaHHs BiAOYBaeThbca peakiiiHa AUQY3is MK MIIII0 Ta PIAKAM OJIIOBOM Y
pe3yabTaTi 4oro Ha iX KOHTakTi yTBOproroThes ABi (asu Cu6SnS ta Cu3Sn. V mpomeci pocty
BKazaHuxX (a3 Ha mexi Cu-Sn (opMyroTbes NOpH, SKI BIUIMBAIOTh HAa MEXaHIYHI Ta €JIEKTPUYHI
BJIACTMBOCTI KOHTAKTY 1 MOXKYTh CIYTYBaTH MICIISIMU 3apO/I’KEHHS AE(PEKTIB Ta CIIPUUUHSIOTH BUX1]]
3 Jajly eNeKTPUYHMX 3’€HaHb eJeMeHTIB cxeMu. CIiJ 3a3HauuTH, 110 po3Mip (a3 Kopemroe i3
KUIBKICTIO YTBOPEHUX MOP Ta iX po3MipoM. ToMy nociikeHHSIM peakuiiHoi 1udysii y cucremi Cu-
Sn, cnoco6am npurniueHHs pocty ¢a3z (Cu6Sn5+Cu3Sn) ta npobiiemi yTBOpPEHHS MOP MPUCBIYEHO
OaraTo myOJiKalliil eKCIepUMEHTAIBHOIO Ta TEOPETHUHOro Xapakrepy [1-5]. B Buiie 3a3HaueHux
poboTax PO3MIISAHYTO Pi3HI METOJM MPHUTHIYEHHS POCTY IOp, @ caMe BIUIMB 3€PHHUCTOCTI MOBEPXHI
MiJi, TOMIIIyBaHHS HE3HAYHOI KUIBKOCTI IIMHKY a0O0 HIKEN0 y NMpUIiid Ha OCHOBI OJOBa, BIUIMB
TOBILMHH TaJIbBAHIYHOTO MTOKPUTTS.

MeTo0 poOOTH € EeKCIIEpUMEHTAJIbHE JIOCHIKEHHSI BIUIUBY TOBILUMHU €JIEKTPOJITUYHO
0Ca/PKEHOT0 HIKEJI0 Ha MiJHY IUIACTHHKY Ha KiHETUKY pocTy ¢azoBoro npomapky Cu6Sn5+Cu3Sn
B cuctemi Cu-Ni-Sn.

2. TlocTaHOBKa eKCTIEPUMEHTY

Jlnist eKcriepuMEeHTANbHUX JIOCIiPKEeHb OYJIO BHUTOTOBJIEHO TPH 3pa3Kd 13 JHMCTOBOI Miji
po3mipom 1x0,5x0.02 cm. TloBepxHs 3pa3kiB Oyna oOpoOseHa MEXaHIYHUM Ta €JICKTPOTITUIHUM
CIIOCOOOM.

3pazok Nel Oymo miAroTOBaHO B SKOCTI pedepeHTHOro JociikeHHs (0e3 momepeaHbo
HAHECEHOTo HiKeIN0), To0To B34TO cucteMy Cu-Sn. Ha oaHy 13 MOBepXOHb JBOX 1HIIMX 3pa3KiB 0ys10
HAHECEHO MPOIIAPOK HIKENIO eJIeKTPOIITHUHUM MeTooM. ToBurHa mpomapky Ni 11s 3pa3kiB Ne3 1

> ABTOp BHCIOBIIOE TOMAKY TlepcoHany HaBuanbHO-HAayKOBOrO LEHTPY (i3UKO-XiMIYHHMX JOCTiIKEeHb

YepkachbKoro HaliOHAJTBHOTO YHiBepcUTeTy iMeHi bormana XMenpbHHIBKOTO 1€ OyiIH MPOBEICHI IOCIIIHKCHHS
MIKpOCTpYKTypH Audy3iiiHoi 300K cucteMn Cu-Ni-Sn 3a 1OMOMOT0K0 CKaHyHOYO0T PACTPOBOT €ISKTPOHHOT MIKPOCKOITII.
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No2 ckmamanu 8 MKM 1 5 MKM BIZITOBITHO. XapaKTEPUCTUKH JAOCIIHKYBaHUX 3pa3KiB MPECTaBICHO
B Tabym 1

Taomums. 1

XapakTepUCTUKH JOCTIPKYBaHUX 3pa3KiB

Table.1

Characteristics of studied samples

No 3paszka TosimmHa HaHECEHOTI0 | 3arajbHUH Jac
MPOIIAPKY HIKETI0 (MKM) BiIaIOBaHHS (TO1)

3pazoxk 1 0 10
3pazok 2 5 10
3pazok 3 8 10

Ha noBepxHto Hikenro (s 3pa3kiB Ne2 ta Ne4), a nns 3paszka Nel Ha miacTUHKY Mifi, Oyio
HaHEeCceHe 0JIoBO 3a TeMreparypu 240°C.

BuroroBneHi 3pa3ku MiJaBaIKuCh 130TepPMIYHOMY Bianany B MyQenbpHill medi 3a TeMnepaTypu
340°C. 3aranbHuii yac Bianany ckiangas 10 rogun. Yepes nmeBHI MPOMIDKKH Yacy 3pa3KH J1iCTaBalH 3
medi i BUMiproBasiach cymapHa ToBimHa (a3 Cu3Sn+Cu6SnS. Ha pucynkax 1-2 mpencraBieHO
300paxkeHHsT Mopdoorii Audy3iiiHOT 30HM MiCHs 130TePMIYHOTO Bifgnany npotsarom 10 roauH s
3paskiB Ne3 Ta No2.

Vo

Cu_6Sn_5+Cu 3Sn

BSE COMPO 30.00kV x300 200um

Puc. 1. 3pazok Ne3 (8 mxm Ni) micns Binnany notsarom 10 rogun npu 340°C.
Fig. 1. Sample Ne3 (8 um Ni) after annealing for 10 hours at 340 ° C.
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Cu_3Sn
BSE COMPO 30.00kV x500 200pum

Puc. 2. 3pazok Ne2 (5 mxm Ni) micng Bianany norsarom 10 rogun npu 340°C.
Fig. 2. Sample Ne2 (5 um Ni) after annealing for 10 hours at 340 ° C.

[IpencraBneni Ha pucynkax 1-2 300paxeHHs Mopdororii nudy3iifHoT 30HH OTpUMaHi 3a
JIONIOMOTOK0 PAacCTPOBOIO E€JIEKTPOHHOrO0 MiKpockona. TpaBieHHs Mikpouulida JoCiiKyBaHUX
MMOBEPXOHb MPOBOJIMIIOCH 32 JOoIOMOror0 5%-Boro pozunny HCI npotsirom 5-20 cexyn.

Jns oOpoOKM OTpUMaHHMX pe3yiabTaTiB Ta BU3HAYUTU po3Mip (a3, Oylo BUKOPUCTAHO
nporpamHe 3ade3nedeHHs Paint.net.

BumiproBanHs Ta oOpaxyBaHHs 371MCHIOBAJIOCS METOIOM BHIUIEHHS (a3u Ha 3HIMKax 3a
JIOTIOMOTOI0 THCTPYMEHTIB $IKI € B JIaHii mporpami. BUKOpHCTOBYIOYM 1HCTpYMEHT ‘“Jacco’, 1110
3HAaXOAMTHCSA B JIBIM maHemni, BUAUIAEMO 00jacTh a3y Ky MU OTpUMAIM Ta Ty IIO XOYEMO
o0OpaxyBaTH, MICJS YOTO MU M1JIPpaXOBYeEMO JIaH1 SIKI MU OTPUMAJIH.

Jnsg toro mo6 [ai3HaTHCA IIMPUHY Ta IUIOHIY B IMIKCENIIX MOTpiOHO obOBectu (asy
THCTPYMEHTOM “lacco’ 1 MporpaMa cama BKa)xe IIUPHUHY 1 TUIOILY.

[Ticns yoro 3HarOuM BiJCTaHb MK JIBOMA CYCIIHIMU HOJUIKaMH, sKa CKJIAJae s JaHOTO
BUMAJKY L = 20 MKM. (3aJIeXKUTh BiJ 30UIbIIEHHS MIKPOCKOIY MpHU IKOMY OyJ10 oTpuMane (oTo).

[ToTiM 3a 10OIOMOrOK0 IHCTPYMEHTY “TIPIMOKYTHAsl 00J1aCTh” 3HAXOUTHCSI KUIBKICTb IMIKCETIB
[0 mpurnaaae Ha | MOAUIKY MKW TpUiIaay. 3a JOMOMOTOK JAHOTO METOAY OOpOOJISIFOTHCS
oTpuMaHi 3 (OTO AaHi, MICIA YOr0 MOXHA 3HANTH BUCOTY (ha3 pO3AUTUBIIM IUIOLTY JOCTIIKYBaHOT
oOmacTi Ha 11 qoBxuHy. Cii 3a3HAYUTH, 10 YaCTUHU (a3, mo “BiaipBaIucCs’’ 1 3HaXOAATHCS B OJIOBI
HE BPaXOBYIOThCS.

3. OOroBopeHHsI OTPUMAHMX eKCIIEPUMEHTAIBHUX Pe3y/IbTaTiB

Byrno npoBeneHo 5 130TepMiUHUX BiAMAJIB TSI KOXKHOTO 13 OMHCAHUX BHUIIE TPHOX 3Pa3KiB.
[Ticns KOXHOTO BiAmady NPOBOIWIOCS JOCTIIKEHHS MIKPOCTPYKTYpH Tepepidy 3pas3KiB Ta
BuMiproBanacsi TopmuHa Ah dazooro nmpomapky Cu3Sn+Cu6Sn5. Ha ocHOBI oTpumaHUX JaHUX
no0y/I0BaHO 3aJIKHOCTI TOBIIMHY (a3 B Bix yacy Bixmany (puc. 3.).
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Puc. 3. 3aexwnicTs ToBIMHN Pa3z Cu3Sn+Cu6SnS Bin vacy Biamany 3a remmneparypu 340°C.
Fig. 3. The dependence of the thickness of the Cu3Sn + Cu6Sn5 phases on the annealing time
at a temperature of 340 ° C.

Sk BUIHO 3 pUCYHKa 3, BXKe depe3 2 TOJAMHHU Bianary, cymapHa ToBmmHa ga3z Cu6Sn5+Cu3Sn
g 3pa3ka Ne3 (3 MOYaTKOBOIO TOBIIMHOIO Mpomapky Ni 8 MKM) Maiike BIBIYI MEHIIA HIK IS
3pa3ka Ne2 (3 Mo4aTKOBOO TOBIIMHOKO Tpomapky Ni 5 mkwm). [ljis 3pa3ka jie HiKeJIb He HAHOCHBCS,
TOBILMHA (a3 BiIAPI3HAETHCS B JECATKH pa3. BkazaHa TeHJEHLIIsS CIIOCTEPIraeThes MPOTATOM BChOTO
yacy Bianany. Takox BaXJIMBUM Pe3yJIbTaTOM € Te, 110 IPU HAHECEHH1 8§ MKM HiKelto (3pa3ok Ne3)
ta micna 10 roguH Binmany y audysiiHii 30H1 BincyTHs ¢aza Cu3Sn. Amxe came B wiil ¢asi
BiJOYBa€THCS PICT TOp, 11O MOKE CIYT'YBaTH NMPUYHHOIO PYHHYBaHHS KOHTAaKTy Ha mexi Cu-Sn.
3aranoMm y pobortax [2, 6, 7] moka3aHo, 10 HASBHICTh HE3HAYHOI KiMbKOCTI Ni abo Zn y mpurmoi
npurHiuye pict gazu Cu3Sn. Takoxx 3 OTpUMaHUX 3aJ€KHOCTEW BUIHO, 110 MIBUAKICTH pocTy (a3
BIJIPI3HSETHCS B 3aJI€)KHOCTI BiJ] TOYATKOBOI TOBIMHU MPOILIAPKY HIKEIIO.

4. BUCHOBKH

Ha ocHoOB1 aHamizy pe3yibTaTiB MPOBEIECHOTO E€KCIEPUMEHTAILHOTO OCIHIKEHHS MOXHA
3pOOUTH BHCHOBOK, ILI0 3@ JIOIIOMOIOI0 HAaHECEHHS KOHTPOJHOBAHOIO 32 TOBIIMHOIO MPOIIAPKY
HIKEJII0 MO’KHA BIUIMBATH Ha MWBUIKICTH pocTy a3 Cu3Sn ta Cu6SnS npu peaxuiitHiil nudysii y
cuctemi Cu-Ni-Sn. 30inbIIeHHsT TOBIIMHU BHXiTHOTO mpomapky Ni MpUBOAWTH 0 3MEHIICHHS
MIBUIKOCTI pocTy (azoBoro mpormapky Cu6Sn5+Cu3Sn. Takox mpu NEBHIM TOBIIMHI MPOIIAPKY
HiKemo, K BUAHO 3 (puc.2.) ¢gaza Cu3Sn, B sKiif 1 yTBOPIOIOTHCS MIKPOMOpPH, Maii’Ke MOBHICTIO
MPUTHIYYIOTHCS.
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INFLUENCE OF NICKEL LAYER THICKNESS ON PHASE GROWTH IN CU-NI-SN
SYSTEM DURING ISOTHERMAL ANNEALING

Summary. For modern gadgets and other microelectronic devices, the main requirement is
their reliability. One of the reasons of the failure is the overheating of the equipment and the further
degradation of the solder contacts. This process is induced by the formation of pores in the
intermediate ¢-Cu3Sn phase, which is formed during heating of the copper-tin contact. It should be
noted that not only overheating leads to the degradation of the solder contact, but also the electric
current through the contact.

There were many studies to determine the factors that supress the growth of pores in the &-
Cu3Sn phase, as well as the growth of this phase. One of such factor is the addition of zinc or nickel
to the solder on the tin base. The addition of a microscopic layer of nickel to the boundary between
copper and tin was also investigated.

The kinetics of phase growth in the Cu-Ni-Sn system under isothermal annealing at 340°C is
investigated. The study of this three-component system is relevant, since pores can form at the Cu-Sn
interface, which affect the contact properties and can serve as places of occurrence of defects (pores).

It should be noted that the thickness of the phases correlates with the number of pores formed
and their size. Therefore, the study of the diffusion reaction in the Cu-Sn system with the addition of
another component is one of the ways to inhibit the growth of the Cu6Sn5 + Cu3Sn phases. In the
paper, the thickness of the Cu3Sn + Cu6Sn5 phase layer was inestigated at different annealing times
at a temperature of 340°C. The total annealing time was 10 hours. It is shown that at a certain
thickness of the deposited nickel, the growth of the e-Cu3Sn phase almost completely stops. On the
basis of the obtained experimental data, the dependences of the phase thickness on the annealing time
for different initial thicknesses of the nickel layer are presented. It is shown that the thickness of the
nickel layer significantly affects the growth kinetics of the Cu3Sn + Cu6Sn5 phase layer.

Keywords: reaction diffusion, binary system, isothermal annealing, growth Kinetics,
intermetallics.
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