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OI'JISI I IJISIXIB NIJIBUIIEHHA BIIMOBOCTIMKOCTI EJJEKTPOHHHUX
MPUCTPOIB 3A PAXYHOK BUKOPUCTAHHS CYYACHHUX
HOJIMEP-HEOPI'AHIYHUX KOMITIO3UTHUX MATEPIAJIIB
3 EJIEKTPOHHOIO ITPOBIIHICTIO

OcmanHim 4acom ModICHa cnocmepieamu ROCMItiHE 3pOCHAHHSL NOMYHCHOCIE 00YUCTIO8AIbHOI MEXHIKU, | He 8 OCMAHHIO
yepey ye noe'sa3aHo 3 noasolo 6a2amonpoyecopHUx 0OUUCTIOSATbHUX cucmem | bazamosdeprux npoyecopis. Takodc niogu-
wennto podboyux memnepamyp cnpusaiu winu SOC (system on chip), y AKux npaxmuyno gecb HOymoyk no6y0oeanuil y ckaiaoi
00HO20 npoyecopa. B3azani 6y0b-aKi KOMNOHeHmMU KOMN'TOmepa Ha OCHOBI HANIBNPOGIOHUKIE MAK Yl IHAKUE HASPI8arombes
nio uac pobomu. Boonouac uac possusaromvca mexHonozii, 3p0cmae NOMyHCHICMb/4acmoma/umeuokicmos, a omaice, 30i1ouLy-
emuvcsa | mennogiooaua. 3 02na0y Ha BULEBUKIAOEHE MONXCHA 3POOUMU BUCHOBOK, WO NONPU 3HAUHE NOWUDEHHS 6e3810MUBHUX
@rrocie, ix 3anUIKY 30 NEGHUX YMO8, K, HANPUKLAO, NIOGUIEHA MEeMNEPAmypa eKCIyamayii, MOXCymv 6NIU6Amu Ha besne-
pebitiny pobomy en1ekmpoHHO20 0ONAOHAKHS.

Knrwuosi crosa: niosuweni poboui memnepamypu, 6e36i0MUSAIbHI uiocu, meniosiooaua, yimpa moHKutl OU3aiiH 6u-
Pp0o6i8; YCKIAOHEHHs 6eHMUTAYIL.

bion.: 25.

AKTYaJIbHICTh TeMH JOCJTiIKeHHsl. Y Cy4acHIl eIeKTPOHHIN MPOMHUCIOBOCTI Maiika €
HEBi/1'€eMHUM €TaroM BUPOOHHUILITBA, 1110 3a0e3Ieuye eeKTPUYHE Ta MeXaHIYHe 3'€IHaHHS KOM-
MIOHEHTIB Ha JIpyKOBaHUX Tutatax. [l 3a0e3medeHHst SIKiCHOTO IMasiHHS BHKOPHUCTOBYIOTHCS
¢irocH, SIKi BUKOHYIOTh PsIJl BAKIMBUX (PYHKIIIH, TAKUX K BUIAJTCHHS OKCU/IIB 3 IIOBEPXHI Ma-
TepialiiB, 110 MasOTHCS, 3HMKEHHS TOBEPXHEBOTO HATATY PO3IUIABIEHOTO MPHUIIOK0 1 MOJer-
IIEHHS HOro po3TiKaHHS.

VY cydacHOMYy BUPOOHHUIITBI B TIEpEeBaKHIN OUIBIIOCTI BUMAAKIB O€3BIIMUBHUM (PITFOC BXO-
JUTh /10 CKJIay TaK 3BaHUX MasyIbHUX NacT. [lasibHi macTy — 1e CHoiMy4Hi MaTepianu, OTpH-
MaH1 JUCHEepryBaHHSIM MOPOLIKY MPHUIO0 y (uIroci, IKUW 3a3BHYail TAKOK Ha3UBalOTh TPaHC-
HOpTHUM 3acoboM. [lasnmpHiI MacTM 3acTOCOBYIOTbCS Ha JAPYKOBAaHY IUIATy IUIIXOM
TpadapeTHOTo JIPYKy 3a JAOMOMOTror Tpadapery abo Ha Oyab-sIKy METalli30BaHy MOBEPXHIO
IIJISIXOM J103YBaHHs yepes MINpPHIL, 1100 HAHECTH BiJIOBIIHY HEBEJUKY KiJIbKICTh TACTH Ha KO-
KHY TUISHKY, SIKa MIJUISArae MasHHIO, a MOTIM HarpiTH B Iedl JUIsl pO3IUIABJIECHHS MPHUIIOKD Ta
BUKOHAHHS 3’€HaHH. Llg TexHika nasHHA 3a3BUYall HA3MBA€THCS MassHHAM OIUIABJICHHAM. Y
eyl OIUIaBJIEHHSI MO)KHA BUKOPHCTOBYBATH Pi3H1 METOAM HArpiBaHHs, BKJIIOYaOuu 1H(pauep-
BOHE HarpiBaHHs, Jla3epHE HarpiBaHHs, HarpiBaHHA TapsiuuM IMOBITPAM 1 HarpiBaHHs raps4oi
muTH. [lasipHI macTy MOBMHHI MaTH MEBHI PEOJIOTTYHI BIACTUBOCTI, MPUIATHI 715 TpadapeT-
HOTO JIPYKy a00 J103yBaHHS.

®dmroc a0 HOCIH MasUTBHOI MACTH MICTUTh MIPUHANMHI OJTUH aKTHBATOP, KN MOXKE BUIA-
JSITA OKCHJIHI LIapH 3 MOBEPXOHb, IO 3 €THYIOTHCA, 1 3 MOPOIIKY MPHIIO0, 11100 3a0e3neunTn
xopotie 3’eaHanHsA. KpiM Toro, gutoc MiCTUTh KOMIIOHEHTH, SIK1 PETYIIIOI0Th PEOJIOTIUH1 BIACTH-
BocTi mactu. OCHOBHUMH KOMIIOHEHTAMH 3BHUafHOTO (h1tocy € KaHi(oub 1 MoXiH1 KaHi(oJIi, 110
BUKOPHCTOBYIOThCS B KOHIIeHTpatlii Big 40 10 70 mac.% i koMOiHaIlisi pO3YMHHHUKIB, 110 BUKOPH-
CTOBYIOThCS B KOHLIeHTpalii Big 20 10 50 mac.% K0KHOTO BITHOCHO 3arajibHOi Baru (uIrocy.

IMocTanoBKa npodJaeMu. 301 ICHUTH OIS MPOOIEMaTHKN BUKOPUCTAHHS CyYaCHHX IOJTi-
Mep-HEOPTaHIYHUX KOMIIO3UIIIMHUX MaTepiaiiB 3 eJIEKTPOHHOIO MPOBIIHICTIO, Ta BIUIUB 3aJIH-
IIKiB, MICJIS 3aBEpIICHHS iX BUKOPUCTAHHS (3aBEpILICHHS LUKy MaiK1) Ha BIIMOBOCTIHKICTb
EIIEKTPOHHUX MTPUCTPOIB.
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AHaJIi3 ocTaHHIX JH0CTizKeHb i myOJikaiii. 3 po3BUTKOM TEXHOJIOTIH 1 TParHeHHIM J10
CKOPOYCHHSI BAPOOHWYHUX BUTPAT 1 Yacy, a TAKOXK €KOJIOTTYHUX BUMOT JIe/1ajli OLIBIIOT MTOIyJIs-
pHOCTI HaOyBarOTh Oe3BiaMuBaBHI (urrocH (no-clean flux), siki SBISAIOTE COO0I0 KOMIO3UITIHI
Mmarepianu. be3BimMuBanbpHi ¢urocu Oynu po3pobieHi y 1990-x pokax sl YCyHEHHS XJIO-
pdropyreniB (XDY) 3 BUpOOHHMUMX MalJaHYMKIB BiAMOBIAHO 70 MOHpPEaIbChKOTO MPOTO-
kony[1; 2] Ha Bigminy Bia TpaauIiiiHUX (PIIrOCIB, IO BUMAratoTh 0OOB'SI3KOBOTO BiJMUBaHHS
Ticysl MastHHs, 0e3BiAMUBANIBHI (pIrocH MOBUHHI 3a0e31edyBaTH HaJliliHe MMassHe 3’ €THAHHS, HE
3JIMIIAIOYHN TIPU [IBOMY KOPO31MHO aKTUBHUX a00 €NEKTPOIPOBIIHUX 3AJIUIIKIB, SIKI MOTTIH O
HETaTUBHO BIUIMHYTH Ha MPaIe3IaTHICTh Ta HAAIMHICTD €JICKTPOHHOTO MIPHUCTPOIO.

OnHak, He3BaXKar04M Ha CBOIO Ha3BY, 0€3B1IMHUBaJIbHI (PIIFOCH BCE 5K TAKU 3AJTUILNAIOTD ICSKY
KUTBKICTh 3aJIMIIKIB Ha IUIATi MiCIs mpolecy nasHHs. [IeBHi piBHI 3aIHILIKIB, IPUCYTHI HA JIPY-
KOBaHUX IJIaTax Micisl POIlecy MasiHHS, Oyu omucaHi B JiTeparypi, abo mos's3ani 3 madboparop-
HUMU AocaipkeHHsaMU [3] abo 6e3nocepeaHpo 3 BUpoOHUYUM mporiecoM [4] Li 3amumiku, Kiab-
KICTh Ta TUN SIKUX 3aJIeKaTh BiJ 0aratbox (pakTopiB, BKIOUaroun xapakrepuctukd PCBA, Tumn
nporiecy nasHHs [4] Ta cepeoBuIIe MassHHs (HAMPUKIA, a30T atMochepa) [S]; MOKYTh MiCTUTH
Ppi3H1 OpraHiyHi CIIOMYKH, SIKi B IEBHIUX YMOBAX MOXKYTb BUSIBIIATH €JIEKTPOIIPOBIIHICTb, IO TIPH-
3BOJIUTH JI0 BUHUKHEHHS TaK 3BAHOTO 3aJIUIIKOBOro onopy (residual resistance). Onaumu 3 Haid-
BOXJIMBIIIKX (DAKTOPIB, AKI BUKIMKAIOTH 3AJIMIIKOBUH OMip € XIMIYHHUH CKJIal (IIocy Ta Killb-
KicTh HaHeceHOro (urocy [4]. 3anumKoBuil omip MOXKE CTaTH MPUYHHOIO MAPA3UTHUX CTPYMIB
BUTOKY, 3HWKEHHSI 130JIS1111 MK TIPOBITHIUKAMH, 1, 3PEIITOI0, BUXOY 3 JIa/y €IeKTPOHHOTO TpH-
CTPOIO, OCOOIMBO B YMOBAaX BUCOKHX POOOUMX TEMIEpaTyp Ta BOJIOTOCTI.

Bupisiennsi HeoCHiIKEeHUX YACTHH 3arajbHoi npodjaeMu. OJHUM HEJOJIKOM TaKUX
3BHUAtHUX (MITIOCIB € TO (akT, 1110 3HaUHa KIJbKICTh KaH1(oJIi Ta IHIIUX TBEPIUX KOMIIOHEHTIB
Girocy 3anuIIaETbecs Ha OTPUMAHOMY MassHOMY 3'€THaHHI 00 MOOIU3Y HBOTO y BUIVISAL 3aJIU-
Ky ¢uocy. [1ig yac onaBneHHs Bi10yBaeThCs 0araTo XiMiYHUX peakiii Mk KaHi(pOIUIIO, 1H-
IIMMHU KOMITOHEHTaMH (DITFOCY Ta OKCHIaMHU METaJliB Ha MMOBEPXHAX MpHIor. Hemerka yactuHa
MPOAYKTIB peakiiii Ta 1HepTHI KOMIIOHEHTH CHUPOBHHM 3aJIMIIAIOTHCS Y BUIVISAAL 3aJIMILIKIB HA
3arotoBkax. KomepiriitHi 0e3BIAMUBHI MasuIbHI MACTH MAlOTh 3aiHIIKK Big 6 10 7% wmac. Lli
3aJIUILKYA MICTATh Pi3HI TUIIM CMOJIM, PO3UMHHHKH Ta ciabki opraniuni kuciaota (WOA) [5; 7;
8]. 3amuIKy, KO BOHU 3aJUILAIOTHCS Y 3HAYHIM KUIBKOCTI, IPU3BOJATH /10 MIOIaHOTO 30BHI-
[IHHOTO BUTVISIY CHAsHUX AUISHOK 1 MOTIPIIYIOTh KOHTAKT KOHTAKTIB CIIAIOBAHOI €JeKTPOHHOL
YaCTUHU 3 MasUTbHOIO macToo. KpiM Toro, 3amumku (Qirrocy MOKYTh CIPUYUHUTH 3HWKCHHS
OTIOPY 130JIAL1T MIXK JIAHI[FOraMH 3arOTOBKHU Yepe3 MOITIMHAHHS BOJIOTH 3aJIMIIKaMu (itocy abo
MOXYTb IIPU3BECTHU IO PO3PUBY UM PO3’€THAHHS JIAHIIIOTIB Y€pe3 YTBOPEHHsI MPOIYKTiB KOPO3ii
13 3anuikiB ¢urocy. e siBuine kopo3ii MoXke MPU3BECTH 0 KPUTHYHOTO 3MEHILIEHHS TOBEPXHI
onopy 3ol (SIR) [5; 9; 10] abo enexrpoximiunoi mirpamnii (ECM) 1 moB’si3aHuX 3 HE1O 3001B
KOpPOTKOTO 3aMUKaHHs. Y mporeci enekrpoximiunoi mirpauii,(ECM) kopo3is Sn, Ag 1 Cu Bia-
OyBaeTbCsl HAa aHOJI1, @ PO3UMHEH1 METaJieBl 10HU MITPYIOTh IO KaTo/a, /1€ MeTaJleBl 10HH MO-
’KYTb 0CaJ[’KyBaTHCh 1 pOCTH Ha3aJ| 10 aHO/1 Yy BUIJIA/II METaJIeBUX ACHIPUTIB. ToMy 3aroToBKH,
MpU3HAYEH] A7 BUKOPUCTAHHS B €IEKTPOHHOMY OONaIHaHHI, I SKOTO MOTpiOHA BUCOKA Ha-
THAHICTB, MICTS MAlKU OTUIaBIEHHSM HEOOXITHO MPOMHUTH OYHMCHUKOM, 1100 BHIIATUTH 3aJU-
KU (ITFOCY, 10 3ATUIIIINCS B MICISX MMalKH.

Bukuaa ocHoBHOro marepiany. Yacto ass miIBUILIEHHS HAA1MHOCTI €EKTPOHHE 001a1-
HaHHS JOBOJWTHCS 3aKPUBATH Bif BOJOTH. [ epMeTH3allisi BHKOHYETHCS MIUITXOM (OPMYBaHHS
BCi€1 3aTOTOBKH CMOJIO0. Y TaKOMY BUNAJAKY 3arOTOBKY HEOOXiTHO IPOMHUTH 3aCO00OM JIJIsl YH-
HIeHHS, 1100 BUIANUTH Oyab-sKi 3aJHIIKK (IIOCy Tepell HAHECEHHSAM CMOJISIHOTO TMOKPHTTS
abo GpopMyBaHHS.

Knacudixauis ¢uroci 3a crangaptom [PC-J-STD-004B naBenena B Tabm. 1 [11].
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Tabnuys 1 — Knacugixayis ¢rrocie 3a cmanoapmom IPC-J-STD-004B

OcHoBa PiBenn aKTl/I{}HOCTi 3micT ra.norleniuiB Tun (l).mocyz Ilo3navyenus
durocy durocy/3anumkis guirocy 3a Barow-, % durocy
Hisusa 1 o5 [T kol
“Roy | Copeamno T, i rows
Bcosa () S50 T ront
Hicca (1) o5 T
CuHTreTH4HA Cepens (M) <0,05 MO REMO
(RE) <0,5-2,0 M1 REMI1
Basoxa () S50 S T
Hiesa 1) o5 [ oRt
TRy | Copema o G520 M1 oRw
Bacoss ) S50 T o1
Hiwa (1) o5 (i
Heorgﬁgqua Cepenns (M) <O<,g 7?2’ 0 mg :mmg
Brcosa (1) N S T

! ®mocu 3 BMicTom ranorenigis menme Hixk 0,05 % MoxyTh 6yTH PO3LiHEH] K TaKi, 10 HE Mic-
TATH TajoreHiniB. Lleit MeTox onucye KUTbKICTh TaJIOTeHIIIB, 110 MICTUTHCS Y CKJIali (JIFOCY.
2 loka3znuk 0 i 1 03HaYae BiICYTHICTh 00 MPHUCYTHICTH TaJIOT€HIIB BiIOBIIHO.

Jlnis po3unHeHHs KaHi(oi B 3aIMIIKax (QIrocy YCHIIIHO BUKOPUCTOBYIOTHCS OUMCHUKY Ha
OCHOB1 ()TOPOBAHUX 1 XJIOPOBAHUX PO3UYMHHMKIB. O HAK HEOOX1THICTh OYHMIIICHHS 3arOTOBOK
nepea popMyBaHHSIM CMOJIM BBOJAUTH JOAATKOBUM Joporuil eran BupoOHunTBa. Kpim Toro,
BUKOPHCTAHHS IUX PO3YMHHUKIB TETIEp PETYIIOETHCS, OCKUIBKH IXHI TApH CHPUYHHSIOTH BH-
CHa)KEHHsI 030HOBOTO 1Iapy B aTMocdepi.

Tomy Oynu po3po0JieHi masiIbHI MacTH 3 HU3BKUM 3aJTUIIKOM (UIIOCY, TaK 3BaHi O€3Bij-
MUBHI NasuibHI macTu. Y nateHTi Ne 5176759 [12], Hanpukiaa, po3KpUTO MasibHYy NAacTy 3
MI1HIMI30BaHUMH 3aJIMIIKaMHU (ITIOCY, 10 3aJIMIIAIOTHCS MICHS MalKu, sika MICTUTh MOPOILIKO-
noi0HUH mpurii i piroc y gominii. Giroc MiCTUTh TpUOIKU3HO Bi S % a0 npubdauzno 40 %
3a Baroro KOMIIOHEHTIB HOCIS, SIK1 BKJIFOUal0Th KaH1(oJib a00 MOXiAHY KaHi(oJl, aKTUBYIOUUI
areHT 1 THKCOTPOIHUI areHT, 1 BiJ npubnuszno 60 % no npubnuszHo 95 % 3a Barorwo po3dyuH-
HuKa. Po3unHHMK niepeBaxkHo (moHaa 50 % 3a Macor) MICTUTh 2-ankii-1,3-rekcanInot, mo
Mae BiJ 1 710 4 aToMiB ByIJIELIO B aKiIbHIHM rpymi. B s3kicTh 2-ankin-1,3-rekcaninony, skui
BUKOPUCTOBYETHCS B PO3UMHHUKY, € HU3bKOIO — 3a3BUYail y Aiana3zoHi npuoiuszHo 323 cll
npu 20 °C. Y 1poMy NaTeHTi 3aJIMIIOK, 110 3aJHIIUBCA, CIIOCTEPIraloTh Bi3yalbHO Ta MPHC-
BOIOIOTH OJIMH 13 YOTUPHOX KiaciB Bija 1 10 4. BimcoTku 3anumkoBoro (GIitocy He HaBOIATHCS.
3MEHIIEHHS 3aJIUIIKIB (IIIOCY, IO 3aJUIIAETHCS MICHS MalKu OMJIABICHHSM 3 UM THIIOM
NasUTHHOI ITACTH, HE BUKJIMKAE CYTTEBUX MPOOJIEM Y 3BUYAITHOMY €IEeKTPOHHOMY 00J1aIHaHHI,
JUTSL SIKOTO TIOTpiOHA BHCOKa HafilHIcTh. OJIHAK 3MEHIIICHHS 3aUIIKIB NasUTbHOI TACTH HE €
IIUJTKOM 3aJJ0BIJTBHUM JIJISl CYY4aCHOTO €JIEKTPOHHOTO OOJagHaHHS, JJIs SKOTO MOTpiOHA Hal-
BHCOKa HafiiHicTh. Y marteHti Ne 6887319 B2 [13] onucana nasuibHa macta 0e3 3aluIIKiB,
sKa He MICTUTh KaHidodi. [Ipumiit 6e3 3anuiIKiB He 3aJIMIIIAE 3aTUIIKIB QIIFOCY TMiCHIs TalKu
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OTUIABJICHHSIM 1 MICTHTh ITOPOIIIOK MPHIIOK0, 3MIIIAaHUHN 13 TacTOnoai0OHUM (hirrocom Oe3 KaHi-
¢omni. daroc MICTUTH MIOHAHMEHIIIE OJUH TBEPAHA PO3UMHHUK 1 IOHAWMEHIIIE OMH BUCOKO-
B'SI3KMI PO3YMHHUK Y 3arajibHii KinbkocTi Big 30 1o 90 mac. %, Ha 10JaTOK 0 NOHAWMEHIIIE
OJIHOTO PIAKOTO PO3YMHHUKA, IPUYOMY BCl POZUMHHUKU BUIAPOBYIOTHCS MPH TEMIEpPaTypi
Maiky oruiaBiaeHHAM. Droc Moke 101aTKOBO MicTuTH Bif 0,5 10 12 % THKCO-TPOMHOTO are-
HTa, TAKOTO SIK aMiJ] )KUPHOI KUCIIOTH, 1 Big 1 1o 15 % aktuBaTopa, BHOPAHOTO 3 OpraHi4HUX
KHCJIOT Ta iX coJiel aMiHiB, IPUYOMY THKCOTPOIIHMH areHT 1 akTUBATOp BUIIAPOBYIOTHCS B
IPHUCYTHOCTI PO3UMHHUKIB, MOKW POZUMHHUKU BUNAPOBYIOThCS. Ll nmasuibHa macTa 37a€Tbes
3aJJOBUIBHOIO 3 OIJIAAY Ha KUIbKICTh 3aJIMIIKIB, 110 3aJMILMIMCS MiCIsA NailKu OMJIaBICHHSM,
ajie BOHA BCE IIE€ HE € 3a/I0BIIBHOIO IIOAO0 OJHOPITHOCTI, CTIHKOCTI MPOTH pO3LIapyBaHHSI
[acTH Ta BUMOTH 10 3MOYyBaHHS.

Takox ogHHM 13 BaIHBHX (DaKTOPIB € TeMIIepaTypa eKcruryaramii Bupo0y. Tomy 1o 3a-
JIUIIKOBUH OImip 0€3BiIMUBAIBHUX ()JIFOCIB HE € TIOCTIHHOIO BEIMYMHOIO, a 3MIHIOETHCS 3aJie-
KHO BiJ Temnepatypu. [Ipu migBumeHHi TeMuepaTypy 3aJUIIKOBUI Omip Oe3BiIMHBAIBLHUX
¢urociB mepeBaXkHO 3MeHIyeThes. L{e moB'si3aHo 3 KinbkoMa (hakTopamu:

1. Tonizamis: I1inBumeHHs TeMneparypH CpHsie TUCOIiallii MOJIEKYJI OpraHiYHUX 3aJIUIIKIB
durocy Ha 10HH. 301IbIIEHHS KOHLIEHTPAIIl pyXOMHUX 10HIB IPU3BOAUTH 10 MiABHUILEHHS €JIeKT-
porpoBigHOCTI. L{e 0COOIHMBO MOMITHO JUTSI 3aJIUIIKIB SIKI MICTSATH C1a0Ki OPraHigHI KHCIOTH.

2. 36inblIeHHS PYXJIMBOCTI 10HIB: 31 3pOCTaHHIM TeMIepaTypH 301IbIIYEThCSI KIHETUYHA
€Hepris 10HIB, IO MiABUIILYE TXHIO pyXJuBicTh. Lle Takoxk cripuse 301IbIICHHIO POBIIHOCTI.

3. Tepmiuna nerpajaiis KOMNoHeHTiB (itocy: I[Tpu Bucokux Temeparypax KOMIOHEHTH
¢urocy MOXYTh 3a3HaBaTH TepMidHOI Aerpamamii. Jlesiki mpoayKTH Ii€i aerpaaaii MOXyTb
OyTH eJeKTPONPOBIAHIIINMHU, HIXK BUX1/IHI KOMIOHEHTH. Hanmpukinaz, TepMiuHe po3KiiajiaHHSI
OpTraHIYHHUX KUCIIOT MOXKE MPU3BECTH IO YTBOPEHHS BYTJICIIEBUX 3AIMIIKIB, SIKI MAIOTh TIEBHY
€JIEKTPOIPOBIAHICTb.

4. 3miHa ¢a3zoBoro crany: JlesKi 3aJUIIKH QIII0CY MOXKYTh NEPEXOIUTH /10 OLIbII TPOBiJI-
HOro (ha30BOI0 CTaHy MPH HArpiBaHHI (HaNpHUKIAJ, 3 TBEPAOTO B HAMIBPIAKUI a00 piIKuii).

Tako’x Ha 3aJTUIIKOBUM OMip MOXe BIUIMBATU TEPMiUHA Jerpajallis KOMIIOHEHTIB (UIIOCy.
TepmiuHa ferpajaiist € OJHUM 13 KIIOYOBUX (PaKTOPIB, 110 BU3HAUAIOTH TEMIIEPATYpHY 3aJle-
JKHICTh 3aJIMIIKOBOro onopy. IIpu HarpiBaHHI CHOJYKH, 110 BXOJATH A0 CKiIaxy (irocy, Mo-
KYTb MiIaBaTUCS PI3HUM XIMIYHUM HEPETBOPEHHSAM:

* JlekapOOKCWIIIOBaHHS: OpraHiyHI KUCIOTH MOXYTh JE€KapOOKCHUITIOBATUCH, BTPAYarOuu
rpyny COg, 1110 MO>K€ IPU3BECTH JI0 YTBOPEHHS 1HILIUX MTPOLYKTIB 3 BIIMIHHUMHU BIIACTUBOCTSIMH.

* Po3knagadHs CMOJI: CMOJIM Ta 1HII MOJIMEPHI CIIOTYKHW MOXYTh pO3MaaTucs Ha apio-
Hillll (hparMeHTH, esKi 3 AKUX MOXKYTh MaTH IIPOBIHICTb.

* YTBOpeHHs BYIJIELIO: IPU BUCOKIN TeMIepaTypi AesKi OpraHiyHi CIOIYKH MOXKYTh Ie-
PETBOPIOBATHUCS HA BYTJIELb, SIKUI € XOPOILIUM IPOBITHHUKOM.

VYV BUpPOOHHUIITBI €NEKTPOHIKH i€ BUKOPUCTOBYIOThCS Oe3BiAMUBaiIbHI (irocu. g Beix
THUIIIB MPOLIECIB MAasSHHS Mepea0avacThCsl, M0 KUTBKICTh 3aJIMIIKIB, M0 3aJTHIIUAINCS, MiHIMa-
nbpHa 1 6e3neuna. OUikyeThCsl, 1110 BAKOPUCTAaHHS HU3bKOTO BMICTY TBEPAUX PEYOBUH Y O€3Bi-
MHUBAJILHOMY ()JIFOCI IPU3BOAMTH J0 Mai’ke MOBHOTO PO3KIIAJAHHS CKJIAJOBUX KOMIIOHEHTIB
nij yac nporecy nasuas. OHak po3kiagaHHs GIIIOCy 3al1eKUTh Bl 6aratbox (hakTopiB, TAKUX
K 3MiHa TeMIepaTypy Ha By3Jax apykoBaHux miaat (PCBA), npouecy nasHHs, KUIBKICTb 1 THIT
drocy, mpoleypy HaHeCeHHsI QITIOCY, MIBHUAKICTh HATPIBaHHS Ta TEMIIEPATYPH PO3KIIAaHHS
ximikaTiB 1 T. iH. Tomy Ha nmpaktuui PCBA iHoai OyBaioTh 3a0py/aHEHI 3HAUHOIO KUIBKICTIO
3anmumkiB (itocy [14], BKIrOYar0OuYM KOMIIOHEHTH aKTHBATOpa, MEPEBaKHO CIaOKi OpraHivHi
kucnotu (WOA). TunoBi WOA, BusiBIIeH1 B cucTeMax 0e3BiIMUBaTBLHUX (IIIOCIB, € TUKapOO-
HOBI KHCJIOTH, TakKi SIK aJIUIHOBA, IIIyTapoBa, OYPIITHHOBA Ta S0JIy4YHA, SKI MPU3BOAATH 10
TOTO, 110 10HHI 3ayIMIIKK Ha ToBepxHi PCBA maroTs rirpockoniuny npupony [15]. [Toeananns
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a/1copOOBaHOI BOJIOTH Ta I0HHUX 3a0pyAHIOIOUUX PEYOBUH, MTOB'SI3aHUX 13 3aJIMIIKaMU (JIroCy,
110 IPU3BOANTH J0 YTBOPEHHS €JIEKTPOIITY, SIKH MOXKE 3a0€3MEUNTH CEPEIOBHIIE IS CTPY-
MIB BUTOKY, IT[0 IPU3BOIATH JIO CJIEKTPOXIMIYHOI Mirpartii, Ta, 0TKe, MOKe OyTH IMOTEHIIHHUM
npuckoproBadeM Koposii [16]. OmgHak KUTBKICTh Ta PO3MOIUT 3aIHIIKIB ()IFOCY 3HAYHO Pi3-
HATBCSI 3aJI€KHO B1J] KOHKPETHOI'O THITY IPOLIECY MasHHSA Ta IIOB'A3aHUX 3 HUM napameTpis [17].
[TastHHS OTIaBICHHSM MPHUIIO0 — II€ MPOLIEC, 110 BUKOPUCTOBYETHCS IS IPYKOBAHUX IJIaT 3
KOMIIOHEHTaMH [TIOBEPXHEBOI'0 MOHTAXKY, a SIK 3a3Ha4ajloCh BUIIE, (PJIFOC HAHOCUTBCS Y BUIJISAI1
NacTy 3 BUKOPHUCTAHHIM TpadapeTHOro ApyKy, MOTIM CIily€ MOHTa) KOMITOHEHTIB 1 TOTIM
IPOXO/KEHH Yepe3 NasuIbHy 4. Xo4a KUIBKICTh (UII0CY, IO HAHOCUTBHCS B IIbOMY BUIAJIKY,
3aJISKUTH BiJl TUIOIII ITOCAIKOBOTO MiCLisi KOMIIOHEHTA, ITiJl KOMIIOHEHTaMU MOXYTh OyTH BH-
SBJICH] 3aXOIUICHI 3aJHIIKH, 110 B KIHIIEBOMY MiJICYMKY MOK€ BUKJIMKATH MPOOIEMH 3 KOPO-
3i€10 MpH BIUTUB Bosiorux ymoB [18]. 3 inmoro 60Ky, maiika XBUJICIO MIPHUIIOI0 3a3BHYAil BHKO-
PHUCTOBYE PO3MUIECHHS PIAKOro (rocy Ha HUXKHIA CTOPOHI, SKIIO BUKOPUCTOBYHOTHCS
KOMITOHEHTH 3 00’ €eMHUMHU BUBOoaMH. OTHAK YacTHHA (IIIOCY TaKOK MOXKE MiHATHUCS Ha Bep-
XHIO CTOPOHY uepe3 MpoJuBaHHs a00 yepe3 HaCKpi3Hi OTBOPH. Y 1IbOMY BUIAJKy IPOBOIUTHCS
naiika B HwKHI yactuai PCBA, ne temneparypa minHiMaetrbes 10 250 °C, Toni sk BepXHs
yactuaa PCBA Binuysae numie npubnauzno 170 °C. Le npu3BoauTs 10 AudepeHiiary po3kia-
JTaHHS (IIFOCY Ha BEPXHIO 1 HIDKHIO cTOpoHH [19]. BubipkoBa maiika XBHIICIO TaKOK BUKOPHC-
TOBYE€ pizKki UK (IrOCIB y O1bIIOCTI BUMaAKiB. OHAK Mpoliec MoXke OYTH 31HCHEHHUM Pi3-
HUMH CII0COO0aMH, Y TOMY YHWCII 3 BUKOPUCTAHHSIM TIAJOHY JUISI MAacKyBaHHS HeOa)KaHHX
nustHok. OHaK, He3aJIeKHO BiJl mpoiiecy, AudepeHiiagbHe HarpiBaHHA B 30HI HMalku il 0TO-
YEeHHS TPU3BOUTH /10 HAKOMIMYEHHS 3JIMIIKIB (DIFOCY HABKOJO BHOIPKOBHX MasIbHUX JiJIs-
HOK. BiJCyTHICTh onTHMIi3alii KiABKOCTI pO3NMIEHHS (DIHOCY MOXKe NMPU3BECTU 10 3HAYHOTO
PIBHS 3aJUIIKIB Y TaK 3BaHUX MacTKax mij mijgoHoM [20]. Xoya 3araibHOBIOMO, IO Pi3HI
npollecy NMailku MOXKYTh IPU3BECTH A0 3a0pyAHEHHS MOBEPXHI JPYKOBAHOI IUIATH, 110 MOPY-
nrye i 4UCTOTY, 3apa3 JOCIIHPKEHHS BIIHOCHUX PIBHIB 3aJIMILKIB BBEACHUN PI3HUMU MpOIe-
caMHM MasiHHA Ta HOoro BIUIMB Ha KOPO3iHY HaAIHHICTH I1e TpuBaroTh. OHAK BHUILEHABEICHE
po3IapyBaHHs TEMIIEpPaTyp OB aKTYaIBHO ISl CUJIOBUX €IEKTPOHHUX MOIYIIB, 1€ KOMITO-
HEHTH MaloTh JIOBOJI 3HaUHI rabapuTH Ta PO3MIILIYIOTHCS 3 OJIHIE] CTOPOHM IUIaTH a MEHII ra-
OapuTHI KOMIIOHEHTH 3 1HIIIO.

Takox oHUM 31 3HAUHUX (PaKTOPIB BIIMOBU 00JIaIHAHHS € IPUCKOPEHA KOPO3is y BOJIO-
T'MX YMOBaX 3a paXyHOK BHYTPIITHHOTO 3a0pyAHEHHS Ha By3JlaX JPYyKOBAHUX IUIAT MIPU BUKO-
pucTaHH1 0e3BIAMMBATIBHUX (ptociB mij yac nmasHHA. HalOunpin BaxnuBUMH (akTopamMH B
bOMY BUIAJKY € XiMis (IIOCY Ta MOro XapakTEepUCTUKH PO3KJIalaHHs i yac mpolecy mna-
SIHHS, 10 MPU3BOJUTH JO YTBOpPEHHs 3aiuiukiB. HaifuacTime BHUKOPHUCTOBYBaHI CHCTEMHU
GI1roCy MICTATB: PO3UYMHHHUK — CEPEIOBUIIIE I 3MIITyBaHHS BCIX KOMIIOHEHTIB (JIIOCY, 4acTO
CYMIII CIIUPTIB, AaKTUBATOPU — 37€0LIBIIOr0 c1abKi OpraHidHi KUCIOTH a00 rajoreHiau (piame
3yCTpivaroThes y 0e3BIIMUBAIIBHUX (PITIOCIB), 1 HOCIH — HelleTy4a CojykKa, Taka Sk cMoja ado
edip, sika ctabijibHA B 11aria30H1 TEMIIEpaTyp, BAKOPUCTOBYBAaHUX y mporieci nasiHus [21]. Ipu-
MyIICHHS, 0 JISKUTh B OCHOBI TE€XHOJIOTIi Oe3BimMuBaIBHUX (tociB (noclean), monsrae B
TOMY, 1110 arPECUBHI XIMIKaTH, 110 BAKOPUCTOBYIOTHCS B PO3UHHI (IIFOCY, 3rOpsAI0TH, TOOTO BU-
MapOBYIOTHCS a00 PO3KIIAIAIOTHCS HA JIETKI PEUOBUHU 111 Yac MPOIIECy MassHHS, 1 3aJUIIAI0Th
JMIIE MiHIMAJIbHUNA PiBeHb 3aJUILIKIB arpeCUBHOI MPHPOJU Ha MOBEPXHI IPYKOBAHOI IUIATH.
OpnHak Ha MpaKTHI, SIK YK€ 3a3Ha4alioch paHille, e BiJ0YBa€eThCS PiAKO, 1 IPYKOBaHI IJIaTH
MOKYTh OYTH 3a0py/IHEH]1 3HAUHOIO KUTBKICTIO 3aJUIIKIB (IIIOCY , IO CKIAAI0ThCs 3 10HHUX
CIIOJIYK, SIKi BUKOPUCTOBYIOThCS SIK aKTHBATOPU B TIEPBUHHINA a00 po3kiazaeHiit ¢hopmi. Born
MOYXYTb B3a€MOJIISITH 3 BOJIOTICTIO Y€pe3 CBOIO TIrPOCKOMIYHY MPUPOAY, poOisiun agcopboBa-
HUW BOJTHUH IIAP XOPOIIUM €JICKTPOIITOM JJIS IPOBITHOCTI CTPYMY Ta IMOJANIBINOT KOpo3ii [22].
Tomy B JiTepaTypi HOBITOMIISUIOCS PO HU3KY 3001B IPYKOBaHMX IUIAT Yyepe3 HAsBHOCTI X
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3aIMIIKIB (ITIOCY, SK1 3a3BUYail BUKJIIMKAIOTh 3HWKEHHS Onopy moBepxHeBoi i3o:iii (SIR),
110 PU3BOJUTH J10 30UTBIICHHS CTPYMY BHUTOKY a00 3 IIEBHUX YMOB, €JIEKTPOXIMIYHOT Mirpa-
1ii Ta yrBopeHHs AeHApUTIB [23; 24]. KinbKicTh, po3moai Ta MOpGOoIIoris 3aIuiiKiB (irocy
3HAYHO PI3HATHCS 3aJISKHO BiJl KOHKPETHOTO MPOLECY MasHHS Ta MOB'sI3aHUX 3 HUM IapaMeT-
piB. Pe3ynpTaTu moka3ywTh, IO 3MiHa YMOB IMPOIIECY, TAKHUX K TEMIEpaTypa MOBEPXHi JApy-
KOBAHOI IUIATH IIiJ] Yac MasiHHS, Ma€ BEJIMKE 3HAYEHHS 1 MOXKEe MPU3BECTH JI0 3HAYHOI 3MiHU
KUIBKOCTI JIOKAJII30BaHUX 3JIMIIKIB [25].

BucHoBkH. TakiM YHHOM, MOKHA 3pOOUTH BUCHOBOK, 1110 TIONPH 3HAYHY NOLIMPEHICTH 0e3-
BIIMUBaJIBHIX (MITIOCIB, IXH1 3QJIMIIIKY 32 [IEBHUX YMOB MOKYTb BILTUBATH Ha 0€3B1IMOBHY POOOTY
CJIEKTPOHHOI TEXHIKH JUIsI CKIIaJaHHs ((OpMyBaHHS MAsUIbHUX 3’ €IHAHb) SIKOT BOHU OYJIM BHKO-
puctanHi. Tox, € 1Ie MEBHUI MPOCTIp VIS AOCIIKSHb, TIOB’SI3aHUI 3 YMOBAMHU CKCILTyaTallii
€JIEKTPOHHUX BHUPOOIB, SK-TO MiJBHIIECHA BiOpaIlis (XapakTepHa JUIsi MOIYNIB KEPYBaHHS PyX0-
MO0 TEXHIKOI0), MTiBHILIEHA BOJIOTICTh Ta, III0 OCTAHHIM YaCOM CTa€ JIe/all akTyalbHHUM, I1i/IBU-
IIEH] TEMITepaTypy eKCILTyaTalii BUpOOiB, sSKi 3yMOBJIEH1 3pOCTAI0u0I0 00UMCITIOBAIBHOIO TTOTY-
YKHICTIO, YIIBTPATOHKUAM JTU3AHOM, Ta ITOB’S3aHOI0 3 I[MM CKJIQIHICTIO IITYYHOT BEHTHJISLIIL.

Cnucoxk BUKOPUCTAHUX JIZKepeJt

1. Ramirez, C., & Lei, K.-S. (1996). Evaluation of the reliability and corrosivity of voc-free, no-
clean fluxes using standard, modified and electrochemical methods. Soldering & Surface Mount Tech-
nology, 8(1), 6-9. https://doi.org/10.1108/09540919610777555.

2. Adams, K. M., Anderson, J. E., & Graves, Y. B. (1994). Ionograph sensitivity to chemical
residues from ‘no clean soldering fluxes: comparison of solvent extract conductivity and surface
conductivity. Circuit World, 20, 41—44. https://doi.org/10. 1108/eb046251.

3. Conseil, H., Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Decomposition of no-clean
solder flux systems and their effects on the corrosion reliability of electronics. Journal of Materials
Science: Materials in Electronics, 27(1), 23-32. https://doi.org/10.1007/s10854-015-3712-x.

4. Conseil, H., Stendahl Jellesen, M., & Ambat, R. (2014). Contamination profile on typical printed
circuit board assemblies vs soldering process. Soldering & Surface Mount Technology, 26(4), 194-202.
https://doi.org/10.1108/ssmt-03-2014-0007.

5. Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Solder Flux Residues and Humidity-Re-
lated Failures in Electronics: Relative Effects of Weak Organic Acids Used in No-Clean Flux Systems.
Journal of Electronic Materials, 44(4), 1116-1127. https://doi.org/10.1007/s11664-014-3609-0.

6. Piotrowska, K., Jellesen, M. S., & Ambat, R. (2017). Thermal decomposition of solder flux ac-
tivators under simulated wave soldering conditions. Soldering & Surface Mount Technology, 29(3),
133-143. https://doi.org/10.1108/ssmt-01-2017-0003.

7. Smith, B. A., & Turbini, L. J. (1999). Characterizing the weak organic acids used in low solids
fluxes. Journal of Electronic Materials, 28(11), 1299—1306. https://doi.org/10.1007/s11664-999-0171-2.

8. Zhan, S., Azarian, M. H., & Pecht, M. (2008). Reliability of printed circuit boards processed us-
ing no-clean flux technology in temperature—humidity—bias conditions. I[EEE Transactions on Device
and Materials Reliability, 8(2), 426-434. https://doi.org/10.1109/tdmr.2008.922908.

9. Piotrowska, K., Ud Din, R., Grumsen, F. B., Jellesen, M. S., & Ambat, R. (2018). Parametric
study of solder flux hygroscopicity: Impact of weak organic acids on water layer formation and corro-
sion of electronics. Journal of Electronic Materials, 47(7), 4190-4207. https://doi.org/10.1007/s11664-
018-6311-9.

10. Hunt, C., Zou, L. (1999). The impact of temperature and humidity conditions on surface
insulation resistance (SIR) values for various fluxes. Journal of Soldering and Surface Mount
Technology, 11(1), 36-43. http://eprintspublications.npl.co.uk/id/eprint/1067.

11. Requirements for Soldering Fluxes. [A standard developed by the Flux Specifications Task
Group (5-24a) of the Assembly and Joining Processes Committee (5-20) of IPC]. (2011). IPC J-STD-
004B with Amendment 1. https://www.ipc.org/TOC/J-STD-004BwAm1.pdf.

12. High  temperature  solder  pastes  US3915729A1974-04-091975-10-28Du  Pon.
https://patents.google.com/patent/US3915729 A/en?q=(no-clean+flux)&og=no-clean+flux.

373


https://patents.google.com/patent/US3915729A/en?q=(no-clean+flux)&oq=no-clean+flux&peid=62ff2b367df00%3A19b%3Ad93a5c53

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(40), 2025
TECHNICAL SCIENCES AND TECHNOLOGIES

13. US4298407A1980-08-041981-11-03E. 1. Du Pont De Nemours And CompanyFlux treated
solder powder composition https://patents.google.com/patent/US4298407 A/en?q=(no-clean+flux)
&og=no-clean+flux.

14.Biocca, P. (2001). Flux Chemistries and Thermal Profiling: Avoiding Soldering Defects in SMT
Assembly, Loctite/Multicore Solders, Richardson, TX.

15. Song, B., Azarian, M. H., & Pecht, M. G. (2013). Effect of temperature and relative humidity
on the impedance degradation of dust-contaminated electronics. Journal of the Electrochemical Society,
160(3), C97—C105. https://doi.org/10.1149/2.024303jes.

16. Verdingovas, V., Jellesen, M. S., Rizzo, R., Conseil, H., & Ambat, R. (2013). Impact of hygro-
scopicity and composition of solder flux residue on the reliability of PCBA under corrosive conditions.
In Proceedings of EUROCORR. 2013. http://www.eurocorr2013.org.

17. Hansen, K. S., Jellesen, M. S., Mgller, P., Westermann, P. J. S., & Ambat, R. (2009). Effect of
solder flux residues on corrosion of electronics. In Annual Reliability and Maintainability Symposium,
2009. RAMS 2009. 1EEE Press. https://doi.org/10.1109/RAMS.2009.4914727.

18. Jellesen, M. S., Dutta, M., Verdingovas, V., & Ambat, R. (2012). Detection of acid release from
reflow solder flux residues using localized test methods, paper presented at Eurocorr 2012, Istanbul, 9-
13 September.

19. Conseil, H., Jellesen, M. S., Verdingovas, V., & Ambat, R. (2013). Decomposition studies of
no-clean solder flux systems in connection with corrosion reliability of electronics. In EUROCORR
2013 - European Corrosion Congress. Article Paper H European Federation of Corrosion.

20. Munson, T. (2003), Understanding selective pallet soldering residue. Circuit Assembly, 14(9), 48.
https://static1.squarespace.com/static/5ddd523267alae54e9d2¢cb96/t/5eeed2530a6da3 1edac68c91/1592709
715629/2003.09-Understanding_Selective Pallet Soldering Residue - Circuits Assembly.pdf.

21. Minges, M.L. (1989). Electronic Materials Handbook, 11, 1st edn. (ASM International, Almere).

22. Rathinavelu, U., Jellesen, M.S., Mgller, P., Ambat, R. (2012). IEEE Trans. Compon. Package
Technol., 2(4), 719-728.

23. Verdingovas, V., Jellesen, M. S., Ambat, R. (2013). Corros. Eng. Sci. Technol., 48(6), 426—435.

24. Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Relative effect of solder flux chemistry
on the humidity related failures in electronics. Soldering & Surface Mount Technology, 27(4), 146—156.
https://doi.org/10.1108/ssmt-11-2014-0022.

25. Conseil, H., Jellesen, M.S., Ambat, R. (2014). Solder. Surf. Mt. Technol., 26(4), 194-202.

References

1. Ramirez, C., & Lei, K.-S. (1996). Evaluation of the reliability and corrosivity of voc-free, no-
clean fluxes using standard, modified and electrochemical methods. Soldering & Surface Mount Tech-
nology, 8(1), 6-9. https://doi.org/10.1108/09540919610777555.

2. Adams, K. M., Anderson, J. E., & Graves, Y. B. (1994). Ionograph sensitivity to chemical
residues from ‘no clean soldering fluxes: comparison of solvent extract conductivity and surface
conductivity. Circuit World, 20, 41-44. https://doi.org/10. 1108/eb046251.

3. Conseil, H., Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Decomposition of no-clean
solder flux systems and their effects on the corrosion reliability of electronics. Journal of Materials
Science: Materials in Electronics, 27(1), 23-32. https://doi.org/10.1007/s10854-015-3712-x.

4. Conseil, H., Stendahl Jellesen, M., & Ambat, R. (2014). Contamination profile on typical printed
circuit board assemblies vs soldering process. Soldering & Surface Mount Technology, 26(4), 194-202.
https://doi.org/10.1108/ssmt-03-2014-0007.

5. Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Solder Flux Residues and Humidity-Re-
lated Failures in Electronics: Relative Effects of Weak Organic Acids Used in No-Clean Flux Systems.
Journal of Electronic Materials, 44(4), 1116-1127. https://doi.org/10.1007/s11664-014-3609-0.

6. Piotrowska, K., Jellesen, M. S., & Ambat, R. (2017). Thermal decomposition of solder flux ac-
tivators under simulated wave soldering conditions. Soldering & Surface Mount Technology, 29(3),
133-143. https://doi.org/10.1108/ssmt-01-2017-0003.

7. Smith, B. A., & Turbini, L. J. (1999). Characterizing the weak organic acids used in low solids
fluxes. Journal of Electronic Materials, 28(11), 1299-1306. https://doi.org/10.1007/s11664-999-0171-2.

374



TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(40), 2025
TECHNICAL SCIENCES AND TECHNOLOGIES

8. Zhan, S., Azarian, M. H., & Pecht, M. (2008). Reliability of printed circuit boards processed us-
ing no-clean flux technology in temperature—humidity—bias conditions. IEEE Transactions on Device
and Materials Reliability, 8(2), 426—434. https://doi.org/10.1109/tdmr.2008.922908.

9. Piotrowska, K., Ud Din, R., Grumsen, F. B., Jellesen, M. S., & Ambat, R. (2018). Parametric
study of solder flux hygroscopicity: Impact of weak organic acids on water layer formation and corro-
sion of electronics. Journal of Electronic Materials, 47(7), 4190-4207. https://doi.org/10.1007/s11664-
018-6311-9.

10. Hunt, C., Zou, L. (1999). The impact of temperature and humidity conditions on surface
insulation resistance (SIR) values for various fluxes. Journal of Soldering and Surface Mount
Technology, 11(1), 36-43. http://eprintspublications.npl.co.uk/id/eprint/1067.

11. Requirements for Soldering Fluxes. [A standard developed by the Flux Specifications Task
Group (5-24a) of the Assembly and Joining Processes Committee (5-20) of IPC]. (2011). IPC J-STD-
004B with Amendment 1. https://www.ipc.org/TOC/J-STD-004BwAm1.pdf.

12. High  temperature  solder  pastes = US3915729A1974-04-091975-10-28Du  Pon.
https://patents.google.com/patent/US3915729 A/en?q=(no-clean+flux)&oq=no-clean+flux.

13. US4298407A1980-08-041981-11-03E. 1. Du Pont De Nemours And CompanyFlux treated solder
powder  composition  https://patents.google.com/patent/US4298407 A/en?q=(no-clean+flux)&og=no-
cleant+flux.

14.Biocca, P. (2001). Flux Chemistries and Thermal Profiling: Avoiding Soldering Defects in SMT
Assembly, Loctite/Multicore Solders, Richardson, TX.

15. Song, B., Azarian, M. H., & Pecht, M. G. (2013). Effect of temperature and relative humidity
on the impedance degradation of dust-contaminated electronics. Journal of the Electrochemical Society,
160(3), C97—C105. https://doi.org/10.1149/2.024303jes.

16. Verdingovas, V., Jellesen, M. S., Rizzo, R., Conseil, H., & Ambat, R. (2013). Impact of hygro-
scopicity and composition of solder flux residue on the reliability of PCBA under corrosive conditions.
In Proceedings of EUROCORR. 2013. http://www.eurocorr2013.org.

17. Hansen, K. S., Jellesen, M. S., Mgller, P., Westermann, P. J. S., & Ambat, R. (2009). Effect of
solder flux residues on corrosion of electronics. In Annual Reliability and Maintainability Symposium,
2009. RAMS 2009. 1EEE Press. https://doi.org/10.1109/RAMS.2009.4914727.

18. Jellesen, M. S., Dutta, M., Verdingovas, V., & Ambat, R. (2012). Detection of acid release from
reflow solder flux residues using localized test methods, paper presented at Eurocorr 2012, Istanbul, 9-
13 September.

19. Conseil, H., Jellesen, M. S., Verdingovas, V., & Ambat, R. (2013). Decomposition studies of
no-clean solder flux systems in connection with corrosion reliability of electronics. In EUROCORR
2013 - European Corrosion Congress. Article Paper H European Federation of Corrosion.

20. Munson, T. (2003), Understanding selective pallet soldering residue. Circuit Assembly, 14(9), 48.
https:/static1.squarespace.com/static/5ddd523267al ae54e9d2cb96/t/Seeed2530a6da3 1edac68c91/1592709
715629/2003.09-Understanding_Selective Pallet Soldering Residue - Circuits Assembly.pdf.

21. Minges, M.L. (1989). Electronic Materials Handbook, 11, 1st edn. (ASM International, Almere).

22. Rathinavelu, U., Jellesen, M.S., Mgller, P., Ambat, R. (2012). I[EEE Trans. Compon. Package
Technol., 2(4), 719-728.

23. Verdingovas, V., Jellesen, M. S., Ambat, R. (2013). Corros. Eng. Sci. Technol., 48(6), 426—435.

24. Verdingovas, V., Jellesen, M. S., & Ambat, R. (2015). Relative effect of solder flux chemistry
on the humidity related failures in electronics. Soldering & Surface Mount Technology, 27(4), 146—156.
https://doi.org/10.1108/ssmt-11-2014-0022.

25. Conseil, H., Jellesen, M.S., Ambat, R. (2014). Solder. Surf. Mt. Technol., 26(4), 194-202.

Otpumano 13.05.2025

375


https://patents.google.com/patent/US3915729A/en?q=(no-clean+flux)&oq=no-clean+flux&peid=62ff2b367df00%3A19b%3Ad93a5c53

TEXHIYHI HAYKU TA TEXHOJIOT T Ne 2(40), 2025
TECHNICAL SCIENCES AND TECHNOLOGIES
UDC 661.1

Vasyl Volodymyrov

PhD Student, Department of Technologies of Natural and Synthetic Polymers, Fats and Food Products,
Ukrainian State University of Science and Technology,
National Research Institute "Ukrainian State University of Chemical Technology" (Dnipro, Ukraine)
E-mail: volodymyrov_vasyl@ukr.net. ORCID: https://orcid.org/0009-0003-7353-5065

INCREASING THE FAULT TOLERANCE OF ELECTRONIC DEVICES
USING MODERN POLYMER-INORGANIC COMPOSITE MATERIALS
WITH ELECTRONIC CONDUCTIVITY

Recently, we can observe steady increase in the power of computing equipment, not least of which is due to emergence
of multiprocessor computing systems and multicore processors, when several cores of one processor can be implemented in the
conditions of one microcircuit. Not least of all, SOC (system on chip) chips have contributed to the increase in operating
temperatures, in which almost the entire laptop is built as part of one processor. In general, any computer components based
on semiconductors heat up in one way or another during operation. At the same time, technologies are developing, power/fre-
quency/speed are increasing, and therefore heat dissipation is also increasing.

In addition, more and more manufacturers prefer ultra-thin product designs, we can see ultra-thin TVs, laptops, tablet
computers, etc. much more often. All this, while packing more and more power into a smaller volume of products, leads to the
increase in thermal load and difficulty in ventilation. Artificial ventilation and cooling are no longer able to reduce tempera-
tures to the level that was 5-10 years ago.

The problem of studying failures of electronic equipment is global in nature, not least these failures are caused by a
change in the resistance of solder flux residues, which, under the influence of a number of factors, can change their parameters.
Unfortunately, in Ukraine, due to the decline in the production of electronic equipment, this issue has not been raised recently,
but in the world space this problem remains relevant and may reach a new level, since in recent times production of electronic
equipment has been rapidly developing. One example is the factor of the rapid increase in laptop sales, which is due to the
Coronavirus pandemic, which provoked a sharp demand for mobile PCs. If in pre-pandemic 2019 the average age of a home
laptop was 6 years, then the mass transition to remote work required their renewal.

Based on the above, we can conclude that despite wide distribution of no-wash fluxes, their residues, under certain
conditions, can to some extent affect the trouble-free operation of electronic equipment for the assembly (formation of solder
joints) of which they were used. Therefore, there is still some room for research related to operating conditions of electronic
products, including increased vibration (typical of control modules of mobile equipment). increased humidity and, which has
recently become increasingly relevant, increased operating temperatures of products, which are due to growing computing
power, ultra-thin design, and the associated complexity of artificial ventilation.

Keywords: increased operating temperatures, no-clean fluxes; heat transfer; ultra-thin product design; ventilation
complications.
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