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TEHJEHIIUU PA3ZBUTHUSA B OBJACTH KOH®OPMHBIX MOKPBITHIA
JJIsA BJIATO3ALIUTBI U SJEKTPOMU3O0JISAAIUN IIVIAT IEYHATHOI'O
MOHTAXA U DJIEMEHTOB PAJIMODJEKTPOHHOM AIIMMAPATYPBI

Paccmompenvl mendenyuu pazeumust 3augumuslx KOHOOPMHBIX NOKPLIMULL, GbINOJIHIIOUSUX
DYHKYUU OUINEKMPUYECKO20 U30AAMOPaA U OUpDY3uoHHO020 bapvbepa no omHouleHuio K 8iaeze.
Ilposeden ananusz HAYUHO-MEXHUYECKOU OOKYMEHMAYUu U OXPAHHBIX OOKYMEHMOS8 Be0VUUX
cmpan Mupa no npobdreme 8Aazo3auumbl U INEKMPOUIONAYUU INEKMPOHHBIX YCHMPOUCME U
KOMNOHEHMO8.

Kniouesvie cnosa: xoupopmmvle nOKpvimusl, 61a203auumnsle d1eKMpoU30IAYUOHHbIE TAKU,
newammubvie nAaAmsl U 1eMeHMbl PAOUOINEKINPOHHOL AnnaApamypul.

N.I Nefyodov', L.V. Semyonova’

DEVELOPMENT TENDENCIES IN THE FIELD OF CONFORMAL COATINGS
FOR THE MOISTURE PROTECTION AND ELECTRICAL INSULATION
OF PRINTED-CIRCUIT BOARDS AND ELECTRONICS ELEMENTS

The development tendencies of protective conformal coatings, functioning as a dielectric in-
sulator and diffusion barrier relative to the moisture are considered in the paper. The analysis
of scientific and technical documentation along with the protection documents of leading coun-
tries was performed in the field of moisture protection and electrical insulation of electronic
units and components.

Keywords: conformal coatings, moisture-protective and electro-insulative varnishes, print-
ed-circuit boards and electronics elements.
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CoBpeMeHHBIN ypOBEHb PAa3BUTHUSI BBHIYMCIUTENBHON TEXHUKH, YIPABISAIOLIUX allro-
PUTMOB U UCTIOJHUTENIBHBIX YCTPONUCTB MO3BOJISIET 3JIEKTPOHUKE YIIPABIATH BCe Oosee CI0XK-
HbIMU U OTBETCTBEHHBIMH IPOLIECCAMU, KOHTPOJIMPOBATH IMapamMeTphl pabOThl CIOXKHBIX
yCcTpoHcTB. Eciy B MPOIIIOM JKECTKHE YCIOBUS KCIUTyaTallMy MPEIoIaraluch B OCHOBHOM
JUISL BJIEKTPOHUKH CIIELMAIbHOIO MM BOCHHOI'O Ha3HAYEHUS, TO CErofHs IKCIUTyaTalus pa-
JIMORJIEKTPOHHOM anmapatypsl (POA) B yClOBUSX MOBBIIIEHHON BIaXHOCTH U TEPMOLMKIIH-
pOBaHMsI, COJIEBOTO TyMaHa WJIM MOBBIIIEHHON BUOpalMM CTAHOBUTCS PACHpPOCTPaHEHHBIM
CJIy4aeM B MOBCEIHEBHON KHU3HHU.

JlaTuuku U cucteMbl O€30MaCHOCTH, CBETOPOPHl M MHIMKALMOHHBIE TabJo, YCTPOil-
CTBa JJISl TPAHCHOPTa U JTOOBIBAIOLIEH MPOMBIIIJIEHHOCTH — 3TO KPaTKUM CIMCOK MpHUMEHe-
HUI, KOTOpbIE MPEANOIaraT IKCIUTYaTaUI0 JJIEKTPOHUKH B )KECTKUX YCIOBHUSX.

Ilepen mpou3BOANTENSAMU OTEUECTBEHHOM M MHOCTPAHHON 3JIEKTPOHHOM TEXHUKHU BCE
yale BCTaeT BOIPOC, KaK 00ECIEeUUTh KCILTyaTallMi0 POU3BOAMMOIO YCTPOHCTBA B JKECT-
KUX ycinoBusX. [Ipu 3TOM B KaK7OM cilydae peleHue JOKHO YUUTHIBATh Psii UHAUBUY allb-
HBIX (JaKTOPOB, HAIPUMEP, B KaKOH cpese mpearmonaraercs padoTa ycTpoiicTBa U €ro Ha3Ha-
YeHHe, KaKue JOMOJHUTEIbHbIE CBOMCTBA HYKHO 00ECIIEUUTh Hapsy C 3allUTON yCTpOHCTBa
OT BO3/EHMCTBUSI BHEUIHEN Cpelibl, KAKME TEXHOJIOTUYECKUE U TIPOU3BOCTBEHHBIE BO3MOMXHO-
CTH €CTh B PAaCHOPSDKEHUM NpeAnpusaTusa. YacTo CTaHOBUTCS BOCTPEOOBAaHHBIM MOUCK CIIEIH-
AJIbHBIX PEIICHUI C YHUKAJIBbHBIMU XapaKTEPUCTUKAMU B KaX/J10M KOHKPETHOM Cllydae.



B To e BpeMs Hapsa1y ¢ MHAWBHUIYaJIbHOCTBIO 33/1a4, CTOSIIIUX MEPE] MPOU3BOIUTE-
JISIMH 3JIEKTPOHHBIX YCTPONCTB, COBPEMEHHOE Pa3BUTHUE DJIEKTPOHUKU XapaKTEPU3YETCsl €IU-
HBIMU TE€HACHLUAMHU, & UMEHHO:

— MUHUMU3aLUs YIEKTPOHHBIX YCTPONCTB U KOMIIOHEHTOB;

— obecreyeHre NIMPOKOTo TEMIIEPATYpHOro JUana3oHa SKCILTyaTalluu YCTPONCTB;

— OJTHOBPEMEHHOE HAJIMYHE CJIa0bIX U MOIHBIX CUTHAJIOB TOKA Ha OJTHOM neyaTHoM y3ie (ITY);
— yBEJIMYEHHE KOJUYECTBA MOIIHBIX KOMIIOHEHTOB Ha oAHOM 1V

— BBICOKHME MEXaHMYECKHE HAarpy3KH IIPH dKcIuTyaranun POA.

C y4eToM BBICOKON KOHKYPEHLIMU B COBPEMEHHOM IPOou3BOACTBE POA BaykHas pojib B
o0ecrneyeHn! HaJeKHOCTU €€ padOoThl MPU BO3ACHCTBUU pa3iIMYHBIX KIMMATHYECKUX (pakTo-
POB MPUHAAIEKUT METOJIaM BiIaro3amuTbl. OpraHndeckue MOKPBITUS ABJISIOTCS Ype3BblUaii-
HO BAKHBIM U DKOHOMHUYHBIM CPEICTBOM 3aLLUTHI MIEKTPOHHBIX YCTPOICTB U KOMIIOHEHTOB,
BBICTYIIAIOT B KaUECTBE IKpaHa, MPEIOXPAHSIOUIET0 OT BO3JEHCTBUS arpecCUBHON cpenbl. B
Ka4eCTBE BJIArO3aLIUTHBIX MOKPHITHHA CHELHUATUCThI IUPOKO UCIOIB3YIOT: KOH(GOPMHBIE T10-
KpBITHS (JIAKM Ha OCHOBE AaKPWJIOBBIX, MOKCUIHBIX, YPETAHOBBIX, OPIraHOCHIIOKCAHOBBIX U
MapUICHOBBIX MOJUMEPOB), KIIEH, TEPMETUKH, KOMIAyH bl 1 Ap. [1-3].

AHanu3 OXpaHHBIX JOKYMEHTOB I10 MpoOJieMe BIAaro3allyuThl U AJIEKTPOU3OJISALUY TIe-
yatHelx miat (I1I1) u snementoB POA, npoBeneHHbIi O BeayuM cTpaHaM mupa: Poccuii-
ckas Oeneparust (CCCP), CIHIA, fAnonus u Ap., MOKa3al, 9T0 HAMOOJIbIIEe KOJIUISCTBO 3a-
NaTeHTOBAHHBIX M300peTeHui (41%) MMer0T aMepuKaHCKue 3asBUTENU. BTopoe mecTto mo
KOJIMYECTBY 3allaTEeHTOBAHHBIX KOH(POPMHBIX MOKPBITHIA aesaT Anonus (20%) u Poccuiickas
Oenepanus (19,4%). lllupokue ucciaenoBanusi B 001acTu pa3pabOTKH KOHPOPMHBIX MOKPHI-
TUH IS 3aI0UTHI TUTAT TICYaTHOTO MOHTaXKa BEAYT Takke Hemenkue Gupmer (6,9%), a Takke
Takue ctpanbl, kak Kuraii, TaiiBanp u Kopes, lIBeitnapus, Hunepnauael. [lepuon moucka
cocraBmi 20 siet. Ha pucyHke npuBeneHbl JaHHBIE MO0 KOJIMYECTBY 3allaTEHTOBAHHBIX H300-
PETEHMH 110 BEYIIUM CTPaHaM MHUpa.

13,1

Apyrue
CTpaHbI

6,9
T'epmanms

19,4
Poccutickas
Denepanus

KonmuecTBo 3amaTeHTOBaHHBIX HM300peTeHwMi (B %)
Ha KOH(OPMHBIC TIOKPBITHSI B BEAYIIUX CTPAaHAX MUPA

Cpenu ocHOBHBIX pa3paboTunkoB kKoH(PopMHBIX TTOKpeITHI B CIIIA ciemyeT Ha3BaTh:
Dow Corning Corp., Dymax Corp., Loctite Corp., General Electric Com., Specialty Coatings
Systems Inc.; B Slmonun: Hitachi Chemical Co., Sumitomo Electric Ind., Showa Denko KK; B
Poccuiickoit @enepannn: OAO «KonuepH I'panut-Onextpon», HCTUTYT TEXHUYECKON XHU-
mun (UTX) Ypansckoro otnenennss PAH, ®T'VIT «HIIIT ,,ITomer”», 3A0 «31eKTpOU30IUTY,



OAOQO «lleHnTpanbHOE€ KOHCTPYKTOPCKOE OIOpO CHEIUaIbHBIX pajgroMarepuasoBy; B [ epma-
Huu: CRC Ind. Deutschland GmbH, Henkel, Siemens AG, BASF Lacke & Farben u ap.

[Tpu aHanM3e 0TOOPAHHOTO MAacCHBa JOKYMEHTOB BBISBHINCH TCHICHIIUHM PAa3BHTHS B
00J1acTH CO37aHuUs 3aIIUTHBIX MMOKPBITHI JJISl 3JICKTPOHHBIX M3aemuii (Taom. 1).

Tabruya 1

TengeHU pa3sBUTHSA B 00/1aCTH KOH()POPMHBIX NOKPBITHI /IS 3aIIUTHI MEYATHBIX IJIAT
M 3JIEMEHTOB PaJH03JIeKTPOHHOI annapaTypsl (PIA)

BrisiBiIeHHBIE TEHASHIIMU
pa3BuUTHUS 00BEKTA
KCCJICIOBAHUS

®OupMBI-pazpaboOTUUKH
KOH(OPMHBIX MMOKPBITHHA

Texnuueckue peleHus,
peanusyrolue TCHICHIUU

IToBrIIIEHNE BIAarOCTOMKOCTH
KOH(OPMHOTO ITOKPHITHS

Dow Corning Corp. (CILIA), Special-
ty Coatings Systems Inc. (CILA),
Dymax Corp. (CIIIA) u gp.

MoaudunrpoBaHne MaKpOMOJIEKYT
MIOJIMMEPOB MyTEM BBE/ICHHS THAPO-
(h0oOHBIX PYHKIIMOHAIBEHBIX TPYHIT

VYBenndyeHne yaensHoro o0beM-
HOTO 3JIeKTPUIECKOTO COIPOTHB-
JIEHUS IUIEHKHA

UTX VYpansckoro oraenenus PAH
(P®), General Electric Com. (CIIIA),
Loctite Corp. (CIIA) u np.

MomudunupoBaHue CTpyKTYpHI HO-
JTUMEpPHON MaTPUIBI M BBEICHUE B
KOMIIO3MIIMIO CIEUAILHBIX JOOABOK

IloBermenne aAre3uu IJICHKA

Dow Corning Corp. (CILA), Nip-
pon Steel Chemical Co. (Kopes),
Showa Denko KK (SImonus) u ap.

Hcnonp3oBaHKe MPOMOTOPOB aJire-
30H

VYckopeHue Ipolecca IJIeHKO-
00pazoBaHusl [IPU TEMIIEPAType
20°C (dbopMmupoBaHUE MOKPHI-
TUH)

IIKb PM crJIMKOHOBOE MOKPHITHE
«Yuusepcam» (P®), Chase Corp.
(Snonus), Loctite Corp. (CLLIA) u

Ap.

MomudunupoBaHue CTPYKTYPBI
MaKpOMOJIEKYJIbl U BBEJIEHUE KaTa-
JIN3aTOPOB OTBEPKACHUS

IloBbIIeHNE PIaCTHYHOCTH
IIJICHKHA

I'OY BIIO «IOxHo-Poccuiickuii
TOCYJapCTBEHHBIM TEXHUYECKUI
yauBepcuret ( HoBouepkacckuit
HOJINTEXHIYECKHIT HHCTUTYT)» (PD),
DSM IP Assets BV (Kopest) u nip.

Beeznenue B peuentypy miactugu-
KaTopoB

[loBbilIEHNE CTOMKOCTH K yaapy

Hitachi Chemical Co. (SInonus),
BYD Co. Ltd. (Kuraii), CRC Ind.
Deutschland GmbH (I'epmanns) u

Ap.

MoaudunupoBaHne CTPYKTYpPbI
MaKpOMOJICKYJIbI

IToBbllIeHHE TEPMOCTOMKOCTH
MTOKPBITHS

Sumitomo Bakelite Co. (SInoumust),
Harbin Res Inst. of Chemical (Ku-
tait), General Electric Com.
(CIIA) u gp.

MoaudunupoBaHue MaKpOMOJIEKY-
Bl TIOJIUMEPA U BBEJCHUE CIIMBA-
IOLIMX areHTOB (TIOJy4eHHE TpeX-
MEpPHOU CTPYKTYPBHI)

BrisBiieHsl TeXHUYECKHE TPEOOBaHMS, MPEIBIBISIEMbIC K BJIAr03alIUTHBIM DJIEKTPO-
U30JISIIMOHHBIM JIakaM (Tabi. 2).

Tabnuya 2

TexHU4YeCcKHE TpeﬁOBaHI/Iﬂ K BJIAaro3almMTHBIM JJaKaM

ITokazarenu 3HadyeHus Mokazarenen

Bogomnornomenue 3a 30 cyt, % (He Gomee) 1
VY aensHOe 00BEMHOE 3JICKTPUYESCKOE COTPOTUBIICHUE
mieHku, OM-cM (He MeHee):

— B UCXOJIHOM COCTOSIHUU 5-10"

— TI0CJI€e BBIICPKKH IIpH Temmepatype (40+2)°C u 1-10"
MOBBIIICHHOM BiIaXHOCTH (95+2)% B Teuenue 96 u
Anresus mieHky, 6ami (He 6oiee) 1
Bpemst BBICBIXaHUS IO CTEINICHH 3 MPU TEMIIEPaType 6
20°C, g (He Oomee)
OJIaCTUYHOCTH TUICHKH IpH U3TH0e, MM (He OoJiee) 1
[IpoYHOCTH MJICHKH NPH yaape, cM (He MeHee) 50




[Tocnie mpoBeneHus aHamM3a HAYYHO-TEXHUYECKOM MOKYMEHTaluu [4—7] U OXpaHHBIX
JIOKYMEHTOB MOXHO CJIIE€NaTh BBIBOJ, YTO JUIS 3aLIUTHI IEYATHBIX IUIAT U 3JIeMeHTOB POA npu-
MEHSIFOTCSI B OCHOBHOM 5 KIIaCCOB KOH(OPMHBIX MOKPBITHIA — aKPUJIOBbIC, CHIIMKOHOBEIC, T10-
JMYpETaHOBbIE, AMOKCUIHbIE, TapuseHoBbIe [§]. Takke BBISBICHO MPUMEHEHHE APYTHX KOH-
(OPMHBIX TIOKPBITUH (TTOTMUMHUIHBIX, THATLTIIPTAIATHBIX, TOJTMBOCKOB U TIp.) [9]. Axpuiossie
NOKpblmus — OTHOCUTENFHO JEIIeBble, OBICTPOOTBEPKIaeMbIe, JIETKO HAHOCUMBIE U PEMOH-
TOTMPUTOHBIC, 00JaNal0T UTUTEIHFHON >KU3HECTIOCOOHOCTHIO, BIIATOCTOMKHU, KaK CHIUKOHO-
BBIE U TOJMYPETAHOBBIE, OJTHAKO YCTYNAIOT UM IO CTOMKOCTH K PACTBOPUTENSM U CIIUPTaM.
BriiepikuBaioT TemMnepaTypHblil quanazoH — ot -59 1o +132°C, umeroT tpedyemMyro Ju3JeK-
TPUYECKYIO0 TPOYHOCTD, TOJNIIMHA MOKPBITHI cocTaBisieT 25—125 MkM. CunukoHogvie nokpbi-
musi — THOKUE, JIETKO HAHOCHMBIE, HO TPYAHO peMOHTHUpYeMble. OOIagaroT OTINYHON BIIaro-
CTOMKOCTBIO, TEIIIOCTOMKOCTBIO U CTOMKOCTBIO K PaCTBOPUTENSAM. IMEIOT BBICOKUI TemIiepa-
TypHBIH KO3 duuueHT nuneitHoro pacumpenus (TKJIP), HO orpaHHYEHHYIO KHU3HECTIOCO0-
HOCTb. JlupnexkTpuueckas MPOYHOCTh HEBBICOKAs, TEMIIEPATYpPHBIM AWana3zoH — OT -65 1o
+200°C. Tonmuna nokpeituii cocrasnseT 50-205 MxM. [loauypemanogvie nokpvimus MOILY-
YaloT U3 OJHO- U JBYXKOMIIOHEHTHBIX cucTeM. OTIMYAIOTCS TOJTOBEYHOCTHIO, OTIIMYHOM a0-
Pa3UBOCTOMKOCTBIO U CTOMKOCTBIO K pacTBOPUTENSAM. BllarocToMKoCTh Takas ke, Kak y aKkpH-
JIOBBIX U CHJIMKOHOBBIX MOKPBITUH. TpyIHO PEMOHTHPYIOTCS Ha OOJBIIMX y4yacTKax. Temrie-
patypHbIii 1uana3oH — ot -59 1o +132°C. CrnocoOHBI COXpaHATh TUAIEKTPUUYECKHE CBOMCTBA
JUTUTENIBHO. TONIMHA TOKPBITUNA COCTaBISCT 25—125 MKM. Dnokcuouvle noxpvimus daiie
BCEr0 TPEJCTABIAIOT COOOM IBYXKOMIOHEHTHBIE CUCTeMbl. OONaNaloT OTIMYHOW CTOWKO-
CTBIO K BJIare M PacTBOPUTENSM, HO UMEIOT KOPOTKYIO JKU3HECTIOCOOHOCTh. TpyJaHO pEeMOH-
TUPYIOTCS, a C OONBIIMX YYACTKOB YJIATUTh UX TIOYTH HEBO3MOXKHO. TemMmnepaTypHbIi auarna-
30H — 0OT -59 1o +132°C. TonmmHa NOKpeITUNA cocTaBisieT 25—125 MKM. YKa3aHHbIE YEThIpE
KJIacca MOKPBITUH HAHOCSTCS HAMBUICHWEM WM OKYHaHueM. [lapunenosvie nokpwvimus o0a-
JAIOT HUCKIIIOYUTENbHBIMU 3allUTHBIMUA (YHKIMSIMH, HO HAHOCSTCS MapOXMMHYECKHM OCa-
KJIEHUEM, YTO TpeOyeT CIelMaabHOro 000pyI0BaHuUs, IIOATOMY OHHU JjoporocTosimue. Hacuu-
THIBAIOT TPU THUIMA MAPUICHOBBIX MOKPBITHM, Pa3IMYAOMIMNXCA 0 XUMUYECKON CTPYKType U
cBorictBaMm. OOamar0T BBICOKOW JMAJICKTPUUYCCKON MPOYHOCTHIO. TONIIMMHA TOKPBITUH CO-
craBisieT 12—-50 MkMm.

[IpoBeneHHBI aHANN3 MOKA3bIBAET, YTO HAWIYUYLIMMHU BIIATO3aLIUTHBIMU U 3JIEKTPO-
M30JISIIMOHHBIMU CBOMCTBaMHU 00J1a/1al0T MOAU(PUIIMPOBAHHBIE CUIIOKCAHOBBIE U MOJIMYpETa-
HOBBIE CBs3yromue. [TOKphITUS HA WX OCHOBE TE€XHOJOTHYHBI, PEMOHTONPUTOIHBI U 3P deK-
THBHBI.
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