BRI

NOBbILWEHME MOMEXOYCTONYNBOCTU JIOFTMYECKNX BXOOOB
MWUKPOIMPOLIECCOPHbIX YCTPOUCTB PENEMHON 3ALLUTDI

B. U. N'ypeBuy, K.T.H., LleHTpanbHasa nabopatopusa anekTpnyeckon komnauum Uspauns

B cTtatbe paccmaTtpuBaeTcsa npobnema NOXHbIX
cpabaTbiBaHUM MUKpOMNpPOLLIeCCOPHbIX 3awuT. Nokasa-
HO, YTO YacTOM NMPUYMHOWN TaKUX cpabaTbiBaHUW siB-
NAKTCA OQHOMNOMIOCHBbIE 3aMbIKaHUA Ha 3eMITI0 B CeTU
NoCTOsIHHOro Toka. NpeanoxeHo ucnonb3oBaHUe NPo-
CTbIX MONYNPOBOAHUKOBbLIX MOAYJeN, NOBbIWAKLUNX
nopor cpab6aTbiBaHUAA OTBETCTBEHHbIX JIOrM4yeCcKux
BxoaoB go 150B.

PaHee aBTOpOM yxe nogHUManucb BOMPOCHI, CBA3aH-
Hble C HeJOCTaTO4YHOW MOMEXOYCTONYMBOCTBIO MUKPOMPO-
LeccopHbIX 3awuT [1, 2] n npegnaranucb METOAbI peLue-
HWs aToM Nnpobnemsbl. Hanpumep, ewe B 1996 roay [3] npea-
narancsi cnoco6 NoBbILLIEHNA MOMEXOYCTONYNBOCTU aHano-
roBbIX BXOJ0B MUKPOMNPOLIECCOPHOro perne TOKOBOW 3aLLy-
Thbl 3@ CHET UCMONb30BaHMWSA cneumanbHbIX ObICTPOAENCTBY-
towwmx (0,8-1,5 McC.) repkOHOBbLIX pene C BbICOKOBOJIBTHOW
(3-5 kB) usonsaumen. Takue pene JomkHbl 6bInM NOCTOSHHO
3aKopaymBaTh U3MEPUTENbHbIE BXOObl MUKPOMPOLIECCOPHO-
ro pene 4o Tex nop, noka BenvynHa Toka Ha Bxoge He Aoc-
TUTHET HEKOTOPOW NMOPOroBOW BENUYMHBI.

Momumo aHanoroBbix (M3MEPUTENBHbIX) BXOAOB, MUKPO-
NpoLECCOpHbIE 3aluUTbl CHabXeHbI Takke GONbLUIMM KOMu-
YECTBOM IOrMYECcKnx BxofoB. B 3aBUCMMOCTH OT 3anoxeH-
HOW B perne 3alnTbl TOrMKK, MHULUaLMS HEKOTOPbIX N3 3TUX
BXOZ0B MOXET BbI3BaTb OTKIMOYEHNE BbICOKOBOITLTHOTO BbIK-
novatens (To ecTb BbICOKOBOMLTHOW NHUK, TpaHcdopma-
TOpa UNu Apyrnx BaxkHbIX 3HepreTmyeckmx oobLekToB). B Tom
cnyyae, Kora Takas MHMLmaums — cneacTBue BO34eNCTBUSA
Ha pene nomMmexu, OTKIMYEHNE 3HepreTudeckoro obopyno-
BaHUSA ABMSIETCA CEPbE3HON aBapuer, ConpoBoXaatoLLencs
3Ha4MTenbHbIM ywepbom n TpebytoLlen TwaTenbHOro aHa-
nv3a NpuyrH, Bbi3BaBLUKX ee. K coxaneHuto, BO MHOTUX Cry-
Yasx Tak U He yAaeTCs BbISBUTb UCTUHHYHO MPUYKHY NIOXKHO-
ro cpabartbiBaHMS 3aLLUThI.

PaccnepoBaHne HECKONbKMUX TakMxX CUTyaL Wi, B KOTO-
pbIX MPULLIOCh Y4acTBOBATbL aBTOPY, MOKasaro, 4To yac-
TOM NPUYNHON NOXHbIX cpabaTbiBaHU MUKPOMNPOLLECCOpP-
HbIX 3aLLMT Ha NOACTAHLMAX C NOCTOSIHHBIM ONepaTUBHbIM
HanpsXeHNEM SIBMAETCS 3aMblKaHWe Ha 3eMITI0 OHOTO U3
NpoOBOJOB CETU MOCTOSIHHOTO ToKa. [1pn 3aTOM Hu4ero
CTpaLLHOro C CamMol CETbI0 HE MPOUCXOAMT, TaK kKak oba ee
nomntca B HOpMarnbHbIX YCMOBUSIX XOPOLLO M30NMPOBaHbI
OT 3eMIIM U COCTOSIHME STON U3ONALUN NMOCTOSAHHO KOHT-
ponupyeTcs cneunanbHbiMy npubopamn. OgHaKo UMEH-
HO 3Ta xopoLuas n3onauusa obycnaesnuBaeT 3Ha4YUTENbHYIO
€MKOCTb Pa3BETBMEHHON N MPOTSKEHHOW CETU MOCTOSIH-
HOro Toka, 0COBGEHHO Ha KPYMHbIX MOACTAHUUAX, U ABMS-
€TCSA MPUYMHON BO3HMKHOBEHWSA MMIMYNbCOB Pa3psgHOro
TOKa (M, COOTBETCTBEHHO, HAMPSXXEHWS) NPU 3a3eMneHnn
ogHoro u3 nposogoB cetu (puc. 1). MakcumanbHoe 3Ha-
YeHMe HanpsKEeHUs, BO3HMKAOLLEro Npy paspsiie eMKoc-
TV CeTU, MOXET JoCcTuraTb, B MPUHLMMNE, NOMOBUHbI Ha-
nps>keHns NoAacTaHuMoHHon 6aTapeu, 1o ectb 110B. UHm-
Lmayus xe normyecknx BXoaoB MUKPONPOLIECCOPHbLIX pene
PasnU4YHbIX TUNOB MPOUCXOAUT MPU Pa3NUYHBIX YPOBHSX
MWHUMAarbHOro HanpskeHus, HadnHasa ¢ 40-50B, To ecTb
npy HanpsXXeHMAX, TUMUYHbBIX A8 OAHOMNOMIOCHbBIX 3aMbl-

KaHUM Ha 3eMJo0 B CeTU NOCTOAHHOro Toka. bonee Toro,
MOLLHOCTb W ANMTENBHOCTb MMMyNbCca pa3psiAHOro Toka
0Ka3blBaKOTCA BMOMHE A0CTAaTOMHBIMU HE TOMNMbKO AN UHU-
uuaunm normMyecknx BXOLOB MUKPOMPOLIECCOPHbIX pene,
HO fgaxe Ans cpabaTbiBaHWUsI HEKOTOPbIX TUMOB NMPOMEXY-
TOYHBIX 3NIEKTPOMEXAHNYECKUX pene C HOMUHArNbHbIM Ha-
npsbkeHnem 220B (cpabaTbiBaHMe 3TUX perne NpoMCXoau-
10 Npu HanpsbkeHun okono 70B).

YyuTbiBas orpaHWYeHHy ANUTENBHOCTb UMNynbca
pa3psiAHOro TOKa, TEXHUYECKM BO3MOXHO BBECTU (Mpo-
rpamMMHbIMUN CPEACTBAMM) B FTOrMYECKYH0 CXEMY MUKPOMNPO-
LLleCCOPHOro pene AOMNONHUTENbHbLIN NPOrpamMMHbIA Tanvep,
obecneumBaroLL M 3a0epKKy NPOXOXAEHNSI BXOQHOTO CUr-
Hana Ha 20-40 mc. Takon Tanmep ByaeT urpaTb ponb purnb-
Tpa, NpenaTcTByoLLErO cpabaTbiBaHUIO MUKPONpPOLIECCOp-
HOro perne npv BO34ENCTBMU KPaTKOBPEMEHHBIX MMMYIb-
COB TOKa Npu paspsge eMKoctu cetn. MoxHO ncnonb3o-
BaTb RC-Lenoyky, NOAKIMIOYEHHYO KO BXOA4aM pere U Bbl-
nonHsitoLwyto Ty xe yHkumio. OgHako, npexae Heobxoan-
MO peLunTb, 4ONYCTUMO N, B NPUHLMMNE, yBENUYEHME MNO-
YTV BOBOE BPEMEHMW peaKUuMun pene Ha noBpexaeHue (Ko-
poTkoe 3ambikaHue). o Halemy MHeHUI, Takoe 3amen-
neHve OeNCTBUS pene 3alnTbl SBNAETCA HeAOMYCTUMbIM.

B cBA3K C M3NOXEHHbIM, HAMU NPEASIOKEHO UHOE pe-
LweHue npobnemMbl, OCHOBAHHOE Ha MOBbLILLEHUWN HUXHE-
ro nopora cpabaTbiBaH1sA NOrMYECKNX BXOLOB 40 HOPMU-
pyeMOro ypoOBHSl, MPEBbILLAIOLWEr0 MOMOBUHY Hanpsixe-
HUsA ceTu. B kayecTBe Takoro ypoBHsi BbIGpaHO Hanpsi-
xeHue 150B. [ina peanvsauuun 3ToM naen npeanoxeHo
ncnonb3oBaHWe npocTenwero mogyna (puc. 2), coctos-
LLero u3 AByX 3MEKTPOHHbIX KOMMOHEHTOB: CTabUNMTpO-
Ha C HanpsikeHuem ctabunusaumm 150B 1 HoMUHanNb-
HbIM TOKOM 5 MA M MOLLHOIro TupucTopa Ha Tok 7,5A n
HanpshxeHne 800B, nmetowiero Tok oTnmpanus 5 mA. MNpu
HanpsixeHun Huxe 150B ycTpocTBo HaxoauTca B 3anep-
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Puc. 1. Cxema pa3psiza eMKOCTU CETU NOCTOSIHHOMO TOKa
yepes NorM4ecknii BXod perne 3auThbl (2) ¢ pa3oMKHYTbIM
YNpaBnsitoLWLMM KOHTakToM (1) Npu 3aMblkaHWUW Ha 3eMIT0
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Puc. 2. Cxema BKIMHOYEHMS Y KOHCTPYKLMS MOPOrOBOro MOAYIS:
1 — Tnpuctop Tnna BT151-800L;

2 — ctabunutpoH Tnna 1N5383;

3 — ABe kneMmHble naHensku Tuna Wieland 9700A/6S35
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TOM COCTOSIHMM, NO3TOMY MMMYMbChI
HanpsbkeHna senuynHon go 110B,
BO3HMKalOLWMNE NPU 3aMblKaHUAX Ha
3eMIto B CETU MOCTOSAHHOIO TOKa, He
npoxoasaT Ha Normveckne BXoabl pene
3awunTol. MNpu 3aMbikaHUK ynpaBnsto-
Lero KoHTakTa S k CTabunuTpoHy
CKaYKoM MPUITOXKUTCA HanpsixeHune
220B 1 OH MIHOBEHHO OTKpoOeTcH,
nponyckas Yyepes cebs ToK B Lienb yn-
paBnswLwero anekTpoga Tupucrtopa.
Tupuctop oTNUpPaeTcs U CBOUM HU3-
KUM MpPSIMbIM COMPOTUBIIEHNEM LUYH-
TUpyeT CTabunNUTPOH U Uenb ynpas-

Pwuc. 3. BHelwHW Bua 0QMHOYHOMO Moayrs,
YCTaHOBIEHHOro Ha ctaHaapTHon DIN-pelike

3TOM coCTaBnsAT He bonee 5% Bcex
nospexaeHui. MNMpu peanbHbIX TOKaXx,
npoTeKawLmx Yepes TUpPUCTOp B CXe-
me moaynsa (15-50 mA), BbiropaHue
CTPYKTYpbl TUPUCTOPA HEBO3MOXHO.
PeanbHo noBNuUATb Ha HaAeXHOCTb
penenHon 3awnTbl MOTYT NUlWb He-
CKOIMbKO BHYTPEHHUX MasHbIX coeau-
HEHUN N OOMNONMHUTENbLHOE coeauHe-
HUe NPOBOAHMKOB C MOMOLLIbIK KNeMM-
HUKa, ncnonb3dyemoro B moagyrne. lo-
3TOMY AN MOHTax)a 311EMEHTOB He U1C-
nonb3yeTcsi neyaTtHas nnarta, B KOTo-
pov BO3MOXHbI CKpbITble AedeKTbl, a

nswouwero anektpoaa. Tenepb Becb paboyuin Tok Npoxo-
OUT Yepes Lenb aHoa-kaTog TupucTtopa. NageHne Hanps-
XEHWs1 Ha OTKPbITOM TUPUCTOpPE HE MpEBLILAET Aonew
BOMbTA, YTO B COYETAHMM C HEGONbLIMM TOKOM, NpOTEKa-
towum vyepes Hero (15-50 MA), oBycnaBnmnBaeT o4eHb He-
3HAYMTENbHOE pacceMBaHMe MOLLHOCTY U He Bbi3blBaeT
HarpeBa MOLLHOIo TMpucTopa.

O6a anemeHTa pa3meLLieHbl Ha HEOOMbLLION NaTe U3 CTeK-
notekctonuta pasamepom 70x40 MM, 3aXaToM C NOMOLLbIO
OBYX BUHTOB MeXAy OBYMSI CTaHOAPTHLIMW KNEMMHbIMU na-
Hernbkamu, NpegHa3HavYeHHbIMY AN YCTaHOBKM Ha CTaHaap-
THom DIN-pelike. lMocne MoHTaxa aremMeHTOB Ha nnate OHU
MOKPbLIBAKOTCS CIIOEM BOLOCTOMKOIO Nlaka MU U3onupykTcst ©
MOMOLLbIO0 TEPMOYCaXXNBAIOLLENCS ANANEKTPUYECKOW TPYOKM,
obecneunBaroLLEe MEXaHNYECKYHO 3aLLMTY ANIEMEHTOB U CO-
eavHeHWn Ha nnate. [oToBOe YyCTPOMCTBO NPeaCTaBnsaeT Co-
6011 HebOoMbLLION NErko MOHTUPYEMBbIA MOAYIb (puc. 3), Me-
OLLMIA OYEHb HU3KYHO CTOMMOCTb (TMPUCTOP BMECTE CO CTa-
BunMTpoHOM cToAT MeHee AByx Aonnapos CLLUA).

Mogaynb nogkno4yaeTcs He KO BCEM JTOTMYECKUM BXO-
ham, a nNuWb K 0co60 KPUTUYECKMM, MHULMALMSA KOTO-
pbIX MOXET Bbl3BaTb cpabaTbiBaHNE pene u oTKIYeHne
NUHUI 3nekTponepeaay unm cMnoBoro anekTpoobopyao-
BaHuA. [Insa ogHOro MMKPOMpPOLIECCOPHOro pene MoXeT
notpeboBaTtbcs 2-4 Moayns.

OnucaHHOE YCTPOWCTBO MOXHO MUCMOMb30BaTh TaKXe
COBMECTHO C OObIYHbIMU 3MEKTPOMEXAHUYECKMMU perne
B TE€X Crny4yasx, Korga ux peanbHoe HanpsxeHue cpaba-
TbiBAHWUSI MEHbLUE MOMOBUHbI HaMpPsXeHUs ceTu nocTo-
SIHHOTO TOKa, TO €CTb KOr4a CyLLEeCTBYET yrpo3a MX JoX-
Horo cpabaTbiBaHUS.

CnenyeTt OTMETUTb, YTO NPMMEHEHUE Npeanaraemoro
YCTPONCTBa (haKTUYECKN HE CHWXKAET HaAEXXHOCTU penen-
HOM 3alUNTbl, MOCKOMbKY 3NEKTPOHHbIE SNIEMEHTbI MOMHO-
CTbo 00EeCTOYEHbI MPY PAa30MKHYTOM YNpaBnstoLLieM KOH-
TakTe M NpuMHUMNManbHO He MoryT cpaboTaTtb camonpo-
U3BONbHO, HaNpumep, BcrieacTane Npobos UM camonpo-
W3BOJIBHOTO OTNMpaHns TupucTopa. fJaxe ecnu 4onycTntb
(4ncTo TEOPETUYHECKMN) BEPOSITHOCTD NPOBOSI ANEKTPOHHbIX
3NEeMEeHTOB MOAYns, TO B TAKOM COCTOSIHUM pene 3alunTbl
NpOCTO BO3BpaLLaeTCs B pexvumM paboTbl, KOTOPLIN ObIN 40
npuMeHeHus moayns. MNoBnuATb HA HaAO4EXHOCTb pene
MOXET NuLLb 06pbIB BHYTpeHHeN Lenun moayns. OaHako,
COrnacHO CTaTUCTUKe, BHYTPEHHUE obpbiBbl B NONynpo-
BOLHMKOBbIX Npubopax BO3HUKAKT TOMbKO NoA AENCTBU-
€M oyeHb 6onbLIOro NpoTekarLero Toka (korga npouc-
XOOWUT BbIrOpaHMe NonynpoBOAHUKOBOW CTPYKTYPbI) U Npn

rmbkne BbIBOALI TMPUCTOPA U CTabUnUTPoHa OUKCUPYIOT-
cs mexay cobon nepea Namkon ¢ NOMOLLbIO TOHKOTO Mef-
HOro NyXeHoro NpoBoAa, YTo AenaeT BepPOATHOCTb OTKa-
3a Moayns YpesBbl4aNHO HU3KOWN.
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MocTaBKa neyaTHbIX Nnar:

—0onmn, gnn, Mnn (go 24 cnoes),
ran, KO,

— (OMHULUHBIE NOKPLITUA NNnaT —
HAL, Hard Gold, Immersion Gold, Carbon Ink, Ni;

— CPOK W3roTOBNEeHUs — oT 5 AHeN.

Qa8
\W

MarotoeneHune TpachapeToB AN NOBEPXHOCTHOrO
MOHTaXa: N3 HepKaBetoLLen CTanu, Bbipe3aHHbIe Na3epom.

MocTaBka ANEKTPOHHBLIX KOMMNOHEHTOB: KOMNNEKTauna
M3Oenna No XenaHu 3aka3dyuka.

MoHTaX nevaTHbIX NNAT (B T.4. ONbITHLIX NAPTUK):

— MOHTaX SmT;

— MoHTax kopnycoB BGA, uBGA, Flip-Chip, CSP;

— PEHTreHOCKONMYECKWUIA KOHTPONL Ka4yecTBa nanku
mukpocxem BGA.

Pa3pa6oTka aneKTPOHMKKM Ha 3aKa3: NPOeKTUPOBaHWe
U3aenuih oT Maew 4o roToBOro NpoekTa.
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