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PACCKa3aHo O psfie IapaMeTpPOB, KOTOPhle Hauboee YacTO UCIIOIb3YIOTCS OIS
OLIEHKH ITPMMEHUMOCTH PEe3HUCTOPOB, Pe3UCTOPaX HECKOJIbKUX TUIIOB U TEXHOJIOTHUIX
HX IIPOH3BOACTBA. B JaHHOM HOMepe paCCMATPHUBAIOTCA ITIaCCHBHbIE KOMIIOHEHTHI

COIIPpOTHUBJIEHHUA o6mero Ha3HA4YeHH .

MACCUBHbBIE KOMMOHEHTbI COMPOTUBNEHNA
OBLLEFO HA3HAYEHUA

Yun-pesucropbl

basoBble NOHATUSA

Y>ke CTano 06WmMmM MeCTOM YNOMUHAHWME O TOM, YTO Ymn-pe-
31CTOPbI M0 06bEMY MPOM3BOACTBA B rPpyMnne NaCCUBHbLIX KOM-
MNOHEHTOB YCTYNAKT TONbKO MHOFOC/IOMHbIM KEpaMNYeCKM
KoHaeHcaTopam (Multilayer Ceramic Capacitor, MLCC). Tem
He MeHee, GakT ocTaeTcst pakToM: U MLCC, 1 4YMn-pe3ncTo-
pbl, MO3BONSAOLWME NOAAEPXKMBATL TPEHA HA MUHMATIOPU-
3aLM0 COBPEMEHHOIO 3/1€KTPOHHOI0 0bopyaOBaHMS, CTa-
BUNLHO YAEPXKMBAKOT «NPU30OBLIEY MeCTa B MPOM3BOACTBE.
HebonbluMe pa3mepbl YAM-Pe3nCTOPOB CHMXXAIKOT NapasnT-
Hble PeakTUBHOCTU, B CUY Yero 3TU KOMMOHEHTbI WNPOo-
KO MPUMEHSIOTCS B BbICOKOYACTOTHOW annapaTtype. Cylle-
CTBYIOLLASA IKBMBANEHTHAA CXeMa YuWM-pe3mcTopa, Mo3Bo-
NIAOWAS OUEHWTb YACTOTHbLIE CBOMCTBA Yepes napasuTHble
peakTUBHOCTW, OCHOBaHA Ha NpeaCcTaBAEHMUN 3TOrO YCTPOM-
CTBa KaK IMHWM Nepefa4vm C pacnpeaeneHHobiMy napaMmeTpa-
mu (puc.13) [16] u MHOroKpaTHO pacCMOTPEeHa, B TOM Ync/e
B [16] (B 3TOM UCTOUYHMKe TepMUHOM Lumped (cocpeaoToyeH-
HbI1) OMNCLIBAIOTCA KOMMOHEHTbI, AJIMHA KOTOPbIX He mpe-
BbILWAeT OAHOW AeCATOW AJMHbI BO/IHbI 31€KTPOMArHUMTHO-
ro KONebaHus, 4To AenaeT n3mMeHeHne Gasbl B KOMMNOHEHTE
NPpY NPOXOXKAEHUM BOSTHLI HECYLLLECTBEHHbIM).

Mo CywecTBy 3KBUBANEHTHOM CXeMbl HYXXHO OTMeTUTb,
YTO BE/IMYMHbLI PeaKTUBHOCTEN OonpeaensaTcs Gusmnyeckn-
MM pazMepamm pe3mcTopa n 0T4acTu Cnocobom ero MoHTa-
Ka, BAVSIOLMM Ha MONOXKEHME OTHOCUTENbHO 3a3eMISoLLEeN
NoBepXHOCTW. Tak, B CUTyaumsx, Korga KOMMOHEHT AoCTa-
TOYHO yAaneH OT 3a3emMieHus, nocnenoBatesbHas MHAYK-
TWUBHOCTb Ly MOXXET MOAENINPOBATLCA KAK IEHTOYHAA KaTyLu-
Ka, napamMmeTpbl KOTOPOW OnpeaensaTca ee ANNHOM (To ecTb
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Puc. 13. DKBHUBaJleHTHas CXeMa YMII-pe3HcTopa. L, - mocie-
JloBaTe/IbHasl HHAYKTUBHOCTD, C; - IIOC/Ief0BaTeIbHAs eM-
KOCTb, C, - IIYHTUPYIOIIas eMKOCThb

pasmepamu pesnctopa). B [16] npuBOANTCS TMMOBOE 3HaYe-
HWe NoCNefoBaTEeNbHOW NHAYKTUBHOCTM B 0,7 HI'H Anst GOpmM-
dakTopa 0805. B cBOW o4vepedb, pacnpeneneHHas LWyH-
TUpyowas eMKocTb C, ONMUCbIBAETCSH MOAEbI0 RC-NMHNN
nepefadu, B KOTOPOW YYNTLIBAIOTCS AMSNEKTPUYECKME KOH-
CTaHTbI Matepuana pe3ncrtopa ¥ OKpy>KaroLero npocTpax-
cTBa. B TOM e fokymeHTe [16] B Ka4ecTse npuMepa LWyHTH-
pytoLLen eMKoCTK pesncTopa 0805 Ha niate U3 maTepuana
FR4 TonuwmHom 0,032" ykazaHa BennydmHa 0,2 n®. Mocneno-
BaTeNbHas (MeXKOHTaKTHas) eMKocTb Cg CTAaHOBUTCS 3Ha-
YMMOW C yBENIMYEHMEM COMPOTUBIIEHMS PE3NCTOPA N TakXKe
3aBNCUT OT AMBNEKTPUYECKOW KOHCTAHTbI MaTepuana pesu-
CTOpa ¥ pa3mMepoB KOHTAKTHbLIX MI0OLWAL0K.

OTBOp TENIa

Mo camom GU3MYecKon CyTn pe3ncTopa Kak npnbopa conpo-
TUBNIEHMS, PACCEMBAIOLLETO MOUWHOCTb, U B CUY MEPMaHEeHT-
HOW MUHMATIOPM3aLMM OAHUM 13 OCHOBHbLIX BOMPOCOB AN
YUN-Pe3NCTOPOB ABNAETCA OTBO/ Tena. Ha peweHune 3Ton
npobnemMbl HanpaeAeHbl YCUAMS NPOM3BOAMTENEN MO pas-
paboTKe 1 NCCNefoBaHMIO NOAN0XKEK, GOPMbl KOHTAKTHbIX
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N1I0WAA0K M CNOCOBOB MOHTAXa Y1M-Pe3nNCTOPOB. MOCKOSb-
Ky O MOAJIOXKKAX Y>Ke FOBOPWUIOCh Bbile, YyTb NoApobHee
0 ABYX APYrux pakTopax.

B HaCToOAWMM MOMEHT B YNM-UHAYCTPUM UCMONbL3YIOTCS
B OCHOBHOM MATb BUAOB AM3aNHA KOHTAKTHbIX M0LWAA0K pe-
31MCTOPOB. OB03HAYEH NS, KOTOPbIE UCMONL3YIOTCA ANS HUX
B MaTepuanax dupmbsl ATC, npeacTasneHbl Ha puc. 14 [17]. Mo-
X0XKMe 0603HaYeHMS NCMONBL3YIOT M HEKOTOPbIE MHbLIe MPOK3-
BOAWTENN PE3UCTOPOB, C TOW UL Pa3HMLLEN, YTO NepBas
nuTepa ABYyXOyKBEHHOI0 0603HAYeHMS 3aMeHaeTCs Ha Apy-
ryto. Ho ecTb komnawuu (Hanpumep, IMS), KOTOpble Npu-
MEHSI0T CBOIO CUCTeMy 0603Ha4YeHUn. Hago OTMEeTUTb, YTO
CTO/Ib CONUAHBIA HABOP TUMNOB KOHTAKTHbLIX NAOWAAOK NC-
MOJIb3yeTCst B OCHOBHOM B MOLLHbLIX M BbICOKOYACTOTHbLIX MpK-
NIOXKeHWax. Moaasastowlee 60NbWNHCTBO UHBLIX MPUIOXKe-
HUM Mcnonb3yeT CW-TUN KOHTAKTHbIX N0WAA0K, MMeHye-
MbIW B 3apybexKHOM fokyMeHTaumm wraparound. Kak BUAHO
N3 PUCYHKA, OTANYUTENbHAS OCOBEHHOCTb YeTbIpex OCTalb-
HbLIX TUMOB — 3TO HAMYME KOHTAKTHOWM NAOWAAKM ANsg OTBO-
aaTenna (Ha HUXKHeR CTOPOHE), SNeKTPUYECKM COAMHEHHON
C O[HWUM 13 KOHTAKTOB Yy Harpy3ku (CZ-, CT-TuMbI) 1 U30U-
poBaHHOM y pe3ncTopa (CR-, CS-TuUMbI).

PUC. 14, KpOMe SBHO 0603HAYeHHOr0 pa3aeneHs KOHTaKT-
HbIX MIOLWAA0K NO TUMY KOMMOHEHTA (pe3ncTop, Harpy3ka),
COLEpPXUT pasfeneHye elle Ha ABe rpynnbl, PasanyatoLimecs
CNocoboM MOHTaXA. DTO pasnuyme noscHsetca B [17] 1 co-
CTOWT B TOM, YTO KOMMOHEHTbI, Ha3blBaemMble NpoCTo C/10-
BOM «4um» (C KOHTAKTHLIMW naowaakamm tmunos CT v CR),

Ju3ariH KOMIIOHEHT
cz Harpys3ka
CT Harpyska
CR Pesuctop
(&) PesucTop
cw PesucTop

Puc. 14, TUIIBI KOHTAKTHHIX IUIOIIAIOK (TaHHBIe KOMIIAHHNU
ATC). KpacHble TUHUY ~ KOHTAKTHHIE TUIOUAAKH, SKEeJIThIE ~
MOHTAa)KHBIE 3JIeMEHTHI THIIa Wire bond

Pe3UCTUBHBIN IEMEHT
KOHTaKT l

IlevyaTHas IIaTa qun

3a3eMJIeHHe U OTBOJ, TeIlia

a) .
Pe3uCTUBHBIN 3JIEMEHT
IlepexonmHoe
Yun-SMD
_~ OTBepCcTHe

TleyaTHas maTa

3aszeMJIeHHe U OTBOJ, TeIlIa

6)

Puc. 15. MoHTaX 4yuIl- (a) ¥ SMD-uu (6) KOMIIOHEHTOB
Ha [IpUMepe Harpy3KH (JaHHble KOMIaHUU ATC)

06bI4HO MOHTUPYIOTCSA B MUKPOBbIPE3bl NaaThl (puc. 15) Ha 3a-
3eMAsoLLYI0 NoBepxHOCTh (Groundplane), BbIMOMHAOLLYIO
TaloKe po/ib TEMNI00TBOAA.

A KOMMOHEHTbI, MEeIoLLIMe KOHTaKTHbIE MA0LWAAKM TUMOB
CZ, CSn CW, oTHOCATCA K rpynne SMD-KOMMOHEHTOB M MOH-
TUPYIOTCS HA MOBEPXHOCTb MeYaTHOM NAathl. [py 3TOM Ten-
10 OTBOAMUTCS Yepe3 KOHTAKTHYO MAOWAZKY, 3aNOAHEHHYIO
3a/IMTBLIMKW NPUNOEM NEPEXOAHLIMW OTBEPCTUSIMUA.

KOHeYHO, cyMTaTh, YTO NpMUBEAEeHHAas Bbile Kiaccndurka-
LM ABNSETCA OAHO3HAYHO ONpPeAeneHHON 1 yHUBEPCANbHOW,
66110 Bkl NpeyBennyeHmem. CyLLeCTBYIOT TUMbl KOPMYCOB YMM-
Pe3NCTOPOB, He YKNaAblBAOLLMECS B O4EPHEHHbIE FPAHNLLbI.
Hanpumep, dupma State of the Art (SOTA) BbinyckaeT nsae-
e (S0202FS1001DKW), y KOTOPOro OANH KOHTAKT BbiBEAEH
Ha BEPXHIOK CTOPOHY Pe3MCTOopa, a BTOPOM — Ha HWXKHIOH0,
HO MpPW 3TOM 3NeKTpuyecKkoe CoeanHeHne pe3nCTUBHOIO
CNOS N HWXKHEW KOHTAKTHOW MAOWAAKM AenaeTcs He «0b0-
paynBaHMem» KOHTaKTHOM namenu (wraparound), a nocpes-
CTBOM MpPOBOASLLEN KPEMHWEBOW MOANOXKM. B TepMUHO-
NIOrM NPOM3BOANTENS 3TOT TWM KOpPNyCa HasbiBaeTcs Back
Contact Resistors (BCRS) 1, Kak yKa3blBaeTCs, MOXKET yaeLle-
BMTb MPOLIECC MAMKM 32 CHET YMEHbLLEHMS KONMYeCTBa Npo-
BOAHbIX coeamHenuin (wire bonding). OTMeTUM TaKxKe, 4To
B KAacCMdMKaUMIO He BOLWAW KOPMyCa C YaCTUYHbIM «0B0-
paymBaHunem» namenu (obliee HasBaHuMe partial wrap).

3aBepwas MHGOPMALMOHHbIN 610K, MOCBSLWEHHbLI TWU-
Nam KOHTaKTHbIX M/I0LLAA0K, HEOOXOAMMO eLLle Pa3 BepHYTLCS
K Ty CW. 3T0 OAMH 13 CaMbIX BOCTPEDOOBAHHbIX AM3aNHOB,
NMELW M XOPOLMe NapaMeTpPbl MO MEXaHUYeCKOW MPOYHO-
CTW. M3-3a 60NbLIKMX N0 CpaBHeHMUIO C Tunamu CR, CT pa3me-
POB KOHTAKTHbIX MA0OWAA0K 3TOT TUA MMeeT 0BbeKTUBHO Xya-
LIMe 3Ha4YeHMs N0Ce0BaTeIbHOM eMKOCTU. TeM He MeHee,
durpma IMS (www.ims-resistors.com) npeanoxmna TeXHON0-
FM0 MCN0b30BaHNA CW-KOMMOHEHTOB B BbICOKOYACTOTHbIX
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NPUIOXKEHWAX. 015 3TOr0 MPOU3BOANTCH MOHTAX KOMMOHEH-
Ta Pe3nCTMBHLIM Cloem BHU3 (Face-down Mounting). Mpwu
3TOM NpOTeKaHMe Toka no bosiee KOPOTKOMY MapLUpyTy, Hem
B CJly4ae TPaguLUMOHHOrO MOHTaXa, yMeHblUaeT niowanb
TOKOBOW METIM 1 CBA3AHHYIO C HEM MapasmnTHY N0C1ea0Ba-
TeNbHYIO MHAYKTUBHOCTL (ESL) [18]. Mccnenosanus, npose-
[eHHble Ha aTTeHaTopax A-cepmm KomnaHmm IMS, oTHOCS-
LMXCS K TNy wraparound, ang avana3oHa Ao 10 Ty, noka-
3a/1, 4TO YaCTOTHLIM AMana3oH KOMMOHEHTOB C MOHTaXOM
Face-down ysennuumncs o 40 'y cynydweHnem KCB B Bepx-
Hen 4acTu AmanasoHa. Ha puc. 16 npeAcTaBneHo CpaBHeHME
no KCB (4epe3 o6paTHbIe NoTepm).

MO>KHO TaKoKe YyNOMSHYTb O CepUM ABYXCTOPOHHUX YUM-pe-
3ucTopos DSC (Double-Sided Chip Resistors) dupmbsl Welwyn
Components (ynpaenseTcs KomnaHuen TT Electronics). 37a
Cepusi pesncTopoB y>Ke B CUy CBOEro YCTPOWCTBA, Noapa-
3yMEBAKOLLEr0 Han4me pesncTUBHLIX C10eB C 0benx CTo-
POH MOAMOXKM, BbINYCKABTCS C KOHTAKTHLIMK MaoLLagKka-
My wraparound. O4eBUAHbIMW LOCTOMHCTBAMU TAKOW KOH-
CTPYKLUMM ABNSAIOTCA paclUMPEHHbIA AMANa30H MOLLHOCTEN
N yAyYLLEeHHbIe IMMY/IbCHbIe CBOMCTBA KOMMOHEHTOB.

TOYHOCTb HOMMHAaNA

Ecan oTBOA Tenna Mbl 0603HAYMAN KAK NEPBbIA OCHOBHOM
BOMPOC Pe3NCTOPOCTPOEHUS, TO BTOPbIM, HECOMHEHHO, $1B-
NgeTcs BOMPOC AOCTUMKEHWS 33JaHHOM TOYHOCTM HOMU-
Hana, unu gonycka (tolerance). PaccMoTpUM 3TOT BONPOC
Ha NprMepe TOHKOMIEHOYHbIX YMM-PE3UCTOPOB HA OCHOBE
HUTpUaa TaHTana (TaN). 4ng Havyana HanoOMHUM ABa MOHS-
TV, TOHKOW NAEHKOW ByieM Ha3biBaATb MaTePMan, TONLMHA

CH1 MEM log MAG 10dB/ REFO0db
L 1: -20.243dB
c2 1.0000 GHz
2: -15.177dB
L 20.0000 GHz
Gat
L 3: -15.598dB
40.0000 CHz
L L L L L L
Start1.0000 CHz Stop 40.0000 GHz
a)

KOTOPOro MHOIO MeHbLUe pacCTOsIHNSA MeXy KOHTaKTaMu.
ConpoTuBAEHME TOHKOW NAEHKX MPOM3BOLHOW NAOLWAAN
B GOpMe KBapaTa Ha3bIBAETCs «yAe/lbHbIM CONMPOTUBIEHNEM
Ha KBagpa™ M 0bo3Ha4vaeTcs kak Om/O unm OM/KB. 3TOT
napameTp yaobeH Tem, YTO COMPOTUBEHME KBAAPATHOIO
dparmMeHTa NPOBOASLLEN NNEHKWN HE 3aBUCUT OT pasMepoB
3TOro KBaapaTta, Npy NPUAOXKEHUN HANPSXKEHWS MO NPOTU-
BOMOMOXHbLIM CTOPOHAM KBaApaTa. DTO 06bACHAETCS TeMm,
YTO KBAAPATHbLIN GparMeHT MAEeHKN MOXHO MpeaCTaBUTb
KaK CMCTeMy NoCnef0BaTebHO-NapanieNbHbIX Lenoyek pe-
3UCTOPOB, B KOTOPOM yBEMYEeHNe ANUHbI KBaapaTa (o nu-
HUW TOKA) SKBMBANEHTHO HapalLMBAHWIO NOCAeA0BATE b-
HOro CONPOTMBNEHMS, @ COOTBETCTBYIOLLIEE YBEINYEHME LLIN-
PVHbI — HAPALLMBAHMIO NAPaNNeNbHbLIX 3BeHbLEB. [1pK 3TOM
CONpOTMBAEHME dparMeHTa NAeHKM, eCn OH MMeeT GopmMy
NPAMOYrObHMKA, He 3aBUCUT OT ero TIMHEeNHbLIX Pa3Mepos,
a TO/MIbKO OT OTHOLWEHUS AAWHbI L (M3MepeHHOW BAOAb K-
HWUM ToKa) K ero wupuHe W: L/W. Torga conpoTusieHune R
TOHKOM/IEHOYHOr O Pe3nCTopa ONpefenseTcs «reoMeTpuye-
CKOWM» GOPMYION:

R=r(L/W),

roer—yaenbHoe conpoTmnenexme (Om/KB).

TexHONOr A NPON3BOACTBA YMM-PE3UCTOPOB C BLICOKMMM
3HadeHnamm gonycka (~0,5%) HarnsagHo npeacTasneHa B 4o-
KyMeHTe KomnaHum ATP (www . thinfilm.com) [19]. Ha nep-
BOM 3Tane Co3[aeTcs CBoeobpasHas 3arotoska byaylie-
ro pesncTopa, KOTOPYH MOXHO NPeaCTaBuTb Kak Lemnb no-
CNefoBaTeNbHO CORAUHEHHbIX KBAAPATOB TOHKOMN MAEHKH,

CH1 MEM log MAG 10dB/ REF0db
= 1: -22.339dB
c2 1.0000 GHz
2: -25.298dB
L 20.0000 GHz
Gat
L 3: -43.342dB
40.0000 CHz
| | | | | |

Start 1.0000 GHz Stop 40.0000 GHz

6)

Puc. 16. CpaBHeHHMe YaCTOTHBIX OTKJIMKOB IIDHM MOHTaKe aTTeHaTopa A-0402 (koMmaHus IMS) pe3uCTUBHBEIM CJIOEM

BBepx (a) u BHU3 (6)
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IJIEKTPOHHAA KOMIMOHEHTHASA BA3A

www.electronics.ru

a)

6)

B)

r)

Puc. 17. TUIIBI JIa3ePHBIX BBIPE30B: a — «Bpe3aHUe»

(Plunge Cut), 6 - «L» (L Cut), B - «3MeeBUK» (Serpentine Cut),
I - THUIA “CKaHUpOBaHUe» (Scan Cut) (JaHHbIe

KOMITaHUU ATP)

KXKAbIM 13 KOTOPLIX WUMEEeT COnpo-
TUBNEHWe r. Ha BTOpOM 3Tane npouc-
XOAMT nasepHas obpaboTka (noapes-
Ka) 3aroTOBKM A5 NMOMYHEHUS TOYHO-
rO 3HayeHVs HOMMHana. Mockonbky
NpV CEPUMHOM MPOM3BOACTBE MPUXO-
anTca obpabaTtbiBaTh 1a3epoMm M-
NIMOHBI U3aennn, pa3paboTaHbl 1 Npu-
MEHSIOTCS TUNOBblIE GOPMbI BbIPE30B.
OHWM npegctasneHsl Ha puc. 17. Ca-
MbI MPOCTOW, BbICTPLIA L AelleBbIn
TUN Bbipesa — «Bpe3aHune» (Plunge Cut)
(pnc.17a). OH NpUMeHseTCs Npu Aony-
cKe [0 5%. PekoMeHA0BaH 414 Npuno-
SKEeHWN NOCTOAHHOMO Toka (DC). Bbipes
Tmna «b» (L Cut) (puc. 176) obecnevu-
BaeT yNy4ylleHHbIX AOMyCK MO Cpas-
HeHuto € Plunge Cut. Takxke npume-
HseTCsa npu gonycke Ao 5%. OH 60-
nlee 4OpOron, CAOXHbLIA M 3aTPaTHLIN
no BpemMmeHu. PekomeHzosaH agng DC.
Bbipe3 Tuna «3meeBuk» (Serpentine
Cut) (puc. 178) gaeT 6onee LMPOKMI
[VanasoH M3MEHEHWUST 3HAYeHUn Co-
NPOTUBAEHWNS W IYHLLIUIA JONYCK, YeM

a)

0Ba nNpeablaylnx Tmuna Bbipe3oB. OBbIYHO NpUMEHSETCS
anga DC.

Bbipes Thna «ckaH» (Scan Cut, BCTpeYaeTcs TakKe TepMUH
Scrub Cut) 06bI4HO MPOM3BOAMTCA C 06EMX CTOPOH 3aroToB-
KW, XOTS HEMANO NPUMEepPOB M OAHOCTOPOHHEro MpuUMeHe-
Hus. OH NO3BONSIET NONYYUTL HAUYHLLUME NOKa3aTenu no va-
CTOTHOMY OTKANKY 1 TOYHOCTIN HOMMHana (aonyck 4o 0,05%).
STOT TWN BbIPE30B — CaMbIN JOPOTOW, CJIOXKHbIV U 3aTPaTHbLIN
MO BPeMeHW. PeKOMeHA0BAH A1 N0ObIX MPUAOXKEHWI.

Ha puc. 18 [19] npeacTasneHa oaHa M3 GOpPM 3aroTos-
KW YMM-pe3ncTopa W Noay4YmBLIErocs nocie nasepHom ob-
paboTKkuM pesynbTaTta. 3Ta Gpopma HOCUT HasBaHMe Top-Hat
Configuration (KoH®Urypaums «wnsna»). IMeHHo oHa No3Bo-
NAeT NONY4UTL Hanbonee WMPOKMA AMANA30H HACTPOMKI HO-
MMHaNa ConpoTmeaeHMs . MoKasaHHbIN Ha puc. 186 pe3ncTop
COCTOUT U3 11 KBAAPATOB, CeMb 13 KOTOPbLIX MMEKT COMnpo-
TvBNeHue Ir, a YeTbipe, pacnosioKeHHbIe B yraax GopMbl —
conpoTueneHue 0,56r (TOCKONLKY HAMPSXKEHWE NPUIOXKEHO
K CMEXHbIM CTOPOHaM KBaApaTa). CHMTAeTCs, YTO NOSIHOEe CO-
NPOTUB/IEHME NONYYMBLLErOCS YNN-PE3NCTOPA PaBHO 9r.

Ynpasnssg GOpMOoK Bbipe3a, MOXHO MOAYYUTL yBenuye-
HMe HOMWHANa A0 TPex pa3 OTHOCUTENbHO HAYa/TIbHOM O 3Ha-
YyeHwus, c gonyckom o 0,5%.

Kak v B npefbliaywiemM pasgene, rae paccMaTpmBanmnch
TUMAbLl KOHTAKTHbLIX NAOWAAO0K, 34eCh HAC TOXe byayT MHTe-
pecoBaThb TEMI00TBOA M YACTOTHbLIV OTKANK MPUMEHSEMbIX
dopmM. [Ing aHanmsa 3TUX XapakTepmcTMK BOCMONb3yemcs

Puc. 18. KoHdurypauus pe3ucTUBHOro cnos Tuma Top-Hat fo (a) u mocie (6) 06-
paboTku (maHHbIE KOMIIAaHUU ATP)
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a) 6)

Puc. 19. PacrpefeneHye TeMIIEPATYPHI: a — BRIPE3 THIIA «L»;
6 - BBIpe3 THUIA «Scan»/«Scrub» (JaHHble KOMIAHUU IMS)

nyéaukaumen pupmel IMS [20]. Ha puc. 19 npeacrtasneHo
pacrnpefeneHve NAOTHOCTM Toka (4epe3 pacnpefeneHue
TemnepaTypbl) Ha ABYX pe3ncTopax, 06paboTaHHbIX 10 0AW-
HaKOBOro Aonycka.

Kak BUMAHO, Bblpe3bl THMa «CKaH» He CO3L4atoT ynaoTHe-
HWW TOKA Ha PE3NUCTMBHOM MOJIE U MO3BONISIOT AOCTUYL 60-
Jlee paBHOMEPHOTO pacnpefefieHns TemnepaTypbl, YTO aB-
TOMaTWYyeckn 03Ha4vaeT BO3MOXHOCTb paboTbl ¢ 6O/bLLN-
MU TOKaMWU.

B y>Ke UMTUPOBAHHOM AOKYMeHTe [20] paccmaTpmBatoTCs
M Y4aCTOTHbIE CBOMCTBA ABYX TUMOB BbIPE30B. ICCneaoBaHms
NPOBOANNUCH Ha pe3ncTopax cepun N (Ha NoANOKKe 13 HUA-
TpUaa aMoMUHKUA) ONA AManasoHa MoLHOCTM Ao 150 BT. Mc-
ciefyemas rpynna cogepykana iga pesmcropa Gopm-pakropa
2512 aBa —2010. B Kaxxaom pa3mMepHOW nape 0AMH pe3ncTop
06paboTaH no cxeme «L» (B 0603HAYEHUN UMEIOTCS TNTEPI
SG) 1 04MH No cxeMe «Scan» (B 0603HaAYEHUN UMEeTCa Nn-
Tepbl SZG). YaCTOTHBLIN OTKAMK BCEX YeThbipex 06pa3sLioB Npu-
BeZieH Ha puc. 20. 34eChb Mbl BUAMM, YTO B 06enX pa3MepHbIX
napax 6onee BbICOKOYACTOTHLIMU ABASIOTCS 06pasLbl C Bbl-
pe3amMmm TUMa «CKaH».

a) 6)

Puc. 21. CpaBHUTEIbHBIE PA3MEPBI IIJIAT C Pe3UCTOPAMH,
PAaCIIONOKeHHBIMU Ha ITOBEPXHOCTH IIIAThI () U BCTPOEH-
HBIMH B I1atTy (6) (JTaHHbIe KOMIIaHUH KOA)

rMonesHo OTMeTUTb, 4TO KomnaHusa IMS paspaboTa-
la U NpOM3BOAWUT B TOW >e N-Cepum pe3mcTop C Bbipe-
30M TUNa «ckaH» NDRI1225SZG, pacCYMTaHHbIM HA MOLLHOCTb
00 200 BT.Ero 4acTtoTHble CBOMCTBA OKasanunch elle bonee
BMeyaTnstowmmm. Ecnm cpaBHMBaTh € puc. 20, To obpaT-
Hble noTepu RL =20 Ab y 3TOro 4mn-pe3ncropa OoCTUrarT-
CcA HayvacTtoTe 6,65y,

BcTpoeHHble uynn-pesnctopbl (Embedded resistors)
MepMaHEeHTHbLIM TPeHA Ha MWHMATIOPM3ALMIO YKUn-pe3n-
CTOPOB BCEMEPHO CNOCOBCTBYET MX MCMOMNL30BAHUIO Kak
BCTPOEHHbIX MACCUBHLIX KOMMOHEHTOB MevyaTHbIX naaT.
MperMmyLlecTBa TakoW TEXHOMOMMW OYeBUAHLI U [oKasa-
TeNbCTB He TpebytoT. DT0:
* rMoBblWeHNe NA0OTHOCTN MOHTaXKa N CBA3aHHOE C3TUM
yaydweHne 4aCTOTHbLIX MapaMeTpoB;
e Jlydllee paccesHue Tenna m3-3a bonee BLICOKOW Ten-
JIONPOBOAHOCTM MaTepumana naaTthl,
* 6oJiee BbICOKASA HaLEeXHOCTL 06OpPyLOBaAHMSA B CUY
YAYHLEeHNS 3alLNTbl KOMMOHEHTOB OT BO34eNCTBUS
BHELIHMX arpecCmBHbLIX GaKTOpOB.
Ha puc. 21 npeactaBieHbl CpaBHU-
TeNbHbIe pa3Mepbl ABYX LUECTUCIONHBIX

0
_10 |-
[a]
H
< -20 -
oy
z
5 -30 |
=]
% -40
E NDR-25125G ~ NDR-251252G  NDR-20105G  NDR-20105ZG
8 -50 15Ty 26Ty 341y 4251y
3 -20,17 a6 -20,07 a6 -20,1 45 -20,01 a6
-60
_70 | | | | | |
2 3 4 5 6 8 9 10

Puc. 20. O6paTHBbIe [IOTEPHU IJIS BBIPE30B THUIOB «L» U «Scan» /»Scrub» (IaHHbIe
KOMIIaHUHU IMS)

nnaT, cogepxalimx 36 CBETOAMOAOB,
yrpaBnaeMbiXx KOHTpoanepoMm (pas-
MeLLeH Ha 06paTHOM CTOPOHe NAaThl).
Ha nnaTte, nokasaHHoM Ha puc. 21a, Kpo-
Me CBETOAMOLOB Ha NJiaTe pacnonoxe-
Hbl 37 Pe31MCTOPOB, ABa KOHAeHCaTopa
M KHOMKA. Ha nnate, NnpefAcTaBNeHHON
Ha puc. 216, BCe Pe3nCTOpbl U KOHAEH-
CaTopbl BCTPOEHbI B NMAaTy. [pu 3TOM

Yacrota, IT1g

nnoLwaab NaaThl YyMeHbLAACh Ha 26%
€0 196 00 144 Mmm?.

CerogHs B NPOMbILLNEHHOCTU NpK-
MEHATCA TPU MeToAa BCTPOEHHOro
MOHTaxa. VX KpaTkoe onmcaHue v xa-
pakTepUCTUKK MO LOKYMEHTAM KOMMa-
H1n KOA npviBefeHbl B Tabn. 7. Coonee
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Ta6muua 7. TUIIB BCTPAUBAEMBIX PE3UCTOPOB (HaHHBIe KOMIIaHUU KOA)

XapakTepu- SMD-pe3uCTOpHI 06111ero HuskonpoduibHble TOJICTOIIEHOYHEIE Pe3UCTOPEHI,

CTHUKHU Ha3HAaYeHUs TOHKOIIJIEHOYHBIE PE3KUCTOPHI BBIIIOJIHEHHBIE METOA0M
TpadapeTHOM meyaTu

TonmuHa 0,23/0,33 MM U ID. 0,13 MM U ODp. 0,02 MM

KOMIIOHEHTAa

DJIeKTPOABI Sn-IIOKPBITHE Cu-IIoKpBITHE -

KOMIIOHEHTa

Mertog, ITarika TlepexomHbIe OTBEPCTUS + TepmoycTaHOBKa

[IpHCOeIVHEeHHUS IIOKPBITHE MeJbIO

KOMIIOHEHTa

Ocob6eHHOCTHU e HCIonb3yroTcs CYILIeCTBYIO- Ilpoljecc HapallMBaHUSA I104-  * BO3MOMKHBI CBePXTOHKHE II0[-

LI[Me TeXHOJIOTUU II0BEPX-
HOCTHOTO MOHTaKa;

* [PUMEHSIOTCSI KOMIIOHEHTBI
Pa3HOM TONIINHEI;

e 6obIIas TOIIIHMHA 10~

JIOXKKH YIIPOLIAETCS ;
CHIDKAETCsI TOJIIMHA 10/~
JIOSKKH ;

I1po6JIeMBI C YCTAHOBKOM KOM-
IIOHEHTOB Pa3HOM TONIIKHbI

JIOKKU ;

BBICOKAs HaZIeSKHOCTD COeI-
HEeHUI;

6Ol e JOITYCKY HOMUHAJIA,
BJIMSIHHE BHEIITHUX BO3eH-

JIO>KKH ;
e Heob6XOAUMO IIpenoTBpa-
ITATh paCTeKAHHE ITPUIIOA

CTBUH, YKOPOUEHHOE BpeMst
SKU3HU

noapobHOM Knaccnmpmkaumen BCTpanBaHnsa 1 AeTanbHbIM
OMMCAHNEM COOTBETCTBYIOLMX TEXHOOMMIM MOXHO O3Ha-
KOMWUTbCS B [21].

Bo3Bpallanch Kk Tabn. 7 MOXHO OTMETUTb, YTO MOHTaX
C WCNONb30BAHMEM HU3KOMPODUILHBLIX YUM-KOMMOHEH-
TOB BbIMSANT Hanbonee cbanaHCMpPOBAHHOM TEXHONOTVEN
BCTpansaHms. CO CTOPOHbI MPOV3BOANTENSA TEXHONOTUSA MOA-
LepPXXMBAETCH BbINMYCKOM COOTBETCTBYIOLLEN 31eMeHTHOM 6a-
3bl. Yoke ynomsaHyTtas KOA npoun3BoanT CepuIo HM3KOMpPO-
OUNbHBLIX pe3UCTOPOB XR73 C BLICOTOM KOMMNOHEHTA 0,14 MM
4na MoLwHocT o 0,063 BT. Pe3nctopbl cepumn nmetoT TKC
200 ppm/Ku TemnepaTtypHbIv AnanasoH —55...155 °C. Homu-
HaNbHbIM pag cepmn —oT10M 40 10 MOM ¢ gonyckammn 1m 5%.
Ha puc. 22 npusefeHo GOTO C NoMepeyHbiM pa3pesom naaTtbl
CO BCTPOEHHbIM HU3KOMPODUILHBLIM YAM-PE3NCTOPOM.

Bnpoyem, Apyrve TOHKOMeHOYHbIe TEXHONOM MK BCTPan-
BaHWA TaKXKe VIMEIOT NOAAEPIKKY MPOU3BOAUTENS. TaK KOM-
naHns Ohmega Technologies, Inc. (www.ohmega.com) pas-
paboTana v npumeHseT TexHonoruio ORBIT™ (Ohmega
Resistor Built In Trace. Ans 0603Ha4eHNa 3TON TeEXHONOr UK
TaKXKe MCNoNb3yeTcs ToBapHbLIN 3Hak Ohmega Ply MTR® —
Micro Trace Resistor), nocpeacTBOM KOTOPOM TOHKOMAEHOY~
Hble Pe3nCTOPbl BCTPAMBAKOTCA HENOCPeACTBEHHO B JOPOXK-
KW nevaTHOW nnatbl. O4YeBMAHAA IKOHOMWUSA MecTa LOCTU-
raeTcs 3a CHeT 0TKa3a OT NOCaL04HbIX MeCT A4J151 Pe31CTOPOB.
N8 Mpon3BOACTBA PE3UCTOPOB UCMOJIL3YIOTCS TOHKME M1eH-
Ku 13 HUKenb-pochopHoro cnnaea (NiP) c conpoTusneHvem

25 1 50 OM/KB. Tpy 3TOM NOJYHAIOTCH PE3UCTOPbI C HOMU-
HaNbHbIM pAagom 0T 50 o 300 OM ¢ warom 50 Om, Ansd MoL-
HOCTM 0T 40 00 120 MBT (puc. 23) [22]. MponzBoanTENb YKa-
3bIBAET WMPUHY pe3ancTopos oT 50 A0 125 MKM 1 JloNyCK HO-
MUHana 10% [22].

3asepluas marepuan o BCTpavBaeMbIxX 4YMMn-pe3ncropax,
MOXXHO OTMETUTb, YTO C/IOBO «BCTPaMBaeMbIM» B HACTOS-
LLiee Bpems noay4mno ceoeobpasHoe «BTOpOe M3MepeHumen.
Pe3ncTopbl (U KOHAEHCATOpLI) ¢ pasmepamn 0,4x0,2 MM
(01005 EIA) BCTpamBatoTCs He TONMbKO BO BHYTPEHHWE C/IOM
neyaTHbIX MaaT, a ewe n MexXAy BbiIBOAAMY MUKPOCXeM
c warom 0,5 mMm. Mpwv 3TOM 3a30p C NamMeNiiMK1 COCTaBaseT
15 MKM [23].

[lepexoHOe OTBEPCTHE

Hu3KonpoUIBHBIH Pe3UCTOD
————

= <~ OCHOBHOI CJIOH

+—— BCTpPOEHHBIM CJION
—_—

ﬂl

Puc. 22, Pa3pes IIATHL CO BCTPOEHHBIM HU3KOIIPODUIBHEIM
YUII-Pe3UCTOPOM (ZaHHEIe KoMIaHUU KOA)
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Puc. 23, Pe31CTOPBI, BCTPOEHHBIE B IOPOKKYU ITeYaATHOM

I1JIaThI

Oco6eHHOCTU NPUMEHEHUS
3a 0OCTATOYHO MPOAO/KUTENLHBLIM MEPUOL NMPUMEHEHMS
YMN-Pe3nNCTOPOB NPOSBUANCE 1 BbIV YCNELWHO NPEOAONEHb
HeKoTOpble HeAOCTATKM KOHCTPYKLUMK. OAHVM U3 TaKMUX NPO-
61eMHbIX MOMEHTOB ABNSAETCS CyNbduamMpoBaHme (ocepHe-
HWE) BHYTPEHHero cepebpoCcoaep Kalllero 31eKTpoaa pesm-
cTopa. B pesyabTaTte 3TOr0 NpoLecca Ha BHYTPEHHEM 31ek-
Tpogae obpasyeTcs cynbdua cepebpa (Ag,S). OTO BelLeCTBO
SBASIeTCS TBEPLOW CONbIO CEPOBOAOPOAHOM KMCNOThI (H,S)
N MMeeT CBOMCTBA M3014TOpa. COOTBETCTBEHHO OHO MO-
SKET HapYLWNTb KOHTAKT MeXAy Pe3UCTUBHbLIM MaTepranom
N KOHTaKTHOM MOWAAKoW pesncTopa. Havbonee noasep-
YKEHbI 3TOMY AedeKTy TONCTOM/IEHOYHbIE YAM-PE3NCTOPbI.

Yallle BCEro BO3AEUCTBME CEpbl HA Pe3nCTOp MPOMCXO-
AUT B CNIOXKHLIX YCIOBMUAX 3KCAyaTaumm. 3TO MOTYT ObITh
cofepalime cepy Macsia M KOHCUCTEHTHbIE CMas3ky Mexa-
HW3MOB, Pe3VHOBbLIE W Pe3MHOCoAep KalLme U3Lenns, BO3-
LencTBMEe NMCKOMAeMOoro TOMIMBA, MPUCYTCTBME ByIKaHMYe-
CKOTO W BMONOrMYecKkoro ra3os. KOHKpPeTHO B Cay4ae 3nek-
TPOHHOW MHAYCTPUM NCAONL3YIOTCS TEXHOIOMUM YIIOTHEHMS
W/ Ny repMeTn3aLmm NevYaTHLIX N1at GopMOBaHHOW pe3n-
HOW, coaepyalllen cepy.

3HaUYNTeNbHbIE YCUAMS MO pa3peLleHmto Npobaembl 0cepHe-
HMA NPpUAOXKeHbLI KoMnaHmnsamu KOA n Apacer Tecnology Inc.,
OCHOBHOW NpoAyKLMen KOTOpomn aBastoTCa naaTbl DDR-na-
MSTW AN BLIYUCAUTENbHBIX CUCTEM, CPOK CTYXKObI KOTOPbIX
4aCTO 3HAYUTENLHO M3MEHSETCS 1M3-3a BO3AENCTBUNSA CEPOBO-
fopoaa. B matepmranax KoMnaHmm Apacer npouecc cynbdu-
LMPOBaHMS NpeACTaB/ieH Ha paspese Kiaccnmyeckoro SMD
umn-pesuncropa (puc. 24) [24].

3alMTHAs TEXHONOTMS KOMMaHWUKM Apacer 3akao4aeT-
CS B MUCMOSIb30BaAHWM CNELMaNnbHOrO CNiaBa a4ns BEPXHUX

3/1eKTpoAoB pe3mctopa. CocTaB CrnjiaBa NMpOU3BOAUTENb
He packpbiBaeT. CneuyanmucTamMmm Apacer NnpoBefeH psaa Te-
CTOB Ha TPAAMLMOHHLIX M 3alMLLEeHHbIX Moaynax DRAM.
Mo ycnoemam Tecta 0ba suaa moayner npopabotanm 1000 4
npu Temnepatype 105 °C B 06beme 2400 M, rae 66110 pac-
MbiieHo 50 1 cepobl. M0 AaHHbLIM NpoM3BOAMTENS CTaHAAPT-
Hble MOAYMV NAMATU Ha4a M BbIXOAMTb M3 CTPOS y>Ke noce
200 4 HapaboTKW. B TO XKe BpemMs HW OIVH M3 3aLLNLLEHHbIX
MOAY/en He nepecTan paboTaTb B Te4eHMe BCero TeCTOBO-
rO MHTepBana BpemeHn [24].

KomnaHus KOA B KayecTse 3alnTbl OT Cepbl Takxke Uc-
NONb3yeT CBOE HOY-xay. BhinyckaeTca 6—7 cepuit pe3ncTopos,
3alUMLLEHHBIX C MPUMEHEHUEM CreLnanbLHOro Martepuana.
Cpeau HMX NPUCYTCTBYIOT Pe3MCTOPbI 0BLLero HasHa4veHus,
CBEpPXMNpeLmn3nOHHbIe, YCTOMYMBBLIE K MMMY/IbCaM, BbICOKO-
MOLLHbIE, BbICOKOBO/IbTHbIE 1 C6OpKM [25].

Ewe oAWH NpOM3BOAMTENbL PE3NCTOPOB — KOMMAHWS
TT Electronics — BbinyCKaeT cepuio pe3nctopos APC ansa pa-
60Tbl B Cepocoepkallinx cpegax aAng npyMMeHeH1s B aBTO-
MOBUNIbHOW MPOMbILLNEHHOCTH.

Pe3ucTopHbie CTPYKTYpbI

PacnoNoXeHNe HECKOTbKUX PE3UCTOPOB Ha 0bLLEN NOAI0XK-
Ke — BOCTPebOoBaHHbLIN U MMEIOLWNIA NpenmMyLLecTsa npruem
B COBPEMEHHOW 3/1eKTPOHHOW WHAYCTpUK. CHayana He-
CKONbKO C/I0B O TEPMUHONOTUW. B aHI10A3bIYHOW TexHW-
4ecKoW nnTepatype 4nsg 0603Ha4EHMA PE3NCTOPHLIX CTPYK-
TYP MCMOMbL3YIOTCS TepMUHbLI Resistor Array (pe3nctopHas

Tas c cogep>kaHHEeM
Cynsdup cepebpa cepoBopopona H,S

(AgZS) —\

MeTanu3anus ﬁ( 7

BepxHUH - b ( & — Pe3UCTHUBHBINA
371eKTPOf (cepe6po) (&) (0}

3alUTHBINA
cIon

N

BOKOBOM

3JIEKTPOL ITomioxkKa

a)

bl

R

e R o e

HopMaIbHBIN CynbdUAUPOBAHHBIN
PesHCcTop Pe3HCTop

6)

Puc. 24, IIpoliecc OCEpPHEHMUS: a — pa3pe3 pe3ucTopa;
6 - mpuMep IpUMeHeHUs (TaHHBIe KOMIIAHUU Apacer)
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MaTpuua, Maccue) 1 Resistor Network (pe3ncTopbl € coem-
HEHMAMM), TaKXKe MHOrAa BCTpeyaeTcs TepMmuH multiple-
elements packages. Mpu 3TOM NoApa3yMeBaeTCs, 4YTo Tep-
MUHOM Resistor Array OnmceiBaeTCa pe3ncTopHas CTpyKTypa,
COCTOALIASA U3 OTAENbHLIX, HE COEAMHEHHbIX APYT C APYroMm,
pPe3nCTopoB. A B M3genuax Tmna Resistor Network komno-
HEeHTbl MMEIOT coefnHeHnst, NMbo, KpoMe pe3ncTopoB, CO-
[lepykaT elle N KOHAeHCATopbl (Yallle BCero). B oTe4ecTBeH-
HOW LOKYMEHTaLMM aHanoroM Resistor Array MOXKHO CHMTaThb
TepMuH «Habop pesmcTopos», a Resistor Network — «pe3u-
CTOpHasa cbopkar. MpUMeHseTCsa Takke TEPMUH «Habop pe-
31CTOPOB». HO HEOBXOAMMO OTMETUTL, YTO U1 3apybexHble
M OTe4eCTBEHHble MPOV3BOAMUTENN HEe OCOBEHHO TLlaTeNb-
HO C1easT 3a YUCTOTOW TEPMUHONOT NN,

B maTepmanax komnanuu Vishay npnBeaeHo HeCKobKo
TUNOB YCTPOMCTB, KOTOPbIE MOTYT ObITh BbIMNOJIHEHbI HA Ba-
3€ Pe3NCTOPHbIX CTPYKTYP:

e Habopbl M30NMPOBaHHLIX pe3ncTopos (Isolated);

» aTTeHtoaTopbl (Attenuators);

o penutenu (Dividers):

* WWHHble CTPYKTYpbI (Busses);

* MHOrO3BeHHble MOCAeA0BaTebHO-NApannenbHble

cxembl (Ladders).

ANg NONHOTLI HAA0 A06aBUTL CHOAA ELLEe OAMH TUM, HE BO-
Wweawnin B [26]: HaCcTpameaemsle pe3ncTopHblie CTPYKTYPDI.
B aHrn0a3bI4HOM AOKYMEHTAUMM 3TOT TUM U3AeNUI Yalle
BCero mmeHyetcst Multi-Tap Wire bondable Resistor Array
(MHOTrOKOHTaKTHblE MOAK/IYaeMble Nepemblykamn Habo-
Dbl PE3UCTOPOB).

BCs mpeacTaBneHHas Bbile TEPMUHONOMMA AOCTATOY-
HO yCcnoBHA. Tak, B KayecTBe AennTe-

Ner MOryT MCMONb30BaTLCS CTPYKTYPbI
Dual-value Resistor (aBa 0AMHaKOBbIX

TeIUIOBOM IIOTOK
pe3ncTopa Ha NoanoXKe. TepMUHONO- ‘

rs KomnaHum Vishay). MonyTHo oTMme- ‘

Network) oTHeCeHbl B r1aBy O KOMMOHEHTaX Creunanb-
HOro HasHayeHus. OAHAKO MOCKOJbKY Lenbio MaTepuma-
Jla ABNFEeTCS PacCMOTpeHre obLWmx BONpOCOB NpuUMeHe-
HUS PE3VCTOPHbLIX CTPYKTYP, OCTAHOBMMCS Ha KOMMAKT-
HOM onucaHnuy Knacca Array & Network.

B 0bLwem, npenmMyLLecTBa UCNOb30BaAHMS PE3NCTOPHbIX
CTPYKTYP O4EBUAHLI: NOAAEPKMBAOLLAS 06NN TPEHA HA M-
HMaTIOPKM3aLLMIO IKOHOMKSA MeCTa Ha rnJiaTe; NoBbILLeHVe Ha-
OEXKHOCTN KOHEYHbLIX M34eNUIA 33 CYET YMeHbLUeHns MecT
navikn; CBA3aHHOE C 3TUM CHUXKEHME CTOUMOCTM MOHTaxa.
Kpome Toro, HMxe 1 CTOMMOCTb COBCTBEHHO PE3NCTOPHOM
CcHbOpKM B NepecyeTe Ha AMCKPETHLIN 3N1eMeHT. M, HaKoHeL,
yAyYLIEHWE XapakTepUCTUK 060pyA0BaAHNS MO CPABHEHMIO
C MICMO/Ib30BaHMEM ANCKPETHbIX KOMMIEKTYIOLLMX.

[ONONHUTENbHOE NPenMyLLeCTBO COOPOK 3aK/t04aeTCs
eLe 1 B TOM, YTO Pe3nCTOpbl, MOMEeLLeHHbIe Ha O4HY No4-
JIOXKY, paboTaloT B 0A4MHAKOBbIX TEMMEepPaTypPHbIX YCIOBUSIX.
NnnocTpaums 3Toro Ha npumMepe YnMn-cbopkum, coaepxaliem
LenUTeNb HaNpsaXXeHnsa, NpeacTaBneHa Ha puc. 25 [27].

B 3TOM npumepe nokasaHbl ABa BapMaHTa NoCTPOeHs
PerynaTopa HanpsKeHnsa: C AenutenemM Ha ANCKPeTHbIX pe-
3ucTopax (puc. 25a) U C UCMONb30BaHMEM YUN-CEOPKM TOH-
KOMJEHOUYHbIX pe3ncTopoBs (puc. 256). B o6oumx cnyyasx nc-
NONb30BaHbI Pe3nCcTopbl C TKC+50 ppm/K. Mpu 3ToM R =R,.
B BapnaHTe, npeactassieHHOM Ha puc. 25a, pe3nctop R, pac-
MONOXKEH PALOM C PerysTopoOM HanpPsXKeHWs U MOXKET MMETb
Temnepatypy A0 120 °C. Pe3uctop R, pacnonoxeH Ha apyrown
N30TepManbHOM TMHUM OTHOCUTENBLHO PeryaTopa Hanpske-
HUS 1 nMeeT TemnepaTypy 20 °C. Mpy TAKOW pasHULE B TEM-
nepaType OT/In4me B CONPOTUBIIEHNAX PE3UCTOPOB AeNNTENS

TeIUIOBOM IIOTOK

7 N t 7

TWM, YTO CABOEHHbIE Pe3nCTOpbl B Tep-
MUHONOTMK KOMNaHmm State of the
Art Ha3zbiBatoTcst Center Tap Resistors,
eC/IN Pe3snCTopbl coefinHeHbl, 1 Dual

PerynsaTop
HaIpssKeHUs

Perynsatop
HaIIpSDKeHUS

Resistors —ecm 130/1MpoBaHbl. A Gurp-
Ma Bourns, npom3Bsoasiias coopku pe-
3UCTOPHbIX AenuTtenen ang GopMmpo-

|

BaHMA MHOrOpa3paaHbIX WK TTLw ECL []

(Hanpumep, cepua 4608X-104-221/331),
NCNONb3yeT AN H1MX 0603HaveHre Dual
Terminator Resistor Network.
CnpaBeanvBoCTM pagn OTMETUM,
4TO eCNM TOYHO CefoBaTh «BykBe»
rnaBbl O KOMMOHEHTax CoNpoTMBAe-
HMA 06LWero HasHa4YeHuWsa, TO 3TOT

a)

PR TR

po=y
=

Ry|i s

T=T,

6)

pasfesn Ao/keH 6biTb NMOCBALLEH Ha-
6opam pesunctopos (Resistor Array),
B TO BpemMsa kak c6opku (Resistor

Puc. 25. BapuaHTHI [IOCTPOEHUS PEryIsTOpa HAIIPSDKeHHS C AelIUTeNleM Ha JHc-
KPETHEIX Pe3UCTopax (a) U C UCIIONIB30BAHUEM UUII-C60PKU TOHKOIUIEHOYHEIX pe-
3ucTopoB (6) (ZaHHBIe KOMIAHUU Vishay)
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PuC. 26. [IOIIYCKHU B PE3UCTOPHOL c60pKe (HaHHBIe KOMIIA-
Huu Vishay). R, R,, R;, R, - pe3UCTOpHI, BXOASIIHE B COCTAB
c6opru

C yKazaHHbIM TKC MOXeT A0CTUTIHYTbL 0,5%. B ciydae pukcm-
POBaAHHOIO PerynaTopa, BbIXOAHOE HaMpsKeHre KOTOPOoro
onpefensercs pe3ancTUBHLIM Ae/IUTeIeM, YXOL 3Ha4eH WS Bbl-
XOLHOI0 HaNpsAXeHUs MOXET 0Ka3zaTbC KpUTUYeCKMM ANd
notpebutenen. Ang KOMNeHcauMm Takoro TemnepaTypHoO-
ro rpajmeHTa, BO3MOXHO, NMOHaAobuTCs MOACTPOMKA pe-
31MCTOPOB AennTend. B sBapmaHTe, MOKa3aHHOM Ha puc. 256,
B KayecCTBe Ae/INTens MCNnonb3oBaHa COOpKa TOYHbLIX TOH-
KOMMEHOYHbIX PE3NCTOPOB, MOMELLEHHbIX HA OOHOW M130-
TepManam OTHOCUTENbHO MCTOYHMKA Harpeea. B cntyaumu,
KOr[a KOHCTPYKTOP MeYyaTHOM nnaThl No Kakum-nr1bo npu-
YMHAM He MMeeT BO3MOXKHOCTU Pa3MeCTUTb Pe3NCTOPLI ANC-
KPETHOrO AennTens Ha OAHOW M30Tepmanu, NpuMeHeHune

TKC = +50 ppm/K

I I I T
—SVﬂ °C +125 °C
/ TCRTracking =
10 ppm/K

TKC =-50 ppm/K

Puc. 27. AGCONMIOTHBIM U OTHOCHUTeNbHBIN TKC pe3ucTop-
HOM c60pKM (aHHBIe KOMIaHuM Vishay). R, R,, R;, R, - pe-
3HMCTOPHI, BXOASIIHE B COCTaB COOPKHU; R,, - COPOTHBIeHHE
npu teMmmepartype 20 °C

Pe3nCTOPHOW CHOpKKM pellaeT Npobaemy TemnepaTypHOU
pasperynnpoBKYM yCTPONCTBA.

LLInpokoe npnumMeHeHne pe3ncTopHbiX C6opoK 1 HabopoB
eCTeCTBeHHbIM 06pa3oM CTaBMUT BOMPOC O Creunduyeckmx
napameTpax 3TUX U34eNnin, CBA3aHHbLIX UMEHHO C GOpMynom
«MHOI0 PE3UCTOPOB, O4HA NOAN0XKKAY. Takme napamMmeTpbl ecTb
M AN UX pAaCCMOTPEHMNSA BHOBbL 06paTnmMcs k pabote [27].

Kak Mbl TOMHWM, OJHUM 13 OCHOBHbIX MapaMeTpOB pe3u-
cTopa aBnseTcs gonyck (Tolerance) Ha BEMYMHY CONPOTUB-
JNIeHV A, onpeaensemMbi Kak OTK/IOHEHWE OT HOMUHANLHOIO
3HaYeHUsa 1 U3MepsaeMbln B MPOLEeHTax. B cayvae anckpeT-
HOrO KOMMOHEHTA 3TOT AOMYCK Ha3bIBAETCS abCOMOTHBLIM
(Absolute Tolerance), Npu pacCMOTPEHUM Xe pPe3ncTop-
HOW CTPYKTYPbl MMEEM [e/I0 C OTHOCUTENbHbLIM A0MYCKOM
(Relative Tolerance). B aHr10s3bI4HOM AOKYMEHTALMMN NC-
NONbL3YIOTCA TakXKe TepMuHbl Ratio Tolerance v Tolerance
Matching. OgHako TepMmuH Relative Tolerance, kak npeacTas-
NAeTcs, Hanbonee TOYHO ONUCHIBALT CUTYALMIO, MOCKONbKY
CTAHOBUTCS MOHATHO, YTO peYb MAET O HaMBONbLLIEM OTKIO0-
HeHWM B rpynne pe3nctopos (puc. 26) [27].

Kak Bnamm, Ha puc. 26 npeacTaBieH 4ymn-mMaccums, BCe pe-
3UCTOPbI KOTOPOrO MMEOT abCOMOTHbLIV A0MYCK B Ananaso-
He +0,5%. MpW 3TOM OTHOCUTENbHbIM A0MYCK, ONpeaenseMbIin
KaK pazbpoc Mexay MakCMManbHOM U MUHUMANbHOM AeBMa-
LMSAMU CONPOTUBAEHWA B MaccKBe, paseH 0,1%. 1 3T1a Benn-
YMHA yXKe He MMeeT 3HaKka. Ha npakTunKe 3To 03HayaeT ce-
Aytoulee. Tpy NOCTPOEHUM, HAMPUMeEP, TOro Xe AeNnTens
AN GUKCMPOBAHHOMO PerynsTopa HaNpshkKeHs B BapUaHTax
Ha AMCKPETHLIX 3/IEeMEHTax ¥ B BMAe 4nn-cbopKku, BapuaHT
C PE3UCTOPHLIM MACCMBOM ByaeT nmeTb Aonyck +0,05%.

I BHOBL 0 TeMnepaType. TKC — 3TO BTOPOM BaXKHbIN Napa-
METP KOMMOHEHTOB COMPOTUBEHUS, UMEIOLLNA Cneumdm-
YeCKMIM xapaKkTep npu MCMNoab30BaHMM COOPOK 1 MaCCMBOB.
Kak 1 B Ciiydae fONycka Ha 3HaveHme CONpoTUBAEHUS, NP
PaCcCMOTPEHUN TemMnepaTypHbIX XapakTepucTuK MMeTCs
abCOMOTHLIN U OTHOCUTENLHLIM TKC pe3ncTopHOro Maccu-
Ba. [oCNeaHNI B aHTN0SA3bIYHOW AOKYMEHTALNM MEHYeTCS
TCR tracking. Ecnv ang npymepa ncnonb3oBaTh yyxKe yrnoMu-
HaBLUMICA PEryNsTOP HAMNPSAXKEHUS C PE3UCTVBHLIM iennTe-
nem (CM. puc. 25), To, HANOMHUM, TaM NPUMEHSINCL pe3u-
cTopbl € TKC +50 ppm /K. B pe3ncTopHon cbopke, KoTopas
MOXET 6bITb MOTEHUMANbHO MCMOMb30BaHA B KOHCTPYKLIMMN,
TKCBCEX KOMMOHEHTOB HE BLIXOAST 3a Npefesbl yKazaHHOoro
AvanasoHa (puc. 27). Mpr 3ToM 0THOCUTENbHBIN TKC chopkm
6yaeT £10 ppm/ K [27].

1 B 3aBeplueHye pasfenia 0 Pe3nCcTOPHbIX CTPYKTypax pa-
3yMHO 6yaeT ynoMsaHyTb O Cneunduyeckon TexXHONOornu,
KOTOpast BOT y>e 6onee NoayBeka MacCoBO MCMOMb3yeTCs
B 3/1IEKTPOHHOM MHAYCTPUM 1 B TOM YUCE B PE3UCTOPOCTPOE-
HUW. TIPUMEHUTENBHO K PE3UCTOPHLIM CTPYKTypam m3jge-
Jine, CKOHCTPYMPOBAHHOE AN NPUMEHEHNS JAHHOW TEXHO-
Norumn, HasbiBaeTca Multi-Tap Wire bondable Resistor Array
(MHOTOKOHTAKTHbIE MOAKIOHAEMbIE MePEMbIYKAMM HABOPbI
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ECTNPWUBO

NMPEMMYLLECTBA:

CrNeEUMATTIMSUNPOBAHHDIE
NMOBEPXHOCTHO-OBbEMHBbIE
9KPAHDI

ABNAKTCA KOPPOIWAKO-
CTORKMMA W 3hherTHEHE
B WHPOKOM QWanasoHe 4acToT

HenonsaosaHuwe IKpaHoe
nNozeCNAET obecneunTes TpeboBaHuA
FNEKTROMAMHWMTHOR COBMECTUMODCTH

MprmeHeHwe IKPAHOE B 6a308LIX HECYLLMX
KOHCTRYHLUMAX NOZSONAET PELWMTE NpoGnesy SalnTh
o1 MW Gnokos P3A paanuuHoro HasHaueHua
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Puc. 28.
YuIi-Maccus
cepuu MTR KoM~
naHuu Vishay:

a - BHEIIHUH

M X X
5R 5R R

BU; 6 - pas-
MepsI (B MM);
B - cXeMa. a) 6)
R; - monHoe

COIIPOTHBJIEHHE

PE3VNCTOPOB). B OTEYECTBEHHOM TEXHWUYECKOW NMTepaType
Yalle BCEro 3Ta TEXHOJIOTMS HA3bIBAETCS «Pa3BapKOM» MU-
KPOMPOBOAAMM N UCMONL3YyeTCs € 60-X rOA40B MPOLWIOTro Be-
Ka. IonyTHO 3ameTnm, 4To Wire bonding ncnonib3yeTcs Tak-
Ke U NPY MOHTaXKe AMCKPETHBLIX KOMMOHEHTOB. CamMa TeXHO-
NIOrMs NOAPOBHO ONKMCcaHa CoO MHOXECTBOM BUAEONPUMEPOB
N aHUMALMI M COCTONT B NPUCOEAMHEHMM YUMOB K KOPIyCam
nnnaTam NoCcpeacTBOM MUKPONPOBOAHMKOB M3 30/10Ta, Me-
OV VNN aNIOMUHKA, 3aKPenISeMblx Ha TOYKax pasBapku Tep-
MOKOMMPECCMOHHOW U/ YNIbTPA3BYKOBOW CBAPKOW. MOXHO
CKa3aTb, YTO 34eCb UMEET MeCTO CUTyaums, Koraa TexHoN0-
rMs NOpPoAMNA KOHCTPYKUMIO. BO-NepBbIX, AN TOro 4TobbI
ObITL wire bondable, 41N AOAXKEH UMETL KOHTAKTHbIE M10-
WaaKM CBepxy Kopnyca. B cayvae pe3ncTopos 1 pesncTop-
HbLIX MaCCMBOB, 3TO MOXET 03Ha4aTb MHOE B3aMMHOE pacno-
JIOXKEeHWe TenNo0TBOASAWMX U KOHTAKTHBIX NMOBEPXHOCTEN.
1, BO-BTOPbLIX, MCNOMNb30BAHME CBAPKM NMPY MOHTAxXe npes-
nonaraeT, 4TO KOPMNYC YMna CNOCOBeH BblAEPXKMBATL 3HA-
YUTENbHbIE KOMMPECCUOHHbBIE U TEPMUYECKME HATPY3KN.

MnnocTpaumen Bcemy CKazaHHOMY SIBASETCS, Hanpumep,
cepus umn-maccusoB MTR koMnaHum Vishay [28]. Cepusa co-
CTOWUT 13 ABYX COOPOK C PasHbIMW GOPMaMU KOHTAKTHbIX
naowanok 1 HabopoM NOJMHLIX CONPOTUBAEHWI OT 100 OMm
[0 240 KOM. B ka4ecTse pe3ncTOpHOro maTtepmana ncnosb-
30BaH NACCMBUPOBAHHbLIVM HATPUA TaHTana, a MaTepmanom
NOANOXKKN ABNSETCA OKCUAMPOBAHHbLIV KpEMHUI. U3aenne
pa3paboTaHo ANg NpOTOTUMMPOBAHMSA U MOXKET MCMOMb30-
BaTbCA ANA HACTPOVIKMN rTMBpUAHBLIX CEOPOK NOCPeACTBOM Ce-
NIEKTVUBHOIO MOAK/IIOYEHWS Ha3HAYeHHbIX Pe3NCTOPOB Mac-
CMBa. BHEWHNIM B, pasmepbl N CXemMa COeMHEHMUI Ymna
npuBeAeHbl Ha puyc. 28 [28].
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Pa3zpaborka n npoM3BOACTBO KOHAEHCATOPOB

OKCUOHO-3NEKTPONMUTUYECKMNE aNKOMWHWEBELIE KOHOEHCATOPLI
K50-15, K50-17, K50-27, K50-37, K50-68, K50-77, K50-80, K50-81, K50-83,
K50-84, K50-85, K50-86, K50-87, K50-88, K50-89, K50-90, K50-91,K50-92,
K50-93, K50-94, K50-95(unn), K50-96, K50-97(4mn), K50-93,I{50-i

K50-100, K50-101(uwn), K50-102, K50-103, K50-104

DG'I:E‘MHD-I'IDDHCTI:IE TaHTanoBbie HDH,EIEHCET*{'
K52-1, K52-1M, K52-1BM, K52-1B6, K52-9, K52-11, .
K52-17, K52-18, K52-19, K52-20, K52-21, K52-24, '
K52-26(4mn), K52-27(uun), K52-28, K52-29, K52-30
OKCMAOHO-NONYyNpoOBOAHUKOBLIE TaHTaNoBLIE *
KOHOEeHCcaTopPbI =
K53-1A, K53-7, K53-65(umn), K53-66, K53-68(unn),
K53-69(umn), K53-71(umn), K53-72(umn),
K53-74(umun), K53-77(unn), K53-78(yun), K53-82

CynepKoHOeHcaTopb! (MOHUCTOPLI)
K58-26, K58-27, K58-28, K58-29, K58-30,
K58-31, K58-32, K58-33

HaKoOnNUTEenNn 3MIEKTPUYECKON IHEPTUM HA OCHOBE

MOAYNLHOW COOPKU CynepKoHOeHCcaTopoB
H33, MUK, MUY, UTK

Poccusn, 427968, Yamyprckan Pecnybnuka,r. Capanyn, yn. KanuHuua, 3

Ten.: (34147) 2-99-53, 2-99-89, 2-99-77, caxc: (34147) 4-32-48, 4-27-53
e-mail: elecond-market@elcudm.ru, http://www.elecond.ru




