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MNMpumeHeHHe UM POBLIX H30ATOPOB

Ludposoit usonsrop Silicon Labs umeer
NIPOCTYIO B ONIUCAHUU U PEAIU3ALUH CTPYKTY Py
(puc. 1). PyHKIHOHUPOBAHUE KAXKIOTO KaHAIA
y U3071TOpOB Si84XX aHATIOTMIHO paboTe OII-
TPOH4, I/Ie BMECTO MOJY/IHPOBAHHOIO CBETOBO-
T0 HOTOKa OCyIIecTBIsIeTCst uddepeHIranb-
Hasl Ilepefiada MUKPOMOII[HOTO PagXOCUTHATA,
a U30JMPYIOIIUIA CIION JIUIIEH HEJOCTATKOB,
IPUCYLIUX ONTPOHY [1].

Cxema BKJIIOYEHHUS IHPPOBOTO U30JIATOPA
BKJIIOYAeT B ceOd [Ba UCTOYHUKA IIUTAHUS, OIUH
13 KOTOPBIX HAXO[UTCS, HA CTOPOHE [IepefjaTIrKa,
a IPyroii — Ha CTOpOHe IpyreMHuKa. VneabHblit
cnyqaﬁ BKJIIOYECHU ITUTAHUA CUCTEMBI, KOTJa Ha-
npsbKeHue TUTaHUs Ha 00€UX CTOPOHAX Hapa-
CTaeT OJIMHAKOBO U BCS CHCTEMA BBIXOJIUT Ha pa-
604t peXUM, B TO BpeMst KaK [IePEXOHbIE IIPO-
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LUudposbie usonatopsl Silicon Labs npeacraBneHbl Ha pOCCUHCKOM pblHKEe
€ 2006 ropa ¥ ycnewHo NPpUMEHSIOTCA A1 pea/iM3aLuy ralbBaHUYECKOW pa3BA3KH
B CUCTEMaX, Ffie OHU CNYXKAT ANs NOBbilWEHWs CTAGUNBHOCTH U HafleXKHOCTH pa-
60Tbl YyCTPOICTBA B YC/IOBUAX MOLLHbIX 3/IEKTPOMArHUTHbIX NoMex. OHU HafileXKHO
BbIMOJIHSAIOT CBOIO 3a/jauy U BbIMIPbIBAIOT Y KOHKYPEHTHbBIX pelleHUH KaK No CTou-
MOCTH, TaK U 110 KOMMJIEKCY CBOMX TEXHUYECKUX XapaKTePUCTHK MPHU 3aMeLLeHUH
K/laCCHYECKUX ONTPOHHDIX Pa3BA30K U MNOXOXMUX LU POBLIX U30NATOPOB hUPMbI
Analog Devices. Bce a1 knioueBble oTauuus 6b11m onucaxbl B cratbe [1].

Uudposbie usonsatopbl Si84xx cpupmbi Silicon Labs — pocrarouHo npoctoe
B NPUMEHEHUH peLleHHe ANs peanu3aluu ranbBaH1WYecKon pa3ssa3ku. Ho ata
«MPOCTOTa» MOXET yCbINUTb 6anTENbHOCTL pa3paboTunka, KOTOPbIK 3abbiBa-
eT 0 HeKOTopbix 6a30BbIX NONOXKEHHUSAX, HEBbINOJIHEHUE KOTOPbIX Bbl/IbETCA

B HEOXKHaHHbIEe pe3ynbTaTbhl PaboTbl NPOEKTUPYEMOro U3AENUs.

I[eCChl Ha 00€UX CTOPOHAX yiKe 3aBEPILIHIHCE.
B peanpHOI KU3HU BKIIOYEHUE IUTAHUS IIPO-
HCXO[IUT He CHHXPOHHO, /Ia U B IIPOIIecce paboThI
c60H 10 MUTAHUIO TAK)Ke He CHHXPOHU3HPOBA-
HbL. B OOJIBIIMHCTBE cucTeM, I1e OpraHu3yeTcs
raJbBaHUIECKOe pasiesieHue C IIOMOLIbIO Iud-
POBBIX U30JIATOPOB, TAKOE PACXOKICHHE MOKHO
He yIUTBIBATh, TaK KaK CaMa CHCTeMa UMeeT CXe-
MBI 3aIIUTEI, KOHTPOJISL X KOPPEKIIUH OIIHOOK.
Ho B cucreMax, rie HeCOOTBETCTBHE COCTOSTHUAN
BXOJHOI'O ¥ BBIXOTHOT'O CUTHAJIOB MOJKET IIPpU-
BECTU, HAITpUMEDP, K BOSHUKHOBEHUIO CKBO3HbBIX
TOKOB B CUJIOBOM ey WIN Irne HelpaBUuJIbHAsA
Inepeaya yIpaBJsAIOIIero CUTHalIa MOKET BBe-
CTU CUCTEMY B «TYIITHKOBOE» COCTOSHUE, JOJDKHBI
YYUTBHIBATHCA BCE€ BO3MOKHBIE COCTOAHUS IIUH
MIUTAaHKS Ha 00EUX CTOPOHAX.

Ha puc. 2 npencrasieHa BpeMeHHas iua-
rpaMMa, I7ie paCCMOTPEHbI BO3MOJKHBIE COCTOSI-

HUS JIUHUNA MATAHUS Ha BXOTHOM U BBIXOTHOM
cropoHe 1upOBOTO U3OIATOPA U IIOKA3AHO HX
BJIMISIHME Ha BBIXOJIHOM CUTHAJL.

B cermenTe 5A Ha puc. 2 06e CTOPOHBI 3a1u-
TaHBI, I03TOMY 3Ha4eHHe BBIXOJHOTO CHTHAIA
HOJIHOCTBIO COOTBETCTBYET BXOLHOMY CUTHAIY,
32 UCKJIIOYEHUEM CITyYaeB, Koraa BbiBox Enable
HaXONUTCHA B HEAKTUBHOM COCTOSHMH (HMU3-
KOM ypoBHe). [Ipu HH3KOM YpOBHe Ha BBIBOJIE
Enable mpreMHUK HTHOPUPYeT BXOIHOM CUTHAI
U IIPEBOJIUT JIMHUIO Ha BBIXOJIE B BBICOKOMMIIE-
JAHCHOE COCTOSTHUE.

B cermenrte 5B cTopona mepenaTanka (BXof-
Hast CTOPOHA) HaXOAUTCS 6e3 MUTAHUS, U OHA
He MOXXeT TPAaHCIMPOBATh HA IPHEMHYIO CTO-
POHY CHUTHAJIBI Ha BXOJie, B CBSI3H C YeM BBIXOJI-
HOII CUTHAJI yKe COINEP>KUT YPOBHHU, PealbHO
He CBSI3aHHbIE C BXOJHBIM CHT'HAJIOM. 371eCh BbI-
BOZIUTCSI CUTHAJI, COOTBETCTBYIOIIHIA 3HAYCHHUIO
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Puc. 1. DyHKumMoHanbHas cxema uhpoBbIX H3015TOPOoB Si84xx
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LMchPOBbIE U30NIATOPSI
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Puc. 2. BrusiHue ypoBHeH NUTaHUs Ha BbIXOAHOW CUrHaN H30NSTOpa

II10 YMOJI9aHUIO U1 TAKUX CJIY9a€B: B MUKPO-
cxeMax cepHit Si84XX 3TO JIOTrMYecKas eIUHHUIIA,
a B MHKpOCXeMax cepuii Si86Xx — B 3aBHCHMO-
CTH OT BBIOPAHHOTO apPTUKYJIA. JIMHNS Ha BBIXO-
Ie OyzeT mepeBefieHa B TPEThe COCTOSIHUE, eCIU
BeiBoz Enable ¢ ee cropoHs! 6yner nepeBenex
B HU3KUH YPOBEHb.

B cermenTe 5C u 5D BBIXOJ] H30JITOPA BCETA
HAaXOJUTCA B TPETbEM COCTOAHUM, TAK KaK OT-
KJTIOUeHO IUTaHNe Ha IIPUHUMAIOIIEl CTOPOHe.

HJ’[H MUHUMHU3ANUN BIUSAHUS IIEPEXOTHBIX
IIPOLECCOB I10 IMUTAHUIO IIPU €TI0 BKIIIOYEHUN
U OTKJIIOUEHUH ITPeyCMOTPeHa cXeMa OTKJII0-
YCHUA ynpaanuou_[eﬁ JIOTUKU U30JIATOpA IIPpU
YMEHBIICHUHN HAIPSDKEHUA TUTAaHUSA HIDKE 3a-
JAaHHOTO IIOpora. MI/IHI/IMI/ISaL[I/IS{ KOJINYECTBA
JIOJKHBIX CUT'HAJIOB, CBA3AHHBIX C 6poc1<aM1/1 -
TaHUS [IPU €TI0 BKIIOUEHUH, IOCTUTAETCA 33 CYeT
THCTepe3nca, T7ie TOPOT OTKIIOYeHUs JTOTUKA
IIpU IMaJ€HNU HAIIPSDKEHUA ITUTAaHUS HAXOOUTCA
HIDKE II0POTra BKIIOYEHMS YIIPABJIAIOIIEN JIOTH-
KU IIpU HApaCTaHUU ITUTAIOMIETO HAIIPSDKEHUS.
D10 0becrmednBaeT BKIIOIECHIE U BHIKIIOUE-
HHE CUCTEMbI C MUHUMAJIBHBIM KOJIHUYE€CTBOM
TeHEePUPYEMBIX JIOKHBIX UMITyIbcoB. Ciemyer
OTMETUTDH, YTO COCTOSAHME BBIXOJHOT'O CUTHAJIA
HAYMHAET COOTBETCTBOBATH BXOJHOMY CUTHAITY
C 3a/Iep’KKOM OKOJIO 1 MKC ITOCJIe yCTaHOBJIEHUS
HYXHOTO 3HAY€HUS ITUTAIOIIETO HAIIPSDKEHU .

YnomsuyTeiit BeiBoj Enable, koTopsrit pas-
pelIaeT u 3alnpeniaer BLIXOMHOM CUTHAII, UMeeT
BCTPOCHHYIO ITIOATSKKY K IIMTAHUIO, KOTOpasa
B TOM CJIydae, €CJIM BBIBOJ Ha IIJIaTe He MMeeT
HOAKIIOUeHNsI, OyIeT OIPeNeiaTh COCTOSIHUE
aroro BbiBofa. Ho xoraa npennosnaraercs mpu-
MEHEHUE U3[eIns B YCJIOBUAX MOIITHBIX JJIEK-
TPOMAaruuTHBIX IIOMEX U IIOMEX I10 ITUTAHUIO,
JKeCTKOe 3ajiaHue COCTOsIHus BhBozia Enable sB-
JaseTcs 063aTeNbHBIM.

[Ipu paccMOTpeHNU BO3MOKHBIX COCTOSTHHM
[IUTAaHZS TAKKe HEOOXOAUMO yIecTh TOT (haxr,
4YTO €CJIM Ha CTOPOHE, He UMEIOIIell MUTaHU,
TIPUCYTCTBYET CUTHAJ Ha BXOJIe, COOTBETCTBY -
IOIUH YPOBHIO JIOTUYECKON eIMHUIIBI, TO Je-

pe3 BHYTPEHHUI OUO/, 3aIIUIAIOIINIA BXOJbI
OT AJIEKTPOCTATUIECKUX PA3PSIO0B, CUTHAI MO-
JKeT 00€eCrenTh MUTaHKe YIIPABIISIOIIEe JIOTH-
Ke U [IPUBECTH B 3TOT MOMEHT K €€ BKIIOYEHHIO.
OueBHIHO, YTO 3TO MPOU3ON/IET IPH YCIOBHY,
€CJIY CUTHAJI CO 3HAYeHMeM JIOTHYECKOU eu-
HUIBI CMOKET 00€CIIeYUTh HEOOXOIUMBII TOK.
HVcnonb3ys 9Ty 0CO6EHHOCTD B MOJIE3HBIX Iie-
JISIX, HeOOXO0IMMO IOMHHUTH, YTO HPOU3BO/IH-
TeJIb He PeKOMEHIYeT TaKoro Crocoba obecrre-
YeHHs TUTAHUS. MUKPOCXEMbI M He TapaHTHpPYeT
cOOTIOIeHNsT BCEX €€ 3asIBJIEHHBIX [TaPAMETPOB.

[Tpu HpOeKTUPOBAHUM MHUTAHUS HUDPO-
BBIX H30JIATOPOB, 0COOEHHO KOl HA MPUHHU-
MAOIIIYI0 CTOPOHY OCYIIIECTBISIETCS Iepeada
MOIIHOCTH C TIepeNaolieil CTOPOHBI, He06X0-
IMMO 4eTKO€e IIOHMMaHue 3HaYeHUs SHEePro-
MOTPeOIEHNsI BCEX COCTABIISIIONINX CHCTEMBI.
Duepromnorpebierne UGPOBBIX U3OIATOPOB
MOYKHO BBIYHCIIUTD, HCXOMIS U3 BXOIHBIX [apa-
METPOB, C TOMOILIBIO YTHIUATHI, KOTOPast HAX0-
IUTCS HA cajiTe IPOU3BOAUTENS [2].

[Tpu IpOEKTHPOBAHUY HUTAHKS HA [1€Yar-
HOII IUTaTe TIPOM3BOJHUTENb PEKOMEHIYeT IIpef-
yCMOTpeTh (PUIBTPAIMIO IO MUTAHUIO, KOTO-
past BKJIIOYaeT B ce0s1 KOHIEHCATOP eMKOCTBIO
100 2D, a Tax KaK HuPPOBBIE U3OIATOPDI, KAK
MPaBUJIO, MOAPA3yMEBAIOT MCIOIb30BAHUE
B YCJIOBHSIX BBICOKOTO YPOBHS [IOMEX, TO H J0-
TIOJIHUTETbHBIN KOHIEHCATOP eMKOCTBI0 1 MKOD.
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It 6onbiiieit 3 PeKTHBHOCTH pabOTHI KOHIEH-
CaToOpBI IOJDKHBI UMETh MUHUMAJIBHYIO HHYK-
THBHOCTb, TO €CTh HY’KHO BBIOMPAaTh KOH/EHCA-
TOpbI ¢ n3oaaTopamu Tuna X5R wm X7R. Camn
KOH/IEHCATOPbI HEOOXOMMMO PACIIOIaraTh Kak
MOXKHO OJIIDKe K BBIBOJAM ITUTAHUS MUKPOCXe-
MBI, YTOOBI CBECTH K MUHUMYMY Mapa3UTHYIO
UHJYKTUBHOCTD B 3ToM 1enu. Hammane emxo-
crti HoMuHaioM 1 MK®, Kak IIpaBuUJIo, FapaHTU-
pYeT TakoKe BBIIONIHeHHe TpeboBaHus [udpo-
BBIX U30JIATOPOB Si84XX K CKOPOCTU HapacTaHHs
HaIlpsDKeHHS UX IIUTaHUS, IPH YCJIOBUH, 4TO
oHo npesbImaeT 4,5 B. CkopocTh HapacTaHus
HAITPsUKEHNUS B TAKUX CydYasx He JOJDKHA IIpe-
BbIIath 0,5 B/MKC (TO ecTb HaIpsUKEHHUE IOJDK-
HO BBIXOJIUTh Ha YPOBeHb >4,5 B He MeHee yeM
3a 9 MKC).

bonee yruBepcanbHBIM pellieHreM ISl YCII0-
BMI KpaliHe BBICOKUX YPOBHEN IIOMEX I10 I1-
TAHUIO U CUTHAJIbHBIM IeISIM OY/eT CIyXXUThb
cxeMa, B KOTOPOU Ha JIMHUAX MUTaHKS IOCTIe-
TOBaTeIbHO BKIIOUEHBI PE3UCTOPHI HOMHUHA-
jioM oT 50 mo 100 OM, a Ha CUTHAJIIBHBIX JTUHU-
AX — pe3ucTopsl HoMuHanIoM oT 50 10 300 Om
(puc. 3). Do perenue TpebyeT 6OMBIIETO THC-
JIa KOMIIOHEHTOB, HO OHO 00€CHEeYUT 3aLTUTY
11 POBOTO H30JIITOPA OT BBIXOJA U3 CTPOSI IPU
BO3HHKHOBEHUH IIOMEX Ha JIMHUAX NUTAHUS
U Ha CUTHAIbHBIX JIMHUSX, IPEBBIIIAIONINX O~
IyCTUMBbIE YPOBHH.

Ecnu roBopuTh 0 KOMIIOHEHTAX, CBA3aHHBIX
C BXOJHBIMU JTHHUSIMU IU(GPOBOTO H30JATO-
Pa, TO )KeJlaTeJIbHO PacCCMOTPETh BaPUAHT BbI-
Xofla uX U3 cTpos. Eciam npu aToM npousorizner
06pBIB U YPOBEHb BXOJHOTO CHTHAIA He OyeT
3a/[aH BHELIHUMH IeISIMU, TO MOTYT HabJIo-
TAThCS CTydalHble TePEKIIIOIeHNUS JJOTHIECKOTO
YPOBHS CUTHAJIa Ha 3TOH JINHUU, BO3HUKAIO-
II11€ TTOfl BO3EHCTBUEM HaBeIeHHOH 3JIeKTPO-
MAarHUTHOU NoMexH. TaKoil BApHAHT Pa3BUTHS
COOBITHII HY)KHO YIUTBIBATH, IO9TOMY B KPH-
THYHON CUTyal[X TPpebyeTcsi HPHHYAUTEIHHO
3a/]aTh yPOBEHb CUTHAJIA C TIOMOIIbIO BHEIITHETO
pesucropa.

ITpu paspaboTKe IeIaTHOM IIAThI HEOOXO-
IHMO IIOMHUTB, UTO IB€ Pa3HbIe «3eMJIM» 1 CHUI-
HaJbHbIe TUHUU Ha 06€UX CTOPOHAX JODKHBI
OBITH pa3HeCEeHBI PYT OT APyra TAKHM 00pasoM,
9TOOBI HCKIIOYUTD BO3MOKHOCTD IIPOOOSI BO3-
TYILIHOTO CJIOSI MEK/y PasieNisieMbIMU CTOPOHA-
MH, @ TaKoKe IIPo60si 10 HOBEPXHOCTH IeYaTHOU
wIaThl. MEKpOCXeMbl [U(POBBIX H30JLITOPOB
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Si84xx 0TBEYAIOT TPEOOBAHIUSIM CTAHAAPTOB 6e3-
omacuoctu UL1577, IEC60747 1 CSA 5A u ume-
10T PacCTOSTHUE MY BBIBOJIAMU, JOCTaTOUYHOE
IULSL 3ALUTEL OT IPO6OS BO3AYIIIHOTO CIOS MEK-
Iy BBIBOJIAMH HA 3asIBJICHHBIX HAIPSDKEHUX,
a KOPITyC UCKJII0YaeT BO3MOKHOCTh BO3HUKHO-
BeHUsI IPOOOSL IO ITOBEPXHOCTU MUKPOCXEMBI.
Tpebyemoe paccTosIHIE MEXXIY IPOBOTHUKAMU
Ha Ie4aTHOU TIJIaTe OTIpe/ieNseTCs U30JIAIMOH-
HBIMH CBOMCTBAMU IIPUMEHIEMOTO MaTepHaia
IIeYaTHOU ILIATh. [/ yIpoIeHus pacieToB
TIPY UCTIONIb30BaHUM TekcTonuTa FR4 MoxHO
HCIOJIb30BaTh Pa3MePhI 3a30pOB, KOTOPbIE pea-
JIM30BaHBI B IPUMEpPAX JU3aIHOB CAMOTI0 PO~
usBogutens — 3,2 MM i 2,5 kB u 6,4 MM mi1s
5 kB. Takue u 601bIHE pazMepsl 3a30pOB 06e-
CIledaT OTCYTCTBHE IPOOOs 10 IOBEPXHOCTH
TEKCTOJINTA JJIS 3asIBJIEHHBIX 3HAYeHUH U301~
PYeMOro HaIpsKEHNU.

LiMchpOBble U30/IATOPSI

[Ipu ocyIecTBICHUN COTTIACOBAHUS JIMHUI
Tiepefiadn IAHHBIX 32 OCHOBY HEOOXOIUMO Opath
BOJIHOBOE COIIPOTHBJICHHE BBIXOIOB H30JIATOPA,
pasHoe 85 OM 140%. DTOT HOMUHAJ BKJII0YaeT
B ce0s1 3HaYeHUe COMPOTHBIIEHHS COTTIACYIOLIIe-
TO pe3UuCTOpa Ha KPUCTAJLIE U COPOTHUBIICHNE
BBIXO[IHOTO JpaiiBepa.

3aknoueHue

Hapexusle B pabore 11 poBble H30IITOPHL
Si84xx dpupmer Silicon Labs mo3BosioT pas-
paboTd4nKam He paccMaTpUBATh MHOTHUE OIIH-
CaHHBIE 3[1eCb 0COOCHHOCTH IPUMEHEHHUS 110~
Ro6HBIX MEKpocxeM. Ho Koria HafexxHOCTD
7 CTaBMIBHOCTD PAGOThI CHCTEMBI BBIXOIHUT
Ha HepBbIﬁ IJIaH, HeO6XO,HI/IMO Y4€ECTb BC€ ITIpU-
BEICHHDbIE B CTaTh€ MEPBHI 110 ITOBBIIIIEHUIO CTa-
OunIbHOCTH PabOTHL U3MEIUS C U30IATOPAMU

Si84xx. DTO OTHOCUTCS K TeM CIIydasiM, KOTzia
u3jienue MoJBepKEeHO IIoMeXaM, IOCTYIalo-
IIIVM 10 CUTHAJIBHBIM IEIISM U LIeIIsIM TN TaHMS,
a Mephl 10 MUHMMU3AIUY UX BIUSHUSA ITOHAT-
HBI ¥ MOTYT OBITB JIETKO PEaTH30BaHbIL.
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