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Bcerymiienune

OcHOBHBIE MOTHUBBI

Kazkiprit pajmmosrobuTesb 3HaeT CIeIyIONTyIo 3a/a4qy: Bbl BbITagIn TPAH3UCTOP U3 TeYaTHON TLIATHI
WA JIOCTAJIM OJMH U3 KOpoOKu. Eciu Ha HeM ecThb MapKUpOBKa, n y Bac yxke ecTb macnopT uin
Bur MoxKeTe MOJTyInTh JOKYMEHTAIMIO 00 9TOM 3JIeMeHTe, TO Bee B nopsijike. Ho ecu jlokyMenTams
OTCYTCTBYeT, TO BbI IOHATHSA HE UMeeTe, UTO 9TO 3a 3JIeMEeHT. 1 pauIInOHHbIN 110/IX0/I U3MEPEHU BCeX
mapaMeTpOB CJIOXKHBIN U TpyaoeMkuii. DjaemeHT MoxKeT ObITh N-P-N, P-N-P, N mim P-kananbabim
MOSFET rpansucropom u T.;1. Unea Markus F. 3akioganach B ToM, 9TOOBI TEPEIOKUTH PYTHYIO
pabory Ha AVR mMukpoxkoHTpoJLIED.

HauaJjio moeii paboThl HaJ| ITPOEKTOM

Most pabora ¢ porpammubiM obectieaenneM Tecrepa ot Markus F.[I] nauamocs, moromy 9to y MeHst
OBLIN TTPOOJIEMBI C MOUM TTPOIPAMMATOPOM. ¢l KyIHJI ImevaTHyo IJIaTy 1 3JeMeHThI, HO He CMOT 3a-
nporpammupoBaTh EEprom ATmega8 ¢ mapaiiBepom Windows 6e3 coobmmenust 06 ommbdke. [TosTomy
s B3ss1 mmporpammuoe obectieuenne ot Markus F. n msmenusn Bce obparenus u3 namsatu EEprom
kK Flash mamsaru. Anajmusupys nporpaMMuoe obecriedeHue Jijisi TOro, 9TOObl COXPAHUTH MaMsITh B
JIPYTUX MeCTax MPOTPaMMBbI, Y MeHs MOSBUIACH Ujes u3MeHuTh pesysibrar ¢yukinn ReadADC u3
equmnt, AITT na muumBosnster (mV). Pasmeprocts B mV Heobxoanma 171 JIE060r0 BBIBOJIA 3HAME-
Hus Hanpsikerus. Ecan dyaknusa Read ADC BozBparmaer 3HadeHnst HEITOCPEICTBEHHO B MV, s1 MOTy
COXPAHATH IIPeodpa30BaHUs I KayKIOI0 BBIXOJIHOTO 3HadeHudA. PasmepHocTh B mV MOXKHO IOJIY-
YUTh, €CJIM CyMMUPOBATH pe3y/brarhl 22 nokazanuit AL, cymmy yMHOXKUTL Ha 2 U pa3/ie/uTh Ha
9. TakuM METOIOM MaKCHUMAJIbLHOE 3HAYEHHE MOy IUTCS %9'22'2 = 5001, uTo MjeasbHO COOTBETCTBY-
eT Hy»KHOH pa3sMepHOCTH M3MEpPEHHBIX 3HadeHuit Hampskenust B mV . Kpome Toro Jomo/iHUTe I5HO
ObLIa HaJIeK /18, 9TO YBeJIMdeHne, oT repeanckpern3annun, paspemrenns: AT moxer criocobcTBOBATH
yaayuiernio cantanioro ¢ AT wanpsizkenus, kak onucano B AVR121 [5]. B opurunasibuoit Bepcun
dyukmusa Read ADC nakammuBaercs pesyiabrar 20 uzmepennit ALl u nenures morom Ha 20, Tak 910
pe3ysbTaT paBen opuruHajibHoMy paspertenuto AL T.e., o sTOMY TIyTH MOBBIIICHIE PA3PEITICHIS
ATIIT HeBo3mozkHO. Tak 9TO 1 MOJKEH OBLI ¢IeIaTh HeDOJIBIIYI0 paboTy, 9TOObI U3MEHUTH (OYHKIIIO
ReadADC, a 310 3acTaBmjio IpoaHAIN3UPOBATh BCIO MPOTPaMMy U U3MEHUTH Bce «if statements» B
IporpaMme, rjie 3alpaliuBaloTcs 3HaueHns Halpsizkennsd. Ho 9To 66110 TOIBKO HAYaI0M MOeii pabo-
ThI!

[Togsiisiiocs Bee 60J1bIIE U OOJIBIE UEH, 9TOOBI Clie/IaTh u3MepeHus 60J1ee OLICTPBIMU U TOYHBIMH.
Kpowme Toro xoresioch pacumpuTh JIuana3oH u3MepeHuil conporusjeHuit u émkocteit. @opmart BbIBO-
sa uagopmanun Ha LCD-muctieit Obu1 u3MeneH, Terepb Jjis JUO0JI0B, PE3UCTOPOB U KOHJIEHCATOPOB
UCIIOJIL3YIOTCs CUMBOJIBI, a He TeKCT. [ljisg mosrydenust JOMOTHUTETBHON WHMOPMAIUN HEOOXOIUMO
O3HAKOMUTBLCSL CO CIIUCKOM JOCTYIHBbIX (yHkiumii B riase [ [lianupyembie paboThl U HOBbIE UJEH
npejcrasyiensl B Tiase [9) Keraru, Teneps st mory nporpamvuposars EEprom ATmega B onepariu-
oHHOIT cucteme Linux 6e3 omubOK.

3/ech g XoTeJ1 ObI T0OJIAroJapuTh pa3paboTINKa U aBTOpa IporpaMMHoro obecreuenns Markus
Frejek, Koropslii mpegocTaBiI BO3MOXKHOCTD IPOJAOJIZKHUTHL HadaTyio uM pabory. Kpome Toro, s xores
OBl CKa3aTh CIacubo aBTOpaM MHOTOYMCJIEHHBIX OOCYXKIeHHiI Ha (dopyMe, KOTOpbIe ITOMOIJIM MHE
HaliTu HOBBIE 3aJ1a4u, cjlabble MecTa u omubOKu. /lasiee st xoren Ob1 mobsrarogaputh Markus Reschke,
KOTOPBII pa3pelrn MHe IIyOJUKOBATh €ro dApKue BEPCUU ITPOrPaAMMHOIO obeclieueHus Ha cepBepe
SVN. Kpowme Toro, HekoTropble ujen u mnporpammubie mMoayaun Markus R. Obuin mHTErpupoBaHbl B
MOIO COOCTBEHHYIO BEPCHIO ITPOIPAMMHOIO 00ECIIeUEHUSI.



Taxxxe Wolfgang SCH. nposesrana 60Jbias padoTa 1Mo aJIalTallui TPOEKTa, IO/, JIUCILIEH ¢ KOH-
Tpostepom ST7565. Bosbioe criacubo emy 3a agamnTamnmio MukpornporpaMMbl 1.10k K Tekyitmeit Bep-
cun.

A mosmxen mobsrarogapuTh Tak:ke Asco B., KoTopsrii paspaboTas HOBYIO NMEYATHYIO ILIATY JJIsT
MOBTOpPEHU JPyruMu pajuosroduTesamu. Creayiontyio 6,1arolapHocTb s XoTe 1 Obl orupaBuTh Dirk
W., Koropblii pazpaboraj MopsagoK cOOPKH 9TOM ImedaTHOH miaThl. ¥ MeHs HHUKOIIa He XBATUJIO ObI
BPEMEHU 3aHUMATHCS BCEMU STUMU BeIaMU OJHOBPEMEHHO ¢ MOUMHU pa3pabOTKaMU ITPOrPAMMHOIO
obecrievennsi. OTCyTCTBHE BPEMEHU HE TO3BOJISIET U B JAJIbHEHIIIEM Pa3BUBATEH IIPOrPAMMHOE 00ec-
rmeveHne Ha TOM ke ypoBHe. Cracmbo 3a MHOTOYMC/IEHHBIE MPEJIOKEHUST 10 YJIyUIeHno TecTepa
wieHam mectHoro oresenns «Deutscher Amateur Radio Club (DARC)» u3 Lennestadt.

Ha zaBepmenne, cnacu6o Nick L w3 YKpaunbl, 3a mMoaep:KKy uiaeil CBOUMU IPOTOTUIIAMHU ILJIAT,
[IPEJIJIOZKEHNEe HEKOTOPBIX JIOTIOJTHEHUN U MTOJJIEPYKKY U3MEHEHUN B PYCCKON JTOKYMEHTAIIH.
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XapaKTepUuCTUKU
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Paboraer ¢ mukpokonTposutepavu ATmega8, ATmegal68 nin ATmega328. Takke BO3MOKHO
ucnosibzoBarh ATmega644, ATmegal284, ATmegal280 miu ATmega2560.

Orobpaxkenne pe3ynbTaToB Ha cuMBoibHOM LCD-mauciiiee 2x16 uan 4x20.
Bamyck - ogHokparHoe Haxkatne KHonkn TEST ¢ aBrooTkioueHnem.

Bosmozkna pabora 0T aBTOHOMHOI'O UCTOYHUKA, T.K. TOK HOTPEOJICHUS B BBIKJTIOYEHHOM COCTO-
staun He npesbimaer 20 nA.

Y100bI YMEHBIIUTH TOK IOTPEOJICHUsT B PEXKIMe OXKHUJIAHIS U3MEPEeHHsl, IIPporpaMMHoOe obectie-
Jenne, HavdnHast ¢ Bepenn 1.05k, ncmosbsyer pexxum cHa (Sleep Mode) i1st MEKPOKOHTDOJLIEPOB
Atmegal68 mim ATmega328.

Asromarudeckoe orpegiesieane N-P-N u P-N-P 6urnonsgpubix rpanzuctopos, N- u P-kaHa/ibHbIX
MOSFET tpansucropos, JFET Tpamsuctopos, nuomoB, ABOMHBIX THOIOB, TUPUCTOPOB U CH-
MHUCTOPOB.

ABromarnueckoe olpeJesieHrue paciioJIO2KCHH A BBIBO/IOB 3JIEMEHTA.

Nzmepenne koadduimenTa ycujieHns U IOPOrOBOTO HAIIPsSKeHUs 0a3a SMUTTED OUIIOISIPHOIO
TPaH3UCTOPA.

Tpansucropsl Japaunrrona uaeHTH(MUATTIPYIOTCS 0 IIOPOIOBOMY HAIPSKEHUIO0 U KOIMDDUIH-
eHTy yCUJIEHUS.

Obnapyxkenne 3ammuTHOrO juoga B ounoapabix 1 MOSFET Tpansucropax.
N3meperne oporoBoro HalpsizKeHHsT 3aTBOpa 1 BemdauHbl émkocTu 3arBopa MOSFET.

N3mepenune oJIHOrO WJIn JIBYX PE3UCTOPOB ¢ m3obpakenueM LF cmMBOJIa PE3UCTOPA U TOTHO-
CTBIO J10 4 mecaTnyanbIX Mudp. Bece cMMBOJIBI IPOHYMEPOBaHbl COOTBETCTBEHHO HOMEPaM IILYTIOB
Tecrepa (1-2-3). Takum 06pazoM, MOTEHIIMOMETDP TaKKe MOXKET OBbITh U3MEpPEH.

Paspemenne nsmepenus conporunienns g0 0.01 2, a Benuunnaa usmepenns - 10 50 M€).

Onpeesenne 1 n3MepeHne OJHOI0 KOHJIEHCATOpa ¢ H300parKeHneM CUMBOJIa KoHtencaropa —1
Ormpejiesienre 1 n3MepeHre OJHOI0 KOHJIEHCATOPa ¢ N300pakeHueM CUMBOJIA KOHIEHCATOPa U
TOYHOCTBIO JO YeThIpeX AJCCATUIHBIX ]_H/Id)p EMKOCTB KOHJeHCaTOpa MO2KET 6bITb 3aMepeHa
or 25 pF' (8 MHz, 50 pF' — 1 M Hz) no 100 mF. Paspemenne nsmepenusi cocrapiser 1 pF
(8 MHz).
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ESR xommencaropa usmepsiercs ¢ pazpertenueM 0.01 € st KoHjieHCATOPOB EéMKOCTBIO OoJtee
0.18 pF' u orobpazkaeTcs: IUCIOM C JBYMsl 3HAYAIUMU JECATHIHBIME I PAMI. ITO BO3SMOKHO
Tos1bKO it ATmegal68 min ATmega328.

Jnsg kougercaTopos éMKOCThIO Bhimie 5000 pF' MoxkeT ObITH Olpe/ie/ieHa MOTePsT HAIPAZKEHUS
OCTIe BO3MEHCTBIS MMITYJIbca 3apsiiaku. [loreps HaNpszKeHusT 1aeT ONEeHKY JA00poTHOCTH (Ka-
YeCTBA) KOHJCHCATODA.

Onpenenerne 10 ABYX JAMOIOB ¢ M300pakKeHHEM HMX CHMBOJIOB —M— mim —H— B mpaBUIbHOM
nopsike. JlomonuTeIbHO 0OTOOpazXkaeTcs MpAMoe TajeHue HAIPSZKEeHUs Ha JINOJIE.

Ceeromuoy, (LED) onpesensiercst Kak JHOJL C MPSIMBIM HAIPSIZKEHAEM BBIIIIE, YeM Y OOBIYHOIO
quojia. Ba cBeTomoia B OTHOM 3-X BBIBOJHOM KOPILYCe TaKKe OIPeIe/IAIOTCs, KaK JBa JINOJIA.

CTabumMTpoHbl MOTYT OBITH OIIPEJIe/IEHbI, €C/IN UX 00paTHOE HAIpsizKeHue mpodos nuxe 4.5 V.
Onu oToOpakalTCs, KaK JBa N0/, 1 MOT'YT ObITh MJIEHTU(MDUIINPOBAHDI, KAK CTaOUIUTPOHBI,
TOJIBKO TI0 HaIPszKeHUI0. HoMepa BBIBOIOB, COOTBETCTBYIOININE CUMBOJLY JINO/A, B 9TOM CIIydae,
UJIEHTUYHBI. PeasbHBIN BBIBOM, aHOMA JINO0J/Ia MOXKHO HJIEHTHMOUIINPOBATH TOJBKO IO MaJIEHUIO
Hanpskerns (okoso 700 mV)!

Ecnn onpenensercs 6osiee uem 3 amnojia, YUCJIO JTUOA0B 0TOOPaXKaeTcs JIOMOJTHUTEIHLHO ¢ CO00-
[IEHUEM O TOM, UTO JIEMEHT MOBPEXKIAEH. DTO MOXKET IPOM3OMTH, TOJIBKO €CJIU JTUOJBI IIPUCO-
eJIMHeHbl KO BCEM TPEM BBLIBOJAM, U, [10 KpaiiHeil Mepe, oJIMH U3 JIMOJI0B - cTabumTpoH. B sToMm
caydae HeOOXOIMMO IPOU3BECTH U3MEPEHUs, MOJICOECIMHUB K JABYM IiynaMm Tecrepa cHadasa
OJIHY IIapy M3 TPEX BBIBOJOB dJIEMEHTA, 3aTeM — JII00YIO APYIYIO IIapy BBIBOJIOB 3JI€MEHTA.

Nzmepenne BenYIuHbI éMKOCTU OJIMHOYHOIO JIMOJ/Ia B OOPATHOM HAIPABJIEHUU. DUMOJIADHDII
TPAH3UCTOP MOXKET TaKKe OBITh IIPOAHAJM3UPOBAH, €CJIU HOJK/IIOYNTE 023y U KOJJIEKTOD WJIN
a3y u SMHUTTED.

O,ZLHI/IM U3MEPEHUEM MOZKHO OIIpeAE/INTh Ha3HaAY€HUE BBIBOJIOB BBIIIPAMUTE/IbHOT'O MOCTa.

Koniencaropsl éMKOCTBIO HEUKe 25 pF 0OBIMHO HE OINPEJIE/IAIOTC, HO MOT'YT ObITh M3MEPEHBI
BMeCTe C IMapaJsiieIbHbIM JIMOI0M WK apaJslie/IbHbIM KOHJIEHCATOPOM, EMKOCTBIO boJtee 25 pF'.
B srom ciiydae u3 pesysbrara usmMepeHus HeoOXOMMO BBIYECTh €MKOCTDb IOJIKII0OYECHHOIO T1a-
paJlIeJIbHO 3JIEMEHTA.

st pesucropos conporusienneM Huke 2100 Q (tosbko st ATmegal68 wim ATmega328)
u3MepsieTcsd MHAYKTUBHOCTDH. Jlmanazon mamepenwuit or 0.01 mH ;0 20 H, HO TOYHOCTH HeE
BbICOKA. [loryunTh pe3ybraT m3MepeHus MOXKHO TOJIBKO C €JIUHCTBEHHBIM IOJIKIIOUYEHHBIM
9JIEMEHTOM.

Bpewmsa TectupoBanust GOJBIIMHCTBA 3JIEMEHTOB COCTAB/IAET MPUOIU3UTETHLHO 2 ceKyH bl M3-
MepeHre EMKOCTU WJIM WHIYKTUBHOCTH MOTYT YBEJIUYIUTH BPEMs TECTUPOBAHUA.

[Iporpammuoe obecrievderre MOXKeT KOH(MDUTI'YPUPOBATHCs, ITOOBI IIPOU3BECTU PsiJ U3MEPEHUi
peXkJjie, 9eM MuTaHue Oy/IeT OTK/II0UEHO.

B dyHKImu caMonpoBepKu BCTPOEH JIONOJTHUTEIbHbIH reHepaTop dactorbl Ha 50 H 2z, 4To0bI
IPOBEPUTH TOYHOCTH TAKTOBON 4acToThl (ToJbKO ATmegal68 u ATmega328).

[TonkrouaemMoe, B pexKuMe caMOIIPOBEPKU, 000PYI0BAHUE JJIs TADUPOBKU BHYTPEHHET'O BBIXOJI-
HOI'O CONPOTHUBJIEHUS [IOPTa U CMEIeHUsT HyJIs pu u3Meperun éMroctu (Tosibko ATmegal68 u
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ATmega328). [ljist TapupOBKU HEOOXOMMO MOJKJIIOYUATD K IIyaM | 1 3 BHEIIHUI BHICOKOKAYe-
CTBEHHBIN KOHIeHCAaTOp EMKOCTHIO Mexk 1y 100 nF' u 20 pF' 9To0bl N3MEPUTDH BEJTUUNHY KOMIIEH-
caIlny HAIPSZKEHUs CMEIeHNsT aHAJIOTOBOTO KOMITAPATOpa. DTO YMEHBIINAT ONUOKA M3MEePEeHUsT
EMKOCTH KOHJIeHCATOPOB 10 40 pF. DTOT Ke KOHJEHCATOp IMPUMEHSEeTCs IPU KOPPEKINKA Ha-
upskennst BayTperrero MOH, samepersoro mysa nogacrpoiiku macmraba AT npu nsmepenun
¢ sayrpennum VOH.

Orobpazkerne 06paTHOrO TOKa KOJLIEKTOPa I po IpU OKJII0UeHHOl 6aze (¢ pasperennem 10 pA)
1 06paTHOrO TOKA KOJJIEKTOPA IPU KOPOTKO3AMKHY ThIX BbIBOJIaX 6a3bl 1 amutrepa Iops. (TOJIb-
Ko st ATmega328). Dru 3HAUEHUST OTOOPAKAIOTCS €CJIN OHU HE PaBHBI HYJIO (IJIABHBIM 00pa-
30M, IS TePMAaHUEBBIX TPAH3UCTOPOB).

Jng ATmega3d28 10CTyIHO JIMAI0rOBOE MEHIO, KOTOPOE TTO3BOJISIET BBIOPATH JOMOJHUTETbHbIE
dyukun. Koneuno, Bbl MoxkeTe BepHYThCS U3 IMAIONOBOIO MEHIO K HOPMAJILHOMY (DYHKIIAO-
nupoBanuio Tecrepa.

W3 auamoroBoro MeHIO MOYKHO BBIOpaTh m3Mepenue dacToThl Ha mopty PD4 ATmega. Paspe-
menne cocrapysger 1 Hz s uamepsembrx dactot Boie 25 kHz. [lis 6ojiee HUBKUX YACTOT
pazpernerne MmoxKeT ObITH 10 0.001 mH 2z ¢ usmMepeHneM CpeiHero Iepro/ia.

W3 mento, mpu OTKJIIOUEHHOM (DYHKIIMH MTOCJIEIOBATEILHOTO IOPTA, MOXKHO BBI3BATH (DYHKITUIO
u3Mepenus Hanpsikenusi 10 50 V' upwm ucnosbzoBanuu gemrens 10:1 wa mopry PC3. Ecmm
ucnosb3yercss ATmegad28 B xkopuyce PLCC, 1o i m3MepeHust MOKHO HCIIOJIB30BATH OJIIH
u3 jonogauTe/bHBIX 1opToB BMecTe ¢ UART. Eciu npucyrcrByer cxema n3mepenusi crabun-
tporoB (DC-DC npeobpasosaress), u3aMmeperne cTabUINTPOHOB TaKyKe BO3MOYKHO C HOMOIIBIO
sroit pyukimu, HaxkaB kKHonky TEST.

13 MeHIO MOXKHO BBIOpATh (DYHKIIMIO TeHepaTopa YacToThl Ha TecToBOM KoHTakTe TP2 (PB2
noptr ATmega). B Hacrosiiee BpeMsi MOKHO TIPeJIBAPUTETHHO BLIOpATh Yactorhl o1 10 Hz 110
2 MHz.

N3 nuanoroBoro MeHo (byHKINNE MOXKHO BBIOPATH BHIBOJI (DUKCUPOBAHHONW YACTOTHI C BO3MOXK-
HOCTBIO BBIOODA MIUPUHBI UMITYJIbca Ha TecToBoM KoHTakTe TP2 (PB2 mopr ATmega). [Tupuna
MOzKeT ObITH yBeaumdeHa Ha 1% npu kparkoBpemennoM HazkaTuu uau Ha 10% npu Gostee j1yiu-
reabHoM HaxkaTun KHonku TEST.

W3 nuasorosoro Menio (byHKIMI MOXKHO 3aIllyCTUTh OTJEIbHOE M3Mepenne EMKOCTH C U3Mepe-
uueM ESR. Tosbko kongencaropst ot 2 pF' 10 50 mE mMoryT ObITh U3MEPEHBI B CXeMe, TaK KaK
ucCIoJib3yercd Hu3koe, okosio 300 mV manpsizkenne. Bbl JTO/IKHBI yOEIUTCs, YTO BCe KOHJIEHCA-
TOPBI Pa3pPsAXKEHbI Tepe]l HavaIoM JTIOObIX NU3MEPEHUIA.

TupucTopbl 1 CUMHCTOPBI MOTYT OBITH OOHAPY2KEHBI, €CJTH UCIBITATE/ILHbBIN TOK BBIIIE TOKA YJIEp-
sKaHns. HekoTopble THPUCTOPHI M CUMUCTOPHI HYKJIAI0TCd B O0JIee BBICOKUX TOKaX, deM 3T1oT Tectep
MokeT obecrieunTh. JlocTymHbIN TOK TecTupoBanus ToJbKo 6 mA! 3amerbre, 9TO MHOTHE JOIIOJI-
HUTEJIbHbIE (DYHKIUU MOI'YT OBITH JIOCTYIHBI HPU KCIOJB30BAHUNA KOHTPOJIIEPOB C JOCTATOYHBIM
obbeMoM namsaTu, Takux Kak ATmegal68. OgHako TOJBKO IPU UCIOJIH30BAHUU KOHTPOJLIEPOB, B KO-
TOPBIX, TI0 Kpaiineit mepe 32 kB duren-mmamsitu, taknx kKak ATmega328 nim ATmegal284 jmocTytHbr
Bce (DYHKITUN.

Buumanue: [lepe mojk/odeHneM yoeaurech, 9To0 KOHJeHCATOPhI pa3psi>kenbl!. Tectep
MOXKET OBITH IOBPEXKIEH U B BBIKJIIOUEHHOM COCTOAHUU. ECTh TOJILKO HEDOJIBINAA 3aIlUTa B IIOPTAX
ATmega.



Eciu Tpebyercst npoBepUTH 3/IEMEHTHI, YCTAHOBJIEHHBIE B CXeMe, TO 000PYI0BaHUE JIOJIKHO OBITH
OTCOEJIMHEHO OT UCTOYHUKA NMUTAHUs, U JOJKHA ObITH IOJIHAS YBEPEHHOCTH, YTO OCTATOYHOE Ha-
Npsi2KEHUE OTCYTCTBYET B 00OPYIOBAHUMN.



I'1aBa 2

AnmapaTtHble cpeJicTBa

2.1 Cxewma Tectepa

CxeMa Ha pUCYHKe ocnopaHa Ha cxeme Markus F., uz npoekrta AVR Transistortester [I]. Us-
MEHEHHbIE MU TIepeMeIeHHbIe 3JIeMEHTHl OTMeUeHbI , JIOTIOJIHNTE IbHBIE 3JIEMEHTHI
OTMEUYEHBI KPACHBIM I[BETOM.

He60ﬂleI/Ie N3MEHEHU A BHECEHEBI B SJ'IeKTpOHHbeI BBIKJIIOYaTEJ/Ib IIMTAHUA, KOTOprﬁ co3gaBaJl IIpPo-
6JIeMBbl B HEKOTOPBIX peasm3anusax. Pesucrop R7 ymensinen no 3.3 k). Konmencarop C2 ymenbien
10 10 nF. R8 mepenecen Tak, 9Tobbl BEIBOJ opTa PD6 6611 moak/toden K KougeHcaTopy C2 depes
HEro, a He HeIOCPEJICTBEHHO.

ILOHO.HHI/ITQ.HBHBIG 6.HOKI/IpOBOLIHbIe KOHJICHCATOPBI JOJI2KHbBI 6bITI) YCTaHOBJICHBI ¥ BBIBO/IOB ITUTa-
auss ATmega n y BbIBOJIOB cTabuyim3aTopa HampsizkeHust. /lobaBeH ofuH TOMOTHUTETBHBIN TTOTSI-
ruBatonuii pesucrop Ha 27 k€ k ooy mopra PD7 (BeiBoz 13 ATmega). B s10it Mogudukanyn
nporpammuoe obecriedenne orkiodaeT BCE BayTpentnue nomrarusaomme pesucropbl ATmega.

Hobassien ponostanTesbHbIN KBapil Ha 8 M H z ¢ konjencaropamu C11, C12 na 22 pF'. Tounoctsb
KBapIa JaeT BO3MOKHOCTH 00Jiee TOTHOT'O W3MEePEeHUsT BPEMEHN JJIs TOr0, YTOObI N3MEPUTH EMKOCTD
KOHJICHCATOPA.

Hosasi Bepcus mporpaMMHOTo o0eciiedeHusi MOXKeT UCIOJIb30BATh IePEeKJIIOUeHne MacIiTada Ha-
npsizkernst AIITT. Ckopocts niepexiiiouenust 3apucut ot BrerHero koujencaropa Cl va AREF (BoiBojy
21 ATmega). Uro0b! n36€KaTh 3aMe/JIeHNsT Ha BeJIUIUHY OOJIBIIYIO, YeM HEOOXO MO, EMKOCTH 9TOTO
KOH/JIEHCATOpa JIOJI?KHa OBITh yMeHbIeHa 10 1 nk'. Moxuo Boobie ynaauth kongencarop Cl.

Coornorenne pesucropoB R11/R12 onpenessier Benanny HAIPsZKEHUs JIJIsT KOHTPOJIST Pa3psiia
barapen nmranus. ¢ mpucnocodbus cBoe mporpaMMHoe obecrieuernne K opurnuaiy ot Markus F. [1] ¢
BesimanHamu pesuctopoB 10 k€2 u 3.3 k€). onosiaureibHOE ormopHOe Hatpsizkenne 2.5 V| momanHoe Ha
nopr PC4 (ADC4), MmoxkeT HCHOIBb30BATHCsI, YTOOBI IPOBEPUTH M OTKAJINOpOBaTH TecTep Ha MMEo-
meecst Hanpsizkerne VCC (ne obgasaresnsho). B kadecrse IOH moxuo nenonszosars LM4040-A1Z2.5
(0.1%), LT1004CZ 2.5 (0.8%) wim LM336-7Z2.5 (0.8%).

Ecmu me ycranoiaen MOH u He mpemycMoTpeHa 3aluTa ¢ HCIIOJIb30BAaHUEM pejie, Bbl TOKHBI
yCTaHOBUTH ToTsiruBatonuii pesuctop R16 k PC4 ¢ Beicoknm HoMuHATOM (47 kS2). DTO mOMOKET
porpaMMHOMY obectiedennto obHapykuTh orcyTeryomuit UOH. Hononuurenbubrit narepdeiic ISP
ObLIT J100aBJIEH I YIPOIIEHUs 3arpy3Ku HOBBIX BEPCHUil ITPOrPAMMHOTO 0OECIIeYeHHs .
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©
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Puc. 2.1. HoBas cxema Tectepa

w
~

2

2

[Iporpammuoe obecriedenne MOXKET W3MEHsSITh Ha3HadYeHMe BBIBOJOB mopTa D s ymoberBa pas-
Bojaku LCD-aucmies. B Tabimre [TOKA3aHO BapUaHThl MOJAK/IOUeHUs st Bepcun Strip Grid u
HOJIKJTIOUeHUsT IPpauIecKoro HHAnKaTopa K MukpokouTposuiepy ATmega8 /168 /328. Takxke ykazaHo
MCII0JIb30BaHUe BXOJOB IIOPTOB JJIsI JOMOJTHUTEIbHBIX (hyHKImit. [1pn mojcoemaernn rpaduaeckoro
aganrepa K mwiare Bepeun Strip Grid (ommms STRIP - GRID BOARD) dyHKIws n3MepeHust 4acTo-
TBI He MOXKeT OBbITh HCHoJb30BaHa, noromy 4rto nmopt PD4 (T0) ucnosssyercsa. Ho 910 coequnenne
HCIIOJIb3YEeTCA B KUTANCKON Bepcun ¢ rpaduIecKuM JTUCILIIEEM.

cuMBOJILHBIH | cuMmBosbHbIl LCD | ST7565 LCD | ST7576 LCD JOTOJHUTEIbHDIE
opT LCD strip grid miara strip grid miara dyHKIUN
PDO LCD-D4 BXO/I KHOIIKH LCD-REST
PD1 LCD-D5 LCD-D7 LCD-RS LCD-SI 2 KaHaJ HKOJIepa
PD2 LCD-D6 LCD-D6 LCD-SCLK LCD-SCLK
PD3 LCD-D7 LCD-D5 LCD-SI LCD-AO0 (RS) | 1 kanas sukozepa
PD4 LCD-RS LCD-D4 LCD-REST BHEIIIHSIST IaCTOTa,
PD5 LCD-E LCD-E
PD7 || Bxox KHOIKHI LCD-RS

Tabsuna 2.1. Iogkiouennst nucrees K nopram ATmega8/168 /328

2.2 VYaydllleHud W paciiupeHns K npudopy

2.2.1 3amwura nmoptoB ATmega

g samurer ATmega BBoguTCa 0JMHA U3 JIBYX BAPUAHTOB CXEMbI 3AIUTLI U3 [IPEJICTABICHHBIX Ha
PUCYHKE B nepBoMm BapmaHTe KOHTaKTHI 0OecTOYeHHOro pesie 3ammuinaoT ATmega mpu orcyT-
CTBUM HaIpszKeHHs uTanusa. KOHTaKTbI OyayT pa3soMKHYTBI IPOIPAMMHO, KaK TOJBLKO HAYHETCS
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U3MepeHue.

Bo BTOPOM BapuaHTE€ 3alluTa IIpHU IIOMOIIMX AWOJ0B YMEHBIIIAECT BEPOATHOCTD IIOBPEXKICHUA I1OP-
TOB ATmega Ipu IIOAKJIIOYEeHNN KOH/JIeHCaTOpa € OCTaTOYHbIM HallpAXKEeHUeM.

Cuesryer 3aMeTHTD, YTO HM OJIHA CXeMa He JaeT IOoJIHOI rapanTun 3ammrhl ATmega or ocraTod-
HOTO 3apsijia KoHjieHcaropa. 11o sTomy, miepe/1 TecTupoBaHUEM, KOHJIEHCATOD 00s13aTE/IbHO pa3psIiTh!

— TP1
vee ———TP2
BC547 Z;E::;mg of relay type — TP3
1 3 4 6
- | >—
= o vce
=5 I T 5 YAVYAYVYAY
lOOl’lFL
P6KE6V8A* if
PEHADCHSDA) PCO(ADCO) ——4 >— TP1 12
PCI1(ADC1) »— TP2
PC2(ADC?2) >— TP3 SRV05-4
a) C UCIIOJIB3OBAHUEM pPeJie C HUCITIOJIB30BaHUEM JHNOJ0B
b

Puc. 2.2. Samura Bxom0B ATmega

2.2.2 N3mepeHue cTadbUIMTPOHOB C HaIIpsizkeHHeM OoJjiee 4 V

Eciu UART ne tpebyercst, mopr PC3 MoxKeT MCIIO/IB30BaThC B KaUYeCTBE aHAJIOMOBOIO BXOA JIJIs
U3MepeHHsI BHEIIHero HampsiKenust. HampsizkeHune MoxKeT cocTaBuTh 10 50 V' ¢ I0MOJTHUTEIBHBIM
pesuctuBabiM genunTenaeM 10:1. Ha pucynke [pe/iCTaB/IeHa CXeMa JJIs U3MEPEHHsT HAIIPSIKEeHIe
pobosi cTabuymTpoHa npu Hu3koM ypoeHe Ha mopre PD7 ATmega. Tecrep mokasbiBaeT BHelHee
nanpsizkenne, moka Bor jiep:xkute knonky TEST naxkaroii. Tok, norpebdsiemMblii oT 6aTapen muTaHus,
IIpU 3TOM Bo3pacraer, npuMmepHo, Ha 40 mA.

Button

RI19 T4

Uext — T+ Vout+15 . L1
Vin+

External
Voltage

Uext

ic 14
[ 100n

10k —1com DC-DC Conv. 33uH

I
i
i
i
[
I
i C13 [ 1uF IRFU9024
i in—
i Vout-15 Vin
serial / PC3 i J_
I
i
i
i
i
i
i
i
i

ou
GND

TMAO0515D

N

IC3
MCP1702

1
Lo Jon
™™ 50u "[100n

Ubat

Can be placed on Tester board! Should be placed separate!

Puc. 2.3. Cxema 11 n3MepeHns mapaMeTpoB CTabOMIMTPOHOB

Pesuctusnbiii gesmrens 10:1 MoxkeT ObITH MCHOJIB30BAaH JIJIsi M3MEPEHUs] BHEITHUX HAaPIKEHU
pu BeIOOpE U3 MeHIO JonoiHnTe/ bHbIX (hyHknuit B ATmegad28. [Ipucyrcreue DC-DC npeobpaso-
BaTesIsl JIJIsi U3MEpeHusi CTabU/INTPOHOB HE MEIAeT, TaK KaK KHOIKA He YIACPKUBAETCS B HAYKATOM
cocrostaun u, coorBercrBerro, DC-DC mpeobpaszoBaresib obectoder. Takum oOpaszsoM, MOKHO H3Me-
pPATHb HaIpszKEeHUe MOCTOSTHHOTO ToKa /10 H0 V' TOJIBKO MOIOKUTENHHOU MOJIAPHOCTH, 00A3aTETHHO
co0JIIOIas MOJIAPHOCTD.
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2.2.3 T'enepatop 4acTOTHI

N3 mento 1omoiHUTEIBHBIX (DYHKINN, TpU ncnoib3oBannn ATmegad28, MOXKHO BBIOpATh TE€HEPATOD
qacToThl. B HacTosIee BpeMsi IO AepKUBaeTCss BLIOOP YacToT B auamnaszone or 1 Hz mo 2 MHz.
Bruixosgmoit curnan 5 V' o4gepes pesucrop 680 €2 BbIBojuTCH Ha TecToBBI KoHTaKT TP2. B Kadecrse
curaaja GND, npu srom, moxkno ucnosibzoats GND DC-DC npeobpaszoBaresist Wil T€CTOBBIN KOH-
takT TP1. Tecrossrit kortakT TP3 moacoenmaern k GND 4epes pesucrop 680 €.

2.2.4 l3mepeHue 9acToThl

st mcrosib30BaHus JOMOJTHUTEIBHON (DYHKIINN U3MEPEHUsT YaCTOThI, TOTPEOYeTCs He3HATNTE TbHAS
nopaborka Tecrepa. st mamepenns gacrorsl ucnosb3yerca mopt PD4 (T0/PCINT20) ATmega.
DTOT Ke MOPT UCIOab3yeTcst st ok aodennst LCD-mucmies. B cranmapTaHoM BapuaHnTe K MOPTY
PD4 nonxmrouen curnas LCD-RS, B Bapmante strip grid - curman LCD-D4. /Ina oboux curHaon
nopt PD4 MoxkeT ObITH IEpeKJIIoueH Ha BBOJ, €CJIU B JAHHBIA MOMEHT He TpeOyeTcs BbIBOAUTL HMH-
dopmanuo na LCD-aucteii.

O tHako, JIydIle MCIOJIH30BaTh JOMOJTHUTEIbHYIO CXeMY IOJIKJIIOUYeHNs, N300pakeHHYI0 Ha pU-
cynke [2.4] Hanpskenune na soisoge nopra PD4 (LCD-RS i LCD-D4) 10/KHO GBITH yCTAHOBJICHO
okoJio 2.4 V npwm orkiodennoii ATmega nin mogcrpoeHo Bo BpeMsi u3Mepennsi dactorsl ATmega,
YTOOBI MOJYIUTh JIYUIIYIO 9YBCTBUTE/IHHOCTh K BXOJIHOMY curHajy. Bo Bpems perynunpoku LCD-
JIUCILIEN JIOJI?KEH OBbITH YCTAHOBJICH, TOTOMY UTO IOJTATUBAIONINE PE3UCTOPHI WHIMKATOPA MOI'YT

IVCC

U3MECHHUTL YCTaHOBJICHHOE HallIPDAZKEHUE.

I
@ 10k
10k 470
PD4 —4————{——>»— TP4
10k 100nF

1

Puc. 2.4. ,ZLOHOJIHHT@JII)H&H CXEMa JIJIgd U3MEPEHUA 9aCTOThI

2.2.5 Hcnojap3oBaHue MOBOPOTHOI'O SHKOEpPA

Jlnst 6os1ee ymobHOrO sloctyna K Menro gonogHuTeIbHBIX GyHKImit 11 ATmega328, Ber moxkere j10-
MIOJIHUTH CXEMY, YCTAHOBUB MHKPEMEHTAJIbHBIN SHKO/IEP ¢ KHONKON. Pucynok [TOKA3bIBAET CXEMY
MOAKI0UeHNs K TecTepy ¢ cuMBosibHBIM LCD. Eciau mcnonbsyercs rpadudecknii aucieil ¢ KOH-
Tpostepom ST7565, Ber mosnkabl ncnonb3oark mopT PD5 Bmecto mopra PD2. Bee curnamsr s
TOJIKJTFOYEHNsT TIOBOPOTHOT'O MHKPEMEHTAIbHOTO SHKO/Iepa JOCTYITHBI B pazbeme nojakodenns LCD.
[To sToMy, MOjIepHU3aIUS BOZMOXKHA, JIJId OOJIBIITUHCTBA CYIIECTBYIONUX TecTepoB. Bo MHOrUX ciyva-
sax rpadudeckuit LCD cobpan Ha mepexo/iHOil 1maTe u MOJAKJII0YeH K KOHTaKTaM, IpeIHa3HAIeHHbIM
s noakaodenust cumBosibHOro LCD. Takum obpazom, MomepHI3aINg B 9TUX CIydasx TaKrKe BO3-
MOYKHA.
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Puc. 2.5. Cxema MOAKIIOUEHUST TOBOPOTHOTO SHKOIEPA

Ha pucynke [MOKa3aHa 0COOEHHOCTH pabOThI JBYX THUIIOB IMTOBOPOTHBIX MHKPEMEHTAJILHBIX JH-
KOoJIepoB. B Bepcum 1 mostHas TOC/I€I0BATEILHOCTh COCTOAHMSA TEpPeKJIovaTeseil MpoucxoauT Ipu
MOBOPOTE Ha JiBa (PUKCUpPOBAHHBIE TMOJIOKEHUs. KOoJMYecTBO MOJHBIX IUKJIOB B JIBa pa3a MeHbIIe
9eM KOJITYeCTBO (DUKCUPOBAHHBIX TOJIOKEHUI 338 000poT sHKOjIepa. B Bepcuu 2 npu moBopoTe Ha OJ1-
HO (PUKCHPOBAHHOE IOJIOYKEHUE T€HEPUPYETCs MOJTHBIN UK COCTOSHUST KOHTAKTOB. B aToM cirydae
KOJITIECTBO (DPUKCUPOBAHHBIX ITOJIOXKEHUI COOTBETCTBYET KOJMYECTBY IUKJIOB 3a 000POT IHKOJEPA.

Nuorna, B Taknx SHKOJ/IEpaxX, B KaXKJIOM (DUKCUPOBAHHOM IIOJIOXKEHUN COCTOSHUE IepeK/TIovYaTesei
BCerJla O/IMHAKOBO.
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| | |
| | |
H i i i Switch A
| ; ; : | ; ; : |
H — : : . . : : . : :
| | | Switch B
detent detent detent
State: 2 0 1 3 2 0 1 3 2 0 1 3 2
Version 2
| | | | | |
| | | | | |
| ] | ] | ]
H | | | | | | Switch A
| | | | | |
| | | | | |
- 1 I I I I
H I I I I I I
| | | | | | Switch B
detent detent detent detent detent detent

State: 2 0 1 3 2 0 1 3 2 0 1 3 2
Version 1

Puc. 2.6. OcobennocTn JByX THUIIOB MTOBOPOTHBIX MHKPEMEHTAIBHBIX SHKOIEPOB

Pucynok MOKa3bIBaeT paboTy IHKOJIEpA KOTOPBINI UMEET He TOJbKO «JIpede3r» KOHTAKTOB HO
U HEYCTOWYMBOE COCTOsIHUE IIepeKIovaTess B Touke dbukcarmuu. Kax/oe n3Menenne coCTOAHUs T1e-
pekJiodaTeseil ompeaeageTcd IporpaMMoil n coxpanseTrcsd B Iukmdeckuit oydep. [losromy, mocie-
HUE TPU COCTOSIHUS MepPEKI0vYaTes el MOKHO ITPOBEPHUTH ITOCTe KayKJI0T0 M3MEHEHHU coCTosHus. [t
KazKJIOTO TIUKJIa IMePEKJTIOUEHNs] COCTOSTHMI, B OOITEll CJIO2KHOCTU YeThIPe MOCJIEI0BATETHHOCTH MOTY'T
OBITH OIpEJIIeHbI s KaXKJI0I0 HAIPABJIEHUs] BPAIEHUS.

Ecnu 3a oy (hukcupoBaHHYIO TO3UIMIO OCYIIECTBIISIETCS OJIUH, TIOJIHBIN, IIMKJI COCTOSTHUI TIepe-
KJIIOUaTeseil, To /IJis IPaBUJIBHOTO HOJICYeTa JJOCTATOYHO KOHTPOJINPOBATH COCTOSHUE ITePEKTI0IaTe-
ng B onnom kKanaine (WITH ROTARY SWITCH=2 nmu 3).

Ecim mis remepanuu moHOTO IWKJIA COCTOSHUI TepeKrovaresell TpeOyercss MOBOPOT Ha JIBe
(buKcHpoBaHHBIE TO3UINK, KaK [OKa3aHO HA PUCYHKE [2.7], BBl J0/IKHBI KOHTPOJIMPOBATH IIOCJIEI0Ba~
TeJIbHOCTD Tepekinodenns B 1Byx Kanamax (WITH ROTARY SWITCH=1).

g sakonepoB 6e3 dpukcanuu, Bol MoxkeTe BBIOpATH JIO0YIO YyBCTBUTEILHOCTD K YIJIy TTOBOPO-
Ta. 3HadYeHne 2 U 3 yCTAHAB/IMBAET HU3KYIO IYBCTBUTEIBHOCTDH, 1 CPEIHIO UYBCTBUTEJHHOCTH U D
BBICOKYIO UyBCTBUTEIBHOCTD.

[Moscuer uMITyIbCOB (KOJMYECTBO «BBEPX», KOJIMUIECTBO «BHU3» ) MOXKET ObITH ObecredeH moji6o-
POM OIIPEJIEJIEHHOI0 aJrOpUTMa, HO, B TO YK€ BPEMs, MOXKET OBbITh yTpadeH H3-3a HEeyCTOWIHBOIO
COCTOSIHUSI KOHTAKTOB IIePEK/IIoYaTeseil B TOUKe (hUKCAIINN.
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© detent 1 detent 2 detent 3
State: 0 2 3 1 0 2

Possible state history from left to right:

0 2020 2 3232 3 1313 1 0101 0 2020 2

NN N

023=- 231=- 310 = - 102 = -
320=+ 132 =+ 013 =+ 201 =+

Puc. 2.7. 9ukomep ¢ «apebe3roM» KOHTAKTOB IepeK/iodareieit

Ecnu sukoziep He JoCTyNeH WK He TeJiecO00pa3eH U3-3a KOHCTPYKTUBHBIX COOOPaKEHUil, BMECTO
JIBYyX KOHTAKTOB 9HKOJIepa, Bbl MoXkKeTe 10JICOe/IMHUTD JIBE HE3aBUCUMbIe KHOIIKY JIJIsl TIepeMelIeHust
«Beepx» u «Buuz». B srom ciyuae znadenune omruu WITH ROTARY SWITCH, mis koppekTHOit
pabOThI TPOIPAMMBI, JOJI?KHO OBITH YCTaAHOBJIEHO 4.

2.2.6 IlogknrodeHne rpaduvecKoro AUCILIEs:

Boubimoe crracutbo Wolfgang Sch. 3a BeImoiHeHHYI0 paboTy 110 MOIAEPKKE IPUOOPOM KUTAKCKON Bep-
cun jmciiest ¢ KoaTposutepom ST7565. B HacTosiiiiee BpeMsi BbI TakKe MOYKETe MOJIK/TIOIUTD Ipadu-
gecknit LCD (128x64 tmkcesneit) ¢ kourposutepom ST7565. TTockonbky konTposiep ST7565 moaKiio-
JaeTcd 10 Mocje0BaTe IbHOMY HHTepdEicy, TO TOJIbKO YeThIpe CUI'HAJBHBIX JIMTHUU HUCIIOJIb3YeTCs.
JBa BoiBoma nopra D ATmega MoryT ObITh HCIOJIB30BaHBI 1 APyrux 3aga4d. ATmega mporeccop
JIOJIZKEH UMETh, 110 KpaitHeit mepe, 32 kB duen-naMaru i TOJJIEPKKN IPadUIECKOr0 JIUCILIES .
ST7565 KoHTpOJLIEp UCIOIB3yeT padbouee Hanpsizkerne 3.3 V. Ilosromy Tpebyercst 10IOJTHATEIHHBII
crabumuzarop 3.3 V. okymenranus K KoHTposepy ST7565 He 10mycKaeT MpsSMOro MOIKTIOYeHHsT
JIOTUYEeCKUX CUTHAJIOB YpoBHA b V. JIma cornacoBanms jorudecKux ypoBHeit curnaaos 5 V u 3.3 V
MOXKHO HCIIOJIb30BATh CXEMY, IIPUBEJICHHYIO HA PUCYHKE ¢ UCIOJIb30BaHUEM MHUKPOCXEMBbI 1IPeod-
pasoBaress yposaeit 74HC4050.
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Puc. 2.8. [loakodenune rpadpudeckoro aucILiest

s nopkrouerus K KouTposepam cepunun ATmega644 smecro mopros PDO - PD3 ucrnosbsay-
1orca noptel PB2 - PB5. [I1g 3aMeHbl cHMBOJIBHOTO JTUCILIES Ha TpaduaecKuii MOXKHO HCIIOJIB30BATD
HEPEXO/IHYIO TIEYATHYIO IIATY-a/allTep ¢ Pa3beMOM aHAJOrnIHbIM cuMBosbHOMY LCD, Tak Kak Bce
CUTHAJIBI U [IUTAHUE HA HEM JIOCTYIIHBI.

2.3 VYkazaHus 1o coopke Tecrepa

B Tecrepe moxer ucnosibzosarbes LCD-auctueit 2x16, nporpamvuo comectumbiit ¢ HD44780 wim
ST7036. Bel HO/KHBI YIUTHIBATH TOK, HEOOXOMUMBIN I MOACBETKH, HEKOTOpbIM LCD-muciiiesm
HY?KEeH TOK HIKe, 4eM Japyrum. ¢ nbrrascs npumennts OLED-muciuteit, Ho OH cTaj TPUIUHON 110-
Mex mpu n3Mepenusx 11 ATmega, u st ero He pekomenyio. Takxke ucrnonb3oBanne OLED-mucmies
BBI3BAJIO TPOOJIEMY 3arpy3KH CIIEIUAJIHLHOIO CUMBOJIA JIJIsT OTOOpaYKeH!sI PE3UCTOPA.

Y100b! 110JIYyINTH MAKCUMAJIBHYIO TOYHOCTH n3Mepenust, peauctopbl R1 - R6 680 €2 u 470 k) momxk-
#bl 661Tb TOuHBIME (0.1%). B Tecrepe moryT ucnonbzoBarbes ATmega8, ATmegal68 u ATmega328.
L1t BO3MOXKHOCTH UCIIOJIB30BaTh Bee byHKIimu, neooxomumbl ATmegal68 min ATmega328.

Cuavasia Ber 1o/kHBI coOpaTh Bce 3jieMenThl TecTepa Ha mevaTHol 1miaTe 6e3 MUKPOKOHTPOJLIE-
pa. B kadectBe 1C2 pekomen iyeTcsi HCIOIB30BATH CTAOMIN3ATOD C MAJIBIM IMTaJICHUEM HAIIPSIYKCHUST
MCP1702-5002, moTomy [aTo oH moTpebsisier Bcero 2 A m Moxker BbIIaBaTh 5 V' 1pu BXOJIHOM Ha-
npsikenne Beero 5.4 V. Ho on HecoBmecTnM 110 BeIBOs1aM ¢ u3BecTHBIM 78105 B Kopiryce TO92 .

ITocie IIPOBEPKU IIPaBUJIbHOCTHU MOHTazKa, H€O6XO,ILI/IMO II0ACOCINHUTD 6aTapeIo 1 MCTOYHUK

nuranue K 1are 6e3 LCD-muciutes n mukpokontposuiepa. [lpn naxkaroit knonke TEST mosmxk-
HO IPUCYTCTBOBATH HalpsizkeHre 5 V' Ha BBIBOJAX NuTaHus MUKpokoHTposuiepa u LCD maucres.
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Ecmm ornycturs kaHonky TEST, nanpsizkenne T0/:KHO MCUYe3HYTh. K HaupsizkeHusl B HOpMeE, TO
HEOOXOMMO OTKJIFOUNTH IUTaHHEe, MPABUJIBHO BCTABUTH MUKPOKOHTPOJLIED M HOAKI0UnTh LCD-
muctieit. [lepen moakmodernem LCD mucmiest Heo6XoauMO BHUMATE/IBHO IIPOBEPUTDH IIPABUILHOCTD
coesHenust BbBosioB nutanus LCD nucrtes (T.K. #Ha Hekoropbix LCD nucniesx OHU HOJIKITIOYEHBI
rnaobopor) ¢ GND u VCC mnarer Tecrepal

Ecim Boer yBepenbl, 9To Bce B MOPSAIKe, MOZKHO TIOJICOMHUTD uTanue. Ecan Boi yxke 3amporpam-
muposasm ATmega, To moxkere KparkoBpemeHHO HaxkaTh KHONKY TEST. [1pu kparkoBpementnoM Ha-
xkarnu kaonku TEST cseronnon LED1 u nojacserka LCD-nuciiest 1ozkabl BKIo9nThesd. Ecim Bor
ornyckaere kHonky TEST, ceeromauon LED1 He jlokeH racHyTh KaK MUHEMYM HECKOJIBKO CEKYH/I
(3aBHCHT OT yCTAHOBJIEHHBIX ITAPAMETPOB P KOMIMJLISIINI IIPOIPAMMHOIO 00€CIIeYeHNs). 3aMeTh-
Te, YTO MPOrpaMMHOE ODecIieeHue JIjisi MUKPOKOHTPOJLIEPA JOJIZKHO OBITh JIJIs UCIIOJIb3YEeMOr0 TUIIA
MuUKpOKOHTpoJIepa. [Iporpamma st ATmega8 ne paboraer na ATmegal68!

2.4 Jopaborkm aJjs Bepcuii Tecrepa Markus F.

KonTpoJsb Hamnpsizkenns. [Ipobiema nposBisiercs cieayronmM oopaszoM: Tectep HEMeJIEHHO OT-
KJIFOUAETCsT IPU KAXKJIOM BKJIoueHun. [IpuamHoit Moxker crarh ycranoBka ¢bio3os (Makefile)
KOHTPOJIsI 3a MOHMKeHneM Hamnpsizkenus mutanuss ATmega wa 4.3 V. Ilpoucxomur 310 cieyio-
M obpaszom: mopt PD6 nbrraercs 3apsaauts Kougencarop C2 100 nF mo yposas VCC, garo
BbI3bIBaeT nposasl Hanpszkerus VCC (5 V). s perennst mpobiembl KorgeHcaTop C2 MOKET
ObITH yMeHbIleH 10 < 10 nk'. Ecium Bo3MOXKHO, TO BK/IIOYNTH T0CJIEI0BATE/ILHO B 1ernmb PD6
pe3ucTop conporusyienueM 6osee > 220 ().

Yayummenune nuranus cxembl. Eciu Tectep 3amyckaercs npu naxkarun #a knonky TEST, wo
KJIIOY cpa3y 2Ke OTIyCKaeTCsd, TO YacTO NMPUYUHA dTON mpobseMbl B nutanuu. [Ipobiema tmo-
poxKaeHa 60 bImM ToKOM moacBeTkr LCD-mucmies. Pesucrop R7 k 6aze P-N-P-rpansucropa
T3 ob1 Bemannoit 27 k2, 9T0OBI YMEHBITUTH TOTpeb/IeHNe SHEPTUU. I TOOB! YIyUIINTD Mepe-
KJIIOYeHHe TIpu 0oJiee HU3KOM HAIIPsizKeHUU DaTapen WU PpU HU3KOM KO3 DUIMeHTe yCuaeHust
P-N-P rpansucropa T3, HeobxoumMo yMeHbIIUTEL conpoTusjenue jio 3.3 k).

JlonoHuTeIbHBINH noATATnBaloIuil pesuctop mopra PD7. OrcyrcrBue noirdarusaiomnero pe-
3UCTOPA, TOC]e KOPOTKOIO BPEMEHU, paboTa 3aKAHIMBAETCs BBIK/IIOUEHEM TecTepa ¢ coobiie-
auem «Timeout». IIporpammuoe obecrieuenne dopmupyercs ¢ ommueit PULLUP  DISABLE,
T. €. BCe BHYTPeHHUE O ITSTUBAIOIIIEe PE3UCTOPHI OTKII0UYeHbl. [0 9T0it mpudnHe HAIIpsTzKeHTe
nopta PD7 ne onpejiesieno, eciim ypoBenb He nepekJioder kaomnkoit TEST wiu Tpansucropom
T2 k GND. Buemmnunii pesucrop conporusiienueM 27 k€2 k VCC pemaer 3Ty npobsemy.

Kounpaencarop C1 8 AREF. Muorue ucnonb3yior Ha Koatakre AREF kommgencarop wa 100 nF
tak ke, kak u Markus F. [loka ne Ob110 HEOOXOIMMOCTU MeHsTH oropHoe Harpsizkerne ATIIT
- 910 OBLIO XOpomuM perneHneM. [Iporpamvuoe obecrieuenne it ATmegal68 1 ATmega328
HCIIOJIB3YeT aBTOMATUIECKHUIT BHIOOP BHyTpeHHero omopHoro HampskeHus AIIT 1.1 V| ecom
BXOJIHOE HallpsizkeHne Huzke 1 V. DTo mospossier yaydmmuTh pasperierune ALl mpu webob-
IINX BXOJIHBIX HalpsizKeHusix. K cokasieHuIo, IepeKJIIoYeHre OlOpHOro HampszkeHnus ot 5 V
o 1.1 V mpoucxoaut odeHb Me ieHHO. [1o 3T0i mpudnHe Hy2KHO YYUTHIBATD JOMOJHUTETHHOE
Bpemd oxkujianud 10 ms. Ilpu ymenbienun Beinauabl KoHJeHCaTOpa 10 1 nF', 970 BpeMsa Mo-
2KeT OBITh CYIIECTBEHHO YMEHDIIEHO. ¢ He 3aMeTH/1 yXy/IUIeHnsl Ka9eCTBa U3MEPEHUS IIPU 3TOM
n3MeHeHNN. /[ake ¢ yJaJ€éHHBIM KOHJIEHCATOPOM HET CYIIECTBEHHOI'O M3MEHEHUs Pe3y/IbTaTOB
n3mepenus. Eciun Bol npeanounraere octaButh Koujencarop na 100 nF', To MoxKeTe OTKIIIO-
quth oo NO  AREF  CAP B Makefile, i1 akTuBarum yBeimaeHust BpeMeHN OXKUJIAHUS B
Iporpamme.
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YcranoBka kBapna Ha 8 M Hz. Bl moxere ycranoButhb KBapi Ha 8 M H z ¢ 3ajiHell CTOPOHBI T1e-
JaTHOMN IUIaThl HenocpecTBeHHo K nopram PB6 u PB7 (BbmBomer 9 u 10). Mosi cobcrBerHast
nopaboTka OblLia ciesaHa 0e3 KoHaeHcaTOpoB 22 pF' u paborasia XOpOIIO CO BCEMH IIPOBEPEH-
oM ATmega. Bor Tak ke moxkere, BbIOpaB (bbIO3bI, HCIOIB30BATH BHYTPEHHUN TeHEpaTOoOp
na 8 M Hz njig nosrydeHus JIydInero pa3pellenns M0 BPEMEHU ITPHU CTAOWILHBIX U3MEPEHUIX
(BeIMIMHBI EMKOCTH).

Criia>kuBaHMe MUATAIOIIEro Hanpsi>keHusi. B opurnnaabnoii cxeme Markus F. mpumenen Tobko
ojmH Koujiencarop 100 nk' o naupsikeruio VCC. DT1o He jaeT npuemaeMyio GuabTpamio. B
JIOJIZKHBI, 110 KpaiiHeil Mepe, HCIIOIb30BaTh KOHIEHCATOPHI éMKOCThIO 100 nF' 0KOJI0 BBIBOIOB
mutanng ATmega u Bo3jie BBIBOJOB BXOJa M BBIXOJa cTabmim3aropa Hamnpsizkerus. JlormoJ-
HUTEeJIbHBIE KOHIeHCATOPhl 10 pF' (37eKTpoinTiHIecKre Wil TaHTAJIOBbIe) Ha BXOJE U BBIXOJIE
cTabuIn3aTopa HAIPSKEHUsT TIOBBIMAIOT YCTONINBOCTh HanpszkeHns. TanraaoBerit SMD kon-
gercarop 10 pF' jierde mcIosib30BaTh €O CTOPOHBI MEYATHBIX JIOPOYKEK, U OH UMEET OOBITHO
bosiee HU3KOe 3HadeHne ESR.

Bp16op mukpokoHTposiepa ATmega. /lig ocHoBabIX dyHKuit TecTepa BO3MOXKHO UCIIOIB30-
panne ATmega8, Flash mamars B neii ucnonssyercsa npaxkruuecku Ha 100%. ATmegal68 wim
ATmega328 comectumbl 110 BhiBoJaM ¢ ATmega8, s Mory pekomeHjioBaTh 3ameny. lIpu mc-
nostb3oBannn ATmegal68 mwiun ATmega328 Bor nmonmygaere ciemyromue npenmyinecrBa: Camo-
IIPOBEPKA C aBTOMaTHIECKON KaJMOPOBKOIA.

Virydinenue KadecTBa M3MEPEHNsT ¢ aBTOMATHIECKUM Ttepek/iodenneM Maciraba AITIL.
Nsamepenne wHIyKTHBHOCTEN TIpu comrpoTuBiernn xHuzke 2100 €.

Nzmepenne Bemmaunbl KSR konencaTopos ¢ éMrocthio Boite (.18 pF.

Nsamepenne pesucropos mHuzke 10 () ¢ pazpemernunem 0.01 €.

UcnonwszoBanne nmopra PC3 B kKadecTBe moc/eqoBaTe/IbHOIO BBIXOAA UM aHAJOIOBOIO BXOJA
JUTT U3MEPEHVS BHENTHETO HAIIPSKEeHUS.

OTcyTcTByIOIEe TIPEIU3NOHHOE OIIOpHOEe HAaIpsi>KeHue. [IporpamMMHoe obecriedenne JTOKHO
O00HAPYKUTH HEJIOCTAIONNe 3JIeMEHThI OIIOPHOr0 HanpsikeHus Ha BbiBoje PC4. B atom cirydae
[IPU BKJIIOYEHUN MUTaHusi BO BTopoil ctpoke LCD-mucruiest 10/2KHO MOSIBUTHCS cooOItenne T'ur
«No VCC = x.xV». Eciiz 310 coobrenne nosipiisiercs ipu ycranosyiennom NOH, Ber ok
MOJIKJIIOUNTD pesuctop 2.2 k) mex iy BeiBojgom PC4 u VCC.

2.5 Kwuralickue KJIOHBI

[To mmeromeiica y mensa nadopmaruu, Tectep BoiltyckaioT B Kurae B iByX Bepcusx. [lepBas momennb
nepBoro jm3aitaa ot Markus F. 6e3 mopra ISP. ATmega8 momerien B nanebKy, mosromy, Ber Mo-
xere 3amMeHUTh ero Ha ATmegal68 mmm ATmega328. [lxsa sToit Bepcun Bbl 10/KHBI paccMOTPETH
BCe MyHKTHI pasjena [2.4] g sydmieil crabuimsaiun HAIPSYKEHNs TUTAHUSA JOMOJTHUTEIbHBI Ke-
pammdeckuii konjiencarop Ha 100 nF' nomken 0biTh yeranossen mnobsmzoctu VCC-GND u BbiBosioB
AVCC-GND ATmega. Kpome Toro, Ber J10J2KHBI IMeTh B BULy, 9TO, €cjii Bbl ycTaHaB/IMBaeTe KBapi
Ha 8 M Hz, o y Barero BaerHero nporpammaropa ISP mo/mkHa ObITh 9acTOTa CHHXPOHU3AIINN TN
KBapIL /I TPOI'PAMMUPOBAHUS.

Bropas Bepcusi Tecrepa ¢ snementamu SMD. Tam ycranoien ATmegal68 B SMD kopiyce
32TQFP. K cuactbio, ycranosien pazbém ISP ¢ 10 korTakrtamu st mporpammupoBanus. £ mpo-
aHamM3upoBasl Bepcuto miarhl «2.1 2012/11/06». Hamen oy ommbky - simement «D1s: yeranosen
cTabuIUTpPOH, a JjoskeH ObITh TouHbl MIOH ma 2.5 V. Crabummrpon HEOOXOANMO yIaInTh, a Ha
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ero mecto ycranosuth MOH LM4040A1Z2.5 nan LT1004CZ-2.5. Hemocrarotee ormopHoe Harpsizke-
HUE yYIUTBIBAETCS TPOrpaMMHbIM obectiedennem jaxke, eciau NOH we yecranosien. Moit obpaserr 6611
IIOCTaB/IeH ¢ TporpaMMHBIM obectiederreM Bepcun 1.02k. Pazbwém ISP ¢ 10 konTakTamu He OBLT ycTa-
HOBJIEH, U s1 U3roTOBMII tepexoauk oT ISP6 xk ISP10. Y moero nporpammvaropa tierrs GND mosseiena
K koHTakTy 10, a Ha mwiare menb GND moaBenena k koraTakram 4 u 6 ISP. Mapkuposka ATmegal68
OblL1a cTépra, U He ObLI0 HUKaKOH jokyMmeHTannn. Poio3bl 610kupoBku ATmega ObLau ycTaHOBIIE-
HBI TAKUM 00Pa30M, UTO Obl CUMThIBAHUE ITaMATH ObLIO HEBO3MOKHO. Ho ycTaHOBUTH IIporpaMMHOE
obecrieuenne Bepcun 1.05k ymasmoch 6e3 mpobsemM. ¥ JApyroro mojb30BaTesIsi eCTh IIPOOJIEMBbI C IIPO-
rpaMMHBIM obeciiedeHneM Toii ke camoit Bepcun 1.05k. ¥V sToro moab3oBaTesisd Kutaiickas miara «2.2
2012/11/26». [Iporpammuoe obecriedenne HaunHACT PAOOTATD, €CJIN YCTAHOBUTH JIOMOTHUTEIHHBII Ke-
pammaeckuii kongencarop 100 nF mexay seiBogamu AVCC (BeiBog 18) u GND (BeiBox 21) ATmega.
[Iporpammuoe obecrieuenue Bepcuu 1.05k ucrnonb3yer pexkum caa ATmega B TedeHre BpeMeH! OXKH-
nanus m3mepenus. [lo 3Toit npuamne TOK morped/iennsa N3MEHIeTCS 9acTO U PEryadTop HaPAKEHUT
Harpyskaercst 6osbime. lamtee st 3amermi, aro nanpszkenne VCC GJI0KHPOBAHO KEPAMUIECKUM KOH-
nercaropoM 100 nF' u syieKTpouTIecKuM KonjgencaTopom 220 pF' modmuzoctu ot 78L05. Bxoanoe
Hanpskenne 9 V' 6JIOKHpOBaHO TEMU YK€ CAMBIMI KOHJIEHCATOPAME, HO He Ha BXO/jle cTabuiIm3aropa, a
B smuTTepe P-N-P-rpansucropa (napasutensao 6arapee). Jlopoxkka or ATmegal68 0 ucnbirare)ib-
HOT'O TIOPTa HACTOJIBKO TOHKast, uTo conporusyienne 100 mS) He cMoXKeT OBITH U3MEpEHO. ITO Oyjier
PUINHON U3MepeHust conpoTnBiaenns MuauMyM 0.3 () Jitst IByX COeIMHEHHBIX BBIBOIOB. [Ipn n3me-
pernn ESR 5Ty BenmmunHy 0OBIMHO MOXKHO CKOMIIEHCHPOBaTh. [Iporpammuoe obecriedenne, HaINHAS
¢ Bepcur 1.07k, yauThIBaeT 9TO CMEIIEHHE JIjII TOrO, 9TOObI U3MEPSTh PE3UCTOPhI COIPOTUBJICHUEM
ke 10 €.

Hoswie cbopku Tecrepa, kKak, nanpumep, Bepcusa or Fish8840 ucnosbzytor 128x64 Toukm rpa-
dudeckuit qucteit. Ta Bepcusi UCIOIb3YeT MOANMDUIIMPOBAHHYO JIOTUKY yIIPABICHHUS MATAHUEM W
KHOTIIKaM#. PucyHok [IOKa3bIBaET YaCTh MOJIUMUIINPOBAHHON CXEMBbI.

vce +9V

R7
10k
R9

4

=
PC5 "7 T ol
&+ Cf| T

PC6 PD7 ADCS INP  OUT
Lo P

Reset YD6 GND

OF FOF
wn
o) Ho

OFF
R8
47k

PD6

Puc. 2.9. Hacts cxembl Bepcun ot Fish8840

Kax Bnl MoxkeTe BuieTh, BMECTO HCXOJTHOTO KO3d buimenTa enuressi, COOTHOIIEHNE COIIPOTUB-
JIGHUI PE3UCTOPOB B IENM u3MepeHuns HampsxKkenusa Oatapeu, R8 u R15 BeiOpano 2:1. Kpome Toro,
pesuctop R15 moak/o9eH HEmocpeacTBEHHO K OaTapen, UTO IMPUBOIUT K MOTPEOJCHUIO SHEPIUU B
BBIKJIIOUEHHOM cocTosiHuu. Pesucrop R15 jo/ken ObiTh mojk/oden K croky Q1 wiam Ha BXOJ pe-
I'yJIITOpa HAIPAYKEHU JIJI IPEJIOTBPAIIEHIS HEHYKHOTI0 pacxoja sueprun datapen. Kosdpdunmenr
JIeJTUTe T ISl I3MepeHsl HallpsizKeHus ObaTapen H0JzKeH ObITh 3a1aH B Makefile ocsie BHecennst us-
MeHeHUi B opuruHajibHoe nporpammuoe obecriedenne (BAT NUMERATOR=66 for example). Bee
MOTBITKA U3MEHHUTDH IIporpamMMuoe obecrieuenne Bol jiestaere Ha cBoil crpax u puck. Hukaknx rapan-
TUIl He MOXKET OBITH JIaHO 110 MOJIEPKAHNIO HOBBIX BEPCHIi.
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K coxkasennro, ncxoiHasi Kutaiickasi MUKpPOIIPOrpaMMa He MOXKeT OBbITh COXPaHeHa U3-3a yCTaHOB-
JleHHBIX OuTOB 3amuThl ATmegad28. Tak 4To HeT crocoba BepHYTH IPUOOP B MCXOLHOE COCTOSIHUE.

2.6 Pacmupennas cxema ¢ ATmega644 ninm ATmegal284

Pacmupennast cxema jyist kourposuiepoB ATmega644 /1284 paspaborana comectro ¢ Nick L. u3
Vkpannabl. Cxema [2.10] mo3Bosisier pacmupuTh JUATA30H U3MEPSEMbBIX YaCTOT, a TAK¥Ke COJIEPIKUT
CXeMy TeCTUPOBaHUs KBapIeB. XOTsd paclIupeHHas cXeMa IOYTH MUJIEHTUYHA cXeMe Ha pucyHke [2.1]
Ha3HavYeHre OPTOB HECKOJIBKO oTyimdaeTcd. [[oBOpoTHBII 9HKO/IED Ha cxeMe [2.5| TozKeH OBITH IMOJ-
kiaoden K PB5 u PB7 (Bmecro PD1 u PD3). O6a curnana, a rakxke VCC u GND mocrynnsr Ha
pazbeme nporpammuposanus [SP. Takum o6pazom, MoK/II0UeHIE TOBOPOTHOIO SHKOAEPa HE JI0JIZKHO
BbI3BaTH 3arpyaHenuil. lesmrens 16:1 8 T4AHC4060 Bcerpa ucnosb3yercs s 4acToT Boirre 2 M H z.
On TakzKe MOXKeT OBLITh UCIOIb30BaH i dacToT oT 24 kHz no 400 kH z ;151 OBBIIIEHUST TOYHOCTH
M3MepeHHsl 4aCTOThl ¢ MOMOIIBIO MojicUeTa neproa. [as KoMMyTanuy mepekIoYeHnii (1enrens
9aCTOThI U KBapPIEBbIil TeHEPATOP) MCIOJIL3YeTCsl aHATIOTOBbIH nepeksiiodaresb T4HC4052. Tabiuma
[OKa3bIBaeT BAPUAHTHI MOJKJIIOUeHHsI quciiiest K mopram ATmega324/644 /1284

’ [TopT H CumBoseabrit LCD ‘ I'paduaecknit LCD ‘ JlomotHUTETBHBIE (DYHKITUT ‘

PB2 LCD-RS

PB3 LCD-E

PB4 LCD-D4 LCD-REST

PB5 LCD-D5 LCD-RS ISP-MOSI
ITIOBOPOTHBIN SHKOIED 2

PB6 LCD-D6 LCD-SCLK ISP-MISO

PB7 LCD-D7 LCD-SI ISP-SCK
ITIOBOPOTHBIN SHKOAED 1

Tabmuma 2.2. Toakmouenust aucmiees K nopram ATmega324 /644 /1284
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Puc. 2.10. Pacmmupennas cxema Tpansuctop Tectepa ¢ ATmega644

2.7 IIporpammupoBaHne MUKPOKOHTPOJLJIEPA

(Vext)

39k

A nybaukyto nporpaMMHoe obecriedenue it MUKpoKoHTposiepa ATmega ¢ ucxoauabim Koiom. Pas-
paboTKa ciesiaHa B cpefie omepaionHoii cucrembl Linux (Ubuntu) u KoMIuimpyercst ¢ IOMOIIBIO
Makefile. Makefile maér yBepeHHOCTE, 9TO IIporpaMMHuoe obecriederne Oy1eT KOPPEKTHO CKOMITAIAPO-
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BaHo y Bac ¢ npeasapuresbao Beibpanabsivu onrmusivu B Makefile. Hekoropsie cTpykTypbl mmpeikom-
mIMpoBaHbl ¢ ucxoguukoM. [loxkanyiicra, cmorpure ReadMe.txt daiis B karasore Software /default
u ruasy [4l Pesynbrar koMmmmisiinn npejcrasiien daitiamu ¢ aByMs pacimpernsivu Jhex u .eep. Ilo
yMosrdanuio umena OyyT TransistorTester.hex u TransistorTester.eep. @aitn ¢ pacmupenuem .hex
coflepxkuT Jannbie jis maMstu nporpamm (Flash), a daitn ¢ pacmupenuem .eep cojepkuT JaHHbIE
qutst namsatn EEprom mukporonTposiiepa ATmega. O6a daiiia ¢ JaHHBIME JOJIKHBI OBITH 3arpy 7Ke-
HBbI B COOTBETCTBYIOIIHE 00JIaCTH MMaMATH MUKpOoKoHTposutepa ATmega.

JlomotTHUTE TbHBIE OIMUN COCTOSTHUST MUKPOKOHTpostepa ATmega mO/KHBI OBITH 3aIIPOrPaMME-
posanbl ¢pbrozamu. Eciu Ber Mozkere ucnosbzosarh Moit Makefile ¢ mporpammoii avrdude [12], Bam ne
HY2KHBI JeTaIbHble 3HAHUA O (bio3aX. Bl JO/IKHBI TOJBKO BHIOpaTh «make fuses» , ecim y Bac mer
KBapra, uin «make fuses-crystal» , eciiu Bor ycranouian kBapit Ha 8 M H z Ha ¢BOIO II€IaTHYIO ILIATY.
C cepueit ATmegal68 Bor moxkere Takke mcmosib3oBaTh, «make fuses-crystal-lp» |, aTobbI ncmosb-
30BaTh KBapIl ¢ HU3KUM MOTpeb/ieHneM MOIHOCTH. Hukorga He BbIOMpaiiTe yCTAHOBKU C KBAPIIEM,
ecau kBapil Ha 8 M Hz y Bac ne ycranossien. Eciin Bbl He yBepeHb! ¢ ¢bio3aMu, OCTaBjseTe UX
3aBOJICKMMU U TpuBeuTe TecTtep B pabodee coOCTOSHUE B 9TOM pexkuMe. PaboTa mporpaMMbl MOZKET
3aMeJINThCS, ecin Bbl uctosib3yere nporpaMMHbIe JIaHHBIE, Olpe/ie/IeHHbIe /i padboTel HAa 8 M H z,
HO BBl cMoxkeTe ucmpaBuTh 310 1037ke! A BOT HempaBW/IBHBIN BHIOOD (DBIO30B MOYKET 3AIPETUTH B
oymymem [SP-iporpamvuposanme. Koreano, nmporpammva avrdude 1017KHA TOIIEPKUBATE BAII ITPO-
rpaMmarTop, u kouduryparus B Makefile momkua coorBercTBoBaTh Bareit cpejie pa3paboTkm.

Ecmu Ber ucnonbsyere onepanuonnyio cucremy Windows, To caMblii JIETKHi CIIOCOO TOJIYIHUTD
IpaBIJILHO 3amporpaMMupoBanabiii ATmega cocrouTr B TOM, 4TOOBI HCIOIb30BaTh makeT WinAVR
[16],[17]. dmst ycranoku dhwrozos ¢ momorpio Makefile Bor moxkere ucmosnbzoBars moit Patch for

WinAVR [I§]

Ha pucynke [2.11] nokazano mento File rpadudeckoro marepdeiica noszoareas WinAVR, s
orkpbiTus daiiia Makefile (Open) u s Toro, urobbl coxpanuth u3Menéunbiii Makefile (Save).
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| View Tools Help | Edit View Tools Window Help
= L | e e o) mEmm @ - |
Open... Sl Open. Strg+0 b x
Open Project(s)... Open Project(s)...
Close Project(s) Revert E=5 S0k
'y Voltage Output on LCD (1T BAT_CHECK 15 selected) .
Recent Files Save Strg+S ta'Hed use the BAT_OUT= GDD form to specify the
o ad]ust the output valu
Exit Save As. LCD-putput and does not affect the voltage checkir
& SaveAll Strg+Umschalt+S
Save Workspace As... oor-Tlevel of battery check to the capability of a
~ an specify the option BAT_POOR=5400
Enceding » § 1myv , 5400 means a poor Tevel of 5.4v
Exoort o than the specified poor level (>5.3V. ).
3 than the specified poor level (>2.9v, ==5.3v). El
than the specified poor lewvel (>1.3V, <=2.9V).
Properties... Alt+Eingabe | than the specified poor level (<=1.3V
ues is not recommended for rechargeab'le Batteries,
5 Close Strg+F4 |for deep discharge!!
Close Project(s)
Close All r ATmega328 is normally used by the software to sz
ose ion INHIBIT_SLEEP_MODE .
Print... Strg+P
HontSstini ort, if you wish to use avrdude.
Recent Files >
ectable options
Exit

tl

MCU = atmega8

HEY £l ASH 1 acs —

@eanm + 1

,,rh)mu,(lurﬂ'nn,h.) aanram—nv20An

Output (x] Output

<[ i 3 [
Open an existing document |

(a) Orxpurs Makefile

(b) Coxpanurs Makefile

Puc. 2.11. Ucnons3oBanue nporpamvbl WinAVR

Cuenyromuii pucynok [2.12] nokaseiBaer mento Tools rpaduueckoro nnrepdeiica mosb3oBaresis
WinAVR st Toro, urober ckommmnposars nporpammy (Make All) u st Toro, arobsbl 3amnporpam-

muposath ATmega (Program) nporpammoit avrdude.
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: ‘

File Edit View SELIEN Window Help File Edit View SELES Window Help
B -J‘ BHa | Line Endings [ M-ommon| ~ #Find - | 7'|| H& ‘ Line Endings [ Ncommon] v B Fnd v
Makefile | V)| UeeTate 4 x Makefile | )| U=t 4px
[WinAVR] Make All [WinAVR] Make All
o] Makefile EER . Makefile (=]
[WinAVR] Make Clean E-@ _—_— [WinAVR] Make Clean E-@
RERRRRREIRE R R R AR AR TR RRATRERRIRRT A HARRRERRR AR R AR AR R AR AR AR ARERRARARRR o
# makefile 1 [WinAVR] Program 3 # Makefile { [WinAVR] Program =
RERRREREIRE e El BEB AR RS " e El
[WinAVR] set Fuses I [WinAVR] set Fuses I
## General | ## General . |
PROJECT - T [WinAVR] ! set Fuses Crystal 44 ceneral [WinAVR] ! set Fuses Crystal
TARGET = Tr Stop Tools Strg+Umschalt+K TARGET = Tr Stop Tools Strg+Umschalt+K
CC = avr-gc cC = avr-gc
CPP = avr-g Citms [ CPP = avr-g4 Optians
CFLAGS = -Wall CFLAGS = -wall
Elhibibeabebbibebbibiboboiebdadebbiiodd Anderbare Flags zur configuration des Transistortesters A B e e Anderbare Flags zur Configuration des Transistortesters
[ aielaieiaialeteloletolobobololeololoboiols config options for_your Semiconductor tester BSOS S config options for your Semiconductor tester
# Every changing of this makefile will result in new compiling the whole # Every changing of this makefile will result in new compiling the whole
# programs, if you call make or make upload. # programs, if you call make or make upload.
# select your Part-No. for avrdude : # select your Part-No. for avrdude :
# atmega8 : m8 # atmega8 : m8
# atmegal68: ml68 or mlé68p # atmegal68: ml68 or mle8p
# atmega328: m328 or m328p # atmega328: m328 or m328p
PARTNO = ml68 PARTNO = ml68
# select ¥nur language: # select }/nur language:
# available Tanguages are: LANG_ENGLISH, LANG_GERMAN, LANG_POLISH, LANG_CZECH, LANG_! # Available languages are: LANG_ENGLISH, LANG_GERMAN, LANG_POLISH, LANG_CZECH, LANG_!
# LANG_DUTCH, LANG_RUSSIAN # LANG_DUTCH, LANG_RUSSIAN
UI_LANGUAGE = LANG_ENGLISH UI_LANGUAGE = LANG_ENGLISH
- P . . e . P . tan . || — S . . s . . e tane . 2%
< . v | m B
Een 1 | @en 1
I
Output %] Output %] |
avr-objcopy -j .eeprom --set-section-flags-.eeprom="alloc,load" --change-section-Ima .eeprom=0 --no- _ || avrdude: writing eeprom (470 bytes): "
avr-objdump -h -5 TransistorTester.elf » TransistorTester.lss | )
Writing | | 100% 0.72s
8 MHz operation configured.
AVR Memory Usage avrdude: 470 bytes of eeprom written
———————————————— avrdude: verifying eeprom memory against ./TransistorTester.eep:
Device: atmegal6B avrdude: load data eeprom data from input file ./TransistorTester.eep:
avrdude: input file ./TransistorTester.eep auto detected as Intel Hex
Program: 16302 bytes_(99.5% Full) | avrdude: input file ./TransistorTester.eep contains 470 bytes
(.text + .data + .bootToader) avrdude: reading on-chip eeprom data:
Data: 144 bytes (14.1% Full) Reading | | 100% 0.16s
C.data + .bss + .noinit)
avrdude: verifying ...
EEPROM: 470 bytes (91.8% Full) S avrdude: 470 bytes of eeprom verified
C.eeprom) =
avrdude done. Thank you. |
» Pracess Exit Code: O > Process Exit Code: O
» Time Taken: 00:05 - > Time Taken: 00:13 -
< n ' < . v
(a) Cozmanue npomusku (.hex/.eep) (b) IIporpammvuposanue ATmega

Puc. 2.12. UcnoabzoBanne WinAVR

2.8 Ilouck HeucrpaBHOCTeE

B GosbimmHCTBE CiTyvdaeB BO3HUKAIOT Mpob/ieMbl ¢ BbIBoJOoM TekcTa Ha LCD-mucmmeit. Cuaganra Ber
JIOJIZKHBI ITPOBEPUTDH, 9T0 cBetouo LED1 ne cBetutes, eciim Bor ornyckaere kaHonky TEST.

ITuranue He BKJtO4aetrcsi. FEcim ceeroamon LED1 we cBerurcss, m VCC = 5 V' Bo Bpems HayKaTHs
knonkn TEST, MUKPOKOHTpOJI/IED He BKJIIOYaeT nmuTanue. B mepByro ouepeas, MUKPOKOHTPOJI-
Jlep JIOJIZKEH JiepKaTh NUTaHue, nepeksodasd ypoBenb PD6 wa 5 V. Ecim Bol ynep:xuBaete
kuonky TEST, nuranue mo/KHO OBITH BK/IIOUYeHO. Tak Bbl MOXKeTe IPOBEPUTH BEJIMIUHY HAa-
npsikenns: utanus VCC u oHOBpeMeHHO Besimanny HanpsizkeHus Ha PD6. Eciu nanpsizkerust
VCC = 5V, a nanpsizkeane Ha PD6 #mke 4 V| T0 MUKPOKOHTPOJLIEP HE 3aIlyCKaeT IporpaM-
My. B sTom ciydae Bbl JO/KHBI TPOBEPUTH, OBLI JTM MHKPOKOHTPOJIJIEDP 3aIPOrPDAMMUPOBAH
HaJJIesKalliMy JJaHHBIMU JIJIs ycraHoBjenHoro y Bac tuma ATmega Bo Flash u EEprom, u
PaBUIBHO Ji chOPMUPOBAHBI (bbIO3bI. K MuKpoKoHTpoJLIep nepeBouT cocrosgane PD6 B
5V, o nuranue He ocraercs nocie orinyckanns KHonku TEST, To 910 ycmoxHsgeT mouck mpu-
qnubl. CHadasta Ber Mmoxkere 3amMkHyTh cBetoanox LED1 u monpobosars ere pa3. Ecim Tecrep
zamyckaercd, To cetoauoj i LED1 moxkeT ObITh 1edeKTHBIM WJIM YCTaHOBJIEH ¢ HENPABUILHOI
OJIAPHOCTHIO. Ecn npuannaa He ta, TO HEJ0cTaTOYeH KOI(MDMUIUEHT YCUIEHNsT TPAH3UCTOPA

T3 (BC557C).

OrcyrcrByetr Tekct Ha LCD-mucnee. [Iposepbre HalpsizKenne Ha KOHTaKTe KOHTPACTHOCTU B
LCD-nucrutee. YceranoBure 3HaYM€HUE, ONPEJIEIEHHOE B TeXHUUECKOM onucanuu. OTCyTCTBYIO-
it Teket Ha LOCD-muciuiee MoxkeT ObITh BbI3BAH HEIPABUJILHBIM MOHTAXKOM HUJIH BBIOOPOM
BpeMeHHBIX napamMerpoB. K #a LCD-quctiee Her HUKaKOi nH(MOPMAIIH, & [I0/ICBETKA, €CTh,
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TO HEOOXOUMO OTKJIIOUUTH MUTAHUE U IPOBEPUTH YeThIPE MINHbI JAHHBIX U JIBE CBIA3H YIIPAB/Is-
IOIMKUX CUTHAJIOB. Ec/in BCEé HOpMaJIbHO, €JIMHCTBEHHON MPUYMHOM, KOTOPYIO d BUXKY, SABJIAETCH
HEINPABUJIbHBIN BHIOOD BPEMEHHBIX MTAPAMETPOB YIIPABJISIONINX CATHAIOB. DTO MOYKET ObITh BbI-
3BaHO OoJee MeIeHHBIM KOHTpotepoM LCD-ucriest, em 3a102keH0 B TpOrpaMMHOM obecITe-
YeHnn Uu paboToi IPOrpaMMHOT0 0becIiedeHnsl Ha HEIIPaBUILHON TakToBO YacTtoTe ATmega.
Heobxo/1umo 11poBepuTh, J1j1si KAKO# TAKTOBOI YacTOTHI ObLIM CKOMIIUJIUPOBAHDI IPOI'PAMMHbBIE
JIaHHBIE, 1 COOTBETCTBYIOT Ji (pbIO3bI, BEIOpanHuoit vactore ATmega. Bor naiinére mapamerp da-
cToThl B cooTBeTcTBYyIOIEH crpoke Makefile. Eciin Tectep cobpan 6e3 orkitouenusi, Ber Mmoxkere
IPOBEPUTH pabOTy MPOrpaMMbI ¢ IIOMOIIBIO CBETOINO/IA, MOJK/IIOYEHHOIO K HMCIBITATETbHBIM
BBIBOZIaM. Eciin cBeTommo Muraer, To mporpamMma padoTaeT IMpaBUILHO.

Yro-To, HO He Bce yntaemoe Ha LCD-auciuiee. Ilposepurh, npaBuibHBIE JIN .eep JaHHBIE 3a-
rpyenbl B namaTh EEprom ATmega. Ecim Bce manmble 3arpyKeHbl TPABUIBHO, TO HEOOXO U~
MO IPOBEPUTH TAKTOBYIO YaCTOTY, IIPOrpaMMHbIe apaMeTpbl Janubix (Makefile) u ycranosku
dbiozoB ATmega.

MennenHoe n3mMepeHue U n3MepeHHass EMKOCTh B 8 pa3 meHbIIe. [Iporpamvuoe obecrieve-
uue s 8 M Hz, a paboraet ATmega na 1 M H z. IIpoBepbTe NpaBUILHOCTD YCTAHOBKHU (DBIO-
30B.

CrpaHHbIe 3HaYeHUsT n3MepeHuii. /[y Toro, 4Tobbl MpoBOAUTL n3Mepenus, ISP nmporpammaTop
JIOJIZKEH ObITh oTcoeauueH. OUeHb 4acTo NPUIHHA HEIIPABUJIBHBIX U3MEPEHHIT - NCIIOJIb30BaHNe
nporpaMMuoro obecrietenusi, ckommuauposantoro ¢ omrmueit AUTOSCALE  ADC u ¢ omrueii
NO_REF CAP, a na BeiBoge AREF xonaencarop émkocreio 100 nF'. HenpaBuibHbIil MOHTaXK
W ocTaTKu JIIoca TakzKe MOTYT HapymuTh usaMepenue. [loxkamyiicTa, ecim BO3MOXKHO, ITPO-
BepbTe (DYHKIIMEH caMOIIpOBEPKH IIporpaMmHuoe obecriedenune Tectepa. [logpodbrocT cmoTpuTe

B [tase 0.9

OcMmoTpuTe CBOIO IJIATY BU3YAJHLHO U IPOBEPHTE BEJIUYIUHBI PE3UCTOPOB oMMeTpoMm. JLjist aToit
npoBepku Brel Moxkere mcro/ib3oBaTh BeIBOALI ATmega, Hampumep, 9Tobbl ipoBeputh R1, B
MOZKETe TIPOBECTU U3MepeHus MexK 1y BeiBojamu 23 u 14 ATmega. CymoTrpure cxemy Ha pUCYHKE
Y1aaaTh MUKPOKOHTPOJLIIED He 00s3aTe/IbHO, IOCTATOYHO TOJHKO OTKIIOYNTH OaTapero Wiim
9JIEKTPOIUTAHME.

TecTep BBIKJIIOUAET NMUTAHUE TIOCJIE 2 CEKYH/]I OTOOparKeHus Ha JIACIJIee. ITO MOKET IIPO-
M30WTHU, €CJM OTCYTCTBYeT BHEITHUH mograruBatoniuii pesucrop ¢ nopra PD7 x VCC, wm
kHonka TEST ynepxkubaercs naxkaroii. [IporpamMmMHuoe BK/IIOUeHNE BHYTPEHHUX OITATHBAIO-
[IAX PE3UCTOPOB BJIUSET Ha PE3Y/IbTaThl M3MEPEHUs, 110 3TOMY HEOOXO/IMM BHENIHUH OITATH-
Baromuii pesucrop 27 k).

Tectep oTobparkaeT TOJAbKO Vext—=xxX.XxV BO BTOPOil CTpoKe ITa mpodjieMa MOSB/IAeTCs, eC-
JIM TIOATATUBAOMUN pe3uctop Ha BbiBoje PDT orcyrcrByer, nencnpasen win kunonka TEST
VJIEPKUBAECTCA B HAXKATOM II0JIOYKEHUH, a ITPOrpaMMHOe obeciiedeHre CKOH(MUTYPUPOBAHO C OT-
kmoderneM UART (ommuss WITH UART orkitodeHa) U OTKJIIOUEHHBIM BHYTPEHHUM TOJITSI-
rusatorum pesucropom (¢ omueit PULLUP  DISABLE). Heobxomma ycraHOBKa TOATSATHBA-
IOINEero pe3ncTopa Ha BeIBOAe PDT.
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I'taBa 3

NHcTpyKIOus 11oJIb30BaTe st

3.1 IlIpoBeaeHue uaMepeHmi

Ucnonb3zoBars TecTep mnpocTo, HO TPeOYIOTCS HEKOTOPBIE TosgcHeHus. B O0bIIMHCTBE CTydaeB Ipo-
BOJIa C «KPOKOJIMJIAMU» TMOJK/IIOYAIOTCH K UCHBITATEILHBIM TIOpTaM pa3beMaMi. TakKe MOTyT OBbITh
MOJIKJIIOYEHBbI THE3/Ia JIJIsi TPAH3UCTOPOB. B jmobom ciryuae Bor MokeTe 10JIK/IIOUATHCS TPEMsI BBIBO-
JIaMU K TPEM UCIHBITATEIbHBIM IIOPTaM B JTI000# TI0CIe/10BaTe/IbHOCTH. Ee/n y /1eMeHTa eCTh TOJILKO
JiBa BBIBOJIA, BBI MOXKeTe MOJK/IIOIUTHCS K JTFOOBIM JIBYM UCHBITATETbHBIM mopTaM. OOBITHO TOJISAD-
HOCTDb 9JIEMEHTa He BazKHa, Bbl MOXKeTe MOJIKII09aTh BHIBOJbBI 3JIEKTPOJTUTUIECKIX KOHJICHCATOPOB B
J1060M 1ropsiike. OOBITHO MUHYCOBO# BBIBOJL TIOJK/IIOIACTCH K UCIBITATEILHOMY MOPTY ¢ Oojiee Hu3-
kuM HomepoM. [losiipHocTh HenpuHIUIIAIBHA, TOTOMY YTO U3MEPUTEILHOE HAIIPsZKEeHIEe HAXOUTCS
vexy 0.3 V u 1.3 V. Ilocne nopkmovenus 3jieMenTa, Bbl He JOJIKHBI KACATbCS €ro BO BPEMS M3-
Mepennsd. Fciam oH He BCTaBjseTcs B THE3/0, TO Bbl JO/IKHBI TPUKATH €r0 Yepe3 HEeIPOBOIAILY IO
IPOKJTAJIKY. BbI He JTOJIZKHBI TAKZKe TPUKACATHCA K M30JISIIIUN IIPOBOJIOB, CBSI3AHHBIX C UCIBITATE/IHHBI-
MU TIOPTaMU - Pe3yJIbTaThl U3MEPEHNS MOT'YT ObITh NCKaxKeHbI. [[ocsie BpIBOIa Ha IuCILIEll COOOIEHIS
«Testing...», pe3yabTaT u3MepeHus JOJKEH MOsIBUTHCS, IPUMEPHO, TOCe JABYX ceKynj. [Ipm nzme-
peHnn EMKOCTU KOHJIEHCATOPA BPEMsi OKOHYAHUST MOXKET YBEJIMUYUBATHCS IPOIOPIINOHAIBHO EMKOCTH.

[Ipomo/KuTeIbHOCTD U3MepeHusi TecTepa, 3aBUCUT OT KOH(MUTYpaIlnH IIPOIPaMMHOTO obecriede-
HUS.

Pexxkum onHOokpaTHOro m3amepeHusi. Eciu Tecrep ckondurypupoBan Jijisi OJHOKPATHOTO U3Me-
peausi (POWER OFF napamerp ycraHoBjeH), TO OH OTKJIIOYAETCS aBTOMATUYIECKH, MOCIIE
orobpazkeHus pe3ysbrara B Tedenne 28 cexkyn. Cremyioniee n3Mepenne MOKHO Ha4aTh B Teve-
HIEe BpEMEHN 0TOOPaYKeHUs WJIH TI0C/Ie OTKIIIoUYeHns, BHOBb HaxkaB KHONKY TEST. Cremxytoriee
n3MepeHne MOXKeT OBITh CJIeJTAHO C TeM YKe CaMbIM UJIN ApyruM 3jemeHToM. Ecim Ber He ycTa-
HOBUJIN 3JIEKTPOHHBIE SJIEMEHTHI JIJI ABTOOTKJ/IIOUEHUS, TO IOCJIEeHII Pe3yIbTaT M3MepeHust
Oysier orobparkaThcs, 1MoKa Bbl He HauHeTe ciie/yiolee M3MepeHrne Wi He BLIKIIOYUTE MUTa-
Hue (HeOOXOMM BHEIIHUI BBIKTIOUATE]b ).

PexxuMm 6eCKOHEYHBIX U3MEPEHUI. IJTOT PEeXKUM sBjsgeTcsd KoHdurypaiueii 6e3 aBTOOTK/IIOYe-
Husg. OOBIYHO 9Ta KOH(MUIYPAIldsd UCIOJIB3YHTCsI, €CJIM He YCTaHOBJIEH TPAH3UCTOP aBTOOTKJIIO-
genus. B srom ciyuae, mapamerp POWER OFF orkmowaercs B Makefil. [iist sToro pexxkuma
HEOOXO/ MM BHEITHUI BBIKJIIOYATE/Ib. 'lecTep OyAeT MOBTOPSTH U3MEPEeHUs, IMOKa UTAHWE He
Oy/IeT OTKJIIOYEHO.

Pexkum MHOrOKpaTHbIX n3mMepeHuii. B stom pexunme Tectep oTK/IIOUUTCS HE TIOCTE OJTHOTO U3-
MepeHus, a TOCIe 3aJaHHOro Juncjia n3meperuii. B stom ciayaae mapamerpy POWER OFF
[IpUCBaNBaeTCs YHNCJI0BOE 3HAaUYeHne, HanmpuMep b. B cranmapTHoMm pexkume Tectep OTKIIIOUNTCS
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rocje 5 u3MepeHnit 6e3 ornpeiesieHns deMenTa. Ken Kakoi-u0o 3/1eMeHT OIpeiesieH TECTOM,
Tecrep orkimounTces nocse 10 n3mepennii. [lepBoe namepenne ¢ HeM3BECTHBIM 3JIEMEHTOM ITOCTIE
Cepuu U3MEpPEeHMIl N3BECTHBIX 3JIEMEHTOB OOHY/IUT PE3yJIbTAThl U3BECTHOIO U3MepeHusd. Takxke
[IepBOE U3MEpPEHHME M3BECTHOI'O dJIeMEHTa OOHYJIUT Pe3y/IbTaT HEeM3BECTHbIX u3Mepenuii. FKciaum
9JIEMEHTBI TOJIK/TIOYAIOTCS TEPUOJMIECKH, TO 3TOT AJITOPUTM MOXKET IIPUBECTU K TOYTH Oec-
KOHEJHOI II0C/Ie/loBaTeIbHOCTH n3MepeHuii 6e3 Haxkarus kHonku TEST B nagasie. B atom
peXKuMe ecTh XapaKTepHasi 0COOEHHOCTD JIJINTEJILHOCTA OToOparkeHud. Ecim Jiuid Toro, 94Todnhl
BrJIIOUNTD Tecrep, krHonka TEST Hakata KOPOTKO, TO PE3y/IbTAT U3MEPEHUST 0TOOPaYKAETCS B
tedenue 5 ceKyH 1. Ecim Bor naxkumaere u jepxxute knonky TEST 5o epBoro coobienust, To
JIaJIbHEIIe pe3yIbTaThl n3MepeHus oTobpaxkaiorcs B TedeHune 28 cekyn1. Clemayroliee n3me-
peHre MO:KHO HadaTh paHee, ecjin HaxkaTh KHONIKY TEST Bo Bpemst oToOpakeHust pesy/ibrara.

3.2 Memnio gonoaauTeabHbIx pyukimii qaa ATmega328

Ecnu menro monomHUTENBHBIX (DYHKITHI JTOCTYIIHO, TO OHO OyJIeT 0TOOParKeHo MOCJIe MPOIOIZKUTE b
Horo (> 500 ms) naxkarus Ha kHONKy TEST.

Bribupaembie dhyHKImn orobparkaioTcs BO BTOPOi ¢Tpoke juciies B 2-x crpounom LCD wmn,
KaK OTMeYeHHbIe, B TpeTheil cTpoke jyis 4-x crpounbix LCD. B 4-x crpounsix LCD Bo BTOpOI#t 1 wer-
BEPTOl CTPOKE OTOOPaXKaeTCs MPEIbLIYIIII U IMOCIeyOmnil MyHKT MeHI0 cooTBeTcTBeHHO. [locie
JUIATETLHOTO BPEMEHN OXKUJIaHusd, 0e3 KaKuX JIH0O JIefCTBUil, TporpaMMa BBIXOJIUT U3 MEHIO, BO3BPa-
asiCh K HOPMAaJIbHOW (DYHKIMH TPAH3UCTOp Tecrepa. [Ipu KparkoBpeMeHHOM HaKaTHU HA KHOIIKY
TEST, ocymecTBisieTcst mepexo/] K CaeAyomneMy myHKTY MeHo. [Ipu e ibHOM HaXKaTUU KHOIIKH
TEST seiOupaercst uin 3amyckaercsa orobpazkaemast PyHKIMs MeHro. Ilocie mHanKammm mocjeHero
yHKTa MeHIo «switch offy mpomcxonnt mepexos Ha mepBbBIi TyHKT MEHIO.

Ecmu B Bamem Tecrepe ycraHoB/I€H IMOBOPOTHBIN 9HKOAEP, BbI MoXKeTe BBI3bIBATH MEHIO JOTIOJI-
HUTEJIbHBIX (DYHKINI TakyKe OBICTPBIM TOBOPOTOM HKOJIEPA, KOTJA PE3Y/IbTAT HMPEIbIIYIIEro TecTa
otobpazkaercs. OYHKIIME MEHIO MOYKHO BBIODATH MEJJIEHHBIM BpAIlleHHEeM HKOJI€PA B OJHOM WJIN
JIPYTOM HampaBjieHuu. BuIOOp mim 3aIryck 0TOOparKaeMoro IyHKTa MEHIO OCYIIECTBJISIETCS TOJIBKO
naxkaruem knonku TEST. Ilapamerpbl BeIOpaHHO#W (DYHKIIMH TaK»Ke MOTYT OBITH BBIOpAHbI Me]I-
JIEHHBIM BpallleHueM SHKOJiepa. BBhICTPBIM ITOBOPOTOM 3SHKOJIEpa OCYIIECTBJISIETCS BO3BpAT B MEHIO
JIOTIOJIHUTETbHBIX (DYHKITHIA.

Frequency (aacroromep) Jlononuurenbras dynkims «Frequency» (dacToToMep) HCHOIB3YET TOPT
PD4 ATmega, koropsrit Takxke mogkaodeH Kk LCD-mucitero. Cradana n3mMepsiercst 9acToTa.
Ecmn wacrora Hmke 25 kHz, TO DONOJTHUTETHLHO U3MEPSETCs MEPUOJI BXOJHOIO CHUTHAJA, U
3HAYEHHE ITON 9acTOThl MOKET ObITh BbIUMc/IeHO ¢ TodHOCTHIO 710 0.001 Hz. Ecim napamerp
POWER _OFF ycranosien B Makefile, To npojio/zKuTe IbHOCTD U3MEPEHUS YACTOTHI OIPAHU-
yeHa 10 8 MUHYT. V3MepeHne 4acTOThl MOXKET OBITH 3aKOHUYeHO HaxkarumeMm KHonkum TEST u
Tecrep nepeiijier B MeHIO (DYHKITHIA.

f-Generator (remeparop uacror) Ecsm Beibpana dyukims «f-Generators (remepaTop 4acToTsl),
1o KoporkuM HakatneM KHONKH TEST MoxKHO BBIOpaTh reHEpUpPyeMyIO YacTOTy U3 YUC/Ia
npejyaraeMbix. [locite BIGOpa mocieaHeil mpejyiaraeMoil 9acTOThI, YCTaHABIUBAETCSA MepBasd
gacrora (rukmdeckuii Boibop). Ecin mapamerp POWER OFF ycranosien 8 Makefile, kuor-
ka TEST no/mkHa ylaepKuBarbCs JOJIbINE, TaK KakK KOpoTkoe Haxkarwme (< 0.2 s) cOpocut
ToibKO JiuMuT 4 MunyThl. [Ipormeiee Bpems: orobpazkaeTcst B iepBoit cTpoke Toukamu. Kark-
nast Toaka coorBeTcTByeT 30 cekynmam. [Ipu kparkoBpemennom Haxkatuu KHOkn TEST Bor
yBeJIMIUTe BPEMsi HEIPEPbIBHON paboThl reneparopa. Ilpu jmmurenprom (> 0.8 s) HazkaTun
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kuonkn TEST reneparop orkiodaercs, a Tecrep Bo3Bpaiaercss B MEHIO (DyHKITHIA.

10-bit PWM (10-bit IITNIM) Tonosuaurenshast dyukius «10-bit PWMs» (10-bit IIINM) renepu-
pyer bUKCHPOBAHHYIO YaCTOTY ¢ BO3MOYKHOCTBIO PErYJIMPOBKH IMUPUHBI UMITYJIbCA HA TECTOBOM
koutakre TP2. [Ipu kparkospementom (< 0,5 s) vaxkarun kaonku TEST mupuna nmiyisca
yBesmausaerca Ha 1%, ¢ 6onee qmaabiM Haxkarnem Kaonku TEST uMmynne yBenumansaercs
na 10%. Ecim snagenne npeswicuio 99%, o 100% BurauTaercsa us pesyibrara. 1Ipn ycTaHOB-
sennom mapamerpe POWER OFF B Makefile, reneparop 3aBepmur pabory mocjie 8 MUHYT
6e3 naxkarus kHonku TEST. Baepmurh paboTy reHeparopa MOYKHO TaK K€ JJTHTETbHBIM
(> 1.3 s) naxaruem kaonku TEST.

C+ESRQ@QTP1:3 [donosnurensuoit pyukimeit «C+ESRQTP1:3» mMoxkHO BBIOpATH OT/IEIBHOE U3-
Mmepenne émroctu u ESR konmencaTopos ¢ momorbio TectoBbix KoHTakToB TP1 u TP3. Kon-
snercaropbl oT 2 pF' 10 50 mF' moryT ObITh m3MepeHbl. [[oCKOIbKY HalpsKeHne W3MEpeHust
cocraBigeT b oKoso 300 mV', B OOJIbIIMHCTBE CIyvYaeB KOHJIEHCATOP MOXKeT ObITh M3MepeH
HEIOCPEJICTBEHHO B cxeMe 0e3 IpeBapuTeIbHOTO JeMoHTazxka. [[pu yeranosieHHOM mmapamMerpe
POWER OFF B Makefile, kosiuaectBo m3mepennit orpanudeno 10 250, HO MoKeT ObITH Hava-
TO HeMme IeHHO cHoBa. Cepus m3MepeHuit MOKeT ObITh 3aBepIleHa MIPU JIJINTETHHOM HayKaTHUN
kaonku TEST.

Rotary encoder (Qukonep) Honosnnurensuas dynkius «Rotary encoders (Qukozep) mossoJisier
IIPOBEPHUTH SHKOAEP. T pu KOHTaKTa SHKOJEPa JOJIKHBI ObIThH HOAKIIOYEHbI K TECTOBBIM KOHTAK-
TaM 1epe samyckoM ¢yaknun. Iloce samycka GyHKINN Hy?KHO HOBEPHYTH PYYKY SHKOJEPA.
Tecrep onpeneuT OOMMI KOHTAKT U IIOCJIEI0BATEILHOCTL CpabaTbIBAHIE KOHTAKTOB SHKOJIEPA.
KpOMe TOro, olpeae/IdeTrcd COCTOAHNE KOHTAaKTOB IIPU OCTaHOBKE. ECHI/I KOHTaKTbl 3aMKHYTHI,
To otobpaxaercs (C), eciau pasoMKHYTHI, TO oTobpazkaercs (0). Ecim KOHTaKTBI MOTYT ObITH
3aMKHYTBI WM Pa3OMKHYTHL, TO (0) 1 (C) 0TOOpazkaroTcs momepeMeHHo.

Selftest (Pexxum camorecra) onomnnrensnas dyuxmus «Selftests (Pexxnm camorecta) mo3so-
JIFeT CAeIaTh IOJHYIO CaMOIIPOBEPKY ¢ KajmbOpoBKoil. IIpomssoanTea camonpoBepka 1o Tectam
T1 - T7 u KaaubpPOBKa ¢ BHEITHUM KOHJICHCATOPOM.

Voltage (BosibTmerp) Jlonosnnuresbrast dpyukiums «Voltage» (BOJBTMETD) JIOCTYITHA, TOJBKO €CJIN
OTKJII0YEHa (DYHKIUHU IIOCJIEI0BATEILHOTO TopTa WM ucnoJb3dyerca ATmega ¢ He MeHee deM
32 BeBogamu (PLCC) u ogun u3 gonosauTebHbx moptoB ADC6 wim ADCT ucrnosb3yercst
Jtst maMmepenns. Tak kak K nopry PC3 (mmm ADC6/7) ATmega nojaxitouen genurens 10:1, To
MaKCHMaJIbHOE BHEIITHEee HalpsizKeHne MoxkeT 06Tk He 60s1ee 50 V. Yeranosmenubiit DC-DC mpe-
obpazoBaTeb I TeCTa CTaOMJIMTPOHOB MOXKeT ObITh BKJI0YeH npu Haxkatun KHonku TEST.
Takum ob6pa3oM, cTabUINTPOHBI TOXKE MOI'YT ObITh U3MepeHbl. 1Ipn ycraHOBIEHHOM MapaMer-
pe POWER _OFF B Makefile u 6e3 naxkarus knonkun TEST mpogomKuTe 1bHOCTD U3MEPEHMST
orpaHmdeHa jio 4 MuHyT. VI3MepeHue MoKeT ObITh 3aKOHIEHO TaKzKe OUY€Hb JINTEIbHBIM (> 4 §)
naxkaruem kHonkn TEST.

Contrast (KoHTpacTHOCTB) DT10ii dyHKIMEH MOKHO BBIOPATh yPOBEHb KOHTpACTa /Ui rpacute-
CKOT'O JTIUCTLIesT ¢ KOHTpoJutepoM st7565. 3HatueHne MOKeT OBITh YMEHBINIEHO TPU OYeHb KOPOT-
koM Hazkatnu KHonkn TEST unn nmoBoporom BiieBo 3HKOIepa. JlnmnTe/bHoe HaXKaTue KHOIIKHI
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TEST (> 0,4 ¢) uii moBOpoTOM BIIPABO SHKOJEPA MOXKHO YBEJUIUTh yPOBEHb. BbIXos u 3atio-
MUHaHUE BRIOPAHHOT'O 3HAYEHUS B SHEProHe3aBUCHMOil maMaTu EEprom ocyrecTsigercd ouennb
nmHEbIM HaskaTreMm Kaonkn TEST (> 1.3 c¢).

Show data (Mudopmanus o TT) Oyuxius «Show datas (Mudopmarust o TT), kpome HOMEpa
BEPCHUH IIPOTPAMMHOI0 obecriedenns, IIOKa3bIBaeT JaHHble Kaanbposku. HyseBoe cornporusiie-
are (RO) mexmy recrobivu momaakamu 1: 3, 2: 3 u 1: 2, coorBercrBenno. Kpome Toro,
oTobpazkaeT COMPOTUBJIEHUE BBIXOJIOB MOPTOB MO OTHOIIEHUIO K (5 V') HANPSZKEHWIO THTAHUST
(RiHi) un nmo ornomenuio k¥ (0 V) GND (RiLo). Tak ke mokasbiBaeT 3HaYCHHs HYJIEBOI eM-
kocru (CO) BO Beex KOMOMHAIUAX TECTOBBIX miomamok (1: 3, 2: 3, 1: 2m 3:1,3:22:1). B
3aBepIeHnn 0Tobparkaercsi 3HadeHust Koppekimu jiyist kKomnaparopa (REF  C) u jis onopo-
ro nanpsikenns (REF R). Kaxsas crpanuma orobpazkaercs B TedeHue 15 cexynj, HO, Bbl
MOKeTe BBIOpaTh cjeyiontyio crpanuiy naxkarueMm kHonkn TEST nin moBopoTom sHKozmEpa
BripaBo. [loBopoTroM sHKO/Epa BiIeBO, BBl MOXKeTe TOCMOTPETH MTOC/IEIHIOI0 CTPAHUILY WU BEP-

HYTCs Ha MPEJBILYIIYIO0 CTPAHUILY.
Switch off lonosnurensnas dpyuknus «Switch offs mossossier BeikOUnTL TecTep HEMe 1/IEHHO.

Transistor (Ttecrep TpansucropoB) Koneuno, Bol rakzke Moxkere BbIOparh dbyHKImo « Transistors
(TecTep TPAH3UCTOPOB), YTOOLI BEPHYTCsI K HOPMAJIbHOMY pexkumy usMepenuii Tecrepa.

[Ipu ycranornerrnom napamerpe POWER OFF B Makefile, Bce gonoauTeibabIe DyHKIINN Orpa~
HUYCHBI BO BPEMEHH, ITOOBI IPEJIOTBPATUTH PA3psii baTapen.

3.3 CamonpoBepka un KaJnuOpPOBKa

Ecymm mporpammMuoe obecriedenne KoHUrypupyercs ¢ pyHKIEeH caMOITPOBEPKU, TO CAMOIIPOBEPKA MO-
JKeT OBITH 3allyIeHa ITPU COeTUHEHNN BCEX TPEX UCIBITATETLHBIX TTOPTOB BMECTE U HayKATUU KHOIIKH
TEST. Ytobbl HaYaTh CAMOIIPOBEPKY HEOOXOJIMMO B T€UYEHHE 2-X CEKYH]I IOBTOPHO HAXKaTh KHOIKY
TEST, unade Tecrep npoIo/zKuT HOpMaJIbHbIE M3MEPEHHSI.

Ecnu camorpoBepka 3aimyimnena, To OYIyT IPOBEIEHBI BCe TeCThI CAMOIIPOBEPKH, IIPEICTABICHHbBIE
B ry1aBe [0

Eciin recrep CKOHMDUIYPHUPOBAaH ¢ aKTUBMPOBAHHBIM MEHIO JIONOJHUTEILHBIX (DYHKIMI (Ommumst
WITH MENU), nosras camornposepka, tect T1 - T7, BbImosHsOTCS TOJIBKO NMpH BhIOOPE (DyHK-
mnn «Selftesty» 3 MeHro gomoaHUTEIbHBIX GYHKIMIA. KpoMe Toro, nmpu KaxKJIoM BBI30BE (DYHKIIAN
U3 MEHIO, ITPOU3BOJINTCA KAJIMOPOBKA C BHEITHUM KOHJIEHCATOPOM. B MpOTHUBHOM cjiydae 3Ta 4acTb
KaJIMOPOBKHU JIEJIAETCA TOJBKO TepBhIil pa3. Takum obpa3oMm, aBTOMATHYECKYIO KAJTUOPOBKY MOXKHO
OCYIIECTBUTH ObICTPEE.

[ToBTOpeHus TecTOB CAMOIIPOBEPKH MOXKHO U30€2KATh, €C/IN HAXKATh U yjiepkuBaTh KHonky TEST.
Takum obpazom, Bbr MoxkeTe HpoIycTuTh He MHTepecytomue Bac TecThl caMOIPOBEPKU, U MOXKETe
nabJo1aTh uaTepecytomnme Bac Tector camorposepku, otiryckas KHonky TEST. Tecr 4 3akonunTcs
ABTOMATHYECKH, eCJIi Bbl pa3beJiMHuTe BCe TPHU UCHBITATEIbHBIX MOpTa (YIAIUTE «3aKOPOTKY» ).

Ecu B Makefile Boibpana dyakmus AUTO CAL, B pexxumMe caMOIpoBepKn OyIeT OTKAJINOPOBa-
HO CMeIlleHne HyJIs JiJist m3Mepenusi éMrocTu. JIis 3a/1a4qum KaJmOPOBKHU BayKHO, UTO ObI «3aKOPOTKA»
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MEXKJIy TpeMsl UCIbITaTeTbHBIMI ITopTamMu ObLIa yiaajieHa BO Bpemst Tecta 4. Bo Bpemst KaaubpoB-
KNI (nocne TEeCTa, 6), Bbl He 10IKHBI NIpUKacaThbCs HU K OJHOMY M3 HCIBITATEIBHBIX ITOPTOB WJIA
HOJAKJ/IF0UeHHBIX Kabeseit. [IIymbl Ho/KHBI OBITh TEMU Ke CaMbIMU, KOTOPbIE OYIyT HCIOJIb30BATHCH
JUIA JTasibHeiimux u3Mepenunii. MHade cMmerienne Hy s JJisi U3MepEeHns EMKOCTH He OYJIeT NpaBUIbLHO
CKOMITEHCHPOBaHO. BeimunHa BHYTPEHHEro COMMPOTUBJIEHUS TIOPTa ONpeIessieTcd B Hada e KaxKJI0Tro
U3MEPEHUs C 9TON OUIUeid.

g mocte iHelt 3a1a41 KaJTMOPOBKH TPeOYeTCsl BBICOKOKAUeCTBEHHbBIN KOHIEHCATOP € JIIOOBIM 3HAa-
qeaneM Mexkay 100 nF m 20 pF' mogcoeTMHEHHBIN K WCIIBITATETLHBIM BBIBOJIAM 1 W 3, COITPOBOK-
naemblilt TekcToM «>100 nF'». Ilocse sToro coobmennst Bol H0/IZKHBI TOJCOEIMHUTE KOHieHcaTop. C
IIOMOIIHIO STOTO KOHJEHCATOPA, Oy/IeT CKOMIIEHCUPOBAHO HAIIPSYKEHUE CMEIIeHUs] AHAJIONOBOIO KOM-
naparopa, i 0oJjiee TOYHOIO M3MepeHUs EMKOCTHU. J{OMOJIHUTEIbHBIN BBIUTPHIIT JJIs U3MEPEeHMit
AHII npu ucnosibzoBanuu BayTpenHero MOH, ¢ Tem ke caMbIM KOHJIEHCATOPOM, TPUMEHUTE OIIIHATO
AUTOSCALE ADC s mostydeHust JIydninx pe3y/ibTaTOB U3MEPEeHNsT PE3UCTOPOB.

Eciu dyukius camornpoBepkn He 3aporpaMMIpPOBaHa Jjisd BLIOOpa U3 JIOTOJTHUTEHLHOIO MEHIO,
TO KaJMOPOBKA C BHEITHUM KOHJCHCATOPOM IIPOU3BOJIUTCS HpHU 1epBoil Kaaubposke. Kaanbposky c
BHEIITHUM KOHJIEHCATOPOM MOKHO TIOBTOPHUTH, BHIOPAB COOTBETCTBYIONIUN MyHKT JIOMOJTHUTEIHLHOTO
MEHIO.

Cwmernienne Hyss i usmepenus ESR Oyner 3agano Beioopom omrun ESR-ZERO B Makefile.
Hynesbre snauenust ESR 151 Bcex Tpéx KOMOMHAIIMSAX BBIBOJIOB OIPEIEISAIOTCS TP KazKI0H camo-
mpoBepKe. JToT Meroj u3Meperuss ESR ucnomb3yercss TakxKe Mpu U3MEPEHUH BEJIMYIUH PE3UCTOPOB
ke 10 € ¢ pazpemennem 0.01 2.

3.4 ChnenuaJjbHble BO3MOXKHOCTH MCIOJIb30BAaHMIS

[Ipu Briouenun TecTep noka3biBaeT HalpskeHue baTapen mUTAHUA. FCIu HanpsKeHne HUXKe Ipe-
Jiejia, TO TIOCJIe HalpsKeHus Oarapen oToOparkaercs mpeynpexiaenue. Feiau Bl ucnobsyere 9 V
AKKYMYJIATOD, TO €ro HeOOXOIMMO KaK MOYKHO CKOPee 3aMeHUTHh WJIH Iepe3apsauTb. Ecim Ber uc-
nosibzyere Tecrep ¢ 2.5 V. MMOH, To BO BTOpOIl cTpoKe B Tedenume 1 ceKyHJbI OyJjieT OTOOpParKeHO
nanpsizkerue nutanus B Bujge «VCOC=x.xxVs.

Komnjiencaropnl J0/KHBI OBITH pa3psaKeHbl Mepejt KaxKaIbiM u3MepenuneM. Muade Tecrep moxker
OBITH TIOBPEXK/JIEH elre JI0 Toro, kak Oyjer Haxkarta kHonka TEST. [Ipu usmepennnu sjneMeHToB 6€3
JIEMOHTaKa, 000PYIOBAHUE JIOJIPKHO OBITH MOJTHOCTBHIO OTKJIIOUEHHBIM OT UCTOYHUKA ruTanusd. Kpome
Toro, Bul MO/KHBI OBITH YBEPEHDbI, UTO OCTATOYHOE HAIPsZKEHUE B ODOPY/IOBAHUM OTCYTCTBYET. Y
KazKJI0I'0 3JIEKTPOHHOTO 00OPY/IOBaHUS BHYTPU €CTh KOHJIEHCATOPbI!

[Ipr mombITKe W3MEPHUTh MaJjible BEJIUIUHBI PE3NCTOPOB, BbI JIOJIKHBI YAUTHIBATH COMPOTHUBJIE-
HUe pa3bEéMOB 1 Kabeseil. OdeHb BayKHO Ka9eCTBO U COCTOSHUE Pa3bEMOB, & TaKKe, COPOTUBJIEHNE
KabeJsieil, NCIoab3yeMbIxX [ u3Meperus. To ke camMoe HaJI0 yIuThIBaTh Ipu m3MmepeHun ESR kon-
nercaropos. [Ipu ucnons3oBarnu Tounkoro Kabesrs sennanaa ESR 0.02 € moxker Beipactu 0 0.61 2.

He crout oxumars or Tecrepa BBICOKOIT TOYHOCTH pe3y1bTaToB, 0coOOeHHO TTpn n3Mepennn ESR
¥ MHJ[yKTUBHOCTH. BbI MOXKeTe 03HAKOMUTHCS € Pe3yJibraTaMi MOeil cepuu UcIbITanuii B riase [o
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3.5 IIpobGsembl npu onpejiejieHI 3JIEMEHTOB

Bw1 10/12KHBI UMETH B BUJLY, HHTEPIPETUPYs PE3Y/IbTaThl U3MEPEHHs, YTO cxeMa Tecrepa paszpabora-
Ha I ¢J1a00TOYHBIX TTOJIYIIPOBOIHUKOB. B HOPMaJIbHBIX YCJIOBUSAX M3MEPEHUs M3MEPUTEbHbBINH TOK
MOKET JIOCTUTHYTH HpubjmsnTebuo 6 mA. MoiHble MOIyIPOBOAHUKE YaCTO UMEIOT TPYIHOCTH C
naeHTudUKALNE 1 H3MEepPEeHneM BeJIMIUHBI EMKOCTH II€pexoja M3-3a TOKa yTedKu. TecTep Tak ke
HE MOKeT BBIJAThb JOCTATOYHO TOKA JIJIT OTKPbIBAHUS WU y/AEPKaHUsS MOIIHBIX TUPUCTOPOB WJIN
cumucTopoB. Takum 0O6paszoM, TUPUCTOP MOKeT ObITh ompejeseH kKak N-P-N Tpausucrop min mguo/r.
Tax>ke BOBMOXKHO, 9TO TUPUCTOP WU CUMUCTOD OIPEJIEISATC KaK HEU3BECTHDIN 9JIEMEHT.

Hpyras npobiema - UACHTUMUKAINS TOJIYIIPOBOJHIKOB CO BCTPOEHHBIMU pe3ucTopamu. Hampu-
Mep, o baza-avuTrep Tpansucropa BUS08D He MoxKeT OBITH OlpeJie/IeH U3-3a apaslIe/IbHO MOJI-
COeIMHEHHOTO BHYTpeHHero pesuctopa Ha 42 ). [losromy mapaMerpbl TpaH3UCTOpPa TaK»Ke He MOTYT
ObITh M3MepeHbl. TakxKe ecThb mpobjieMa ¢ OOHAPYXKEHWEM MOIHBIX TPaH3ucTOpoB /Jlap/iuHrToHA.
YacTo BCTpedaroTcss BHYTPEHHIE PE3UCTOPHI 6a3a - SMUTTED, KOTOPHIE YCIOXKHSIIOT WIEHTU(MUKAIIIIO
9JIEMEHTA TIPU MaJIOM U3MEPUTETHHOM TOKE.

3.6 Usmepenne rpan3uctopos N-P-N u P-N-P

JI1s1 HOpMaJIbHOTO M3MEpPEeHUsI TPU BBIBOJIa TPAH3UCTOPA IOJKJIIOYAIOTCS B JIFOOOM MOC/I€/10BaTe /h-
HOCTH K HcubITaTeabHbIM BxogaMm Tectepa. Ilocie naxkarusa na kaonky TEST Tecrep mokasbiBaer
B niepBoii crpoke tunt (N-P-N man P-N-P), Bo3MOXKHBII BCTpOEHHBIN 3alUTHBIN 10/ KOJIJIEKTOD-
SMHUTTEP U TOCJIE/I0BATEILHOCTD BBIBOJIOB. /IMOJIHBIN CHMBOJI TIOKA3bIBACTCA B IPABUILHON MTOJISIPHO-
cru. Bropasi crpoka nokaseiaer kKoddhduiment ycuienns (§ =...) U MOpOroBoe HalpsizkeHue Gaza-
sMuUTTEP. BhI T0/KHBI 3HATH, UTO TecTep MOXKeT uaMepuTh [ 10 JBYM PA3JIMIHBIM CXeMaM, ¢ OOIIUM
SMUTTEPOM U OOIIMM KOJIJIEKTOPOM (SMUTTEPHBII ToBTOpHUTE/b). Ha nuciuiee oTob6pazkaercst TOJIbKO
6oJ1ee BBICOKUIT Pe3y/IbTar.

B cxeme ¢ obmum smutTepoMm y Tectepa ecTh TOIBKO JiBa BapuaHTa, 9TOOBI 38/1aTh OA30BbIN TOK:

1. Pesucrop ma 680 () orpannanBaer 0a30BbIil TOK MpUOIN3UTEIBHO BeananHoit 6.1 mA. DTor Tok
CJTUTITKOM BEJIUK JIJIs MAJIOMOIIHBIX TPAH3UCTOPOB ¢ OOJIBIIMM 3HAYEHWEM (3, TIOTOMY 9TO Oa3a
Hacoimaercs. [[ocKOIbKY TOK KOJIJIEKTOpa TakKe u3Mepsiercs: depe3 pesuctop 680 (2 To Tok
KOJIJIEKTOPa He MOXKET JIOCTUTHYTh BEJIUYIUHBI, OnpejessgeMoil OoJbinnM 3uadenueM 3. Bepcus
nporpammuoro obecnedenus or Markus F. uamepser nmoporosoe namnpsizkenne 6a3a-sMuTTep 10
sroit cxeme (Uf=...).

2. Pesucrop na 470 k2 orpanmumBaer 6a30Bbiii TOK Bequmunuoit 9.2 puA. Bepcust nporpaMMHaOro
obecriedenus or Markus F. Berancisier o sroit cxeme (hFE =...).

[Iporpammuoe obecriederne Tecrepa m3MmepsieT BeJMIUHY (3 JOMOJHUTEIBHO II0 CXEMe ¢ OOIIIM
KoJLIEKTOpOM. Ha muciiieit BeIBoauTCst HanboIbIlee 3HaUYeHe 13 000X MeTOA0B m3Mepennii. Cxema ¢
OOIIMM KOJIJIEKTOPOM HUMEET IIPENMYIIECTBO, T. K. 0A30BbIIl TOK YMEHBIIIEH OTPUIATETbHON 00paTHOIM
CBSI3bIO, COOTBETCTBYIOIIEH Benunne 3. B GosibmmHCTBE CilydaeB, 60jee TOUHBIN Pe3yIbTaT H3Mepe-
HUsI, MOYXKET OBITH JOCTUTHYT 9THM METOJOM JI/Isi MOIIHBIX TPaH3UCTOPOB ¢ pe3uctopoMm Ha 680 (2 u
s TpansuctopoB dapiauarrona ¢ pesucropom Ha 470 k€). TToporoBoe HampsizkeHne OGa3a-IMHUTTED
Uf Tenepp m3mepsieTcss TIPU TOM K€ CAMOM TOKe, 9TO U Jijisi ornpejenenus Beandauubl . OgHAKO,
eci Bel xoTUTE y3HATH MOPOrOBOE HAIPSZKEHNE DA3a~-3MUTTEDP C TOKOM U3MEPEHUsT TPUOIM3UTETHHO
6 mA, To Bl I0JI2KHBI OTKJIFOYUTDH KOJIJIEKTOP ¥ ClIeJIaTh HOBOe m3Mepenue. [Ipn sroM nmogkodennn
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Ha, JINCILICH BBIBOJIUTCS IIOPOrOBOEe HalpszKeHne Oasa-smurrep npu Toke 6 mA. Tak ke Ha aucruieit
BBIBOJIUTCSI éMKOCTb B OOPATHOM BKJIFOUeHHH repexona (auoja). Koneuno, Ber takuMm ke obpazom
MOZKeTe TIPOAHAIN3UPOBATE Mepexo (1ro/) 6a3a-KoJLIeKTop.

B repmanueBbIX TpaH3mcTOpax M3MepseTcsd oOpaTHBIM TOK KOJLIEKTOpPa IIPU PA30MKHYTON Oaze
Icpo 1 0OpaTHBIM TOK KOJLIEKTOPa IIPU KOPOTKO3aMKHYTBIX BbIBOJAX 0a3bl n smurrepa Iogpg. O06-
pPaTHBIN TOK KOJJIEKTOPa OTOOparKaeTcsi BO BTOPOil CTPOKE HMHINKATOPa Iepejl oToOpaxkeHueMm [3 B
TedeHne b CeKyHJI Win 0 ciaenytomero Haxkarus Ha KHonky TEST (tosbko s ATmega328).

[Ipu ox/1axKIeHIN TepMaHIEBOTO TPAH3UCTOPA OOPATHBIN TOK MOMKET YMEHbIITUTHCS.

3.7 WN3mepenune JFET u tpansucropos D-MOS

[Tockonbky cTpykTypa Turna JEFET cumMerpudra, MCTOK M CTOK 9TOrO TPAH3UCTOPA HE MOTYT OBITH
orpejiesieHbl. OOBIMHO OJINH U3 MApaMeTPOB 3TOr0 TPAH3UCTOPA - TOK TPAH3UCTOPA C 3aTBOPOM, Ha
TOM K€ CAMOM yDPOBHE HAIPSIXKEHUsI, KAK U MCTOK (3aTBOpP COEJIMHEH C UCTOKOM). DTOT TOK UYACTO
BBIIIIE, YeM TOK, KOTOPBIIl MOXKET OBITh JIOCTUTHYT B cxeMe m3Mepenus ¢ pesucropom Ha 680 (2. Ilo
91Ol npramHe pesucTop Ha 680 ) moaKIIoUeH K UCTOKY. TakmMm 0OpasoM, ¢ POCTOM TOKa, MCTOKA Ha
3aTBOPE IMOJIYYal0T OTPUIATETbHOE HaIPsiKEeHNe cMelleHus. TecTep MoKa3bIBaeT TOK UCTOKA B ITOI
cxeMe U, JIONOJTHUTETBHO, HAIPSI2KEHNEe CMeIeHns 3aTBOpa. TakuM o0pa3oM, MOTYT OBITH BbIJIEIEHBI
passimanbie Mojien. Tpamsucropsr D-MOS (06e1HEHHBII) H3MEPSIIOTCS TEM YKe METOJIOM. BbI 071K~
HBI 3HATH, 9TO s oboramienubix MOS Tpansuctopos (P-E-MOS nan N-E-MOS) ¢ masoii Besmau-
HOII éEMKOCTH 3aTBOpa, H3MEepPeHne OPOroBOro HalpsizKeHnst 3aTBopa (Vyy,) sBiisiercst 60s1ee CII0KHBIM.

Brr mozkere I[IOJIy4YUTb bostee TOYHYIO BECJIMYUHY 9TOI'O HAIIpAXKEeHWd, €CJIn II0ACOeIMHUTE KOHIEeH-

caTop BEJIMYMHON B HECKOJIBLKO N[, mapaJuie/IbHOro Iepexory 3aTBOp-ucToK. [Toporopoe HampsizkemHme
3aTBOpa Oyser usMepeHo upu Toke npubausureabio 3.5 mA misa P-E-MOS u 4 mA niua N-E-MOS.
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I'1aBa 4

Kondurypuposanue Tecrepa

[Taker nporpammuoro obecrievenus s Tectepa octyien ¢ ucxonaubivMu Kogamu. Komnuisinueit Mo-
ayneit yipapisior ¢ nomoiibio Makefile. Paszpaborka Obl1a cienana B onepaimonHoii cucreme Linux
Ubuntu ¢ GNU toolchain (gce Bepcus 4.5.3). MoKHO HCIIOIB30BaTh U IPYTHE ONEPAIMOHHBIE CHCTe-
MbI, Hanpumep, Windows. YUTobb! 3arpy3uTh CKOMITHINPOBaHHbIE JanHbie BO Flash mamsars u maMaThb
EEprom nporpammoii avrdude (Bepcust 5.11svn) 3arpyzxator Makefile u ykassisator «make uploads.
[Tporpamma avrdude [12] mocrynma mius oneparuonubix cucreM Linux u Windows. C-kommmsarop
GNU gce Takzke mogiepuBaercs nporpamMubeiM obecriederneM AVR Studio m WinAVR [16],[17] B
onepanuonnoii cucreme Windows. Ber mozkere 3anporpammuposars ATmega manabivu (Lhex w.eep)
TakKe U JPYTUMHU THCTPYMEHTaM#, HO TOJIbKO MOsi Bepcusi Makefile aBromatuvecku 3arpysur mpa-
BUJIbHBIE JIAHHBIE B BBIOpAHHBIN MUKPOKOHTpoJuIep. Avrdude 3arpyxkaer mannbie B ATmega, ecin
Signature Bytes, nogkmoaénnoro ATmega, uaentuansl Boiopannomy. Eciun Bor msmennre Makefile,
TO BCe IPOrpaMMHOe obecliedenne HYKHO OyJIeT CKOMIIMJINPOBATHL BHOBb, YKa3aB KOMaH/y «makey
uin «make uploads. IIporpammuoe obecrnieuenne, ckommuanpoBanuoe g ATmega8, He paboraer
Ha ATmegal68. [Iporpamvuoe obecrievenne, ckommuaupoantoe 1 ATmega3d28, ne paboraer Ha
ATmegal68! MckimouenneM 3 9TOro MpaBujia ABJIAETCS TPOrpaMMHoe obecriedeHne, CKOMITHIAPO-
Barnoe it ATmegal68, 9mu JaHHbIe MOT'YT TaK»Ke UCIOIb30BaThes i1t ATmega3d28 6e3 n3menennii.
Bynpre BuuMarenbubl, eci Bol ne ucnosibzyere moit Makefile.

[Ipr mpaBUIBLHOM BBIOOPE YCTAHOBOK, MOE IIPOTPAMMHOe ODecIiedeHne 3alycKaeTcs Ha HeJopabo-
TaHHBIX allllapaTHBIX cpejcTBax oT Markus F.

(PARTNO=MS8, NO AREF CAP - HET u PULLUP_DISABLE - HET). TakroBas yacrora

MOYKeT TakzKe ObITh ycTaHoBieHa 8 M Hz ¢ ¢dpbro3amu, yKa3bIBAIOIMNMU, 9TO KBapIl He Tpebyercst!

na koudurypupoBanus mporpaMMHOro obecriedenue Barero Tectepa JoCTymHBI ciiejyioniue
omrmu, onpenenerasie B Makefile.

PARTNO OmucsiBaer 1e1€B0# MUKPOKOHTPOJLIED:
m8 = ATmega8
m168 or m168p = ATmegal68
m328 or m328p = ATmega328
[Ipumep: PARTNO = m168

Ul LANGUAGE Onpenensder BeIOpaHHBI A3bIK
B macrosiiiee BpeMsi TOCTYITHBL:

LANG_BRASIL, LANG CZECH, LANG_DUTCH, LANG_ENGLISH, LANG _GERMAN,
LANG HUNGARIAN, LANG ITALIAN, LANG LITHUANIAN, LANG POLISH,
LANG RUSSIAN, LANG SLOVAK, LANG SLOVENE and LANG UKRAINIAN
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Pycckuit ninn ykpaunuckuit si3pik Tpedyer LCD-auciieit ¢ kupuintieckoit KoJMpOBKOIL.

Ipmvep: UL LANGUAGE — LANG RUSSIAN

LCD CYRILLIC Heobxomnma tonbko s LCD-aucitest ¢ kupuyumaeckoit KonupoBkoit. Cum-
BOJIbI [t 1 {) OTCYTCTBYIOT B KUPHUJLINYIECKON KoaupoBke. Eciu Bol BoiOpasu 3Ty omiuio, To 06a
cuMmBoJIa orobpazkaiorcs Ha LCD-ucriee nporpaMMHoO.

Ipumep: CFLAGS += -DLCD_CYRILLIC

LCD DOGM /lomxna ObITh ycTanosaeHa, ecam npumenserca LCD-aucniieit ¢ KOHTPOJLIEPOM
ST7036 (tut DOG-M). Konrpacraocrs LCD-uciiest yeraHaBIRBAIOT KOMAaHIAME TPOIPAMM-
HOTO ObecriedeHus.

[Tpumep: CFLAGS += -DLCD DOGM

FOUR LINE LCD IIpenycmarpusaer ycranosKy cuMBosbHOro 4x20 LCD jia 6osee jerasbho-
ro 0TOOPaKeHUs JTOTIOJTHATEIHHON HHPOPMAIIAHN.

[Tpumep: CFLAGS += -DFOUR_LINE LCD

WITH LCD ST7665 Dra onnus JI0/2KHA YCTAHABIUBATCS IPU UCIOJb30BAHUE I'PadUIECKOro
128x64 Touek LCD ¢ kouTpostepom ST7665, KOTOpbIi HOAKJIIOUYEH 110 TIOC/I€I0BATEIbHOMY HH-
Tepdeiicy. Bmecte ¢ 310t ommeit 10/12KHBI ObITh BHIOPAHBI JOTIOJTHUTEIbHBIE OIINN, ONIIMCAHHBIE
HIKE.

[pumep: WITH LCD_ST7565 = 1

LCD ST7565 RESISTOR RATIO 3toii onmueii BbIOMpaeTcs COOTHOIICHUE PE3UCTOPOB, KO-
TOpBIE UCIOJIL3YIOTCS B JIEJINTEIE PEryasaTopa HalpszKeHns Kourposuiepa ST7565. Ha npakTu-
Ke, 0OBbIYHO, 3TH 3HadeHud or 4 o 7. Bosamoxkna ycranoska 3uadenuii ot 0 10 7.

[Tpumep: LCD _ST7564 RESISTOR_ RATIO = 4

WITH LCD_ ST7565 HV FLIP O9ra oniuga 10380/14eT nepeBepHyTh H300pazkeHne, BhIBO/I1-
Moe Ha LCD kKak 110 ropu30HTaJIM TaK U 10 BEPTUKAJIH.

Ipmvep: WITH LCD ST7565 HV FLIP — 1

FONT 6X8 Brr gomKub! BRIOpaTh pasmep mpudTa KonTposnepa ST7565. JocTymmer pasmepsr:
FONT 6X8, FONT 8X8, FONT 8X12, FONT 8X14 u FONT 16X16. B macrosmiee Bpemst
TOJIBKO pa3mep 6x8 mipudra MOJTHOCTHIO TOJJIEPIKIUBAETCS.

[Ipumep: FONT _6X8

STRIP GRID BOARD Dra omnmnus mpucrocad/imBaeT MporpaMMHOe oDecriedeHne K n3MeHeH-
HBIM Ha3HAYEHUSIM BBIBOJIOB mopra D Ha medartHoil miare. Bol Moxkere HaliTH 1mMOApOOHOCTH B
allllapaTHBIX CpeJICTBaxX IvaBsl [2.1]

[Tpumep: CFLAGS += -DSTRIP GRID BOARD

WITH MENU akTtusupyerca memnio Beibopa dynkimit g ATmega3d28. Bor cmoxere BEIOpaTh
HEKOTODbIE JIONMOTHATEbHBIE (DYHKIMI PabOThl MPUOOpa M3 MEHIO mpH JyuTeabHoM (> 0.5 s)
naxxkatnn kHonkn TEST.

[Ipumep: CFLAGS += -DWITH MENU

WITH ROTARY SWITCH Hcnonb3osanue B KadecTBe PacHIIPeHHs JijIf OLICTPOro JOCTy-
11a B MEHIO JIOTIOTHUTEIHHBIX (DYHKIIUI ITOBOPOTHOIO MHKPEMEHTAJILHOIO 3HKojepa. CMorpuTe
OInCaHUe B paszjiesie YJIydIleHus W paciiupeHus K mpubopy. Ecam KoamdecTBo MUKJIIOB
MEePEKJIIOUEHNsT KOHTAKTOB, 3a KaK bt 000poT Barero sukojepa, coOOTBETCTBYET KOJUIECTBY
dukcupoBannbix nosuruii, Ber go/nkabl yeranosuth ornmmio WITH ROTARY SWITCH=2
win 3. Ecim nosHbIl MUK nepeksovueHus TpedyeT IIOBOpPOTa SHKO/Epa Ha JiBe (DUKCHPO-
pannble no3unuu, To oo WITH ROTARY SWITCH nyx)no ycranoButh =1. YcraHoBKa
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ommuu WITH ROTARY SWITCH pasroit 5 BbiOMpaeT MakCHMAJIbHOE pa3peIleHus] SHKO-
nepa. Kakaprit nuk/r mepex/iovenns: B JIByX KaHaJaxX JaerT 4 pe3ysbTara COCTOSHUS CUeTUIn-
KoB. OOBITHO HTOT MApaMeTp IOJIE3eH TOJBKO JIJIsi SHKOIEPOB 0e3 (pukcanun. SHAYEHIe O
WITH ROTARY SWITCH pasnoit 4 He0OX0 MO, €C/I yCTAHOBJICHO JBE OTAE/IbHBIE KHOII-
kn «BBepx» m «Bums» BMmecTo sukojsepa. He ucnonb3yiite snavenne 4 ecam y Bac ycranoBien
sHKOJIED!

[Ipumep: CFLAGS += -DWITH ROTARY ENCODER=1

CHANGE ROTARY DIRECTION Bpr MoxkeTe H3MEHATL COOTBETCTBHE HAIPABJICHUS Bpa-
IIEHNsT ¢ TIOPSAJIKOM BBIOOPA MYHKTOB MEHIO AIApPATHBIM CIIOCOOOM, M3MEHUB ITO/IKJ/IIOYEHUS
kanajoB suHKosiepa uian ycranosus oo CHANGE ROTARY DIRECTION.

[Mpumep: CFLAGS += -DCHANGE ROTARY DIRECTION

WITH SELFTEST Eciu Ber Beibupaere 3Ty onmmio, IIporpaMMmuoe obecredenue OyJeT BKJIIO-
JaTh (pyHKIHIO camorpoBepku. CamorpoBepka Oy/eT HadaTa, ecii Bbl coeuHUTE BCE 3 UCIIBI-
TaTeJIbHBIX [TOPTa BMECTE «3aKOPOTKOI» m HauHere m3Mepenne, HaxkaB KHONKY TEST. Eciu
dyHKIM BbIOpaHa, 3allycKaeTcs TOJIbKO KajnOpoBka. Camomnarnoctuka T1 - T7 BoszmoxkHa
TOJIBKO TIPpU BBIOOPE (DYHKINN U3 JOMOJHUTETHHOIO MEHIO.

Ipumep: CFLAGS +— -DWITH SELFTEST

NO COMMON COLLECTOR_HFE 3ta omus oTkmodaer MeTo n3mepenns hFE tpansn-
CTOPOB TIO cxeMe ¢ obmuM KoJitekTopoM. [To ymMomdanuio BKIIOUeHbI 00a MeTo/1a JIJIsT H3MepeHUs
hFE, Ho B mamsTu nmporpamMmM MukpokonTposiiepa ATmegal68 we xBaTaeT Mecta Jijist (hyHKIUAN
camonpoBepku. C mOMOIBLIO 3TOM omniuu Bel MoXKeTe COXPAHUTh MaMATh MUKPOKOHTPOJLIEPA
ATmegal68 misa dpyuknuii camonposepku T1-T7.

[Ipumep: CFLAGS += -DNO_COMMON COLLECTOR_HFE

NO COMMON EMITTER HFE Sta onmus orkmodaer meros nmsmepennsg hFE Tpamsncro-
pPOB 110 cxeme ¢ obImM SMuUTTepoM. [lo ymMomdaHuio BK/IOUEHBI 00a METO[a JIJId U3MEePEeHUs
hFE, Ho B mamsTu nmporpamMmMm MukpokonTposiiepa ATmegal68 we xBaTaeT mecta st (DyHKITHAN
camonpoBepku. C MOMOIIBIO 3TOH oniun Bbl MOXKeTe COXPAHUTDH MAMATh MUKPOKOHTPOJLIEPA
ATmegal68 mis dynxnnit camornposepku T1-T7.

[Ipumep: CFLAGS += -DNO_COMMON _ EMITTER HFE

NO_ TEST T1 T7 Sta onnus oTKIo4aeT BbinoaHenne gynknuii camonposepku T1 - T7. 9t
TECThI CAMOIIPOBEPKHU II0JIE3HBI JIjIs OOHAPYKEHUs OIIMOOK B alllapaTHBIX CPEJICTBAX, HAIPU-
Mep, HEIPABUJIBHOTO M3MEPEHUsI CONPOTUBJIEHUN W TTPob/ieMbl ¢ m3osiueit. Ecin Ber yBe-
peHbI, IT0 000py/I0BaHUe UCIIPABHO, TO JIJIsT YCKOPEeHHs KaJauOpOBKM BbI MOXKeTe MpormycTuTh
camoripoBepky 11 - T'7, ycranoBus a1y omruio. [1pu Bodennoit onmuu trectol T'1 - T'7 camou-
ArHOCTUKU 3aITyCKAIOTCS TOJILKO U3 JIOMOJTHUTETLHOTO MeHIo «Selftest». Eciu ¢ MukpokonTposi-
sepom ATmegal68 ucnosb3yorest oba meroma usmepenus hFE, to dyrkmun camomposepku T'1

- T'7 nporryckaercsi aBTOMaTUIECKH.
[Ipumep: CFLAGS += -DNO_TEST T1 T7

AUTO _CAL B npouenype caMonposepks OyJieT JOIIOJHUTEILHO U3MEPEHO CMelleHre Hy/sd IpU
u3MepeHnn €MKocTu. JlomoTHUTeTbHO OY/IyT N3MEPEeHbl CMellleHne aHaJI0r0OBOIO KOMIIApaTopa
(REF _C_ KORR) u nanpsizkeHue cMelienust BHyTpenHero ornopuoro nanpsizkeuusi (REF R
KORR), ecyin Bl nojikiitounTe Ka4eCTBEHHBIN KOHJEHCATOP ¢ BenunHoii émxoct ot 100 nF'
Ji0 20 pF' K BBIBOJIAM HCIIBITATEIBLHBIX TMOPTOB 1 M 3 mocjie m3MepeHusl CMEIIeHUus HyJIsd pu
n3MepeHnn éMKOCTU. Bce HaiifleHHbIe BelmanHBI OyayT 3anucanbl B EEprom u OyyT ncmnosisb-
30BATHCS JIJIsl JTAJbHENINX U3MEePEeHNl aBTOMATHIECKNA. SHAYEHHS BBIXOHOIO COMPOTUBJICHUS
nopTa OyJ/IyT OIPENIE/ISAThCA B HAUAIe KayK/I0T0 M3MEPEHUs.

[Ipumep: CFLAGS += -DAUTO _CAL
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FREQUENCY 50HZ Curnan 50 I'i 6yser renepupoBaThca Ha BBIBOJAX HCIBITATEIbHBIX IOD-
TOB 2 M 3 B TeUeHHe MaKCUMyM OJIHON MUHYTBI B KOHIIE CAMOIIPOBEPKHU.

Ipmiep: CFLAGS += -DFREQUENCY _50HZ

CAP EMPTY LEVEL O9ra onnus onpejiessger ypoBeHb HAIPAXKEHUA s Pa3PAZKEHHOI0 KOH-
nencaropa (B mV'). Bbl Moxkere ycraHOBUTH 3HadYeHue ypoBHs Bbiie 3 mV | ecau Tecrep e
yCIIEBAET pa3psizKaTh KOHJIEHCATOP. DTO MPOUCXOIUT B CJaydae, ecyim lTecrep 3aKaHINBaET M3-
MepeHne 3a boJiee amuTeabHoe BpeMs ¢ coobmennem «Cell!s.

[Tpumep: CFLAGS += -DCAP_EMPTY LEVEL=3

WITH AUTO _ REF Onpezenger Takoe OIOPHOe HAIPszKEeHHe, KOTOPOE II03BOJIACT HOJIydNTh
dbakTudecknii Macitad, /st BOSMOKHOCTH H3MEPEHNUsT MAJIbIX BeJnant éMrocTeit (Huzke 40 pF).

[Ipumep: CFLAGS += -DWITH AUTO_REF

REF C KORR Omupejenser cMelenue i OIOPHOIO HalpszKeHHd B mV . DTa onnus mpume-
HSIETCsI JIJIS TIOJICTPOKK EMKOCTH IIPU U3MEepPEHUN HeOOIbIINX EMKOCTEl KOHIeHCATOpOB. Beu-
quHa KOppeKimy 10 IMyHKTOB IIOHUKAET Pe3yJIbTaT u3MepeHus npudausurebio Ha 1%. Ecin
ommusgs AUTO _CAL Beibupaercs Bmecre ¢ onmuavu WITH SELFTEST, REF C_KORR To
9Ta BeJMINHA OY/IeT CMEIeHueM K Pa3HUIe M3MEPEHHOTO HAIPSI?KEHUsT TECTUPYEMOTO KOH/IeH-
caTopa W BHYTPEHHErO OIOPHOTO HAITPSI?KEHUSI.

[Tpumep: CFLAGS += -DREF C KORR=14

REF L KORR Omnpejenser JonojHureabHoe cMenienne B mV K OHOPHOMY HAIPSZKEHHIO [
m3Mmepenus Beqnundbl nHpaykTuBHOCTH. CMemnenne REF I, KORR u coorBercrByiorniast Be-
JITYMHA CMEIeHUs MPU KaJuOpPOBKe OyJIeT JIONMOJTHUTEIHLHO UCIOIb30BATHCA ITPU U3MEPEHUH
niaykrusaoctu. 3uadenne REF L. KORR Oyner Borareno g msamepenusi 6e3 pe3ucTopa

680 2 st m3mepenus ¢ pesucropoM 680 €2, 3Hadenne Oymer J100aBIEHO.
[Ipumep: CFLAGS += -DREF L KORR=40

C H KORR Ormpesensier BeJinanHy KOPPEKINN IPU U3MEPEHUH OOJIBINX éMKoCcTeit. Bemndanna
Koppekiuu 10 myHKTOB MOHUKAeT pe3yjbTar usmepenus Ha 1%.

[Ipumep: CFLAGS +=-DC_H_ KORR=10

WITH UART Hcnomssyer nopr PC3 st mocienoBaTebHOTO BBIBOLA TAHHBIX (IIPOTOKOI V24).
Ecim ommusa #e BbIOpana, nmopr PC3 MoxkeT MCIONIB30BATHCS I M3MEPEHUsT BHEITHErO Ha-
npsikenns ¢ geaureneM 10:1. C gomoHUTETBHON cxeMoii Bbl MOXKeTe TpoBepUTh HAIIPSIZKEHHe
11pobost cTabMJIMTPOHOB, OoJibItiee, deMm 4.5 V. D10 u3mepeHne MOBTOPSIETCS ¢ IIEPUOJIOM 3 pas3a
B cekyH 1y, moka Bul ne ornycture knonky TEST.

Ipumep: CFLAGS +— -DWITH UART

TQFP_ ADC6 Ommua TQFP_ ADC6 onpefensaeT BO3MOXKHOCTD HCIOJIBL30BAHIA aHAJIOIOBOI'O BXO-
na ADC6 ATmega B kopryce TQFP nimm QFN Bmecro ADC3 (PC3). C aroii ommmeit BO3MOXKHO
U3MEpEHNe BHEITHEro HalpszKeHusi, He3aBucuMo oT ucrnosib3oBanus PC3 B kadectse UART.
ADC6 Bx0/1 HCIIOIB3YETCs 1T N3MEPEHUsT CTAOUIUTPOHOB UJIM BHEITHUX HAIIPSIKEHWIT B 3aBH-
CHEMOCTH OT BbIOOpa u3 jmasioroBoro merio B ATmegad28.

[Ipumep: CFLAGS += -DTQFP_ADC6

TQFP ADC?7 Oumua TQFP_ADCTY onpenenser Bo3MOKHOCTD HCHOIL30BaHN aHATIOTOBOI'O BXO-
1a ADC7 ATmega B kopryce TQFP nim QFN Bmecro PC3 (ADC3). C s10ii ommumeit BOSMOXKHO
U3MepeHne BHEITHEro HalpszKeHus, He3aBUCHMO oT ucrosb3oBanns PC3 B kadecte UART.
Eciu sta onmust ucnosb3yercss 6e3 ommuun TQFP  ADC6, To m3mepenue cTaOUIUTPOHOB U
BHEIITHET'O HAIPSI2KEHUsI IPOU3BOJIUTCS C UCIIOJIb30BAHIEM BXOHOTO anajorosoro mopra ADCT
pu BBIOOPE U3 JAONOJHUTETLHOTO MeHio B ATmegad28. Eciu onius ycTaHOB/IEHA COBMECTHO C
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TQFP_ADCG6, o uzmepenne crabumntponos goctyiao Ha ADCO6, a BHENTHUX HAIIPsIXKEHUI Ha
obenx mopTax B 3aBUCUMOCTH OT BbIOOpa u3 fAornoannTeabHoro merio ATmega328. Oba BXomgHbIe
mopThl ADC 10/12KHBI OBITH 000PY/IOBAHBI PE3UCTUBHBIM JeauTrenasvu 10:1.

[Ipumep: CFLAGS += -DTQFP _ADC7

WITH VEXT nosposger uaMepaTh BHEIIHee HalpsxKeHue ¢ pesucTuBHbIM Jesuresem 10:1. s
ATmegal68 mwm ATmega3d28 mopr PC3 ucnosib3yercss B KadecTBe BBIXOJA ITOCIEI0BATETHHOIO
nopta, ecyu omrust TQFP _ ADC6 wimm TQFP _ ADCT Beiopana. Onmus WITH  UART, B atom
caydae, He JOJIZKHA OBITH yCTaHOBJIEHA.

[Ipumep: CFLAGS += -DWITH VEXT

AUTOSCALE ADC Ilossonser apToMarndeckn nepexmodars MacmTad ALIL wm x VCC nm
k BayTpennemy OH. Buyrpennuit UOH 2.56 V' mia ATmega8 u 1.1 V' 11 ocTabHBIX MUK-
poxonTposiepoB ATmega.

[Mpumep: CFLAGS += -DAUTOSCALE ADC

ESR ZERO Omupenensier cmernenne nynasa npu n3mepernun ESR. Cwmemenne Hysst 1 BceX Tpex
KOMOWHAIINN MCIBITATETbHBIX BBIBOJOB OIPEIETISETC B PEXKUME CAMOIIPOBEPKH W 3aMEHSIET
[IpEIyCTaHOBJIEHHOE CMEINEeHNe HyJId. JTa BeJndnHa OyaeT BblaTeHa n3 Beex u3Mepennii ESR.

Ipumep: CFLAGS +— -DESR_ZERO-29

NO AREF CAP Coobmaer mporpaMMHOMY obecriedennio, 9to y Bac mer konmencaropa (100 nk'),
ycranosjaenroro Ha BbiBojie AREF (BbiBog 21). D10 1m03BOJISIET COKPATUTH 3a€PIKKY st
AUTOSCALE ADC upn nepekiodennn macmrraba. Kongencarop #wa 1 nF He BHOCUT uC-
KaxKeHuii B pesysbrarsl u3Mepenuii. Ha pucynke u [IOKA3aHO BPeMsl IEePEKIIOYCHUsT
¢ koujiencaropoMm Ha 1 nF'. Bel Mmoxere BujieTh, 4TO nepeksodenue ot 5 V o 1.1 V' namuoro
MeJIJIeHHee, UeM Tepek/iodenue Hazas, ot 1.1 V' 1o 5 V. Eciu y Bac ycranoBjieH KOHJIeHCATOD
Ha 100 nF', Bpems nepekJodenust Oyaer jgosbine B 100 pas!

[Tpumep: CFLAGS += -DNO_AREF CAP

REF R _ KORR Ompezenser cuMermenne g BHyTpeHHero omnopuoro nanpskenng AIIL 5 mV.
DTO cMeleHne OTKJIOHeHus pu nepekJiodernn ¢ ocaoBHoit onopbl AIIT VCC na BHyTpennuit
MOH ANII moxkeT OBITH HCIIOJIB30BAHO TIPH U3MepeHur pe3uctopa. K Bol BeiOepere ommuio
AUTO _CAL B pexkume caMOIIPOBEPKH, 9TO 3HAYEHHE OY/ET JIOMOJTHUTETLHBIM CMEIeHIHeM K
Haitiennomy nanpskennio orkiaonernd 8 AUTO CAL.

[Ipumep: CFLAGS += -DREF _R_KORR=10

OP MHZ Coobmaer nporpaMmuoMy obecliedeHunio, na Kakoit gacrore B M Hz Oyner dbyHKImo-
nupoBarhb Bam Tecrep. [Iporpammuoe obecrieuenue rposepeno Toibko Ha 1 MHz, 8 M Hz wu,
JforoyiHuTebHO, Ha 16 M Hz. 8 M H 2z peKoMeHIyeTcsl sl JyUIIero paspelleHus IIpu u3Mepe-
HIAU éMKOCTH U WHIYKTUBHOCTH.

[Ipumep: OP _MHZ = 8

RESTART DELAY TICS Ecmm ATmegal68 mm ATmega328 ncnonb3yiorcs ¢ BHYTPEHHIM
RC-reneparopom BMecTo KBapIia, TO BEJIUINHA YCTAHOBKH J0/IKHA ObITH 6. Ecin 910 3naduenne
He ycTaHoBjeHO, TO npu mnepesanycke n3 SLEEP MODE ATmega ¢ kBaprieMm, mporpaMmHoe
obecrieuenne OTCUYNTBIBAET 3aJIepKKy B 16384 TakTa.

Ipumep: CFLAGS += -DRESTART DELAY TICS=6

USE EEPROM Ilapamerp yka3biBaeT namsaTh EEprom s pasmeniennsi pUKCUPOBAHHOTO TEK-
cta u Tabsmil. B mpoTuBHOM citydae ucoib3yeTcs porpaMmmMuas naMaTh Flash. Pekomenryercs
UCI0JIb30BaTh maMsTh EEprom (ommus ycrano/ieHa).

[Tpumep: CFLAGS += -DUSE_EEPROM
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EBC _ STYLE Oupejenser, 4To nadopMalius paclo/loxKeHls BbIBOJ0OB TPaH3UCTOPa 0TOOpazKaeT-
ca B popmare «EBC=...» mim «GDS=...». D9T0 moJi0KeHre BBIBOJIOB COXPAHSIETCS B ITaAMITH
nporpamMm ATmega. Bes s1oit o popmat Oymer «123=...», rae Kaxkas ToIKa 0003HATAET
cumposibl: E (Qmurrep), B (Baza) u C (Kosrekrop). s tpansucropos FET kaxgas Touka
moxker ObTh G (3arBop), D (Crok) or S (Mcrok). Ecim nocienosaresbHocTs BBIBOIOB 1, 2
U 3 He B HAIPaBJEHUM YTeHWs, TO Bbl MOKeTe WHBEPTHPOBATH IOC/IEI0BATEILHOCTD, BHIOPAB
EBC_ STYLE=321. Hasnauenue BbIBOIOB TOr a OysieT «321 = ...», KOTOpOE OyJ/IeT JIydIle co-
OTBETCTBOBATH OOBIYHOMY UTEHUIO.

[Ipumep: CFLAGS += EBC_STYLE

NO NANO Omnpezensger, 9To jJecaTHIHad IPUCTaBKa Nano He OyjeT MCIOIb30BaThCA IIPH O0TOO-
pakKeHUn U3MEPEHHBIX pe3yabTaroB. TakuMm obpas3oMm, 3HadeHus oToOpakaloTcd B puF BMecTo
nkF'.

[Ipumep: CFLAGS += NO_ NANO

PULLUP _ DISABLE Ompegenser, uto Ber e my»KgaeTech BO BHyTPEHHHUX IOJTATHBAIONIIX Pe-
sucrtopax. Kcim Bol BeiOpasu o1y ommumio, To y Bac g0/KeH ObITH yCTaHOBJIEH BHENTHUIT pe-
suctop ¢ BbiBosa PD7 (BeiBox 13) k¥ VCC. D1a ommus mpegoTBpaIiaeT BO3MOXKHOE BIIHHIE
HOJTSITUBAIOIINX PE3UCTOPOB Ha PE3y/IbTaThl U3MEDPEHUIl B M3MEpUTE/IbHBIX moprax (mopt B u
nopr C).

[Ipumep: CFLAGS += -DPULLUP _DISABLE

ANZ MESS Sta onmus ompejengeT, Kak 4dacro snadenne AIIIl camrano n cymmuposano. Bo
MOKeTe BhIOpaTh Jitoboe 3HadeHue mexk iy H u 200 s 1mojcyera cpejHero 3HaueHHs OJHOIO
m3mepenust AIIIl. Bosee BhicOKme 3HatMeHUs af0T OOJBITYI0 TOYHOCTH, HO Y/JINHSIIOT BPEMs
m3meperus. Omgao m3mepenne AL co 3nadennem 44 Tpebyer npuOIU3UTETLHO 5 M.

[Tpumep: CFLAGS += -DANZ MESS=25

POWER OFF Srta omnmus BkaodaeT GYHKIUIO aBTOMATUYECKOTO BBIK/IIOUeHNs nuTanus. Ecan
Bbr He ycTanoBHTE 3Ty ONIMIO, W3MEPEHHUA OyIyT MJITH OECKOHEYHO, MOKa IHUTaHue He OyJer

OTKJII0UeHO TiepekJtrouareeM Bkir/Boiki. Ecim y Bac Tecrep 6e3 cxeMbl OTKIIIOUEHNS TINTAHSI,
To Bor moxkere ne Beioupars POWER OFF.

Ecnu Ber we yeranosuiu omnrtmio POWER, — OFF ¢ yeranosiiennsiMu Tpan3uctopamu, To Tectep
MOXKHO BBIKJTIIOUNTDH U3 MeHI0 Bbibopa dyukiuit ecin onnuga WITH MENU akTtuBuposana.

Ber MokeTe Takke OIpeenTh, MOC/Ie CKOJIBKUX W3MepeHuit 6e3 ormpejenenus vmeMenta Te-
cTep BBIKJIIOUNTCS. TecTep TakzKe OTKJIIOUHUT ITUTAHNE TTOCTIe BIBOE OOIBINETO THC/Ia W3MEPEHN],
CJIEJTAHHBIX TTOC/IEIOBATEILHO O€3 HEYJIABIIErOCsd MOMCKA JEMEHTa. DTO MO3BOJIICT U30eXKATH
IOJTHOTO pas3psijia barapen, ecyii Bbl 3a0bLIN OTCOEIMHITD TECTUPYEMBIit 3/1eMeHT. BeIOOp orpe-
nensiercst kKak CFLAGS += -DPOWER_OFF=5 g 5 nociegoBaTebHbIX U3MepeHuit 6e3
oripejiesieHus daeMenTa. Tectep TakzKe BBIK/IIOUNTCH 11ocse 10 u3aMepeHuit ¢ ornpe/ie/ieHueM e~
MeHTa. Ecn Jjrobasi mocsie0BaTe/IbHOCTh U3MEepeHnit OyieT mpepBaHa JIPYTUM THUIIOM, TO W3-
MepeHne MPOJIOIKUTCA. Pe3yIbrar n3Mepenns: 0ToOparkaeTcs Ha JINCIIee B TedeHne 28 CeKyH/I
JIJTs OJTHOKPATHOTO U3MEPEHUs], i MHOTOKPATHOT'O U3MEPEHUsT BPEMsi OTOOPAXKEHU yMEHbIIIe-
HO 710 5 cexyH 1 (Bbibop B config.h). Eciim knonika TEST maxkara 6ostee jmuresibHOE BpeMst, TO
BpeMsi 0TOOpaXKeHUs JI/isi MHOIOKPATHOIO U3MepeHus Takxke 28 cekyH 1. MakcumaibHOe 3HaYe-
aue 255 (CFLAGS += -DPOWER _OFF=255).

[Ipumep 1: CFLAGS += -DPOWER _OFF=5

[Ipumep 2: CFLAGS += -DPOWER_ OFF

BAT CHECK IlozBoJisier npoBepsTh HallpskeHue Oarapen nutanud. Ecim Ber He BbIOMpaeTe
o1y omuio, To Ha LCD-aucmiee BMecTo Hanpsizkenusi 6y1eT 0ToOpazkaThcst HOMEP BEPCHH TIPO-
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I'PaMMHOTI'O obecrieyeHnd. ITa OIIIMA II0JIE3Ha JId BEPCUU TeCTepa, pa6OTaIOHIeI71 OT aBTOHOM-
HOI'O UICTOYHHUKa IMTUTaHUA, 9TOObI HAIIOMHHUTD O pa3pd/ie UCTOYHUKA ITUTaHWA.

Ipumep: CFLAGS += -DBAT_CHECK

BAT OUT IlosBossier oTobpazkars Hanpszkenne barapen #a LCD-nuciiee (eciun BbIOpaHa onus
BAT CHECK). Eciin B nen imrasust 9 V' ycraHOBIIEH MO/, TO JIJIsl IPABUJIBHOTO U3MEPEHMUST
BBIXOJIHOT'O 3HAYEHUsI HEOOXOIMMO y9ecThb HAlpsizKeHUe, yhasinee Ha HeM (B mV), s 9Toro
ucnosipdyiite BAT OUT =600. Tax:ke 3T0# ommueil MOXKHO YIUTHIBATDH HAJICHUE HAIPSIZKE-
nus na tpansucrope T3. Iloporosblit ypoBeHb He BIUSeT Ha YPOBHU IPOBEPKU HAIPSKEHUs
(BAT POOR).

[Ipumep 1: CFLAGS += -DBAT OUT=300
[Ipumep 2: CFLAGS += -DBAT OUT

BAT POOR Ycranoska HUKHEro ypoBHs HaIIpsizKeHus OaTapen, 3ajasaemble B mV . Ecmm nnx-
HIIT ypOBEeHb cocTaBiigeT 6oJibIie geM 5.3 V', To ypoBeHb IpeaylpexKaeHns o pa3psijie barapen
Ha 0.8 V BbIme, yeM yKasaHHBII HUKHUN ypoBeHb. Fcim HMKHUIT ypoBeHB cocTaBiaser 5.3V
WM MeHee, TO yPOBEHb IPeIylpek/ieHns o paspsaie Oarapen wa 0.4 V Bblle, yeMm yKasaH-
HbIIl HUXKHUN ypoBeHb. Ecim HuKHuit ypoBenb Huke 3.25 V', TO ypoBeHb HPEIYIPEXKJIEHU O
paspse 6arapen na 0.2 V' BbIle, 4eM yKa3aHHBIN HUKHUN ypOBeHb. Kcim HMKHUN ypOBEHb
mmke 1.3 V| To ypoBenb npeiynpexkienus o paspsje darapen na (0.1 V Bolle, 4eMm yKa3aHHBII
HI2KHUN yPOBEHDb. YCTaHOBKA HUKHETO YpOBHA 5.4 V' He peKoMeH IyeTcs Jjis Iepe3apsazKaceMbIX
9 V' akKyMyJIdaTOPOB, TIOTOMY YTO 3TO YBEJIUINBAET PUCK MOBPEKIEHUS aKKyMyJIATOPa M3-3a
rirybokoro paszpsaal Eciu Ber xorute ncnosb3oBath 9 V' akKKyMyJsisiTOp, TO PEKOMEHIyeTCsT UC-
nosib3oBaTh Ready To Use Tumt akkyMmysiiTopa nsz-3a 0oJjiee HI3KOTO caMOpa3psiia.

[Tpumep qyrst low drop regulator (5.4 V'): CFLAGS += -DBAT POOR=5400
[Tpumep st 7805 type regulator (6.4 V): CFLAGS += -DBAT POOR=6400

INHIBIT SLEEP MODE Bruixmouaer ucnonszopanne SLEEP _MODE muxpokonTposiepa.
O6braHO TTporpamMuOe obectievenne uctoblyer SLEEP MODE s 6ostee mymresbHoi pa-
6orel. Vcmonb3oBanme 3TOro crocoba JeHCTBUTEILHO SKOHOMUT 3apsij OaTapen, HO CO37aeT
JIOTIOJTHUTE/ILHYIO HAPY3KY /IS CTaDMIN3aTOPA HAIPAZKCHISA.

Ipumep: CFLAGS += -DINHIBIT SLEEP MODE

PROGRAMMER Bamr tun nporpamMmmaTopa, Jijisl mporpamMmmaoro narepdeiica avrdude. ITpapuib-
HBIiT BBIOOD 9TOi1 orruu HeoOXouM, ecin Bol uctosrb3yere komanay «make uploads» nimm «make
fuses» sroro Makefile. 3a ponosauTebHOM UHMOpPMaIueil 0OpaTUTECh, MOXKAJIYHCTA, K OIICa-
o avrdude u onnaiin — goxyMentanun [12].

[Tpumep: PROGRAMMER=avrisp2

BitClock Bribupaer wactory cunxponuzanuu s nporpammaropa. Cm. onucanue -B mapamerpa
g avrdude.
[Ipumep: BitClock=5.0

PORT Bwibpannsriit iopt, 1epe3 Kotopbiit Baim mukpokounTposiep ATmega Moxker ObITH JIOCTYTI-
ueiM 71 avrdude. 3a gonostHETETIBHON MHMOpMaIeil 0dpaTuTech, MoXKaayiicTa, K OIMUCAHUIO
avrdude.

[Tpumep: PORT=usb
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RIGOL WAIT M poeecccccdeemrosceeeed B 3,280 RIGOL (A=h) S o] F 1,26
H ﬁl H H H b 4 H H H H H H Iﬁ H H H - H H H H H

[HEEEE 1.66L Time 20.00us #21.68us mEFEg 1.88U Time S58.08n= o~ 194 .8ns

(a)cbV 011V

(b)cl1V g5V

Puc. 4.1. Tlepexmouenne AREF ¢ émroctrio 1 nF'

onoytHuTeIbHBIE TTADAMETPBI MOTYT OBITH yCTaHOBJIEHBI B (hailyiax transistortester.h u config.h.

Daiis config.h comepkuT ry1obabHbIE IIEPEMEHHBIE U OIIPEJIEJIAET MOPT/KOHTAKT U BEJIMIUHY PE3UCTO-
pa, ucrosb3yemble Jjitd n3mepenus. Paii transistortester.h onpeenser napaMeTpbl JIId PA3IMIHBIX
THUIIOB MUKPOKOHTPOJLIEPOB, 3aep:kKy n dactoTy AIIIIL. OObraHO HET HEOOXOIMMOCTH U3MEHSIThH ITH

SHa4YCHUNA.
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I'taBa 5

OmnucaHue OpoIeayp U3MepeHns

Yuporrennas cxema nopra Beona/Brisoga ATmega nokaszana Ha prCyHKe Knrou PUD orkiio-
JaeT Bee nojraruBaroriue pesuctopbl ATmega. CocTosiHre BBIXO/IA TOPTA MOXKET OBbITh HEPEKII0IEHO
kiaouom DD. Bxox mopra moxker ymupabiaTbes nesapucumo oT kiaoda DD. Kiroa PORT obbramo
oIpeiesIgeT BBIXOHON yPOBEHb, HO TaK:Ke M IMEPEK/IoYaeT MoATAruBaionuii pesuctop. [lockoabky
kioan PORT u DD me MoryT ObITH n3MeHEHBI OHOBPEMEHHO, & TOJIBKO OJIMH 3 JIPYTUM, [TOITATHBA-
IOI1e PE3UCTOPBI MOT'YT HAPYIIUTH n3Mepenue. [losTomy s npeBapuTesIbHO OTKIIOYAIO TOITATUBA~
orue pesucropsl KiaodoMm PUD. Koneuno, Bce KJII0Un - 3JIEKTPOHHBIC W BEJIMYUHBI COIPOTUBJICHUIA
pesuctopoB 19 Q u 22 () npubIN3UTEHHBL.

AVCC
PUD
>—O/O—O Pull up
—O
to ADC Mux, Port C only
22 4
—— +—=o0
oo—0" 0
—+H—oO
I | DD y
|
|
PORT FIN

Puc. 5.1. Yuporennas cxema Kask10ro BeiBoja moprta ATmega

Kaxkprit 3 Tpex n3MepuTebHBIX IIYIOB TecTepa KOHCTPYKTUBHO COE/IMHEH C TPeMs BBIBOJIAMU
noproB ATmega, KOTOpbIe IOKa3aHbl Ha, YIIPOIIEHHO cXeMe UCIbITaTe IbHOro BhiBoa TP2 (cpenui,
u3 Tpex BoiBojioB TP, TP2 u TP3) na pucynke .

VvCcC

(=)} N (=)} N (=) N
— a — N — [\l
GND
<l—+
ADCMUX
PC1 PB2 PB3

2l |en <IBN
B | S| |

<— TP2

Puc. 5.2. Yopormennasa cxeMa KaxKJI0TO HUCIIBITATEILHOTO BbIBOjIa Tiryna TP
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Kazk 1p1it ncnbIraTe/ibHbli BRIBOJL (M3MEPUTEIBHBI TOPT, MIYIT) MOKET UCHOJIb30BATHCS B KAUECTBE
1ppOBOro MM aHAJIOTOBOTO BXOJAA. T4 BO3MOXKHOCTH M3MEPEHHUS HE 3aBHCUT OT HMCIOJIb30BAHMUS
IIOpTa B Ka4ecTBe BbIXO/a. KaxK/blil UCIbITaTeIbHBIN BBIBO/, MOXKET ObITH IIePEeKJIFOUeH Ha BbIBOJA. B
9TOM COCTOSHHU OH MoOKeT ObITh nojkIodYeH K GND (0 V') nim VCC (+5 V') mHemocpencTBeHHO Mt
gepe3 pesuctop 680 2 unu pesucrop 470 kS2. Tadbauna 5. 1| mokasbiBaeT Bce BO3MOXKHBIE KOMOMHAIINN
u3MepeHuii. 3aMeTbTe, YTO HOJ0KUTEILHOe COCTOSHUE MOXKET ObITH II0JIY4YeHO IIOJK/II0YeHUEeM Heo-
cpencrBenao Kk VCC (mopt C) mim gepes pesucrop 680 €2 k VCC (ITopr B). Takas ke BosMozKHOCTH
€CTb U JIJId OTPpUIATEJIbHOT'O COCTOAHUSA IIPU IMOAKJ/IIOYECHUN HUCIIBITaTE/JIbHOI'O IIOPTa K GND COCTOﬂ—
HI€ HUCIIBITATEIbHOrO MIyTa MOXkKeT ObITh OTKPBITBIM (Bxomn), coennuénnbiM depes pesucrop 470 kS

K VCC mwn GND, mimm ucubitate/bHBIN Iy MOYKET ObITh MOJIK/II09eH depe3 pesuctop 680 2 k VCC
nin GND.

Cocrosinue myna 1 | Cocrosinue myna 2 | Cocrosinue myna 3
1. | mosoxkurenbHOE OTPUIATEIHLHOE TeCT
2. | TOJIOXKUTEIbHOE TecT OTPUIATETHLHOE
3. TeCcT OTpHIIATETHHOE HI0JIOZKUTEILHOE
4. TeCT [TOJIOKUTETHHOE OTPHIATETHLHOE
5. OTpUIATETHHOE TecT OJIOYKUTETHHOE
6. OTPUIATEIHLHOE MIOJIOYKUTETHLHOE TECT

Tabmuma 5.1. Bee komOunanuu n3mepeHuit

Eciu Tectep ckondurypupoat Jjist U3MepeHns EMKOCTH, TO TecTep HOIbITaeTCsA Pa3pPsauTh KOH-
JIEHCATOPBI, COeJIMHEHHBIE CO BCEMU MCIBITATEILHBIMI BBIBOIaMU. Ecin paspsika IoTepnuT HEyIady,
KOTOpAasi O3HAYAET, YTO OCTATOYHOE HAIIPsI?KEHIE BLICOKOE, Pa3psiiKa Oy/ieT mpepBana mpuOIn3uTe b
HO 4depe3 12 cekyn ¢ BbiBosioM coobmierus «Cellls. 1o MoxkeT mpon30iiT Tak »Ke, ec/ii HUKaKOi
KOH/JIEHCATOD HE CBS3aH HU C KAKUM UCIIBITATE/IbHBIM BBIBOJIOM. [IpuvnHoit MoxkeT ObITh TO, YTO Ha-
MPSI2KEHNsT OTK/TIOYeHNsT BRIOpaHo HU3KuM it 57oro ATmega. Bl Moxkere BeIOpaTh 607166 BHICOKOE

nanpskenne omrueit CAP - EMPTY LEVEL B Makefile.
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5.1 Il3mepeHue 10J1yIpPOBOJHUKOBBIX 3JIEMEHTOB

UccrenoBanne siemMeHTa HEOOXOAMMO HAYMHATH ¢ 0OECTOYEHHBIM YIPABJISIONIIM BBIBOJIOM (TpeTHit
BBIBOJ, HasBaH TriStatePin). TriStatePin ucciiegyemoro sjnemenTa BO BpeMsi UCIBITAHUSI SIBJISIETCS
6a30BbIM MK OTIPaBHBIM. OIUH UCIBITATE/IHHBIA BHIBOJL, BEIOPAH IOJIOXKUTEIHLHON CTOPOHOI SI1eMeH-
Ta u nojko4ueH nerocpecreerHo K VCC. [pyroit uctbitare/ibHbII BBIBOJ BEIODAH OTPUIATEIHLHOM
cTopoHoit semenTa. OrpuriaresibHas cTopoHa mojcoeanueHa depe3 pesuctop 680 2 k GND. Cocro-
sTHIE TIOJIEBBIX TPAH3UCTOPOB 3aBUCUT OT HaIlpsizKeHus Ha 3arTBope. CHadasa, TriStatePin ma 5 ms
nojk/odaerca depe3 pesuctop 680 2 Om k GND u m3smepsiercss HanpsiKeHne Ha OTPHUIATETHHOM
cropore. [lamee TriStatePin nepexiiougaercs va BBoj (BbICOKOE MOJTHOE BXOJHOE CONPOTUBJIEHUE) W
CHOBa U3MepsIeTCsT HAIPSZKEHNe OTPUIATEIbHOTO UCIBITATETHLHOTO BBIBO/IA. 3aTEM IIPE/IITOIaraeMbIit
3aTBOp coeanHsgeTca depe3 pesucTop 680 €2 Ha 5 ms kK VCC u cHOBa M3MepseTcs HAIPAXKEeHHe Ha
OTpHUIIATE/IbHOI cTOpoHe. Ec/in m3MepeHHoe HaIlpsizKeHne HUXKe IIePBOTO Pe3yJIbTaTa U3MEPEHUs, TO
9Ta cxema Oy/eT MpeoiaraTbesi, Kak MpaBuibHas. 3aTeM Hallps’KeHe CHOBa M3MepsieTcs ¢ 0bec-
touenubiM TriStatePin.

EC.HI/I HallIpA2KCHHUE OTPpUIAaTE/JIbHOI'O MCIBITATE/JIbHOI'O BbBIBOJA C CbI/IKCI/IpOBaHHbIlVI HallpA2KCHHUEM
TriStatePin Beimre uem 115 mV, a ¢ obecrouennnim TriStatePin e Huzxe 100 mV/, npemnosraraercs,
ITO 9TO 0OETHEHHBIN TPAH3UCTOP.

Y OUIOIAPHBIX TPAH3UCTOPOB, UMEIOIINX IOBBIIIEHHBI 00pPATHBI TOK KOJIJIEKTOpPa, OH 3HAYU-
TEJILHO ITOBBIIIAECTCS B pEXKUMe ¢ 00eCTOYEHHOI 0a30ii.

[Tpu mpoBepke ¢ 00OMMU HAIIPAXKEHUAMI MOXKHO N30€2KaTh HEITPABUILHOIO OOHAPYKEHUsT HEKOTO-
PBIX TePMAHMEBBIX TPAH3UCTOPOB C HOJIee BBICOKMM OOPATHBIM TOKOM KOJIJIEKTOPA, KaK 00€IHEHHBIX
rpansucropos (JFET).

Jlajee MmpoBOASATCs JONOJHUTEIbHBIE TecThl 10 ompejenennio N-kanagbHoro JFET win N D-
MOSFET u P-xkanamsroro JFET uan P-D MOSFET. Bepcun MOSFET moryT ObITh ompeieieHsr
10 OTCYTCTBYIOIIEMY TOKY 3aTBOpa MpH JitoboMm cocrosiaun TriStatePin.

Yrobbr mosyanth napamerpbl FET obeanénnoro twuma, mx msmepdaoT ¢ pesucropom 680 2 B
UCTOKE, KaK MMOKA3aHO Ha PUCYHKE . DTO U3MepeHne JIe/1aeTCs BMECTO OOBITHOIO U3MEPEHMS TOKA,
yJIepzKUBaHUS 3aTBOPaA Ha yPOBHE UCTOKA, ToToMy, 9To Ipss FET Tpan3ucropa gacro ne MOXKeT OBITDH
JIOCTUTHYTO M3-38 OTHOCHTEIHLHO BBICOKOT'O CONPOTHUBJIeHUsT pe3ncTtopa 680 (2.

43



19
o= 2
19

. T
=) (\l _L O\? N =)
— — [\l -

b
i {> @_tmmux
& PC2 @ PB4 PB5

TP1 D S TP3

<,_ ADCMUX \L {>

470k
680
RS

470k
R6

Q

\elo)

PC1 @ PB2 PB3

<
& TpP2

680
R3
470k

Puc. 5.3. 3mepenne narpsizkenus 3aTBOP-UCTOK 1 ToKa uctoka N-JFET Tpamsucropa

Eci y seMeHTa HET TOKA MEXK/Iy IOJIOKUTEJIBHBIM M OTPHIATEIbHBIM HCIBITATEIbHBIMI Bbl-
Bojlamu Ge3 currasa Ha TristatePin, To mepexoaum K Tectam onpejiesieHns], ONUCAHHBIM B pas/iesie
5.1.1] Eciu Tox 6b11 06HApY?KEH, TO CJAEAYIONHIl TECT OIICAH B 0 JIMOJIAX.

5.1.1 MW3mepenune P-N-P tpansucropa mimm P-Channel-MOSFET

Cragajia n3MepsoT Ko3M@UIUeHT ycuienns mpenoaaraemMoro P-N-P rpamsucropa B cxeme ¢ 00-
UM KOJIJIEKTOPOM (3MUTTEpHBIH oBTOpUTE ). CXeMa N3MEepeHus MoKa3aHa Ha PUCYHKE . Ecim
Hanpsizkenne 6a3bl (U B) uamepentoe ¢ pesuctopom 680 €2, Beiie 9 mV'| To koadbduimenT ycuienmst
BhIUHCIgeTCd 110 hopmysie hF'E = UEU_TUB. Hanpszkenne U E 910 pa3HOCTb MEXK Ty HAIIPSKEHUEM Ha
smurTepe n VCC. Pasmmane mex ity pesucropavu 22 €2 u 19 €) #He yunrsiBaercsa. Eeim namnpsizkerue
UB nmxe 10 mV |, uamepenue jesaior ¢ pesucropom 470 kS2 B 6a3e. B srom ciydae kosdpdurmert

_ _UE-470000
ycuienus Beraucygercs o dopmyne hiFE = 5 (680122)
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Puc. 5.4. zmepenne hFE P-N-P Tpansucropa B cxeme ¢ o0IuM KOJIJIEKTOPOM

BareM nesraroT TecThl i mpeanoaaraeMoro P-N-P rpansucropa B cxeme ¢ 0OIIMM 3MHUTTEPOM.
[TosroxkuTe/IbHASA CTOPOHA dJIEMEHTa Teleph Mojk/aodeHa 1mpsamo ¢ VCC, orpuiiatesibHasi CTOPOHA de-
pe3 pesuctop 680 2 nogkmiouena K GND, kak nmokazano na pucyske 5.5, Eciin Ha orpunareabmoii
CTOPOHE 3JIeMeHTa eCTh HampsizkeHue Bbimie 3.4 V', korma 06a30Bbiil pesuctop 680 () moakroueH K
GND, suauut sror smement uin P-N-P tpamsucrop wim P kananensit FET. Kakoit u3 Hux - Mo-
2KeT OBbITh JIEFKO YCTaHOBJIEHO 110 HallpsizKeHuIo 0a3bl. Ecin Hanpsizkenue 6a3bl Oosibiie 0.97 V', aTo
joker 0biTh P-N-P Tpansucrop. [Iag Toro, 4rodbl m3mMepuTh KO3 UITUEHT YCUICHU, B IElb Oa-
3bl BMecTO pesuctopa 680 €2 Brimodaercs pesuctop 470 k2. KosdpdurmenT ycusienus: BoIYucseTcs
o dopmyiie hFE = % . Hanpsizkenne UCO siBiseTcst HAIIPsizKEHUEM Ha, KOJIJIEKTOPHOM
pesucTope 6e3 6a30Boro TOKa. Kak mpejmogaraeTcs, IpaBUIbHBIM SIBJIsSIETCsl 00J1ee BBICOKUI KO-
durumenT ycuienus, onpee/eHublii MepBbIM Wik BTOPbIM criocobom. B Bepcun 1.08k kosddurnment
YCHUJIEHUsT B CXeMe C OOIINM SMHUTTEPOM OIPEIEISIETCS TOJIBKO JIIsT MUKPOKOHTpOo LIepoB ATmega328.
Jlnsg 1pyrux MUKPOKOHTPOJIJIEPOB UCIIOJIL3YETCs TOJIBKO CXeMa ¢ OOIIMM KOJIJIEKTOPOM.

Suadenus, Haiijiennbie 11 P-N-P rpanzucropa, geficTBUTE/IBHBI TOJIBKO, €CJIN C/Ie/IaHbI OO/ H-
TebHble u3Mepenus. YToObl mpeoTBpaTuTh obnapyxenue P-N-P Tpansucropa B ”HBEpCHOM BKJTIO-
YeHUH (KOJUIEKTOD C SMUTTEPOM ITOMEHSIHbI MECTaMu ), U3MepeHue ¢ 60jiee BEICOKUM KO3(hDMUIIEHTOM
YCHJIEHUs] CUUTAETCS MPaBUILHbIM. Ecn nanpsizkenne 6a3bl mrke, 1eM 0.97 V| 1o 310 101KeH ObIThH
P-E-MOS. B stom ciiydae moporoBoe HalpsizkeHue 3aTBOpa M3MePsIeTCs IIPH ILIABHOM TIePEKJIIOYeHIH
zaTBopa ¢ pesucropom 470 k€2 or VCC no GND, oxumas Ha 1mudpoBoM BXOJe M3MEHEHUs] CUT'HAJIA
CTOKA, U 3aTeM, CYUTBIBACTCSA HAIIPAKEHUE 3aTBOPA.
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Puc. 5.5. Ucnbiranne n uamepenne hFE P-N-P Tpamsucropa B cxeme ¢ o0IUM SMUTTEPOM

5.1.2 HN3smepenne N-P-N tpansucropa miau N-Channel-MOSFET

Nsamepenne N-P-N Tpansucropa HaumHaeTcs TakKuM ke obpas3om, kak u P-N-P rpansucropa, ¢ u3-
Mepennsa Ko3(dduimenTa ycuaeHus B cxeMe ¢ o0mumM KoJjieKTopoM. llepBoe m3mepenue cuerano c
pesuctopoM B 1ienu 6a3br 680 ) monkouenabiM K VCC. Eciin HanpsizkeHne Ha pe3ucTope B TENn
6a3bl CcaUIIKOM HU3KO, BMecTo 680 (2 Gepércs pesucrop 470 k2. Torma mamepenme MpoI0IKAETCS
B cxeMe ¢ OOIUM SMUTTEPOM, KaK IOKa3aHOo Ha pHUcyHKe D.6| Ecian manpskenme KoaeKTopa HUKe
1.6 V u pesucrop B menu 6a3wr 680 ) coequnén ¢ VCC, To 310 Moxker O0biTh N-P-N Tpansucrop,
N-kanaybupiiit MOSFET win tupucrop/cumucrop. Tupuctop uiam cuMucTop MOryT ObITH WJIEHTH-
dunupoBaHbl JBYMs IIPOCTBIMUA TeCcTaMu. ECIn pe3ancTop Ha yIPaB/IAIONEM BBIBOJIE, COETMHEHHBIM
B Teuenne 10 ms ¢ GND obecrounTh, TOK B aHOJE JIOJIZKEH OCTaTbCs. Ecam pe3mcTop aHoma Kpat-
KoBpeMeHHO NMOoAK/II0UNTh K GND u, 3arem, nosropuo nogkmounts Kk VCC, TUPUCTOP He JIOJIZKEH
CHOBa BKJIIOUUTHCS (HeT TOKa). Vmeiite B Buty, uT0 TecTep MOXKET MPOBEPSATH TOJBKO MAJIOMOIITHBIE
TUPUCTOPBI, TOTOMY UTO TOK yJIEPKAHUS MOYXKET J0CTUraTh ToJbKo 6 mA. Eciun oba Tecta cBujiere/b-
CTBYIOT O TUPUCTOPE, TO HEOOXOJUMO CJIEJIATh TECTHI C 0OPATHON TOJIAPHOCTBHIO, YTOOBI HCKIIOYNTD
WJIA TIOJITBEP/IATH CHMUCTOP.
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Puc. 5.6. Ucnbrtanne n namepenne hFE N-P-N tpansucropa B cxeme ¢ 00muM 3MUTTEPOM

Ecan au Tupucrop, H1 cuMuUCTOP He ObLIN HOATBEPXKIeHbBI, TO 3T0 MoxKeT ObITh N-P-N Tpansucrop
nin N karanbubiit E-MOSFET. Bazosoe nanpsizkeane N-P-N Tpansucropa 6y1er OJIM3KO0 K HAIIPsIzKe-
HUIO SMUTTEPA, TAKUM 00pa30M, STOT TUI MOKET ObITh HIeHTU(UIIUPOBaH onpeesiento. Kosdduru-
€HT YCUJIEHUs B CXeMe C OOIIUM SMUTTEPOM BBIUYHUC/IAETCs 110 hopmysie hF'E = “’ﬁgig;ﬁ%fg’;;"o
Ecnn nanpsizkerne 6a3bl WM 3aTBOPA MOBBIIIEHHBIE, TO B 9TOH MMM TOKA HET WJIA OH MaJl, 3HAUUT,
ssement Oyner N-kanambabivm E-MOS (MOSFET o6oramgénnsrit). B sToMm citydae moporosoe Hampsi-
JKeHUe M3MepsieTcsl TPHU IJIaBHOM TepeKodennn 3arBopa ¢ pesucropom 470 k2 or VCC mo GND,
OKU/JIas Ha MIUMPOBOM BXOJIe U3MEHEHUST CUTHAJIA CTOKA, 1 3aTE€M CUUTHIBAETCS HAIIPSZKEHUE 3aTBOPA.
D10 w3Mmepenue Jeaercd 11 pas ¢ makomtenuem pedyiabraroB ALl kak moka3aHO Ha PUCYHKe
Pezynbrar ymuoxkaercsa Ha 4 u jgeurcd Ha 9, 9TOOBI OJIyUYUTh Halpskenue B mV .
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5.1.3 VYmnporennas 6JI0K-cXeMa TECTUPOBAHUsI TPAH3NCTOPOB

CheckPins
Start

update_pins
PP

.
’ n.b = TristatePin
Y n.e = LowPin
update_pins = 1 n.c = HighPin

n.cnt+p.cnt>1?
(n.cnt!=1)ll(n.b==p.b)?

checkDiode

[}

N

p.cnt = p.cnt+1

‘ P—channel

vCEs*2+20 > Ip_otr ?
vCEs > 115 ?

N-channel

date_pins
- 1“?

‘ p.b = TristatePin
p.e = HighPin
l® p.c = LowPin

hpl > (hp2+599) ?

N
Yy )

tp2 D

© ) '
© CheckPins
‘ Exit
Y N
Y N
) ) Part = FET Part = FET
Typ = P-D-MOS Typ = P-JFET
Part = FET Part = FET

Typ = N-D-MOS Typ = N-JFET -
\—0“—1 p.cnt = p.cnt+1

n.cnt = n.cnt+1 p.gthvoltage = tpl-hpl
n.uBE =Ipl p.current = (VCC-hp1)/680

n.gthvoltage = Ip1-tp1
Y n.current = Ip1/680
Part2

Puc. 5.8. Biok-cxema recruposanus rpausucropos. Jacrs 1: JFET u D-MOS
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Part2

¢_hfe=(VCC—hpl-tpl)/tpl H ¢_hfe=(VCC-hp1)*470k/680/tp1

]

:..680

Ip_otr < 1977 ?

checkDiode

—

Ipl > 34227
L Y

Part = TRANS
tp2 > 2000 ? Typ = PNP
e_hfe = (Ip1-lp_otr)*470k/680/tp2
update_pins = 0
p.hfe = e_hfe
_ B p.cnt >0 or
p-uBE = hp2 — (p2 e_hfe > p.hfe ?
update_pins = 1

N

p.hfe = c_hfe
p.uBE =hpl —tpl
update_pins = 1

c_hfe > p.hfe ?

3 N

update_pins = 1 ?
Ip_otr<97?

Ipl > 2000 ? p.ice0 = Ip_otr/680

p.ices = VCEs / 680

Y4

Part = FET

o

N-Channel

(VCC-tpl)<10?

tpx = VCC - tpl
c_hfe = (Ip1 - tpx) / tpx

checkDiode

rtp = VCC — tp2

rthp = VCC — hp2

Typ = P_E_MOS

hp2 > Ip1+250 ?

Typ =P_E_IGBT

gthvoltage = VCC — tpx

Y
Part = TRANS N
Typ = NPN \—$
e_hfe = (rhp—Ip_otr)*470k/680/rtp
update_pins = 0
$ Ip_otr<97?
rhp > 3400 ?
n.ent=07?or
e_hfe > nhfe ? Yy
Part = FET
n.hfe = e_hfe _
n.uBE = tp2 — Ipx Typ =N_E_MOS
update_pins = 1 ‘

I

hp2 >1p2+250 ?

Y Typ = N_E_IGBT
n.hfe = e_hfe
N n.uBE = tp2 — Ipx
update_pins = 1
b4
update_pins =1 ? Y*l
p.ice0 = Ip_otr / 680
N p.ices = (VCC-vCEs) / 680 n.gthvoltage = tpx
e
) ‘
saveNresult -

Puc. 5.9. Biok-cxema tectuposanus rpanzuctopos. Jacts 2: BJT u E-MOS
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hp3 hp4

) Ces0 -
Qo =T
C)

hp3 < 1600 ?
hp1+150 > hp4 ?
hp2 > 4400 ?

Part = THYRISTOR
n.cnt =n.cnt + 1
n.uBE = tp2-1p2

n.gthvoltage = hp1-Ip2 -

Non conducting?
)

(&0 -0

Switched

tpx > 977
hpx <733

Part = TRIAC

Puc. 5.10. Biok-cxema TectupoBaHust TpaH3uCTOPOB. HacTh 3: Tupucrop u cumucTop

5.1.4 HW3mepeHue AnoOI0B

Ecin npensapuTesbHbIME TecTaMu OyJ/ieT OOHAPYKeH TOK, TO 3JeMEeHT OyjeT OIMO3HAH KaK JIHOJI.
[Tanenue narnpsizkenns ¢ pesucropom 680 €2 momkuo 6bTh Mexkty 0.15 V u 4.64 V. Ilajenue nanps-
sKeHust ¢ pesuctopom 680 €2 mo/kHO ObITH B 1.125 pasa 6oJiblle mageHns HalpszKeHne ¢ PE3SUCTOPOM
470 k) u magenune HanpsizkeHus ¢ peauctopom 470 k€2 nosxHO OBITH B 16 pas3 OoJibIle, YeM majeHue
HampsizkeHust ¢ pesuctopoM 680 2 /lomosHnTebHO: TP BO30OHOBIEHUH U3MEPEHUS ¢ PE3UCTOPOM
470 k) mHanpsizkeHusi JIOJ?KHO ObITh HE BBIIE, YeM B IPEJbIIyIeM u3MepeHun ¢ pe3uctopom 680 (2.
A wmageroch, uTo TOT MeTOJ Beerja uieHtudunupyer auoi. [lpu wpentudukanum aByX IHOI0B,
BKJIIOUYEHHBIX BCTPEYHO-TIAPAJIIETIHLHO, HEBO3MOYXKHO OIPEJIe/IEHe TOKA YTEYKH B ITPOTUBOIIOJIOZKHOM
Hanpasjennu. Ecim odHapy»keH TOJIBKO OJMHOYHBIN U0/, TO TOK yTeUYKH B 0OPATHOM HAITPABJICHUN
n3Mmepsiercs ¢ pesuctopom 470 kS monkmogenasim K VCC. Pasperenne okosio 2 nA. Ecin Tok yred-
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ku Gosibiite 5.3 pA (manpsikenue Ha pesucrope 470 k) cocrasisier 6osibine yem 2.5 V'), usmepenue
npousBouTcst ¢ pesucropom 680 (2. B stom ciiyuae paspemnienune Tobko 0kojio 1 pA. Kpome Toro,

JIJIsT OJIMHOYHOTO JINOJIa, MOXKET OBbITh M3MepeHa EMKOCTb B 0OpaTHOM HaIIpPaBJICHUM.

5.1.5 Pe3yabTaThbl pa3/uvHbIX N3MEePEHU

Caemyrtorue TabIRIBI TOKA3BIBAIOT PE3Y/IbTaThl UCIBITATEIbHBIX UCCIEIOBAHII ¢ PA3THIHBIMUA MUK-

pokorTposutepamu ATmega8, ATmegal68, ATmega328.

] Tun guoa MegaS8Q8MHz Megal68 Q8MHz Megad28 Q8MHz
1N4148 Diode, 715mV, Diode, 718mV, Diode, 715mV,
1pF OpF, 2nA 1pF, 4nA
1N4150 Diode, 665mV, Diode, 672mV, Diode, 666V,
1pF 1pF, 4nA 2pF, 6nA
BA157 Diode, 619mV, Diode, 621V, Diode, 615mV,
19pF 17pF, 12nA 18pF, 12nA
BY398 Diode, 538mV, Diode, 541mV, Diode, 537mV,
16pF 14pF, 63nA 15pF, 63nA
1N4007 Diode, 650mV, Diode, 655mV, Diode, 650mV,
13pF 10pF, 6nA 13pF, 6nA
LED green Diode, 1.96V, 5pF Diode, 1.95V, 4pF Diode, 1.95V, 4pF
ZPD27 2xDi, 743mV, 2.53V | 2xDi, 737mV, 2.52V | 2xDi, 733mV, 2.51V
BU5S08A B+E Diode, 609mV, Diode, 611mV, Diode, 606mV,
5.15nF 5.20nF, 0.39uA 5.25nF, 0.4uA
BU5S08A B+C Diode, 582mV, Diode, 586mV, Diode, 587mV,
256pF 255pF, 21nA 259pF, 19nA
AC128 B+E Diode, 272mV, Diode, 277mV, Diode, 273mV,
OpF OpF, 2.2uA OpF, 2.3uA
AC128 B+E Diode, 349mV,
C OXJIAZKJICHUEM 140pF, 0.57uA
MBR20100CT | 2xDi, 337mV, 337mV | 2xDi, 338mV, 338mV | 2xDi, 336mV, 335mV
MBR20100CT Diode, 337mV, Diode, 339mV, Diode, 337mV,
345pF 351pF, 29nA 350pF, 25nA
MBRA4045PT Diode, 243mV, Diode, 233mV, Diode, 235mV,
C OXJIAZKJICHUEM 1.80nF 1.94nF, 1.7uA 1.95nF, 1.8uA
SK14 Diode, mV, Diode, mV, Diode, 263mV,
OpF pF, nA OpF, 0.57uA
SK14 Diode, mV, Diode, mV, Diode, 334mV,
C OXJIAZKJICHHEM nkF pF, nA 88pF, 4nA
SF38G Diode, 519mV, Diode, 521mV, Diode, 516mV,
107pF 105pF, 2nA 106pF, 2nA

Tabsama 5.2. PesyabraTsl u3MepeHus JIHOI0B

N3mepenune obpaTHoit émkocTr Jutd apoitHoro auoga MBR4045PT Bo3MOXKHO TOJIBKO C OXJIaXK e~
HIEM. DTO BBI3BAHO BBICOKIM TOKOM yTedku 31oro 40 A mmoma. Tak:ke obparHas EMKOCTE IEPEXOIa
6aza-s3vuTTep repmanneBoro Tpausucropa AC128 MoxkeT ObITh M3MepeHa TOJBKO C OXJIaXKJIEHUEM.
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Tun Tumn Mega8 Mega3d28 Megad28 Mega328
Tpansucropa | 1up-tu ooImit ooITIHit 001t
KOJIJIEKTOP KOJLJIEKTOP SMUTTED
BU508A NPN B=9, 601mV B=9, 597TmV B=9, 598mV B=4, 484mV
2N 3055 NPN B=20, 557mV B=21, 550mV B=21, 550mV B=6, 442mV
BC639 NPN B=148, 636mV | B=172, 629mV | B=172, 629mV | B=158, 605mV
BC640 PNP B=226, 650mV | B=176, 609mV | B=171, 655mV | B=177, 608mV
BCbh17 NPN B=23.9k, 1.23V | B=24.8k, 1.22V | B=25.1k, 1.22V | B=764, 1.23V
BC516 PNP B=75.9k, 1.21V | B=76.2k, 1.20V | B=76.2k, 1.20V | B=760, 1.23V
BC546B NPN B=285, 694mV | B=427, 687mV | B=427, 687TmV | B=369, 683mV
BC556B PNP B=304, 704mV | B=254, 668mV | B=235, 709mV | B=255, 668mV
AC128 (Ge.) PNP B=63, 191mV B=59, 191mV B=57, 193mV B=43, 117TmV
BUL38D NPNp B=37, 627mV B=41, 617mV B=40, 624mV B=36, 562mV
parasitic PNPn B=11, 654mV B=81, 543mV B=10, 656mV | B=83, 541mV
BRY55/200 Thyrist. 0.84V 0.81V 0.81V 0.82V
MAC97A6 Triac 0.92V 0.90V 0.90V 0.90V

Tabnuma 5.3. Pe3yabraTsl nu3aMepenus OUMOJIAPHBIX TPAH3UCTOPOB

Hekoropble pe3yabTaThl 3HAYUTETHHO OTIMYAIOTCH OT PE3Y/IbTATOB, MOJIYUYEHHBIX B 00JIee PAHHIX
Bepcusx nporpammuoro obecrieuenusi or Markus F. Hanpumep, tpansucrop lapaunrrona BC517
ObLT U3MepeH 6ojiee paHHUM TIporpaMMHbIM obecriedenneMm: hFE=797 Bmecto 77200 u HampsizkeHnue
6aza-svurrep = 1438 mV . DT0 BBI3BAHO JIOMOJHUTEIBHBIM U3MePeHneM KoM UIMeHTa YCUTIeHHST
B cxeMe ¢ oOmuM KoJisteKTopoM. Kpome Toro, HoBash Bepcus IMPOrPAMMHOIO ODecIiedeHusl MOKa3bl-
BaeT Takoil ke HU3KWil pe3ysbrar hFE B cxeme ¢ oOmmm sMuTTEpOM, YTO MOYKHO YBHJIETH B IIO-
CJIeTHEM CTOJIOEe TabJIUIThI Hanpsizxenune 6a3a-sMuTTep n3MepeHo Kak OTae bHbId o, Tenepn
HalpsizKeHne 6a3a-3MUTTED U3MepsieTCsl PHU TOKe u3MepeHus: Kodddunumenra ycuierus (1.20 V).
NPN-Tpanszucrop BUL38D mmeeT MeK 1y KOJLUIEKTOPOM U SMUTTEPOM BCTPOEHHBIN 3aIIUTHBIN JTHOJT,
KOTOPBII MOYKET CIPOBOIMPOBATDL onpejiesienne napasutHoro PNP-tpan3ucropa ¢ 6a30it Ha mecre
KositekTopa npasuabaoro NPN rpansucropa. C Bepcun nmporpamvuoro obecriedenns 1.10k oba Tpan-
3UCTOPa OOHAPYXKUBAIOTC U TIOMEYAIOTC J00aBenneM cuMBoJia p. [IpaBuibHblil Tpan3ucTop Oyjer
HallJleH [IpU CPaBHEHUU eMKOCTH Tiepexoja 0asza - amurrep. [Ipeonaraercs, 4To npaBuIbHbI TpaH-
3uCTOp UMeeT 60JIee BHICOKYIO eMKOCTh Tepexo/ia. Kem HazKaTh U yaepKUBaTh KJIABUIITY 3aIlyCKa BO
BpeMs BBIBOJIa PE3y/IbTaTa U3MEpPEHHs, TO OY/IYT IMOKA3aHbl IapaMeTPbl Tapa3suTHOTO TPAH3UCTOPA.
Hasmmaue npasuiibHOrO Tpansuctopa Gyaer ormedeno nujgekcom n (PNPn). Tlapasurthsrit Tpansucrop
OIIPEJIEJISIETCS TOJIHLKO C 3AIMUTHBIM JIUOJIOM, PACIIOJIOKEHHOM HA TOM YK€ KPHUCTAJLIE, UTO U PABUJIb-
HBIIl TPAH3UCTOP, & He ¢ BHEITHUM JIMOO0M.

Creyromas Tabsmna MMOKA3BIBAET PE3Y/IbTATHI U3MEPEHUsI JIjIs Te€PMAHNEBBIX TPAH3UCTOPOB,
KOTOPBIE ABJIAIOTCS MMPOOJIEMHBIMI U3-38 TEMIEPATYPHON 3aBUCUMOCTH M BBICOKOT'O 0OPATHOIO TOKA
KoJIIeKTopa. IIpescraBiensl BMecTe pe3y/IbTarhl OpuruHabHoi Bepcun o Markus F. u pesynbrarn
Bepcun 1.10k. Bepcus 1.10k jyrst ATmega328 uzmepsier Ko DUIMEHT yeuieHnst B cXeMax ¢ OOIuM
KOJIJIEKTOPOM U OOIIMM SMHUTTEPOM C yIeTOM 0OPATHOTO TOKA KOJIJIEKTOPA, U BHIBOIUT O0JIee BHICOKMI
pesyabrar. OOpaTHBIl TOK KOJIJIEKTOpa HE YUUTBHIBAJICS B 0OJiee PAHHUX BEPCHUAX ITPOIPAMMHOIO
obecrieveHns.
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Tum Mega8@1MHz Megal68 Q8MHz Mega328 Q8MHz
Tpausuctopa | OpuruHajibHast Bep. Bepcusg 1.10k Bepcuga 1.10k
Markus F.

AC128 PNP, B=52, 279mV PNP, B=59, 184mV | PNP, B=59, 191mV
AC116-65 PNP, B=505, 378mV | PNP, B=72, 146mV | PNP, B=72, 149mV
AC116-145 PNP, B=485, 294mV | PNP, B=146, 161mV | PNP, B=146, 163mV
AC176-65 NPN, B=98, 235mV NPN, B=58, 94mV NPN, B=56, 96mV
GC122 PNP, B=84, 368mV PNP, B=55, 117TmV | PNP, B=56, 117TmV
GC301 PNP, B=48, 289mV PNP, B=39, 184mV | PNP, B=39, 188mV
AD161 NPN, B=360, 230mV | NPN, B=296, 126mV | NPN, B=298, 128mV
AD162 PNP, B=2127, 280mV | PNP, B=89, 107mV | PNP, B=89, 107TmV

Tabsuma 5.4. PesyabraTsl u3MepeHuil repMaHueBbIX OUITOJISIPHBIX TPAH3UCTOPOB

B rabsmne tIoKa3aHbl Pe3y/IbTAThl U3MEPEHUsT HEKOTOPBIX MOJIEBBIX TPaH3UCTOPOB. OiHUM
3 u3MepseMbix mapamerpoB E-MOS TpaH3uCTOPOB sIB/ISI€TCsT HAIIPSAZKEHNE 3aTBOP-UCTOK, KOTOPOE
3aMepsIeTcs 10 U3MEHEHUIo cocTosuud 1mudposoro Bxoma ATmega, TOIKIIOUEHHOMY K CTOKY Uepe3
pesuctop 680 (2. JIpyrum mapamMeTpoM siBJIseTCs 3HaYeHe eMKOCTH 3aTBOpa. V3-3a HEOOJIBINOi eMKO-
CTU 3aTBOPA, HAIIPSYKEHNE HAa HEM M3MEHseTCS OUYeHb OBICTPO, UTO YMEHbBIIAET TOUYHOCTH (PUKCAINN
sroro HampsiKenusi. Hampumep, y Tpansucropa BS250 sTo namnpsizkenne u3mensjiocb ot 2,6 Vo
2,5V, npu MOJIK/TIOYEHNHN JOMOJTHATEILHOIO KOH leHcaTopa eMKocTbio 10 nf’ napasiie/ibHO BBIBOJIAM
zaTBop u ucrtok. /g JFET TpansucropoB B KadecTBe XapaKTEPUCTUKU YacTO MPUBEJIEH TOK Idss,
SABJISIONIUICS TOKOM CTOKa IIPU HAIIPsizKEHNU 3aTBOP-UCTOK paBHOM () V. B nannoil peanuzamuu, oj-
HAKO, TOK HE MOXKET IIPEBBIINATH BEJIMYNHBI, OIIPEJIEJIEHHON COIPOTUBIIEHNeM Harpy3ku B ctoke JEET
Besimunnoit 680 €2. Harpysounslit pe3uctop remepupyer odpaTHOe HalpsizkeHue Vgs, KOTOpoe TaKiKe
oToOpakaeTcs Ha uHIuKaTope. M3-3a cummerpuynoit Koncrpykiun Tpansucropos JEET, neBozmox-
HO OTJIMYUTH CTOK OT UCTOKA.
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Tpanzucrop Tun Mega8@Q8MHz Megal68 @Q8MHz Mega328 Q8MHz
ZVNL120A N-E-MOS D, 1.6V, 147pF D, 1.5V, 141pF D, 1.5V, 140pF
IRF530N N-E-MOS D, 3.6V, 1.55nF D, 3.6V, 1.54nF D, 3.6V, 1.54nF
BS170 N-E-MOS D, 2.6V, 78pF D, 2.6V, 68pF D, 2.6V, 68pF
IRL3803 N-E-MOS D, 2.3V, 9.81nF D, 2.3V, 9.71nF D, 2.3V, 9.74nF
IRFU120N N-E-MOS D, 4.2V, 909pF D, 4.2V, 913pF D, 4.2V, 911pF
BUZT1A N-E-MOS D, 3.2V, 7T14pF D, 3.2V, 708pF D, 3.2V, 705pF
ZVP2106A P-E-MOS D, 3.2V, 122pF D, 3.2V, 115pF D, 3.2V, 116pF
IRF5305 P-E-MOS D, 3.6V, 2.22nF D, 3.6V, 2.22nF D, 3.6V, 2.22nF
BS250 P-E-MOS D, 2.6V, 53pF D, 2.6V, 43pF D, 2.6V, 44pF
IRFU9024 P-E-MOS D, 3.5V, 937pF D, 3.6V, 945pF D, 3.5V, 933pF
J310 N-JFET 3.1mA Vgs=2.2V 3.1mA Vgs=2.2V 3.1mA Vgs=2.2V
Idss=24-60mA

2N5459 N-JFET 2.1mA Vgs=1.5V 2.1mA Vgs=1.5V 2.1mA Vgs=1.5V
Idss=4-16mA

BF256C N-JFET 3.4mA Vgs=2.4V 3.4mA Vgs=2.4V 3.4mA Vgs=2.4V
Idss=11-18mA

BF245A N-JFET 1.1mA Vgs=.75V 1.1mA Vgs=0.75V 1.1mA Vgs=0.75V
Idss=2-6mA

BF245B N-JFET 2.5mA Vgs=1.7V 2.5mA Vgs=1.7V 2.5mA Vgs=1.7V
[dss=6-15mA

BF245C N-JFET 3.9mA Vgs=2.7V 3.9mA Vgs=2.7V 3.9mA Vgs=2.7V
Idss=12-25mA

J175 P-JFET 3.2mA Vgs=2.2V 3.2mA Vgs=2.2V 3.2mA Vgs=2.2V
Idss=7-60mA

2N5460 P-JFET | 0.78mA Vgs=0.54V | 0.77mA Vgs=0.54V | 0.78mA Vgs=0.54V
Idss=1-5mA

BSS139 N-D-MOS 1.7mA Vgs=1.2V | D, 1.7mA Vgs=1.2V | D, 1.7mA Vgs=1.2V
BSS169 N-D-MOS | 2.6mA Vgs=1.8V | D, 2.6mA Vgs=1.8V | D, 2.6mA Vgs=1.8V
GPO7TN120 N-E-IGBT | C=3.81nF Vt=4.2V | C=3.76nF Vt=4.2V | C=3.74nF Vt=4.2V

Tabmuna 5.5. Pesynbrarsr mamepennit MOII-Tpansucropos
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5.2 ll3mepeHune pe3nucTOpoOB

Kazk iprit pe3aucTop n3MepeH 4eTbIpbMs PA3ITUIHBIMEA THIIAMYU H3MEPEHUs B OJTHOM HAITPABJICHUU TOKA.
Tot ke cambIil pe3uCTOp TaKKe U3MePeH TeMU Ke CAMBIMU YeThIPbMs TUTIAMU U3MEPEHUs B JIPYTOM
HallpaBJIeHUHN TOKa. 3Mepenne B MpOTUBOIOIOKHOM HAIIPABJIECHUN UCIOJIB3YETCs TOJIBKO JIJIsi TOTO,
9TOOBI UJIEHTUMUIINPOBATH pe3ucTop. Kejmm HecooTBeTCTBIE MEXK Iy OOOMMU U3MEPEHUSIMU CJIUIITKOM
OO0JIBITIOE, TO 3TO HE PE3UCTOP.

5.2.1 MWN3mepenue pe3sucropa ¢ pesucropamMu 680 Om

3mepenne nensBecTHOrO pe3nucTopa Rx ocyrecTsiisgercs AByMs Cr1ocobaMu ¢ HCIOTb30BAHIEM IIpe-
[U3UOHHBIX pe3ucTopoB 680 (2. YiporeHHas cxeMa 9TOr0 N3MEePEHNUsT JIJIsl HCIBITATEIbHBIX BBIBOJIOB
1 (TP1) u 3 (TP3) nmokazana na pucyHKax i KaK IIPUMEp IIeCTH BBIOPAHHBIX KOMOMHAIIHI

HNCIIbITaHMA.

2|] a 2| 8 2 S
o I
< ADCMUX J/ {>
PCO @ PBO PBS
— = =
2| | g gl |2
Puc. 5.11. Usmepenune Tuna 1 ¢ pesucropom 680 2
VCC
?
S L e[l o] el 2] s
GND

PB1 PC2 @ PB4 PB5

470k
2
=
>

680
RS

470k
R6

Puc. 5.12. Usmepenne Tura 2 ¢ pesucropom 680 €2

C J1eBoiT CTOPOHBI PACIIOJIOXKEH UCIBITATEILHBIN BBIBOJ 1, ¢ TPABOil CTOPOHBI - UCHBITATEIHLHBII
BbIBOJL 3. B 0benx quarpammax Bl Bujmre, uto BbiBO 3 (1ipaBas cropona) coequnén ¢ VCC, BBIBO
1 (seBasi cropona) coemuuen ¢ GND. Hanmpasienue Toka, Tekyimero depe3 pesuctop Rx siBisiercs
OIMHAKOBBIM. BHa‘{eHHH IIOPTOB, NEPEKJIIOICHHBIX Ha BBIXO/, ITIOKa3aHbl KPAaCHbIM IIBETOM, 3HaYCHUA
[IOPTOB, MUCIOJIb3YEMbIX B KadeCTBE BXOJIa, OTOOPAXKAIOTCS CUHUM IIBETOM, O€3/eiiCTBYIONINE TTOPThHI
- 4yepHble. B 000uX NOKa3aHHBIX TUNAX U3MEPEHUs TOK JIOJ?KEH OBbITh OJMHAKOBBIM, IIOTOMY YTO
cymmapHast Besmanta pesnctopos Mex iy VCC u GND wupentnuna (ecim m3aMepuTesbHbIE PE3UCTO-
PbI OIJMHAKOBbIEC — B NJA€aJIbHOM C.Hy‘{ae). O6bILIHO U3MEPEHHOE HalIPpA2KEHNE HE OJMHAKOBOE, IIOTOMY
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YTO MEHSIOTCS TOJKII0UeHHbIe pe3uctopbl. CuMmBos V Ha JuarpamMme OTMEYaeT MOPThI, UCIIOJIb3Ye-
Mble JIJId M3MepeHus Hanpskenud. B obenx kondurypanusax Beqndnaa pe3ucropa Rx Moxker ObITH
BBIYHC/ICHA 110 U3BECTHON BEJUYNHE PE3UCTOPA U U3MEPEHHOMY HAIPAKEHUIO, €CJIM OTHOIIEHUE Pe-
suctopa Rx k 680 ) me cimmkom Besmko. Teoperndeckoe OTKIOHEHWE HAIPsKEHUs TOKA3aHO Ha
pucyHke [5.13} riae BeqnunHa pe3ucTopa mokasaHa B JIOrapudMUIECKOM MaciiTade.

L —

4000 /

3000 PC2, type 1
PCO, type 2

2000 /

voltage / mV

1000

0
100m 1 10 100 1k 10k 100k
resistor Rx / Ohm

Puc. 5.13. Hanpsizkerune npu nzmepernsx Tuma 1 u Tuma 2 ¢ pesucropom 680 €2

I'paduk n3mepenuns Tuna 1 nokaszan na pucyske [5.14al ¢ m3sMeHeHHBIM MacIITAOOM M300parKeHust
JIIL MAJIBIX 3HAYEHU PEe3UCTOPOB. 3/1eCh BUIHO, UTO JJIs TOJIYU€HUsS TOYHOIO U3MEPEHU BETUINHbI
pesucropa aHuzke 2 (2. Heobxomumo sydiree pazpernerne AL gyem cranmapTaoe pasperienne 4.9 mV
¢ 5V UOH. Ectb Tosmbko 3 orcuera ALII or 0 2 10 2 Q. Ommua AUTO _SCALE  ADC, nepexitio-
vatorasa jguarna3on Al moxker momodn B 3ToM ciydae. ToT 2Ke camblii y9acTOK € U3MEHEHHBIM
MaciraboM n300parkeHns quanasona u3Mepenns Tumna 2 nokasan Ha pucyske [5.14b] K coxasnenuto,
MBI HE MOXKEM HCII0JIb30BaTh BbiCOKOe pasperienne AILIT g m3mepenns tura 2 B 9TOM JHaa3oHe,
[IOTOMY YTO HAIIPSIZKEHHE CJIMIIKOM BBICOKO, a y npuMeHEHHbIX ATmega ner mauddepeHnunajibHoro
Bxoja AIIIl. Namepenus ¢ pesucrtopavu 680 ) TpOBOAATCS Jjis TOJIYIE€HUsT PE3YIbTaTa U3MEPEHMIt
10 20 k) (m3mepenHoe HampsizkeHue turma 2 Gyaer Huxke 169 mV/).

st 6ostee BBICOKMX 3HAUEHUI M3MEPSEMOTrO PE3NCTOPa M3MEPEHUs MPOBOIATCH C PE3NCTOPAMU
470 k). Eciiz Bce TeCThI CBUJIETEILCTBYIOT O TOM, UTO 3TO HE JPYTOMl TUI JIEMEHTA, TO MOy IeHHas
BeJInunHa 000MX n3MepeHuil 6epercs B KavuecTBE BEJIUIUHBI COIPOTUBIICHUS PE3UCTOPA JJist 0TOOpa-
xxenus nHa guciiee. Ecnn Beiopana ommus AUTO SCALE ADC, u onHo w3 HampsizkeHUit obonx
TunoB m3Mepenus Hrke .98 V| B3BereHHoe cpejiee 3HAYEHHME BBIYUCIAIOT ¢ KoddduimenTom 4
JUIst 9TOM Besmmaunbl. JIpyras B3Beriennas Besmania uMmeeT Kodddurment 1. 9To ¢iienano s Toro,
YTOOBI MIPEIIOUECTh KO DUIMEHT 4 Jjist JIydIIero paspelienus 3Toro u3mepenns. Kosdpdunment 4
B3ST TOJIBKO JIJIsT MUKPOKOHTpoJLtepoB ATmegal68 u ATmega328, miss ATmega8 B kadecTBe BECOBO-
ro koadduimenta B3aT0 2, ecyin Hanpsizkeaune Huzke 0.98 V| moToMmy 9T0 OIOpHOE HAIIPSXKEHHE JIJIs
ANII ATmega8 2.54 V Bmecto 1.1 V' myrg ATmegal68 u ATmegad28. JIna ATmegal68 u ATmega3d28
n3MepeHne HalpsKeHns Ha Pe3ncTopax Oy/er 3a/epr:KaHo, MoKa He OOHApYyrKaTcs OOIBIINe n3MeHe-
HUS WIA 3aKOHYUTCH JIUMHAT BpeMmenu. [Ipu mcrnonb3oBannm 3Toro Meroga 0OOJIbINe KOHIEHCATOPI
OoJiee He ONpPeJIE/ISIOTCS, KAaK PE3UCTOPDI, 110 OIMUOKE, U COMPOTUBJICHIE TIOCTOSHHOMY TOKY OOJIBIIIIX
KaTYIIEeK WHIYKTUBHOCTU OyJIeT U3MEPEHO ITPABUILHO.
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200 4850

195 "PC2, type 1 —— 4845 'PCO, type 2 ———
190 4840
185 4835
180 4830
= 175 > 4825
=170 4820
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£ 160 £ 4810
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150 4800
145 4795
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135 4785
130 4780
0 1 2 3 4 5 6 7 8 9 10 0 1 2 3 4 5 6 7 8 9 10
resistor Rx / Ohm resistor Rx / Ohm
(a) Usmepenne Tuma 1 (b) Namepenne Tuna 2

Puc. 5.14. Teoperuteckoe nampsizkerue ot 0 2 g0 10 §2

5.2.2 HN3mepenune pe3sucropa c pe3ucropamm 470 xkOm

Crenyrorue pucyHKm u MIOKA3bIBAIOT TY K€ CAMYIO MPOIEYyPy U3MEPEHUsS C MPEIm3nOH-
abiMu pesuctopamu 470 k2. Tlockonbky 470 kS) ovuenb 60/bIITIE OTHOCUTE/IHHO BEJIMIMHBI PE3UCTOPA
mopta 19  wan 22 €, BeTMYIHHBI PE3UCTOPOB MTOPTOB HE YUUTHIBAIOTCA JIJIST BHIYUCICHUS BEJTMINHDBI
pesucropa Rx.

st oboux Turos msmepenus c¢ pesucropamu 470 k) uzmepsiercss TOJIBKO OJHO HAIPSIZKEHUE,
IIOTOMY YTO TOK HACTOJbKO HU30K, YTO HUKAKOE PA3/IMYNe HAIPIKEHUsI BO BHYTPEHHUX PE3UCTOPAX
nopra ATmega He MoxKeT 6bITh H3MepeHo (Kak 1 0XKUIAI0CH). TeopeTnieckoe OTKIOHEHIE HAIIPsIZKe-
HUs TIOKa3aHo Ha pucyHke [5.17] rje BesmanHa pesucTopa HokasaHa B jorapudMUIeckoM Maciirade.
Teopernueckoe oTKJIOHEHUE B TOH quarpaMme 3akanunBaercd na 100 M€2, no daxkTudeckoe 3nade-
uue st Tecrepa orpanudeno 60 MS), nade Tecrep onpejesnser, 9To pe3ucTop He MoJAK/I0OYeH. B3se-
IIEHHOEe cpejHee dncjio oboux THIIOB M3MepeHus: B3ATO B Ka4eCTBE PE3Y/IbTaTa ¢ TEMU YK€ CAMBIMU
K03 duImeHTaMu, OnMMCaHHBIMU J1JTsT u3MepeHuit ¢ pesucropamu 680 2. {ist Bcex MUKPOKOHTPOJLIIE-
poB ATmega s ompejie/inI, YTO B3BEIIeHHbIE pe3yIbTaThl ¢ pesuctopamu 470 kS Gostee ToIHBI, ecyn

Oymer mobasieHo mmocTostHHOE cMernenne 350 (2. DToT cMeleHne MOXKeT OBITH 10 I00paHO OIpeIee-
nuem Besmaniabl RH - OFFSET B daiise config.h

19
22
19

4’——0 4’——0
ADCMUX ADCMUX
PCO PBO PB1 PC2 @ PB4

680
R1
470k
R2
=~
S
680
RS
470k
R6

Puc. 5.15. Usmepenune Tuma 3 ¢ pesucropom 470 kS2
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Puc. 5.16. Usmepenune Tuma 4 ¢ pesucropom 470 k€2

4000
E 3000
— / PC2 type 3 ——
%} / PCO, type 4
= 2000
>

1000 /

0 N L

10k 100k 1M 10M 100M
resistor Rx / Ohm

Puc. 5.17. Hanpsizkerne nipun m3mepennsix Tuma 3 u Tuna 4 ¢ pesucropom 470 kS

5.2.3 Pe3yabTaTrhl U3MepeHuii pe3nucropa

Pucynox [IOKa3bIBAET OTHOCUTE/ILHYIO MOTPEITHOCTh n3MepeHuit pesucropa tpemst ATmega8 .
JlomoTHUTE/IHHO IIPUBEIEHBI Pe3yIbTaThl C OPUTIMHAIBHBIM IIPOrpaMMHBIM obectiedernueM oT Markus F.
(«Mega8orig») ¢ omaum ATmega8. Ha pucynkax u ITOKA3aHbI PE3Y/IbTATHl U3MEPEHUIT C
ATmega8A u ATmega8L. Pl/IcyHOKHOKaSI)IBaeT Te ke camble n3mepenus ¢ ATmegal68 (Megal68
- pesysnbratel 6e3 ommun AUTOSCALE ADC, Megal68as - Te e camble U3MEPEHHUs C OIIueit
AUTOSCALE ADC). [Ipumenenne ATmegal68 jaeT BO3MOXKHOCTH U3MEDPEHUsI PE3UCTOPOB B JIa-
nazone or 20 Q mo 20 MQ ¢ rounocrsio +1%. g usmepennit nuzxke 100 € Bbl g0/KHBI BMETDH
B BUJLY, UTO JIOOble M3MEPUTEIbHBIE TPOBO/IA TaKXKe UMEIOT CONPOTHUBJIeHUE. JIytIne moacoe MHNTD
PE3UCTOP HEMOCPEJICTBEHHO K KOHTAKTaM TePMHHAJA. FC/IMm 3TO HEBO3MOYKHO, BBIUTUTE BEJTHIUHY
COIIPOTHUBJIEHUS, U3MEPEHHYIO C 3aKOpOUYeHHBbIMU mrynamu. Hampumep, eciin pe3ucTop MapKUpOBAH
30 ©Q u Tecrep nokazwiBaer Bemaunay 30.6 (), a y 3aKOpOUEHHBIX IIyTIOB 3amMepena Beauduna 0.5 (2,
TO m3MepeHHasl BemuanHa pesucropa coctaBut 30.1 €. g comporusienuii amke 10 €2 oanna oTcuer
paspemenns JaéT ommoOKy Gosbime, yeM 1%
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Puc. 5.18. OrHocuresibaas HOrpenHocTsh u3Mepennit peauctopos na ATmega8

MegaBAd —— il Viegabl 7 ——
Mega8A-5 —— 4 Mega8L-8 —¢—
Mega8A-6 —x— 3 { Mega8L-9 —x—
i\
I i, )
| ;’ %ﬁ% & o-%#é f%«xw@ﬁ M |
8 -1
I il \
! sl
| il
10 100 1k 10k 100k 1M  10M 100M _51 10 100 1k 10k 100k 1M  10M 100M
Resistor value / Ohm Resistor value / Ohm
(a) ATmega8A (b) ATmega8L

Puc. 5.19. OrHOCHTEIbHAST TTOTPENTHOCTh M3MEPEHNI PE3UCTOPOB
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Puc. 5.20. OrHOCUTEIbHAST TOIPENHOCTL U3MepeHuii pesuctopoB Ha ATmegal68

Pucynok [TOKA3bIBAET IOIPEITHOCTD U3MEPEHU /I TPeX MUKPOKOHTposiepoB ATmegal68
mepej; KaJnOPOBKOH - TOYKAMU, TOCTe KAJUOPOBKHU - JUHUEH. AHaJOrMYHAs MOTPENTHOCTH HU3Me-
penns s Tpex ATmegal68A mokasama Ha pHCYHKe a TIOTPENTHOCTh M3MEPEHUs I TPeX
ATmegal68P nokazana Ha pucynke [5.22] . [Torpermraocts nzmepenus s Tpex ATmega328 mokasana
Ha pUCYHKaX u [5.23b] Tocsie aBTOKAJIMOPOBKY OTHOCHTEILHASI TIOIPEITHOCTD U3MEPEHUs PE3U-
cTopos B puamnasone ot 10 € — 20 M) o6bruno naxoaures B npeaenax =1 %. Toabko onno nsmepenne
pesuctopa 22 k) ¢ ATmega328P-13 nokasbiBaer OoJiee BBICOKYIO MOrperHocTsb. [lepen kaaubpos-
KOI MOrpentHocTh HEKOTOPHIX MUKPOKOHTPOJLIEPOB cocTapisia + 3%. DT0 ObLIO CKOPPEKTHPOBAHO
nepexroderrem ornopbl AIIIT ommueit AUTOSCALE ADC. Ilpsmoe cpaBHeHHe HAIPsizKeHHS Ha
Komnjiencarope urke 1 V', ognokparno uzmepennoro ¢ onopoit VCC, u apyroe oJIHOKpaTHOE U3Mepe-
HUE ¢ BHYTPEHHEHl OIOpOii, MOYXKET IOJICTPOUTH 9Ty MOIPENHOCTh. V3Mepenue HalpsiyKeHUs TPOn3-
BOJITCS TE€M K€ CaAMbIM KAaHAJOM MYJIBTUILIEKCOPA, a BHYTPEHHsIS oropa cBs3aHa ¢ BeiBojgoM AREF
ATmega. K coxajiennto, mpsiMoe U3MepeHre OMOpPhl CO CBOUM KaHAJIOM MYJIBTUILIEKCOPA ITPUBOJINT
K CMEIEHHNI0, KOTOpoe MoxKeT ObITh BpyuHyIio nojcTpoeno ommueit REF R KORR wmu aBromaru-
geckn omrumeit camonpoBepk AUTO CAL. Snavenne REF R _KORR saBisiercs gonoiHUTE IBHBIM
CMeIeHneM K aBTOMATUIeCKH ornpejeénnomy 3uadenuto ¢ omrueir AUTO CAL!
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5.3 IllI3mepeHne KOHJAeHCATOPOB

Wzmepenne BemInHBI EMKOCTH KOH/IEHCATOPOB CJIEIaHO, KaK OT/IeJbHas 3a/lavda M3MePeHNs] BDeMeHN
3apsJIKA TIOCTIe BeexX JIpyrux uaMepennii. OpurunabHoe mporpammuoe obecriedenne or Markus F. sro
JieJlaeT B IIUKJIE TPOrPAMMBI, KOTOPas YUTAeT COOTBETCTBYIOININE IIUMPOBbIE BXObI, TIOKA He ITPOU30-
IIJIO OTKJIIOYEHNE, U CYUTAET KOJIMIECTBO ITUKJIOB. ¥y 9TOrO CIIOCO0a €CTh OrpaHUuYeHue: pa3pellenne
U3MEpEeHHsT BpeMeHN OTPaHUIEeHO BPEMEHEM, TPEOYIONUMCS JIJIsT OJTHOTO IMUKJIa. DTO OOBITHO e/ TaeTCs
BO BCEX IMIECTU KOMOMHAIUSX JIJI BCEX TPEX UCIBITATEILHBIX BHIBOJOB. HoBoe mmporpaMmmHuoe obectie-
YeHNe HMCIOJIb3yeT JIBa Pa3HBIX CHOCO0a MOTYyYeHUs] BPEMEHH 3aps/IKA TOJBKO B TPeX KOMOWHAIUAX
JJ18 TPeX UCHBbITaTeIbHBIX BbIBOJIOB.

[TonoxkuTe/IbHBI BBIBOJ, KOHJIEHCATOPA BCEIJIa MOJKJIIOUYEH K UCIBITATEILHOMY BBIBOJY ¢ OoJiee
BBICOKUM HOMepOM. Ecjin KoHieHcaTop n3MepsaeTcs mapauie/IbHO C JINOJIOM, TOJITPHOCTD MOYKET ObITh
B JIPYT'OM IIOPSIJIKE.

5.3.1 Pazpsijika KOoHJ/IeHcaTopa

Brr 1oKHBI Beerta pa3pszkaTh KOHJIEHCATOP IIPeK/Ie, YeM I0J/ICOeIMHATE ero K Tecrepy. Tecrep J10-
MIOJTHUTEJTHHO pa3pszKaeT KOHJIEHCaTOP 1epe 1 JiIoObIM n3MepenneM. Ecin nanpsizkenne amxke 1300 mV/,
KOHJIeHCATOD OyJIeT 3aKOPOUEH BBIXOJAMU OpTa, coeaunHenabiME co Bxogamu mopra AIIIT (mopt C).
4 monarato, 9TO 3TO JOMYCTHMO, IOTOMY YTO BBIXOJ IIOPTA UMEET BCTPOEHHBIN pe3ucTop okoJio 20 (2.
Pucynok 149 (page 258) rexunueckoro onucanus (crpanuia 258) [2] nokaspiBaer najieHue Harpsi-
JKeHHus Ha BbIXogax 70 2 V. KonedHo, s He Mory rapaHTHpOBaThb, YTO HHUKAKOE ITOBPEKJECHUE He
MOKeT rpousoiitu. ¢ npoBepus (HyHKIIUIO ¢ KOHJEHCATOPAMHU OOJIbITUME, YeM 15 mF' mMHOTO pas,
7 sI HUKOT Ia He 3aMedvast mpobseMbl. ToK /T0/KeH OBbITh HIKe yKaszaHHoro npeaena 40 mA u ObicT-
PO YMeHbIIIeH IIpHU pas3psjike. KoHevHO, TOBpeK/IeHNe MOXKeT Npou30iiTh, ecjn Bbl He paspsmure
KOHJICHCATOP (BBICOKOE HAIpsZKEHHe) TIpexK/ie, deM coenuaute ero ¢ Tecrepom.

5.3.2 N3mepeHne KOHJEHCATOPOB OOJILIION €MKOCTH

Omna cropona komnjencaTopa mnogkmodena K GND. [lpyras cropona KomjeHcaropa MOJIKIIOYCHA
1gepe3 pesucrop 680 2 k VCC na 10 ms. BrocsieicTBun 9TOT MCHBITATEIbHBINA BBIBOJ, Oy/IeT mepe-
KJIIOUeH Ha BBOJL (BbicOKMit mmmeanc). [locse sToro, 10 ms uMIrysibca ToKa, 3aMepsieTcsi HAIIPSIKEHIe
Ha, KOHJIeHcaTope 0e3 Toka. Kcim Halps»KeHue He JIOCTUNIO MUHUMaJIbHOTrO 3HadeHus 300 mV', num-
yJIBC 3apsaIKu Oy/ieT nmosToper ;10 499 pas. Ecim nocse 127 uMiy/ibcoB He JIOCTUTHYTO MUHUMAJILHOE
Hanpsizkerne 75 mV (npubsimsuresbHO 2 8), JasbHelas 3apsijika Gy/JeT OCTAHOBJIEHA, TIOTOMY YTO
300 mV me cMoryT OBITH JIOCTUTHYTBHI OCTAIOIIMMUCH UMITYJILCAMU 3apsjiKu. PrcyHok MIOKa3bl-
BaeT Tpu (ra3bl UBMEPEHUs BEJIUINHBI EMKOCTU KOHJEeHcaTopa. Bemanna éMKOCTH BBIYUCISIETCS 110
KOJIMYECTBY UMITYJIbCOB 3aPA/IKN U BEJIMINHE JJOCTUTHYTOIO HAIIPAYKEHU 3apd/1a n3 Tad/uIbl. Tabim-
11a COIEPKUT KOIDPUITUEHTHI, 9TOOBI TTOJIYIUTh 3HAUEHNE B nF' OT BpeMeHu 3apsa/ ki U JOCTUTHY TOTO
HaIpsizkeHns ¢ maroM 25 mV. [IpomekyTounas BeImInHa HAIIPSyKeHU Oy1eT HWHTEPIOJNPOBAHA.
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Puc. 5.24. Pazpsijika KoHJieHCATOPa U 3apsijika UMITYIbcoM 10 ms J10 HalpsKeHus, He JIOCTUTAIOIIETO
snadennd 300 mV

B pesynbrare HU3KOTO HANpPsKEHHA 3apsjia U3MEPEeHHe IIPOMCXOJIUT HAMHOI'O ObICTpee, YeM B
OPUTHHAJIBLHON BEPCUU ITPOIPAMMHOIO OOECIIeYeHUs, TIOTOMY YTO 3TO IPEUMYIIECTBO PabOTAET TaK-
Ke 1pu paspsjke. Takum criocodboM MOryT ObITh W3MEPEHbI 0OJIbINNe KOHJeHcaTophl. Kpome Toro,
€CJIM JINOJT TIOJKJIIOUEH MapaslieTbHO KOHJIEHCATOPY, TO OH, B OOJIBIIMHCTBE CIyYaeB, He HAPYIIAeT
u3MepeHue, MOTOMY 4TO, JIJIsi OOJIBIIIMHCTBA JINOJIOB, HE MOXKET OBbIThH JIOCTUIHYTO IPSMOE IajeHue
Hanpsizkenus. PucyHok MOKA3bIBAET 3apsJIKy M Pas3psky KoujeHcaropa 229 pF. Ilmrockas
BEPIIMHA JIMarpaMMbl OT KOHIIA 3aps/JIKU ¥ JIO HadaJja Pa3pPs/IKU BbI3BaHA U3MEPEHUEM M BPEMeHEeM
Boruncyiernst ATmega. Pucynok [OKa3bIBaeT TaKoe Ke M3MepeHue KoHjeHcaropa 5 mF. 3a-
MeThbTe, UTO BpeMsl M3MEPEHUsI COCTABHUJIO MPHUOIU3UTENBHO 1.5 s, BKIIOUasd pa3psaky. [lociemnamit
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IpUMep TOKa3bIBAeT U3MepeHne EMKOCTH KOHJieHcaTopa 15 mF' na pucynke [5.26

RIGOL STOF -WW'H F B 463wl RIGOL STOF i ¥ 28B8ml)

h H H "? H H E H ‘?’

[MEFER 158m.) Time 20.88ms we1.00 1= MaFE  1GEmL) Time 268.8ms D202, 0ms

(a) 229 pF' xongencarop (b) 5 mF xommencaTop

Puc. 5.25. Bapsiaka u paspsiika KOHIECHCATOPA OOJIBIION éMKOCTH IS H3MEPEHNUsT
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Puc. 5.26. Bapsiaka u paspsiaka KoHAeHCaTopa 15 mF 1js n3aMepeHust

[Tocie m3mepennsi EMKOCTH KOHJEHCATOpa OyJIeT MPOBEPEH caMopaspsJl OXKHUIAHUEM ITPOIOPIIU-
OHAJILHO TIepUOJTY, KOTOPBIi 1moTpeboBasa 3apsjka, U CHOBa Oy/IeT OCYIIECTBJIEHO CUUTHIBAHUE HAa-
Hpsi>KeHus 3apsja. B3perennas mojHas éMKOCTb OYJIeT CKOPPEKTUPOBAHA M3-3& 9TOTO T I€HUs Ha-
npsikennsi. TecT ¢ mapaJure/IbHO TOJIKIIOUeHHBIMI KOHIeHCaTopoM 68 1 F u pesucropom 2.2 k) mo-
Ka3bIBaeT 3PPEKTUBHOCTL 3TOro Metojia. M3mepennoe 3uadenne émkoctu 6e3 pesucropa 66.5 pF,
¢ mapaJulesIbHBIM pe3uctopoM 2.2 k() namepennoe 3Hadenne émkoctu 66.3 pF'. Jlas cpaBHenus, pe-
3yJIbTaThl, u3Mepennbie MysbTuMeTpoM PeakTech 3315. Bes pesucropa 3nauenue émkoctu 68.2 pF' ¢
napaJsuiesbHbIM pe3uctopoM 2.2 kS) snadenue émkoctu 192 pF'.
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5.3.3 N3mepeHune KOHJIEHCATOPOB MAaJIOil EMKOCTH

Eciu mepserit, 10 ms, mMIy/IbC 3apsiIKu Iepe3aps I KOHIEHCATOP, UCIIOIb3yeTCsT IPYTOi aJTOPUTM
uzMmepenus. Y MUKpokoHTposiiepa ATmega ecTb BeTpoeHHbIH 16-OUTHBIN CIETINK, KOTOPBIIT MOXKET
paboraTh Ha TaKTOBOI yacrore MUKpokoHTposuiepa (1 M Hz win 8 M Hz). YV 310ro cuérduka ecrhb
TaKzKe BO3MOYKHOCTH COXPAHSITDH MMOJICIUTAHHOE 3HAYEHUE BHEITHUM CHUTHAJIOM. DTOT CUTHAJ MOXKET
OBITH BBIXOJIOM KoMIaparopa. Kommaparop moxer paborats ¢ obbiM Bxogom AT u 3amperentoit
30HOI oropel. PucyHok MIOKA3BIBAET YIPOIIEHHYIO cXeMy m3Mepenus. VTak, s pa3psizkaio KOH-
JIEHCATOD, TIOJKII0YA0 KOMIIApATOp K COOTBETCTBYIONIEMY BXO/y, cOpacbiBaio cuértank B 0 um cpasy
HAIMHAIO 3apAJIKY KOHJEHCATOPA, I0JICOeIMHEHHOrO o/iHOi cropoHoit K GND a jpyroit cropoHoii,
gepe3 pesuctopom 470 k). Tereps st mpoBepsito B IpejiesiaxX MeT/id TPOrpaMMbl ITEPETOTHEHTe CIET-
YKKa UJIM CUTHAJI 3aXBaTa 110 BXOJY (BHEIIHWI CUrHAJ). 91 cunTaio coObITHS EepeIoIHEHUS, TIOKa He
OOHApY?KUBAIO BXOJHOW CUTHAJI 3aXBaTa. B 9TOM cjydae s OCTAHAB/IUBAIO CUETUYUK U IIPOBEPSIO, HEe
HY?KHO JIU TIOJICAUTATH JIOTIOJTHATEIFHOE TIePeroIHeHNe, BOSHUKIIee, TOKa CIETINK He ObLIT OCTaHOB-
JIEH BXOJTHBIM CHUTHAJIOM 3aXBaTa.

BxosHoit cuérunk 3axBaTa M CIETIUK IIEPEIOJTHEHIIT COBMECTHO OIMPEJIE/ISIOT MOJTHOE BPEMsi, 110
KOTOPOMY MBI MOYKEM PaCCIUTATh (DAKTUIECKYI0 EMKOCTb. IIporpaMMuoe obecrieueHme MCIoIb3yeT
TabJINILy ¢ TEOPETUIECKON 3aBUCHMOCTHIO BPEMEHH 3apsI KN OT HAIIPsIKeHMs KoMIaparopa. Tabuna
coctaByieHa ¢ maroM 50 mV u Oyer MHTEpIOJIUpOBaHa COrJIACHO (PaKTHICCKOMY OIIOPHOMY HAIIPSI-
KeHnio. dta Tabsmia Oyiner aktuBHa TosbKO ¢ ommmeit WITH AUTO_ REF B Makefile. 13 mo-
JIyIeHHOW BEJUYIUHBI $ BBIUUTAIO IIPEJIONPEICTICHHOE, TTOIYIeHHOE IKCIIEPUMEHTATBHO, TOCTOSTHHOE
3HAYEHNE WM 3HAYEHUE CMeEIeHne HyJIsd, HallJleHHOe MOC/IeHel caMOIPOBEPKON ¢ yCTaHOBJIEHHOM
ommueit AUTO CAL. Cumerienue Hysist MOXKET MEHSATHCS B 3aBHCUMOCTU OT THUIIA TIEIATHON TIJIATHI,
HCII0JIB3YEMOT0 UCIBITATEIHHONO 00OPY/IOBAHIS UM MUKPOKOHTPOJLIepa. CaMompoBepKa ¢ yCTaHOB-
sennoit ormueit AUTO CAL onpeesut cMerienne HyJisi aBTOMATHICCKH.

4 3ameTn1, 9T0 CTAOMIHLHOCTD OTIOPHOTO HAIIPSZKEHWsT HECKOJIBKO MaJia, 9To Bbl MoKeTe BHIOpATH
oo REF  C KORR B Makefile. ITociste kasnmmbposku ¢ onmmeit AUTO  CAL, REF C KORR 6y-
JIET CMEIEHUEeM K M3MEPEHHO! pa3HUIle HAIPSZKEHUN MKy 3apsi?KeHHBIM KOHJICHCATOPOM U BHYT-
penHeii onopoii. lIamepenHoe omopHoe Hanpsizkerue Oyjer Tora gobasieHo K Barremy snadeHnto (B
mV). Ecin onmma WITH AUTO  REF se ucnonbsyercsi, TO IPUMEHEHBI CIIPABOYHBIE HAIIPSIZKe-
aust g ATmega8, ATmegal68 u ATmega328, npusesennsie B Texuudeckux ornmcanusx [2] u [3].
TwumoBoe u3MepeHne Mo TOMY aJroOpUTMy TTOKa3aHO Ha pucyHke [0.28, Bpemst uzmepenus st KOH-
nencaropa 22 pF' 6osbiie 2.6 s, moromy urto jyia 3apsiaku uctosblyercs 470 k€. Ho paspsiika B
9TOM CJIydae HAMHOTO ObICTpee, YeM 3apsiiKa.

,—0 TOV1
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Bandgap Clock Cont.rol Clear : Timer Counter
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- 12
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1

Puc. 5.27. Iamepenne maJioit EMKOCTH ¢ KOMIIAPATOPOM
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Puc. 5.28. Bapsika n pa3psijika KoHjencaropa 22 pF' njs nsmepenus

B npuHmume 3ToT aaropuTM m3MEpeHns MOXKET TakyKe OBITH IpojesaH ¢ pesucropoMm 680 ) Ho,
ecau kommaparop paboraer, ALl He MozkeT MCIOIB30BATHCS, U Y MEHsT HET BO3MOYKHOCTH KOHTPOJIN-
poBaTh HAIPs?KEHHE 3apsjia, MMOKa KOMIIapaTop He ocTaHOBJeH. Eciu ecTh HeoOHAPYKEHHBIH JTHO/I,
HapaJiie/;IbHO COCTMHEHHBIN ¢ KOHJIEHCATOPOM, TOK 3apsJIKM KOHJICHCATOPa MOXKET OBITh IOIJIONIEH
JIHOJIOM (IIOPOTOBOE HAIPSIZKEHNUE), U HAIIPSIZKEHNE 3allPeIeHHON 30Hbl HUKOT/Ia He Oy/IeT JIOCTUTATh-
csd. Meroj, IpuUMEHEHHBI B ITPOrPAMMHOM 0DeCIeYeHUn it OOJIBIINX KOHJICHCATOPOB B pazerie
He JIOIyCKAeT 3Ty KOHIENTYAJIbHYIO OIMINOKY.

5.3.4 HN3mepeHue 3KBUBaJIECHTHOTO conporunjieHnsa ESR

DKBHUBAJCHTHOE TI0CIIe0BaTebHOE conporuBienne ESR [8] aBiagercs, K mpumMepy, XOPOIITUM HH/H-
KaTOPOM CTapeHHUA SJICKTPOJIUTUICCKUX KOH/ICHCATOPOB. PI/IcyHOK IIOKa3bIBa€T 3KBUBAJICHTHYIO
cxeMy KOHjeHcaTopa. Pesuctop Rp - cOpOTHBIIeHNE yTeUKN KOHIeHcaTopa, S L - sKBuBajeHTHAS
rocJjieoBaTebHas UHIYKTUBHOCTE 1 KSR mpejcTaBisger coboit SKBUBAJIECHTHOE MOCIEI0BATETHHOE
COIPOTHUBJICHHE.

Rp

C ESR ESL

Puc. 5.29. DxBuBajeHTHasI cxeMa KOHIEHCATOPa,

O6bwraHO, 3Havenne F.S R nokymentupyercs s 9actorsl ucnbiranusg 100 kH z nmpu temmepatype
20°C. Pucynkn i IOKa3bIBAIOT 3HaveHns FSR koHjeHcaTopoB mponssojacrsa Panasonic
cepuit FC u «low ESR» FR. O6e cepun criocodusr padorars 10 Temrepatypsl 105°C. Ha pucynke
[IPUBEJIEHBI JIaHHBIE 00X Cepuil ¢ JOIMyCTUMBIM pabodmm HarpsizkeHuem 25 V. Eciu B psije
UMEIOTCs PA3IUIHbIE TUIIBI TOH YK€ eMKOCTH U JHala30Ha HAIIPSIXKEHUST, TO JIJIs1 TUarpaMMbl BEIOpaHbI
¢ caMbIM Hu3KUM 3HadeHneM FSR. Snadenne emkoct 1 FS R 9/1€KTPOIUTHIECKIX KOHIEHCATOPOB
BHAYUTEIHLHO OTJNYAETCA B 3aBUCHMOCTU OT pabodeil TeMIiepaTyphl.
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Puc. 5.30. JlokymentupoBannoe 3uaderune ESR cepun FC Panasonic
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Puc. 5.31. Jlokymentuposanuoe 3uaderne ESR cepun FR Panasonic
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Puc. 5.32. Conocrasnenne 3nagennit ESR cepuit FC n FR

Her npocroro criocoba nuzmeputs SR wa gacrore 100 kH z ¢ ucnonb3zoBarunem ATmega, moromy
gro Hu ALl He MoxkeT paboTaTh Ha CTOJIb BBICOKOW YacTOTE BXOJHOTO CUTHAJIA, HU CYIIECTBYIOIIAs
cxeMa He MOXKeT IoJiepKuBaTh curnasi ¢ yacroroir 100 kH z. Huxke onucaHbl 1Ba MeTOJIa U3Mepe-
Hus 'SR, KoTopble BO3BMOXKHBI B cyIecTByforeil cxeme. Oba MeTo/1a UCIOIB3YIOT MPSIMOYTO/IbHBII
CUTHAJ JIJIs n3MepeHus. Pe3yapTaThl HUKOrIa He OyIyT TAaKUMU Ke, KaK IIPU U3MEPEHHBIX CHHYCO-
UJIAJIBHBIM CHTHAJIOM. B IepBOM MeTojie m3MepeHHble 3HaYeHns OJIM3KH K TeM 3HAUYeHUSM, KOTOPbIe
poBoJIdTCs curnajoM dactoroi 1 kH z. Ho Bropoii criocod nMeer nmpenMyInecTBo B TOM, UTO HYJIEBOE
3HaYEeHNe MOYKET OBITH OIPEJIESIEHO C 3AKOPOYEHHBIMI TECTOBBIMU ILIONaKaMu. Kpome Toro, m3me-
pennoe 3Hadenne FSR Oosee 6JM3KO K 3HaUeHNI0, n3MepeHHoMy curaajoM 10 kHz. B macrosimee
BpeMsI MHE He M3BECTHO MeTO/a M3MEepEeHUsI, KOTOPBI MOXKeT Olpeie/inTh 3HadeHne KSR, 6u3koe
K pesyabrary usmepenns 100 kHz. B tabiune [5.0 mokazana 3aBUCHMOCTL pe3yabraToB KSR or
u3MepsieMoit yactorol. Bee konyencaropnl, kpome 47 pF' cepun FC npoussojcTsa Panasonic. Dra-
Jionnble 3Hadenns usMmepenbl PeakTech 2170 LCR usmepurenem. Bee pesynbrarsr TransistorTester
u3Mepsimcs MerosoM 2 [5.3.6] Konercatops! 60bI10it EMKOCTH TPY/IHO H3MEPHUTH € UCIIOIb30BAHIEM
u3MepnTeabnoit wactors! 100 kH z u3-3a Biugnns ungykrusnocta (£S5 L) Ha pe3ynbTaTsl H3MEepEHHUSL.

Jokymenrarus | PeakTech | PeakTech | PeakTech | Transistor-
Emxoctn 100 kHz 100 kHz | 10 kHz 1 kHz Tester
1uF / 50V 24 1.27 1.75 4.31 2.1
2.2uF / 50V 1.8 1.07 1.34 2.76 1.6
4.7uF / 50V 1.3 1.19 1.40 2.37 1.5
4.7uF / 50V 1.3 1.19 1.40 2.37 1.5
10uF / 50V 1.3 1.26 1.45 2.05 1.5
22uF / 10V 2.0 1.52 1.76 2.24 1.9
47uF / 63V ? 0.46 0.50 0.63 0.52

Tabmuma 5.6. 3navenus KSR paszandHbix 9/71eKTPOJIUTHIECKIX KOHIEHCATOPOB
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5.3.5 MW3mepenune ESR, nepsbrii meTo/,

Ecim émkocTh n3mepgemMoro KonjiencaTopa oyjer oosibine, gem 0.45 pF', To Tectep Oyner namepsaTnb
TaKyKe TOCJe0BaTe/bHOe COMpOTUBIeHMe. [[i1s 3Hadenns Oosibite, YeMm 3.6 pF' mcmomb3yercs HOP-
MasTbHasg TakToBas dacrora g AL — 125 kHz. /i 6o5ee HU3KUX 3HAYEHWIT EMKOCTH, 9TOOBI
YCKOPHUTDb U3MepPEHne, UCI0JIb3yeTcs DoJiee BbicoKas TakToBas dactora - 500 kH z. TounocTb pe3yiib-
tatoB AIIIT Gyzer Boite ¢ GoJiee BBICOKON TAKTOBOW YACTOTOMN, HO 9TO MOYKET MPUBECTH K BBHICOKUM
snavdenusM ESR konencaropos ¢ Oostee HU3KOM BesmmauHol émkoctu. Muade mamepenne ESR stum
MEeTOJIOM OYJIET HEBO3MOKHO JIJIsl 3HaYeHU MeHbIte, yeM 1.8 pF' npu HOpMaJIbHO# TAKTOBOI dacToTe
125 kHz.

Crporo rosopst, ESR komnjencaropa 3aBucut or 4acTorhl U Temieparypbl. OObIYHO B TEXHUYe-
CKUX OIUCAHUSX IIPUBEJICHA BeJINUNHA, I3MEPEHHAs Ha CUHYCOUIaIbHOM curHasie dacroroir 100 kH z.
Taxoe m3mepenne He MoxkeT ObITH cieiano ATmega 6e3 BremHero obopyaoBanus. OnucanHas HU-
JKe MeTOJINKa, OCHOBaHHAs Ha CTaHIapTHOH TakToBOo# wactore AIIIIl, mcrmomb3yer st m3mepenus
IPaKTUIECKHU TPAMOYTOIbHBIN curHa gactoroit Himke 640 H z. C takroBoit wacroroit AIIIT 500 kH z
gacrora uzmepenus Oyjer 2400 Hz. Yrobwl noxyunts Benuanny ESR, Oyner m3amepeno nampsizkemnue
Ha 000UX BBIBOJIAX KOHJICHCATOPA BO BPEMs 3apsIKU B OJJHOM HAIPABJIEHUU C BHYTPEHHUM OIMOPHBIM
nanpsizkeanem ALIIT (1.1 V). Ilocse m3mepenusi TOK 3apsku Oy/eT OTKJIIOUEH, U HAIPsi?KEHHe Ha
KOHJIeHCcaTope Oy/IeT u3MepeHo cnoBa 0e3 Toka. e 3ro Hanpsizkenue nuzke 3 mV | mocjeioBare b-
HOCTH M3MepeHus Oyjer nosropena. Ha pucyrke [5.34] npejicraBiieHbl COOTBETCTBYIOIHE CXEMBL.

VcC

19
2
I i
9
2
| S
9

N N [=)) N N
- N — N GND — [\l — [\l
< ADCMUX \L {> \L {> i] [ ADCMUX
PCO @ PBO PB1 PC2 @ PB5
— = = v
% a1 § &l TP1 Cx ESR TP3 @ I‘Q § B%
|
|
Voltage measurement with charge current
vcC
A
I ? ? ?
af] &[] 2f] af] =[] = EIN‘D arﬂ o] 2] &[] 2[] =

R6

630

R1
470k
470k

o~ TP1 Cx ESR TP3 % 2
—— :

Voltage measurement without current

i
PCO PBO E)B] PC2 @ PB4 PB5

Puc. 5.33. Cxema uzmepenust ESR konmencaropa

Paznuna nanpszkenus Ha KOHJICHCATOPE C TOKOM U 6€3 TOKa MPOIOPIINOHAILHA BHY TPEHHEMY CO-
[IPOTUBJIEHNIO KOHieHcaTopa. OXKugaeMoe HaIpsizKeHNe 3TOM PAa3HUIBI HACTOJBKO MAJIO, ITO OJIHO
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U3MepeHre He MOXKeT IPUBECTH K YIO0BIETBOPUTEIHLHOMY pe3ysiabTary. [loaTomy TOK OyaeT mepekJito-
YeH Ha IPOTUBOIIOJIOXKHOE HallpaB/IeHUe, U OYJeT MOBTOPEHO TO YKe camoe m3Mepenwue. V3mepenus
OY/yT NPOBEJIEHBI MTOCTEIOBATEILHO 128 pa3, u pe3y/IbTaThbl U3MEPEHU HANPIKEHUs OYIyT CyMMHU-
poBaThesda. Takum obpaszom, y Hac OyryT 3 cyMMbI HanpsizKeHuil: Hanpsizkenue Ulp ¢ HU3KOW CTOPOHBI
KOHJICHCATOpa ¢ TOKOM, Halpszkenne Uhp ¢ BBICOKOM CTOPOHBI KOHJIEHCATOPA ¢ TOKOM 1 HAIIPszKEHNEe
Uc ¢ BBICOKOIT cTOPOHBI KOHAeHCaTopa 6e3 Toka. CyMMa HAIPSXKEHHUI ¢ HU3KOH CTOPOHBI KOHIEHCA-
TOpa IMPeJICTaBgeT cOOOU TaJeHue MOTEHINAJIa IIPU 3apsA/IKe HA BBIXOJIHOM COINPOTHBJIEHUH MOPTA
Rport. Paznuiia HanpsizKeHuil ¢ BBICOKOI U HU3KON CTOPOH KOHJIEHCATOPA IIPEJICTAB/ISIET HAIIPSZKEHUE
na kougercarope ripu 3apsiiake Udif f = Uhp—Ulp. Pasauna Uesr = Udif f —Uc nomkHa mnpeicras-
JIATH ITaJIeHne HAIIPS2KeHN Ha BHY TPEHHEM COIIPOTUBJIEHUN KOHIEHCATOpa IIPHU 3aps iKe. Borauc/isiem
BEJIMIUHY COIPOTHUB/ICHNS KaK OTHOIeHne Hanpszkenns Uesr K Hanpsizkeauio Ulp, n3MepeHHoOMy Ipu
MU3BECTHON BeJIMYMHE BBIXOIHOTO CONpOTUBJIeHus mopta Rport. Kosddunuent mpornopuoHajbHOCTH
BBIOPAH TaK, I9TOOBI MMOJTYIUTh pasperntenne cornporusenus 0.01 Q: Resr = %l-p}%mm Pucynok [5.35
MOKa3bIBAeT JaCTh KPUBOI HAIPsizKeHUsT Ha KoHAeHcaTope 4.2 1 F Bo Bpems m3mepenns ESR. UToOwr
nosicauTh Biausane ESR, K KkorgencaTopy mobasieH moceoBarebHbIi pesuctop 6.8 (). KpaTrkospe-
MEHHOE OTKJ/IIOUeHHNe HAIPSAZKEHUs MOCTIe 3apsi/IKM KOHIeHCATOPa WHTEPIPETUPYETC ITPOrPaMMHBIM
obecrieuenneM, Kak mepexoj K uameperunio ESR. Bosbiee nagenne nanpskenns K norennnaay GND
BO BpEMsl M3MEPEHNsI BBI3BAHO BBIXO/IHBIM COIPOTHB/IeHEM mmopTa 0Koj10 20 €. [Ipu sTom u3mepennn
Tecrep BoBONT Ha Juctuieit nosnyo seanduny ESR 7.5 ). Borauras Besmdumy mocsie10BaTeIbHO-
ro pesuctopa 6.8 2, moayaum ESR 0.56 €. Ha pucynke IpejcTaBIeHa uarpaMmMa U3MepeHus
9JIEKTPOJIITUIECKOTO KoHteHcaTopa 2.2 uF' ¢ ESR 6.5 ) #a 60/1ee BBICOKOIT 4acTOTe M3MEPEHUs.

RIGOL STOP o - ] F @ 13zwl  RIGOL STOP o - | F 132ml)
a T a T
(12
(13
EFER  1GEm |5 Time 288.0us ©°2.30dns  [MIEEE  16GmU 5 Time 208 .8us ©+2.3280s
(a) measured one pin to GND (b) measured pin to pin

Puc. 5.34. Kpuas nanpsizkenusi B0 Bpems u3mepenust KSR konmencaropa 4.2 puF
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RIGOL STOP ik [ : |t B -18Emy RIGOL STOF i i ; It @ -13Em

[HEFEE 1600mL) |2 Time 38.08us O-3.544m= [HEFES  16Eml) |5 Time 58.00us 0-3.59%4ms

(a) measured one pin to GND (b) measured pin to pin

Puc. 5.35. KpuBas nanpsizkennst Bo Bpems n3mepenus ESR konmencartopa 2.2 uF

Touanocts n3mepenuss ESR He BbICOKaA 10 HECKOJBKUM ITPUIUHAM:

1.

N3mepenne nanpsizkenus Ha 000MX BBIBOJIAX KOHJIEHCATOPA HE MOYKET OBITHL CJIeJIaHO OHOBPE-
MEHHO, & TOJIbKO MOCJIe0BaTeIbHO. B mpoMexKyTKe MexK, 1y 000MMI U3MEPEHUSAME TOK 3aPATKI
U3MEHseTCs U3-3a 3apsjia KoHjeHcaropa. [Iporpamma mbitaeTcss KOMIICHCHPOBATD 9TOT (haKT
KOppEKIINell EMKOCTH B 3aBUCUMOCTHU OT HAIPSIKEHUsI HU3KOI CTOPOHBI.

AII maunnaeT u3MepsATh HAIPSZKEHHE € 3a/1ePKKOi Ha 1.5 TAKTOBBIX UMITY/IbECA ¢ HAYAJIA [IPe-
obpasoBanusi. [IpeobpaszoBanne HaunHaercs 1o nepegneMy (Gpouty takToBoil dactorsr AL,
ecJIn YCTAHOBJIEH CTapToBbIi OuT. Ecim Tok 3apsiiku Oymer orkirodeH panbiie, To AIIIT 3a-
duKcupyeT HeNmpaBUILHOE HAIPAXKEHWE JId U3MEePeHud ¢ TOKOM. Kciam Tok 3apgiku Oyjer
OTKJIIOYEH TI037Ke, KOHJIEHCATOP MOJIYIUT OOJIBITUI SJICKTPUIECKUIN 3apsi)l, YeM IIPU HaJ|IeKa-
M U3MEPEHUU C TOKOM 3apsiJIKU. DTO JIACT CJUIIKOM BBICOKOE M3MEpPEHHOe Halpsizkenne 6e3
TOKa. BBIKJIIOUeHrne TOKa B HyKHOe BPEMsl IIPEJICTaBJIsieT TPYIHOCTU JjIs IPOTPAaMMHOIO 0bec-
[IeYeHN.

B kavecTBe OMOPHOI BEJTMYUHBI JIjI U3MEPEHUA STUM METOIOM UCIOJIB3YETCA BBIXOHOE COIIPO-
TUBJIEHUE TIOPTa, KOTOPOE TOYHO HE M3BECTHO.

Paspermenne AIIIIl memocrarodno, aTodb! mostyanTh paspemnienue conporusienus 0.01 Q. s
aydiiero paspemtenust AL st Bcex mamepennii ucnosnb3yercs sayrpennunii TOH (1.1 V).
Paspernenne tak:ke yBeIMINBaeTCs 38 CYET OOJIHIIETO YNCTIA OJIMHOTHBIX U3MEPEHMIA.

[Tepekiouenne MOPTOB HE MOXKET OBITH TOYHO CHHXPOHU3UPOBAHO ¢ TaKToBOM dacrtoroit AILIT
1I0CJIe OIIPOCa 3aBePIINeHHs IPeodOPA30BAHUSI.

Tem He MeHee, Kak II0Ka3aHO Ha cjejyionieM pucyHke [5.37} pe3ysibTaTbl OKa3blBAIOTCS HPaK-
tuanbiMu. 3uadennsg ESR, Toro ke camoro sjgementa, maMmepernbie TectepoM, pa3andaioTcs 00JIb-
e, yeM Besinunnbl, udmepennbie LOR-merpoMm. Suavenunss ESR zamepenst LCR Merpom Ha 1dactore
1 kHz niu uHTEPIOINPOBAHBL JIjIg HEOO/IBITNX KOHJIEHCATOPOB Ha YacTory 2.4 kHz. Bbl momKHbBI
YUUTBHIBATH Ka9eCTBO Beex coejimuuTesieil. Vcmonb3yeMble KaDebHbIE COeTMHEHNST MOTYT YBEJIUYIUTD
U3MEpEHHOE 3HAYEHNE COTPOTUBJICHUS. Pa3bEéMbl TaKKe MOTYT YBEJIUYUTH 3HAYCHHUE COITPOTUBJICHUSI.
B LCR~metpe ucnonb3yercs 3a:kuMbl KebBrHaA, 9TO J1aeT TPEeUMyIIeCcTBO IpU u3MepeHun. ToIbKo
OJINH KOHJIeHcaTop B cepun ucnbitannii nuzke 1 pF wa 500 nfF’ ObL1 KepaMUYECKUM, BCE OCTAJIbHBIE
ObLIN TJIEHOYHBIMUA KOHJIEHCATOPAMU. EJIMHCTBEHHBIM 3JIEKTPOJIUTHIECKUM KOHJIEHCATOPOM B CepUM
ucublTaHnit HUzKe 9 1 F' ObLT KOHJEHCaTOp Ha 2.2 pF'.
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Puc. 5.36. Pesynbrarer uzmepennit ESR 15-tu pazmmansix ATmega

5.3.6 U3mepenue ESR, BTOpOii MeTOT

Haunnas ¢ Bepcun 1.07k mporpamMMHOTO obecriedennsi, IpuMeHeH HOBbIN MeTo 1 m3Mmepenns ESR. TTo-
cJ1eJI0BaTe/IbHBIE IArk U3MepeHust oka3aHbl Ha pucydke [5.39 Oramune or npepuiyiiero Merosa
B TOM, YTO JIJIUTE/ILHOCTH MPOTEKaHUsl TOKa Yepe3 KOHJEHCATOp CYIIecTBeHHO Kopodue. KomnjeHca-
TOp IIpeaBapUTEJIbHO 3apA>KEeH II0JIOBUHOI UMITYJIbCa B OTPpUIIATE/IbHOM HallpaBJICHUU N IMUKJIMYECKHU
nepe3apsizkaeTcsd B 000uxX HalpaBjeHusx. BpeMs nMmiyibca 3aps/ K BBIOPAHO TaK, YTO OTCUYETHI IIPO-
BOJISIT B CepeJiiHe MMITYJIbCOB 3apAIKu OTCYETOB 4 1 8 u cuHXpoHU3upyoT B 310 Bpemst AIIIT (2.5
TAKTOBBIX UMITYJIbca Hocie Hadajga npeobpazosanust AIIIT). TlosHblil MK n3MepeHns: NOKa3aH Ha
pucyske [5.38 Cymma pesysbraros 255 IUKJIOB H3MEPEHHs UCIOJIB3YeTCs JIJTs TOrO, YTO0BI IOy IUTh
pPe3y/IbTAT ¢ COOTBETCTBYIOMMM paspererueM. [IpogoskerHnem 3apsi/IKu KOH/IEHCATOPa B JIIOOOM Ha-
MpaBJIEHUH U30€raloT Ty 2Ke 3apsAJIKy U PaspsJIKy JJIMTETbHBIM UMITYJIbCOM B TOI ke cxeme. [Ipm
M3MEPEHUN OMMOPHOTIO HAIPSI?KEHMS KOHJIEHCATOP OCTaeTcsd 00eCcTOYeHHBIM. TeM caMbIM BpeMs n3Me-
penus He KputudHo. [Ipemoaraercs TOJIBKO, 9TO 3aXBaT HAIIPAYKEHUS KOHIEHCATOPa ITPOU3BOIUTCS
JI0 HavaJja CJAEIYIONero NMITY/IbCa 3apsiIKA WJIH Pa3PsIKM.

Sample6 Sample7

ADC busy
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o

Puc. 5.37. Bpemennast nuarpamma IMUKJIa U3MePeHHs ISl HOBOro criocoba m3mepenns ESR
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Puc. 5.38. Bosee mpocroe m3mepenne ESR komgencaropa



N3-3a 6o/1ee KOPOTKOIO UMITYJIbCA 3aPSA/IKA MOXKET OBbITH n3MepeHo He TobKo ESR koniencaTropon
¢ 60J1ee HU3KOI EMKOCTBIO, HO 3TOT CIIOCOD U3MEPEHU MOXKET TaK2Ke UCIIOJIb30BaThC JIJI M3MEPEHU s
PEe3UCTOPOB ¢ HEOOJIBIIUM COIMPOTUBJIEHUEM, €C/IN Y HUX HET OOHAPYKEHHON WH/YKTUBHOCTU. DTUM
METOJIOM JIJIsi TAKUX PE3UCTOPOB MOXKeT ObITh jocTurayTo paszpemierue 0.01 2. D1tum ke MeTogmoM
MOZKET OBITH OTKAJTMOPOBAHO HYJIEBOE COMPOTUBJIEHUE JIJIsI BCEX TPeX KOMOWHAIMI MCIBITATEHHBIX
BBIBOJIOB B PEXKMMeE CaMOIPOBEPKU. BbI JIOJKHBI UMETh B BUJLY, YTO JJId YCTOMYUBBIX PE3Y/IbTaTOB
HYKHBI Ka4eCTBEHHBbIE pa3beMbl U 3azKuMbl. [lepuos m3mepenus okoso 900 (s, 9T0 COOTBETCTBYET
qacToTre npubn3uTesbHo 1.1 kH z. [IocKoIbKy UMITYJIbC 3aPSAKIA OU€Hb KOPOTOK, PE3YJIbTaT U3Mepe-
HUsI COITOCTABUM C m3MepeHnsaMu Ha dactoTe 10 kH z. [Ipumep m3amepenns MI€HOYHOTO KOH/IEHCATOPA
€éMKOCTbhIO 10 (1 F' TpOBE/IEHHBIM ¢ HUM OJHUM U C BKJIIOUEHHBIM IIOCJIE/IOBATEILHO C HUIM PE3UCTOPOM
Ha 2.7 ), nokazan na pucyuke [5.40l Bor moxkeTre BujieTh 3pheKT JMONOJHUTETHLHOTO COMPOTUBIICHUS,
cpaBHUBasi 00e OCIM/LIOrpaMMbl. Bbl MoxkeTe BujeTh Tak:ke, nmodemy usmeperune AL (SH) mosmx-
HO TIPUXOJIUTHCA HA CepeIMHy UMITYJIbca 3apsjiku. [Ipu 60oabmmx 3nadeHnax €MKOCTH TOK 3apaIKu
[IOYTH YCTONYUB BO BpeMs BCEll JIMTETLHOCTH MUMILYJIbca: TaKuM obOpa3oM, Bul mosyunte cpejmee
HAIIPsi’KeHNe B cepejiHe NMITy/Ibca 3apdaaku. C 6oJiee HU3KUMA 3HAUEHUAMU éMKOCTH Bl mosryunTe
CYIIECTBEHHYIO PA3HUILY, KOTOPasi MOYKeT ObITh CKOMIIEHCUPOBAHA, JIJIsI U3BECTHOH BEJIMIMHBI EMKOCTH.

RIGOL STOP i | - ]t @ -12.4nU  RIGOL STOP | - T B -34.6m0
- -
v v
(13 (12
[SEFE 16 . Bml) (5 Time 186.8us D=22.000= [sEFET 16, Erlt [ Time 188.8us D258 .868u=
(a) 6e3 mMoCIIeOBATEIBHOIO COMPOTHBIICHNUST (b) ¢ mociegoBaresbHbIM conpoTuBieHneM 2.7 §)

Puc. 5.39. Kpuas nanpsizkenus npu noBom nsmepennn ESR kongencaropa 10 pF

Pesysbrarsl namepennii mo Hopomy Meroxy usMepenus ESR nokazansr na pucyske [5.41 3unaue-
Husg ESR ommaaiorcss oT pe3yabraToB, MOKa3aHHBIX JJIS MPEIbIIYIINEr0 MeTo/1a U3MEpPeHusT Ha PH-
cynke [5.37| moromy uro ESR 3aBucut ot wactorsl. Drasmonuble 3HadeHus onpegaeaeHbl LCR-meTpom
Ha gactore nsmepenus 10 kH z.
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Puc. 5.40. Pesynbrarer usmepenns ESR merogom 2 15-10 pasanaasivu ATmega

Psan usmepennii pa3ImyHbIX 3JIEKTPOJUTHIECKAX KOHJIEHCATOPOB MOKa3aH Ha pucyHke [5.42, Bme-
cre ¢ pesysbratamu Tecrepa mpejcrasiennbl pesysiabrarsl u3Mmepennit LCR merpa PeakTech 3315 na
pasnmaHbIX YacToTax. Ha 9Tofl muarpaMme cOmpoTUB/IEHUE IPEJICTABICHO B JIOTAPUMMUIECKOM Mac-
mrabe. Bo Beex ciryuasix pesysbrarhl Tecrepa Om3ku K pedyiabratam m3mepennit LCR merpa Ha
gacrore 10 kHz. U3 recrupyembix, Tosbko KoujgercaTop 500 puF' / 3 V - Gosee crapsiit obpaserr, Bce
oCTaJIbHbIE KOHJIEHCATOPBI - HOBBIE.

100 T T T T T T T T T T
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o ¢ LCR-10kHz X
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g % 60 o O TTester o
= ‘ L0 S 0 . oo o
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e ° & ¢ ‘
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e A A A A
SSRISIELI=2BBBBBARD
L T T e e |
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Puc. 5.41. Pesynbrarer namepenuit ESR pazandaHbIx 71€KTPOTMTHYIECKIX KOHJIEHCATOPOB

HoBprit MeTo)1 nu3MepeHnns MOXKeT OBITh MCIIOJIb30BAH JJIsi M3MEPEHUsI PE3NCTOPOB ¢ HU3KUM CO-
nporusenneM. [lorpeninocTn u3mMepenns: HEKOTOPBIX pe3ncTopoB Huzke 10 {2 ¢ TpeMs mpumMepamMu
kaxkgoro tuna ATmega mokasanbl Ha pucyHke |5.43]
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Puc. 5.42. TIlorpemnocts n3mepenus cornporunienuns merogom ESR

5.3.7 Ilorepst Hapsi2KeHUs MOCJIe UMITYJIbca 3apaaku, Vloss

Jlng KoHJieHCaTOPOB OOIBITION EMKOCTH, ObliIa TPOAHAIN3NPOBAHA TIOTEePsT HAITPSZKEHNS Ha KOHJIEH-
caTope IocJie TOro, Kak OH ObLT 3apszkeH. JlocTurayroe nHamnpsizkeHue 3apsijia Ha 3JeKTPOJTUTUIECKIX
KOH/JIEHCATOPAX TEPSJIOCH 1IOC/Ie KOPOTKOTO MEPUO/Ia. DTa IMOTePs HAIIPSIZKEHIsT MOTJIa ObITH BbI3BaHA
napaJuIeIbHO MOJIKIIOUYEHHBIM pe3ucTopoM. Ho g mpuHrMaio, 9To 3Ta norepd HalpAKeHUs JIEKTPO-
JINTUYECKNX KOHJICHCATOPOB BbI3BaHa BHYTPEHHUM PACCEMBAHUEM 3apsjia HEIOCPEJICTBEHHO IOCIIe
UMITYJIbCA 3aPsAIKU. 3apsizKas KOHJIeHcATOPhl Yepe3 pesuctop 470 k), Kak 9To cienano s HeOOo Ib-
X EMKOCTEl, 3TO paccenBaHue MPOSIBIILIETCS cpaldy IOocJe BhIKIIOUeHus Toka. Ho B sToM ciryuae
HUKaKas 10Teps HAlpsizKeHus He ObLia obnapyxkena. Ho eciim Bor 3apsizkaere TOT Ke caMblit KOH-
JleHcaTop ¢ 6ojiee HU3KOM €MKOCTHIO KOPOTKHMM HMMIIYJIBCOM TOKa, TO TaKyKe OOHApPYyrKUTe MOTEPIO
HAIPs2KeHnsd Ha KoujeHcarope. Tor ke camblit adpdekT, ¢ Oojlee HU3KOI TOTEpEil, MOXKET TaKxKe
OBITH 3aMeveH I KepaMIYIeCKUX KOHJIEHCATOPOB. £l 3aMeTw1, YTO KOHJEHCATOPHI ¢ TIOTepeil HaIpsi-
JKeHust 6ojiee, YeM Ha HECKOJLKO %, BeCbMa BEPOATHO, UMEIOT Hu3Ke KadecTBe. OCOOEHHO 3aMeTHa
OTHOCHUTEJIbHAS TIOTEePsl HAIPSIZKEHUS Y 00Jiee cTapbiX OYMaKHBIX KOHJIEHCATOPOB, Y KOTOPBIX 3aMe-
YeHBI TPOOJIEMBI U IIPU JPYTUX u3Mepenusix. HekoTopbie mpuMepbl B3MEPEeHmit TOKA3aHbl B TAOJIHIIE.
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Tum Benuunna |  PeakTech Voltcraft | PeakTech | Transistor-

KOHJIEHCATOpa | EMKOCTHU LCR 2170 | M2650-B 3315 Tester

OyMasKHbII 4700pF | 6.75-10.36nF | 8.00nF 25.40nF 10.71nF
Q=2.5-32 Vloss=11%

OyMasKHBII 6800pF | 9.40-11.40nF | 10.41nF | 23.30nF 11.65nF
Q=5-25 Vloss=5.0%

HEN3BECTHBIN 4700pF 5.85-6.33nF 6.12nF 6.90nF 6225pF
Q=16-87 Vloss=1.7%

$OIBIrOBLIIf 7870pF 7.86-7.8TnF | 7.95nF 7.95nF 7872pF
Q= > 1540 Vloss=0%

OyMazKHbII 22000pF | 37.4-57.5nF | 52.8nF 112nF 118.5nF
Q=2.5-32 Vloss=12%

¢ OIbTOBbIHI 22600pF | 22.4-22.5nF | 22.57nF | 22.69nF 22.54nF
Q= > 1540 Vloss=0%

OyMarKHBII 100nF 144-256nF 177F 318nF 529.7nF
Q=2.6-28 Vloss=12%

KepaMUIecKuit 100nF 97.7-102nF 103.7nF | 103.3nF 103.1nF
Q=90-134 Vloss=0.1%

¢ OIbTOBbIH 100nF 98.0-101nF 101.4nF | 102.2nF 101.6nF
Q=58-700 Vloss=0%

B sroit Tabuie Bor BujiuTe, 910 MKOCTB BeeX (DOJIBIOBBIX KOHJECHCATOPOB MOXKET OBITH U3MEPEHA
BCeMH IIpubopaMu ¢ XOpoIeil TOYHOCThI0. 3HaueHne émrocT u jgobpornoctu (Q) PeakTech LCR-
MeTpa SBJISTIOTCS MUHUMAJIBHBIMIA U MAKCHMAJIbHBIMI 3HATECHUSIMU U3MEPEeHH B YaCTOTHOM JHalla-
zone ot 100 Hz no 100 kH z. Bo Bcex npumepax B Tab/nIle OTEPs HAllpsizkeHust V10ss, 3aMepeHHasd
TectepoM, BesMKa, €ciiu KOHJIEHCATOPHI HU3KOKAaYeCTBeHHbIe. TOJIBKO B 9TUX CJIyUasX pasjindue pe-
3yJIbTATOB M3MEPEHUsi EMKOCTH TakxKe Ooiblme. TecTep MOXKET OIPEJICUTh HOTEPIO HAIIPSIYKCHUSI,
ecsm u3Mepennoe 3uadenue émkoctu dosbine 5000 pF.

5.3.8 OtaenbHoe n3mepenne émkoctu u ESR

OtmenbHOE U3MepeHne EMKOCTH ¢ Moceyomeit ornenkoit ESR Mo:kHO BBIOpaTh U3 IMaI0IOBOIO Me-
HIO JIOTIOJIHUTEIbHBIX (PYHKIUI TOIbKO g ATmega ¢ 10cTaTOYHBIM 00bEMOM ITAMSITH. DTOT THUII
U3MEpEeHus MpeTHa3HadYeH JIjId TECTUPOBAHUA KOHJIEHCATOPOB 0e3 jemonTazka. [loxamyiicra, yoemm-
TeCh, 9TO BCEe KOHJIEHCATOPHI Ha IjIaTe pa3psizKeHbl, MMpexkje deM HadaTh m3mepenne! Vcrbrramme
YCTAHOBJIEHHBIX B ILJIATY KOIIOHEHTOB MPOU3BOIUTCI HU3KUM, HACKOJIBKO 9TO BO3MOXKHO, HAIIpsizKe-
HueM, Jinmb HemHOro Oosibiie 300 mV . Kpome Toro, mamepenne mpoOU3BOJIUTCS C UCIOIHB30BAHUEM
TOJIbKO pesucTopa 680 (2 1jIsi yMeHBbIIEeHNsT BJIUAHHUS CBA3aHHBIX KOMIIOHEHTOB II€YATHOM ILIATHI.
st ompeiesieHnsT KOHJIEHCATOPOB MAJIBIX EMKOCTEH, M3MepeHrne HAUMHAETCS ¢ KOPOTKUX WUMITYJTh-
coB 3apsiiku 200 ps. Ecim 3apsn Konjgencaropa KOpoTKUMHU uMItysibcamu ne jiocturuer 300 mV 3a
2 ms, TO MOCJIE Y IONINIT 3apsi/i OCYIIECTBIIsIeTCS UMITyIbcamu 2 ms. Koria éMKOCTh U3MepseMOoro KOH-
JieHcaTopa OoJIbIast, HAIIPAXKEHNE 3apsiia UMILYJIbCAMHI 2 MS yBEJIUIHBACTCS MEJJIEHHO, TO, B 9TOM
cilydae, MUPUHA MMITYJIbca(oB) 3apsaa yeejumaurcs 10 20 ms. Ecau HanpsizkeHre Ha U3MepsSeMOM
KOHJIeHcaTope npubamkaercsa K 300 mV, cHoBa HCIIOIB3YIOTCS KOPOTKIE UMITYILCHI 3apsiaa. Obiee
BpeMs HMITYJIbCOB CYMMUPYETCs TI0CJIe JIOCTUXKEHUs HapszKeHusd 3apsaa 6osbire 300 mV |, émMkocTb
BBIUNC/ISIETCS 110 BPEMEHHM W YPOBHIO 3apsiia KoHaeHcaTopa. C MOMOIIBI0 9TOT0 METOJIa BO3MOMKHO
u3Mepenune éMKocTu oT 2 uk'. Bepxuwuit mpejesr namepseMoii EMKOCTH OrPDAHUYEH BPpEMEHEM 3apsjia
2.5 s, mpumepno b0 mF'. Tlocse ycnemunoro uamepenusi éMrocTu, uaMepsercs ESR konjaencaropa 1o
OIMMCAHHOMY B pasjiesie [5.3.0 MeTojty. PesyibraT KpaTKOBpeMeHHO O0TOOpazKaeTcsd Ha JIUCILIee, a 3a-
TeM cpa3sy Ke HAadMHAeTC s CJIeytolee n3Mepenne. V3Mepennst ocraHABIMBAIOTCA 1TocIe cepun u3 250
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u3Mepenuit min o Haxkartuio kuonku TEST, mocse yero mporpamma BO3BpAIAeTCs B JIUAJIOTOBOE
MEHIO JIOMOJTHUTEIbHBIX (DYHKITHII.

5.3.9 Pe3yabraThl n3MepeHuss EMKOCTA KOHJIEHCATOPOB

PesysibraTbr Moux m3mepeHuii EMKOCTH JIJIsT TpeX MUKPOKOHTpo iiepoB ATmega8 mokasaHbl HA pu-
cynke [5.44] Hexoropble 3HaUeHNs] OPUIUHAILHOIO IIPOIPAMMHOIO 0GECIIEIeHHsI IOKA3aHbI C HOIpa-
BoIHBIM Kodbburmentom 0.88 (-12%). Ipyrue pesynbrarsl m3amepenus pa3nnaabix epcuii ATmega8
nokaszanbl Ha pucynkax [0.45a) u [5.45D] Pesysbrarsl nsmepenusi Tex e CaMbIX KOHJEHCATOPOB JLIs
ATmegal68 nokaszanbl Ha pucynke [5.46] OcHOBOIt JyIs1 BBIYMC/IEHHSI IOTPENTHOCTH SIBJISTIOTCS PE3YJIhb-
TaThl U3Mepenus: HemMapkupoBaHHbix d7eMeHToB LCR Merpom PeakTech 2170. YacTb oTHOCHTEIBHO
OOJIBINION PA3HUIIBI U3MEPEHUIl BbI3BAHA CJIMINKOM BBICOKON dacToroit mamepenuss LCR-merpa s
OOJIBINNX TEKTPOTUTUIECKUX KOHIeHcaTOPoB. C JIPYTroil CTOPOHBI IJIOX0€ KA9eCTBO SJIEKTPOTHUTHIe-
CKMX KOHJIEHCATOPOB MOYKET JIaTh JIPYTOil IIPOTIEHT.
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0
-2

10p 100p 1In 10n 100n 1u 10u 100u 1m 10m 100m
Capacity value / F

Puc. 5.43. ITorpemuocts nsmepenus éMoctu B % ¢ ATmega8
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Puc. 5.44. OrHOCUTEIbHAS TOTPENTHOCTD U3MEPEHHNsT EMKOCTH
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Puc. 5.45. ITorpemuocts n3mepenus émxoctu B % ¢ ATmegal68

Pucynok WLTIOCTPUPYET, KaK CJIOKHO BBIOPATH MPABUILHBIN aJrOPUTM JIJIs U3MEPEHUs EM-
KocTu. Bce pe3ysbTaThl n3MepeHus CPABHUBAIOTCS C JIYUITUME OIIEHOYHBIMU 3HAYEHUAMU EMKOCTH.
Orkyonenne, «MymbTuMeTp» MOKa3bIBACT OTINYNE OT pe3yabraToB Myjabrumerpa PeakTech 3315.
Caenytomee orkionenne, «LCR» mokaseiBaer pasiauune pesynbraroB PeakTech 2170 LCR-merpa,
KOTOPBII BEIOpaH M3-3a JIydIIero MpuoIIKeHNs 10 YacTOTe N3MepeHusd. /1 cpaBHEHNS 9THX Pe3yilhb-
TaToB ¢ pesysabratamu Tectepa na ATmegal68 mokazano orkjaoHenne «ATmegal68as». f yBepew,
YTO 9TU MOTPEITHOCTU He SBJISIOTCH PEAJTHHBIMU OIMMOKAMU M3MEPEeHUs] KOHKPETHOTO 000Dy I0BAHUSI,
IIOTOMY YTO JIydIllee OIEHOYHOE 3HAYEHUEe TaKXKe He COOTBETCTBYET PEAJIbHOMY 3HAYEHHIO EMKOCTH
KOHJICHCATOPOB.
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Puc. 5.46. CpaBuenune pesy/braroB usMepennit éMxoctu mysbrumerpom, LCR-merpom n Tectepom
na ATmegal68

B stom ciygae pesyabrarel LCR-MeTpa B3THI B KavdecTBe 6a3bl jj1s1 CpaBHEHUSI. 'Te ke caMble pe-
3yJIBTATHI JIJIsl TPEX PA3JIMIHBIX MEKPOKOHTpoJIepoB ATmegal68 mokasansl Ha pucyske [5.48a] Muxk-
pokonTposuiepos ATmegal 68 A nokazaust Ha pucynke|[5.48D] s mukpokorTposzepos ATmegal 68PA
- na pucyske [5.49] Pesynbrarer Tpex ATmega328 1o1mo/iHuTe/IbHO MOKa3aHbl HA PHCYHKE a Tpex
ATmega3d28P - na pucynke B Hux ydrena ToJIbKO HyJieBasg €MKOCTb m3Mepenus 39 pF'| Bce
JIPYTHE CPEJICTBA, YTOOBI CKOPPEKTUPOBATDL PE3Y/ILTATHI HE UCHOIB3YIOTCA. B 9Ty Hy/IeByI10 éMKOCTD
BKJIIOUEHA, TaK:Ke EMKOCTh 2 — 3 pF', KOTOpyIo jjaeT Kabesb ¢ 3axKuMmamu JtuHoit 12 cM. PasBojika
IJIATHI TAKKEe MOYKET JaTh, OTJIMYHOE OT HYJIEBOIO, 3HAUYeHNEe EMKOCTH, s 3aDUKCUPOBAJI ITY HYJIEBYIO
éMKocTb Jutd maaTel «DG2BRS 'V 5.2.1».
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Puc. 5.47. TlorperraocTs n3Mepennsa EMKOCTH, He OTKAJIMOPOBAH
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Puc. 5.48. TIlorpemuocrs m3mepenns: émkoctn TpeMss ATmegal68PA, ne orkagmbpoBan
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Puc. 5.49. IlorpemaocTs n3Mepennsa EMKOCTH, He OTKAJIIOPOBAH

Y100bI MOJYIUTD JYUIIYIO TOYHOCTH, BbI JO/KHBI IIPUCIIOCOOUTH MIPOrpaMMHOE obecIieueHne K
UHIUBU Ty IbHOI ocobenHocTr Barrero obpasma ATmega. [Ijist 5T0r0 Bl MOXKeTE yeTAHOBUTH HAIIPSI-
xerne koppekmn REF - C - KORR s kommrapatopa, KOTOpbIit OyIeT UCIIOIb30BAThCS JIJIT H3Mepe-
Hus Heboabmmx émkocreit. Koppekiusa B 1 mV ymensinaer pesynbrarsl nsmepenns Ha 0 0.11 % . s
6obmux émrocreit Ber moxkere onpegenuts 3nadenne CH KORR, mokaspiBaroriee, HaCKOJIBKO
IIPEBBIIIEHBI U3MEPEHHBIE BEJTMINHBI éMKOCTH. [[0CKOIbKY KOHIeHCaTOPbl OO/IBINON EMKOCTH B 00/1b-
MIAHCTBE JIEKTPOJUTUIECKIE KOHJIEHCATOPHI C XYM KadeCTBOM, U3MEPEHNe MX éMKOCTH OCJIOXK-
HEHO. DTO TAKKe JIOTMOJHUTE/IHHO YCJIOXKHAET M depeHInpoBanre OTININi OT peaTbHbIX 3HAYCHMI
€MKOCTH.

¢ zamerus, ocobernro ¢ MuKpokoHTpostepamu ATmegal68, aHOMAJIMIO pPe3y/IbTaTOB U3MEpe-
HUsI MaJIbIX EMKOCTeH, KOTOpas 3aBHCHUT OT CKOPOCTU HapacTaHUsl HAIPsKEHUs BO BpeMsi 3apsji-
K1 KoHjieHcaTopa. PucyHok [5.51| moka3biBaeT MOIPemHoCcTb u3MepeHus €MKOCTU, KOTJa yINThIBa-
0T TOJILKO HyJsieBoe 3HaueHne (168-3-A), ¢ mompaBodHbIM KO(hDMUIMEHTOM IS MaJbIX EMKOCTei
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REF C KORR=66, takxke u ¢ nomnpaBodubiM Kodddurmerarom s Oosbimux émrocreit C H
KORR=5 (168-3-B), moc, gononaurebao orkiaonenne 168 3 C ¢ MOJIEIbIO 3aBUCHMOCTH OT CKOPO-
cTH HapacTaHus Jyist uamepernst Maabix émrocreit (COMP  SLEW1=4000 u COMP SLEW2=220).
Camopazps 0OJIBIIX EMKOCTeN TakKe yuTeH B OTKJIOHeHWHn 168-3-C. DjieMeHT ¢ 3aBUCHMOCTBIO

COMP SLEW1 _ COMP__SLEW1 1
OT BE€JIMYNHLI CKOPOCTH HapaCTaHUuA BLIYHC/IAETCA KaK cval+COMP_SLEW?2 COMP _SLEW?2’ rae cva

n3MepeHHoe 3HadeHne EMKOCTH B pF .
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Puc. 5.50. ¥Yayuamennoe nuzmepenne émxoctu ATmegal68

5.3.10 ABToMaTuU4YecKas KaJHOPOBKa IPH U3MEPEHNN KOHJIEHCATOPOB

ABromarmieckast KaJmOPOBKA COCTOUT W3 JBYX 4acreil. [lepBast yacTh onpejesier cMerieHne HyJist
npu u3MepeHun €MrocTu. /[ys1 9Toro ompejiesisiercs 3HadeHre €MKOCTH, U3MEPEHHON 0e3 TOJIKJIIO-
YEeHHOTO KOHJeHCATOpa. JHatUeHne EMKOCTH I BceX 6 KOMOWHAIINN W3MEpEeHNUi, OmpeIessiercs ¢ 8
noBropenuamu. [locse ycrenrHoro onpejesienns, cMelieHue HyJis 3anucbiactces B EEprom u 6ymer
UCIIOJIb30BAThCA JIJIs JAJIbHEHINNUX n3MepeHuil. Bojiee c/102KHBIM OBLIO BBISABJIEHUE PA3JIMIUS Bapy-
aHTOB MUKPOKOHTpoJLIepoB ATmega mjis Maibix KoHzgeHcaTopos (<40 pF'), KoTopblie TOKa3aHbl Ha
pucynkax [5.48a) [5.48b| u [5.49, OcHOBHOI HPUYIMHOI FTOrO SBIISIETCS pA3JIndne XapaKTepucTuk (Ha-
IPSZKEHUsT CMEITeH s1) aHAJIOTOBOIO KOMIIAPaTOpA.

JlaHHbIEe U3MEPEHNUs JIEBSITU PA3IMIHBIX MUKPOKOHTPOJLIEPOB HOKa3aHbl Ha pucyHke [5.52]. Touku
«dif2ref» mokaszpIiBalOT pasHUIly HAIPSKEHUS 3apsizKEHHOTO KoHJeHcaTopa 660 nF' ¢ MHIUBUIya Ib-
HBIM BHYTDEHHUM OIOPHBIM HAIpszKeHUsM (IIUPUHA 3alpPeIleHHol 30Hb1). B uiease 310 pasimane

HAIIPSIYKEHUH JIOJI2KHO OBITH PABHO HYJIIO, €CJIM aHAJTOTOBBIN KOMIIAPATOP OCTAHOBUJI 3aPsiJIKy CUTHA~
JIOM JIJIsT MUKPOKOHTpOJIIepa. KopoTkoe BpeMst 06paboTKN MUKPOKOHTPOJIIEPA HE JIOJIZKHO 3aKaHIU-
BaeTCsd U3MEPEHUEM PEe3y/IbTaTa POCTa HAIPIKEHUS STOMO0 OTHOCUTEIBHO OOJIBITOTO KOHICHCATOPA.
Touku «CapErrs mokassiBaioT mpe/ioiaraeMble TOMPENTHOCTA H3MEPEHHsT KaXK/I0T0 MUKPOKOHTPOJI-
nepa u3 pucynkos[5.48al [5.48b|u [5.49| ¢ zaBojckumu ycranoskamu. IIpejicrasisierT nuntepec, Kak TOUKI
«CapErr» 6yayT coorBercrBoBaTh ToukaMm «dif2refs. [Iist sToro Toukn «dify mokaswiBatoT pazimdue
Mexk Ty coorBercTByommMu Toukamu «CapErrs u «dif2refs. Snas snavenns Besmmana Todek «dify,
MBI MOXKEM ITOJIYIUTh XOPOIIYIO OIEHKY I KOPPEKINM M3MEpPEeHn EMKOCTU BMeCTe C pa3HUIlei
MEXKTy HaIPszKeHNeM 3apsi?KeHHOTO KOHJICHCATOPA U HAIIPs)KEHUEM BHYTPEHHEH OTOPHI.
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Bo BTopoit wacTu, /i1 BHeCEHUs HONPABOK, BBl JOKHBI MOJIKJ/IIOUYUTh KOHJIEHCATOP K HCIBI-
TAaTeJILHBIM BBIBOJAM 1 u 3. DTOT KOHJIEHCATOD JIOJ2KEH ObITh BBICOKOKAQYECTBEHHBIM U HMETh
BesmunHy B guarazoHe oT 100 nF' mo 20 pF'. B mydmem ciaydae 9TO AOMKeH OBITh MJIEHOYHBIN
KOH/I€HCATOP, 110 BO3MOKHOCTH - He KepaMMWYeCKMil 1 HI B KOeM cjlydae - He 3JIeKTPOoJIuTude-
ckmii. TouHag EMKOCTDb 9TOro KOHIEHCATOPa He BarkKHA.
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Puc. 5.51. Haunasre q1a 9 ATmegal68

Pucynku [5.53a), [5.530], [5.54], [5.55a] u [5.55b] mokasbiBaioT pesyabTaThl n3MepeHus: pasInIHbIX MUK-
POKOHTPOJIJIEPOB CO CTAaHAAPTHBIM IIPOrPpaAMMHBIM 0ODeCIIedeHHeM II0cje aBTOKaJInOpoBKH. Mukpo-
KOHTPOJLIEPHI OBLIH 3arpyKeHbl OJNHAKOBBIM IIPOTPAMMHBIM 00€CIIeIeHIeM, TOIBKO JIJIsT IIPOrPaMMBbI
avrdude B Makefile B ormun « PARTNO = » 611 BRIOpaH COOTBETCTBYIOIIMIT TUII MUKPOKOHTPOJLIEPA
(«m168», «m168p», «m328» mim «m328p» ). [locse 3arpys3kn JaHHBIX ObLIa IIPOBEJIEHA CAMOIIPOBED-
Ka Jua Kaxkgoro tuna ATmega ¢ nogkmodennem Kouaercaropa 330 nF' K HCHbITATETbHBIM BBIBOIAM
1 u 3 Bo Bpems Tecta 10.
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Puc. 5.52. Ilorpemnnocts u3mepenusi EMKOCTU, OTKAIUOPOBAH
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Puc. 5.53. Ilorpemrocrs n3mepenust émroctu TpeMsi ATmegal 68PA, orkaaubposan
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Puc. 5.54. Ilorpemnocts n3mepenust EMKOCTH, OTKAJIMOPOBAH

Haxkomner, s mokaxy sddekr or npumenenns ommuun AUTO CAL B mporpamme caMoIpoBepKH.
Creyromuit pucyHOK [5.56| mokasbiBaeT pesysibraThl H3MEpeHuii TpeX MUKPOKOHTPOJLIepoB ATmega
¢ caMoil OOJIBIIOI TOIPEITHOCTHIO U3MEPEHMIt, OHOTO - Iepe/l KAJMOPOBKOH U JIPYyroro - mocjie Ka-
smubpoBku. Toukm, ormedenubie okoHIaHUEM «UNC», MOKA3bIBAIOT MOTPEITHOCTH 0e3 KaJIUOPOBKH.
JIMHIM ¢ OKOHYaHWeM «caly MOKa3bIBAIOT IMOTPENTHOCTD PE3YIBTATOB TE€X Ke CaMbIX MIUKPOKOHTPOJI-
JIEPOB C TE€M K€ CaMbIM IIPOrPAMMHBIM O0ecIiedeHneM I0c/ie KaTuOPOBKU B PEyKUMe CaMOIPOBEPKH.
[TpuvmHa TIOrPEHOCTH U3MePeHust Jjist oJIbIuX KoHIeHcaTopos (> 40 pF') noka emie He U3BeCT-

Ha. Bce I/ICHOJH)?)yeMbIe KOH,H‘eHC&TOpr HJId 93TOIr'O pH,ZLa I/I3MepeHI/H71 - H.HéHO'—IHbIe nJjim KepaMI/I‘-IeCKI/Ie
(56 pF, 100 pF u 3.3 nF).
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Puc. 5.55. Ilorpemrocts n3mepenust émrocTu 1y Tpex ATmega, 10 u moc/ie KaauOpoBKU

Cxema ¢ ATmega644 niu ATmegal284 obecrieunBaeT YCTAHOBKY KOHJICHCATOPA JIJIsT KAJTMOPOBKHI
Ha nevaTHol miare. Pucynok moKasbiBaeT pe3ysbrar m3mepennit ATmegal284 ¢ ucmob30BaHm-
€M BCTPOEHHOTO Ha IjIaTe Kepamudeckoro kKomujencaropa 100 nF') a Tak:ke ¢ BHEITHUM (DOJIBIOBBIM
koueHcaropoM 220 nF, B cpaBHennn ¢ pesyabratamu ATmegad28 Ha Apyroii medarTHoil miare.
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Puc. 5.56. IlorpemHocts m3mepennii KoueHcaropos ¢ ATmegal284 no cpasaenuio ¢ ATmega328
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5.4 llI3mepeHune MHAYKTUBHOCTEM

N3mepenne BeJTMYUHBI WHYKTUBHOCTU OYyJIeT IIPOBEJIEHO, €CJIU JIEMEHT OIPEJIe/IEH KaK PEe3UCTOp
corrporusyiearem Huzke 2100 €. MeTos n3mepeHusi oCHOBaH Ha PoOCTe TOKa 110 (hOpMYy.JIe:

Il = Imaxr - (1 — exp _{) mocjie BKJIIOUEHUs1 ToKa. llocTosinHast BpemeHu 7 = % IPSIMO
IIPOIIOPIIMOHAIbHA UHIYKTUBHOCTU L, 1 0OpaTHO IPOIOPIIMOHAJIbHA, coltpoTuBIeHnto K. Tok mMoxker
U3MEPSITHCSI KOCBEHHO TI0 TAIeHUI0 HAIIPAYXKEHNS Ha M3MEPUTEIHLHOM COIIPOTHBIICHUMN.

K coxanennto, mocrosiHHass BpeMeHn Oy/IeT yMeHbIeHa JTOTOJTHATE/IbHBIM, OTHOCUTE/THHO BBICO-
KuM, corporujerueM 680 2, mpu 93TOM u3MepeHue HeOOJIBIMNX 3HAYCHUN WH/IyKTHBHOCTU JIOTIOJTHH-
TeJIBbHO 3aTpyausiercs Ha dactore 8 M Hz. YToObI MOIyIUTh MOCTOSTHHYIO BPEMEHHU, HAIIPSAYKEHNE Ha
pesucrope 680 €2 O6ymeT KOHTPOJIUPOBATHCS AHAJIOTOBBIM KOMIIapaTopoM. Ecin majgeHue Halpsizke-
Hust Ha pesucTope 680 () OyaeT BhIIIe, YeM HaIlIpsayKeHNe BHYTPEHHEH OIOpPhI, TO 3TO COObITHE OyIeT
3apErnCcTPUPOBAHO 16-OUTHBIM CIETINKOM, KOTOPBIH 3aIlyCKaeTCsl B MOMEHT BKJ/IIOUeHHs ToKa. CuéT-
YUK COXPAHUT COCTOSHUE 3TOTO COOBITUsA. Ec/M CYETUIMK MEeperoHUTCA, TO 9TO OyJIeT MOJICTUTAHO
nporpammoii. [Tocsie HacTyIIeHIS COOBITUS TPEBBIMIEHUA, CIETINK OYIET OCTAHOBJICH ITPOrPAMMOIi,
U TI0JTHOE BPeMsl COCTOSTHHSI CIeTINKA U CUETINKA IeperoJHeHuil Oyaer coxpaneno. [Tomoxxurenbaast
croposa kaTymku oyger nepeksodera or VCC k GND u 6ymer octaBaTbCst B 9TOM COCTOSIHUH, I10-
Ka IIPOBEPKa HaIPsIzKEHNsT 00ONX BBIBOJIOB HE IOKaXKeT OTCYTCTBHE TOKA. PHCYyHOK [TOKA3bIBAET
VIPOIIEHHYIO CXeMy U3MEPEHUsI UH/IYKTUBHOCTH.

,—0 TOV1
Count ° ’
Bandgap Clock Control Clear Timer Counter
Reference ACBG Logic Direction. I:TCN_IT1 -
o 2
AINO O CNoisf: 2
AN o anceler ﬁ
<
From ADC Multiplexor | xeuE ‘ " A
bl Edge | —
> ICR1
Detector
Tvoo
TP3 22 L& ICFn \
O
Rx 19
Lx
TP1 680
°= 19
B e |

Puc. 5.57. Iamepenne WHIYKTUBHOCTU C KOMIIAPATOPOM

Boranciasiem makcumasbubiit Tok Imax, kak oraorenne vanpsizkennss VCC K cyMMe BCex Pe3ncTo-
POB B JIEKTPUYECKOII TIeNN, U OTHOIIIEHNE OITOPHOT'O HAIIPSZKEHNsT K MAKCUMAaJIbHOMY HaIIPS?KEHUIO Ha
pesucrope 680 €2, KoTopoe, B CBOIO 04epe/ib, Beraucisercs 1o ¢opmysite Umaxr = Imaz - (680 + 19).

NHayKTUBHOCTD BBIYUC/IsiEM 110 bopmyste [ = —ﬁ . HarypaJspnbiit jorapudm 6epyrt us
Tabaunpel. g 9Toro Tuna m3mMepeHus: BHIOpaHO pa3peLHeI;,I:IneMI/IH,Z[yKTI/IBHOCTH 0.1 mH.

Ecnmu Bemunna conpoTuBIeHUsST WHIYKTUBHOCTH OyjeT meHee 24 ), TO Jijisdi TOTO, YTOOBI U3Me-
puTh H60JIe€ HU3KHUE 3HaYCHUST MHYKTUBHOCTH, B IIEIIN TOKa He Oy/IeT UCII0Ib30BaThesd pesuctop 680 €.
st u3mepenust Toka OyIET MCIOJIB30BATHCs TOJIBKO BBIXO/IHOE conporusierue mopra (19 Q). B stom
caydae MUKOBBIM TOK OyieT Oosibime, dem joryctumoe 3uaderune s ATmega. [lockonbky 310 Oy-
JIET TOJIBKO B T€UEHNEe OUeHb KOPOTKOI'O IPOMEKYTKA BPEMEHH, I He OKUJIAI0 TTOBPEXKIEHIS TOPTOB
ATmega. /Iyst aToro Turra n3mepenust BeioOpano paspernerne nuyKrusaoctn 0.01 mH. Yrobbr m36e-

KaTb boJiee JAJINTEJIbHOI'O BpEMEHU C YPE3MEPHBIM TOKOM, JIOIIOJIHUTE/IbHOE U3MEPEHUE C 3aIePzKaH-
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HBIM 3aIyCKOM CUYETYHMKa OyJeT Bcerja MpoBOoAnThCst ¢ pesucTopoM 680 2. UTobbl momyuntsb OoJee
IIOAXOAdIIKe pe3yJibTaTbl U3MEPEHU A, CMeIlleHrne HYJIA 6 BbIIUTAIOT U3 C“IéT“H/IKa7 €CJI1 U3MepeHue
crestano 6e3 pesucropa 680 (2. MHade BeramTaeTcs cMerieHne HyJist 7 win 8.

[Ipu Gonbmux 3HAYEHUAX WHLYKTUBHOCTH, MApPas3suTHasA EMKOCTh MOXKET BbI3BaTh OBICTPBIN POCT
TOKa, TaK, 9TO KOMIIApaTop cpadaTbiBaeT HeMeJJIEHHO. YTOOBI B 9TOM cjydae IOJIYIUTh 3HAUYCHHE
MHJIYKTUBHOCTH, U3MepeHre OyJieT IOBTOPEHO C 3aJIePKAHHBIM 3aIIyCKOM CUETUHKA. DTUM METOIOM
AHAJIOTOBBIM KOMIIAPATOPOM OyJ1eT 00HAPYKEHO HAIPAYKEHUE, BRI3BAHHOE YBEJIUIEHUEM TOKA WHTYK-
THUBHOCTH, BMECTO HAIIPSI?KEHWs OT MNKa TOKa MMapa3uTHON éMKocTu. V3Mmepenus: Bcerma J1e/1aroTces
B 000MX HaAIpaBjeHusax Toka. [IporpaMma BbIOEpeT 0OoJiee BBICOKUN PE3yJIbTAT U3MEPEHUS B TOM Ke
caMOM HaIlpaBJI€EHUM TOKa, a Ha JIUCILIel Oy/1eT BbIBEJIeH 0oJiee HU3KUI pe3ysIbTaT Pa3/InIHbIX Ha-
IIpaBJICHUIl TOKA.

5.4.1 Pe3yabraThbl n3MepeHuit NHIYKTUBHOCTU

Pucynox [5.59 nokasbiBaeT pesysbTaThbl U3MEPeHUsl pasindHbIX Karymiek. Karymku soime 1 H -
peJie MM [epBUYIHBbIe OOMOTKI CUJIOBBIX TPAHCHOPMATOPOB 3aTPY/HAIOT N3MEPEHHUs, [IOTOMY UTO Y
JKEJIE3HOIO CEPJIeIHUKA €CTh OCTATOUMHOE HAMAIHUINBAHUE.

20 = T
~ 328p [
15 328 O
168p O
° 168a ¥
10 168 o ]
=
g
)
s
T~
§ °
—
€3
-15
o0 b e
10u 100u 1m 10m  100m 1 10 100

Inductance value / H

Puc. 5.58. IlorperHocTs m3MepeHnst MHAYKTUBHOCTH st 15-Tn paznnaabix ATmega
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5.5 DyHKIUA CaMOIIPOBEPKU

Haunnas ¢ Bepcun 0.9k, peanuzoBana ¢dyHkIius camonpoBepku. Vcnoyb30BaTh ee 04eHb MPOCTO.
Hy:kHO yCTaHOBUTH HCHBITATETBbHBI TEPMUHAJ C 3aKMMaMK, 3aKOPOTHTh BCE 3a’KUMbI U HAXKATb
kuonky TEST. IIporpamma orpeiesisieT 3aKOpOUEHHbIE UCIILITATETbHBIE 3ayKUMbI U HAUNHAET (DYHK-
M0 CAaMOIIPOBEPKU, ecjin Bbl 10TBepiuTe 3TOT PEXKUM MOBTOPHBIM HaxKaTueM Ha KHONKY TEST
B TeUeHMEe 2-X CeKYHJI. DTO MOATBEPXKIeHNEe HeOOXOIMMO JIJIsi UCK/II0UEHHs Tepexoja lecrtepa B pe-
KM CaMOIIPOBEPKU ITPU MOJAKII0UYEeHIH JleheKTHOTro Tpan3ucropa. [loce okondanus caMOIpoBEepKM
Tectep nauner obbrIHOE M3MepeHue. Eciim HUKAKON 3/1eMeHT He OyJieT MOJAKJIIOUEH, TO IporpaMMma
BaKOHYHUT PaboTy ¢ BbIBOJIOM coobirenust «No, unknown, or damaged part». Bl MmoxkeTe 3aIycTuTh
camoripoBepky Tosibko Ha ATmegal68 mam ATmega328. Ilepe TecToM OIpeIesSIIOTCS HYJIEBbIE CO-
IPOTUBJIEHUST JJIs BeeX Tpex KomOmHarmii coequnennit (T1: T3, T2:T3 u T1:T2). D1u nysessie conpo-
TUBJIeHUs OYAyT ydTeHbl npu Oyaymux ndMepenusax ESR u conporusiennit mmxe 10 €. Ecim 6ostee
MO3/IHNE PE3YJIbTaThl M3MEPEHUI COTPOTUBJIEHN YIIayT HUZKE OIPeIeIEeHHOTO paHee HYJIEBOTO 3Ha-
yenus 6osee, deM Ha 0.2 2, Tecrep BoccranoBur pexkum «uncalibrated» («HeoTKaIMOPOBAHHBI ).
Bo Bpewmst jajibHEHNNX UCHBITAHUIT 9TO GyIeT OTMEYEHO CUMBOJIOM « » (MOJYEpKUBAHKE) B KOHIIE
CTPOKHU WJIM Pe3y/ibrara u3Mepenuii. Kaxxpiit mar ynknun caMonpoBepku 1 - 7 oTobpazkaroTcd B
nepBoit crpoke LCD-aucmies cuvBoiom «T'», conmpoBok1aemMbiM HOMEpPOM Triara. Kaxkaprit mar mo-
BTOpsAeTca 4 pasa, mpekJe deM IporpaMMa IepexonT Ha cieaytonuii mar. Ho ecam Ber gep:xunre
kHonky TEST makaroil, KOrja nCobITaTeIbHBIN ITUKJT 32aKOHYEH, 3TOT TeCT OOJIbINEe He TTOBTOPSETCS.
Eciu Bor yaep:xkusaere kunonky TEST makaroit IOCTOSAHHO, TO KaXK/IbIil TECT BBIIOJIHIETCS TOJIBKO
OJIUH pa3.

Bes ommmn AUTO _ CAL B kaxk10M 1miare oTodparkarTcsi TOJTBKO Pe3Y/IbTaThl U3MEPEeHNs, aHAJIN3
OIMOOK He BBITIOJIHAETCS, PE3YIBTATHI I3MepeHn Bl MO/IZKHBI HHTEPIPETHPOBAThH caMi. B 3ToMm Me-
cre 4 jjaM Bawm JomosiHuTe/IbHBIN BaxKHBIH coBeT. Hukorma ne jienaiite n3MepeHus ¢ MOIKIIOYEHHBIM
pazbémom ISP! Unrepdeiic ISP nckakaer mamepeHmus.

Bor crmmcok OCyHIECCTBJIAAEMbBIX B HaCTOdAdIEee BpeMsdA TECTOB:

1. U3mepenne 1.3V (nnu 1.1 V) onopHoro Hanpsi>keHust (Juana3oH U3MeHEHUs OIOPHI).
B crpoxke 1 teker «REF = » u usmepennoe nanpsikenue, oroopazkentnoe B mV . s ATmega8
HalpsKeHue JIOKHO ObITh 0/tu3ko K 1.3 V. [Inga Apyrux MUKPOKOHTPOJLIEPOB HaIlPAKCHUE
JIOJIZKHO OBbITH O/t3Ko K 1.1 V. Bropas ctpoka oTtobpazkaeT pe3y/IbTUPYIOMNil KoddduimeHT
JIJI U3MepeHusi éMKocTH ¢ pe3uctopoM 470 k€.

2. CpaBHenne pe3uctopoB 680 (). B mepsoit cTpoke orobparkaercs 3ammdpPOBAHHBIN TEKCT
«+RL- 12 13 23». 3uadenne sToro tekcra ciaeayomniee: RL - obo3nadenne HU3KOOMHOTO Pe3U-
cropa 680 €.

12 - pesucrop, coepuuentbii ¢ BbiBojgoM 1 nojkioden k VCC (45 V'), a pesuctop, coeIMHEHHbII
¢ BeiBoIoM 2 K GND. Pesysibrar aToro mamepenusi oroOpazkaeTcsi BO BTOPOil CTPOKe Ha II€PBOM
MecCTe, B BUJI€ PA3HUITBI C TEOPETUIECCKUM 3HAYCHUEM.

13 - pesucrop, coe eI ¢ BbIBoIOM 1 mojk0o4uer Kk VCC (45 V), a pesuctop, coeIuHEHHbIIH
¢ BeIBOsIoM 3 K GND. Pesyibrar 3T0r0 nsmepenust oroOparkaeTcst BO BTOPOil CTPOKe Ha, IEPBOM
MeCTe, B BUJIE PA3HUIILI C TEOPETHICCKUM 3HAYCHUEM.

23 - pe3ucTop, coeIMHEHHBIH ¢ BbIBOJOM 2 nojkiaoder K VCC (+5 V'), a pesucrop, coeIuHeHHbIIT
¢ BeiBoIoM 3 K GND. Pesynbrar aroro msmepennst orobpazkaeTcst BO BTOPOil CTPOKe Ha TEPBOM
MeCTe, B BUJIE€ PA3HUIBI C TEOPETUIECKUM 3HATEHUEM.
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[Moxkauyiicra, momunte, ato paspemnierne AL cocrasisier npubsmsurensuo 4.88 mV'! Cxembr

u3MepeHuii npejcrassenbl Ha pucyHke [5.60, Teoperndeckoe 3HaveHne ¢ yIeTOM BHYTPEHHErO
. _5001-(194680)

COIPOTHUBJIEHUS TTOPTa JIOJIZKHBI OBITh: (19-+680+680+22) — 2493 .

VCC VCC V?C

T i T b f b
i =) m a S =) S L =) N =) IS o
b

N 2 fa] 2 a ) Q - N & = IN| = —
GND GND GND
ADCMUX \l/ ADCMUX \l/ ADCMUX l
PCO @ PBO Tp3 PCI1 PB2 PCO @ PBO Tp2 PC2 PB4 PCI1 @ PB2 Tp| PC2 PB4
=y E [ en > E 2| [n =4 g 2l v
&l Tp1 e 8| |~ & P17 TP3 8| |~ EllTr2 1 3 gl |~
first measurement second measurement third measurement

Puc. 5.59. Cpasuenue pesucropor 680 (2

CpasHenmne pesucrtoposB 470 k). Teneps B neproii crpoke orobpaxkaercs: «+RH- 12 13 23».
Ta ke camble JefCTBUsI, KaK CJeJaHO B TecTe 2, MOBTOPeHbI ¢ pesucropamu 470 k) (cumBo-
ael RH). Bee pesyibrarsr oTofpazkaroT pasHUIYy ¢ TEOPETHYECKUM 3HadeHneM. Teopermaeckoe
3HAYEHHUE C YIeTOM BHYTPEHHErO COIMPOTUBJICHUS MOPTA BBIYHUCIAETCA 110 (hopMyJIe:

5001-(19+470000]
(194470000+470000+22)

= 2500 11 Bcex KOMOMHAITHIA.

Orobpaxkaercsa coobinienne «Isolate Probe!s». B stom mare nudero me msmepsiercst. 1o
O3HAYAET, ITO HY?KHO OTCOE/INHUTD «3aKOPOTKY». DTOT Al 3aBEPIIUTCS, KAK TOJIBKO BBl «pac-
KOPOTHUTE» BXOJIBI.

DTOT TeCcT IpoBepsieT CIIOCOOHOCTH HoAKJIIoueHus pesuctopos 470 k) (RH-) k GND
IIPU MOATATMBAHUM HMCHBITATeIbHBIX KOHTAKTOB K GND. IlepBas cTpoka HoKa3bIBacT
rekcT «RH-». Bropasa cTpoka mo/KHa HOKa3aTh HOJb JJId BCEX TPEX BBIBOJIOB.

DTOT TeCT MpoBepsieT CIIOCOOHOCTH noKodenns pesucropos 470 £ (RH+) k VCC
(45 V) npu noararuBanum ucnbitaredbHbIX KOHTaKTOB K VCC (+5 V). Ilepsasg cTpo-
Ka 1nokasbpiBaerT TekcT «RH+-». Pesynbrarsl Bo BTopoii cTpoke nokasbiBaior oriangue ot VCC
(+5 V) u jpo/mKHBL O6bITh OJIM3KUM K HYyJO. Bosbiine ormmdus or 3Hadenus: 0 jijis vecra b
u Tecta 6 SBJSIOTCS OMMOKAME, TAKUMH KaK Mpo0JeMa U30JAIUNA, YTeIKH MaTepUuaJia MIn
OBpeXK eHune mnopral

DTOT 1Iar NpoBepsieT HANPSIXKEeHUs pe3ucTuBHOro gesmrests 470 £ / 680 . Orauuans
HampsizKeHuit pesuctusHOro Jeurens 470 kQ / 680 §2 or pacueTHOl BeJMIUHBI OTOOPAKAETCS
BO BTOPOIt cTpoke LCD-mucmes st Bcex Tpex TepmMuHasioB. Pasimane 6oJbIle, 9eM HECKOTBKO
mV', MoxKeT ObITh BbI3BAHO IPUMEHEHNEM HEePABUILHBIX 3HAYEHUN PE3UCTOPOB.

N3mepeHue BHYTPEHHETO COMMTPOTUBJIEHNUS IIOPTA NOAKJIIOYEHEM BBIXOJHBIX KOHTAK-
ToB K GND. D10t 11 ciieyromnume TecThbl Oy/1yT poBeiensl, ecyn Beiopana ommus AUTO  CAL.
Buyrpennee conporusienue nopra C ¢ Bbixojgamu, nojkaodeHabiMu K GND, usmepsiercs 1o
ToKy 1epe3 nogkiouenase K VCC (+5 V') pesucropsr 680 €2, emorpu pucyrok [5.61 Moryr
ObITH U3MEpEeHbI TOJILKO TpH BbiBojIa 1opta ALIIL. BayTpennee conporusienue nopros B (PBO,
PB2 u PB4) ne Moxker 6bITh M3MepeHO 6€3 M3MeHeHHsI AlllIaPATHBIX CPEJICTB. ByjieM canrarh,
YTO BHYTPEHHEEe COIPOTUBJIEHHE MOPTA JIJIsT PA3JIMYHBIX TOPTOB MPAKTUYEeCKN OJIMHAKOBO. Be-
JINUMHA COIPOTUBJIEHUS OYIeT OIpejieieHa B CJIEIYIONEM TeCTe.
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Puc. 5.60. smepenne BHyTpennero conporuBieHus mopra C MoJK/IIOIeHIeM BBIXOIHBIX KOHTAKTOB

Kk GND

9. I/ISMepeHI/Ie BHYTPpEHHEro COoIrpoTuBJIEHU I ITOPTa IIOAKJ/JIIOYeHnEeM BbIXOJHbIX KOHTaK-

toB K VCC (+5 V). Heobxomumerit Tok 3ajan pesucropamu 680 €2 coemnuénabivu ¢ GND.
Kak BujiHO Ha pucynke [0.62, 9T0 Te »Ke caMble U3MEPEHUs, KaK U B TecTe 8, TOJIbLKO C JIPY-
roit croponbr. Cietyromumu maraMu Beraucisiercs: conporusienne: (VCC — (resultoftest8) —
(resultoftest9))/680. arobbl moyIuTh 06 3HAUECHHS PE3UCTOPOB, HALPSIYKEHUE (Pe3ysIbTaT Te-
cra 8 win 9) JieiuM Ha 3TOT TOK.

PesynbraTsr sToro Tecra OyjyT orobpakenbl B mepBoil cTpoke TekctoMm «RI Hi = », 3nave-
uue cornporusienus () oraocurensno VCC, Bo Bropoit crpoke Teker «RI - Lo = », snauenue
conporusiienus (£2) ornocureasro GND.

Haunnaga c BeEpcuu 1.06k IporpaMmMHOIro O6GCHG‘I€HI/IH, SHa4Y€HUA BBIXO/JHOI'O COIIPOTUBJICHUA
IIOpTa OIIPpEAEJIAIOTCA B HadaJle KazKA0I'0 USMEPEHUA. OTOT TECT TOJILKO IIOKA3LIBACT 3HAUCHUA.

VCC VCC VCC
A A A
: ] L - . ] 1L - . ] 1L
GND GND GND
(6] (6] (6]
FADCMUX FADCMUX FADCMUX
PCO @ PBO PC1 @ PB2 PC2 @ PB4
00 OO OO
© TPl © TP2 © TP3
— — —
first measurement second measurement third measurement

Puc. 5.61. lIamepenrie BHYTPEHHETO COIPOTUBJICHUS MTOPTA TOJIK/TIOYEHNEM BBIXOIHBIX KOHTAKTOB K

10. IamepeHue cMmellieHusi HyJIsi IIPU U3MEPEHUN KOHJAEHCATOPOB. B 1epBoit cTpoke mocye

«C0» oTOOpaXKAIOTCs BEJIMYUHBI CMEIIEHUs HYJIsl ITPU M3MEePEHNN EMKOCTH KOHJIEHCATOPOB B I10-
psJIKe KOMOMHAITUI UCIIBITATETbHBIX BBIBOIOB 1:3, 2:3 u 1:2. Bee Tpu 3nadenuns oTrodbpazkarorcsd B
pF'. B 3TOM M3MepeHnn He yUYUTBIBAIOT TIPEJIONPEIe/IEHHOE cMelTieHne HyJisd. TakxKe n3MepsaeTcs
CMeITleHre HyJId JIJIsi KOMOMHAIIWI BBIBOJIOB B IIPOTHUBOIIOJIOXKHOM TOpPsiiKe. Pe3yabraThl m3me-
pennii 3anucbiBaiorcd B EEprom, eciu Bce 3uavenus OyayT menbine, dem 190 pF. D1o Oyuer
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sacdukcupoBano orobpazkennem Tekcra «OK» Bo Bropoil crpoke. HaiienHoe cMerenne HyJIst
UCIIOJIB3YETCs JIJIsl JAaJIbHEHINX n3MepeHnii EMKOCTH OTHOCUTE/IbHO KOMOMHAIMI BbIBOJIOB. Fc-
JIN pe3yJIbTaThl U3MePEeHUil EMKOCTH yIaayT HUKe OIPEIeIEHHOIO paHee HYJIEBOIO 3HAYEHUSI
6ostee, uem ua 20 pF', Tecrep BoccranoBuT pexkum «uncalibrated» («HeoTKaIMOPOBAHHBIY ).
Bo BpeMsl JaJibHEHININX UCIBITAHUN 9TO GyleT OTMEYEHO CHMBOJIOM « » ([OJYepKUBaHuUe) B
KOHIIE CTPOKU WJIU pe3ysbTaTa m3MmepeHuit. VmMeiire B BUIy, UTO NMPHU 3aMeHE HUCIBITATEIbHBIX
IIIyTIOB MOXKET MOTPeOOBATHLCA HOBOE PEryJupoBaHue cMelnenus Hyad. Keam Bol ucnosbzyere
IIPOBOJIA C 3azKUMaMU, CMEIeHne HYJIs MOKeT ObITh Ha 3 pF' 0oJIbIle, 10 CPABHEHUIO C ITYCTHIM
THE3IOM.

11. IToaknoyeHne KOHAeHcCATOpPa K HUCIbITATEJbHBIM BbIBoJaM 1 um 3. B mepBoii cTrpoke
LCD-mucmtest BeiBoanTcsa coodbmenne «1-C-3 >100 nF'». UToObI MOATOTOBUTHCS K H3MEpe-
HUIO HAIPAXKEHUsI CMeIeHns KOMIIapaTopa, Bbl JIO/KHBI TOAKJIIOYATH BHICOKOKAYeCTBEH-
HBbII KOHJIeHCATOP €MKOCTHIO B jnanaszone ot 100 nF' mo 20 pF'. lomyctumo ucnob30BaHUE
TOJILKO TJIEHOYHBIX KOHJIEHCATOPOB.

12. Iamepenue cMmenieHne KoMnaparopa JJjisi HAaCTPONKMN M3MepeHusi EMKOCTH. s 1o-
JIVIEHUS CMEIEHUsT aHAJIOrOBOIO KOMIIapaTopa, KOHJIEHCATOP YK€ JO0JIZKEH ObITh MOJKJII0YeH
K HCIIBITaTeIbHBIM BbIBOJaM 1 u 3. KoHaeHcaTOp HEOOXOAMM JIJIsi IO/ AePKaHusT HaIlPsIzKEHUsT
3aps/ia KOHJIEHCATOpa Ha BPeMd M3MEPEHUs Pa3HUIIbl MEXKTy HalpgKeHUEM 3apsijia U BHYT-
PEHHUM OIOPHBIM HalpsizKeHreM (30Ha). Eciim m3MepeHue mpomio yeIeHo,  BeJInInHa, KOp-
pekIun MaJja, To B mepBoii crpoke LCD-maucties orobpasurcsa teker «REF C = » u Benmanna
Koppekiun Oyjier 3anucana B EEprom. Ucnons3ys onmmio REF  C - KORR, Ber moxkere moba-
BHUTH JIONOJHUTE/IHLHOE CMEIIeHNe K aBTOMATHIECKN U3MepeHHoMY 3Hadennio. Eciaun Bl BoiOpa-
sim om0 AUTOSCALE  ADC, macmrra® AL, oy gerHbii mocjie 0ITHOKPATHOIO U3MEPEHHST
Hanpsizkerne npu coeanbnennn ¢ VCC u 0IHOKPATHOIO M3MEpPEHUsT HAIPSZKEeHUsI BHYTPEHHEr O
NOH, Oyner ckoppeKTHpoBaH IIyTeM CpaBHEHUsI HAIpsiKeHWs Ha KOHjeHcaTtope Hmke 1 V.
Pesynbrar nsmepenust orobpazkaercss Bo BTopoii ctpoke TekctoM «REF R = ». Bamre 3naue-
uue onmuu REF R KORR saBisiercss 10110 1HUTEIBHBIM CMEIIEHIEM K 9TOMY aBTOMATHYECKH
OIIpeIeJICHHOMY Pa3HOCTHOMY 3HAYEHUIO.

[To okoHwaHuM TECTOB B EPBOil cTpPoKe oToOpazkaeTcs TekeT «Test Ends a Bo BTOpoit cTpoke HO-
Mep Bepcun nporpammuoro obecriedenus. Eciu B Makefile yeranosiena onnus FREQUENCY  50Hz,
TO Ha UCHBITATETHLHOM BBIBOJIE 2 T€HEPUPYETCA MPAMOYTOJIbHBIN curnas 50 Hz m ToT Ke caMblii cur-
HaJI B IpoTuBOdAase - Ha UCILITATETbHOM BhIBOE 3. VcnbiTarebublil BeIBO, 1 moakaodaercs K GND.
Tox orpanunven pesucropamu 680 ). D1o Oymer orobpaxkeno, Kak «b0Hz», B KoHIle mepBoOii cTpoKM
LCD-pmucrutest. Curnan 50 Hz Oyner crenepupoBan 30 pa3 B Teuenue 2 cekynj. Eciau y Bac ectb
JacToToMep Wan ocHumorpad, To Bel MoxkeTe mpoBepuTh Tpebyemble BpeMeHHBbIE XapaKTePUCTH-
KU CUT'HaJIa. PUCyHOK [MOKa3bIBAET OCIUJIJIOrpaMMy KpuBoit 50 Hz Ha 000MX MCIBITATEIHLHBIX
BBIBOJIaxX it ATmega ¢ kBapiem.
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Puc. 5.62. Oconmmtorpamma 50 Hz Ha BbIBojgax 2 1 3

Eciu Bor He ucrionib3yere KBapil, pe3y/abTaT MOKET ObITh HETOYHBIM. TO4YHas 4acTOTa U IEPUOJL
BayKHBI JIJI U3MEPEHUsI BeJIMINHBI EMKOCTH. BbI MoKeTe TpepBaTh JI0JTOBPEMEHHY IO TeHEePAITHIO CUT-
naja 50 Hz, naxkas Ha kHonKy TEST. Torma nporpamma mpoio/zKUT OOBIMHYIO 3819y U3MEPEHU.

5.5.1 HekoTopnie pe3yabTaThl (PYHKIIUN CAMOMPOBEPKN

Ha HIM2KEC/ICAYIOIMUX PUCYHKaX IMTOKa3aHbl pe3yJIbTaTbl CaMOIIPOBEPOK 9 Pa3JIMIHbIX MUKPOKOHTPOJI-
sepoB ATmegal68 u 6 mukpokorTpostepoB ATmega328.

’ Howmep Tecra ‘ Tun n3mepenust ‘ TeopeTrud. 3H. ‘ Pucynok ‘
Test 1 band gap Ref 1100 5.64]
Test 2 RL-Mean 0 5.65
Test 3 RH-Mean 0 5.65b
Test 5 RH-Low 0 5.66
Test 6 RH-High 0 5.66b
Test 8 R out Lo 131 5.67
Test 9 R out Hi 151 5.67b
Test 10 Cap zero offset 30 5.68
Test 11 Reference correction 0 5.69

Tabsuma 5.7. Tabuia camorrpoBepoK
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Puc. 5.63. Camonposepka: Bayrpennnit MTOH
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(a) Conporusienne 680 €2
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(b) Conporusienune 470 kQ

Puc. 5.64. CamonpoBepka: OTKJIOHEHNE CPEJTHETO HAIIPSIKEHHUS OT HIeaTbHOTO
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voltage / mV

resistance / Ohm
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(a) Comporusmennst 470 k2 x 0 V/ (b) Comporusnenue 470 kQ x 5 V
Puc. 5.65. Camonposepka: BxoiHoe Hampsizkerue
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(a) Conporussenne 680 Q x 5 V (b) Couporusinenue 680 Q2 xk 0 V

Puc. 5.66. Camorposepka: BoixojHoe comporusiienue
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Puc. 5.67. Camomnposepka: Cmertienue HyJIs IpU U3MEPEHUU EMKOCTHU

96



80

REF C_KORR [J
60 = REF R _KORR X
>
Z o
8 0
g o Og o
E 0 0
S 0 0
%
§ -20 apn
-40 a
-60

01 2 3 4 5 6 7 8 9 1011 12 13 14 15 16
Processor number

Puc. 5.68. Camonposepka: Bejmanaa KOppeKIuu 1mocjie aBTOKaInOopOBKU

Haxkowert, st xores 661 oka3aTh Bam Ha pucyHke[5.70] pasimaune BHEITHErO HALPSIZKEHHsT HA BBIBOJIE
AREF, uzmepennoro myasrumerpoM, n n3mepernoro saytpenanmM ALl ommopHoro Hampsizkenns s
15 pasmmaabix ATmega u Haiijgennsix Hanpsikennii koppexknuu (REF R KORR) nocsie aBroka-
JOpoBKU pucyHoK [5.70,. Bbl MoxKeTe BUIETH, 9TO 3HAYEHUS aBTOKAJIUOPOBKHU OYTH COOTBETCTBYIOT
BHEIITHUM HU3MEPEHHbIM 3HAYCHUAM.

40

AREF - REF [
30 REF R _KORR < |
Z 20
e 10 00
oy
o0 b = e
& ] L
s Lo @ Bag 0
= 0 @
-30
|
-40
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Puc. 5.69. Camonposepka: Pazimmane nanpskennit MOH, 3amepeHHbIX Ha BHEIIHEM BBIBOJIE MYJILTH-
meTpoMm u BHyTpenuum ATITT
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5.6 lI3mepeHune 4acTOTHI

Hauunas ¢ Bepcum 1.10k B MeHIO JIONOJTHUTEIBHBIX (DYHKINI MOYXKHO BBIOpaTh MyHKT «Frequencys
(u3mepenne dactorhl). CTaHIapTHOE U3MEPEHHE YACTOTBHI OCYIIECTBIISIETCS MOJCUYETOM KOJHIECTBA
3agHuX (GPOHTOB BXoAHOTO curHasia 1o Bxogy T0 (PD4) 3a omny cekynmy. s mosmydenus mnepuo-
Ja cuera B 1 ceKyHy cueTumK 1 mcroJib3yercsd ¢ npejienunresaeM 256:1 gacrorsl nporeccopa. g
noJrydenns 1 CeKyHHOTO MHTepBaJa 3a OJIMH ITPOXOJ] MOXKHO UCIOJIb30BATh 16 pa3psiHbII CUeTINK
ATmega ¢ gactoroit porieccopa 16 M Hz u ¢ npegaenmurenem. JIis 3amycka 1 OCTAHOBKH CYETYINKA
0 mcmosib3ytorcst perucTpbl cpaBHernsa B n A caerunka 1. UToObl n36ekaTh OMUOKN 3a1€PKKHU IIPH
oIrpoce pe3yJibTaTa CPpaBHEHUS CUTHAJIOB COOBITHIl, UCIOIB3YIOTCA 00pabOTIMKU IIPEPBIBAHMII COOBI-
THI 3aIlyCcKa 1 OCTAaHOBKH cueTdnKa 1. Bpemena 3ajieprkek B 00eux moimporpaMmax 00C Ty KIUBAHIS
NpPEPBIBAHUI TTPAKTUYeCKH paBHbI. s mojjiepkanusg TOYHOCTU Itepruojia 1 CeKyHjia IMOCTOAHHAS
3aJIepKKa He3HavnTe bHA. [[pu anaau3e Ha accem0iiepe, pa3HHUIA BO BPEMEHHN MOYKET OBITh CKOPPEeK-
TUPOBAHA.

s wactor Huzke 25 kH z IpoBOAUTCS CTaHIAPTHOE U3MEPEHNE ¢ MTOCEeLYIOIUM U3MepeHnueM I1e-
puo/ia BpeMeHU. DTO JOTMOJHUTE/ILHOE N3MEPEHHUE CJIC/IYeT TOJBKO TOC/Ie CTAHIAPTHOTO U3MEPEHUS
JacTOThl. lI3Mepenne Bpemenu OyJjieT cJie/laHO IIyTeM IojcYeTa KOJIMYeCTBa ITPEPhIBAHUN 110 BXOJLY
PCINT20 (PD4) cueruukom 0. IIpu m3amepenunu mepuoja UMITYJIbCa IMIUPUHA KAK TOJOXKUTETHHO-
ro, TaK U OTPUIIATETHLHOIO MOJIYIIEPUOJIOB, JTo/KHa ObITh He MeHee 10 ps. Cuerduk 0 MCIOIB3yeTCs
Ha MaKCHMaJIbHOIM TakToBO# dactore. Paspemenne cocrapisier 125 ns jaus 8 M Hz. Ilpu upeBsi-
MIEHNN TIOJICYeTa MEPUOIOB U3MEPEHMT pa3pelienne MoxKeT ObITh yMeHbIeHo. [Ipu ucrnonb3oBanun
125 mepuosi0B U3MepeHusd, cpejiHee paspelienne Jjisd OJHOro nepuojia coctaBut 1 ns. nsa mpenor-
BpaIlleHnsd HETOYHOCTHU 3aIyCKa M OCTAaHOBKU cueT4dnka (), 3amycK OyjieT NPOU3BEJICH 10 IIEPBOMY, a
OCTAHOB TI0 TTOCJIeIHEMY M3MeHeHnIo Ha KoHTakTe rpepbiBanus PCINT20 o Toit ke camoii mporiery-
pe obcryKuBaHuS IpepbiBanusd. KonaecTBO IepruoI0B BEIOPAHO TaK, YTOOBI MOXKHO OBLIO U3MEPUTH
BpeMst 0k0J10 10 MUJIJIMOHOB TaKTOB YacTOTHI IIporieccopa. [Ipu TakoM BeIOOpE ormmbka cocTaBUT BCe-
ro 0.1 ppm. C TakroBoii gacroroit 8 M Hz BpeMsi m3MepeHns: cOCTaB/sieT okoJio 1,25 cekyuanr. [Ipu
oIIpeIeJICHHOM, TaKuM 00pa30M, CpeJiHell BeJIMYMHE MTePHUOJIa, JacTOTa BBIYHUC/IAETCA 3aTeM C OoJiee
BBICOKUM pa3peIieHueM.

[Tporeypy mpoBepKu MPOBOJIMIN TaK: ABa TecTepa uaMmepstiu Jpyr apyra. [lepBolii TecT: 4acToOThI
renepupytorcst Tecrepom 2 m usmepstorcsa Tecrepom 1. Ilociie sToro Tectepbl MEHSIOTCS MeCTaMU,
1 u3Mepenust nopropsitorcst. Ha pucynke [5.71] npecrapiensl pe3yiabraTbl 00eUX cepuil u3MepeHuii.
[TouTu mocTogHHBIE OTKJIOHEHUS MOYKHO OObsICHUTH HEOOJIBION pa3HUIEll YacTOT JABYX KBapIIEB.
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Puc. 5.70. OtHOCHTE/IbHAS TTOTPEITHOCTH U3MEPEHUs aCTOThI

[MopcTpoiiky 4acToThl KBapiia MOXKHO OCYIIECTBUTH YCTAHOBUB MOJICTPOEUHbIH KOHieHcaTopa (5 —
25 pF’). YenerHo mpoTecTHpOBaHa KAIMOpoBKa 4acToThl KBapiia Tecrepa mmmyascavu 1PPS ¢ mpu-
menenrem GPS npuemanka UP501 or Fastrax Ltd. wiu ¢ ucnonbzosanmem GPS/GLONASS npu-
emunka GNS701 or Global Navigation Systems GmbH. I13mepsemblii iepuoji MOKHO TOIHO
nacrpouth Ha 1000.000 ms. Tonbko nociennss mudpa MOKET OTJINYATbCd Ha eaunuily. Konewno,
JacTOTa KPUCTAJLIa 3aBUCUT OT TemiepaTypbl. [loaToMy BbI HE MOXKeTe OXKUJIATh OY€Hb XOPOIIYIO
CcTaOMJIBHOCTD JIOJITOE BpeM4.

Ha pucynxke npuBejieHa cxema rnojakodenns UM232 USB-nocienoBarebHONO KOHTPOJLIEpa
1 IPUEMHHUKA K KOMIBLIOTEDY.

Konseprep UM232 aBromaTnydeckn HoJi/lep:KUBaeT JiBa Hanpskenud 5 V u 3.3 V uid nutanus
cxembl o USB.

g paboThl NMpueMHUKA TOJKJIIOYeHNE K KOMIIbIOTepy He 0b6si3arebHo. Tonbko nutanue 5 V
HeoOxoauMmo moath USB korTpOIITEpY.
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Puc. 5.71. T'eneparop 1PPS curnana or GPS npuemnunka
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I''1aBa 6

I'enepaTop cursaJjion

Pexxumbl resepaliun pas/jmdHbIX CUTHAJIOB JIOCTYIHBI TOJIHKO st ATmegad28. Mrak, Bbr m1omK-
HbI BKJIIOYUTH MeHIO JonoaauTe bubix dyuxmnmit onmueit WITH MENU B Makefile. Mento jomos-
HUTETHLHBIX (DYHKIUI BbI3bIBaeTCs MpoJosKuTesibHbIM (> 300 ms) Haxkaruem Ha kHOnky TEST.
QyHKIUN JIOTIOJIHUTETHLHOTO MEHIO OTOOPaXKAIOTCSd BO BTOPOI CTPOKe Jinucinies. Bel MoxKeTe BbIOpaTh
orobpazkaeMyto GYHKIHO AuTeabHbIM HaxkarrneMm KHonkn TEST. Crenyromas OyHKIUS TOTOTHI-
TEeJIBHOI'O0 MEHIO 0TODparkaeTcst aBTOMAaTUIECKH depe3 b CeKYH/ [ aBTOMATUIECKH HJIU TI0CJIe KOPOTKOIO
naxkatus KHonku TEST.

6.1 T'eneparop YacTOThbI

leneparop wacrorsl 3amyckaercs, ecau Bol BoiOpasm «f-Generators ([eneparop wacrorst) miuresib-
ubiM HaxkaTueM Kook TEST wuz mento jponosuure/babix dyukmuit. CUTHAT 9aCTOTHI BBIBOIUTCS
gepe3 pesuctop 680 ) Ha TecToBbIil KOHTAKT TP2. Tectonbiit KonTakT TP1 mporpaMMHO moAKIIOUA-
erca k GND.

Hacrorsl co3at0Test Tipu oMol 16-paspsiHoro caerdnka u3 Takrosoit vacrorst CPU (8 M H z
wim 16 M Hz). B nacrositiee Bpemsi KparkoBpeMenHbIM HazkaTueM KHonkr TEST moxHO BBIOpATH
npeonpeenéanyo dacrory (or 2 MHz no 1 Hz). Ilpu miurenbrom Haxkarun kKuaorku TEST,
OCYIIIECTBJISIETCST BO3BPAT B MEHIO JIJI BHIOOpA JIPYTHUX JIOTIOJTHUTE/IHHBIX (DYHKITHIA.

6.2 IlImpoTHO-UMILYJILCHBIA reHepaTop

[IIupoTHO-UMITYJIbCHBII TeHepaTop 3alycKaercs, eciu Bol BbiOpasu dyukmuo «10-Bit PWM» (16-
ournabiii [IINM) pymrensabiv Hazkatuem Kotk TEST u3 mento jonosnuTenbubix dyHKuii. Ya-
crota depe3 pesuctop 680 (2 BoiBogMTCA Ha TecToBBIN KOHTAKT TP2. Tecrosbrit kontakT TP1 mpo-
rpammuo noaksodaercss K GND. Hacrora BbixojgHOro curtaJia scerga papHa dacrore CPU pasme-
sennoit Ha 1024. JIng CPU ¢ TtakroBoit wactoroit 8 M H 2z dacToTa BBIXOIHOTO CUTHAJA COCTABJISIET
7812.5 Hz. llpu naxarun xkaonku TEST, BO3MOXKHO M3MEHEHUE MIUPUHBI TOJBKO MOJIOXKUTETHHO-
ro nMiyibca. [Ipu kparkoBpemennom Haxkaruu KHonkn TEST, Ber Moxkere yBe/mauBaTh MUPUHY
nmirysbea 10 99 % ¢ marom 1 %. Ilpu 6omee mymrenbsHOM yaepKaHuu KHOIKH, U3MEHEHNEe MUPUHBL
nmirysibea npoucxoaut ¢ marom 10 %. Ecim snadenne mmpuunr umiyiabca gocruraer 99 %, to us
pesysbrara Berauraercs 100. [pu snavenuu mupuasl nmiyabca 0 % renepupyercs moJIoKuTe bHbII
UMITYJIbC CAMO¥ MaJIOll MIMPUHDL.
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I'maBa 7

N3BecTHBIE OIMMOKN 11 HepellleHHbIe
ITPOOJIEMBI

Bepcuga 1.11k mporpammuoro obecriedenus

1. Tepmanuesbie quoanr (AC128) He onpenessiroTcs HUKOTIa. DT, BEPOATHO, BBI3BAHO 0OPATHBIM
TokoM. OxJtaxkJieHne Jno/a MOZKeT ITOMOYb YMEHBIIUTh TOK YTEUKHU.

2. Kosdpdunmenr ycuienus repMaHueBbIX TPAH3UCTOPOB MOYKET OBITH 3aBBINIEH U3-3a OOJILITIOTO
3HAYCHUS TOKA yTEIKH. B 9TOM ciIydae HanpsiKeHue 6aza-sMurTep Oyaer odenb Hu3kum. Oxira-
JKJIEHUEe TPAH3UCTOPA MOXKET TOMOYb HOJIYUUTH 00Jiee MPABUILHBIN KO3(MD@UIIMEHT yCHIeHUs.

3. Bemmunna émkocT B 00paTHOM HaIlpaBJIeHUH JIjIsI MOIITHBIX Auo0B [IloTTkn, Takmx, HaIpuMep,
kak MBR3045PT, e MmoxkeT ObITH M3MePEHa, €CJIN TOJIKII0YEH TOJIBKO OfuH o, [Ipuaunna -
CJIUIITKOM OOJIBIION TOK YyTEUKM 9TOro auoja. VHorma u3mepenne BO3MOXKHO IIPH OXJIaKICHIH

IHO/IA.

4. VMuorjaa BBIBOJUTCA COODOINEHHE O HelpaBUIbHOM obHapy:keHun todnoro 2.5 V' MOH, korma
nopt PC4 mukyja #e nojakioder (BoiBox 27). Bbl Moxkere uzbekaTh 9TOr0O MOBEJICHUS, YCTa-
HOBHUB JOIOJHATEIbHBIN noaTsaruBatomunii pesucrop xa VCC.

5. ,HHO,ILH&H (byHKHI/IH YIIpaBJIAOMIEro BbIBOJa CUMUCTOPa HE MO2KET OBITD nccJjegoBaHta.

6. Muorma mpoucxouT cOpoc BO BpeMs U3MepeHHs EMKOCTHU, YTO TOBOPHUT O Ipobseme ¢ Brown
Out Level 4.3 V ana ATmegal68 man ATmegad28. Ilpuunna ne mspectHa. COpoc mcuesaer,
ecsim Brown Out Level ycranosuts na 2.7 V.

7. Ilpu ucnosnpzoBanuun SLEEP MODE mukpokonTposiiepa Tok nuranus VCC usmensercs: 6071b-
e, YeM IPHU UCIOJIB30BAHUH IPEJIbIIYIINX BEPCHil TPOrpaMMHOro obecriedeHus. Bbl H02KHBI
YBEJIMIUTh OJIOKMPOBOYHBIE KOHIEHCATOPHI, €CIN 3aMevaeTe Kakue-moo mpodeMbl. Kepamu-

geckne KouaercaTopbl 100 nF' 10/KHBI OBITH IOMEIIEHBI OKOJIO BHIBOAOB nmuTanns ATmega. Vc-
nosibzoBanue SLEEP MODE moxkuo orksounts omrmeit INHIBIT SLEEP  MODE B Makefile.

8. HacTo He U3MepsIOTC TAHTAJIOBBIE SJIEKTPOJIUTHICCKIE KOH IeHCATOPbl. OHU MOTYT OBITH OOHA-
PYZKEeHBI, KaK JINOJ WJIK MOTYT OBITh He OOHApY2KeHbl BooOIIEe. IHorma nomoraer OTK/II0ueHe-
[IO/IKJTIOYEHNE.
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I'1aBa 8

CrenuaJjbHbIe MOJIYJIN IIPOIrPAMMHOIO
obecrieueHd

Hekoropbie nu3menenust ObLIN c/ie/1alHbl, 9TOOBI cOXpaHUTh MecTo BO Flash-mamsaru. Beisog na LCD
Jciteii Homepa BeIBOJIOB ObL1 cienan B dopme «led data(’1l’+pin)». Oneparust 106aBOYHOTO CO-
XpaHeHus! Jisi Kaxk0ro Bbi3oBa «led testpin(uint8 t pin)» Gbuia mobasiena k led routines.c.

[lceBmoBbizoB B dopme « delay ms(200)» BbimosiHeH, He Kak obpalieHne K OMOJIHOTEKe U 3a-

JIepKKa OCYIIEeCTBJIeHa B IUKJIE Ui Kaxkjaoro obparenusi. Ecin y Bac B mporpamme Oyaer MHOTO
oOpalleHnil K pa3JImIHbIM MecTaM, TO 3TO OyJeT 3aHMMaTh MHOIO IaMATH. Bce 3TH 1ceBIOBBI30BEI
3aMeHeHbl BbI30BAMHU MOell, CIelraaIbHO HAIMCAHHON, OMOJIMOTEKN, KOTOpas MCIOIb3yeT TOJIbKO 74
baiita Flash mamsaru (npu 8 M Hz), nHo nossosisier obpamiarsest ot waitlus () g0 waitbs () ¢ marom
1,2,3,4,5,10,20. . . [Iponexypsr Briogator Watch Dog Reset mjist Bcex obpatennit Boime 50 ms. Kaxk-
Jlast 3aJ1ep:KKa obpalleHnst OObIYHO HYKJaeTcs TOJIbKO B ojiHON mHCTpyKimu (2 Byte). Oxujganue
POMEZKYTOYHOTO ODPAIEHNsT ¢ BeJIMINHOM, TAaKOW KaK 8 ms, HyK/IaeTcs B IBYX obpatieHusx (5 ms
u 3 ms win jiBa obparenus o 4 ms). 91 ue 3Har0 60J1e€ IKOHOMUIHON peasn3alim, KOrja NCHoJIb3y-
eTcst MHOTO obparienuii K 3ajiepkkaM B Barireii mporpamme. OOpaliieHus He UCIoIb3yI0T PEruCTPOB,
rosibko SP B RAM y1st Bo3Bpartenusi u3 nojiporpaMm (camoe 6oJibliiee 28-6aiiToBoe mpocTpaHCTBO
creka B Tekyieil Bepcun). [losabiil crimcoxk dyHKImMIL:
waitlus(), wait2us(), wait3us(), waitdus(), waitbus(), wait10us(),
wait20us(), wait30us(), wait30us(), wait40us(), wait50us(), wait100us(),
wait200us(), wait300us(), wait400us(), wait500us(), waitlms(),
wait2ms(), wait3ms(), waitdms(), waitbms(), wait10ms(),
wait20ms(), wait30ms(), wait40ms(), waitb0ms(), wait100ms(),
wait200ms(),wait300ms(), wait400ms, waitb00ms(), waitls(),
wait2s(), wait3s(), wait4ds() and wait5s();
Ot 36 pyuknwmii ¢ 37 komangamu Brao4deHbl B Watch Dog Reset! Her peasibroro criocoba cokpaTuThb
a1y oubsimoreky. Ecim nemaercs camas Majias 3a/iep:KKa 0OpalleHns, TO OHa He TOYHO COOTBETCTBY-
eT BpeMeHH 3aJep:KKu. TOJbKO 3ajiep:kka obpartnenus Boiie 50 ms B OJHOM IUKJIE YJJIMHACTCS 10
100 ms uz-3a unrerpupoBanug B Watch Dog Reset.

YHacro ucnosb3yeMast moc/ieoBaTebHocTh obpamennii «waitbms(); ReadADC. .. ();» 3amenena
obparennem « WomsReadADC(. .. );». To ke camoe ciesiano Jiisi nocsieioBarebaoctu «wait20ms();
ReadADC(...);» koropas 3amenena oguumM obparmerneM « W20msReadADC(. .. );».

Oyurmusa Read ADC jmomosiHuTe IbHO HAlMCaHa Ha SI3BbIKE acceMOJjiepa JIJTsl MTOBBIEeHHs (b dek-

THUBHOCTH PaboThl Koja. PyHkmumoHagbHO niuenTudHasi. C-epcus dyukimun ReadADC rakxke jo-
CTYIHA, KaK UCTOYHHK.
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I'taBa 9

Crmcok TeKyniux JieJ1 1 HOBbIe naen

10.
11.
12.

13.
14.

15.

. JobaBagTh u yaydiaTrh JIOKYMEHTAIUIO.

[ToxymaTh 0 TOM, KaK MOYKHO 3aMEPUTDH PeaJibHOEe BHYTPEHHEE BBIXOHOE COITPOTUBJIEHUE TTOPTA
B (mepekitrotuenue pesucropa MopTa) BMECTO IPUHSTH, YTO HOPTHI OJNHAKOBEL.

MozkeT 71 pa3psIKa KOHIEHCATOPOB CTATh OBICTPEE, €CJIH OTPHIATENbHBIN BBIBOJ, JOTIOJIHI-
TEJILHO TOAKIIOUNTE Yepe3 pesuctop 680 2 k VCC (+)7

[Iposeputs, MmoxkeT jim TecTep MCIOIB30BATH TPEJICTABIEHNE 3HAYEHNN C TIJIABAIONIEH 3aIIATO.
Puck neperpysku nm:ke. Her kejanms oJJHOBPEMEHHO HCIIOJIB30BATH YMHOXKEHUE U JIeJIeHUE,
YTOOBI MOJTyIUTh YMHOXKEHUE ¢ T1aBaorieil 3angaroit. Ho g He 3naro, Kakum 06beMOM JTOJTKHA
obITh Flash mamars, neobxoaumas 11 OMOJIMOTEKN.

Hammcars PykoBojcTBo mosb3oBaTess jjisdg Toro, 9Tobbl KOHMUIypuposaTh Tecrep ommusaMn
Makefile u onmcarh METOIUKY TOCTPOEHMUS.

Ecnu Tok ynepxkanus TupucTopa He MOYXKeT ObITh JOCTUTHYT ¢ pesuctopom 680 ) on Ge3onacen
JIIST IOAKJII0UeHns KaTo ia HerocpeacrBenHo K GND u anoga nerocpeacrsernto Kk VCC Ha 0UeHb
KopoTkoe Bpems! Tok moxkeT gocTurayTh Oosibimne, gem 100 mA. IHopt 6yaer nospexen? Yro
¢ 3JIeKTponuTanneM (CTabHIN3aTOp HAPSAZKEHUsT ) !

[IpoBepsTh OPT MOCTIE CAMOIIPOBEPKH!

[Tpenymperx gaoree coOOIEHNE, €C/IU H3MEPEHHOE OIIOPHOE HAIIPSIZKEHNE He COOTBETCTBYET MO-
nem ATmega u VCC.

[Tomymars o Tecrepe BTOpOTO TMOKOJEHHUS ¢ «bombmuMy» ATmega, KOTOPBI BKIIOYaeT -
depenmmanbubiii ALIT-mopt, 60oabme Flash mamaru? Her takux ATxmega, y KOTOPBIX €CTb
HallpsizKeHre nuTanug 5 V', Bo3MOXKHa, ToJIbKO juHug ATmega.

N nest nosoro mpoekra: Bepcusi USB 6e3 LCD-auciutes;, muranue ot USB, oomen ¢ PC mo USB.
Yupajenue MUPUHON UMITyJIbca ¢ (puKcupoBannoit yacroroit na TP2.

KamunbpoBka 9acToThl KBapIieBoro reaeparopa ¢ ToaHoctbio 1 PPS or mpuemunka GPS nmm
TOYHAS HACTPOIKA C MOMOIIBIO MOJICTPOCYHBIX KOHJICHCATOPOB?

Boeibop paznenbuoro usmepenns ESR. Bosmoxknocts nzmepenus "8 meru'"?

Boi6op pasjiesibHOro m3Meperusi 2-KOHTaKTHbIX DPD 1151 6oJtee GricTporo orpeiesierusi (pesu-
CTOPBI ¥ KOHJIEHCATODHI ).

[Togmepxxkka auciitess 20x4 CUMBOJIOB.
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