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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, KoTopblit Ipe1ocTaBUI BO3MOXKHOCTD IIPOIOIKATh HAUaTyio UM padbory. Kpome Toro, s xo-
Tes1 ObI CKa3aTh CIIacubO aBTOPaM MHOI'OYHUCIEHHBIX 00CYKIAeHUi Ha (popyMe, KOTOpPbIe IIOMOIJIN 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 IIpOrpaMMHOI0 obecredenust. ¢ mosken mobJarogapurh Tak:ke Asco B.,



KOTODBIil pazpaboTaj HOBYIO MEYATHYIO ILIATY JIJIst TIOBTOPEHUs ApyTruMu pajuoodnreisvu. Criey-
01y10 OJ1aro/lapHocThb s XoTe 1 661 oTripaBuTh Dirk W., koTopbIit pazpaboras nmopgajaok cOOpKu Toi
MeYaTHON IIaThl. Y MEHs HUKOTJA HE XBATHU/IO Obl BDEMEHU 3aHUMAaThCA BCEMH STUMU BEIaMU OJTHO-
BPEMEHHO ¢ MOUMH pa3pabOTKaMu MporpaMMHOro obecriedennsi. OTCYTCTBUE BPEMEHU HE ITO3BOJISET
U B JIaJbHENIeM pa3BUBATh IPOrpaMMHOe obecrievyenre Ha TOM ke ypoBHe. Cracubo 3a MHOTOYHUC-
JIEHHBIE TIPEJIJIOKEHUs 10 yiydinennto Tecrepa dienam mecTHOro orienenust «Deutscher Amateur

Radio Club (DARC)» u3 Lennestadt.
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XapaKTepUuCTUKU
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12.

13.
14.

Paboraer ¢ mukpokonTposutepavu ATmega8, ATmegal68 nin ATmega328. Takke BO3MOKHO
ucnosib3oBaTh ATmegal280 wim ATmega2560.

. Orobpakenne pesynbratoB Ha LCD-muctuee 2x16, comectnmom ¢ HD44780U (KS0076) u ¢

ST7036 (tur DOG-M).
Bamyck - onnokparaoe Haxkarue Kaonkun TEST ¢ aBroorkiioueHmnem.

Bosmozkna paboTa 0T aBTOHOMHOI'O UCTOYHHUKA, T.K. TOK TOTPEOJIEHNS B BBIKTIOYEHHOM COCTO-
siHuu He npesbirmaeT 20 nA.

. UToOBbI YMEHBINMUTH TOK MOTPEOICHUS B PEXKUME OXKUJIAHUS U3MEPEHUs, IIPporpaMMHOe obectie-

genue, HaunHast ¢ Bepeun 1.05k, ucronbsyer pexxkum cha (Sleep Mode) jij1st MUKPOKOHTDOJLIEPOB
Atmegal68 wim ATmega328.

Asromaruaeckoe onpejienierne N-P-N u P-N-P 6umnosisipuabix tparsucropos, N- n P-kanaabHbIx
MOSFET tpansucropos, JEET Tpansucropos, amoioB, JBOMHBIX IUOI0B, TUPUCTOPOB U CHU-
MUCTOPOB.

ABTomaTnueckoe olrpeJesieHue paciioJIo2KECHN A BBIBO/IOB 3JIEMEHTA.

Nzmepenne koadduimenTa ycujieHns U IOPOrOBOTO HAIIPAKeHUs 0a3a SMUTTED OUIOIIPHOTIO
TPaH3UCTOPA.

. Tpanzucropsl JapiuHrTona naeHTUGHUIUPYIOTCS 110 TTOPOTrOBOMY HAIIPsIzKEHUI0 1 KO3 duIu-

eHTY yCHUJICHHSI.
ObnHapy:kenne 3amuTHOrO Juosa B ounossspabix 1 MOSFET tpansucropax.
N3mepenne MoporoBoro HaIpsizKeHus 3aTBOpa 1 BeanduHbl éMKocTu 3atBopa MOSFET.

N3mepenune oHOTO WU JABYX PE3UCTOPOB € M300pazkenneMm F cuMBOJIa PE3UCTOPA U TOYHO-
CTBIO 10 4 JecaTuaHbIX udp. Bece cnMBOJIBI MPOHYMEPOBaHbI COOTBETCTBEHHO HOMEpAM IIYTIOB
Tecrepa (1-2-3). Takum 06pazoM, MOTEHIIMOMETP TAKIKE MOXKET ObITh U3MEDPEH.

Paspermmenne nzmepenust conporusienust ;10 0.01 ), a Bequanna nuzmepenust - 10 50 M.

Onpenenenne 1 m3MepeHne OIHOIO KOHIEHCATOpa ¢ H300paskeHneM CUMBOJIa KoHAeHcaTopa, —1k-
Omnpejiesierre  U3MEpPeHne OJHOTO KOHJIEHCATOpa ¢ M300ParKeHNeM CHMBOJIA KOHJIEHCATOPA, U
TOYHOCTBIO JIO UETHIPEX JECATHUHBIX Iudp. KMKOCTH KOHJEHCATOPA MOXKET ObITh 3aMepeHa
or 25 pF (8 MHz, 50 pF — 1 MHz) no 100 mF'. Paspemienne usmepenus: cocrapisier 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.

Orobpazkerue 06paTHOrO TOKa KOJLIEKTOpa I o IPpU OKJII0UeHHOl 6ase (¢ pasperennem 10 pA)
1 00PATHOTO TOKA KOJIJIEKTOPA IIPU KOPOTKO3aMKHY TBIX BBIBOJIaX 0a3bl n sMuTTepa Iops. (TOIb-
Ko yist ATmega328). Dru 3HAUEHUST OTOOPAYKAIOTCS €CJIN OHU He PaBHBI HYJIO (IJIABHBIM 00pa-
30M, I TePMAHUEBBIX TPAH3UCTOPOB).

Jlnss ATmegad28 mocTylIHO AHAJIONOBOE MEHIO, KOTOPOE IIO3BOJIAET BBIOPATDH JIOMOJHUTEIbLHBIE
dyukmun. Koneuno, Bol MoxKeTe BepHYTHCA U3 JUAJIOTOBOTO MEHIO K HOPMAJILHOMY (DYHKITHO-
HupoBanuio Tecrepa.

N3 amaioroBoro MeH0 MOXKHO BBIOpaTh m3MepeHne dacTtorhbl Ha mopty PD4 ATmega. Paspe-
menue coctasiser 1 Hz nana usmepsieMbix dactor Oojiee 25 kHz. /g 6oee HU3KUX 4aCTOT
paspererne moxkeT ObITh 10 0.0001 Hz ¢ u3aMepenneM mepuo/ia.

N3 MeHI0, TPpU OTKJIIOYEHHON (DYHKITUU TI0CJIEIOBATE/ILHOTO TTOPTA, MOYKHO BBI3BATH (DYHKITHIO
n3MepeHust Hanpsikennss 10 H0 V' upum ucnosb3zoBarun gesuresas 10:1 wa mopry PC3. Ecim
ucniosibdyercd ATmega3d28 B kopryce PLCC, 1o i1 u3Mepennsi MOYKHO HCIOJIb30BAThH OJINH
u3 jonotauTebHBIX TopToB BMecTe ¢ UART. Ecin npucyrcrByer cxema u3Mepenusi cTabuIu-
tporoB (DC-DC mnpeobpasosareiib), u3aMeperne CTabUINTPOHOB TaKyKe BO3ZMOYKHO C TIOMOIIBIO
sroit byukimn, Haxkas kaonky TEST.

U3 meHto MOXKHO BbIOpATh (PYHKIMIO MEHEPATOpa YacTOThl Ha TecToBoM KoHTakTe TP2 (PB2
nopt ATmega). B nacrosiee BpemMsi MOKHO TIpeIBAPUTETHHO BBIOpATh dacToThl o1 10 Hz 10

2 MHz.

N3 nunanorosoro Menio (byHKINNH MOXKHO BBIOPATH BHIBOJI, (DUKCUPOBAHHON YACTOTHI C BO3MOXK-
HOCTBIO BBIOOPA MUPUHBI UMITYJIbca Ha TecToBoM KoHTakTe TP2 (PB2 moptr ATmega). [Tupuna
MOXKeT ObITh yBesmdyeHa Ha 1% 1upu KparkopemenHoM Haxkaruu uian Ha 10% upu Gosee jju-
tesibHOM HaxkaTuu KHonku TEST.

N3 nuasioroBoro meHio (byHKINNE MOYXKHO 3aIllyCTUTDH OTJEIbHOE U3MEPEeHHe EMKOCTH C U3Mepe-
nuem ESR. Tosibko konjiencaropnt oT 2 pF 10 50 mF MoryT ObITH M3MEPEHbI B CXeMe, TaK KaK
HCIIOJIb3yeTcst Hu3Koe, okosio 300 mV Hamnpsizkenne. Bbl 02KHBI yOEIUTCsI, YTO BCe KOHICHCA-
TOPBI Pa3pPAKEHbI Iepe/i HauaI0M JIOObIX U3MEePEeHNI.

TwupucTopsl 1 CHMUCTOPBI MOT'YT OBITH OOHADPYZKEHBI, €CJIH UCITBITATE/ILHBII TOK BBIIIE TOKA YeP-
kanusd. HekoTropble THPUCTOPBI U CUMUCTOPBI HYKJIAI0TC B O0JIee BHICOKUX TOKax, 1yeM 31oT Tectep
MozkeT obecrieunTb. JlocTymHbIil TOK TecTupoBaHus TobKO 6 mA! Bamersre, 9T0 MHOIHE JIOOJTHI-
TeJIbHBbIe (DYHKIMKA MOTYT OBITH UCIOJIb30BaHbl TOJMBKO ¢ ATmegal68 u ATmega328.

Buumanue: [Tepe moakmodenneM yoenrech, 970 KOH/IEHCATOPBI pa3psi>kenbl!. Tecrep
MOYKET OBITH MOBPEXKIEH M B BBIKJIIOYEHHOM COCTOSTHUU. ECTh TOIBKO HEOOIBbINAs 3aluTa B IOpTaxX
ATmega.

Ecnmu Tpebyercst mpoBepuTh 3J€MEHThI, YCTAHOBJIEHHBIE B CXeMe, TO 000pYyI0BaHNe JOIKHO OBIThH
OTCOCIMHEHO OT MCTOYHUKa IIWTaHWUA, U JOJIZKHa 6bITb IIOJIHasA YBEPEHHOCTHL, 9YTO OCTATOYHOE Ha-
Mpsi>KeHUe OTCYTCTBYeT B 0OOPY/IOBAHUN.



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%).

Homotanrebubrit maTepdeiic ISP Ob11 100aB/IeH J1/isi YIIPOIIEeHnsT 3arPy3KH HOBBIX BEPCHil 1TPO-
rPaMMHOI'0 0OeCIIedeHU.
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Puc. 2.1. HoBas cxema Tectepa

[Iporpammuoe obecriedenne MOXKET W3MEHsSITh Ha3HadYeHMe BBIBOJOB mopTa D s ymoberBa pas-
Bogku LCD-nucmiest (Bepecust Strip Grid). CoorBercrBust npejcrasiienbl B Tabsmiie [2.1]

Curnaur CranmaptHas cxema | Bepcust cxembr strip grid
BXOJI, KHOIIKI PD7 PDO

LCD-RS PD4 PD7

LCD-E PD5 PD5

LCD-D4 PDO PD4

LCD-D5 PD1 PD3

LCD-D6 PD2 PD2

LCD-D7 PD3 PD1

Tabmmuma 2.1. Usmenenne s Strip Grid Board

2.2 VYaydllleHud W paciiupeHnd K nNpudbopy

s 3amuTer ATmega BBOJUTCS 0JIMHA U3 JIBYX BAPUAHTOB CXEMBI 3AIUTHI U3 MIPEJCTABICHHBIX HA
pUCYHKE B niepBoMm BapmanTe KOHTaKTBHI 0OecTOUYeHHOrO pesie 3ammuinaioT ATmega mpu orcyT-
CTBUU HAIpsKeHUs nuTanngd. KoHTakThl OyayT pa3oMKHYTHI MPOIPAMMHO, KaK TOJIBKO HAYHETCS
U3MepPEHUE.

Bo BTOPOM BapHaHTeE 3allliTa IIPpU IIOMOIIN /UOJA0B YMEHbIIIaeT BEPOATHOCTDL IMOBPEZKICHUA 110D-
TOB ATmega IIpu IIOAKJJIIOYEHNN KOHJ/IEHCATOPa C OCTAaTOYHbIM HaIIPAKEHUEM.

Creyer 3aMeTUTh, UTO HU OJIHA CXeMa He JaeT MoJHoi rapanTun 3ammuThl ATmega or octaTod-
HOT'O 3apsi/ia KoHgeHcaTopa. [1o aToMy, mepes TecTupoBanneM, KOHJIEHCATOP 00s3aTe/TbHO Pa3PsTUTh!
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Puc. 2.2. Samura Bxom0B ATmega

Ecmu UART ne tpebyercs, nmopr PC3 MoxkeT uCob30BaThC B KAUeCTBE aHAJIOTOBOIO BXO/A
JIJIS M3MEpPEeHns BHENTHETO Hanpskenus. Hampszkenne MoxkeT coctaBUTh 710 50 V' ¢ gomomHuTe IbHbIM
pesuctuBabiM JenuteneM 10:1. Ha pucynke IpeJICTaB/IeHa CXeMa JIId U3MEpPEeHUs HAIPAXKEeHNe
pobosi cTabuymTpoHa npu Hu3koM ypoeHe Ha mopre PD7 ATmega. Tecrep mokasbiBaeT BHelHee
Hanpsizkenne, moka Bor ep:xute knonky TEST naxkaroit. Tok, norpebdsiemMblii 0T baTapen muTaHus,
IIpU 3TOM Bo3pacraer, npumepHo, Ha 40 mA.
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Ubat

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

Puc. 2.3. Cxema it u3MepeHus mapaMeTpoB CTabUIMTPOHOB

Pesucrusnbrit genuresns 10:1 MoxKeT OBITH UCIOJIB30BaH JIjId U3MEPEHUS BHEITHUX HAIPSKEHUI
IIpU BBIOOpE U3 MeHIo JgornoaHuTenbHbx Gyuknnii B ATmegad28. Ilpucyrcreue DC-DC npeobpaso-
BaTeJId JI/Isi M3MEPEHUsi CTAaOUINTPOHOB HE MeIaeT, TaK KaK KHOIIKa He yIep:KUBACTCA B HAXKATOM
cocrosiiun u, coorsercrBerro, DC-DC mpeobpaszoBaresib obectoder. Takum oOpazsoM, MOKHO H3Me-
pPSATh HAIIPSAZKEHME MTOCTOAHHOrNO ToKa 10 50 V' TOJBKO MOJIOXKUTEIHHON MOJIAPHOCTH, 00A3aTe/IHHO
cobJIIOIas MOJIAPHOCTD.

U3 MeHI0 0MOJTHUTEIbHBIX (DYHKINH, pu uctosb3oBarann ATmega328, MOXKHO BHIOpATH MeHepa-
TOp YacTOThI. B HacTosAIIee BpeMs MOJIepKUBaAETCs BLIOOP 4acToT B jinanaszone ot 1 Hz o 2 M Hz.
Beixomoit curaan 5 V' ouepes pesuctop 680 () BeiBommTCS Ha TecToBhlil KoHTAKT 1TP2. B kadectse
curnasga GND, npu srom, MmoxkHO uctoiab3oBath GND DC-DC npeobpasoBaresist WM TeCTOBBIA KOH-
takT TP1. Tectopsrit kontakT TP3 momcoenuaen k GND qepes pesucrop 680 2.

J1J1s1 MCTIOIb30BaHuS JIOTIOJTHATEIBHON (DYHKIIMN HU3MEPEHUsT YacTOThI, TOTPEOYETCsl He3HAUNTE Tb-
Has nopaborka Tecrepa. st usamepennst gactorst ucnosbdyercs nopt PD4 (T0/PCINT20) ATmega.
DTOT Ke MOPT UCIoab3yeTcst st nojakaodenns LCD-mucmies. B cranmapraHom BapuaHnTe K MOPTY
PD4 nonxmouen curnas LCD-RS, B Bapmante strip grid - curman LCD-D4. Ina obonx curHaon
nopr PD4 mozkeT ObITH IEpeKJIIoueH Ha BBOJ, €CJIU B JAHHBI MOMEHT He TpeOyeTcs BbIBOAUTL HMH-
dopmanuio na LCD-aucteii.
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OjiHako, Jydilie UCHOJIB30BaTh JOMOJHUTEIBHYIO CXeMY IOJIKJIIOUeHUs, N300pakKeHHYI0 Ha pU-
CYHKe . Hamnpsizkenne wa Boiogie nopra PD4 (LCD-RS nim LCD-D4) nomk#HO GBITH yCTAHOBJIEHO
okoJsio 2.4 V npwm orkiodennoit ATmega nin mojgcrpoeHo Bo BpeMsi u3Mepennsi dactorel ATmega,
ITOOBI TIOJYYIUTh JIYUIIYIO 9yBCTBHTEIHLHOCTD K BXOJHOMY curHaiy. Bo Bpems perysuposku LCD-
JIUCILIEN JIOJI?KEeH OBbITh yCTAHOBJIEH, TIOTOMY UTO IOJATATUBAIONINE PE3UCTOPHI MHIMKATOPA MOI'YT
U3MEHUTH YCTAHOBJIEHHOE HAIPSKEHUE.

A
q 10k
10k 470
PD4 {—{ ——3—>—TP4
10k 100nF

Puc. 2.4. /lonosHnTeIbHAS CXeMa JIJIsI U3MEPEeHUsT 1acTOThI

2.3 VYkazanmga no cobopke Tecrepa

B Tecrepe moxer ucnonbzoBarbess LCD-aucteit 2x16, mporpavmyuo comectumbiii ¢ HD44780 wm
ST7036. Bel 10/KHBI yINTBIBATH TOK, HEOOXOIMMBIN JIJIsT TOJCBETKH, HeKOTOpbIM LCD-nucrresm
HY?KeH TOK HUzKe, 4eM Jpyrum. ¢ norrascsa npuMenntb OLED-mucruteii, Ho oH cras mIpudauHO 11o-
Mex 1pu u3Mepenusx g ATmega, u s ero He pekomeryio. Takzke ucnosbzoBanne OLED-mucries
BBI3BAJIO TIPOOJIEMY 3arpy3KH CIIEIUATHLHOIO CUMBOJIA JIJIsT OTOOPaYKEHUsT PE3UCTOPA.

Y100B! TOJIYyINTH MAKCHMAJIBHY IO TOYHOCTH n3Mepennst, pe3uctopbl R1 - R6 680 2 u 470 k) momK-
ubl 66iTb TouHbIME (0.1%). B Tecrepe moryT ucnosbzosarbest ATmega8, ATmegal68 u ATmega328.
J1J1s1 BO3BMOXKHOCTH HCIIOJIB30BaTh Bee byHKImE, HeobxomuMbl ATmegal68 nin ATmega328.

Cuauasa Ber 1o/mKHBI coOpaTh Bece seMeHThI TecTepa Ha IedarTHol m1aTe 6e3 MIKPOKOHTPOJLIE-
pa. B kagectBe IC2 pekoMeH 1yeTcsT MCIOIB30BATH CTAOMIN3ATODP C MAJIbIM IMaJeHueM HAIIPSIyKeHHsT
MCP1702-5002, moTomy [aTo oH moTpebsisier Bcero 2 pA m Moxker BbIZaBaTh 5 V' Ipu BXOJIHOM Ha-
npsizkenue Bcero 5.4 V. Ho on necoBmecTum 1o BeiBojiaM ¢ u3BectHbiM 78105 B kopiyce TO92 .

[Tocie mpoBepKu MPaBUJIBHOCTH MOHTaXKa, HEOOXOMMO IIOJICOEIMHUTD OaTapeio WU MUCTOUHUK
muranue K 1are 6e3 LCD-mucrutes n mukpokonTposutepa. [lpn maxkaroit kaonke TEST mosmxk-
HO IIPUCYTCTBOBATL HallpsizkeHue 5 V' Ha BbIBOJIaX HUTaHUs MUKpOoKoHTposiepa u LCD aucruies.
Ecmm ornyctuts kHonky TEST, narpsizkenne J0/KHO MCIe3HYTh. K HanpsizkeHusi B HOpME, TO
HEOOXOIUMO OTKJIIOUATH IMUTAHUE, HPAaBUJIBHO BCTABUTH MUKPOKOHTPOJLIEDP U HOAK/I0INTH LCD-
muctieit. [lepen moakmodernem LCD mucmiest HeoGXouMo BHUMATEIBHO IIPOBEPUTDH ITPABUILHOCTD
coesmHenust BbBosioB mutanust LCD nucrtes (T.x. #Ha Hekoropeix LCD nucriesx OHU HOIKITIOYEHBI
rnaobopor) ¢ GND n VCC mnarer Tecrepal

Ecm Bur YBEPEHLI, 9TO BCE B IIOPAJKE, MOXKHO IIOACOC/INHUTD IINTaHUE. Ecim Bri Y2Ke 3aliporpam-

muposasim ATmega, To moxkere KparkoBpemeHHo HaxkaTh KHONKY TEST. I1pu kparkoBpementnom Ha-
xkaruu kaonku TEST ceeronnon LED1 u nojacserka LCD-auciiest 1ozkabl BKIo9nThesd. Ecim Bor
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ornyckaere kKHonky TEST, ceromguon LED1 ne no/ikeH racHyTh KaK MUHUMYM HECKOJIBKO CEKYH/I
(3aBUCUT OT yCTAHOBJIEHHBIX IIAPAMETPOB IIPHU KOMIIHJLISIIUE IIPOIPAMMHOIO 00eCIIeYeHnst). 3aMeTh-
Te, YTO IIPOrpaMMHOe oDecriedeHne Jijid MUKPOKOHTPOJLIEPA JIOJIZKHO OBITH JIJIA UCIOIB3yEeMOTO THUIIA
MUKpOKOHTpoJLIepa. [Iporpamma st ATmega8 ne padboraer na ATmegal68!

2.4 Jlopaborkm ajag Bepcmii Tecrepa Markus F.

KonTposb Hamnpsxxkenus. [Ipobiema npossisieTcs cieayonmM oopaszoM: Tecrep HEMEJIEHHO OT-
KJIO9aeTcsl P KaxkJ0OM BKJtoYeHun. [Ipuansoil Moxker crarh ycranoBka ¢bio3os (Makefile)
KOHTPOJIsI 3a TIOHMKeHneM Hanpsikenus mutannsg ATmega na 4.3 V. [Ipoucxogut 1o cie/ryto-
M obpaszom: opt PD6 nbitaercs 3apsautb kougercarop C2 100 nF jpo yposus VCC, gro
BeI3bIBaeT posas Hanpsizkerns VCC (5 V). s pemenus nmpobsembl KoHgercarop C2 Moxker
ObITH yMenbItieH 10 < 10 nF'. Ecim Bo3MOXKHO, TO BK/IIOYUTH TOCJIEIOBATE/ILHO B 1ernb PD6
pes3ucTop conpoTuBjerneMm dojee > 220 €.

Yayunienue nurtanus cxeMmbl. Ecin Tecrep 3amyckaerca npu naxkarum na knonky TEST, wo
KJIIOY cpagdy Ke OTIIYCKAeTCs, TO YacTO MPUYMHA 3TOW mpobsembl B nutanuu. [Ipobiema mo-
poxkaeHa 60JbImuM ToKOM mojicBeTKr LCD-nucmies. Pesucrop R7 k 6aze P-N-P-rpansucropa
T3 6bL1 Beuaunoit 27 k€2, 1ToObl YMEHBITUTD OTpebieHne sueprun. ITodbl yIydIiTh mepe-
KJIIOYEeHUe Tpu 0oJjiee HU3KOM HAIIPSzKEHUU OaTapen WU IIpU HU3KOM KO3 DUInenTe ycujaeHus
P-N-P rtpansucropa T3, HeobxoauMo yMeHbIINTE conpoTuB/eHue jio 3.3 k).

JlonoJIHUTEJIbHBIN MoATATUBaIONU pe3uctop mopta PD7. OrcyrcrBue moararuBaoero pe-
3UCTOPA, IOCJIe KOPOTKOTO BpeMenu, paboTa 3aKaHunBaeTcs BbIK/IIoUeHneM Tectepa ¢ coobiie-
uneM <« Timeouts. [Iporpammuoe obecrieyernme dpopmupyercsa ¢ ommumeit PULLUP  DISABLE,
T. €. BCE BHYTPEHHUE IO/ITATUBAIOIIIE PDE3UCTOPHI OTK/II0UYeHbl. [[o 910l mpudnne HaNpsizKeHme
nopta PD7 ne onpeneeno, eciu yposenb e nepeksoder kuonkoit TEST unu Tpansucropom
T2 x GND. Buemnuuit pesucrop conporussienueMm 27 k€2 k VCC permaer 31y mpobsemy.

Kouaencarop C1 8 AREF. Muorue ucnosb3yior Ha Kontakre AREF komgencatop wa 100 nF
tak ke, kak u Markus F. [loka ue Ob110 HEOOXOIMMOCTH MeHsITH oropHoe Harpsizkerne ATIIT
- 970 OBLIO XOpomuM pertenneM. [Iporpammvuoe obecrieuenne mrst ATmegal68 m ATmega3d28
UCTIOJIb3YeT aBTOMATUYIECKUN BbIOOD BHyTpeHHero omnopHoro Hampstkenus AL 1.1 V| ecom
BXOJIHOe HalpsikeHue Huke 1 V. D1o mossosisier yiyunmth paspemniearne ALl npu nebosb-
IITAX BXOJIHBIX HaNpsKeHUAX. K coKajaeHuio, MMepeK/IIoueHne OMOPHOIo HalpsaKeHusd or 5 V.
so 1.1 V mpoucxoaut odeHb Me ieHHO. [0 9T0i npudnHe Hy2KHO YYUTHIBATD JOIOJHUTETHHOE
Bpemd oxkujanusg 10 ms. Ilpu ymenbienun BeInauabl KOHJAeHCaTOpa 10 1 nF', 9T0 BpeMda Mo-
JKeT OBITH CYIECTBEHHO YMEHBIIEHO. ¢ He 3aMeTmT yXy/IIeHs Ka9eCTBA I3MePEeHNs IIPA 3TOM
u3Menennn. Jlaxke ¢ yIaJléHHBIM KOHJIEHCATOPOM HET CYIIECTBEHHOI'O M3MEHEHUs Pe3yJIbTATOB
n3Mepennd. Kciam Bl mpeanodanTaere octaButh Koujencatop Ha 100 nf') To MoxkeTe OTKIIIO-
qnTh oo NO  AREF CAP B Makefile, qyis aktuBaruu yBendeHnsi BpeMeHN OXKUJIAHUS B
IIporpammMe.

YcranoBka kBapia Ha 8 M Hz. Bl moxere ycranoButh kKBapi vHa 8 M H z ¢ 3ajiHeil CTOPOHBI 11e-
YaTHOW IIaThl HenocpeacrBeHno K mopram PB6 u PB7 (BeBombt 9 u 10). Most coberBennast
nopaboTka ObLIa ciesraHa 0e3 KoHAeHCcAaTOpOB 22 pF u paborasia XOpOIIO CO BCEMH IIPOBEPEH-
ueivu ATmega. Bor tak ke moxkere, BIOpaB (pbIO3bI, UCIOJb30BATH BHYTPEHHUIT reHEpATOD
na 8 M Hz njisg noJjiyueHus JIydiiero pasperieHns 10 BPeMeHU PU CTAOUIbHBIX U3MEPEHUIX
(BeJTMIUHBI EMKOCTH ).

Criia>knBaHUWe MUATAIOINET0 Hanpsi>keHusi. B opurunasnbhoit cxeme Markus F. nmpumenen Tobko
ojuu koujencarop 100 nF o nanpszkenuo VCC. D1o He qaeT npuemyieMyto buabTparuio. Bor
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JIOJIKHBI, TI0 KpaiiHeil Mepe, HCIIOIb30BaTh KOHJAEHCATOPHI éMKOCThIO 100 nF' 0KOJI0 BBIBOJIOB
mutanng ATmega u Bo3jie BBIBOJOB BXOJa M BBIXOJa cTabmim3aropa Hamnpsizkerus. Jlormol-
HUTEeJIbHBIE KOHIeHCAaTOphl 10 puF' (37eKTposinTHIeCcKe Wil TaHTAJIOBbIe) Ha BXOJE U BBIXOJIE
cTabuIM3aTOpa HAPSKEHUST TIOBBIAIOT YCTONINBOCTD Hanpszkenns. TanraaoBerit SMD kon-
nercarop 10 pF' jierde mcosib30BaTh €O CTOPOHBI MEYATHBIX JOPOXKEK, U OH UMEET OOBITHO
bosiee HU3KOe 3HadeHne ESR.

Bp16op mukpokoHTpoJsiepa ATmega. /lia ocnoBubix dynknuit TecTepa BO3MOXKHO UCIOIB30-
sanne ATmega8, Flash mamars B neii ucnonnssyercsa npakrudecku Ha 100%. ATmegal68 wiu
ATmega328 comectumbl 110 BeiBojaM ¢ ATmega8, s Mory pekomeHjioBaTh 3ameny. IIpu mc-
nostb3oBanun ATmegal68 wiun ATmega328 Bor nmonygaere ciemyromue npeunmyinecrsa: Camo-
IIPOBEPKaA C aBTOMaTHIECKON KaJMOPOBKOIA.

Virydinenue KadecTBa M3MEePEeHNsT ¢ aBTOMATHIECKUM Ttepek/iodenneM Maciraba AITIL.
Namepenne wHyKTHBHOCTEN 1Ipu comrpoTuiernn aHuzke 2100 €.

Nzmepenne Bemnaunbl KSR konjencaTopos ¢ éMkoctwio Boire (.18 pF'.

Nsamepenne pesucropos mHuzke 10 () ¢ pazpermenuem 0.01 €.

UcnonwszoBanne nopra PC3 B kKadecTBe moc/eqoBaTe/IbHOIO BBIXOAA WM aHAJIOTOBOTO BXOJA
JIJIS U3MEPEHUs BHEIITHErO0 HallPSyKeHUS.

OtcyTcTByIOIIe IPpeU3NOHHOE OIIOPHOe HaIlpszKeHue. lIporpamMmMHoe obecrievenne JTI0KHO
OOHAPYKUTH HEJOCTAIOIIIE SJIEMEHTDHI OIIOPHOT0 Hampsizkenus Ha BbiBosie PC4. B sTtom ciryuae
[IPU BKJIIOYEHUH MUTaHusi BO BTopoil ctpoke LCD-muciuies: 10/2KHO MOSABUTHCS cooOItenne T'ur
«No VCC = x.xV». Eciiz 310 coobrenne nosipiisiercs ripu ycranosyiennom NOH, Ber pomkmbr
MOJIKJIIOUNTD pesuctop 2.2 k) mexy Beiojgom PC4 u VCC.

2.5 Kwuralickue KJIOHBI

[To umeromeiicst y mens nndopmaruu, Tecrep Boinyckaior B Kutae B 1Byx Bepcusx. [lepas mojennb
nepBoro jm3aitaa ot Markus F. 6e3 mopra ISP. ATmega8 momerien B nanenbKy, mosromy, Ber Mo-
xere 3amMeHUTb ero Ha ATmegal68 mmm ATmega328. [l sToit Bepcun Bbl 10/KHBI paccMOTpETH
BCce MyHKTHI pasjena [2.4] na my«mreit crabuimsaiun HAIPSKEHNS TUTAHUSA JOMOTHUTEIbHBI Ke-
pammdeckuii konjiencarop Ha 100 nF' nomken 0biTh yeranossen nobsumzoctu VCC-GND u BbiBosiOB
AVCC-GND ATmega. Kpome Toro, Ber j1oJ2KHBI IMETH B BU/Ly, 9TO, €cjii Bbl ycraHaB/ImBaeTe KBapii
Ha 8 M H z, o y Barero BaerHero nporpamvaropa ISP mo/mkHa ObITh 9acTOTa CHHXPOHU3AIINY TN
KBapIL /I TPOrPAMMUPOBAHMS.

Bropast Bepcusi Tecrepa ¢ smementamu SMD. Tam ycranosien ATmegal68 B SMD kopmyce
32TQFP. K cuactbio, ycranosien pazbém ISP ¢ 10 korTakramu st mporpammupoBanust. £ mpo-
aHaM3upoBaJl Bepcuto miarhl «2.1 2012/11/06». Hamen oy ommbky - s1ement «D1s: yecranosien
cTabUIUTPOH, a JjjokeH ObITh TouHbI MIOH mHa 2.5 V. CrabummTpon HEOOXOAUMO yIaInTh, a Ha
ero mecro ycranoutb MOH LM4040A172.5 nnun LT1004CZ-2.5. Hemocraroree omopHoe HAIIPsizKe-
HUE yYUThIBaeTCsS TporpaMMHbIM obecniedenneM nazxe, ecan NOH me yecranossien. Moit obpaser ObL1
1ocTaB/ieH ¢ nporpaMMubiM obecriederrem Bepcun 1.02k. Pazbém ISP ¢ 10 konTtakTamu He ObLT ycTa-
HOBJIEH, 1 s1 U3roToBMI nepexoaunk ot ISP6 xk ISP10. YV moero nporpammaropa e GND moaBegena
kK koHTakTy 10, a Ha mwiare etk GND moaBenena k korutakram 4 u 6 ISP. Mapkuposka ATmegal68
ObLTa cTépra, U He ObLIO0 HUKaKOi jtokymeHTannn. Owio3bl 6j10knpoBkn ATmega ObLIn ycTaHOBIIE-
HBI TaKUM 00pa3oM, YTO Obl CUMTHIBAHUE IMaMsTH OBbLIO HEBO3MOXKHO. Ho ycTraHoBUTH mporpaMMHOe
obecrieuenne Bepcun 1.05k yrasmoch 6e3 mpobiieM. Y JIpyroro mnojb30BaTeNs eCTh MPOOJIEMbI ¢ IIPO-
rpaMMHBIM obectieueHneM Toit ke camoit Bepcun 1.05k. V aToro nosb3oBaress Kuraiickas miata «2.2
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2012/11/26». [Iporpammuoe obecrieuerne HaunHaET PabOTATh, €CJIN YCTAHOBUTH JIOMOTHUTEIHHbII Ke-
pamudeckuii konjgencarop 100 nF mexy BoiBogamu AVCC (BoiBox 18) m GND (BeiBog 21) ATmega.
[Iporpammuoe obecrievenne Bepcuu 1.05k mcmonb3yer pexkum caa ATmega B TedeHre BpeMeH! OXKH-
naHug u3Mepenus. 11o 3Toit mpudmHe TOK TOTPeOIEHN M3MEHIETCs] YacTO U PEryIATOD HAIPAKEHUS
Harpyxkaercs oosibire. Jlangee s 3amerus, uro Hanpsizkeaue VCC 6JIOKUPpOBaAHO KepaMUYIECKUM KOH-
nencaropom 100 nF' u snekTposuTudeckuM Koujgerncaropom 220 pF' nobauzoctu ot 78L05. Bxomuoe
nanpszkenne 9 V' 6JI0KHpPOBAHO TeMU YKe caMbIMHU KOHJIEHCATOPAMU, HO He Ha BXOJIe CTabUIN3aTopa, a
B smuTrepe P-N-P-Tpansucropa (mapasutensto 6arapee). lopoxkka or ATmegal68 1o ncrbrraresnb-
HOT'O MOPTa HACTOJIBLKO TOHKast, 9T0 conporusienue 100 mS) mHe cMoXKeT ObITH U3MEPEHO. ITO OyIeT
MPUYIUHON U3MePeHus cONpOoTuBIeHns MuHUMYM 0.3 () JUIs IBYX cOeIMHEHHBIX BBIBOJIOB. [Ipn n3me-
pernn ESR sTy Bemmunny oOBIMHO MOXKHO CKOMIIEHCHPOBaTh. [Iporpammuoe obecrievenue, HaUnHAS
¢ Bepcun 1.07k, yauThIBaET 3TO CMEIEHUE JJIs TOTO, YTOOBI M3MEPITh PE3UCTOPLI COIPOTUBICHIEM
ke 10 €.

2.6 IIporpammmpoBaHnie MUKPOKOHTPOJLIEPA

4 nybukyto nporpaMMuoe obecriedenue i MUKpoKoHTposiepa ATmega ¢ ucxoaubim Koyiom. Paz-
paboTKa cresiaHa B cpefie onepaiiionHoii cucrembl Linux (Ubuntu) u KoMmuimpyercst ¢ IIOMOIIBIO
Makefile. Makefile maér yBepeHHOCTH, 9TO IIpOrpaMMHoe obecrietderHne 0y1eT KOPPEKTHO CKOMITAIAPO-
BaHo y Bac ¢ npeasapurenbno Beibpannbivu oniusivu B Makefile. HekoTopbie ¢cTpyKTypbl pekoM-
IJIMpOBaHbI ¢ ucxoguukoM. [Toxkasyiicra, cmorpure ReadMe.txt daiin B karasore Software /default
u riaBy [4l Pesynbrar kommmsiiuu npejcrasien daitiamu ¢ ayMs pacimpennsgmu hex u .eep. Ilo
yMosrdanuio uMena OyyT TransistorTester.hex m TransistorTester.eep. @aitn ¢ pacmupenuem .hex
coflepxkuT Jgannble s maMst porpamum (Flash), a daiin ¢ pacmmpernem .eep coepKuT JaHHbIE
qutst namsatn EEprom mukpokontposiiepa ATmega. Ob6a daiiia ¢ JaHHBIME JOJIKHBI OBITH 3arpy7Ke-
HBI B COOTBETCTBYIOIIHE 0OJIACTH MAaMATH MUKpPOKoHTposutepa ATmega.

JlomotTHUTE TbHBIE OIIUKA COCTOSTHUST MUKPOKOHTpoIepa ATmega m0/KHBI OBITH 3AIIPOrPAMME-
poBanbl (brozamu. Ecm Ber Mmozkere ucnonbzosats Moit Makefile ¢ mporpammoit avrdude [12], Bam we
HY>KHBI JIeTaIbHble 3HAHUA O (pbIo3aX. BbI JTOJIKHBI TOJBKO BHIOpaTh «make fuses» , ecm y Bac mer
kBapIa, win «make fuses-crystal» , eciiu Bor yeranosusu kBapit Ha 8 M H 2 Ha CBOIO eYaTHYIO TLIATY.
C cepueit ATmegal68 Ber MmoxkeTe Tak»Ke HCHOJIBb30BaTh, «make fuses-crystal-lpy | 4To0bI ucmosb-
30BaTh KBapIl C HU3KUM OTpebd/ieHneM MoIlHocTH. Hukora He BbIOMpaiiTe yCTAHOBKU C KBAPIIEM,
ecau kBapil Ha 8 M Hz y Bac nme ycranossien. Eciiu Bol He yBepenn! ¢ ¢biozamMu, ocTaBjsgeTe UX
3aBOJICKUMU U IpuBeguTe Tecrep B pabouee cocTOsSTHIE B 3TOM pexkuMme. Pabora mporpaMMbl MOXKET
3aMeJIJINThCS, ec/in Bbl ncnosib3yere mporpaMMHbBIe JJaHHBIE, OIIpe/ie/IeHHble 11 paboTsl Ha 8 M H z,
HO BBl cMOXKeTe ucmpaBuTh 3TO 103Ke! A BOT HempaBWILHBIN BBIOOD (DbIO30B MOXKET 3allPeTUTh B
oymymem [SP-iporpamvuposanue. Koneuno, nporpammva avrdude 1oKHA TTOEPKUBATE BAII ITPO-
rpamMmaTop, u Koudurypannsa B Makefile momkua coorBercTBoBaTh Bamreii cpejie paspaboTKu.

Ecin Ber ncnosib3dyere omneparuonnyio cucremy Windows, TO caMblil JIETKHil CIIOCOO MOJIYUUTH
IpPaBUJIbHO 3armporpaMMupoBanibiii ATmega coctout B TOM, 9TOOBI HCIIO/IB30BaTh naker WinAVR

[16],[17]. dms ycranoBku dhwiozos ¢ momornbio Makefile Ber moxkere mcmosbzoBars moit Patch for
WinAVR [I§]

Ha pucynke nokaszano Menio File rpaduueckoro unrepdeiica noaszosarens WinAVR s
orkpoiTus daitia Makefile (Open) n mast Toro, urober coxpannts n3menéunniii 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. 2.5. Ucnonw3zoBanne mporpammbl WinAVR

Cuenyromuii pucynok [2.6] nokaseisaer mento Tools rpaduueckoro unTepdeiica moab3oBaresis
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

Pnc. 2.6. UcnoapzoBanne WinAVR

2.7 Ilouck HeucrpaBHOCTe

B GombimmHCTBE CilyvdaeB BO3HMKAIOT Mpob/ieMbl ¢ BbIBoJOM TekcTa Ha LCD-aucmmeit. 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 MeHro om0 THUTE/IBHBIX (DYHKITUN JOCTYITHO, TO OHO Oy/IeT 0TOOPaXKEHO MOC/e TIPOIOIZKATE b=
Horo (> 500 ms) maxkarust Ha kHONKy TEST. Beibupaembie dyHKImuN 0To0pazkaiTcst BO BTOPOIl
crpoke juciies. C ycranosiiennbiM apamMerpoM POWER —OFF, gepe3 5 cekyni, mpoucxonur as-
TOMATHYECKOE IePEeKII0UeHne Ha CJeIYIONuil MyHKT MeHo. [Ipm KOpOTKOM HaKaTum Ha KHOIKY
TEST, nepexoji K cJIeJlyIOMeMy IIYHKTY MEHIO HTpOUcXoauT ObicTpee. [Ipu jymmresbHOM HaxKaTuu
kuonku TEST Boidupaercsa orobparkaemasi (pyHKIusa MeHto. [Tocie mHIUKAIME TOCIEIHEr0 TYHKTA
MeHo «switch offy mponcxomuT mepexoji Ha MEPBBIH IYHKT MEHIO.

Hononuurenpras Gyaknus «Frequencys (wactoromep) ucnosbsyer mopt PD4 ATmega, koropsrit
rakzke nojakaoderd K LCD-aucmero. Crauana usmepsiercst dacrora. Ecim dacrora Huxke 25 kHz,
TO JIOTOJIHUTEIbHO M3MepSeTCs TePHOJ] BXOJHOIO CUTHAJA, W 3HAYEHHME STOW YacTOThI MOXKET OBbIThH
BbruncieHo ¢ ToaHocThio 1o 0.001 Hz. Ecan nmapamerp POWER OFF ycranosnen B Makefile, To
[IPOJIOIZKUTE/TLHOCTD M3MEPEHUs YaCTOThI OrpaHudeHa 0 8 MuHyT. lI3mepenue 1acToThl MOXKeT ObITD
zakordeno Haxkarnem kKHOKH TEST u Tectep mepeitner B MeHo (hyHKITHIA.

Hononnurenbrast dyukius «Voltages (BoIbTMETD) JTOCTYITHA, TOJIBKO €CJIN OTKJIIOUeHA (DYHKIUN
OC/IeI0BATE/ILHOTO OpTa uin ucnosib3yerca ATmega ¢ ve menee yem 32 BoiBojamu (PLCC) u oqun
u3 gonosauTebHbIX TopToB ADC6 nun ADCT ucniosb3yercs jijist u3mepenusi. Tak kak K mopty PC3
(mmm ADC6/7) ATmega nogkitiouen jesureasb 10:1, To MakcuMaIbHOE BHEIITHEE HAIIPSIZKEHIE MOXKET
obrTh He Oostee H0 V. Veranosiernniii DC-DC npeobpaszoBaTesib /st TecTa CTAOMIMTPOHOB MOXKET
ObITh BKJTIOUEH 1pu HaxkaTuu KHonku TEST. Takum obpazom, cTabUIUTPOHBI TOKE MOT'YT OBITH H3-
Mepenbl. [Ipu ycranosiaernnom nmapamerpe POWER  OFF B Makefile u 6e3 naxkatus kunonku TEST
POJIO/KATEIBHOCTH U3MepeHusI orpaHudena 10 4 MunyT. V3ameperue MozKeT ObITh 3aKOHIEHO TaK¥Ke
OYeHb JymTesbHbIM (> 4 s) HaxkaTneMm Kaonkn TEST.

Eciu Boibpana dbyukius «f-Generator» (reHepaTop 4acToThl), TO KOPOTKUM HaXKATHEM KHOIIKH
TEST mMoxkHO BEIOPATh TEHEPUPYEMYIO YaCTOTYy U3 YHC/Ia IpejiaraeMbixX. [locse Beibopa moceneit
pejijiaraeMoil YacTOThl, YCTAHABJIMBAETCS TepBas dactora (IuK/andeckuii Beioop). Ecau napamerp
POWER _OFF ycranosien B Makefile, knonka TEST nomkua yiaep:KuBaThcs JIOJbINE, TaK KaK
kopoTkoe HazkaTue (< 0.2 s) cOpocuT TOJBKO JUMAT 4 MUHYTHI. [Ipm KpaTKOBpEeMEHHOM HazKaTHI
kuonku TEST Bel yeesmunre Bpemsi HenpepbIBHOI paboThl TeHepaTopa. [Tpu qmrensaom (> 0.8 )
naxkaruu KHolkn TEST reneparop orkiouaercs, a Tectep Bo3BpalaeTcss B MEHIO (DYHKIIHIA.

Homnonmaurenpaas dyukiust «10-bit PWM» (10-bit IIIMM) renepupyer hukcupoBaHHYO 4acTOTY
€ BO3MOYKHOCTBIO PEryJNPOBKHU ITUPUHBI UMITYJIbCa Ha TecToBoM KoHTakTe TP2. I1pn kpaTkoBpemen-
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oM (< 0,5 s) naxkarun kHonku TEST mupuna ummysibca yBeanaubaercs: Ha 1%, ¢ 6osiee JIMHHBIM
naxkatueM kHonku TEST umnynbc ysesmuusaerca Ha 10%. Ecim smadenune upesbicuiio 99%, To
100% sobrauraercsa u3 pesynabrara. Ilpu yeranosinennom nmapamerpe POWER  OFF B Makefile, rene-
paTop 3aBepmuT pabory mocse 8 MuHyT 6e3 Haxkatust KHonku TEST. Sasepruth paboTy remeparopa
MOKHO TaK ke JymTeabHbiM (> 1.3 s) naxaruem kuonku TEST.

Hononuurenbuoit pyuxmmeii «C+ESRQTP1:3» M0xKHO BBIOpaTh OTIEIbHOE U3MEpPEHNE EMKOCTH
n ESR kongencatopos ¢ momorpio TectoBbix KoHTakTOB TP1 m TP3. Konmencaropsr ot 2 uF' 1o
50 mF moryT ObITh m3MepeHbl. [[ocKoIbKY HalpszKeHne n3MepeHnsi COCTaB/IgeT JUIb 0KoJ1o 300 mV/,
B OOJIBINIMHCTBE CJIyYaeB KOHJEHCATOP MOYKeT ObITh M3MEPEH HEIIOCPEJICTBEHHO B cxeMe 0e3 IpejBa-
putesibHoro jieMonTtaxka. lIpu ycranosiennom napamerpe POWER OFF B Makefile, kosmmaecrso
u3MepeHuii orpanudeno 1o 250, Ho MOKeT OBbITh HavYaTO HeMe jieHHO cHoBa. Cepus M3MepeHuit Mo-
’KeT ObITh 3aBepIleHa mpu JymresbaoM Haxkatun kKHonkn TEST.

Homomanrensuas ynknusa «Switch offs mosBosster BuikIOUNTHL TecTep HEMe IeHHO.

Koneuno, Bel Takke moxkere Bbibparh dyHKuio «Transistors (recrep Tpan3mcTopoB), 4T00OBI
BEPHYTCsI K HOpMaJjibHOMY pexkumy usmepenuii Tecrepa. [Ipu ycranosiennom mapamerpe POWER,  OFF
B Makefile, Bce jomotHnTeIbHBIE (DYHKIINN OIPAHUIEHBI BO BPEMEHHU, ITOOBI TPEIOTBPATUTE Pa3Ps/I
barapen.

3.3 CamonpoBepka n KaJuOpoBKa

Ecmu mporpamMuoe obecrievdenne KOHMUTYPUPYETC C TIOMOIBIO (DYHKIMH CaMOIIPOBEPKH, TO CaAMO-
IIPOBEPKA MOYKET OBITH MOJIIOTOBJIEHA TIPU COEJMHEHNN BCEX TPEX HCIBITATE]bHBIX TOPTOB BMECTE U
naxkatuu KHonku TEST. YTobbl HauaTh caMOPOBEPKY HEOOXOIMMO B T€UEHUE 2-X CEKYHI [IOBTOPHO
naxkatb KoKy TEST, unade Tecrep npo10/2KuT HOpMaIbHBIE H3MEPEHUS.

Ecnn camornposepka 3armytieHa, To Oy/1yT IPOBEIEHBI BCe TECTHI CAMOIIPOBEPKH, ITPEJICTABIEHHBIE
B I'JIaBe [ToBTOpPEHUS TECTOB CAMOIIPOBEPKHN MOYKHO M30€KaTh, €CJIM HayKaTh U yJI€PKUBATH KHOII-
ky TEST. Takum obpazom, Ber MoxkeTe mporycTuTh He mHTEpecyomme Bac TecTbl caMoIpoBepKH,
U MOXKeTe Hab/IIonaTh nHTepecyoomue Bac Tectsr camonposepku, ormyckas kuonky TEST. Tect 4
3aKOHYMTCS aBTOMATUIECKHU, eCii Bbl pa3beMHUTE BCE TPU UCIBITATE/NbHBIX TopTa (yIaiure «3a-
KODOTKY» ).

Ecin B Makefile poibpana ¢pyuknus AUTO CAL, B peskumMe caMOIIpOBEPKHU OYIeT OTKaInOpOBa-
HO CMeIlleHne HyJIs JJIst m3MepeHns: éMkocTu. s 3a/1a9u KaaubpPOBKU BaXKHO, UTO OBl «3aKOPOTKa»
MEXKJIy TpeMsl UCIbITaTeIbHBIMI IToOpTaMu ObLIa yiaajeHa BO Bpemst Tecta 4. Bo Bpemst KaaubpoB-
ku (1mocsie Tecta 6), Bl He JOJIKHBI IpPUKACATHCS HE K OJHOMY U3 HCIBITATEJ]BHBIX MOPTOB WJIN
HMOJIK/TI0UeHHBIX Kabeseil. [Iynbl JI0/KHBI OBITH TeMH 2Ke CAMBIMU, KOTOPBIE Oy/IyT UCIOJIH30BATHCS
JUIA TasbHeimux u3Mmepennii. MHade cMmerienne Hy s J/Isi U3MEpEeHns EMKOCTH He OY/IeT MpaBUIbLHO
CKOMIIEHCHPOBaHO. Beimunta BHYTPEHHEI'O CONPOTHUB/IEHUS ITOPTa OIPEJIEIsieTcsl B Hadaje KaxKI0Io
U3MEPEHUd C 9TON OUIreit.

s mocteiHelt 3a1a491 KaJTMOPOBKH TPeOyeTCsl BHICOKOKAUECTBEHHDBIN KOHICHCATOP € JIIOOBIM 3HAa-
genneM mexxy 100 nF' un 20 pF 1nojcoe IMHEHHBIN K UCIBITATETLHBIM BhIBOJaM 1 1 3, COTPOBOK-
JmaeMblit TekeroMm «>100 nE's. Ilocie sroro coobienust Bol mo/KHBI T01cOETMHUTE KOH1eHcaTop. C
ITOMOIIILIO 9TOI0 KOHJIEHCATOPA, OYIeT CKOMIIEHCHPOBAHO HAIPsI?KEHHE CMEIeHUs aHaJI0r0BOI0 KOM-
naparopa, Jijisi 0ojiee TOYHOIO M3MEpPEeHHs] €éMKOCTHU. JlOIMOJIHUTE/IbHBII BBIUIPBIINI JIJIT U3MEepPeHui
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AHII mpu ucnons3oBanuu BayTpenrero NOH, ¢ Tem ke caMbiM KOHJIEHCATOPOM, TPUMEHUTE OIITUIO
AUTOSCALE _ADC ayis oty denust JiydIux pe3y/IbTaToB u3MepeHus pe3auctopos. CMereHne HyJis
st m3mepenust ESR Oyner 3amano seroopom o ESR. ZERO B Makefile. Hynteswie 3natenuns ESR
JUIsT BCEX TPEX KOMOMHAIMSX BBIBOJOB OIPEJIEISAIOTCH MPU KaXKJI0i caMOIpOBEpKe. DTOT METOJT U3-
Mmepenusg ESR ncnonn3yercs takzke npu maMepennn BesimdnH pe3ncTopoB Huzke 10 2 ¢ pazperrenuem

0.01 €.

3.4 CHeHI/IaJIbeIe BO3MO2KHOCTH HCIIOJIB30BaHMA

[Ipu BrTOYeHNEN TecTep MOKa3bIBaeT HAIpsizKeHMe OaTapen NuTaHus. Kcm HanpsizkeHne HUXKe pe-
JieJia, TO TOCJIe HallpsKeHus barapen orobpaxkaercs mpeynpexienue. Ecau Ber ucnonszyere 9 V
AKKYMYJIATOpP, TO €r0 HEeOOXOJIMMO KaK MOXKHO CKOpee 3aMeHUTh WU mepe3apdnThb. Bcim Bor mc-
nosib3yere Tectep ¢ 2.5 V MMOH, To BO BTOpPOIit cTpoKe B TedeHme 1 CeKyHIbI Oy/1eT O0TOOparKeHO
Hanpszkenne nmutannsg B Buge « VOC=x.xxV».

KontercaTopbl H0/KHBI OBITH pa3psizKeHbI Iepej] KaxKIbiM u3MepenneM. Muade Tecrep moxker
OBITH IOBPEXKJIEH ele JI0 Toro, Kak Oymer Haxkara kHonka TEST. Ilpu usmepennu sjaeMeHTOB 6e3
JIeMOHTazKa, 000pyI0BaHNE JTOJI2KHO OBITH ITOJJHOCTBIO OTKJIIOYEHHBIM OT UCTOYHHUKA HuTaHusd. Kpome
TOro, Bbl JIOJZKHBI OBITH YBEPEHDBI, YTO OCTATOYHOE HAIPSKEHHE B 00OPYIOBAHUU OTCYTCTBYET. Y
KazKJIOTO 3JIEKTPOHHOIO 000PYI0BaHUsI BHYTPU €CTh KOHIEHCATOPHI!

HpI/I IIOIIBITKE U3MEPUTDL MaJible BEJINYNHBLI PE3UCTOPOB, BbI JOJIZKHBI YIUTbIBATh COIIPOTHUBJIE-
HIe pasbeéMoB 1 Kabeseil. OdeHb BaykKHO KAYeCTBO M COCTOSHHE Pa3bEMOB, a TaK:Ke, COPOTUBIIEHNE
KabeJteit, NCIoIb3yeMbIX JIJIsI U3MepeHus. 10 ke camoe HaJI0 yIUThIBaThH pu u3Mepennn ESR kon-
nencatopoB. [Ipu ncnosb3oBanun Tonkoro Kabess Besmanaa ESR 0.02 Q moxker Boipactu 710 0.61 Q.

He crout oxuymars or Tecrepa BbICOKOI TOYHOCTH pe3y/ibTaToB, 0coOeHHO 1pu u3Mepennn ESR
¥ MHJIyKTUBHOCTH. BbI MOXKeTe 03HAKOMUTBCS C Pe3yJbraTaMy MOeil cepuu UcIblTaHuii B riiase [b]

3.5 IIpobJsiembl pu onpejiejieHUN 3JIEMEHTOB

Bu1 1o/KHBI UMETH B BUJLY, HHTEPIPETUPYS PE3Y/IbTaThl U3MEPEHNs, 4TO cxeMa lecrepa paszpabora-
Ha I CJ1aO0TOYHBIX TTOJIYIIPOBOIHUKOB. B HOPMaJIbHBIX YCJIOBUAX U3MEPEHUS M3MEPUTEbHBINA TOK
MOYKET JIOCTUTHYTH npuban3utebao 6 mA. Morribie MOJIyIpOBOIHIKNA TacTO UMEIOT TPYIHOCTH C
njeHTuUKaIMeil 1 M3MepeHneM BeJTUINHBI EMKOCTH Iepexo/ia M3-3a TOKa yTedkh. lTecTep Tak ke
HE MOXKET BbIJIATh JIOCTATOYHO TOKa /I OTKPBLIBAHUS WJIN YAEPXKAHUs MOIIHBIX THUPUCTOPOB WJIN
cuMucTopoB. Takmm 0b6pa3oM, TUPUCTOP MOXKeT ObITh omnpejeser kak N-P-N Tpansucrop wiu pguos,.
Tax>ke BO3BMOXKHO, 9TO TUPUCTOP WU CUMUCTOP OMPEJIEISATCH KAaK HEU3BECTHDIN 3JIEMEHT.

pyras npobiema - MAeHTUMUKAISA [TOJTYIIPOBOJIHIKOB CO BCTPOEHHBIMU pe3ucTopamu. Hampu-
Mep, moj 6aza-smuTrep Tpanzucropa BUS08D ne moxkeT OBITH OlpejieieH n3-3a MapaJiie/IbHO IO/
coeJIMHEHHOTO BHYTpeHHero pesucrtopa Ha 42 ). Ilosromy mapamerpbl TpaH3UCTOPA TAKXKE HE MOTYT
ObITh M3MepeHbl. TakxKe ecTb mpobJeMa ¢ OOHApPYXKEHWEeM MOITHBIX TPaH3ucTopoB /JlapiuHrToHa.
YacTo BcTpedaloTcs BHYTPEHHUE PE3UCTOPBI 6a3a - SMUTTED, KOTOPbIE YCIOKHAIOT UACHTHMUKAIIIO
9JIEMEHTA TP MAJIOM U3MEPHUTETHHOM TOKE.
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3.6 Usmepenue tTpan3uctopoB N-P-N n P-N-P

s HOpMaJIBHOTO M3MEPEHNsT TPU BBIBOJA TPAH3UCTOPA MOJKIIIOYAIOTCA B JIO00 MOC/Iem0BaTE b
HOCTHU K HCIBbITaTeIbHBIM BXosiaM Tectepa. Ilocie naxkatusa na kuonky TEST Tecrep nokaswisaer
B niepBoii crpoke Tui (N-P-N wim P-N-P), Bo3aMoxKHBII BCTpOEHHBIH 3aIlIUTHBIH JIH0J] KOJJICKTOD-
SMUTTEP U TOCJIE/I0BATEILHOCTD BBIBOJIOB. /IMOIHBIN CHMBOJI TIOKA3bIBAETCS B MIPABUILHON MTOJISIPHO-
cru. Bropas crpoka nokaseiBaer Koadduiment ycumrenns (§ =...) U MOporoBoe HalpsizkeHue Oaza-
sMuTTep. BBI MO/IKHBI 3HATH, 9TO TecTep MOXKET U3MEePUTh [ 10 JIBYM Pa3TUIHBIM CXeMaM, C OOIIM
SMUTTEPOM U OBIIUM KOJIJIEKTOPOM (3MUTTEpHBI oBTOpuTesh). Ha aucriee orobpazkaercst TOJIbKO
60J1ee BHICOKUIT pe3y/IbTar.

B cxeme ¢ obmmm smuTTepom y Tectepa ecTh TOJIBKO JiBa BapuaHTa, ITOOBI 3a/1aTh Oa30BbIi TOK:

1. Pesucrop na 680 €2 orpannduBaer 6a30BbIil TOK NPUOIU3UTETHLHO BeTnInHO 6.1 mA. DToT TOK
CJTUIIIKOM BEJIUK JIJIsi MAaJIOMOIIHBIX TPAH3UCTOPOB ¢ OOJIBIIMM 3HAYEHUEM 3, TIOTOMY 4TO Oa3a
HacelmaeTcs. 1ToCKOIbKY TOK KOJLIEKTOpa Tak:ke m3Mmepsiercss depes pesuctop 680 €2 To Tok
KOJIJIEKTOPa HEe MOYKET JIOCTUTHYTb BEJIMYINHBI, OlpejiesseMoit 6orbimuM 3uadenneM (3. Bepcus
nporpamMMmHoro obecriedenus: ot Markus F. nuzmepsier nmoporosoe nampsizkenue 6a3a-3MUTTED 110
stoit cxeme (Uf=...).

2. Pesucrop na 470 k§2 orpanmumBaer 6a30Bblii TOK Beaumuunoit 9.2 pA. Bepcust mporpaMMHOro
obecredennst or Markus F. Beraucsser § mo sroit cxeme (hFE =...).

[Iporpammuoe obecriedenune Tecrepa mamepser BeJMIUHY (3 JOIMOJHUTEIBHO 10 CXE€Me ¢ OOIIIM
koJsutekTopoM. Ha nucriieit BeiBoiuTcst HanboJibIliee 3HaUCHIE U3 000UX MEeTOI0B m3Mepennii. Cxema ¢
OOIUM KOJIJIEKTOPOM UMeeT MPEUMYIIECTBO, T. K. 6a30BBIfl TOK yMEHbIIIEH OTPUIIATEILHON 00paTHOI
CBSI3BIO, COOTBETCTBYIOIIElH Bemunue 3. B GosbimmmaCTBE CitydaeB, 60j1ee TOTHBIN Pe3yIbTaT n3Mepe-
HUsI, MOYXKET OBIThb JOCTUTHYT 9THM METOJIOM JIJisi MOIIHBIX TPaH3UCTOPOB ¢ pe3uctopoM Ha 680 () u
g TpansuctoposB lapiuarrona ¢ pesucropom Ha 470 k€). IToporoBoe HampsizkeHue 0Ga3a-dMHUTTED
Uf Temepb m3mepsieTcst IpU TOM K€ caMOM TOKe, UTO U JJId olpejeseHns Beaudnnabl . OHaKO,
ecsm Bbl xoTuTe y3HATH MOPOTrOBOE HAIIpsIZKEHNE 0a3a-3MUTTEP ¢ TOKOM MU3MEPEHUs PUOJIU3UTETHHO
6 mA, 7o Bl 10/I2KHBI OTKJIFOUUTD KOJIJIEKTOP | CJIe/IaTh HOBOe m3Mepenwue. [Ipu srom nmogkmodennn
Ha JINCILIEN BBIBOJMTCS MTOPOTOBOE HampszkeHne Oasa-svurrep npu Toke 6 mA. Tak ke Ha gucrieit
BBIBOJIUTCSL EMKOCTb B 00paTHOM BKJIIOUeHHU nepexoja (muoia). Koneuno, Bel TakuMm ke o6pazom
MOZKeTe TIPOAHAIM3UPOBATE Tepexo/l (nos) 6a3a-KoJLIeKTOoP.

B repmanmeBbIX TpaH3MCTOpax M3MepsieTcss OOpaTHBIA TOK KOJLIEKTOPa IPH PA30MKHYTON Oase
Icpo M 0OpaTHBIN TOK KOJIJIEKTOPa IPU KOPOTKO3aMKHYTBHIX BBIBOJAxX 0a3bl u smurTepa Iogs. O0-
PaTHBI TOK KOJIJIEKTOpa 0TOOparkKaeTcss BO BTOPOI CTPOKe MHIMKATOpa Iepej orobpaxkenueM [ B
TedeHue 5 CeKyH Win Jio caeaytoniero naxkarug #a Kuonky TEST (tonabko st ATmega328).

[Ipu ox/1axKIeHIN TepMaHEeBOTO TPAH3UCTOPA OOPATHBIN TOK MOYKET YMEHBITUTHCS.

3.7 WNzmepenne JFET u tpan3ucropos D-MOS

[Tockosbky cTpykrypa tuna JEET cummerpuyna, ICTOK M CTOK 9TOrO TPAH3UCTOPA HE MOTYT OBITDH
onpesiesieHbl. OOBIYHO OJIMH U3 IMapaMeTPOB 3TOI'0 TPAH3UCTOPA - TOK TPAH3UCTOPA C 3aTBOPOM, Ha
TOM 7K€ CaMOM YDOBHE HAIIPSIZKEHUsI, KaK U UCTOK (3aTBOP COEJIMHEH C UCTOKOM). DTOT TOK YACTO
BBIIIE, YeM TOK, KOTOPBIIl MOXKEeT OBITH JIOCTUTHYT B cxeMe m3Mepenus ¢ pesucropom Ha 680 (2. Ilo
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9Toi npuamHe pesucTop Ha 680 ) moaKIIOUeH K UCTOKY. TakmMm oOpasoM, ¢ POCTOM TOKa UCTOKA Ha
3aTBOpE IOJIYyYaloT OTPUIATEILHOE HAllpsizKeHne cMeleHnsi. Tecrep MOKa3bIBaeT TOK MCTOKA B ITOI
cxXeMe U, JIONOJIHUTEIbHO, HAIIPszKEHNe CMEIeHus 3aTBopa. Takum oOpa3zoM, MOTYT OBITh BbIJIETEHbI
pazimanbie Mojien. Tpansucroper D-MOS (06eiHEHHBIIT) U3MEPSIIOTCST TEM Ke MeTOJIOM. BbI J0J1K-
HbI 3HATDH, 4TO Jyist oboramenubix MOS tpansucropos (P-E-MOS uiu N-E-MOS) ¢ masoit Bejmau-
HOII EMKOCTH 3aTBOpa, H3MEPEHIe TIOPOroBOro HalpsizkeHus 3aTBopa (V) sBisiercs 60Jiee CII0KHDBIM.

Brr mozkere IIOJIYIUTDb boJtee TOYHYIO BEJIMYUHY 9TOI'O HAIIPA2KEHU A, €CJIN II0ACOCINHNTE KOHICH-

caTop BEJIMYMHON B HECKOJILKO NP, mapasie/IbHOTrO IepexoLy 3aTBOp-ucToK. IloporoBoe HampsizkeHue
3aTBOpa Oy/erT n3MepeHo npu Toke npubausurenbio 3.5 mA misa P-E-MOS u 4 mA gna 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
LANG_ ENGLISH, LANG GERMAN, LANG POLISH, LANG CZECH, LANG SLOVAK,
LANG_ SLOVENE, LANG DUTCH, LANG BRASIL, LANG RUSSIAN, LANG UKRAI-
NIAN u LANG _LITHUANIAN. Pycckuit win ykpauucknii seik Tpedyer LCD-aucrreit ¢ ku-

PUWIIINYECKON KOJAUPOBKO.

Ipuvep: Ul LANGUAGE = LANG ENGLISH
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LCD CYRILLIC Heo6xomuma tosbko st LCD-auciiest ¢ kupuaandeckoit KoaupoBkoit. Cum-
BOJIBI (1 1 {) OTCYTCTBYIOT B KHPHUJLIHIECKOH KoaupoBKe. Kem Ber BeiOpasun 3Ty omnmuio, To 0da
cuMBOJIa otobpazkatorcs Ha LCD-aucitee mporpaMMHO.

[Ipumep: CFLAGS += -DLCD _CYRILLIC

LCD DOGM Jlomkna ObITh ycTanosjeHa, ecan npumenserca LCD-mucnieit ¢ konTposiepom
ST7036 (tut DOG-M). Konrpacraocts LCD-uciiies yeraHaBIRBAIOT KOMAHIAME TPOIDAMM-
HOI'O 00ECIIeUEHUS.

[Tpumep: CFLAGS += -DLCD DOGM

STRIP GRID BOARD Dra ommus mpucrnocadmBaeT MporpaMMHOe obecriedenne K N3MeHeH-
HBIM Ha3HAYeHWsIM BBIBOJIOB IopTa D Ha medaTHoii miare. Bbl Moxkere HaiiTh 1mogpoObHOCTH B
alnapaTHbIX cpejcTBax Iyasbl [2.1]

WITH MENU axtusupyerca Menio BbiOopa dynxmmit gna ATmega328. Ber cmoxkere BEIOpaTh
HEKOTOPBIE JIONOJIHATEIbHbIE (DYHKIMU paboThl Ipubopa U3 MeHIO npu jymreabaoM (> 0.5 s)
nazkarnu Kaonku TEST.

Ipumep: CFLAGS += -DWITH MENU

WITH SELFTEST Eciu Bor Beibupaere 3Ty omnmumio, mporpaMMuoe obecriedenue Oy/IeT BKJIIO-
JaTh QYHKIUIO camorpoBepku. CamorpoBepka Oy1eT HadaTa, ecjin Bbl coeiuanTe BCe 3 UCIBI-
TaTeJbHBIX TIOPTA BMECTE «3aKOPOTKOil» 1 HavdHeTe m3Mepenue, HaxkaB KHonky TEST.

Ipumep: CFLAGS += -DWITH_SELFTEST

NO COMMON COLLECTOR HFE 39ra onmnua orkmodaer MeTos usmepenua hFE Tpansu-
CTOPOB TI0 cXeMe ¢ OOIUM KOJIIeKTOpoM. [1o yMordannio BKIIOUeHbl 00a MEeTO/1a, /I U3MEePEHU s
hFE, Ho B mamsiTi mporpamMmm MukpokorTposiepa ATmegal68 ne xBaTaer mMecra it PyHKITAIN
camoripoBepku. C MOMOIIBIO 9TOi onnuu Bbl MoXKeTe COXpaHUTH MaMATh MUKPOKOHTPOJIIEPA

ATmegal68 mist byuknuit camornposepku T1-T7.
[Tpumep: CFLAGS += -DNO_COMMON COLLECTOR_HFE

NO COMMON EMITTER HFE BSra onnusg orkimodaer Meroj usMepenns hFE rpansucro-
pPOB 110 cxeme ¢ oOImmM SMuUTTepoM. [lo yMoadaHuio BKIOUEHBI 00a METOHa I U3MEePEeHUs
hFE, #o B mamstu mporpamm mMukpokorTposiepa ATmegal68 ne xBaTaer mecta it PyHKINN
camonpoBepku. C MOMOIIBIO 3TOH oniun Bbl MOXKeTe COXPAHWTDH MaMsITh MUKPOKOHTPOJLIEPA
ATmegal68 ma pyuknnmit camonposepku T1-T7.

[Ipumep: CFLAGS += -DNO_COMMON _ EMITTER HFE

NO TEST T1 T7 Dta omusa oTKIo9aeT BbIoaHenne gynkimit camonposepkn T1 - T7. Or
TECThI CAaMOIIPOBEPKHU IIOJIE3HBI JIjI OOHAPYKEHUs ONIMOOK B alllapaTHBIX CPeJICTBaX, HAIPU-
Mep, HEMPABUJILHOTO U3MEPEHUsI CONPOTUBJIEHUN WM TTPoOeMbl ¢ m3ossiueit. Eciaun Bor yBe-
peHbI, YTO 000pYy/I0BaHUE UCIIPABHO, TO JIJIsi YCKOPEHUs KaJauOpoBKU Bbl MOxKeTe MmpormycTuThb
camonpoBepky 11 - T7, ycranoBus 31y omnmmto. Ecmm ¢ mukpoxkonTpostepom ATmegal68 uc-
noJib3ytorcea oba Merojya mamepenuss hFE, To ¢dynkmun camonposepku T1-T7 npomyckaercs
ABTOMATUYIECKH.

[Ipumep: CFLAGS += -DNO_TEST T1 T7

AUTO _CAL B npouenype camonposepks OyJeT JOIIOJHUTEILHO U3MEPEHO CMelleHle Hy/sd IPU
n3MepeHnn éMKOCTU. JlomoTHUTETbHO OY/IyT N3MEPEeHbI CMellleHne aHaJI0rOBOIO KOMIIApaTopa
(REF _C_ KORR) u nanpsizkeHue cMenienust BHyTpenHero ornopuoro nanpsizkernsi (REF R
KORR), eciin Bl nojikiitounTe KaueCTBEHHBIN KOHIEHCATOP ¢ BeandnHoil émroctu ot 100 nF'
0 20 pF' K BBIBOJIAM HCIIBITATEIBLHBIX TOPTOB 1 M 3 mocje m3MepeHus CMEIeHus HyJIsd TTpu
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uzMepennn émMkoctu. Bee Haiijienubie Besimanabl Oy/ayT 3anucanbl B KEprom u OyyT ucrosb-
30BATHCS JIJIsI JAJbHEHINX U3MEPEHUN aBTOMATHIECKNA. SHAYCHHS BBIXOHOTO COMPOTUBJICHUS
opra Oy/IyT OIpPEJIEaThC B HaYa e KaXKJI0r0 H3MEPEHUS.

[Ipumep: CFLAGS += -DAUTO _CAL

FREQUENCY 50HZ Curnan 50 I'm 6yser renepupoBaThca Ha BBIBOJAX HCIBITATEIBHBIX IIOD-
TOB 2 1 3 B TeUeHUEe MAKCUMyM OJIHONH MUHYTBHI B KOHIIE CAMOIIPOBEPKH.

[Ipumep: CFLAGS += -DFREQUENCY _50HZ

CAP_EMPTY LEVEL Ota onmus onpefeisaeT ypoBeHb HAIPSKECHNS JJIs Pa3PAKEeHHOTO KOH-
nencaropa (B mV'). Bel Moxkere ycraHOBUTH 3HaueHHe ypoBHs Bbime 3 mV | ecim Tecrep ne
yCIIEBAET pa3psKaTh KOHJIEHCATOP. DTO MPOUCXOJIUT B CJIydae, ecyii lTecTep 3aKaHINBAET M3-
Mepenue 3a 6osiee jymTesnbHoe BpeMs ¢ coobmieruem «Cellls.

Ipumep: CFLAGS +— -DCAP_EMPTY LEVEL-3

WITH AUTO REF Omupejernser Takoe OINOPHOE HAIIpsizKEHHE, KOTOPOEe ITO3BOJISIET TOJIYIUTh
dbakTuaeckuit maciTad, 1j1si BOSMOXKHOCTH U3MEPEHUsT MaJIbIX BeJinanH éMkocTeit (auxke 40 pF).

Ipumep: CFLAGS += -DWITH _AUTO_REF

REF C KORR Omupejessier cMelenue i OIOPHOIO HalpszKeHus B mV . OTa olnus IpuMe-
HeAETCs JIJI TOJICTPOMKN €EMKOCTH IIPHU U3MepeHnH HeOOIbINX EMKOCTel KOH IeHcaTOpoB. Beu-
yuHa Koppekimu 10 IIyHKTOB HOHUKAET Pe3y/IbTaT u3Mepenust npubausureabno Ha 1%. Ecam
ormmust AUTO _CAL Beibupaercst Bmecte ¢ ommuavu WITH SELFTEST, REF C_KORR to
9Ta BeJIMYMHA OyJIeT CMeIeHneM K Pa3HUIle M3MEPEHHOTO HANPSKEeH!sT TECTUPYEMOTro KOH/TeH-
caTopa U BHYTPEHHETO OIOPHOT'O HAIIPSIYKEHUS.

[Tpumep: CFLAGS += -DREF C_KORR=14

REF L KORR Omnpegensier JonosnurebHoe cMelienre B mV K OHOPHOMY HAIPSZKEHHIO [T
u3Mmepenus Besmuanabl nHpaykTuBHOCTH. CMenenne REF L. KORR u coorsercrBytornias Be-
JINYMHA CMEIEHUsl [PU KAJUMOPOBKE OY/ET JIOTOJHUTEIHLHO HMCIIOJIB30BATHCI TIPU U3MEPEHUN
nugyktupHoctu. 3Hadenne REF L. KORR Oymer Bbrareno s msmepenust 6e3 pesnucropa
680 2 mrst m3mepenns ¢ pesucropoM 680 (2, 3HadeHne Oymer 100aBIEHO.

[Ipumep: CFLAGS += -DREF L KORR=40

C H KORR Ormpenensier BeJimanay KOPPEKINN IPU U3MEPEHUH OOJIBIX éMKoCcTeit. Begnanna
Koppekiuu 10 myHKTOB HOHUKaeT pe3ybTar nzmepenus Ha 1%.

[Ipumep: CFLAGS +=-DC_H_ KORR=10

WITH UART Ucnonesyer nopr PC3 s mocsiejoBaTeIbHOrO BBIBOJIA JAHHBIX (IIPoTOKOS V24).
Ecmu onmust we BeiOpana, mopr PC3 MoXKeT HCIOIB30BATHLCS JjIs M3MEpPEHUsl BHENTHEro Ha-
upszkenust ¢ gegureaem 10:1. C gomosiHATEILHOM cxeMoit Bbl MOXKeTe IIpOBEpUTH HAIIPsI?KEHIe
1pob0ost CTabMIMTPOHOB, OoJbiee, deM 4.5 V. DTo usMepenne moBTOPSIETCs ¢ IEPUOIOM 3 pasa

B ceKyHy, 1ToKa Bbl He ornycture kHonky TEST.
[Ipumep: CFLAGS += -DWITH UART

TQFP ADC6 Omumua TQFP_ADC6 onpenenser Bo3MOKHOCTD HCHOJIL30BaHNS aHAJIONOBOI'O BXO-
1a ADC6 ATmega B kopryce TQFP nim QFN Bmecro ADC3 (PC3). C s10ii ommumeit BOSMOXKHO
U3MepeHne BHEITHEr0 HalpszKeHus, He3aBUCHMO oT ucrosb3oBanus PC3 B kadecte UART.
ADCG6 Bx0/1 HCITOJIB3YeTCs JIJTsi U3MEPEHUsT CTAOUTUTPOHOB MJIN BHEITHUX HAIPSKEHUN B 3aBU-
CHMOCTH OT BbIOOpa u3 juasiorooro merio B ATmega3d28.

[Tpumep: CFLAGS += -DTQFP _ADC6
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TQFP ADC?7 Onmua TQFP_ ADCT7 onpefenser BO3MOXKHOCTD HCIIOJIB30BAHH aHAJIOIOBOI'O BXO-
1a ADC7 ATmega B kopryce TQFP nim QFN Bmecro PC3 (ADC3). C s10it ommueit BO3MOXKHO
U3MepeHne BHEITHEro HalpszKeHus, He3aBuCcuMo oT ucrosb3oBanus PC3 B kadecte UART.
Ecmu sta ommust ucnons3yercst 6e3 ommuu TQFP  ADC6, To m3mepenume cTaOUINTPOHOB U
BHEIITHEr0 HAIPSIYKEHUsI TPOU3BOJIUTCS € UCIOIb30BAHUEM BXOIHOIO aHajorosoro mopra ADCT
[Ipu BBIOOpE U3 JIonotHITeIbHOrO MeHto B ATmega328. Eciu omnmust yctaHOB/IEHA COBMECTHO C
TQFP_ADCG6, To usmepenune crabuutpornos goctynao Ha ADCO6, a BHENTHUX HAIPsIXKEHUI Ha
oberx mopTax B 3aBUCUMOCTHU OT BbIOOpa u3 gonotauTeIbHOT0 MeHio ATmegad28. Oba BxoHbIE
mopthl ADC 10/2KHBI OBITH 000PYIOBAHDBI PE3UCTUBHBIM Jesturesavu 10:1.

[Mpumep: CFLAGS += -DTQFP_ADC7

AUTOSCALE ADC Ilossonger asromarndeckn nepexmodars MacmTad ALl wm x VCC nmm
k Bayrpennemy OH. Buyrpennnit UOH 2.56 V' it ATmega8 u 1.1 V' 151 ocTaibHBIX MUK-
pokouTposiepoB ATmega.

[Mpumep: CFLAGS += -DAUTOSCALE ADC

ESR ZERO Omupenensier cmerienne nyns npu usdmepernn ESR. Cwmernienue mysist Jijist Bcex Tpex
KOMOUMHAINIT HCIBITATETbHBIX BBIBOJIOB OIPE/IEISICTCS B PEYKUME CAMOIPOBEPKU U 3aMEHSIET
[IpEIyCTAaHOBJIEHHOE CMEINEeHNe HyJIsd. JTa BeJIndrHa OyAeT BbIITeHa n3 Beex m3Mepennii ESR.

[Ipumep: CFLAGS += -DESR_ ZERO=29

NO AREF CAP Coobmaer nporpaMMHOMy obecriedennio, uto y Bac mer konencaropa (100 nf’),
ycranosiensoro Ha BbiBojile AREF (BbiBojm 21). D10 mo3Bosisier COKPATHTh 3a€PIKKY st
AUTOSCALE ADC upn nepekmiodenun Mmacmraba. Kongencarop #Ha 1 nF He BHOCHT HC-
KayKeHnil B pe3yabraThbl uamepenuii. Ha pucynke u [TOKA3aHO BPEMsl IEePEKTI0UEHUsT
¢ koujiencaropom Ha 1 nF'. Bel Moxere BujieTh, 4TO nepeksodenne ot 5 V o 1.1 V' namuoro
MeJIJIeHHee, YeM Tepek/iodenne naza, ot 1.1 V' 1o 5 V. Eciu y Bac ycranoBjien KoHjieHCATOD
Ha 100 nF', Bpems niepeksodenns oyer posbiie B 100 pas!

[Tpumep: CFLAGS += -DNO_AREF CAP

REF R _ KORR Ompezenser cumemenne g BHyTpeHHero ornoproro nanpskenng AIIL B mV.
DTO cMereHne OTKJIOHeHus pu nepekiodernn ¢ ocaoBHoit onopsl AIIT VCC na BHyTpennuit
NOH AIII moxkeT OBITH HCIIOJIB30BAHO IPH U3MepeHur pe3uctopa. K Bol BeiOepere ommmio
AUTO _CAL B pexxume caMOIPOBEPKH, 3TO 3HAUEHUE OY/IET JOMOJTHUTETbHBIM CMEIEeHneM K
naiijiennomy nanpsizkennio orkiaonenns 8 AUTO CAL.

[Ipumep: CFLAGS += -DREF_R_KORR=10

OP MHZ Coobmaer mporpaMMHOMY obecredennio, Ha Kakoit gactore B M Hz Oyner dbynkunmo-
nupoBarhb Bam Tecrep. [Iporpammuoe obecrieuenue rnposepeno Toibko Ha 1 M Hz, 8 M Hz u,
JonoyiHATebHO, Ha 16 M Hz. 8 M H z peKOMeHIyeTcsl JIJIs JIydIIero pa3pelienns Ipu n3Mepe-

HUU 6MKOCTU ¥ UH/LYKTHBHOCTH.
[Ipumep: OP__MHZ = 8

RESTART DELAY TICS Ecim ATmegal68 mm ATmega328 mcrosb3yiorcs ¢ BHYTPEHHIM
RC-reneparopom BMeCTO KBapIia, TO BeJIMYNHA YCTAHOBKY J0JIKHA ObITh 6. K 910 3Havenne
He ycTaHoBsieHo, To npu mepesamnycke n3 SLEEP MODE ATmega ¢ kBapiieMm, mporpaMMHOe
obecrieueHne OTCUNTHIBAET 33/IepKKy B 16384 TtakTa.

[Ipumep: CFLAGS += -DRESTART DELAY TICS=6

USE EEPROM Ilapamerp yka3biBaeT namsaTh EEprom s pasmerniennsi pUKCUPOBAHHOTO TEK-
cta u Tabsmil. B mpoTuBHOM citydae ucoib3yeTcs porpammMuas naMaTh Flash. Pekomenryercs
UCII0JIb30BaTh 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

Time ZB8.88us DHE1.668US

(a)cbV 011V

Time S8.88h=s O 194 .60ns

(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.
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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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$ The green switch state is used
if Voltage at PC1 is < 10mV !
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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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Puc. 5.7. Ismepenue noporooro wamnpsizkeansi N-kanajibaoro MOSFET
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5.1.3 VYmnporennas 6JI0K-cXeMa TECTUPOBAHUsI TPAH3NCTOPOB

CheckPins @
Start
w0

® .
updateﬁ(;)ms
=17
680 HO n.b = TristatePin
Ip_otr n.e = LowPin
VCEs = Ip2 n.c = HighPin

[}

1« ins
updi ?7{})1[1@

p.b = TristatePin
p.e = HighPin
p.c = LowPin

update_pins = 1

CheckPins
Exit

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

checkDiode

[}

N

‘ P—channel
Y

vCEs+100 > Ip_otr ?

hy N-—channel
vCEs > 115 ?
N
hpl > (hp2+599) ?
Yy
tp2 D
©
©
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 -
\—?—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-tpl
\J n.current = 1p1/680

Part 2

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

]

:..

Ip_otr < 1977 ?

checkDiode

—

Ipl > 34227 -
L Y N

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 ?

N A‘

update_pins = 1 ?
Ip_otr<97?
Ip1 >2000 ?

p.ice0 = Ip_otr/680
p.ices = VCEs / 680

Y4

N-Channel

Part = TRANS
Typ = NPN
e_hfe = (thp-1p_otr)*470k/680/rtp
update_pins = 0

Part = FET
Typ =P_E_MOS

hp2 > Ip1+250 ?

Typ =P_E_IGBT

gthvoltage = VCC — tpx

n.ent=0?or
e_hfe > n.hfe ?

'

rtp = VCC — tp2
rthp = VCC — hp2

n.hfe = e_hfe
n.uBE = tp2 — Ipx
update_pins = 1

I

n.hfe = e_hfe
n.uBE = tp2 — Ipx
update_pins = 1

Y

update_pins =1 ? ﬁ

N

L
saveNresult -

hp2 >1p2+250 ?

(VCC-tpl) < 10? Y *
tpx = VCC - tpl
c_hfe = (Ip1 - tpx) / tpx
’ c_hfe=lp1*470k/680/(VCC~tp1)

checkDiode

N
hpl <1600 ?
Y

-
-

checkDiode

Ip_otr <97 ?
rhp > 3400 ?

Yy
Part = FET
Typ = N_E_MOS

'

Typ =N_E_IGBT

p.ice0 = Ip_otr / 680
p.ices = (VCC-vCEs) / 680

P ——

n.gthvoltage = tpx

|

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

45




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
A 165 2 4815
£ 160 £ 4810
2 155 S 4805
150 4800
145 4795
140 4790
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
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! 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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Puc. 5.21. OrHOCHTEIbHAST TIOTPENTHOCTh M3MEPEHU PE3UCTOPOB

5 T T T T T T T T T T T T T T
\%\ ml68p-7 0O
4 ml68p-8 X .
ml68p-9 %
3 F 1% ml68p-7 =
- 2
5 . HoK
(&) - . . R .
5 XX
~ 0 MERE
o o5
o -1 :
=
Mo
-3
-4
-5

1 10 100 1k 10k 100k 1M 10M 100M
Resistor value / Ohm

Puc. 5.22. OrHOCUTEIbHAS TOIPEITHOCTh n3MepeHuii peaucropoB Ha ATmegal68P
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Puc. 5.23. OrHOCHTEIbHAST TTOTPENTHOCTh M3MEPEHU PE3UCTOPOB
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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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Voltage Measurement Phase of capacitor

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

RIGOL STOFP e T || A 18Eml)
i i i i ! v i i i i i
vV -
o LR ERERERE E .....
[MEEER 1EEm Time SH8E.8ms D226 ..EHm=s

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

B mpunIiune stor ajqroputm n3MepeHust MOYKET TakKe ObIThb Ipojiesian ¢ pesucropom 680 € Ho,
ecau kommaparop paboraer, AILIl He MozkeT MCIOIB30BATHCS, U Y MEHsT HET BO3MOYKHOCTH KOHTPOJIN-
poBaTh HAIPSKEHHE 3apsjia, IMOKa KOMIIapaTop He ocTaHOBJIeH. Ecm ecTh HeoOHADYKEHHBIH JTHO/I,
napaJsebHO COeMHEHHBIN ¢ KOHJIEHCATOPOM, TOK 3apsJIKA KOHJEHCATOPa MOYKET OBIThH IOIJIOIIEH
JIOJIOM (TIOPOrOBOE HAIPSIZKEHUE), M HAIIPSIZKEHHE 3allPEIeHHON 30HbI HUKO/Ia He Oy/IeT JOCTUraTh-
cd. Meroj, IpUMEHEHHBI B ITPOIPAMMHOM ODeCreYeHnn Jjist OOJIBIIIX KOHJICHCATOPOB B pazJelie
He JIOIyCKAeT 3Ty KOHIENTYAJIbHYIO OIMINOKY.

5.3.4 WN3mepenme ESR, nepBrIii MeTo

[MocaemoBarenshoe conporusienune ESR [8] sBisiercss xoponiM nHIXKATOPOM, HAIIPUMED, CTAPEHHS
SJIEKTPOJTUTUIECKUX KOHJIEHCATOPOB. PrcyHoK MTOKa3bIBAET YKBUBAJEHTHYIO CXEMY KOHIEHCATO-
pa (cxema 3amerrenust). Pesucrop Rp conporusiieHne yredku KoHjencaropa, FSL - SKkBuBaieHTHAs
1ocJjiejoBaTeIbHast UHYKTUBHOCTD U colpoTuBjieHue KSR - 9KBUBaJIEHTHOE ITOCIEI0BATEIHLHOE CO-
nporusJienne. Ecin éMKOCTh m3MepsieMoro KoHjencaropa oOyquer OoJibiie, yem 0.45 pF', to Tecrep
Oy/leT M3MepsTh TaKxKe IMOCae0BaTe/IbHOe conpoTusienne. s 3navenus 6osbiie, gem 3.6 pF uc-
0JIB3yeTCsT HOpMaJsibHash TakToBas dactorta it ALl — 125 kHz. Jlna 6ojee HU3KUX 3HAYEHMI
EéMKOCTH, 9TOObI YCKOPUTH M3MEPEHHUe, UCHOoIb3yeTcsd O0jiee BbICOKas TakToBas dactora - H00 kH z.
Tounocts pesyiabraTor AIIIT Gymer Bbimte ¢ 60j1ee BBICOKOI TAKTOBOI YACTOTOM, HO 3TO MOYKET ITPH-
BECTU K BBICOKUM 3HadeHnsM ESR KoHeHcaTOPOB ¢ O0siee HU3KON BenanHoil éMKocTu. MHade name-
perne ESR stum Merosom OyjieT HEBO3ZMOXKHO JIjIsi 3HaUEeHU MeHbIie, 1eM 1.8 pF' npu HopMaIbHOI
TaKkTOBOIT yacrore 125 kH z.

Rp

C ESR ESL

Puc. 5.29. DxBuBajieHTHas cxeMa KOHJIEHCATOPa

Crporo rosopst, ESR konjencaropa 3aBucut or 4acTorhl U TemiepaTypbl. OObIYHO B TEXHUYE-
CKUX OIMCAHUAX MPUBEJIEHA BEJIMYNHA, U3MEPEeHHas HA CUHYCOMIa/IbHOM curHasie dactoroit 100 kH z.
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Takoe u3mepenune He MoxKeT ObITh cienano ATmega 6e3 BHerHero obopyoBanus. OnucanHasi HU-
JKe MeTOJINKa, OCHOBaHHAas Ha CTaHaapTHO TakToBO# wactore AIIIl, mcmonb3syer st u3mepenHust
IPAKTUIECKHU TPAMOYTOJIbHBIN curHa dactoroit Hmke 640 H z. C takrosoit wacroroit AIIIT 500 kH z
gacroTa uamepenust oyzger 2400 Hz. Yrobsr nosyunts Bennauny ESR, Oyiaer nuzmepeno nampsizkenne
Ha 000UX BBIBOJIAX KOHJIEHCATOPA BO BpEMs 3apsJIKA B OJTHOM HAIIPABJICHUH C BHYTPECHHUM OMOPHBIM
nanpsizkennem AT (1.1 V). Tlocie usmepenust TOK 3apsiiku Gy/JieT OTKJIIOYEH, U HANPSIXKEHUE Ha
KoHJIeHcaTope OyIeT u3MepeHo cHoBa 0e3 Toka. e 3ro nanpsizkenue uuzke 3 mV | mocse1oBaTe b-
HOCTh W3MepeHus Oyjer nmoBropeHa. Ha pucynke IPEJICTABJIEHBI COOTBETCTBYIOIIUE CXEMBbI.
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Voltage measurement with charge current
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Voltage measurement without current
Puc. 5.30. Cxema uzmepenus ESR konmencaropa

Pasznuiia nanpsizkeHus Ha KOHJEHCATOPE ¢ TOKOM U 0e3 TOKa IPOIOPIMOHAILHA BHYTPEHHEMY CO-
[IPOTUBJIEHUIO KoHJieHcaropa. OxKujgaeMoe HaIpsKEeHUe 3TO PA3HUIIBI HACTOJIBLKO MAJIO, YTO OJIHO
U3MEpPEHNe He MOYKET IPUBECTHU K Y/IOBJIETBOPUTE/ILHOMY pe3ysibrary. [losroMmy ToK Oyer mnepekio-
YeH Ha IPOTUBOIIOJIOXKHOE HAIpaBJIeHUE, U OYJIET MOBTOPEHO TO YKe camoe m3Mepenwue. V3mepenus
OY/LyT TIPOBEJIEHBI MTOCEI0BATEILHO 128 pa3, u pe3ysIbTaTbl U3MEPEHU HANPIKEHUs OYIYyT CyMMHU-
poBaTbed. Takum obpaszom, y Hac OyIyT 3 cyMMbl HanpszKeHnii: Hanpszkenne Ulp ¢ HU3KOW CTOPOHBI
KOH/JIEHCATOPA ¢ TOKOM, Halpskenne Uhp ¢ BBICOKOI CTOPOHBI KOHJIEHCATOPA C TOKOM U HAIIPSIZKEHIe
Uc ¢ BbICOKOIT cTOpOHBI KOHJIeHCaTOpa 0e3 Toka. CyMma HAIpsyKeHUI ¢ HU3KOH CTOPOHBI KOHJICHCA~
TOpa IMPeJCTaBIbgeT COOOU TajeHne MOTEeHITNAJIa IPU 3apsA/Ke HA BBIXOJIHOM COINPOTHBJIEHUH MOPTA
Rport. Paznuiia HanpsizKeHuil ¢ BBICOKOI U HU3KON CTOPOH KOHJIEHCATOPA IIPEJICTAB/ISAET HAIIPSZKEHNE
Ha KoHercarope ripu 3apsiiike Udi f f = Uhp—Ulp. Pasauna Uesr = Udif f —Uc nomkHa rnpeicras-
JISITH TIaJIeHUe HANPSKEeHUs HAa BHYTPEHHEM COIPOTUBJIEHUN KOHJIEHCATOPA IIPU 3aps/ike. Buraucisem
BEJIMYMHY COIPOTUBJIEHUs KaK OTHOIeHNe HanpsizkeHus Uesr K Hanpsizkeanio Ulp, m3MepeHHOMY 1IpH
U3BECTHOI BeJIMYNHE BBIXOHOT'O CONPOTHB/IeHud opta Rport. Kosddurment nmpornopnuonabHOCTH
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BBIOPAH TaK, YTOOBI MOJIYIUTh paspemnienue cornporusienus 0.01 : Resr = w Pucynok [5.31

[IOKA3bIBAET YaCTh KPUBOil HAIIPsizKeHUsT Ha KOHjieHcaTope 4.2 uF' Bo Bpemst mamepenusi KESR. UTo0Obr
nosicHUTh BiangHne ESR, K KoHmeHcaTopy mobaBiieH mocemoBaTe/bHbIi pesuctop 6.8 (2. Kparkospe-
MEHHOE OTKJIIOUEHHUE HAIPSAXKEHUs MMOCTIe 3apsJIK KOHJIEHCATOPA UHTEPIPETUPYETCH ITPOrPaMMHBIM
obecrieuenneM, Kak repexoji Kk uamepenuio ESR. Bosbiee nagenne nanpskenns K norennnaay GND
BO BpeMsi U3MePEeHHsI BbI3BAHO BBIXOJIHBIM COIPOTUBIeHHEM 1TopTa oKoj10 20 2. [Ipu sToM m3mepeHun
Tectep BBIBOIUT Ha guctuiei nogayo Beanauay KSR 7.5 (). Berauras BemdauHy 10cC/ie/10BaTeIbHO-
ro pesucropa 6.8 €2, momyunm ESR 0.56 ). Ha pucynke [5.32| npeacrasiiena auarpamMma m3MepeHust
9JIEKTPOTUTHIECKOTO KoHIeHcaTopa 2.2 uF' ¢ ESR 6.5 () mHa GoJiee BBICOKOI 9aCcTOTE M3MEPEHMS.

RIGOL STOP e [ ] 132wl RIGOL STOP (e O - | F @ 132ny
SEFEE 156l |5 Time 208.0us ©52.304ns  [MEEE 10@ml [ Time 200.Bus B+2.328ms
(a) measured one pin to GND (b) measured pin to pin

Puc. 5.31. KpuBag nanpsizkenusi Bo Bpems n3mepenus ESR konmpencaropa 4.2 puF

RIGOL STOP e - ]t @ -128my  RIGOL STOP e : |t @ -1z
- ﬂ -
BM “m
CH 1 R EEINE Time 58.B8us ©+3.54dns  [MIEEE 186w 5 Time 58.08us ©+3.594n0s
(a) measured one pin to GND (b) measured pin to pin

Puc. 5.32. KpuBag nanpsizkenusi Bo Bpems usmepenus ESR konmencaropa 2.2 pF'

Tounocts nzmepenust KSR He BbICOKa 10 HECKOJBKUM IPUYUHAM:

1. 3mepenne HamnpsizkeHusi Ha 000UX BBIBOJIAX KOHJIEHCATOPA HE MOXKET OBITH CJEJIAHO OJIHOBPE-
MEHHO, a TOJIbKO IIOC/Ie0BaTeIbHO. B IpoMeKyTKe MeK 1y 000UME U3MEPEHUSIME TOK 3P IKI
U3MeHsIeTCsl U3-3a 3apsijia KoHJAeHcaTopa. IIporpamma mbiTaeTcss KOMIIEHCHPOBATD 9TOT (haKT
KOppeKIeil EMKOCTH B 3aBUCUMOCTU OT HAIlpsi?KEHWs HU3KOW CTOPOHBI.
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2. AIIIT naumHaeT M3MEpSITh HAIIPSIPKEHUE C 33JIEPXKKOI Ha 1.5 TAKTOBBIX UMITYJIbCA C HAYAJIA TIpe-
obpazoBanus. [IpeobpazoBanne HaunHaercs 10 nepegHemMy GppoHTy TakToBOi dacToTbl AIIIT,
eCJT yCTaHOBJIEH CTapTOBBIM OUT. Ecau Tok 3apsakm Oyjger orkitoden panbime, To ALl 3a-
durcupyer HempaBWIbHOE HaNpPsiKEHUe JJI U3MePeHHus ¢ TOKOM. Ecim Tok 3apsjikm Oyer
OTKJIIOUEH TT037Ke, KOHJIEHCATOP MOJIYUUT OOJIBININIL SJIEKTPUIECKUl 3aps, YeM [P HaJjIexKar-
IIEM U3MEPEHUH ¢ TOKOM 3apsIKH. JTO JACT CJUIIKOM BBICOKOE M3MEPEHHOE HAIpsizKeHue 0e3
TOKa. BBIK/IIOUeHNE TOKA B HY?KHOE BPEMsl IIPEJICTAB/IsIeT TPYAHOCTU JjIs IPOTPAMMHOTO 00ec-
[eYCHUSI.

3. B kavecTBe OMOPHOI BEJTMYNHBI /I U3MEPEHUA STUM METOIOM UCIOIB3YETCA BBIXOIHOE COIIPO-
TUBJIEHUE TIOPTa, KOTOPOE TOYHO HE U3BECTHO.

4. Pazpemenne AIIIl memocTaTrouno, 9T0OBI MOTYInTh pasperienne cornporusienus 0.01 €. s
ayuariero paspermennst AT mis Bcex msmepenuii ucnosb3yercs saytpennuii TOH (1.1 V).
Paszpernienne Tak:ke yBeJIMUUBACTCA 3a CUET OOJIBINETO YUC/Ia OJUHOYHBIX M3MEPEHUI.

5. llepekioueHue mMopToB HE MOXKET OBITH TOYHO CHHXPOHU3UPOBAHO ¢ TakTOBO# wactoroit AIIIT
II0CJIEe OIIPOCa 3aBEPIIEHNS TPe00PA30BAHNS.

Tem He MeHee, KaK TOKa3aHO Ha CJIEIYIONIEM PUCYHKE [5.33] pe3ybTaThbl OKa3bIBAIOTCS ITPAaK-
TuuHbIME. 3HadeHnsa ESR, Toro ke camoro sjgemMenTa, m3MepeHHbIEe TecTepoM, pas3andaroTcs 00Jib-
e, ueM Bejimanbbl, udmeperabie LCR-merpom. Suavenus ESR zamepensr LCR Merpom Ha gactore
1 kHz wim WHTEPIOINPOBAaHbI JIjId HEOOJIBITNX KOHJIEHCATOPOB Ha YacToTy 2.4 kHz. Bbl mo/KHbBI
YUIUTHIBATH Ka9eCTBO BeexX coenuanTeseil. Vcmomb3yemble KabesIbHbIe COEIMHEHNS] MOTYT YBEJTUINTD
U3MepEeHHOe 3HAYeHNe COTPOTUBRIIeHNs. Pa3bEéMbl TaKzKe MOTYT YBEJIMYNTH 3HAYEHNE COITPOTUBJIEHNUS.
B LCR~meTpe ucnosib3yercs 3axkumbl KebBuna, 9T0 JlaeT IPEUMYIIECTBO IpU u3MepeHuu. ToIbKo
OJINH KOHJIeHCATOP B cepun ucnbiTanmii Huzke 1 pf' ma 500 nF' ObLT KepaMUYECKHM, BCE OCTAIbHbBIE
OBLITH TIJICHOYHBIMU KOHJIeHCAaTOpaMu. FEIMHCTBEHHBIM 3/IEKTPOJIMTUYIECKIM KOHJIEHCATOPOM B CEPUU
nucnblTannit HUKe 9 pF ObLT KOHJAeHCaTOp Ha 2.2 k.

328p [
L] 328 O
6 = 168p 1
168a
5 s 168 ® i
) LCR []
5 4
~
% 3
lal -
’ 8 _
T @

0 1 S 19 -+ =i\ cjmumii )
100n m

Capacity value / F

Puc. 5.33. Pesynbrarer uzmepenuit ESR 15-tu pasimansix ATmega
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5.3.5 MW3mepenue ESR, BTOpOIii MeTOx

Haunnas ¢ Bepcun 1.07k mporpamMmMHOTO 0obectiedenust, IpuMeHeH HOBbIN MeTo 1 m3mepenns: KSR. To-
cJIe/IOBATEIbHBIC AW M3MEPEHns IToKa3aHbl Ha pucyHke [.35 Oramtdme oT IpeabIayIero MeToa
B TOM, YTO JIJINTEJILHOCTh IPOTEKaHUs TOKa 4Yepe3 KOHJIEHCATOP CYIIeCTBeHHO Kopode. Konjenca-
TOP IPEJIBAPUTEIHHO 3apAKeH TOJIOBUHON UMITYJIbCa B OTPUIATETHLHOM HAIPABJIEHUN U ITUKJINYECKH
repe3apszKaeTcd B 000UX HAIIPaBJIEHUAX. BpeMs uMITy/Ibca 3apsIKu BRIOPAHO TaK, 9YTO OTCYETHI IIPO-
BOJIAT B CepeJiiHe UMITYJIbCOB 3apsAIKu OTCIETOB 4 1 8 u cuHXpoHU3upyoT B 310 Bpemst AIIIT (2.5
TAKTOBBIX UMITy/Ibca moce Hadasga npeobpasopanust AIIIT). TlomHbril nuka n3MepeHnst MoKasaH Ha
pucyske [5.34] Cymma pe3yabTaToB 255 IUKIOB U3MEPEHUS UCIIOIb3yeTCs JIJIsi TOI'O, YTOOBI IOy YU Th
pPe3yJIbTAT ¢ COOTBETCTBYIOMUM paszperienneM. [Ipomomkenem 3aps ki KOHJIEHCATOPA B JTIOOOM Ha-
[IPABJEHUN M30ETa0T Ty K€ 3aps/IKy U Pa3psJiKy JJIUTEIbHBIM UMITYJILCOM B TOH ke cxeme. [lpu
U3MEPEHUH OMOPHOTO HAIIPSXKEHUS KOHJCHCATOP OCTaeTCsd 00eCTOYEHHBIM. TeM caMbIM BpeMsd U3Me-
penus He KpuTu4Ho. [Ipeimonaraercd ToIbKO, 9TO 3aXBaT HAIIPAKEHUS KOHJIEHCATOPA ITPOU3BOINTCS
JI0 HavaJsa CJIeIyIONero NMILY/IbCa 3aps/IKA WM Pa3PSIKU.

Sample3 Sample6 Sample7

=
'

Puc. 5.34. Bpemennas juarpaMma MuKJa m3MepeHust Jjis HOBOTO criocoba m3mepenus: KSR
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Puc. 5.35. Bosee mpocroe m3mepenne ESR kommencaropa



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 Ha pucyuke [5.36} Bor moxkere BujieTh 3pheKT JMONOJHUTETLHOTO 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. 5.36. Kpuas nanpsizkenus npu noBom nsmepennn ESR kongencaropa 10 pF

Pesysbrarsl namepennii mo Hopomy Meroxy usMepenus ESR nokazansr na pucyske [5.37, Snaue-
Husg ESR ommaaiorcss oT pe3yabraToB, MOKa3aHHBIX JJIS MPEIbIIYIINEr0 MeTo/1a U3MEpPeHusT Ha PH-
cynke [5.33| moromy uro ESR 3aBucut ot wactorsl. Drasonubie 3HadeHus onpeaeaeHbl LCR-meTpom
Ha gactore nsmepenus 10 kH z.
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Puc. 5.37. Pesynbrarer usmepenns ESR merogom 2 15-10 pasnnaasivun ATmega

Psan usmepennii pa3ImyHbIX 3JIEKTPOJUTHIECKUX KOHJIEHCATOPOB IMOKa3aH Ha pucyHke [5.38 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
L | LCR-100Hz
P LCR-1kHz o
o ¢ LCR-10kHz X
10 “R ‘ : LCR-100kHz E
g % 60 o O TTester o
= ‘ L0 S 0 . oo o
S 82932388 a.
~ 1 - 5 i
e ° & ¢ ‘
A 8 g
0.1 O
|
o
X
0.01 i
e A A A A
SSRISIELI=2BBBBBARD
L T T e e |
—~ - S-S -S S S SSSSgSg oS8
! a o3 —
S

Puc. 5.38. Pesynbrarer nzmepenuit ESR pazandaHbIx 71€KTPOTUTHYIECKIX KOH/IEHCATOPOB

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 |5.39]
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Puc. 5.39. Ilorpemnocts uamepenus cornporusienus merogom ESR

5.3.6 Ilorepst Hapsi2>KeHUs 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.

5.3.7 OtanenpHoe 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 [5.3.5 MeTojy. Pe3yibraT 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.

5.3.8 Pe3yabraThl n3MepeHnsi EMKOCTA KOHJIEHCATOPOB

PesysibraTbr Moux m3mepeHuii EMKOCTH JIJIsT TpeX MUKPOKOHTpo iiepoB ATmega8 mokasaHbl HA pu-
cyuke [5.40l HekoTopble 3nauennss OpUruHaIbLHOIO IPOTPAMMHOIO 00eCIIeYeHrs TOKA3aHbI ¢ MOIIPa-
BoIHBIM Kodbburmentom 0.88 (-12%). Ipyrue pesynbrarsl m3amepenus pa3nnaabix epcuii ATmega8
nokasanbl Ha pucynkax [b.41a) u [5.41D] Pesysbrarsl nusmepenusi Tex e CaMbIX KOHJEHCATOPOB IS
ATmegal68 nokaszanbl Ha pucynke [5.42] OcHOBOIt JJIsi BBIYUCJIEHHSI IOTPENTHOCTH SIBJISTIOTCS PE3YJIb-
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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- | R / ¥ \
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ol 4 \‘ L,
™ | B \ I
é | ‘ L
5| 2
0
-2

10p 100p 1In 10n 100n 1u 10u 100u 1m 10m 100m
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Puc. 5.40. ITorpemuocts nsmepenus éMoctu B % ¢ ATmega8

68



10

: : ‘ 1 : : :
Mega8A-4 —+— 0 Mega8L-7 —+—
Mega8A-5 —— Mega8L-8 —¢—
g L Mega8A-6 —x— x 8 L Mega8L-9 —x—

0 Al ; K
Y

.

Error / Percent
S

Error / Percent
W

MQH-J O%E‘wz&k

-2 R
10p 100p 1n 10n 100n 1u 10u 100u 1m 10m 100m 10p 100p In 10n 100n 1u 10u 100u 1m 10m 100m
Capacity value / F Capacity value / F

(a) ATmegaS8A (b) ATmega8L

Puc. 5.41. OrHOCUTEIbHAS TOTPENTHOCTD U3MEPEHHUsT EMKOCTH
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Puc. 5.42. 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. 5.43. CpaBuenune pesy/ibraroB usMepennit éMxoctu mysibrumerpom, 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 nokasansl Ha pucyske [5.44a) Mux-
pokonTposuiepos ATmegal 68 A nokaszaust Ha pucynke|[5.44D] 1 mukpokorrposzepos ATmegal 68PA
- na pucyske [5.45] Pesynbrarer Tpex ATmega328 go1mo/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. 5.44. TlorpemraocTs n3Mepennsa EMKOCTH, He OTKAJIMOPOBAH
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Puc. 5.45. Tlorpemuocrs m3mepenns: émkoctn TpeMss ATmegal68PA, He orkagmbpoBan
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Puc. 5.46. 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-
KU KOHJIeHcaTopa. PucyHok [IOKA3bIBAET IOI'PEITHOCTh U3MepPeHUsl EMKOCTU, KOTJa yIUThIBa-
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 .

25

168-3-B

L T T T T T BRI —
X 168-3-C —x— _|

20

15

10

Error / Percent

-5
10p 100p 1In 10n 100n Iu 10u 100u Im 10m

Capacity value / F

Puc. 5.47. ¥Ynyamennoe nuzmepenne émxoctu ATmegal68

5.3.9 ABToMarmueckasi KaJNOPOBKAa IIPU M3MEPEHNN KOHIEHCATOPOB

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 [5.44a) [5.44b| u [5.45, OcHOBHOI HPUYMHOf ITOrO SIBJISIETCS pA3JIndne XapaKTepucTuk (Ha-
IPSZKEHUsT CMEITeH s1) aHAJIOTOBOIO KOMIIAPaTOpA.

JlaHHbIE U3MEPEHNUs JIEBSITU PA3IMIHBIX MUKPOKOHTPOJLIEPOB HoKa3aHbl Ha pucyHke [5.48]. 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[5.44al [5.44b|u [5.45| ¢ 3aBojckumu ycranoskamu. IIpejicrasisieT 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.

70

X difforef
60 CapErr x|
. diff ¥ >
50 g
~
= 40 S
- :
5 30 3
- o
20 vo18
= X X ¥ <
=10 X 0 g 3
0 =
[ A
-10 -
H
-20
0 2 4 6 8 10

Number of ATmegal68

Puc. 5.48. Jlaunasre 11 9 ATmegal68

Pucynku [5.49a), [5.49D0], [5.50, [5.51a] u [5.51b] nokaspiBaioT pesyabTaThl n3MepeHus: pa3InIHbIX 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.

7 T 6 \ \
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[ ; i e
168-3 —x— m 1 -6 —%—
5 g 4
s [ . 3 7/
g 3 : g
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£ ool | i 5 v
St lYa !
é 0tk § 0 b3
= [ a4
) \ ZZ -2 F
- -3 3
L L
10p 100p In 10n 100n 1u 10u 100u 1m 10m 10p 100p In 10n 100n 1lu 10u 100u 1m 10m
Capacity value / F Capacity value / F
(a) ATmegal68 (b) ATmegal68A

Puc. 5.49. Ilorpemnnocts u3Mepenusi EMKOCTU, OTKAIUOPOBAH
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Puc. 5.50. ITorpemaocrs n3mepenust émroctu TpeMsi ATmegal 68PA, orkaaubposan
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(a) ATmega328 (b) ATmega328P

Puc. 5.51. Ilorpemnocts n3mepenus EMKOCTH, OTKAJIMOPOBAH

Haxkomner, s mokaxy sddekr or npumenenns ommuun AUTO CAL B mporpamme caMoIpoBepKH.
Creyromuit pucyHOK [5.52] mokasbiBaeT pesysibraThl H3MEpeHnii TpeX MUKPOKOHTPOJIepoB 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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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. 5.53. zamepenne 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 [5.54] nokasbiBaeT pesysbraThl U3MEpPeHUsl pasindHbIX Karymiek. Karymku soime 1 H -
peJie MM [epBUYIHBbIe OOMOTKI CUJIOBBIX TPAHCHOPMATOPOB 3aTPY/HAIOT N3MEPEHHUs, [IOTOMY UTO Y
JKEJIE3HOIO CEPJIeIHUKA €CTh OCTATOUMHOE HAMAIHUINBAHUE.
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Puc. 5.54. TIlorperHocTs 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

u3MepeHuil npejcraBieHbl Ha pucyHke [5.55 Teoperndeckoe 3HaveHMe ¢ 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. 5.55. Cpasnaenue 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 [5.56f 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. 5.56. smepenne BHyTpenHero conporuBieHus mopra C MoJK/IIO9eHIeM 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 BugHO Ha pHCYHKE 9TO Te Ke CaMble M3MEPEHUsI, KaK U B TeCTe 8, TOJBKO C JIPY-
roit croponbr. Cietyromumu maraMu Beraucisiercs: conporusienne: (VCC — (resultoftest8) —
(resultoftest9))/680. arobbl moyIuTh 06 3HAUECHHS PE3UCTOPOB, HALPSIYKEHUE (Pe3ysIbTaT Te-
cra 8 uian 9) JIeJUM Ha 9TOT 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. 5.57. Iamepenrie BHYTPEHHETO COIPOTUBJICHUS ITOPTA TOJIK/TIOUYEHNEM 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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RIGOL STOP (e P irrrrrrrrredornnd  F 1.za.)
-
T

BT
Prd2] =28 . Bns
CHiz 2.@@U00 M 2.080  Time 5.0688ms 0445280

Puc. 5.58. Ocummtorpamma 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 5.59]
Test 2 RL-Mean 0 5.60
Test 3 RH-Mean 0 5.60b
Test 5 RH-Low 0 5.61
Test 6 RH-High 0 5.61b
Test 8 R out Lo 131 5.62
Test 9 R out Hi 151 5.62b
Test 10 Cap zero offset 30 5.63
Test 11 Reference correction 0 5.64

Tabsuma 5.6. Tabuia camorrpoBepoK
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voltage / mV
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Processor number

Puc. 5.59. Camonposepka: Bayrpennnit MTOH
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Processor number

(a) Conporusienne 680 €2

voltage / mV
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Processor number

(b) Conporusienune 470 kQ

Puc. 5.60. CamonpoBepka: OTKJIOHEHNE CPEJTHETO HAIIPSIKEHHUS OT HIeaTbHOTO
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voltage / mV

resistance / Ohm

[en}
&l

RHbottom1 3| RHt‘opl‘ O
RHbottom2 X RHtop2 X
o RHbottom3 O RHtop3 O
Lot . -1
g
—
B8 [ £ o -2
@)
=
© -0 %0 -3
2
>z
-4 @
-5 £ £ i e e
01 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 o1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Processor number Processor number
(a) Comporusmennst 470 k2 x 0 V/ (b) Comporusnenue 470 kQ x 5 V
Puc. 5.61. Camonposepka: BxoiHoe Hampsizkerue
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(a) Conporussenne 680 Q x 5 V (b) Couporusinenue 680 Q2 xk 0 V

Puc. 5.62. Camornposepka: BbixojHoe conporusiienue
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Puc. 5.63. Camomnposepka: Cmerienue HyJ/Is IpU U3MEPEHUU EMKOCTHU
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Puc. 5.64. Camonposepka: Bejmanaa KOppeKIuu 1mocjie aBTOKaInOpOBKU

Haxkowert, st xores 6b Hoka3aTh Bam Ha pucyHke [5.65] pasimane BHENTHEro HAIPSIZKEHHsT HA BBIBOJIE
AREF, uzmepennoro myasrumerpoM, n n3mepernoro saytpenanmM ALl ommopHoro Hampsizkenns s
15 pasmmaabix ATmega u Haiijgennsix Hanpsikennii koppexknuu (REF R KORR) nocsie aBroka-
JIMOPOBKU PUCYHOK [5.65 Bbl MOXKeTe BUIeTh, 9TO 3HAYEHUS aBTOKAJIUOPOBKHU IOYTH COOTBETCTBYIOT
BHEIITHUM HU3MEPEHHbIM 3HAYCHUAM.

40
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|
-40
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Processor number

Puc. 5.65. Camonposepka: Pazimmane nanpskennit UOH, 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 [5.66] npecraiensl pesyiasrarsl 06enx cepuil u3MepeHuii.
[Toutu mocTosHHBIE OTKJIOHEHUSI MOYKHO OObSCHUTH HEOOJIBINON PasHUIEHl JacTOT JBYX KBapIEB.
YacToTy KBapliia MOXKHO TOYHO YCTAHOBUTH IIPHU IIOMOIIH ITOJCTPOEIHOTO KOH/IeHcaTopa. B KadecTse
9TaJIOHA JIJIsl HACTPOMKU MOYKET CJIY?KHUTbh, HAIIPUMED, CUTHAJ OJMH UMIYJIbC B cekyuay (1 PPS) or
npuemunka GPS.
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Puc. 5.66. OTHOCHTE/IbHAS TTOTPEITHOCTH U3MEPEHUs aCTOThI
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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 1.10k nmporpamMmmuoro obecriedeHmns

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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