Tecrep 9P9 ¢ AVR MukpokoHTpoL1€pOM
1 MUHUMYMOM JIOIIOJIHUTEIbHBIX 9JIEMEHTOB
Bepcuga 1.12k

Karl-Heinz Kibbeler
kh_kuebbeler@web.de

pycckuii nepeBoxn Cepreii Basbikun

21 mapta 2015 1.



OrJjiaBjieHue

1 Xapakrepuctuku

2 AnmapaTHble cpeacTBa|

2.1 Cxema Tecrepal . . . . . . . . . .

2.2 VaydmeHud m pacmupeHus K IPUAOOPY| - -« « « « v v o v v v e e e e e e e e e

[2.2.1 Sammra moproB Almegal . . . . . . . . ...
[2.2.2  Vzmepenwue cradbuiuTponos ¢ Hanpsizkenwem ooyiee 4 V| ..o oo 0oL 0L
[2.2.3  TemepaTop 9acTOTBI . . . . . . . . . . . . e
[2.2.4  Vamepenue 4acTOThI . . . . . . . . ...
[2.2.5  Ucronb3oBanne TOBOPOTHOTO SHKOIEPA| « -« « « v o v v v e o oo o
[2.2.6

llogkirouenre rpaUIeCKOr0 JUCILICS| . . . o v v v v v v e e e e e e

[2.3  VYkazanwmsa mo coopke lecrepa| . . . . . . ..o o

[2.4  Jlopaborku njis Bepcuii lecrepa Markus F'f. . . . . .. ... ... ... ... ...

[2.6 Pacmupennas cxema ¢ ATmegab44 wim ATmegal284) . . . . . .. ... .. ... ...

[2.7 IlporpamMMumpoBanme MUKPOKOHTPOJIEPA|, . . . « « « « o o v v v v v e e e e e e e e e

2.7.1 HWcnonpzopanme Makefile 8 OC Linux! . . . . . . . .. ... .. ... ... ...

P72

WcnonbzoBanue nporpammbl WIinAVR B OC Windows|. . . . . . . . . . . . ..

[2.8  ITlomck memcmpaBHOCTEI | . . . . . . L.

[IpoBesierne UBMEPEHMIA | . . . . . . . . . ..

Menro ponostaUTETHHBIX QYHKIMI 19 Almegad28l . . . . . . . ..o

(CaMOTPOBEPKA M KAJTUOPOBKA] . . « « « v v v v v o e e e e e e e e

CrenuajbHble BOSMOXKHOCTU UCIOJBb30BAHUSA] . . . .« o v o o v v e oo i e e e e

[IpobseMbl Ipu onpefe/IeHUN 3JAEMEHTOB| . . . . . . . . . . . . .

Wzmepenune tpansucropos N-P-Nu P-N-P| . . . ... ... ... .. ... ... ....

Wzmepenne JEET u Tpansucropos D-MOS| . . . . . .. ... .. ... ... ...

[3 WucTpykimusa noJsib3oBaTeJis|
[3.1
[3.2
[3.3
[3.4
[3.5
[3.6
[3.7
4 KondurypupoBanue Tectepal
[ Omnmcanwme mmporieayp m3MepeHus|

[b.1 NMamepeHnme momympoOBOJHUKOBBIX SJTIEMEHTOB| . . . . « .+« v v oo v e e e e e e e e

[5.1.1  Msmepenue P-N-P rpanzucropa mym P-Channel-MOSFET| . . . . . ... . ..
[5.1.2  Msmepenune N-P-N tpanszucropa mim N-Channel-MOSFET| . . . . . ... . ..
[5.1.3  Yuporennas 0J10K-CXeMa, TECTUPOBAHUS TPAH3UCTOPOB| . . . . . . . . . . . . .
[5.1.4  UMamepenue jqmojioB| . . . . . . . ..
[5.1.5

Pe3yyibraTbl pasImaabIX UBMEPEHUM| . . . . . v v v v v v e e

52

VIzaMepeHne pe3UCTOPOB| . . . . . v v v v e e e e e

2.1

Wzmepenune pesucropa ¢ pesuctopamu 680 Om| . . . . . . . . .. ... L.

5.2.2

Mamepenne pesucropa ¢ pesuctopamu 470 kOm| . . . . . . . .. ...

10
10
11
12
12
12
15
18
19
20
22
23
24
24
26

28
28
29
31
32
33
33
34

35



[5.2.3  PesynbraTbl m3MEpPEHUI PEBUCTOPA] . . . . . . . e
[5.3  NM3amepeHme KOHIEHCATOPOB| . . . . v v v v v v e e e e e e e e e e e e e e e e e

[5.3.1 Paspsika KorgeHCATOPa] . . . . . . . ...
[5.3.2  VIzmepenne KoHJIEHCATOPOB OOJIBITION EMKOCTH] | . « .« « o « v o v v v o o o o
[5.3.3  Vzmepenue KomjieHCATOPOB MAJON EMKOCTH| . . . . . . o . o o o o 0 o oo o . .
[5.3.4  Vzmepenue skBuBajieHTHOrO conporuBienus SR . . .. .o 000000
[5.3.5  Mamepenue ESR, mepsbrit meton| . . . . . ..o oo
[5.3.6  Usmepenme ESR, BTOpoit meTon . . . .. ..o Lo
[5.3.7  Ilorepsa manpsokenns mocsie uMmIryabca 3apsaakd, V0oss| . . . . . . ... .0
[5.3.8  OtrmenbHoe mamepenne emkoct u KSR} . . . . 0000000000000
[5.3.9  PesynbraThl n3amepenns EMKOCTH KOHJIEHCATOPOB| . . . . . .« « « o o v o o o . .
[5.3.10 ABToMaTHmUecKas KaJuOpPOBKA IIPU M3MEPEHUU KOHJIEHCATOPOB| . . . . . . . . .
[>.4  Uszmepenme MHIYKTUBHOCTEM | . . . . . . . . . . . . o o o it s e
[b.4.1 PesymbraTbl n3MepeHnil MHAYKTUBHOCTH|l . . .« « o v o v v v v e e e
[5.5  DYHKIHA CAMOIIPOBEDPKH| . . . . o v v v v v v v e e e e e e e e e e e e
[5.5.1 Hekoropble pe3yabraTbl YHKIIAA CAMOIPOBEPKH| . . . . . . . . . . . . . . . .
[5.6  M3mepenne 4acToThll . . . ... ...

[6 l'emepaTop curaaJsos|
[6.1 T'emepaTop 4acToThl . . . . . . . . . ...
(6.2  [TluporHO-MMIIYIbCHBII TeHEpATOP|. . . . . . . . . . . . . .
[7 VI3BecTHBIE OIINMOKYM 1 IPODOJIEMBI|
[8  CnemmaapHble MOAYJIN IPOrPAMMHOIO O00eCHeYeHUsI
[9 Chomcok Tekyimx gej M HOBbI€ HJeH|

104
104
104

105

107

108



Bcerymiienune

OcHOBHBIE MOTHUBBI

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

HauaJjio moeii paboThl HaJ| ITPOEKTOM

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

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

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



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

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

Ha zaBepmenne, cnacu6o Nick L w3 YKpaunbl, 3a mMoaep:KKy uiaeil CBOUMU IPOTOTUIIAMHU ILJIAT,
[IPEJIJIOZKEHNEe HEKOTOPBIX JIOTIOJTHEHUN U MTOJJIEPYKKY U3MEHEHUN B PYCCKON JTOKYMEHTAIIH.
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XapaKTepUuCTUKU

10.
11.

12.

13.

Paboraer ¢ mukpokonTposutepavu ATmega8, ATmegal68 nin ATmega328. Takke BO3MOKHO
ucnosibzoBarh ATmega644, ATmegal284, ATmegal280 miu ATmega2560.

Orobparkenne pesysnbraroB Ha cuMBobHOM LCD-mucmtee 2x16 nin 4x20. Ecin ucnionbsyercs
MUKPOKOHTPOJIIEDp ¢ 00beMoM Jieni-iamaT, MuUHUMYyM 32K, TO TakzKe MOXKHO MPUMEHHUTDH
rpadudeckuit auciteit 128x64 mnukcens ¢ KourposuiepoMm ST7565 mmm SSD1306. IIpu stom
4-posogmoit maTepdeiic SPI mm [2C mmua 10/KHBI OBITH HOJKIIOYEHBl BMECTO 4-OUTHOTO
rapaJjiie;IbHOro uHTepdeiica.

Bamyck - ogHokpaTHoe HaxkaTne KHonku TEST ¢ aBrooTK/roueHneM.

Bosmozkna pabora 0T aBTOHOMHOI'O UCTOYHHUKA, T.K. TOK HOTPEOJICHUS B BBIKJIIOYEHHOM COCTO-
ssuun He npesbimaer 20 nA.

YroObI yMEHBIITUTH TOK MOTPEOJIEHUS B PEXKIMe OXKUJIAHUS U3MEPEHUs, IPOrPAMMHOe 0DecIie-
venne, HaunHas ¢ Bepcun 1.05k, ucrosibsyer pexkum cha (Sleep Mode) 115t MUKPOKOHTPOJLIEPOB
Atmegal68 wimm ATmegad28.

Asromaruaeckoe ompegieneane N-P-N u P-N-P 6umnossipuabix tparsucropos, N- nu P-kanaabHbIx
MOSFET rpansucropos, JFET TpansucropoB, nuogos, ABOMHBIX IUOI0B, TUPUCTOPOB U CH-
MUCTOPOB.

ABTomaTnaeckoe olrpeJiejieHue paciioJIo2KEHN A BbBIBO/IOB 3JIEMEHTA.

Nsamepenne koddduimenTa ycuaeHns U MOPOroBOro HaAIPszKeHUs 0a3a IMUTTEDP OUIIOJIAPHOTO
TPaH3UCTOPA.

Tpanzucropsl Japaunrrona ujaeHTH(MUAITIPYIOTCS IO TIOPOTOBOMY HAIPSKEHUIO U KOIDDUIHU-
EHTY YCUJICHUS.

Obnapyxkenne 3ammuTHOTO roga B ounossapabix 1 MOSFET Tpansucropax.
Nsmeperne oporoBoro HalpsizKeHusT 3aTBOpa 1 BesmduHbl émkocTu 3arBopa MOSFET.

Wzmepenne oiHOrO WK ABYX PE3UCTOPOB € n300pazkeHneM —I—}— CUMBOJIA PE3UCTOPA U TOUHO-
cTbio 710 4 jmecaruanbix mudp. Bee cuMBoJIBbL IPOHYMEPOBaHBI COOTBETCTBEHHO HOMEPAM IIIYIIOB
Tecrepa (1-2-3). Takum 06pazoM, MOTEHITHOMETD TaKKe MOXKET OBITh U3MEpPEH.

Paspernenne nzmepenus conporusienus 1o 0,01 () a Bemanna uzmepenns - j10 50 M)
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Oupeiesiene 1 U3MepeHue OJIHOIO KOHJEHCATOpPa ¢ M300parkKeHmeM CHMBOJIA KOHICHCATOPA
—— Oupesnenenne u usmepenue oHOrO KOHIEHCATOPA ¢ H300PAYKEHTEM CHMBOJIA KOHICHCA-
TOpa U TOYHOCTBIO JO Ye€ThIpEX MECATHUYIHBIX HI/Id)p EMKOCTB KOHJCHCaTOpa MO2KET 6bITb 3a-
mepena or 25 pF' (8 M Hz, 50 pF — 1 M Hz) no 100 mF'. Pasperienne usmMepeHusi COCTABIISAET
1 pF (8 MHz).

ESR kongencaropa usmepsiercs ¢ pasperaernem 0,01 ) 11s1 KOHIEHCATOPOB EMKOCTBIO 6016
90 nF u oTobpazkaeTcst IUCIOM C JBYMs 3HAYAIUMHI JECATUIHBIMA U paMu. ITO BO3MOKHO
T0o16KO Jiist ATmegal68 min ATmega328.

Jlns kongeHcaropoB éMKOCThIO Bhirie 5000 pF' MoxKeT ObITH OmpejiesieHa MoTeps HallPsIzKEeHUsT
oCjIe BO3JIEHCTBIST UMITYJIbca 3apsiiku. [lorepst HANpsZKeHUsT IaeT ONEHKY JA00poTHOCTH (Ka-
4eCTBA) KOHJIEHCATOPA.

Ompeiesierne 10 IBYX JMOJ0B ¢ M300parKeHNEM MX CUMBOJIOB P s ITPaBUILHOM
nopsiake. /lomo/iTHuTe IbHO 0TOOparKaeTcs MMPsMoe MaJieHne HAIPSI>KeHUS Ha, JTIOJIE.

Ceeroanon (LED) ompesensiercst Kak U0 ¢ TIPSMBIM HAIIPsI?KEHHEM BBIIIE, YeM Y 0ObITHOTO
Jauojia. JIBa cBeTomo/ia B OTHOM 3-X BBIBOJIHOM KOPILYCe TaKzKe OIPEIe/ AT s, KaK JBa, JINO0JIA.

CTabuMTPOHBI MOTYT OBITH OIIPEJIEIEHBI, eCJIN UX 0OpaTHOe HAIlpsizKeHne pobost aHuxke 4,5 V.
Onu oToOparkarTCs, KaK JBa JN0/a, U MOTYT OBITh MIeHTH(MOUIINPOBAHDI, KAK CTaOMJIMTPOHHI,
TOJILKO TI0 HanpsizkeHnio. HoMepa BBIBOJIOB, COOTBETCTBYIOIINE CUMBOJIY JINOJA, B 9TOM CJIyvae,
UJIEHTUIHBI. PeasibHbIl BBIBOJ, aHOJA JINO0JIa MOXKHO HJIEHTHMOUIUPOBATH TOJIHKO 10 MAJIEHUIO
nanpsexenns (oxoso 700 mV)!

Ecnu onpenensercs 6osee ueM 3 mojia, YUCIO JINOJIOB OTOOPAYKAETCS JIONOJHUTETHLHO € CO00-
IEHUEM O TOM, YTO JIEMEHT OBPEXKJIEH. DTO MOYKET IPOU30MTH, TOJTBKO €CJIU JTUOJbI ITPUCO-
eJIMHeHbl KO BCEM TPEM BBIBOJIAM, U, 110 KpaiiHeil Mepe, OJInH U3 JIMOJI0B - cTabmuTpoH. B sTom
caydae HeoOXOJMMO IPOU3BECTH MU3MEPEHUsd, MOJICOCIMHUB K JIByM IrynaMm Tecrepa cHadasa
OJIHY Tapy U3 TPeX BBIBOJOB JIEMEHTa, 3aTeM — JTIIOOYIO APYTYIO Tapy BBIBOJIOB JIEMEHTA.

N3mepenne BeJIMIUHBI EMKOCTH OJIMHOYHOIO JIMOJIa B OOPATHOM HallpaBJIEHUH. DUIOJIAPHBII
TPAH3UCTOP MOXKET TaKKe ObITH MPOAHATU3UPOBAH, €CJIN MOJIKIIOYATL 0a3y 1 KOJJICKTOD WJIH
0a3y u IMHUTTED.

O,ZLHI/IM U3MEPpEHUEM MOZKHO OIIpeAe/JINTh Ha3HadY€Hre BBIBOJOB BBIIIPAMUTE/ILHOT'O MOCTa.

Konnencaropsr éMKocTbio HUXKE 25 pF' OOBIMHO HE ONPEIEISIIOTC, HO MOT'YT OBITH M3MEPEHbI
BMeCTe C ITapaJlJIeJIbHBIM JINO/IOM WJIN MTapaslyieIbHBIM KOHJIEHCATOPOM, EMKOCTBIO Ooutee 25 pF'.
B sTom ciryuae n3 pe3ynabraTa m3MepeHns HEOOXOJIUMO BBIYECTb €MKOCTD ITOJIK/IIOYEHHOTO ITa-
paJlIeIbHO 3JIEMEHTA.

Hns pesucropos conporusiennem auzke 2100 Q (tompko qast ATmegal68 mwin ATmega328)
n3MepsieTcss MHJIyKTHBHOCTH. For that a inductor icon —ww— is shown behind the resistor
icon I . /Ilmanazon nsmepennit or 0,01 mH mo 20 H, no Tounoctsb He BbicoKa. [lomydanTn
pe3yJIbTaT U3MEPEHUsT MOXKHO TOJIBKO C €IMHCTBEHHBIM IOIKIIOUYEHHBIM 3JIEMEHTOM.

Bpems TectupoBanus OOJBIIMHCTBA 3JIEMEHTOB COCTAB/IAET NMPUOIU3UTEIHLHO 2 ceKyHIbI. M3-
MepeHne EMKOCTH WJIN WHIYKTUBHOCTU MOTYT YBEJUYIATH BPEMS TECTUPOBAHUS.

[IporpammuOe obecriedeHne MOXKET KOH(MDUTIYPUPOBATHCs, UTOOBI ITPOU3BECTU PsiJi U3MEpPEHUit
pexke, 9eM IMUTaHue OygIeT OTKJIIOYEHO.
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B dyHKImmr caMonpoBepKu BCTPOEH JIONOJTHUTEIbHbIH reHepaTop dactorhbl Ha 50 Hz, 4To0bI
POBEPUTH TOYHOCTH TAKTOBON 1acToThl (ToJbKO ATmegal68 u ATmega328).

[TonkmrouaemMoe, B pexKuMe caMOIIPOBEPKU, 000PYI0BAHUE JIJIs TADUPOBKU BHYTPEHHET'O BBIXOJI-
HOI'O CONPOTHUBJIEHUS [IOPTa U CMEIeHUs HyJIs pu u3Mepenun éMroctu (Tosibko ATmegal68 u
ATmega328). Jlyist TapupoBKE HEOOXOIMMO HOIKIOUNTE K IIyrnaMm 1 u 3 BHEITHHUI BBICOKOKAte-
CTBEHHBIN KOHJIeHCATOP EMKOCTHIO MexK 1y 100 nF' u 20 pF' 9To0bI NU3BMEPUTDH BEJIUUNHY KOMIICH-
caIuy HAIPSKEHUsT CMEIEHUsT aHAJIOTOBOIO KOMITAPATOPa. DTO YMEHBIIUT OIMMOKA U3MEPEHMs
EéMKOCTH KOHJIeHCaTOPOB 70 40 pF'. DTOT Ke KOHJIEHCATODP HMPUMEHSEeTCs IIPU KOPPEKITUU Ha-
npszkerus BayTpennero MOH, samepernoro st nojcrpoitku maciraba AL mpu usmeperum
¢ sayTpenaum VOH.

Orobpazkerne 06pATHOIO TOKA KOJIIIEKTOPa ¢ po IPU OKJII0UEHHOIT 6ase (¢ pasperiernem 10 pA)
1 0OPATHOrO TOKA KOJIJIEKTOPA IIPU KOPOTKO3AMKHY THIX BbIBOJIaX 0a3bl u smuTTepa Iops. (TOJb-
ko Jiytst ATmega3d28). Dru 3HaveHnsT 0TOOPAZKAIOTCS €CIM OHU He PABHBI HYJIO (TJIAaBHBIM 00pa-
30M, JIJIT TePMAaHUEBBIX TPAH3UCTOPOB).

Jlnst ATmegad28 mocTylIHO AHAJIONOBOE MEHIO, KOTOPOE IIO3BOJIAET BHIOPATDH JIOMOJIHUTEIbLHBIE
dyukmun. Koneuno, Bol MoxkeTe BepHYTHCA U3 JUAJIOTOBOTO MEHIO K HOPMAJILHOMY (DYHKIIHO-
HupoBanuio Tecrepa.

W3 auaioroBoro MeHO0 MOXKHO BBIOpaTh m3MepeHne dacTtorhbl Ha mopty PD4 ATmega. Paspe-
menne coctapiser 1 Hz aiad usaMmepsieMbIx 9acToT Bbime 25 kHz. /g 6oee HU3KUX 4acTOT
paspererne MoxkeT ObITh 10 0,001 mH 2z ¢ u3MepenneM CpeJIHero mepuo/ia.

N3 MeHI0, TpU OTKJIIOYEHHON (DYHKITUU TI0CJIEI0BATEILHOTO TTOPTA, MOYKHO BBI3BATH (DYHKITHIO
n3MepeHust Hanpsikennss 10 H0 V' upum ucnosb3zoBaruu gesuresas 10:1 wa mopry PC3. Ecm
ucniosibdyercd ATmega3d28 B kopryce PLCC, 1o i1 u3Mepennsi MOYKHO MCIIOJIb30BATH OJINH
u3 jonosHuTeIbHBIX TopToB BMecTe ¢ UART. Ecin npucyrcrByer cxema u3Mepenusi cTabuIu-
tporoB (DC-DC npeobpazosareiib), nu3aMeperne CTabUINTPOHOB TaKyKe BO3ZMOYKHO C TIOMOIIBIO
sroit byukimn, Haxkas kaonky TEST.

U3 menHto MOXKHO BBIOpATh (PYHKIMIO MEHEPATOPa YacTOThI Ha TecToBoM KoHTakTe TP2 (PB2
nopr ATmega). B Hacrosiee Bpemst MOXKHO IpeBapuTebHO BIOpaTh dacTorhl or 10 Hz 10
2 MHz.

N3 muasoroBoro Mento byHKIMI MOXKHO BBIOPATH BBIBOJI, (DUKCUPOBAHHON IaCTOTHI ¢ BO3MOK-
HOCTBIO BBIOOpA MIMPUHBI UMITYJIbca Ha TecToBoM KoHTakTe TP2 (PB2 mopr ATmega). [upuna
MOZKeT OBITH yBeamdena Ha 1% npum kparkoBpemennoM HazkaTuu nau Ha 10% npu Gosee mm-
tesibHOM HaxkaTuu KHonku TEST.

N3 nuasioroBoro menio (byHKINNE MOYXKHO 3aIllyCTUTDH OTJEILHOE U3MEPEeHHe EMKOCTH C U3Mepe-
uneM ESR. Tosbpko kongencatopsr ot 2 puF' 10 50 mE MoryT ObITh U3MEPEHBI B CXeMe, TaK KaK
ucrojb3yercsd Huskoe, okoJio 300 mV nanpsizkerue. Bol qo/KHBI yOe1UTCs, 9TO BCe KOHJICHCa-
TOPBI Pa3pAZKeHbI Iepejl HadaI0M JIFOObIX U3MEPEHMUIA.

Tupucropbt 1 CUMUCTOPBI MOT'YT OBITH OOHAPYZKEHBI, €CJTH UCITBITATE/ILHBIN TOK BBIIIE TOKA YEP-
»kaHust. HekoTropbie THPUCTOPBI U CUMUCTOPBI HYKIAI0TCs B D0JIee BBICOKUX TOKax, deM 3ToT Tectep
MoxkeT obecrieanThb. JlocTymHbIil TOK TectupoBanusi Toabko 6 mA! 3amersbre, 9T0 MHOTHTE JTOITOJI-
HUTEJIbHbIE (DYHKIUU MOI'YT OBITH JIOCTYIHBI MPU KCIOIB30BAHUN KOHTPOJIEPOB C JOCTATOYHBIM
obbemoM mamsaT, Takux Kak ATmegal68. OHaKO TOBKO MIPU UCIIOIH30BAHIN KOHTPOJLIIEPOB, B KO-
TOPBIX, 110 Kpaiireit mepe 32 kB durern-namsitu, Takux Kak ATmega328 naun ATmegal284 jocTyiHb
BCe (PYHKITUU.



BunmMmanwme: [Tepen nojk/ouenuneM yoemrech, 9T0 KOH/IEHCATOPHBI pa3psizkeHnbl!. Tectep
MOKET OBITbH IMOBPEXKJIEH U B BHIKJIIOYEHHOM COCTOAHUU. ECThb TOJILKO HEDOJIBbITAs 3aIlUuTa B IMOPTaX
ATmega.

Eciu Tpebyercs mpoBepuTh 3J€MEHTBI, YCTAHOBJIEHHBIE B CXeMe, TO 000pYy/I0BaHUe JIOJ2KHO OBIThH
OTCOEIMHEHO OT MUCTOYHUKA IMUTAHUs, U JOJKHA ObITh IOJIHAS YBEPEHHOCTH, YTO OCTAaTOYHOE Ha-
Mpsi>KEHUE OTCYyTCTBYET B 000PY/I0BAHUN.



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.

Hebobine n3menennst BHECEHBI B 3JIEKTPOHHBII BBIKJIIOUATEb IMTAHMS, KOTOPBII CO31aBaJI IIPO-
6J1eMBbl B HEKOTOPBIX peasu3arusx. Pesucrtop R7 ymensien 110 3,3 kS). Kongencarop C2 ymenbIeHn
10 10 nF. R8 mepenecen Tak, 9Tobbl BEIBOJ mopTa PD6 6611 moak/oden K KougeHcaTopy C2 depes
HEro, a He HeIOCPEJICTBEHHO.

ILOHO.HHI/ITQ.HBHBIG 6.HOKI/IpOBOLIHbIe KOHJICHCATOPBI JOJI2KHbI 6bITI) YCTaHOBJICHBI ¥ BBIBO/IOB ITUTa-
auss ATmega n y BbIBOJIOB cTabuyim3aTopa HampsizkeHust. /lobaBieH OfWH TOMOJTHUTETBHBIN TTOTSI-
ruBatonuii pesucrop Ha 27 k€ k BoiBomy nopra PD7 (BeiBog 13 ATmega). B s1oit Mmogudukanyn
nporpammuoe obecriedenne orkiodaeT BCE BayTpentnune nomrarusaiomme pesucropbl ATmega.

Hobassien ponostanTesbHbIN KBapil Ha 8 M H z ¢ konjencaropamu C11, C12 na 22 pF'. Tounoctsb
KBapIa JaeT BO3MOKHOCTH 00Jiee TOTHOI'O W3MEePEeHNsT BPEMEHN JJIs TOr0, YTOOBI N3MEPUTH EMKOCTD
KOHJICHCATOPA.

Hosasi Bepcus mporpaMMHOTO o0eciiedeHusi MOXKeT UCIOJIb30BaTh IePEeKJIIOUeHne MacIiTada Ha-
npsizkennst AIITT. Ckopocts niepexiiiouenust 3aBucut ot BrerHero koujencaropa C1 va AREF (BoiBojy
21 ATmega). Uro0b! n36€KaTh 3aMe/JIeHNsT Ha BeJIMIUHY OOJIBIIYIO, YeM HEOOXO MO, EMKOCTh 9TOTO
KOH/JIEHCATOpa JIOJI?KHa OBITh yMeHbIeHa 10 1 nk'. Moxuo Boobie ynaauth kongencarop Cl.

Coornorienne pesuctopoB R11/R12 onpenessier BeinInny HAIPSZKEHUs JIJIsT KOHTPOJIS Pa3psiia
barapen nmranus. ¢ mpucnocobus cBoe mporpaMMHoe obecriedenne K opurntaiy ot Markus F. [1] ¢
BesimanHamu pesuctopoB 10 kQ u 3,3 k). JonosauTesHoe omopHoe Hampsizkenne 2,5 V| mojganHoe
Ha opT PC4 (ADC4), MozkeT ucrnoib30BaTbes, 9T0ObI IPOBEPUTH 1 OTKATHOpoBaTh Tecrep Ha nMero-
meecst Hanpsizkerne VCC (ne obsasarennho). B kadecrse IOH moxuo nenonszosars LM4040-A1Z2.5
(0,1%), LT1004CZ 2.5 (0,8%) wim LM336-7Z2.5 (0,8%).

Ecmu me ycranoiaen MOH u He mpemycMoTpeHa 3aluTa ¢ HCIIOJIb30BaHUEM pejie, Bbl TOKHBI
yCTaHOBUTH ToTsiruBatonuii pesuctop R16 k PC4 ¢ Beicoknm HoMuHATOM (47 kS2). DTO mOMOKET
porpaMMHOMY obectiedennto obHapykuTh orcyTeryomuit UOH. Hononuurenbubrit narepdeiic ISP
ObLIT J100aBJIEH I YIPOIIEHUs 3arpy3Ki HOBBIX BEPCHUil ITPOrPAMMHOTO 0OECIIeYeHHs .
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Puc. 2.1. HoBas cxema Tectepa

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

ITopr || CumBosn- | Cums. LCD ST7565 ST7565 LCD | SSD1306 | HomosHuTrenbHbIE
upiit LCD | strip grid LCD strip_ grid I2C dyHKIUN

PDO LCD-D4 KHOITKa LCD-REST

PD1 || LCD-D5 LCD-D7 LCD-RS LCD-SI 2 KaHaJI SHKOJIEPA

PD2 || LCD-D6 LCD-D6 LCD-SCLK | LCD-SCLK | LCD-SDA

PD3 || LCD-D7 LCD-D5 LCD-SI | LCD-A0 (RS) 1 kaHas SHKOJEPA

PD4 LCD-RS LCD-D4 LCD-REST BHEIITHSST 9aCTOTa

PD5 LCD-E LCD-E LCD-SCL

PD7 KHOIIKA LCD-RS

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

2.2 VYaydllleHud W paciiupeHns K npudopy

2.2.1 3amwura nmoptoB ATmega

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

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

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

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

Puc. 2.2. Samura Bxom0B ATmega

2.2.2 N3mepeHue cTadbUIMTPOHOB C HaIIpsizkeHHeM OoJjiee 4 V

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

Button

RI19 T4

Uext — T+ Vout+15 . L1
Vin+

External
Voltage

Uext

ic 14
[ 100n

10k —1com DC-DC Conv. 33uH

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

ou
GND

TMAO0515D

N

IC3
MCP1702

1
Lo Jon
™™ 50u "[100n

Ubat

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

Puc. 2.3. Cxema 11 n3MepeHns mapaMeTpoB CTabOMIMTPOHOB

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

N3 mento 1omoiHUTEIBHBIX (DYHKINN, TpU ncnoib3oBannn ATmegad28, MOXKHO BBIOpATh TE€HEPATOD
qacToThl. B HacTosIee BpeMsi IO AepKUBaeTCss BLIOOP YacToT B auamnaszone or 1 Hz mo 2 MHz.
Bruixosgmoit curnan 5 V' o4gepes pesucrop 680 €2 BbIBojuTCH Ha TecToBBI KoHTaKT TP2. B Kadecrse
curaaja GND, npu srom, moxkno ucnosibzoats GND DC-DC npeobpaszoBaresist Wil T€CTOBBIN KOH-
takT TP1. Tectossrit kontakT TP3 momcoequnen k GND depes pesucrop 680 2. Koneuno, Bl Takxke
MOZKET€e HCII0JIb30BaTh opT PB2 jjig nmojak/odenns oTae/IbHOM CXeMbl yCUIUTEIA-(hOPMUPOBATEIS.
Ho Bx0s1 9T0i1 cxeMbl He JTOI2KEH CO3/aBaTh OOJIBINYIO HArpy3Ky i opra ATmega.

2.2.4 W3mepeHue 4acTOTHI

JL1st menoib30BaHuUs JOTMOTHUTE/TBHON (DYHKITME U3MEPEHUsT YaCTOTHI, TIOTPeOyeTCs He3HATNTE TbHAS
nopaborka Tecrepa. [lyist uamepenns wacrorsl ucnosb3yercsa mopt PD4 (TO/PCINT20) ATmega.
DTOT ¥)Ke MOPT ucnoab3yercs Jjisd nojkaodenus LCD-ucites. B crangaprinom Bapuante K mopry
PD4 nonxmouen curnan LCD-RS, B Bapuante strip grid - curman LCD-D4. g oboux curnajion
nopT PD4 MoxkeT OBITH TEPEKJIIOUEH Ha BBOJ, €CJIU B JAHHBIII MOMEHT He TpeOyeTcs BBIBOJIUTH WH-
dopmanmio va LCD-auceii.

Ojnako, Jydine HUCHOJIB30BaTh JOMOJTHUTETBHYIO CXeMY IOJIKJIIOUeHns, N300pakKeHHyio Ha pu-
CYHKe . Hanpstkenne wa BoiBogie nopra PD4 (LCD-RS nwim LCD-D4) 10/12kHO GBITH yCTAHOBJIEHO
okoJsio 2,4 V mpu orkmodernoit ATmega min mojcTpoeHo Bo BpeMst m3Mmepenns: dactoTbl ATmega,
ITOOBI TTOJTyIUTh JIYUIIYI0 IYBCTBUTEILHOCTb K BXOJHOMY curHasy. Bo Bpems: perysmpoBku LCD-
JIACIIEN JTONI?KeH OBbITh yCTAHOBJIEH, TIOTOMY HUTO IOATATUBAIONINE PE3UCTOPHI MHIMKATOPA MOIYT
U3MEHUTH YCTAHOBJIEHHOE HAIPSKEHUE.

VCC

By
q 10k
10k 470
PD4 {—{ —31—>— TP4
10k 100nF

1

Puc. 2.4. /lononnureabHasa cxemMa JiJId U3MEPEHUs YaCTOTEI

2.2.5 HcnoJsib3oBaHue NOBOPOTHOI'O 3HKOJIEpPa

st 6ostee yobuoro joctyia Kk Mento jonosiautesbubX Gyukimit st ATmega3d28, Bor moxkere j10-
MIOJIHUTDH CXEMY, YCTAHOBUB MHKPEMEHTAJbHBIN SHKOJEP ¢ KHOMKON. PucyHok [TOKA3bIBAET CXEMY
MTOJIKJTIOUeHnsT K TecTepy ¢ cuMBobHBIM LCD. Bee curnaibr faj1s OAKIIOMEHNS TTOBOPOTHOTO NWHKPE-
MEHTAJIBHOTO SHKOJIEPa JIOCTYIHBI B pazbeme nojikaodenns LCD. [To stomy, MomepHu3aiims BO3MOXK-
Ha JIJ1si OOJIBIIIMHCTBA CYIIECTBYIONIMX TecTepoB. Bo muorux ciydasx rpaduueckuit LCD cobpan na
[IEPEXOJIHON TI1aTe U MOJK/IIOUEH K KOHTAKTaM, MPEIHAZHATCHHBIM JIJIsl TOJIKII0UCHUS CUMBOJILHOTO
LCD. Takum ob6pa3oM, MOJIEPHUBAINS B 9TUX CJIyUasX TAKXKe BO3MOXKHA.
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Puc. 2.5. Cxema MOAKIIOUEHUST TOBOPOTHOTO SHKOIEPA

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

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

Puc. 2.6. OcobennocTn JByX THUIIOB MTOBOPOTHBIX MHKPEMEHTAIBHBIX SHKOIEPOB

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

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

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

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

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

Possible state history from left to right:

0 2020 2 3232 3 1313 1 0101 0 2020 2

NN N

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

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

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

2.2.6 IlogknrodeHne rpaduvecKoro AUCILIEs:

Boubimoe crracutbo Wolfgang Sch. 3a BeImoiHeHHYI0 paboTy 110 MOIAEPKKE IPUOOPOM KUTAKCKON Bep-
cun jmciiest ¢ KoaTposutepom ST7565. B HacTosiiiiee BpeMsi BbI TakKe MOYKETe MOJIK/TIOIUTD Ipadu-
gecknit LCD (128x64 tmkcesneit) ¢ kourposutepom ST7565. TTockonbky konTposiep ST7565 moaKiio-
JaeTcd 10 Mocje0BaTe IbHOMY HHTepdEicy, TO TOJIbKO YeThIpe CUI'HAJBHBIX JIMTHUU HUCIIOJIb3YeTCs.
JBa BoiBoma nopra D ATmega MoryT ObITh HCIOJIB30BaHBI 1 APyrux 3aga4d. ATmega mporeccop
JIOJIZKEH UMETh, 110 KpaitHeit mepe, 32 kB duen-naMaru i TOJJIEPKKN IPadUIECKOr0 JIUCILIES .
ST7565 KoHTpOJLIED UCIIOAB3YyeT pabodee Halpsizkenne 3,3 V. I[losromy Tpebyercs J10mOJTHATEIbHbII
crabumuzarop 3,3 V. lokymenrtanus Kk KoHTposuiepy ST7565 He MomycKaeT MpsiMOTO TTOMKTIOUeHHST
JIOTUYEeCKUX CUTHAJOB ypoBHs 5 V. J[y1g cormacoBanms JJOrmdecKuxX ypoBHeil curaaaoB o V u 3,3 V
MOXKHO HCIIOJIb30BATh CXEMY, IIPUBEJICHHYIO HA PUCYHKE ¢ UCIOJIb30BaHUEM MHUKPOCXEMBbI 1IPeod-
pazoBatess yposueit 74HC4050. Bor MmoxkeTe 1onpoboBaTh NPUMEHUTb BMECTO YETHIPEX 3JIEMEHTOB
T4HC4050 wernipe pesuctopa, npumepro 2,7 k). Ilajgenne HanpsikeHust Ha PE3UCTOPAX MPEIOT-
BPATUT yBeJIMYEHNE HAIPSIKEHUsST Ha BXOJaX I'paduaecKoro KOHTPOJLIEpa OOJIbIIe UeM HAIPszKeHHe
nutanus 3,3 V| a JONOJHUTENbHBIE JUO/BI HA BXOJaX I'PadUyueckoro KOHTPOJIIEpa He JIOMyCTAT
nornaanns BeixoaHoro curasa 5 V. oor ATmega. Bor momkabl yoeuThbest, 910 (popMa CUTHAJIOB C
PE3UCTOPOB MOT'YT OBIThH ITPABUIHLHO BOCIHPUHSATHI BXOgaMu KOHTpoJsepa ST7565.

B mo6om ciygae, npu npumenennn 3jemMmenToB Mukpocxembr 74HC4050 dhopma curaasia Ha BXoze
rpaduIecKoro KOHTPOJLIEPA TOYHEE COOTBETCTBYET (hopMe BBIXOIHOTO curHasa ¢ ATmega.
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Puc. 2.8. Ilogkioderne rpadudeckKoro auciuies ¢ KoarposiepoMm ST7565

O6nrano ST7565 man SSD1306 kouTposiep nojk/oudaercsd 1o 4-nposognomy SPI uaTepdetiicy.
Ho ¢ xonTpostepom SSD1306 Bol TakzKe MozKeTe MOAKIIOUATL HHIUKATOp 110 uuTepdeiicy 12C uc-
nostb30BaB PD2 kak SDA u PD5 kak SCL curaas. Curnaast SDA n SCL 10/KHBI OBITH TOITSIHY ThI
pesuctopamu okosio 4,7 k) k nanpsizkeruto 3,3 V. Ilpumep nogkmodernns OLED mucrres mokazamo
na pucynke 2.9, Curmamu munsr [2C peamsoBanbl TOMLKO MyTeM Tepekmodenns moptos ATmega K
0 V. Ilepe/t nosiK/II0OYeHIEM TTOATATUBAIONINX PE3UCTOPOB K HAIPsizKeHUI0 5 V', Bbl 0/1KHBI yOe 1uTh-
cs, ato Bam konTpoJutep jomnyckaer ypoBeHb curtasia 5 V. OObIMHO BXO/bI KOHTPOJLIEPA, JTUCILICS
BAIUIIEHBI JINO/IAMHU, KOTOPhIE TIOHMKAIOT YPOBeHb curHasa 10 3,3 V. Bel mo/mkabl yOEuThCs, 91O
B ATmega 3amcana IporpaMMa ¢ HoIepKKoit natepdeiica 12C 10 Toro, Kak aucIiieii 6yaeT moaco-
equHen. Ecm Bol 3anmcanu B KOHTPOJIIEP MUKPOIIPOIPAMMY € IOJEPZKKOIT Ipyroro nurepdeiica, To
Ha BbiBOsIax ATmega MOryT IpUCyTCTBOBATEL CUTHAJBI ¢ ypoBHEM 5 V. TakzKe HYyKHO TPOBEPUTDH pac-
nojioxkenue BuiBo10B Battero OLED nuciiies. HekoTopbie MOy I UMEIOT OT/INYNE B PACIIOJIOKEHIN

GNDuVCC.

MCP1702-3302

|
|
I
I
|
PD2 SDA E 5 . PD2 SDA = &
— B T s : —— T s
3.9k scL =) §§ : 3.9k scL £ ‘gg
PD5 a 8% PD5 a 3%
— Qg ¥ l L — 3 g ¥
3.9k o =z | 3.9k o =z
vee vee S 22 ! VCCT,N LDO our 1 s 9 2%
o «u g | © »n T
oo & EF| GND 100nF op 5 E°C
GND a 3 ! T T n & 3
100nF
' GND !
I
I
|

Puc. 2.9. Ionkmouenue rpadmaeckoro OLED mucnes ¢ 12C narepdeiicom

s mopkrovuerust K KoHTposiepam cepunu ATmega644 smecro mopros PDO - PD3 ucosszy-
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torcs optel PB2 - PB5. [l 3aMeHbl cMBOJIBHOIO JUCILIES Ha IpadudecKnii MOXKHO MCIIOJIB30BATD
HEPEXOIHYIO MIEYATHYIO ILIATY-aJdallTep ¢ pa3beMOM aHaJormIHbIM cuMBosbHOMY LCD, Tak Kak Bce
CUTHAJIBI U IIUTAaHWEe Ha HeM JOCTYIIHbI. HaMHOro mpoire HOAKJIIOYATD JUCILIEH ¢ KOHTPOJIIEPOM
ST7920, moroMy 9TO KOHTPOJLIEP IO//IEpKUBaeT HanpszkeHne nmutanus 5 V. Jlucmiieit mosmkeH mos-
JlepKuBaTh pexkuM 128x64 Todyek. Mojyib guciies ¢ KoHTposaepoMm ST7920 mMoxkeT ObITH TOIKITIO-
veH 110 4-bit mapaJsiebHOMY HHTepdeicy Win 10 ClelnaaIbHOMY, I0C/Ie10BaTeIbHOMY HHTEep(deiicy,

corsacto pucynka [2.10]

GND ; VSS GND é VSS
VCC 3 VDD | \Yele 3 VDD
VEE 1Yo S VEE 1Yo >
SRS = PD4 (RS =
PD2 o RIW g GND o RIW 2
A ; PD5 A
PD3 —  DBO % | —Z{DBO %
—3pB1 & | —81/pB1 -Z
—21BB2 S| | —21BB2 &
— 10 pR3 S| — 10 pp3 5
—Uippg ‘ PDO 11} pB4
12 ) ! 12 @)
—13 DBS S| PD1 21 DBS S
4l DB6 X ! PD2 m DB6 X
—5/DB7 & PD3 15| DB7 B
PSB | | PSB @
__16] NC | __16] NC
17| RST 1 17| RST
7}2 VOUT : 712 VOUT
vVCC — o BLA I VCC T o BLA
f BLK | l BLK

serial mode 4-bit parallel mode

Puc. 2.10. Iloakaouenne naaukaropa ¢ KonTposaepom ST7920

st AByX TUIOB MOJK/IOUEHNs HHInKaTopa ¢ kKouTposutepom ST7920 B Makefile momkua ObITH
yeranosjiera omiusg «WITH LCD _ST7565 = 7920». Kpome Toro, mpu moJIKII0YeHIN 10 TIOCIeI0BA-
TesibHOMY mHTepdeiicy, Hasio yeranoBuTh u omnnnio « CFLAGS +=-DLCD _INTERFACE MODE=55».
Tak ke Kak U B c/iydae MPUMEHEHUs JIPYTUX rpaduaeckux WHIMKATOPOB, JIJIs JIUCILIEs ¢ KOHTPOJLIE-
pom ST7920, onmmuamvu LCD  ST7565 H FLIP u LCD_ST7565 V FLIP moxkHO u3MeHUTH OpH-
EHTAINIO BBIBOJUMOTO M300ParKEHNsI.

OcobbIM citydaeM SBJISETCA MOJKIII0YeHNe auciiieeB ¢ KoHTposiepom ST7108. [TockonbKy tu
JIUCILIEN UCIOJIB3YIOT TOJIBKO IMapaJlIe/IbHbIi 8-OnTHBIN nHTepdeiic, HeOOXOUMO IPUMEHEHUE [TOCIe-
JIOBATEJILHO - TIApaJIIeIbHOTO 11peodpasoBatess nunrepdeiicos. [Ipocreitmuii criocod — ucrnosib3oBanne
mukpocxembl T4AHCT164 wim 74HCT595. Bapuant Takoro mojik/iouennst moka3an Ha pucyske [2.11]
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Puc. 2.11. Toakiroaenne rpadudaeckoro gauctes ¢ ST7108 kKoHTposIepoM

Tax xax wexkoropsle Momysn LCD pazaumdatorcs: 1o pacioJiozKeHU0 BbIBOJIOB, TEPeT MTOIKTI0Ue-
HueM BbI JOJKHBI IPOBEPUTH MOKOJIEBKY Barrero jauciiies. Hekoropble pa3inyans B pacroioyKeHUN
BBIBOJIOB 1 cepunt LCD ABG128064 npusesenst B tabsmie [2.2]

128064H | 128064G | 128064C | 128064B
Curnanu

VDD (5V) 1 2 4 2
VSS (GND) 2 1 3 1
VO (Drive) 3 3 (5) 3

DB0-DB3 4-7 7-10 9-12 7-10

DB4-DB7 8-11 11-14 13-16 11-14
CsS1 12 15 1 15
CS2 13 16 2 16
Reset 14 17 - 17
R/W 15 5 7 5
RS 16 4 6 4
E 17 7 8 6
VEE 18 18 - 18
LEDA 19 19 17 (19)
LEDK 20 20 18 -

Tabmumna 2.2. Paznuuane B nmokosiéske ST7108 momyeit

2.3 VYkazaHndg 1o coopke Tecrtepa

B Tecrepe moxer ucnosbzosarbesds LCD-aucmeit 2x16, nporpamvuo comectumbiit ¢ HD44780 wm
ST7036. Bl HO/KHBI YIUTHIBATH TOK, HEOOXOMUMBIN I MMOACBETKH, HEKOTOpbIM LCD-muciiesm
HY?KEeH TOK HIuKe, deM Japyrum. ¢ nbrrajcs npumenntb OLED-auciuteit, Ho OH cTas TPUYIUHON 110-
Mex mipu n3Mepenusx 11 ATmega, u st ero He pekomenyio. Takxke ucrnonb3oBanne OLED-ucmies
BBI3BAJIO TPOOJIEMY 3arpy3KH CIIENUAJIHLHONO CUMBOJIA JIJIsT OTOOpayKeH!sT PE3UCTOPA.

Y100bI IOJIYyINTH MAKCHMAJIHLHYIO TOYHOCTH u3Mepenust, peauctopbl R1 - R6 680 €2 u 470 k) momxk-
#bl 6b1Tb TOuHBIME (0,1%). B Tecrepe moryT ucnosnbzoBarbes ATmega8, ATmegal68 u ATmega328.
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J1J1st BO3BMOYKHOCTH HCIIOJIB30BaTh Bee GyHKImH, HeobxomuMbl ATmegal68 man ATmega328.

Cuauana Ber qo/mKHBI coOpaTh Bee 37eMeHThI TecTepa Ha IedaTHol mw1aTe 6e3 MIKPOKOHTPOJLIE-
pa. B kagectBe IC2 pekoMeH 1yeTcsl MCIOIB30BATh CTAOMIN3ATOD C MAJIbIM IMaJeHIeM HAIIPSIzKeHHsT
MCP1702-5002, moTomy [aTo oH morpebisier Bcero 2 pA m Moxker BbIZaBaTh 5 V' IpH BXOJIHOM Ha-
upsizkenue Bcero 5,4 V. Ho on HecoBMecTuMm 110 BbiBojIaM ¢ u3BecTHbIM 78105 B Kopiyce TO92 .

[Tocme mpoBepKy MPaBUIBHOCTH MOHTaXKa, HEOOXOIMMO IMOJICOEIMHUTH OaTapero WM MCTOTHHK
muranue K 1are 6e3 LCD-mucrutes n mukpokonTposutepa. [lpn maxkaroit kaonke TEST mosmxk-
HO IIPUCYTCTBOBATHL HallpsizKeHue 5 V' Ha BbIBOJIaX HUTaHUS MUKpOKOoHTposuiepa u LCD aucriies.
Ecmm ornycturs kaonky TEST, namnpsizkenne 0KHO HCUYe3HYTh. Kcn HanpsizkeHus B HOpME, TO
HEOOXOIUMO OTKJIIOYATH IMUTaHNE, HPAaBUJIBHO BCTABUTH MUKPOKOHTPOJLIEDP U HOAK/II0INTH LCD-
muctieii. [lepen moakmodernem LCD mucmiest Heo6XoauMO BHUMATEIBHO IIPOBEPUTDH ITPABUILHOCTD
coesmHenust BbBosioB mutanus LCD nucrtes (T.x. #Ha #Hekoropbix LCD nucriesX OHU HOIKITIOYEHBI
rnaobopor) ¢ GND n VCC mnarer Tecrepal

Ecymm Ber yBepenbl, 9T0 Bce B MOPSAIKe, MOZKHO TI0JICOeMHUTD IuTanue. Ecian Bor yxke 3amporpam-
muposasim ATmega, To moxkere KparkoBpemeHHo HaxkaTh KHONKY TEST. I1pu kparkoBpementnom Ha-
xkarnu kaonku TEST ceeronnon LED1 u nojacserka LCD-auciiest 1ozkabl BKIo9nThes. Ecim Bor
ornyckaere kHonky TEST, ceeroanon LED1 He jtokeH racHyTh KaK MUHEMYM HECKOJIBKO CEKYH/T
(3aBHCUT OT yCTAHOBJIEHHBIX MAPAMETPOB IPU KOMIMLIAIMA IPOIPAMMHOTO 00€CIIeUeHNUsT). 3aMeTh
Te, YTO MPOrpaMMHOe ObecIieueHue Jjisi MUKPOKOHTPOJLIEPA JOJIZKHO OBITh JIJIsi UCIIOJIb3YEeMOr'0 TUIIA
MuKpokoHTpoJutepa. [Iporpamma jiist ATmega8 ne paboraer na ATmegal68!

2.4 Jopaborkm aJjs Bepcuii Tecrepa Markus F.

KonTposs HanpsizkeHus. [Ipobsiema nposiBisgercs ciemyionmuM obpaszom: Tectep HeMe sIeHHO OT-
KJIIOYAeTCsl IPH KaxKJI0OM BKJoYeHun. [Ipuannoi Moxker crarh ycranoska ¢oiozos (Makefile)
KOHTPOJISA 3a MOHUKeHneM Hanpsikerus nutanus ATmega wa 4,3 V. Ilpoucxogur 310 ciejy-
forruM obpasom: opt PD6 nbrraercs 3apsauts kKougaercarop C2 100 nF' no yposus VCC, aro
BeI3bIBaeT posas Hanpsizkerns VCC (5 V). Jlns pemenus nmpobsiembl KoHgercatop C2 MoxKer
ObITH yMenbIlieH j10 < 10 nk'. Ecium Bo3MOXKHO, TO BK/IIOYNUTH IOCJIEI0BATE/ILHO B 1ernb PD6
pe3ucTop corpoTusiieHrnemM bosee > 220 ().

Yayumenune nutanus cxembl. Eciu Tectep 3amyckaercsa npu naxkarnn #a knonky TEST, wo
KJIIOY CPa3dy Ke OTIIYCKAETCsl, TO YaCTO MPUIUHA 3TOW mpobsembl B nutanuu. [Ipodiema 1mo-
poxKaeHa 60JbImM ToKOM mogcBeTku LCD-mucmies. Pesucrop R7 k 6a3e P-N-P-rpansucropa
T3 ob1 Bemaunoit 27 k2, 1T0OBI YMEHBITUTH TOTpeb/IeHNe SHEPTUU. I TOOB! YIydIINTh Mepe-
KJIFOUeHue 1pu 0oJjiee HU3KOM HAIIPsIzKEHUN OaTapen WJIu IPpU HU3KOM KO3 DUIMEeHTe yCUIeHU ST
P-N-P tpansucropa T3, HeoOX0AUMO YMEHBIIUTDH COPOTUBIeHHUE J10 3, 3 kS2.

JomonHauTeNbHbI MOATATUBaIONINI pe3ucTtop nopta PD7. OrcyTcTBue noaTsruBaiomero pe-
3UCTOpA, IOCIe KOPOTKOTO BpeMeHn, paboTa 3aKaHINBaeTCs BbIK/IOUeHneM TecTepa ¢ coobiie-
uueM «Timeouts. [Iporpammuoe obecrievuenue dpopmupyercs ¢ omnrueit PULLUP  DISABLE,
T. €. BCe BHYTPeHHUE MO/ ITSTUBAIOIIIE PE3UCTOPHI OTK/II0UYeHbl. [0 910l mpudnHe HAIIpsIKeHTe
nopra PD7 ne orpejienieno, ecin yposenb He nepek/ioder kaonkoit TEST uan Tpansucropom
T2 x GND. Buemunit pesucrop cornporusienuem 27 k€2 k VCC perraer 31y mpobJiemy.

Konaeuncarop C1 8 AREF. Muorue ucnosb3yor #Ha Kontakre AREF komaencarop ma 100 nF
tak ke, kak u Markus F. [Toka ne 6b110 HEOOXOIMMOCTU MeHATH oropHoe Harpsizkerne ATIIT
- 910 OBLIO XOpoImuM perneHueM. [Iporpamvuoe obecriedenue g ATmegal68 1 ATmega328
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UCIOJIb3YeT aBTOMaTUYECKUil BBIOOp BHyTpeHHero omnopuoro Hampstkenus AT 1,1 V) ecim
BXO/IHOE HallpsizkeHne Hiuzke 1 V. 9710 mosBossier yiaydmmuTh paspemtenne ALl npu xHeboIB-
IIIUX BXOJHBIX HaIpsKeHUAX. K coxkaeHuio, mepekiodenne olopHoro Hallpsizkenus ot 5 V' 10
1,1 V mpoucxomuT odeHb MemyieHHO. [lo 9Toil mpudmHe HYKHO yYUTHIBATH JOMOJTHUTETHLHOE
BpeMs oxkuganud 10 ms. [Ipu ymenbiennn Bemaunbl KoujgencaTopa 10 1 nk', 910 Bpems Mo-
JKeT OBITH CYIIECTBEHHO YMEHbIIIEHO. ¢ He 3aMeTu1 yXy/IIIeHsT Ka4eCTBA M3MEePEHUs [IPU 3TOM
n3Menennu. /laxke ¢ yIajaéHHBIM KOHJIEHCATOPOM HET CYIIECTBEHHOI'O M3MEHEHUs Pe3YJILTATOB
n3Mepenusd. Ecim Bol npepnounTtaere octaBuTh KoujeHcaTop Ha 100 nF', To MOXKeTe OTKJIIO-
qnth oo NO _AREF CAP B Makefile, qig aktuBaruu yBemdennst BpeMeHU OKUJIAHUS B
mporpamme.

YcranoBka kBapna Ha 8 M Hz. Bl moxere ycranoButh KBapii Ha 8 M H z ¢ 3ajHeil cTOPOHBI T1e-
JaTHOIl maaThl HemocpeacTBeHHo K mopram PB6 u PB7 (BeBoxst 9 u 10). Mos coberBennast
JiopaboTKa Oblia cierana 6e3 KoHJeHcaTopoB 22 pF' u paboraJia XOpOoIIo CO BCEMH ITPOBEPEH-
ubiMu ATmega. Bor Tak ke moxkere, BbIOpaB (bbIO3bI, MCIIOIB30BATH BHYTPEHHUN TeHEpaTop
na 8 M Hz jjig nostydeHus JIydIiero pa3perienus 1o BpeMeHn MPU CTabMILHBIX U3MEePEHUIX
(BeIMIMHBI EMKOCTH).

Criia>knBaHUe MMUATAIOINET0 Hanpsi>keHusi. B opurunasibhoii cxeme Markus F. mpumenen Tosibko
oaun koujerncarop 100 nF o manpsikenuo VCC. D1o He qaeT npueMyieMyio buabTparuio. Bor
JIOJIZKHBI, 110 KpaifHeil Mepe, HCII0JIb30BaTh KOHIeHCATOPbl éMKOCThI0 100 nF' 0K0JI0 BBIBOIOB
nutanuss ATmega u Bozjie BBIBOJIOB BXOja U BBIXOJa cTabmim3aropa Hampsizkenus. Jlomos-
HUTEJIbHBbIE KOHJIeHCAaTOPbl 10 (F (37IeKTpOMTHYecKUe UM TAHTAJIOBbIE) HA BXOJE M BBIXOJE
cTabUIN3aTOPa HAPSZKEHUS TTOBBIIIAIOT YCTONINBOCTD Hanpsizkenus. Tanrasaoserit SMD kon-
nercarop 10 pF' jierde mcrosib30BaTh CO CTOPOHBI MEYATHBIX JIOPOYKEK, U OH MMEET OOBITHO
bosiee Huzkoe 3uadenne ESR.

Bri6op mukpokonTpossiepa ATmega. [l ocHoBabix dyuKimit Tecrepa BO3MOKHO UCIIOJIB30-
sanue ATmega8, Flash nmamars B meii ncnonnsyerca npakruuecku xa 100%. ATmegal68 um
ATmega3d28 coBmectumbl 110 BeiBojaM ¢ ATmega8, s mory pekomenjoBarh 3ameny. [Ipu mc-
nosib3oBannn ATmegal68 nin ATmega328 Bor mosyuaere cieyromue npenmyinectsa: Camo-
IIPOBEPKA C ABTOMATHYECKON KaJIUOPOBKOIA.

Vitydinenue KadecTBa U3MEPeHUsi ¢ aBTOMATUICCKUM 1tepek/iodenneM maciiradba AITIL.
Nzmepenne naaykTUBHOCTEH 1Tpu contpotusiennn Huzke 2100 €.

Nzmepenne Bemanabl KSR koHieHCATOPOB ¢ éMKOCTBIO BbIte 90 nk'.

Nsamepenne pesucropor muzxke 10 () ¢ pazpermenuem 0, 01 €.

UcnonwzoBanne nopra PC3 B kadecTBe mocsenoBaTe/IbHOIO BBIXOJA WU aHAJIOIOBOI'O BXOJA
JIJIsE U3MEPEHUsT BHEITHET'O HAIIPSIKCHUS.

OTtcyTcTByIolue Npenu3noHHOEe OIIOPHOe HAaIpszKeHune. lIporpammMuoe obecrieuenne JI0KHO
O0OHAPYKUTH HEJIOCTAIOIINE SJIEMEHTHI OMOPHOIO Hampsizkenusi Ha BbiBosie PC4. B sTom cityuae
[IPU BKJIIOYEHUN TTUTaHUsI BO BTOpoit ctpoke LCD-uciuiest 10/12KHO MOSIBUTHCST cooOITeHne 1'ut
«No VCC = x.xV». Eciiz 310 coobrenne nosieiisiercs ripu ycranosiennom NOH, Ber momkabr
HOJIK/TIOUUTE pe3uctop 2,2 kS2 mexkay BuiBojom PC4 u VCC.

2.5 Kuraiickue KJIOHBI
[To umeromeiica y mens nadopmaruu, Tectep BoiltyckaioT B Kurae B JiByX Bepcusix. [lepBas momennb

nepBoro jm3aiitna or Markus F. 6e3 mopra ISP. ATmega8 momerien B naHeIbKy, 0o3TOMY, Bbl MO-
kere 3aMeHnThb ero Ha ATmegal68 min ATmegad28. [l sroit Bepcuu Bbl JI0/KHBI pacCMOTPETh
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BCe MyHKTHI pasjena [2.4] s sydmieil crabuimsaiiun HANPSZKEHNS [TUTAHUS JONOJHUTEIbHBII Ke-
pamudecknii kouagaeHcaTop Ha 100 nF' momxken ObiTh yeranosseHn mobsmsoct VCC-GND u BeiBOIOB
AVCC-GND ATmega. Kpome toro, Ber go/mkHbI ©METH B BULY, UTO, €CJIi Bbl ycTaHaBImBaeTe KBapIl
Ha 8 M Hz, o y Bamero Baemnero nporpamvaropa ISP go/kHa 6bITE 9acTOTa CHHXPOHU3AIIAN TN
KBapIl JIJIg TPOrPaMMUPOBAHMIS.

Bropas Bepcusi Tecrepa ¢ snementamu SMD. Tam ycranosier ATmegal68 B SMD kopiyce
32TQFP. K cuactbio, ycranorien pazbém ISP ¢ 10 korTaktamun st mporpammupoBanusi. £ mpo-
aHaJm3upoBaJl Bepcuio miaathl «2.1 2012/11/06». Hamen onmy ommbky - smement «D1»: ycranoBien
cTabuIuTpoH, a JosKeH ObiTh TouHb VIOH Ha 2,5 V. CrabuinTpoH HEOOXOMMMO YIAJIAThH, a Ha
ero mecto ycranosuth MOH LM4040A1Z2.5 nan LT1004CZ-2.5. Hemocrarotee ommopHoe Hampsizke-
HIUE YUIUTBIBAETCS IPOrpaMMHbIM obectiedenuneM jaxe, eciu NOH we ycranossien. Moit obpaserr 6611
[oCTaB/IeH ¢ IporpaMMHbIM obectiederreM Bepcun 1.02k. Pazbwém ISP ¢ 10 konTtakTamu He ObLT ycTa-
HOBJIEH, U 51 N3rOTOBIII repexoaank ot ISP6 k ISP10. V moero nporpammaropa nenb GND monseaena
K KoHTakTy 10, a Ha mwiare menb GND moaBenena k koaTaktaMm 4 n 6 ISP. Mapkupoeska ATmegal68
ObL1a cTépra, W He ObLI0 HUKakoh jokyMeHTanuu. Pbro3bl 6j10kupoBkn ATmega ObLn ycTaHoBIIe-
HBI TAKUM 00pa30M, UTO Obl CYUTHIBAHUE ITaMATH ObLIO HEeBO3MOKHO. Ho ycranoBuTh mporpammuoe
obecrieuenne Bepcuu 1.05k ymasmock 6e3 mpobseM. ¥ JApyroro mojb30BaTe sl €CTh IIPOOJIEMBI C IIPO-
rpaMMHBIM obecriedeHueM Toii ke camoit Bepcun 1.05k. V 3Toro nosb3oBaTesisi Kutaiickas miata «2.2
2012/11/26». [TporpammMHOe obecrieverne HadnHAET PabOTATh, €CJIN YyCTAHOBUTH JIOMOJHUTEIHHbIN Ke-
pamudeckuii kongencarop 100 nF mexty Boiojgamu AVCC (Bbisog 18) u GND (BeiBog 21) ATmega.
[Iporpammaoe obecriedenne Bepcun 1.05k ucrob3yer pexkuMm cia ATmega B TedeHre BpeMeH! OXKI-
naHus umepenus. [1o 3Toit mpuamHe TOK TOTPEOICHIS U3MEHIETC sl YacTO U PEryJIATOD HAIPAXKEHUs
Harpyzkaercs Oosbire. Jlamee s 3amermt, aro Hamnpsizkerane VCC 6JIOKUIPOBAHO KEPAMHIECKUM KOH-
nercaropoMm 100 nF' u sytekTpouTrudecKuM KoujencaTopom 220 pF' modmmzoctu ot 78L05. BxoHoe
Harnpsizkerre 9 V' 6JI0KHPOBAHO T€MU Ke caMbIMU KOHJIEHCATOPAMHE, HO He Ha BXOJe CTabWIM3aTopa, a
B smurTepe P-N-P-rpansucropa (napasutensao 6arapee). Jlopoxkka ot ATmegal68 0 ucnbrraresib-
HOT'O IIOPTa HACTOJIBKO TOHKast, uTo conporusienue 100 mS) He cMoOXKeT OBITH U3MepeHO. ITO Oyjier
MPUYINHON n3Mepenus conporusennst MuanMmyM 0, 3 () 771 IByX COeIMHEHHBIX BBIBOJIOB. [Ipun n3me-
pernu ESR 51y BemmunHy 0OBIMHO MOXKHO CKOMIIEHCHPOBaTh. [Iporpammuoe obecriedenne, HaINHAS
¢ Bepcun 1.07k, yauThIBAET 3TO CMEIEHUE JIJI TOTO, YTOOBI H3MEPITh PE3UCTOPHI CONPOTUBJIEHIEM
ke 10 €.

Hosbie cbopku Tecrepa, kak, nampumep, Bepcusi oT Fish8840 ucnosb3yior 128x64 Touxkm rpa-
dudeckuit gucteit. ta Bepcusi UCIOIb3YeT MOANMDUIIMPOBAHHYO JIOTUKY yIIPABJICHUS TUTAHUEM W
KHOTIKaMu. PucyHOK MMOKA3bIBAET IACTh MOIN(MUITTPOBAHHON CXEMBI.

vce vee +9V
w
= =4 — ]
&[] = 2(]% “|] 5
PC5 ~ Q1 vce
o [l T
PC6 PD7 ADCS < INP  OUT
. ® +—o
¥ D6 GND
Reset D5
[So¥e) O
[ =
S.h é’ﬁ 2|

PD6

Puc. 2.12. Hacts cxembr Bepcun ot Fish8840
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Kak Bbr MokeTe BUIETH, BMECTO MCXOHOIO KOI(hMUIUEHTA JIe/IUTE s, COOTHOIIIEHNE COMPOTUB-
JIEHWIT PE3UCTOPOB B IeNM m3Mepenus Hampszkenusa b6arapew, R8 m R15 Boidopano 2:1. Kpome Toro,
pesuctop R15 mojK/IIOYeH HEIoCpeICTBEHHO K OaTrapen, YTO MPUBOJIUT K MOTPEOJIEHUIO SHEPTUU B
BBIKJTIOYEHHOM cocTosiinu. Pesucrop R15H jroimken 6bITh mojk/I0OvYeH K ¢TOKy Q1 mim Ha BXOJH pe-
I'YJIATOPa HAIPSKEHUs JIJIs TIPeJOTBPAIeHIs HEHYKHOT0 pacxojia sueprun barapen. Kosdbdunuent
JIeJInTe I JIJIst U3MEpPEeHusl HAIIpsizKeHust 6atapen j1o/izken ObTh 3a1a0 B Makefile ociie BHecenust us-
MeHeHUi B opurnaajabHoe mporpammuoe obecriedenne (BAT NUMERATOR=66 for example). Bee
MOTNBITKY U3MEHUTH [TpOrpaMMHOe obecriedenne Brol nestaere Ha ¢Boit ctpax u puck. Hukakux rapan-
T He MOYKeT OBITH JIAHO TIO TOJJIEPXKAHIIO HOBBIX BEPCHIL.

K coxasenuio, ncxonnasa Kuraickasi MUKPOIIPOIPDAMMAa He MOXKET OBITh COXPAHEHA M3-3a yCTaHOB-
JleHHBIX OuToB 3amuThl ATmegad28. Tak uro HeT criocoba BEPHYTH MPUOOP B MCXOHOE COCTOSTHUE.

2.6 PacmmpenHas cxema ¢ ATmega644 nimm ATmegal284

Pacmmpennast cxema st kourposutepoB ATmega644 /1284 paspaborana comectro ¢ Nick L. u3
Ykpannabl. Cxema [IO3BOJISIET PACIIUPUTH JAAIA30H U3MEPSIeMbIX YaCTOT, & TaKKe COJIEPIKHUT
CXeMy TeCTHPOBaHUs KBapleB. XOTs PACIIMPEHHAs CXeMa IIOUYTH MJICHTHYHA cxeMe Ha pucyHke [2.1]
Ha3HAUYEHHE TI0OPTOB HECKOJIbKO oTandaercs. [IoBopoTHBIil sHKOAEp Ha cxeMe [2.5] qosKkeH GbITh 1H01-
kioded Kk PB5 u PB7 (Bmecro PD1 u PD3). O6a curnamna, a takxke VCC n GND gocrynubr na
pazbeMme rnporpammupoBanus ISP, Takum obpazom, o IK/IFOYEHIE TTOBOPOTHOTO SHKOJIEPA HE JTOJIZKHO
BbI3BATDL 3arpyauenuil. lesmrens 16:1 8 74HC4060 Bcerya ucnosb3yercs jjist yacToT Boitte 2 M H z.
On TakzKe MOXKET OBITh UCIIOAb30BaH i 9acToT oT 24 kHz no 400 kH z 11 HOBBIIIEHNST TOYHOCTH
M3MEPEHHs 9aCTOThI C IOMOIIBIO TI0JICUeTa epuoja. Jljist KoMMyTanuy nepeKkIoYeHni (1egnTessb da-
CTOTBI M KBaPIEBBIil TeHEPATOD) UCIIOJL3YeTCs AaHAJOTOBbIi Mepekodaresns T4HC4052. Ta6JII/H_Ia
MOKa3bIBaeT BAPUAHTHI TIOJKJIIOUeHns juciiiest K mopram ATmega324 /644 /1284. Tloakiouenue nH-
JIIKaTOpa ¢ uctosb3opanneM nuTepdeiica 12C BO3MOXKHO TOILKO J1JIS HHINKATOPOB ¢ KOHTPOJLIEPOM
SSD1306. Curnasst uarepdeiica 12C TpebyIOT yCTaHOBKH IIOTATUBAIONTIX Pe3ucTopos 4, 7Tk x na-
npszernio 3,3 V. Curnass! munbl 12C peaim3oBaHbl TOJBKO IIyTeM IepeK/oueHns mopTos ATmega

k0V.

[Topt | CumBosbhsrit | ['pacduueckuit LCD | ['padpuaecknit LCD JloromnurebHbIE
LCD SPI 4-wire I?C byHKINN

PB2 LCD-RS

PB3 LCD-E LCD-SCL

PB4 LCD-D4 LCD-REST LCD-SDA

PB5 LCD-D5 LCD-RS ISP-MOSI
IIOBOPOTHBIN HKOAED 2

PB6 LCD-D6 LCD-SCLK ISP-MISO

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

Tabmuma 2.3. oakarouenns auciuiees K nmopram ATmega324 /644 /1284

22



SRV05-4

<
‘yily
gl ]2
£ 5
Ubat g AYAVYAY X
JVCC +—
als
| % = 1 3 4 6
o |2 N
C3 | 10u ATmega644/1284 EMIE LR TPS (Vex)
- 40 180k
RESET PAO(ADCO) [— TP1
@ c4 w PAI(ADCY) [ TP2
ov +—1} AvCe PA2(ADC2) TP3
T 100n » PA3(ADC3) LT1004
O— If 2 | AREF PA4(ADC4) -
C5 In a PAS(ADCS) 2.5VL
H Vo 21 AGND PA6(ADC6)
PAT(ADCT) 2| [
DI0 J— c6 13 5PUS
Ss14 y +—| }—li XTALIL PDORXDO/T3) Mo
R14 22p = SMHz PDI1(PCINT24/TXD0) z| &
8 PD2(PCINT26/RXD1)
T1 N XTAL2 PD3(PCINT27/TXD1) 10k
MPSA65 PD4(PCINT28/0C1B) m
PDS(PCINT29/0C1A)
: 20 RI12
Ubat PDG(OCIB/ICP) (- C 3
PD7(PCINT31/0C2A) |— 080 | L1 TonD
® 470k 2
1 ] +5V
MCPII%%Q*“) PBOPCINTS/XCKO/TO) (— D§ U3 Ives
— PBI(PCINTY/CLKOT) [~ 4 1gs
J_—.C” IN OU T3 GND PB2(PCINTIOINTYAINO) = ‘ 5w S
GND PB3(PCINT1 1/OCOA/AINT) . 6] 5
Cl10 - 5 E 3
== PB4(PCINTI12/0COB/SS) [ 3
TmuTwOn c12 Jioon ( '[s el
PBS(PCINTIYICPIMOS) [ DI o
1 PB6(PCINT14/0C3A/MISO) 2 a
cbéon PBT(PCINTIS/OCIB/SCK) [ w2 8
S/OC3BA — D3
+—— Button [T B
»
PCO(SCLIPCINTIG) (= vee 12 405
PC1(SDA/PCINT17) ’;1 13156
PC2(TCK/PCINTIS) '5 R 4 1y
PC3(TMS/PCINT19) | 151«
26
PCATDO/PCINT20) (= 33-270 16 i|
PCS(TDI/PCINT21)
PC6(TOSCI1/PCINT22) 2 vee
B 29
PC7(TOSC2/PCINT23)
MISO vce
i ; 4
SCK MOSI
Reset 5 6
@ reseT  GND

74HC4052 -
— | Loz 74HC406

0
9
¢ 1o T ppp— ) 74HC4052
INH 2 Reser ouko [ oA
2_Ixo s 2 s |8
) 14| % M p 5*(]) S InH -
15 fxe 4 2 a9
1 s e 6 - Ex0 ‘3 =
1 HF = 7 a7 x1
g Yo 3 Qs |14 = 15 xe X 5SmA/ImA
~ I Z gl v Qo 12 Ty —
4 Y2 Qto 18 [ s . —O
€26 . c27 vee v3_IC4 Qi2 ; 2 Y1 Y
ais v
12p 12p 7‘76 ved ves B JVCC Ic5 a2 ool Ty, 1C6 —
1 VEE - 3
16 vdd vss _8 16 vid v s~ H =
Cl4 C15 B had
A - —— € DI6 DI7 DI8
8 8
L oon 8 100n 8 - 5
ci6 3x IN4148 s
o &
100.11 5
¥ vee =
3 b=
c1 CY =z - g
=
DC-DC N
10u | 33p Ubat MCP1702-5.0 +—8l=
C‘ZO R28 SV + T
TpP4 1 2x15V
Frequency  2.2n 1k
T4
2
=
5

BFR93A

10k
R33

L

Puc. 2.13. Pacmmupennas cxema Tpansuctop Tectepa ¢ ATmega644

2.7 IIporpammupoBaHne MUKPOKOHTPOJLJIEPA

A nybaukyto nporpaMMuoe obectiedenue 11 MUKPOKOHTposiepa ATmega ¢ HCXoIHBIM KOJIOM

(Vext)

39k

. Pas-

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

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

2.7.1 WUcnoann3zosaume Makefile B OC Linux

B Bepcun OC Linux ocnoBannoii Ha Debian, Bbl Moxkere mHCTAIIMPOBATH MAKETHI P TOMOIIN
synaptic unu dpkg. [laker «subversion» 1o/zKeH ObITh UHCTAJINPOBAH JJIs 3arPy3KU UCXOJIHUKOB U
nokymernTanuu u3 SVN apxusa.

C nomorpio KoMman bl «svi checkout svn://www.mikrocontroller.net /transistortester» Bvr moxkere
cKadaTh MOJIHBIN apxuB. Koreuno, Bl Takke MoxkeTe 3arpy3uTh TOJBKO IMOJKATAIOIN M3 apXUBA.
Jlna neronp3opannst Makefile B ogHOM 13 mOKaTAIOrOB, HEOOXOANMO YCTAHOBHTH IMAKeTHI: make,
binutils-avr, avrdude, avr-libc u gcc-avr. B okne koncosin Bbl JI0/I2KHBI cHavda & MEPEeRTH B HY KHbIIT
MOJIKATAJIOr B JIEpEBE KATaJOTOB ¢ ITOMOIILI0 KoMaHbl «cd». Termepb Bbl MoxkeTe M3MeEHSTH ONMITUN
B Makefile ¢ momorpio 1100010 TeKCTOBOrO pemaxkTopa. st KOMIUISINT MEKPOIIPOrPaMMBI I0CTa~
TOYHO 3aIlyCTUTH pocTyio komauay «Makes. Ecim mporpammarop B Makefile nactpoen mpaBuibHoO,
To KoMaH1a «make uploads momkHa 3ammucats Mukpornporpammy B ATmega wepes unrepdeiic ISP.
Taxzke HEOOXOMMO OJINH pa3 MPaBUIbLHO ycTaHOBUTH Fuses B ATmega. 910 MOXKHO CIeJ1aTh C TIOMO-
b0 KoMaH bl «make fuses» miam «make fuses-crystals.

2.7.2 HWcnoan3zoBanue nmporpaMmbl WinAVR B OC Windows

Ecmu Bel ucniosib3yere onepanuonnyio cucremy Windows, To camblii JIETKHI CIIOCOO MOJIYYUTD IIpa-
BUJIBHO 3anporpaMmmupoBannbiii ATmega coctout B oM, 4T06b! Hicosb30BaTh nakeT WinAVR [16], [17].
st yeranoBku dbro30s ¢ omorbio Makefile Bor moxkere ncnosiszoats moit Patch for WinAVR [18)]

Ha pucynke nmokasaHo merto File rpacdudeckoro narepdeiica nmoaszoparens WinAVR, jrs
orkpbitust daitna Makefile (Open) u s Toro, urober coxpanuth usmenénnbiii Makefile (Save).
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Close Project(s)
Recent Files

Exit

O m

|3 Edit View Tools Window Help

New

Open... T x
e encoder with push But The button can be connec .
Revert ITransistor Tester.
H enable the support for this extension.
of pulses at any switch as indexed positions (de
CH to 2 or 3.
nt of indexed positions, you should set the WITH_Rt
d position or with an indexed position at every ch:
Save All Ctrl+Shift+S  limes the count of pulses) you can set the

the best resolution.
Save Workspace As... ?l—hu[tons for up and Down instead ot the rotary em
Encoding ICH to 4 for the upP/DOWN push-buttons.

wun| F )

Save Crl+S

Export N changes the rotary direction by swap of switches
N

b ies.. Alt=Ente the rotary switch is Pp1 and PD3, because this set
roperties. TEMET It the first draft has used PD2 instead of PDI.

Close CtrleFa can override the ppl default setting with the fol

Close Project(s)

Close All SIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GEI
HUANIAN, LANG_POLISH, LANG_RUSSIAN , LANG_SLOVAK, |
Print... Crl+P

Print Setup...

#
#
#
#
#
#
<
#
#
#
#
#
#
#
#
#
u.
=
B e

Recent Files

Exit

< I

E Find Results =) Qutput [

= Find Results [=] Output |

Open an eisting document

(a) Orkpurs Makefile

Save the active document

(b) Coxpanurb Makefile

Puc. 2.14. Ucnosp3zoBanue nmporpamvbl WinAVR

Crenyromuit pucyHok

nokasbiBaeT MeHi0 Tools rpaduueckoro murepdeiica moab30BaTENS

WinAVR mst Toro, 1tober ckommmnposars nporpammy (Make All) u qist Toro, arobsl 3amporpam-

muposath ATmega (Program) mporpammoit avrdude.

[« File Edit View Window  Help

Window  Help

O | EH @5  UneEndings

Line Endings g DVWITH _UART]

Makefile | V] UseTabs

|| UseTabs

# The best cho nAVR] Make All

pport for this extension.
nAVR] Program any switch as indexed positions (de

Stop Tools Ctrl+Shift+K ositions, you should set the WITH_R¢
ith an indexed position at every ch,
of pulses) you can set the
Tution.
and Down instead ot the rotary en
You must set the WITH_ROTARY_: SWITCH to 4 for the UP/DOWN push-buttons.
CFLAGS += -DWITH_ROTARY_SWITCH=2
# the option CHANGE_ROTARY_DIRECTION changes the rotary direction by swap of switches
#CFLAGS += -DCHANGE_ROTARY_DIRECTION
The best solution for connecting the rotary switch is ppl and PD3, because this set
with character and_ST7565 LCD. But the first draft has used PD2 instead of PDL.
To return to the old setting, you can override the ppl default setting with the fol
CFLAGS += -DROTARY_2_PIN=PD2

s ¢ S 4 W e e S
H

select ){our Tlanguage:

available languages are: LANG_BRASIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GEI
# LANG_LTTHUANTAN, LANG_POLISH, LANG_RUSSIAN , LANG_SLOVAK, |
UI_LANGUAGE = LANG_UKRAINIAN

The best chol [WinAVR] Make All sh BuT The but can be connec .
parallel to t N er.
A define of t D pport for this extensi

inAVRLLA on.
If your encog any switch as indexed positions (de
you'should Sl WAV Prognm [E
If your encodi oorep T ——Tr ositions, you should set the WITH_Rf
FOr rotary en rith an indexed position at every ch.
the state of Opti of pulses) you can set the
WITH_ROTARY_C ptions Tution.

You can also uSE WO Separdace p Tons tor Up and Down instead ot the rotary em
You must set the WITH_ROTARY_SWITCH to 4 for the up/DOWN push-buttons.

CFLAGS += —DWITH_ROTARY_SWITCH=2

# the option CHANGE_ROTARY_DIRECTION changes the rotary direction by swap of switches
#CFLAGS += -DCHANGE_ROTARY_DIRECTION

The best solution for connecting the rotary switch is pPpl and PD3, because this set:
with character and ST7565 LCD. But the first draft has used PD2 instead of PDL

To return to the old setting, you can override the ppl default setting with the fol
CFLAGS += -DROTARY_2_PIN=PDZ

e e e e % e e

select )llour Tanguage:

Available languages are: LANG_BRASIL, LANG_CZECH, LANG_DUTCH, LANG_ENGLISH, LANG_GEI
# LANG_LTTHUANIAN, LANG_POLISH, LANG_RUSSTAN , LANG_SLOVAK, |
UI_LANGUAGE = LANG_UKRAINIAN

8 MHz operation configured.
AVR Memory Usage

Device: atmega3?8

Program: 29340 bytes (89.5% Full)
(.text + .data + .bootloader)

188 bytes (9.2% Full)
( ata + bss e

EEPROM: 754 bytes (73.6% Full)
(- eeprom)

> Process Exit Code: 0
> Time Taken: 00:05

‘

2 Find Results =) Output

Writing | #HSEEE R R R R | 100% 0.725

: 470 bytes of eeprom written
avrdude: verifying eeprom memory against ./TransistorTester.eep:

avrdude: Toad data eepron data From fnput Tile ./Transistoriester. eep:
u ct 14

avrdude: input file ./TransistorTester.eep auto dete as Intel Hex

: input file ./TransistorTester.eep contains 470 bytes
: reading on-chip eeprom data

Reading | | 100% 0.16s

avrdude: verifying ..
avrdude: 470 bytes of eeprom verified

avrdude done. Thank you.

> Process Exit Code: O
> Time Taken: 00:13

a
= Find Results [=) Output

(a) Cosmanne npomuskn (.hex/.eep)

(b) IIporpammvuposanue ATmega

Pnc. 2.15. UcnoabzoBanne WinAVR



2.8 Ilouck HeucrpaBHOCTeE

B GosbmmHCTBE CIyvuaeB BOZHUKAIOT MPoOseMbl ¢ BbIBOJOM TekcTa Ha LCD-mucieit. Crnagdana Bor
JIOJIZKHBI ITPOBEpUTH, 9T0 cBetouo LED1 He cBetutes, eciim Bl ornyckaere kaHonky TEST.

ITuranue He BKJtO4aetrcsi. Ecim ceeroanon LED1 e cBerurcs, m VCC = 5 V' Bo Bpemst HayKaTHs
kHonkn TEST, MUKPOKOHTpOJI/IED He BKJIIOUaeT MuTanue. B mepByto ouepesib, MUKPOKOHTPOJI-
JIep JOJIZKEH JlepXKaTh NMHUTaHue, rnepek/odas yposenb PD6 na 5 V. Ecim Bwl ynep:kuBaere
kuonky TEST, nuranue mokHO Ob6ITH BKJIOUeHO. Tak Bbl MoxkeTe MpoBepuTh BEJIUYUNHY Ha-
npsikenus utanus VCC u oHOBpeMeHHO Besinanny Hanpsizkenus Ha PD6. Eciu nanpsizkenust
VCC = 5V, a nanpsizkeane Ha PD6 #mke 4 V| T0 MUKPOKOHTPOJLIEP HE 3aIlyCKaeT POrpaM-
My. B sTom ciydae Bbl JO/IZKHBI TPOBEPUTH, OB I MUKPOKOHTPOJIJIEDP 3aITPOrPAMMUPOBAH
HaJIEXKAIIMI TAaHHBIMEU JJIs1 ycTaHoBaeHHoro y Bac tuma ATmega Bo Flash u EEprom, un
paBUJILHO Ji chopMupoBanbl bio3bl. Ecun MukpokonTposuiep nepeBojut cocrosgane PD6 B
5 V', Ho nuranue He ocraercs nocjie ornyckanus kHonku TEST, To 910 ycoKHIeT MOUCK 1pu-
qnnbl. CHauasaa Ber moxkere 3aMkayTH cBetoanon LED1 n nmonpobosars eme pas. Eciaun Tecrep
zamyckaercd, To cetoanoj i LED1 moxkeT ObITh 1eeKTHBIM WJIM YCTaHOBJIEH ¢ HENPABUILHO
HOJIAPHOCTBIO. Feym npuyanna He 9Ta, TO HeA0CTATOUYeH KOI(DDUIMEHT YCUIeHUS TPAH3UCTOPa

T3 (BC557C).

OrcyrcrByer Tekct Ha LCD-muciiee. [Iposepbre HalpsizKeHHe Ha KOHTaKTe KOHTPACTHOCTU B
LCD-nucrutee. Ycranosure 3HavUeHUe, OMPEJIEIEHHOE B TEXHUYIECKOM onucanuu. OTCyTCTBYIO-
muit Teket Ha LOCD-muciuiee MoxkeT ObITh BbI3BAH HENPABUJILHBIM MOHTaXKOM HUJIU BBHIOOPOM
BpeMeHHbIX nTapameTpoB. Eciim na LCD-nuciuiee et Hukakoit madopmalnum, a moICBeTKa eCTh,
TO HEOOXOUMO OTK/IIOUNTH MUTAHUE U TPOBEPUTH YeThIPe MNHbI JAHHBIX U JBE CBSI3H YIIPAB/Is-
IONUX CUTHAJIOB. Fcm Bcé HOpMAbHO, €IMHCTBEHHON TPUYNHOM, KOTOPYIO S BUIKY, SABIISETCS
HEIPABUILHBIN BHIOOD BPEMEHHBIX TaPAMETPOB YIIPABJIAIONINX CUTHAJIOB. DTO MOXKET OBbITH BbI-
3BaHO OoJiee MejIeHHbIM KoHTposutepoMm LCD-ucries, em 3a10ykeH0 B TpOrpaMMHOM obecIie-
YeHUU WU pabOTOl IPOrpaMMHOIO obeciieueHnst Ha HEeIPaBUILHOM TakTOBOI 1acToTe ATmega.
HeobxoiuMo 1mpoBepuTh, Jijid KAKOil TAaKTOBOW YaCTOThI ObLIN CKOMITMJIMPOBAHBI ITPOTPAMMHBIE
JIaHHBIE, I COOTBETCTBYIOT Ji (pbIO3bI, BEIOpanHoil vacTore ATmega. Ber Haitnére mapamerp ga-
cTOTHI B cooTBeTcTBYyIOMIEl cTpoke Makefile. Eciin Tectep cobpan 6e3 orkiouenus, Bor Mmoxkere
IPOBEPUTH PAbOTY MPOrPaMMBI C ITOMOIIBIO CBETOIUO/IA, MOJIKJIIOYEHHOTO K UCHBITATETbHBIM
BbIBOJIaM. Kcyi ¢BeTOMMO/ MUTraeT, To mporpammMa paboTaeT IpaBUIbHO.

Yro-To, HO He Bce untaemoe Ha LCD-aucniee. Ilpoepurs, npaBuibHbIE I .eep JaHHLIE 3a-
rpy2kenbl B namaTh EEprom ATmega. Eciu Bce nanmbie 3arpyKeHbl IPaBUILHO, TO HEOOXOIU-
MO [IPOBEPUTH TAKTOBYIO YaCTOTY, MporpaMMHble napamerpbl Janubix (Makefile) u ycranoBku
drrozoB ATmega.

MennenHoe ndmMepeHue u n3MepeHHass EMKOCTh B 8 pa3 meHsbIre. [Iporpamvuoe obecrieve-
uue g 8 M Hz, a paboraer ATmega na 1 M Hz. [IpoBepbre IpaBUIbHOCTD YCTAHOBKH (PBIO-
30B.

Crpannble 3HaYeHUsi usMmepenuii. /s Toro, 1robbr mpoBoauTh n3mepenus, ISP mporpammarop
JIOJI7KeH ObITh oTcoenHeH. OUeHb 9acTO MPUINHA HEITPABUIbHBIX U3MEDPEHUI - UCIIO/Ib30BaAHNE
nmporpaMMHOTO obecrrevdenusi, ckommuauposantoro ¢ omnmueit AUTOSCALE  ADC u ¢ omrueit
NO_ REF CAP, a na seiBoge AREF xonaencarop émkocrbio 100 nF'. HenpaBuibHbI MOHTaXK
WK OCTaTKU (DJIIoca TakKe MOI'YT HapyIuTh u3Mmepenue. [loxkasyiicta, ecjim BO3MOXKHO, IPO-
BepbTe (PyHKIINEN caMonpoBepKu mporpammuoe obecriederne Tecrepa. [logpobroctu cmoTpute

B [ase (5.5
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OcMmoTpuTe CBOIO ILJIATY BU3YAJbHO U IIPOBEPHTE BEJIUIUHBI PE3UCTOPOB oMMeTpoMm. JLjist 9Toit
npoBepku Bbl MOKeTe ucCIoib3oBaTh BbiBOjIbI ATmega, Harpumep, aTods! nposeputh R1, Bor
MOZKeTe TTPOBECTU U3MepeHus MexK 1y BeiBojamu 23 u 14 ATmega. CmoTpuTe cxemy Ha pUCyHKE
Y1aaaTh MUKPOKOHTPOJLIIED He 00g3aTe/IbHO, IOCTATOYHO TOJHKO OTKIIOUUTH OaTapero Wiim
3JIEKTPOIITAHME.

TecTep BBIKJIIOUAET NMUTAHUE TIOCJIE 2 CEKYH/]I OTOOparKeHus Ha JIACIJIee. ITO MOKET IIPO-
M30MTH, €CJM OTCYTCTBYeT BHEIIHUI moardaruBatoniuii pesucrop ¢ nopra PD7 xk VCC, wm
kunonka TEST ynepxkubaercs naxkaroit. [IporpamMmMHuoe BK/IIOUEHNE BHYTPEHHUX OTATHBAIO-
IIIX PE3UCTOPOB BJIUSET Ha PE3Y/IbTaThl H3MEPEHUs, 110 3TOMY HEOOXOIMM BHENIHUI OITATH-
Baroruit peuctop 27 kS2.

Tectep oTobparkaeT TOJAbKO Vext—=xxX.xV BO BTOPOil CTPOKe ITa mpodjieMa MOSB/IAeTCs, eC-
JIN TIOATATHBAIONIUI pe3ucTop Ha BhIBoge PDT7 orcyrcrByer, Hemcupasen win KHonka TEST
YAEPKUBAETCS B HAXKATOM II0JIOYKEHUH, a IIPOrPaMMHOe obeciiedeHne CKOH(MUIYPUPOBAHO C OT-
kimoderneM UART (ommuss WITH UART orkitodeHa) U OTKJIIOU€HHBIM BHYTPEHHUM TOJITSI-
rusatonumM pesucropom (¢ ommueit PULLUP  DISABLE). Heobxoiuma ycraHOBKa TOATATMBA-
IOIIero pesncropa Ha BeIBOsie PD7T.
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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» TOJIKJIFOYAIOTCA K UCIBITATEIbHBIM ITOPTaM padbeMaMiu. TakKe MOryT ObIThb
HMOJIK/IIOYUEHBI THEe3/a /I TPaH3uCcTopoB. B j1oboM citydae Bbl MoxKeTe MOJAKII0OIATHCS TPEMS BBIBO-
JIaMH K TPeM HCIBITATeIbHBIM ITIOpTaM B JIF00Oi mocseoBaTeIbHOCTH. Kem y /1eMeHTa eCTh TOJIBKO
JIBa BBIBOJA, BBl MOXKeTe MOJIKJIIOUNTHCA K JIFOOBIM JBYM HCIBITATEIbHBIM mopTaM. OOBIMHO MOJISIP-
HOCTB 3JIEMEeHTa He BayKHa, Bbl MOXKeTe MOIK/II0YATh BBIBO/IBI 9JIEKTPOJUTUIECKNX KOHIEHCATOPOB B
soboM topsizike. OOBITHO MUHYCOBO# BBIBOJI TOJIKJ/IIOYUAETCS K HCIBITATEILHOMY MTOPTY ¢ O0JIee HU3-
KM HOMepoM. [losisipHOCTh HENpUHIUIIHAIBHA, IOTOMY UTO U3MEPUTE/ILHOE HAIIPSAZKEeHNe HAXOIUTCs
Mexkay 0,3 V u 1,3 V. Ilocie nogkiodeHus: 3jeMeHTa, Bbl He JIOJI2KHBI KacaThCd €ro BO BpeMsd
u3Mepenns. Ecan oH He BeTaBisieTcsl B THE310, TO BbI TOMKHBI IPH2KATh €TI0 Yepe3 HEIPOBOISIILY 0
IPOKJTAJIKY. BbI He JTOJIZKHBI TAKZKe TPUKACATHCA K H30JISIIIUN IIPOBOJIOB, CBSI3AHHBIX C UCIBITATE/IHHBI-
MU ITIOPTaMU - PE3YJIbTaThl U3MEPEHUs MOTYT ObITh NCKaxKeHbI. [lociie BbIBOIa Ha uCILIeil coOOIeHnst
«Testing...», pe3ysbTaT U3MEepEeHHUs JOIKEH MOsABUTHCHA, IIPUMEPHO, TOCIe JIBYyX ceKyHI. [Ipn n3me-
peHnn EMKOCTH KOHIEHCATOPa BPpeMsl OKOHUAHUsT MOYKET YBEJIMINBATHCS ITPOIIOPIMOHATIBHO EMKOCTH.

[Ipomo/KuTeIbHOCTDh U3MepeHus: TecTepa, 3aBUCUT OT KOH(MUIYpaIllnh IIPOIPaMMHOTO obecriede-
HUS.

Pexxkum onHOkpaTHOro m3mepeHusi. 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/ylolee U3MepeHrne Wi He BLIKJIIOYUTE MUTa-
Hue (HeOOXOMM BHEIIHUI BBIKTIOUATE]b ).

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

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

3.2 Memnio gonoaauTeabHbIx pyukimii qaa ATmega328

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

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

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

Frequency (aacroromep) Jlononuurenbras dynkims «Frequency» (dacToToMep) HCHOIB3YET TOPT
PD4 ATmega, koropsrit Takxke mogkaodeH Kk LCD-mucitero. Cradana n3mMepsiercst 9acToTa.
Ecmn wacrora Hmke 25 kHz, TO DONOJTHUTETHLHO U3MEPSETCs MEPUOJI BXOJHOIO CHUTHAJA, U
3HAYEHHE FTOH JaCTOTHI MOXKET OBITH BBIUYMUCICHO ¢ TOYHOCTHIO j10 0,001 Hz. Eciu napamerp
POWER _OFF ycranosien B Makefile, To npojio/zKuTe IbHOCTD U3MEPEHUS YACTOTHI OIPAHU-
yeHa 10 8 MUHYT. V3MepeHne 4acTOThl MOXKET OBITH 3aKOHUYeHO HaxkarumeMm KHonkum TEST u
Tecrep nepeiijier B MeHIO (DYHKITHIA.

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

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

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

TO HeMeJIeHHO cHOoBa. Cepusi n3MepeHnil MOKeT ObITh 3aBepIleHa IIPH IINTEIHHOM HAXKaATHI
kuonku TEST.

Rotary encoder (Qukonep) dononnurensras dyukius «Rotary encoders (DHKOmED) MO3BOJIS-
€T MPOBEPUTH YHKOAEP. TPpU KOHTaKTa SHKOJAEPA JIOJZKHBI OBITH MOJIKJIIOYEHBI B JIIO0OI MOCIe-
JIOBATEJILHOCTA K TECTOBBIM KOHTaKTaM Imepes 3amyckom dyuknuu. [locme 3amycka dyHKINN
HY>KHO He CJIMIIKOM OBICTPO MOBEPHYTH PYUKY dHKOjAepa. Ecim TecT 3aBepInuics yCIemnrHo, To
Bo BTOpOit cTpoke LCD Oymer cumBomyeckn 0ToOparKeHo cpabaTbhiBaHUe KOHTAKTOB JHKO/IE-
pa B KaHajax. lecrep ompejesser oOIuil BRIBO/ ABYX KaHAI0B. Kpome Toro, ormpejesnsercs
COCTOsTHIE KOHTAKTOB IPHW OCTAHOBKE. EC/IM KOHTaKTHI 3aMKHYTHI, TO oTobpaskaercs «C», ec-
JI Pa30MKHYTBI, TO OTOOparkaeTcs «0». Pesyiabrar Tecra SHKOJEpa C BCErjia pa3oMKHYTHIMHI
KOHTaKTaMi B (DUKCUPOBAHHBIX IMO3UINAX OTOOParKaeTcs BO BTOPOI CTPOKE B TEUEHHUH JIBYX
cekyH KaK «1-/-2-/-3 o». [lyist Takoro sHKOjEpa KOJIMIeCTBO (DUKCHPOBAHHBIX IIO3UIUI COOT-
BETCTBYET KOJUYIECTBY HMITYJIbCOB B KaKJIOoM KaHaje. Ecan OygayT oOHapy»KeHbl 3aMKHYThIE
KOHTAKThI KAHAJIOB B (DUKCHPOBAHHBIX MMO3UITUAX, TO BO BTOPOI CTPOKE JIUCILIES] OTOOPA3UTCS
«1—2—3 C» B Tedyennn JAByX CeKyHJ. MHe He U3BECTHBI IIOBOPOTHBIE SHKOIEPHI, KOTOPHIE MMe-
Jin ObI 3aMKHYThIe KOHTAKTBhI B JBYX KaHAJaX OJHOBPEMEHHO IpU (PUKCUPOBAHHON IO3UIIIH.
[IpomerkyTouHoe coCTOSHIE KOHTAKTOB KAaHAJIOB MEXKY (DUKCUPOBAHHBIMU MO3UIUSAME TAKKE
oTobpazkaeTcs B CTPOKe 2 B TedeHn: KOpoTKoro Bpemenn (< 0, 5s) 6e3 cuMBOIOB «0» i «Cx.
Ecmm Bor 6y1ere ncnoib30BaTh SHKOJIEP I BHIOOPA B MEHIO JOMOJTHUATETbHBIX (DYHKIN, Bb
nokabl yeranoBuTh onmuio Makefile WITH ROTARY  SWITCH=2 1151 3HKO/1€pOB ¢ BCeria
Pa3OMKHYTBIME KOHTakTamu («0») u ycranoButh oo WITH ROTARY SWITCH=1 g
9HKOJIEPOB C PA3HBIM COCTOSTHUEM KOHTAKTOB (OTKPBITHIM «0» MJIH 3aKpbIThIM «C») B duKcH-
POBAHHBIX TTO3UIUIX.

Selftest (Pexkum camorecra) [lononaurensaas dyukinus «Selftesty (Pexxum camorecra) mosso-
JISIET CJIeJIATh TIOJTHYIO CaMOIPOBEPKY ¢ KaanbpoBkoiil. [IponsBoguTcest camMorpoBepka o Tectam
T1 - T7 u KanuOpPOBKa C BHENTHUM KOHJICHCATOPOM.
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Voltage (Bosibrmerp) Jlononaurenbuas Gyukius «Voltage» (BoJIbTMETD) JIOCTYIIHA, TOJBKO €CJIN
OTKJII0UeHa (DYHKITUHU IIOCJIEI0BATEILHOTO opTa mwin uctojb3dyercs ATmega ¢ He MeHee 1uem
32 soBogamu (PLCC) u oun w3 monosnuurenpabix noprop ADC6 wan ADCT ucnosnbsyercst
qutst m3Mepenus. Tak kak k nopry PC3 (mmm ADC6/7) ATmega noakioden genuresns 10:1, To
MaKCHMaJIbHOE BHEITHEee HallpsizkeHne MoxkeT ObITh He 60s1ee 50 V. Yeranosiaenuniit DC-DC mpe-
obpazoBaTelib i TeCTa CTAOMIMTPOHOB MOYXKET ObITh BKJIOUYeH npu Haxkatun kKHonku TEST.
Taxum 0b6pa3oM, cTAOMJIMTPOHBI TOXKE MOTYT OBITH M3MepeHbl. [Ipu ycTaHOBJIEHHOM TIapaMeT-
pe POWER _OFF B Makefile u 6e3 naxkarus kaonkun TEST mpogomkuTe bHOCTD U3MEpeHUsT
orpaHmdena jio 4 MuHyT. I3MepeHue MOXKeT ObITh 3aKOHUYEHO TaKyKe OU€Hb JINTETbHBIM (> 4 §)
naxkatuem kuonku TEST.

Contrast (KoHTpacTHOCTB) DT10ii dyHKIMEH MOKHO BBIOPATh yPOBEHb KOHTpACTa /Ui rpadute-
CKOT'O JINCILIest ¢ KOHTpoJLIepoM st7565. 3nadenne MoyKeT ObITh YMEHBIIICHO [IPU OYeHb KOPOT-
koM HaxkaTun KHonku TEST win moBoporoMm BiieBo 3HKOEpa. lanTenbHoe HaykaTue KHOIKN
TEST (> 0,4 ¢) uimi moBOpoTOM BIIPABO SHKOJEPA MOXKHO YBEJUIUTh yPOBEeHb. BbIxos u 3ato-
MUHAHIE BLIOPAHHOTO 3HAYEHUs B SHEPTrOHe3aBucuMOil maMsat KEprom ocymectiisiercst oteHb
jqumHEbIM HaskaTreMm KHonkn TEST (> 1.3 c¢).

Show data (Mudopmanus o TT) Oyukuus «Show datar (Mudopmanus o TT), kpome HOMEpa
BEPCHUU TIPOTPAMMHOTO 0O0OecIevueHns, MOKa3bIBaeT Janubie Kaanoposku. Hyresoe corporusire-
are (RO) mexay TectoBeiMu miomaakamu 1: 3, 2: 3 u 1: 2, coorBercrBenno. Kpome Toro,
oTobpazkaeT CONMPOTUBJIEHUE BBIXOJOB MOPTOB MO OTHOIIEHUIO K (5 V') HANPSZKEHWIO TTHTAHUST
(RiHi) u nmo ornomenuto k¥ (0 V) GND (RiLo). Tak ke mokasbiBaeT 3HaYeHHs HYJIEBO eM-
koctu (CO) Bo Bcex KOMOMHAIMAX TeCTOBLIX Iuromaaok (1:3,2:3, 1: 2w 3:1,3:22:1). B
3aBepleHnn 0TobparkaeTcsi 3HadeHust Koppekimu jiyist Komnaparopa (REF  C) u jist onopo-
ro nanpsikenns (REF R). Kaxkmas crpanuna orobpazkaercst B Tedenne 15 cekyHi, HO, Bbr
MOKeTe BBIOpaTh cjemyrontyio crpanuiyy naxarueMm kHonkn TEST umn moBopoTom sHKOmEpa
BripaBo. [loBoporoMm suKO/IEpa BJIeBO, BBl MOXKeTe TOCMOTPETH MTOC/IEIHIOI0 CTPAHUILY WU BEP-

HYTCS HA MPEJIbLIYILYIO CTPAHMILY.
Switch off lomosaurensnas dynknus «Switch offs mosBosster BeIKIIOUNTL TecTep HEMeIJTEHHO.

Transistor (tecrep Tpan3sucropoB) Koneuno, Bol takzxke Moxkere BoIOpaTh dbyHkImio « Transistors
(TecTep TPaH3UCTOPOB), YTOOBI BEPHYTCsI K HOPMAJIbHOMY pexkuMy m3Mepenuii Tecrepa.

[Ipu ycranornerrnom nmapamerpe POWER OFF B Makefile, Bce gonoauTe/1bHBIE (DYHKIINN OTpa~
HUYEHBI BO BPEMEHU, YTOOBI IIPEJIOTBPATUTD Pa3ps/l barapen.

3.3 CamonpoBepKa 1 KaJuOpPOBKa

Ecnu nporpammuoe obecrieuenne KoHduUrypupyercs ¢ pyHKIE caMOITPOBEPKH, TO CAMOIIPOBEPKA MO-
JKeT OBITDH 3aIlyIeHa IIPU COeIMHEHUN BCeX TPEX UCIBITATEILHBIX TOPTOB BMECTE M HAYKATUU KHOIIKH
TEST. Yro6sr HAYATH CAMOIIPOBEPKY HEOOXOIMMO B TeUeHME 2-X CEKYH/I TOBTOPHO HAaYKATh KHOIIKY
TEST, unade Tectep npogo/KUT HOPMAJIbHBIE U3MEDEHUA.

Eciin camoripoBepka 3amyiieHa, To Oy/1yT IPOBEIEHbI BCe TECTHI CAMOIIPOBEPKH, IIPEICTaBIeHHbIE
B Iy1aBe h.hl
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Ecin Tecrep ckoHMUIYpHPOBaH ¢ aKTUBUPOBAHHBIM MEHIO JIONMOJTHUTEIHHBIX (DYHKIMA (Ormiust
WITH MENU), nosnas camornposepka, Tect T1 - T7, BbIosiHSIOTCS TOJIBKO 1pH BbIOOPE (DyHK-
mun «Selftest> u3 mento gomosHuTENBHBIX QyHKINNE. Kpome Toro, mpm KarkKjaoM BbI30Be (DYHKIUN
U3 MEHIO, TPOU3BOINUTCH KaJINOpPOBKA C BHEITHUM KOHJIEHCATOPOM. B IPOTMBHOM ciiydae 3Ta YacTb
KaJIMOPOBKHU JIeJTaeTCS TOJIHLKO IepBbIil pa3. Takum oOpa3oM, aBTOMATHYECKYIO KAJIMOPOBKY MOYKHO
OCYyIIECTBUTH ObICTpEE.

[ToBTOpEHUs TECTOB CAMOIIPOBEPKH MOXKHO N30€2KATh, eC/IN HAaXKaTh U yaepuBath KHONKY TEST.
Taxum obpazom, Bl MoxKeTe IpOIyCTUTH HEe MHTEpecyiomnme Bac TecTbl caMOPOBEPKU, U MOYKETe
HabJo/1aTh nHTEpecytomme Bac Tector camorpoepku, otiryckas KHonkKy TEST. Tecr 4 3akonunTcst
ABTOMATHYIECCKH, €CI BbI pa3beIMHATE BCE TPU HCIBITATEIbHBIX MOPTa (yIATUTE «3aKOPOTKY> ).

Ecin B Makefile BeiOpana dpyuknus AUTO CAL, B pexkume caMoripoBepKu Oy1eT 0OTKaIndopoBa-
HO CMeITeHre HyJIsl [T m3MepeHns éMKocTh. 11 3aa4un KaTnOpOBKI BayKHO, 9TO ObI «3aKOPOTKA»
MeZKJIy TpeMsl MCIBITaTeIbHBIMIA IopTaMu OblLia ymajeHa BO BpeMms Tecra 4. Bo Bpems kagmOpoB-
ku (1ocse Tecra 6), Bbl He JIOJKHBI IPUKACATHCS HU K OJHOMY U3 HCHBITATEJLHBIX OPTOB WU
MOAKI0UeHHBIX Kabeseit. [IlyIbr H0/KHBI OBITh TEMH Ke CaMbIMH, KOTOPbIE OVIYT HUCIOJIb30BaThCS
IS manbHedmux m3Mepennii. Hawe cMmerenne Hy st /st U3MEPEeHNsT EMKOCTH He OYIeT IpaBUILHO
CKOMITEHCUPOBaHO. BermdanHa BHYTPEHHErO CONPOTUBJIEHUs TIOPTa, OIPeIe/IgeTcst B Hada/e KazKI0ro
U3MEPEHUS C 3TON ONIUEN.

JLs1 mocuteiHel 3841 KAJTMOPOBKH TPeOYeTCsT BHICOKOKAIEeCTBEHHbBIN KOHIEHCATOP € JII0OBIM 3HAa-
yenneM Mexky 100 nF' u 20 pF mojacoeiMHEHHBIN K UCHBITATETLHBIM BBIBOJAAM 1 U 3, COIPOBOXK-
nmaeMblit TekeroM «>100 nE's. Ilocie sToro coobmmenust Bor momKHBI ocoe IMHNTE KOHaeHcaTop. C
MIOMOIIIBIO 9TOI'0 KOHJEHCATOpa, OYIeT CKOMIICHCHPOBAHO HAIPS?KEHHNE CMEIEeHUs aHAJIONOBOTO KOM-
mnmaparopa, st 0ojiee TOYHOIO M3MEpPEeHHs] €MKOCTHU. JlOmMOIHUTE/IbHBIN BBIMIPBINI I U3MEepPeHui
ANII npu ucnosbzoBanuu BayTpenHero MTOH, ¢ Tem ke caMbIM KOHIEHCATOPOM, IIPUMEHUTE OIIIHIO
AUTOSCALE ADC pjis nojtyueHust JIyqninx pe3y/ibTaToB U3MEPEHUsT PE3UCTOPOB.

Ecmu dynknus camMornpoBepKu He 3aIporpaMMUpOBaHa JIjisi BBIOOpa U3 JIOMOJTHUTETLHOIO MEHIO,
TO KaJMOPOBKA ¢ BHEITHUM KOHJECHCATOPOM ITPOU3BOJIUTCH IIPHU IepBoii Kaanbposke. KaanbpoBKy c
BHEIITHIUM KOHJIEHCATOPOM MOKHO TIOBTOPHUTH, BHIOPAB COOTBETCTBYIOININN IIyHKT JIOMOJTHUTEIHHOTO
MEHIO.

Cwmemenne myns aia n3mepenus ESR Oymer 3amano Beioopom ommmuun ESR-ZERO B Makefile.
Hysesbie 3nadenus ESR g Bcex Tpéx KOMOMHAIMAX BBIBOJIOB ONPEJIC/IAIOTCS TIPU KarK 0 camo-
IpoBepKe. DTOT MeToj u3Mepennst KSR uconb3yercs: Tak:ke Mpu U3MEPEHUN BEJTUIHH PE3UCTOPOB
umzke 10 ¢ pazpertenuem 0, 01 €2.

3.4 CHeI_[I/IaJIbeIe BO3MO2KHOCTHU HCIIOJIB30BaHMA

[Ipu Briouenun Tecrep rmokas3biBaeT HallpsizkeHue OGaTapen MUTaHUsI. Ecain HalpsiKeHne HUKe IIpe-
Jiesia, TO IocJie HalpsikeHud O6arapen oToOpazkaercs mpejynpexkjaenne. Kceian Ber ucnonbsyere 9 V
AKKyMYJISITOP, TO ero HeoOXOJMMO KaK MOXKHO CKOpee 3aMeHHTh W/n Iepe3apsauTh. Ecian Bor uc-
nostb3yere Tectep ¢ 2,5 V' MMOH, to BO BTOpOIt cTpoKe B Tedenme 1 ceKyHIbI Oy/1eT O0TOOpParKeHO
Hanpskenne nmutanud B Bujie « VOC=x.xxV».

Konencaropbl H0/KHBI OBITH pa3psizKeHbI Iepej] KaxKIbiM u3MepenneM. Muade Tecrep moxker
OBITH IOBPEXKJIEH elme JI0 Toro, Kak Oymer Haxkara kHonka TEST. Ilpu usmepennu saemMeHTOB 6€3
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JIEMOHTa2Ka, 000PY/I0BAHUE JIOJIPKHO OBITH TOJTHOCTHIO OTKJIIOUEHHBIM OT UCTOYHUKA ruTanus. Kpome
TOro, BbI JIOJZKHBI OBITH YBEPEHBI, YTO OCTATOYHOE HAIPSKEHHEe B 00OPYIOBAHUU OTCYTCTBYET. Y
KasKJIOTO JIEKTPOHHOTO 00OPYI0BaHUS BHYTPU €CTh KOHIEHCATOPHI!

[Ipu monbITKE M3MEPUTH MAJIble BEJTMIUHBI PE3UCTOPOB, BBl JO/IKHBI YIUTHIBATH COIMPOTHBIIC-
Hue pa3beéMoB u Kabeseit. OueHb BayKHO KaueCTBO U COCTOSHIE PA3bEMOB, a TaKKe, COIPOTUBJICHIE
KabeJieit, UCIIoIb3yeMbIX JIJIsI u3Mepenus. 1o ke camoe HaJI0 yIUTbIBaTh pu u3Mmepennn ESR kon-
nencatopos. [Ipu ucnos3oBanun Toukoro Kabess seandanaa KSR 0, 02 {2 moxer Boipactu 10 0, 61 €.

He crout oxxmmarh or Tecrepa BBICOKOI TOYHOCTH pe3y/ibTaToB, 0cobeHHO npn m3Mepennn ESR
¥ MHJLyKTHBHOCTH. BBl MOXKeTE 03HAKOMUTBCS € pe3yJIbraTaMu Moeil cepun ucnbltanuii B riase o]

3.5 I1IpobGJjeMsbl Ipu olpeae/ieHNN 3JIEMEHTOB

BoI 10/12KHBI UMETHh B BUJLY, HHTEPIPETUPYs PE3Y/IbTaThl U3MEPEHHs, 9TO cxeMa Tecrepa paszpabora-
Ha I CJ1a00TOYHBIX TOJIYIIPOBOIHUKOB. B HOPMaJIbHBIX YCJIOBUSIX M3MEPEHUsI M3MEPUTEIbHBINA TOK
MOKET JIOCTUTHYTH Hpubmsuteibuo 6 mA. Motnble MOIYIPOBOIHUKE YACTO UMEIOT TPYIHOCTH C
uJeHTugUKaIel 1 n3MepeHneM BeJIMYUHBI EMKOCTU TIepexo/ia M3-3a TOKA yTEeYKH. lecTep Tak Ke
HE MOXKET BBIJIATh JOCTATOYHO TOKA JIJI OTKPBIBAHUS WA YACPXKaHUs MOIIHBIX TUPUCTOPOB WJIN
cuMucTopoB. Takum 006paszoM, TUPUCTOP MOKeT ObITh ompeesneH Kak N-P-N Tpansucrop min muo/r.
Tak>ke BOBMOYXKHO, YTO TUPUCTOP WJIM CUMUCTOP OIPEJIE/IATCH KaK HEM3BECTHBIN 3JIEMEHT.

Hpyrag npobjieMa - WaeHTHMOUKAIUS TTOJIYIIPOBOJIHUKOB CO BCTPOEHHBIME pe3ucTopamu. Hampu-
Mep, Jauoj baza-smurrep Tpansucropa BUS08D He MoxKeT OBITH ONpee/ieH n3-3a MapaJLiebHO TOI-
COeJINHEHHOTO BHYTpeHHero pesucropa Ha 42 ). Ilosromy mapaMerpbl TpaH3UCTOpPa TaKXKe He MOTYT
ObITH m3MepeHbl. TakxKe ecThb IpobjieMa ¢ OOHApyzKEeHHEeM MOIIHBIX TpaH3ucTopoB Jlap/iuHrToHA.
YacTo BeTpedaroTcs BHYTPEHHIE PE3UCTOPBI 6a3a - SMUTTED, KOTOPbIE YCIOKHAIOT HACHTH(MUKAIIIO
QJIEMECHTa IIPpU MaJIOM U3MEPUTEJIbHOM TOKE.

3.6 MW3mepenue tpan3uctopoB N-P-N u P-N-P

st HOpMAaJIbHOTO M3MepeHUsl TPU BBIBOJIA TPAH3UCTOPA TOAKIIOYAIOTCH B JIFO00I MOC/IEI0BATE b
HOCTH K HMCIBITATeIbHBIM BxogaM Tecrepa. Ilocie maxkarns wa kaonky TEST Tecrep mokaswiBaer
B nepBoii crpoke tun (N-P-N wau P-N-P), Bo3MOXKHBII BCTpOEHHBIN 3alUTHBIN 10/ KOJJIEKTOD-
SMHUTTEP U TOCJIEI0BATEILHOCTD BBIBOJIOB. JIMO/IHBIN CHMBOJI TIOKA3bIBACTCA B IPABUIBLHON MTOJISIPHO-
cru. Bropasi crpoka mokassiBaeT Kodddurment ycusienus (f =...) 1 IOPOroBoe HalpsizkeHne 6a3a-
SMHUTTEP. BBI J0/KHBI 3HATH, 9TO TecTep MOXKET U3MepHUTh [ 10 JBYM PA3JIMIHBIM CXeMaM, ¢ OOIIIM
SMUTTEPOM U OBIINM KOJUIEKTOPOM (3MUTTEpHBI oBTopuTesin). Ha mucriee orobpazkaeTcst TOIbKO
6oJ1ee BBICOKMIT pe3ysIbTar.

B cxeme ¢ O6H_H/IM OMUTTEPOM Y Te(:Tepa €CTb TOJIbKO /IBa BapHuaHTa, 4TOOBI 3a/JaThb 0a30BbIi TOK:

1. Pesucrop na 680 2 orpannaunBaeT 6a30BbIil TOK MPUOIU3UTETHHO BeTUINHON 6, 1 mA. DToT TOK
CJIUIIIKOM BEJIUK JIJIS MaJIOMOITHBIX TPAH3UCTOPOB ¢ OOJIBIIIMM 3HAYeHUEM (3, IOTOMY 4TO Oa3a
Hacoimaercs. [locko/ibKy TOK KOJIJIEKTOpa TakKe m3Mepsiercs depes pesuctop 680 {2 To Tok
KOJJIEKTOPA HE MOYKET JIOCTUTHYTb BEJIMYUHBI, OlpejiesseMoit 6obiuM 3uadenueM (3. Bepcus
nporpamMmmuoro obecriedenunsd or Markus F. uzmepsier moporosoe namnpsizkenue 6a3a-3MUTTED 110
sroit cxeme (Uf=...).
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2. Pesucrop na 470 k) orpanuumBaer 6a308blil TOK Besmaunoit 9,2 pA. Bepeust mporpammmoro
obecriedenus or Markus F. Berancisier o sroit cxeme (hFE =...).

[Iporpammuoe obecriederne Tecrepa u3MepsieT BeJMIUHY [ JOMOJHUTEIBHO II0 CXEMe ¢ OOIIIM
KoJIeKTOpoM. Ha muciiieit BeIBoauTCs Hanbo IbIlnee 3HaYeHe 13 000X METOA0B m3Mepennii. Cxema ¢
OOIUM KOJIJIEKTOPOM UMeEET MPEUMYIIECTBO, T. K. 6a30BbIil TOK yMEHbIIIEH OTPUIIATE/IbHO 00paTHOI
CBSI3BIO, COOTBETCTBYIOIIEH Bemunne 3. B GosbmmHCTBE CitydaeB, 60j1ee TOTHBIN Pe3yIbTaT H3Mepe-
HUsI, MOKET ObITh JOCTUTIHYT 3THM METOJOM JIJIsi MOIIHBIX TPAH3UCTOPOB ¢ pe3ucTtopoM Ha 680 2 u
Juig Tpansucropos dapiaunrrona ¢ pesucropom Ha 470 k). Iloporosoe mampsiKenue Oaza-sMUTTED
Uf Temepb m3MmepsieTcss IpU TOM K€ caMOM TOKe, UTO W JIJId olpejejeHnsa Beandnabl [§. OaHAKO,
ecam Bl xoTuTe y3HATH MOPOrOBOE HAIIPsIZKEHUE 0a3a-3MUTTEP ¢ TOKOM U3MEPEHUs MPUOJIU3UTETHHO
6 mA, To Bl TOJI2KHBI OTKJIIOYUTD KOJIJIEKTOP | CJIe/IaTh HOBOe m3Mepenue. [Ipn sroM mogkodennn
Ha JIUCILIEH BBIBOJMTCS IIOPOroBoe HalpszkeHne 6asa-smurrep npu Toke 6 mA. Tak ke Ha gucriei
BBIBOJINTCsI EMKOCTh B OOpATHOM BKJIFOUeHHH mepexoja (jumoma). Koneuno, Ber Takum ke obpazom
MOZKeTe TPOAHAIN3UPOBATE Mepexo (o) 6a3a-KoJIIeKToP.

B repmanueBbIX TpaH3ucTOpax M3MepseTcsd oOpaTHBIH TOK KOJLUIEKTOPa IPU PA30MKHYTON Oaze
lcpo  0OpaTHBIN TOK KOJLIEKTOPa IPU KOPOTKO3aMKHYTBIX BbIBOJAX 0a3bl n smutrrepa Iopg. O06-
pPaTHBIN TOK KOJLIEKTOPa OTOOparKaeTcsi BO BTOPOIl CTPOKE MHAMKATOPa Iepejl oToOpaxkeHueMm [3 B
TedeHue 5 CeKYH| Wi Jio cieiytoniero naxkarus Ha KHonky TEST (tonbko st ATmega328).

[Ipu ox/1axK/IeHIN TepMAHIEBOTO TPAH3UCTOPA OOPATHBIN TOK MOYXKET YMEHBIITUTHCS.

3.7 W3mepenune JFET u tpansucropos D-MOS

[Tockosbky cTpykrypa tuna JEET cummerpudna, ICTOK M CTOK 9TOIO TPAH3UCTOPA HE MOTYT OBITDH
ornpesiesieHbl. OOBITHO OJIMH U3 MapaMEeTPOB ITOI0 TPAH3UCTOPA - TOK TPAH3UCTOPA C 3aTBOPOM, Ha
TOM K€ CaMOM YDOBHE HAIIPSZKEHUsI, KAK U UCTOK (3aTBOP COEJUHEH C UCTOKOM). DTOT TOK YACTO
BBIIIIE, YeM TOK, KOTOPBIIl MOXKET OBITh JIOCTUTHYT B cxeMe u3Mepenus ¢ pesucropom Ha 680 (2. Ilo
91Ol npuamHe pesucTop Ha 680 ) moAKIIOUeH K UCTOKY. TakmMm oOpasoM, ¢ POCTOM TOKa, MCTOKA Ha
3aTBOpE MOJIyYalOT OTPHUIATE/ILHOE HAIIpsizKeHne cMelenns. TecTtep MoKa3biBaeT TOK UCTOKA B ITOM
cxeMe W, JOMOJTHUTETBHO, HaPs2KEHNEe CMeITeHNs 3aTBOpa. 1akuM 00pa30M, MOTYT OBITH BbIJETIEHBI
pazinunbie Mojien. Tpansucropel D-MOS (06eiHEHHDBIIT) U3MEPSIIOTCS TEM YKe MeTOJOM. BbI J0J1K-
HBI 3HATDH, 9TO0 Jyist oboramenubix MOS rpamsucropos (P-E-MOS nim N-E-MOS) ¢ masoit Bemtn-
HOIT 6MKOCTH 3aTBOpPa, U3MEPEHHe TIOPOroBoro Hampsizkenus 3arBopa (V) siBisiercst 60jiee CJI0KHBIM.

Brr mozkere I[IOJIy49UTHb boJtee TOYHYIO BEJIMIUHY 9TOI'O HAIIPDAXKEHUA, €CJIA IIOACOEeINHNUTE KOHIECH-

caTop BEJIMYUHON B HECKOJIBLKO N, mapaJsiie/ibHOTO Tepexo/Ly 3aTBOp-ucTok. [loporoBoe Hampsizkenue
3aTBOpa OyJIeT m3MepeHo npu Toke npubausuresbuo 3,5 mA aug P-E-MOS u 4 mA ana 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 11e1eB0it MUKPOKOHTPOJLIED:
m8 = ATmega8
m168 or m168p = ATmegal68
m328 or m328p = ATmega328
[Ipumep: PARTNO = m168

WITH MENU Axtusupyerca menio Bbibopa dynknumit g ATmega328. Ber cmoxkeTe BRIOpaTh
HEKOTOPBIE JIONOJTHUTEIbHBIE (DYHKIMU paboThl IpubOpa U3 MeHIo 1pu JuTeabHoM (> 0,5 s)
naxkaruu KHonku TEST.

Ipumep: CFLAGS += -DWITH_ _MENU

WITH ROTARY SWITCH lcnosib3oBanue moBOPOTHOTO MHKPEMEHTAIBHOI'O SHKO/IEPA B Ka-
94ecTBe OMIUU Jijisi OBICTPOro JOCTYIa B MEHIO JIONOJHUTEIbHBIX (DYHKIWA (CMOTpHUTE Onuca-
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HUe B pasjiesie YIIydIlleHus U paciiupenus K mpubopy). Ecim KoaudecTBo IUKIIOB T1e-
PeKJIIoUeHnsT KOHTAKTOB, 3a KaKJblii obopor Barmero sukosepa, cOOTBETCTBYET KOJIMIECTBY
durcupoanubIx no3uruii, Ber qosxabr yeranosuts 3Hadenne WITH ROTARY SWITCH=2
win 3. Ecim mo/HbIil UK Hepek/IiovueHns TpedyeT MoBOpOTa SHKO/Epa Ha JiBe (DUKCHPOBAaH-
uwie nozurn, To onmuio WITH ROTARY SWITCH nyxno ycranoButb =1. YcTaHOBKA OII-
mun WITH ROTARY SWITCH pasuoit 5 BbIOMpaeT MakKCHUMAJIBHOE pa3perieHust SHKOJIEe-
pa. Kaxprit nuk/ mepek/iovenns B JIByX KaHaJlaX JaeT 4 pesysbrara COCTOSHUS CUeTIU-
KOB. OOBITHO 3TOT MapaMerp MOJIe3eH TOJIBKO JJIs SHKOAePOB 06e3 (hukcarun. 3HavYeHre ONINN
WITH ROTARY SWITCH pasnoit 4 1eo6x0inMo, €cjii yCTAHOBJICHO JBE OTIAC/ILHBIE KHOII-
kn «BBepx» m «Bum3» BMecTo sukosiepa. He ucnonbsyiite snavenne 4 ecim y Bac ycranoBien
sHKOJIED!

[Tpumep: CFLAGS += -DWITH ROTARY SWITCH=1

CHANGE ROTARY DIRECTION Omnnus 1o3sojigeT IporpaMMHO U3MEHUTH HallpaBjIeHUe
JIBIZKeHUs Kypcopa pu nmosopote sukojepa. Ommuss CHANGE ROTARY DIRECTION pas-
HO3HAYHA (PUBUIECKIT [TEPECTAHOBKE BBIBOJOB KAHAJIOB JHKO/IEPA.

Tpumep: CFLAGS += -DCHANGE ROTARY DIRECTION

ROTARY 2 PIN=PD2 Onnus no3possger mporpaMMHO H3MEHUTh HazHadenue nopra PD1 Jly4-
1ee perrenne Jijist MOJKJII0YeHN MHKPEMeHTaIbHOro suKoiepa 31o mopt PD1 u PD3. Tak kak
epBbIil MpoekT ucnob3oBas PD2 smecto PD1, To BepHyThCd K cTapoMy BapuaHTy, Bbr MoxKe-
Te nepeonpesiesius PD1 u ycranoBus ciemyiorryio ommuio nacTpoiiku o ymoadannio: CEFLAGS
+=-DROTARY 2 PIN=PD2. /I Broporo KaHaja 9HKOJEpa MOXKHO HCIIOJIb30BAThH JIIOOOM
cBobo bt opT PD ykazas ero momep.

Ipuvep: CFLAGS += - DROTARY 2 PIN=PD2

Ul LANGUAGE Oumnpenensder BeIOpaHHbI sA3bIK
B nacrosiiee BpeMsi JOCTYITHBL:

LANG BRASIL, LANG CZECH, LANG DUTCH, LANG ENGLISH, LANG GERMAN,
LANG HUNGARIAN, LANG ITALIAN, LANG LITHUANIAN, LANG POLISH,
LANG RUSSIAN, LANG SLOVAK, LANG SLOVENE, LANG SPANISH u

LANG_ UKRAINIAN. Pycckuit nin ykpanuckuit si3ik Tpedyer LCD-nuciiieit ¢ kupusinde-
CKOIl KOJIUPOBKOIA.

[pumep: Ul LANGUAGE = LANG _RUSSIAN

LCD CYRILLIC Heobxomuma jiyist Hekotopbix LCD-uciuieeB ¢ KOIUPOBKO# J1/1sT €BPOIEHCKIX
I KUPUJITHIECKUX SI3bIKOB. CUMBOJIBI (1 1 §2 OTCYTCTBYIOT B X KOJUpoBKe. Ecu Bor BiOpasm
9Ty OMINI0, TO 06a cuMBOJIa oTobpaxkatorea Ha LCD-mucriee mporpaMyHO.

[Ipumep: CFLAGS += -DLCD CYRILLIC

LCD DOGM /Jlomxna ObITh ycTanoBiaeHa, ecam npumenserca LCD-aucnieit ¢ KOHTPOJLIepOM
ST7036 (tun DOG-M). Konrpacraocrs LCD-uciiiest yeraHaBJInBAIOT KOMAHIAME TPOIPAMM-
HOTO 06eCIeYeHMs.

[Tpumep: CFLAGS += -DLCD_DOGM

FOUR_LINE LCD IIpenycmarpusaer ycranosky cumsoibnoro 4x20 LCD nusa 6osee perasn-
HOT'O OTOOparKeHus JIONOJHUTEIbHOM uHMopMmanuu. s rpaduieckux KoHTposiepos 128x64
yCTaHOBKA 9TOH omiuu He o0s3aTe/bHa, TaK KakK Jjisd HUX WH(MOPMAIMS BBIBOJUTCS BCET/Ia B
YeThIPe CTPOKM.

[Tpumep: CFLAGS += -DFOUR_LINE LCD
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LCD LINE LENGTH=20 3ajaeT KoJu4ecTBO CUMBOJIOB, BLIBOJIMMBIX B OJIHY CTPOKY JI/Isl OTO0-
paxkenus na LCD. Cieryer 3ameTuthb, 9T0 15 rpadpudeckux HHINKATOPOB 128x64 BBIBOIUTCS
16 cumBos10B B cTpoKy, Mg 4x20 LCD BeBoauTces 20 ciMBOJI0B B CTPoKY. COOTBETCTBEHHO 3TOT
rmapaMeTp UTHOPUPYETCS JJTd TaKNX WHINKATOPOB.

[Tpumep: CFLAGS += -DLCD_LINE LENGTH=20

DPAGE MODE Ilpu npumenennn naankatopa 4x20 LCD nnu rpacduaeckoro naukaropa 128x64
TOYEK, [MO3BOJIAET U3MEHEHUTH CI0CO0 BBIOOpA IYHKTOB MEHIO: HEIOJBUKHBIA Kypcop B Tpe-
Thell CTPOKE C IepeMelIeHreM ITYHKTOB MEHIO MJIM ITepeMelaeMblii Kypcop IO IyHKTaX MEHIO.

Ipumep: CFLAGS +~— -DPAGE_MODE

WITH LCD _ ST7665 Dta omusa Jo/KHa yCTAHABIUBATLCS IPU UCIOIb30BAHUN I'PadUIecKo-
ro 128x64 rouek LCD ¢ xorTpomtepom ST7665, KOTOPHIH MOJK/IIOUYEH IO MOCJIEI0BATETEHOMY
untepdeiicy SPI mmm 12C. JIng sToro Tuma, IUCIies JOKHD OBITh YCTAHOBICHDI JOMOTHITE b-
HBbIe TapaMeTpsbl, KoTopsle yKasanbl B Tabsmre [4.1] ITpn ucnosnszosannn konrposuepa ST7565
Bl 1o/mKHBI yeTaHOBUTE 3HAYEHME 3TOro napaMerpa 1 mim 7565. Bol Takxke MoXKeTe UCIOJIb-
30BaTh coBMecTuMbIil KoHTpOosLiep SSD1306 BmecTo kouTposuiepa ST7565. DT0 10IKHO OBITH
crienano yrem yeranoBku nepemennoit WITH LCD  ST7565 = 1306.

[Mpumep: WITH LCD_ ST7565 = 1

LCD INTERFACE MODE /I kontposepa SSD1306 Bo3MOKHO HCIIO/Ib30BaHNne HHTEPdeii-
ca I?C ¢ ampecom 0x3c BMecTo 4-mposognoro SPI mmrepdeiica. [l MCIOMB30BaHAS TaKOIX
Bo3mozkHOCTH, 3Ha4UeHne nmapamerpa LCD INTERFACE MODE ycranosure paabiM 2. [lirst
koHTpoJutepa ST7920, py MOAK/IIOYEHUH 10 CIEIUATLHOMY MOCIeI0BATEIbHOMY HHTEpdEiicy,
9TOT MapaMeTp JOJKEeH OBbITh yCTaHOBJIEH paBHBIM b. Bce BO3MOXKHBIE, HA TEKYIUIl MOMEHT,

suavenust LCD INTERFACE MODE u WITH LCD_ST7665 ykazanbl B Tabsmuie

’ Tun gucniies ‘ Urepdeiic ‘ WITH LCD_ST7565 ‘ LCD INTERFACE MODE ‘
CUMBOJIbHBIN 16x2 4-Bit parallel [Tapamerp [Tapamerp orkitouén (1)
CUMBOJIBHBIH 20%x4 orkmoueH (0)

rpaduyeckuii ST7565 4-Bit SPI 1 mm 7565 [Tapamerp orkiouén (4)
rpadugecknit ST7565 I°C 1 wm 7565 2
rpaduuecknit SSD1306 | 4-Bit SPI 1306 [Tapamerp oTkI046H (4)
rpacdudecknit SSD1306 I?C 1306 2
rpadpugecknit ST7920 | 4-Bit parallel 7920 [Tapamerp orkirouén (1)
rpadpugecknit ST7920 2-Bit serial 7920 5
rpacduaeckuit ST7108 | 8-Bit parallel 7108 [Tapamerp orkiouén (6)
+ T4HCT164

Tabmuma 4.1. Hacrpoiika uarepdeiica moIk/Ii09aeMoro JucIiest

B rabsmiie 3navenmne Kojia B CKOOKaX yKa3aHO JJjIsd CIIPABKHU U MCIIOJIB3YeTCs BHYTPHUIIPOTPAMM-
vo. Ilo sTomy, mapaMeTp, 3HaUeHNE KOTOPOrO YKa3aHO B CKOOKaX, IIPU MCIIOJIb30BAHUNA TAKOIO
IUCILIed JIOJIZKEH ObITh OTKJIIOUEH B makefile.

[Ipumep: CFLAGS += -DLCD_INTERFACE MODE=2

LCD I2C_ ADDR Agapec ans xorrposutepa SSD1306 npn noaxmouernn no unrepdeiicy 12C .
Bor mokere BbiOpaTh jiBa BapuanTa: 0x3c ecsm BbiBoj KoHTposuiepa D /C nonkiouen k GND
u 0x3d ecomm k VCC.
[Ipumep: CFLAGS += -DLCD_ 12C ADDR=0x3d
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LCD ST7565 RESISTOR RATIO Sta onnus 1mo3sojigeT BeIOMPATh COOTHOMIEHHE PE3UCTO-
POB, JIJIsi BHYTPEHHErO pPery/sTopa HampsizkeHus KouTposuiepa ST7565. Ha npaktuke oObItMHO
9TH 3HadeHusd ot 4 jo 7. Bo3amoxkna ycranoka 3nadennit ot 0 10 7.

Ipnvep: LCD_ST7564 RESISTOR_RATIO — 4

LCD ST7565 H FLIP Sta onnus no3sosder nepesepHyTh BhBoguMoe Ha LCD msobpazkenne
1o ropu3oHTa . Bo3moxkuble 3HadeHnsd: () - 6e3 moBopoTa; 1 - ¢ IepeBOPOTOM.

[Ipumep: CFLAGS += -DLCD_ST7565 H FLIP =1

LCD ST7565 H OFFSET l'opusonTaibHOe a/ipecHOe IIPOCTPAHCTBO KOHTpoJLTepa (132) 6oiib-
me dem BupnMast obaacts LCD (128). IopusonTtanbHoe CMeIeHne MoXKeT oTpeboBaThCsT KakK
P HOPMAaJbHOM, TaK W IPHU HEPEeBEPHYTOM BBIBOJIE M300parkeHMs. B 3aBUCHMOCTH OT KOH-
CTPYKTUBHON OCOOEHHOCTHU MOJLYJISI, I PABUJILHOIO OTOOPAaYKEHNUsI, MOYKET TIOHAI00UTHCST 3a-
nath 3Havdenud 0, 2 wim 4.

Ipumep: CFLAGS += -DLCD_ST7565 _H_OFFSET = 4

LCD ST7565 V FLIP Orta omua 1mo3BoJseT nepesepHyTh BuiBoguMoe Ha LCD usobpazkenue
o Beptukasu. 3uadenue () - 6e3 mepeBopoTa, 1 - ¢ IepeBOPOTOM U300PAKEHUS 110 BEPTUKAJIN.

Ipuvep: CFLAGS +— -DLCD_ST7565_V_FLIP = 1

FONT 8X16 Brr moxere BbOparh pasmep mpudgra Kontposiepa ST7565. HdocTynusl pasme-
pei: FONT 6X8, FONT 8X8, FONT 8X12, FONT 8X14, FONT 8X15, FONT 8X16 u
FONT 16X16thin. B nacrositiee Bpemsi HeKOTOpbIe MPHQTHI MOJTHOCTHIO He 3aBepIieHbl (8x12,
8x14). IIpudrer 8x16 u 8x16thin Hanbosee a3¢pdekTHBHO UCIOIB3YeT rpaduueckoe MPOCTPaH-
cTBO nuciiest 128x64 nukcess.

Ipumep: CFLAGS += -DFONT_8X16

CFLAGS += -DBIG TP Omnusa nosposger He3sHAYUTEIbHO YBeIUIUTH NPU(DT HOMEPOB BbIBO-
noB TII wHa rpacdudeckoM m300parKeHNN.

[Tpumep: CFLAGS += -DBIG_TP

CFLAGS += -DINVERSE TP Onnus nospoJiser BLIBECTH HOMePa BbIBOJOB Ha I'PadUIecKOM
n300pazkKeHuu UHBEPCHO - «4depHoe Ha Oemomy. VcnonbzoBanue onnuu INVERSE TP asroma-
tudeckn orkjovaer onmuio BIG TP, mockoyibKy Tpebyercst MecTo it 00paMIeHUs.

Ipumep: CFLAGS +— -DINVERSE TP

STRIP GRID BOARD 9Sta omrus mo3BoJisieT U3MEHUTh Ha3HaYeHHUsI BBHIBOJAOB mopTa D st
HOJIKJ/IFOUEHUST TUCILIesT, 00YCIOBIEHHOTO OCOOEHHOCTBIO PA3BOJIKM II€UATHOI 11aThl. boJtee mo-
JpobHoe omrcanne Bbl MokeTe HafiTh B OIMCAHUH allllapaTHLIX CPEJCTB IaBel [2.1]

[Tpumep: CFLAGS += -DSTRIP GRID BOARD

WITH SELFTEST Ecmu Ber Boibupaere Ty omnmuio, mporpaMMuoe obecriedenue OyieT BKIIIO-
qaTh GYHKIHMIO camouardoctuku. Camomarnoctuka Oyjer HadaTa, ecjau Bbl coeuHuTe BCe
3 WCIBITATEIbHBIX IIOPTa BMeECTe «IepeMblukoii» u Haxkmere kHonky TEST. Ecau dynkmnms
BBIOpAHA, 3aIlyCcKaeTcst TOJbKO Kajuoposka. Camonuaranoctuka T1 - T7 Bo3amoxkHA TOJIBKO 1IpU
BBIOOpE (DYHKITUHU U3 JOMOJTHUTETHHOIO MEHIO.

Ipumep: CFLAGS +— -DWITH SELFTEST

NO TEST T1 T7 Sta onnus oTK/IoYaeT BbiIosHenue gynknuii camopuarnoctuxku T1 - T7.
OTH TECTHl CAMOIUATHOCTUKU TIOJIE3HBI JjIs OOHAPYKEHUsI OMUOOK B alllapaTHBIX CPEJICTBAX,
HAIIPUMeED, HEMPABUJIBHOTO M3MEPEHUsT COMPOTUB/IEHN WIu P00 eMbl ¢ u3oJsiiueii. e Ber
yBEPEHBI, YTO 0OOPY/J0BaHUE MCIPABHO, TO JJId YCKOPEHUs KaJauOpOBKHM BBl MokeTe mporry-
ctuTh camojuarsoctuky 1'1 - T'7, ycranosus 31y omruio. 1Ipu BKouennoit ommun tectsr 11
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- T7 caMOIMarHOCTUKM 3aIlyCKAIOTCs TOJBKO W3 JIONOJHUTENIbHOrO MeHio «Selftests. Ecium c
MuUKpOKOHTposepoM ATmegal68 wucrnonb3yores oba meroma usmepenns hFE, to dyukiun
camosmarnoctuku T'1 - T7 mporryckaercss aBTOMaTHIECKH.

[Ipumep: CFLAGS += -DNO_TEST T1 T7

FREQUENCY 50HZ Curnan 50 I'm 6ymeT renepupoBaThCs Ha BBIBOJIAX HCIBITATEILHBIX OD-
TOB 2 1 3 B T€YEHUU OJHON MUHYTHI B KOHIIE CAMOIUATHOCTUKH.

[Ipumep: CFLAGS += -DFREQUENCY 50HZ
NO COMMON COLLECTOR_ HFE 3ta ommusa oTkmodaer MeTos n3Mmepenns hFE tpansn-

CTOPOB TI0 cXeMe ¢ 00IUM KOJLIeKTopoM. [1o ymosrdannio BKI0UeHbl 00a MeTO/1a, /I U3MePEeHUst
hFE, Ho B maMsiTi mporpamMmm MukpokorTposuiepa ATmegal68 ne xBaTaer mecra 11t GyHKIIAR
camoauarsocTuku. C IMOMOIIBIO 3Toi omiuun Bbl MoxKeTe 0CBOOOIUTH HAMSITh MUKPOKOHTPOJI-
smepa ATmegal68 g dyuknmit camogmaraoctuku 11-T7.

[Ipumep: CFLAGS += -DNO_COMMON COLLECTOR_HFE

NO COMMON EMITTER HFE 3ta onmus orkimodaer metoj udmeperus hFE rpansucro-
poB 1o cxeme ¢ oOmmM 3MUTTepoM. [lo ymMomdanuio BKIIOUEHBI 006a MeTOJa [IJIsi M3MEPEeHUs
hFE, Ho B mamsTu nmporpamMmM MukpokonTposiiepa ATmegal68 ve xBaTaeT Mecta it (hyHKIUN
camomarsocTukn. C 1moMoInbio 3Toit onmun Bel MoxkeTe 0CBOOOIUTD MaMsITh MUKPOKOHTPOJI-

sepa ATmegal68 mrsa dyrkimit camonposepku T1-T7.
[Tpumep: CFLAGS += -DNO_COMMON EMITTER_ HFE

AUTO _ CAL B mnporenype caMoJuarHOCTHKN OyJieT JOIOJHUTEIHHO M3MEPEHO CMeIeHne HyId
pyu u3MepeHun éMkocTu. /lonmoHuTe/ bHO Oy/IyT U3MEPEHBI CMEIEHNE aHaJI0TOBOI0 KOMIIapa-
topa (REF_C_KORR) u (REF_R_ KORR) nanpsi>kenune cMeleHns BHYTPEHHETO OIOPHO-
r'0 HAIPsZKeHUsI, ecjiu Bbl MOJK/II0UNTE Ka4eCTBEHHBIN KOHJIEHCATOD C BEJIMIUMHON EMKOCTH OT
100 nF' mo 20 pF' K BBIBOJAM HMCHBITATEIbHBIX MOPTOB 1 1 3 moc/Ie m3MepeHust CMeIeHns Hy-
JIs TIPU U3MepeHnu éMKOcTU. Bcee HalijieHHbIe BeJIMYUHBI Oy/IyT 3anucanbl B EEprom u Oymyt
HCIIOJIB30BATHCS JIJIsI JAJbHEHINNX U3MEePeHnii aBTOMaTHIeCKU. 3HAYEeHUsT BBIXOIHOTO COIIPO-
THUBJIEHUS MTOPTa OYIYT OMPeNeNAThCA B Hadaje KayKJI0r0 M3MePEeHNUs.

[Ipumep: CFLAGS += -DAUTO CAL

WITH AUTO REF Onnua nossosdger aBTOMaTHICCKH CIUTLIBATL ONOPHOE HAIPAKEHHe, ITO-
Obl Oy IuTh (hakTUIeCKuii KodDhUIMEHT, Jisi U3MEPEHUsT MAJIbIX BeJUIUH éMKocTeil (HuKe
40 pF).
[pumep: CFLAGS += -DWITH AUTO_REF

REF C KORR Omupejenser cMelnenue i OIOPHOIO HaupszKeHus B mV . DTa onnus mpume-
HSIETCsT JIJIsT TIOACTPONKY éMKOCTH ITPU U3MEPEHUN HeOOIbINX EMKOCTel KOHIeHCATOPOB. Beu-
yuHa Koppeknun 10 IIyHKTOB HOHUZKAET pe3y/IbTaT u3MepeHnus npubmumsnrensio xa 1%. Ecam
ommusg AUTO _CAL Bwibupaercs Bmecre ¢ onmusavu WITH SELFTEST, REF C_KORR To
BEJIMYMHA CMEIeHUsl Oy/IeT paBHA Pa3HUIE M3MEPEHHOI'O HAIPSXKEeHKUs] TeCTUPYEMOro KOHJIeH-
caTopa W BHYTPEHHErO OIMOPHOTO HAIIPSI?KEHUSI.

[Tpumep: CFLAGS += -DREF C_ KORR=12

REF L KORR Ompejenser gonogHuTesbHoe cMemenne B mY K ONOPHOMY HAIPSZKEHHIO IPU
n3mepenns Besmunnbl unykrusnoctu. Cmenierne REF L KORR u coorBercrByiomas Be-
JIMYMHA CMEIICHUs MPU KaJuOPOBKe OyJIeT JIOMOJTHUTEIHLHO UCIOIb30BATHCA ITPU U3MEPEHUH
nuaykrusHoctu. 3Hadenne REF L. KORR Oyner Bbrareno s m3mepenusi 6e3 pe3ucTopa
680 €2 u mobasseno pu u3mepenuu ¢ pesucropom 680 2. Besmauna koppexiun B 10 yHKTOB
U3MeHsIeT pe3y/IbTaT U3MepeHus npuom3uTebHo Ha 1%.

Tpmvep: CFLAGS += -DREF L KORR=70
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C H KORR Orpejenser BeuIuHy KOPPEKIIUU IIPU U3MEPEHUH OOJILINNX EMKOCTEl. Y BeJIndenne
3HaveHus mapamerpa Ha 10 IyHKTOB IIOHMKAaeT pe3yJibrar u3Mepenus Ha 1%.

[Ipumep: CFLAGS +=-DC_H KORR=10

WITH UART Omnnusa nosposiger ucnojibzosarh nopt PC3 s mocieoBaTe/IbHOTO BLIBOJIA, JIaH-
HbIX (mporokos V24). Ecin ommust He BbiGpana, mopt PC3 MoxkeT HCIOIB30BATHCS JJIsl U3-
MepeHusl BHelrHero Hampsizkerus ¢ gequrenaem 10:1. C momosHuTebHON cxemoit Ber moxkere
[IPOBEPUTH HAIIPsI?KEHUE TPODOsT CTAOMINTPOHOB, OoJibinee, ueM 4,5 V. DT0 udMepenne moBTo-
pseTcs ¢ 9acToToil 3 pasa B ceKyHJy, 1moka Bol He ornycrute kKnonky TEST.

[Ipumep: CFLAGS += -DWITH UART

TQFP _ ADC6 Ommua TQFP_ADC6 onpefensaeT BO3MOXKHOCTD HCIOJIBL30BAHIA aHAJIOTOBOT'O BXO-
na ADC6 ATmega B kopryce TQFP nmm QFN Bmecro ADC3 (PC3). C aroit ommueit BO3MOXKHO
U3MEpEHne BHEITHEr0 HalpszKeHus, He3aBucuMo oT ucrnosib3oBanus PC3 B kauecte UART.
ADC6 Bx01 UCTIO/IB3YeTCS I U3MEePEeHns CTabMIMTPOHOB MJIM BHEITHETO HAIIPSI?KEHUST B 3aBH-
CHMOCTHU OT BbIOOpa u3 jmasiorooro merio B ATmegad28.

[Ipumep: CFLAGS += -DTQFP _ADC6

TQFP _ADC?7 Ommua TQFP_ ADC7 onpeensger BO3MOXKHOCTD HCIO/IL30BAHIS aHAIOTOBOIO BXO-
1a ADC7 ATmega B kopryce TQFP nim QFN Bmecro PC3 (ADC3). C s10ii onmumeit BOSMOXKHO
U3MepeHne BHEITHEro HAIpsKeHus, HeapucuMo ot ucnosib3oBanusg PC3 B kauectBe UART.
Ecnu sta omnmus ucnosssyercs 6e3 ommun TQFP  ADC6, 10 usmepenne cTabUIUTPOHOB U
BHEIITHET'O HAIPSIZKEHUsI IPOU3BOJIUTCS C UCIOJIb30BAHIEM BXOHOTO anajorosoro mopra ADCT
pu BbIOOpe u3 jronosiHnTe bHOrO MeHio B ATmega3d28. Kcm onmust ycraHOB/IeHa COBMECTHO C
TQFP _ADC6, To m3amepenne crabunntponos goctymnao Ha ADC6, a BHEITHUX HAIIPsizKEHUH Ha
oberx mopTax B 3aBHCUMOCTH OT BbIOOPa u3 gonoauTeabHOr0 MeHio ATmegad28. Oba BxoaHbIE
opthl ADC J10/2KHBI OBITE 000PYIOBAHbI pe3UCTUBHBIME JetuTessavu 10:1.

[Tpumep: CFLAGS += -DTQFP _ADC7

WITH VEXT Paspemaer u3MepaTh BHEIIHee HAIPAKEHNE ¢ UCHOIb30BaHUeM Pe3UCTUBHOIO Je-
qurens 10:1. Ecim Boibpana ot TQFP  ADC6 wm TQFP _ ADC7 ansgs ATmegal68 wm
ATmega328 to mopr PC3 ucnonbsyercs B Kadectse mocsenobareabaoro Beixofa (UART). On-
must WITH UART, B 3ToM citydae, q0/KHA OBITH OTKJIIOUEHA.

[Ipumep: CFLAGS += -DWITH VEXT

CAP EMPTY LEVEL O9ra onmusd onpejiesgeT ypOBEHb HAIPAKCHHIA el Pa3PAZKCHHOTO KOH-
nencaropa (B mV'). Bel Moxkere ycraHOBUTH 3HadeHne ypoBHs Bbime 3 mV , ecim Tecrep ne
YCIIEBAET pa3psizKaTh KOHJIEHCATOP. DTO MPOUCXOJUT B CJIydae, ecin Tectep 3aKaHIMBACT U3-
MepeHue 3a 6osiee jymTesnbHoe BpeMs ¢ coobmierneM «Cellls.

Ipumep: CFLAGS += -DCAP_EMPTY LEVEL-3

AUTOSCALE ADC Ilo3Bonser apToMaTndecKu IepekaodaTs onopuoe cmemenne AT nmm x
VCC nmn x Bayrpennemy MOH. Bayrpennuit UOH 2,56 V' jyist ATmega8 u 1,1 V' st ocraib-
HBIX MUKPOKOHTPOJLIepoB ATmega.

[Mpumep: CFLAGS += -DAUTOSCALE ADC

REF R KORR Omnpeznenger cmemmenune Jijig BHyTpennero onopnoro nanpszxkenus AT B mV.
D10 cmerienne yantbiBaercs npu nepeksotdenun ¢ VCC 6azosoro AIIII va suyrpennnit UOH
AHIl n MoxkeT OBITH MCIIOJIB30BAHO NPU U3MepeHnn pe3ucTopoB. Eciau Bbr Beibepere ormrmio
AUTO CAL B pexxume caMOIHArHOCTHKH, 3TO 3HAYEHUE OYIeT JIOTOJTHUTEHHON BeTMIHHON
K HaiigeHHOMY Hampsizkennio cMmerenns B ommun AUTO  CAL.

[Tpumep: CFLAGS += -DREF R _KORR=10
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ESR ZERO Omupesensier cmernenue uys npu ndmeperanu ESR. Cmertenne nysis jiist JII0ObIX KOM-
OMHAINIT TECTOBBIX BBIBOJIOB OIPE/IE/ISIETCS B PEKUME CAMOIUATHOCTHKH U 3aMEHSIET IIPe/IyCTa-
HOBJIEHHOE CMeIlleHne HyJjIs. JTa BeJlmduHa Oy/1eT BbldTeHa u3 Beex m3mepennii ESR.

[Ipumep: CFLAGS += -DESR_ZERO=29

NO AREF CAP Coobmaer nporpaMMuoMy obectiedenuto, 4ro y Bac et xongencaropa (100 nf'),
ycranosiensoro Ha BbiBoge AREF (BbiBom 21). D10 mosBosisier COKpATHTh 3a€PIKKY JIIst
AUTOSCALE ADC upu nepeksiouennn na japyroit MOH. Kongencarop na 1 nF' He BHOCHUT
HCKaKeHWi B pe3y/IbTaThl n3Mepennii. Ha pucynke u [TOKa3aHO BPeMs IePeKTI0UeHIs
¢ xongiencatopoM Ha 1 nF'. Ber MoxkeTe BuieTh, uTo nepeksiodenne or 5 V o 1,1 V' mamuoro
MeJIJIeHHee, UeM Iepek/iodenne Hazas, or 1,1V go 5 V. Ecian y Bac ycranoB/ien KoHjieHCaTOD
na 100 nF', Bpems nepeksodenns Oyer nosbiie B 100 pas!

[Ipumep: CFLAGS += -DNO_AREF_ CAP

OP MHZ CoobmaeT nmporpaMMHOMY oOecliedeHnIo, Ha Kakoil qacrore B M Hz Oyner dyHKImo-
nuposarhb Bam Tecrtep. [Iporpammuoe obecrieuenue npoepeno Toibko Ha 1 M Hz, 8 MHz wu,
JjoroyiauTebHO, Ha 16 M Hz. 8 M H 2z peKoMeHIyeTcd JIjisl JIydIIero pasperieHns Ipu n3Mepe-
HUM EMKOCTU U UH/IYKTUBHOCTH.

[Ipumep: OP__MHZ = 8

RESTART DELAY TICS Ecmm ATmegal68 mm ATmega328 ncnons3yiorcda ¢ BHYTPEHHIM
RC-reneparopom BMecTO KBapiia, TO BeJIMYMHA YCTAHOBKY J0JIzKHA ObITh 6. Kciu 910 3navenue
He ycraHoBjeHo, To upu Boixoge n3 SLEEP MODE ATmega ¢ kBapiewm, nporpaMMHoe obecrre-
JeHne OTCUNUTHIBAET 33JIepKKy B 16384 TakTa.

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

USE EEPROM Omnus mo3BoJigeT HCIOIb30BaTh Jyld pa3MelnieHusa (bUKCHPOBAHHOIO TEKCTa 1
tabaur nmamaTh EEprom. B mporuBHOM ciydae mcmnosib3yeTcs mporpamMmHas mamaTh Flash.
Pekomen ryercst ncnosb3osars nmaMsiTh EEprom (ommums yeraHoBjieHa).

[Ipumep: CFLAGS += -DUSE_ EEPROM

EBC_ STYLE Ommus 3agaer cTHIbL 0TOOpazKeHHs Pe3y/IbTaTOB IPH ONPEICTCHIN HA3HATCHIS BhI-
BOJI0B 31eMeHTOB. K aktupHa omua CFLAGS += -DEBC_ STYLE 1o uadopmarust o pac-
[IOJIOYKEHUU BBIBOJIOB TPAH3UCTOPa Oy/IeT 0TOOpayKaThCsd OTHOCHTEIHLHO HA3HAYEHUS BBIBOJIOB,
nanpumep: «EBC=231» wmu «EBC =312». Ommusa suga CFLAGS += -DEBC_STYLE=321
MIO3BOJISIET 3aKPEIUTh BBIBOJ MH(POPMAIINYA OTHOCUTETHHO 0OPATHOTO PACIIOIOKEHUST TECTOBBIX
mopToB B pubope, Hampumep: «321=BCE» wm «321=EBC». Eciu 3Tn onmyun #He ak TUBHBI, TO
dopmaT BBIBOA OyIeT 6a3MpOBATHCS OTHOCUTEIHHO TECTOBBIX BBIBOJOB B MOpPSIIKE «123=...»,
narnpumep: «123=BCE» wim «123=EBCs».

[Tpumep: CFLAGS += -DEBC_STYLE

I JISIET, 9T SITHIHAA IPUCTABKA «Nanoy H T UCIIOJIb30BATHCA TP OTOO-
NO NANO Ormpenenser, 9To jec a cTaBKa «Nano» He OyJ/ieT UCIOIH30BATHC 0T00
parKeHUU U3MEPEHHBIX PEe3Y/IbTATOB. JHAUEHUs O0ToOpaxKaroTcesd B (1F BMecTOo nk'.

[Tpumep: CFLAGS += NO_NANO

PULLUP_ DISABLE Oupejenser, uto Bl ne nyz/jjaerech Bo BHyTPEHHUX IIOJTATUBAIONIIX Pe-
sucropax. Ecian Bber BeiOpasu 3Ty omnmumio, To y Bac 1oKeH ObITh yCTaHOBJIEH BHEMIHUM pe-
suctop ¢ BbiBosia PD7 (BeiBox 13) k¥ VCC. D1a onmust mpejgoTBpaiiaeT BO3MOKHOE BJIHHIE
HOJTATHBAOIINX PE3UCTOPOB HA PE3YJIbTATHI H3MEPeHUil B U3MepUuTebHbIX TopTax (mopt B n
nopr C).

[Ipumep: CFLAGS += -DPULLUP_DISABLE
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ANZ MESS Dra ommus onpejender KoanmdecTBo cunTanHbiX s3Hadennit AT nma Beramcienns
cpejiHero 3HavdeHusi. Bel MoxkeTe BbIOpaTh Jt00oe 3HadeHne mexx ity 5 u 200 J1s mojicaera cpe/i-
Hero 3uaderus onuoro m3mepenns AIIIL. Bosee BeicoKme 3HAUEHUST MAI0T OOJIBITYI0 TOTHOCTb,
HO yBeJTMIuBaiOT BpeMms m3Mmepenns. OaHo cpejHee 3nadenne naMepennit ALl co smagennem
44 TpebyeT TPUOIU3UTETIHHO D MS.

ITpumep: CFLAGS += -DANZ MESS=55

POWER OFF Srta onmua BKmodaeT QYHKIHIO aBTOMATHIECKOIO BLIKTIOMEHNs muTanns. Ecmm
Bor He ycranosuTe 31y onmnumio, u3mMepenus Oy1yT UATH OECKOHEYHO, ITIOKa He OyJIeT OTKJII0YEHO
nuranue npudopa. Eemm y Bac Tecrep 6e3 cxeMbl oTK/IIOUeHMs MuTaHus, TO Bbl MoxkeTe He
BeiOupars POWER OFF. Eciu Boer we ycranosuwim ommumro POWER  OFF s npubopa ¢
aBTO OTKJOUeHHeM, TO TecTep MOXKHO BBIK/IIOYUTH W3 MEHIO BbIOOpa (DYHKIIMI TPU aKTHUBH-
supoBannoii onnur WITH MENU. Ber MoxkeTe TakzKe OIPEIenTh, T0C/Ie CKOJBKUX U3Mepe-
Huit 6e3 onpejesienus seMenTa Tecrep BoIKIIOUnTCA. TecTep TakzKe OTKJIIOUUT ITUTAHUE TIOCJIE
BJ/IBO€ OOJIBINIETO YHUC/Ia U3MEPEHUil, C/IeJIAHHBIX TOCIE0BATE/ILHO 03 HEYIABIIErocs MOUCKa
9JIEMEHTA. DTO MMO3BOJIsIET W30eKaTh MOJIHOTO pa3psjia barapen, ecyii Bbl 3a0bLIH OTCOCTHHSATD
TecTupyeMbIii 3jiement. Boibop omnpenensercs kak CFLAGS += -DPOWER _OFF=5 mra 5
[I0CJIE/TIOBATETLHBIX U3MepeHNil 0e3 orpe/iesieHns eMeHTa. TecTep TakyKe BBIKIIOUNTCS MTOCTe
10 m3mepenuii ¢ ornpejiesienneM sjieMenTta. Ecim obast mociie/1oBaTeIbHOCTh H3MepeHuii Oy ier
IpepBaHa JIPYIUM THUIIOM, TO U3MepPeHus MpoJioikaTcs. Pe3yabrar nuzmepenus orodparKaeTcst
Ha JIUCILIeE B TedeHne 28 CeKyHJI JIJisi OJJHOKPATHOTO M3MEpPEHUsl, sl MHOIOKPATHOTO U3Mepe-
HUsI BpeMsI OTOOpaKeHust yMeHbIeHo 10 5 cekyHy (Boibop B config.h). Ecim knonka TEST
HaxkaTa OoJiee JIJINTEHHOE BPeEMsI, TO BpeMs OTOOpaxKeHWs [IJIsi MHOTOKPATHOTO M3MeEPeHW
takzke 28 cekyn. Makcumanbuoe suadenne 255 (CFLAGS += -DPOWER_ OFF=255).
[Ipumep 1: CFLAGS += -DPOWER _OFF=5
[Tpumep 2: CFLAGS += -DPOWER _OFF

BAT CHECK Ilosso/ger nposepaTh Hallpdzkenue Oarapen nuTanud. Ecmu Bol ne soiOupaere
o1y onmuio, To Ha LCD-nucmiee BMecTo HanpsizkeHus OygeT oToOpakaTbCsi HOMEp BEPCUU IIPO-
rpaMMHOIO obeclieueHns. JTa OIIKs OoJe3Ha I Bepcur Tecrepa, paboTarolieil 0T aBTOHOM-
HOI'O MCTOYHMKA IMUTAHMSI, 9TOOBI HAIIOMHUTD O Pa3psijie MCTOYHNKA THTAHMA.

[Ipumep: CFLAGS += -DBAT CHECK

BAT OUT Ilossosier oTobpazkars Hanpszkenne barapen #Ha LCD-nuciiee (ecm BbIOpaHa onus
BAT CHECK). Ecsin B nenn turasust 9 V' ycraHoBIIeH 1O/, TO JIJIsl IPABUJIBHOTO U3MEPEHMUST
BBIXOJJHOI'O 3HAYEHUsI HEOOXOMMO ydUecThb HalpsizKeHue majieHns Ha Hem (B mV), st 9TOro
ucniosib3yiite BAT OUT =600. Tak:ke 5Toit ornmueii MOXKHO yIUTHIBATH AJICHUE HAIPSIZKE-
uust #Ha Tpansuctope T3. [loporoswiit ypoBenb He BUseT Ha YPOBHU ITPOBEPKH HAIIPSIYKCHUS
(BAT POOR).

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

BAT POOR Ycranoska HIZKHETO ypOBHS HaIIpszKenus Obatapen, 3agasaemoro B mV . Ecan nnx-
HUI YPOBEHDb COCTaBJIAET OOJIbIIE YeM D, 3 V| TO YpOBEHb MPeIyIPeKJIeHUs 0 pa3psjie batapen
Ha 0,8 V Bblle, yeM yKa3aHHBIM HUXKHUNW YPOBeHb. e HUXKHUI ypOBEHb cocTaBisgeT 5,3V
W MeHee, TO YPOBEHb IpeJylpexKjienns o paspsje Oarapeu na 0,4 V' Bbimre, yem yKazaH-
HbIIl HUKHUI ypoBeHb. Kcmn Hmkumit yposenb Huzke 3,25 V| TO ypOBEHb HPEIYIPEXKJICHUAS O
pa3pse 6arapen Ha 0,2 V' Bbllle, YeM YKa3aHHBINH HUXKHUI ypPOBEHb. EC/M HUKHUNE YPOBEHD
nmke 1,3 V', To ypoBeHb npeynpexienus o paspsje barapeu Ha 0, 1 V' Bbillie, 4eM yKa3aHHBIIT
HIZKHUW yPOBEHB. YCTAHOBKA HUXKHEr0 YPOBHA D, 4 V' He peKoMeHIyeTcs /I ITepe3apsaKaeMbIX
9 V' akKyMyJIgaTOPOB, IOTOMY YTO 9TO YBEJIUIUBAET PUCK MOBPEKJIEHUS aKKyMyJISATOPA H3-3a
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riaybokoro paspsiial Ecin Bel xorure nenosibzopars 9 V' akKKyMy/IsiTOp, TO PEKOMEHIYETCsI UC-
noJib3oBaTh Ready To Use Tun akkyMmyssTopa u3-3a 0oJjiee HU3KOTO CaMOPa3Psia.

[Tpumep qyist low drop regulator (5,4 V'): CFLAGS += -DBAT POOR=5400

[Tpumep qyist 7805 type regulator (6,4 V'): CFLAGS += -DBAT POOR=6400

INHIBIT SLEEP MODE 3amnpemaet ucnonssosanne SLEEP _MODE. O6srano nporpamMmmuoe
obecrieuenne ucnob3dyer SLEEP  MODE nys 6osee jummrensHoit pabotsr. Vcnonb3oBanme 510~
ro crocoba JAeHCTBUTEIHLHO SKOHOMUT 3apsiji baTapen, HO CO3aeT JOMOJHUTEIbHYIO HAIPY3KY
JUUTsT CTaOMTM3aTOpA HAITPSIYKEHUSI.

[Mpumep: CFLAGS += -DINHIBIT SLEEP MODE (s Bepcuit mo 290)
[Tpumep: INHIBIT SLEEP MODE = 0 (s Bepcun 291 u BbIIIe)

PROGRAMMER YVYka3bIBaer THII IpOrpaMMaTOpa Jijisd mporpamMmmuoro narepdeiica avrdude. IIpa-
BUJIbHBII BBIOOD 9TOM OIIUKM HEOOXOIuM, ecyii Bl ncrosb3yere komauay «make uploads wmam
«make fuses» sroro Makefile. 3a momonauTensHOI HHMOpPMaIeil 0OpaTuTeCh, MOXKAIyHcTa, K
ormmcanuio avrdude u onsaiin — mokymentanuun [12].

[Tpumep: PROGRAMMER=avrisp2

BitClock Bruibupaer wactory cuaxponuzanun s nporpammaropa. Cum. onmcanme -B mapamerpa
na avrdude.
[Tpumep: BitClock=5.0

PORT Bwibpannsriit opt, 1epe3 KoTopbiii Bam mMukpokonTposiep ATmega MoxkeT ObITH JTOCTYTI-
HbIM J71 avrdude. 3a JgornoHUTEIbHON HHMOpMaIeii 00paTuTech, MoKaIyicTa, K OMUCAHUIO
avrdude.

[Tpumep: PORT=usb

RIGOL WAIT P T ] E ) F.200 RIGOL  (m=hy [Ty SO 1.26)
w -
v v
(1% 1%
MEFEE 1.@61 Time 28.88us 043 1.50us MIFER 1.G5GL Time 58.88ns O+ 194 .0ns
(a) cbV 01,1V (b)c1,1V o5V

Puc. 4.1. Ilepexmouenne AREF ¢ émkocteio 1 nF'

JloromnuTebHbIE MTapaMeTphl MOTYT ObITh YCTAHOBJICHBI B (haitiax transistortester.h u config.h.
Daiin config.h comepkut riobambHBIE TEPEMEHHBIE M ONPEJIeIsieT MOPT/KOHTAKT U BEJINIUHY DEe3H-
CTOpa, KOTOpbIe UCIOJIb3yIoTCA J1jist m3mepenusi. Daii transistortester.h onpepesser napaMerpsl st
Pa3INYIHBIX TUIIOB MHKPOKOHTPOJLIEPOB, 3aaepKKy n dactory AIIIL. O0braHO HET HEOOXOIUMOCTH
U3MEHATH 9TH 3HAYEHUs.
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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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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.
[TonoxkuresibHask CTOPOHA JIEMEHTa Telephb MoAKIovYeHa npamo ¢ VCC, orpuriaresibHast CTOPOHA de-
pe3 pesuctop 680 2 nogkmiouena K GND, kak nmokazano na pucyske 5.5, Eciin Ha orpunareabmoii
CTOPOHE 3JIEMEHTa eCTh HallpsiKeHue Bbiie 3,4 V| korjga 6a30Bbiit pesuctop 680 () mogk/OUeH K
GND, suauut sror smement uin P-N-P tpamsucrop wim P kananensiit FET. Kakoit u3 Hux - Mo-
JKeT OBITh JIEFKO YCTAHOBJIEHO IT0 HAIpsizKeHuto 6a3wl. Eciu nanpsxkenue 6a3wl 6osbire 0,97 V', sTo
noken 0biTh P-N-P Tpansucrop. g Toro, 4rodbl m3mMepuTh KO3(MD@OUITUEHT YCUICHU, B IElb Oa-
3bl BMecTO pesuctopa 680 €2 Brimodaercs pesuctop 470 k2. KosdpdurmenT ycusienus: BoIUucseTcs
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 CUNTaeTCd MpaBWIbHbIM. Eciin nanpsikenne 6a3wr ke, deM 0,97 V| 1o 310 1017KeH ObITD
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 1enu 6a3nl 680 ) coenmunén ¢ VCC, to 310 moxker ObiThb N-P-N Tpansucrop,
N-kanaybupiiit MOSFET win tupucrop/cumucrop. Tupuctop uiam cuMucTop MOryT ObITH WJIEHTH-
dunupoBaHbl JBYMsI IPOCTHIMUA TecTaMu. ECIn pe3ancTop Ha yIPaB/IAONIEM BbIBOJIE, COETUHEHHBIM
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

update_pins
PP

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

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

checkDiode

[}

N

p.cnt = p.cnt+1

‘ P—channel

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

N-channel

date_pins
- 1“?

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

hpl > (hp2+599) ?

N
Yy )

tp2 D

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

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

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

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

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

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

]

:..680

Ip_otr < 1977 ?

checkDiode

—

Ipl > 34227
L Y

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

N

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

c_hfe > p.hfe ?

3 N

update_pins = 1 ?
Ip_otr<97?

Ipl > 2000 ? p.ice0 = Ip_otr/680

p.ices = VCEs / 680

Y4

Part = FET

o

N-Channel

(VCC-tpl)<10?

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

checkDiode

rtp = VCC — tp2

rthp = VCC — hp2

Typ = P_E_MOS

hp2 > Ip1+250 ?

Typ =P_E_IGBT

gthvoltage = VCC — tpx

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

I

hp2 >1p2+250 ?

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

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

) Ces0 -
Qo =T
C)

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

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

n.gthvoltage = hp1-Ip2 -

Non conducting?
)

(&0 -0

Switched

tpx > 977
hpx <733

Part = TRIAC

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

5.1.4 HW3mepeHue AnoOI0B

Ecin npensapuTesbHbIME TecTaMu OyJ/ieT OOHAPYKeH TOK, TO 3JeMEeHT OyjeT OIMO3HAH KaK JIHOJI.
[Tagenue nanpsizkenus ¢ peaucropoM 680 2 moskno 661Th Mexkty 0,15 V u 4,64 V. [lajenune namnps-
sKeHus ¢ pesucrtopom 680 €2 mo/kHO ObITE B 1.125 pasa 6oJiblle mageHns HalpszKeHne ¢ PE3SUCTOPOM
470 k) u magenue HanpsizkeHus ¢ peauctopom 470 k€2 nosxHO OBITH B 16 pas3 OoJibIle, YeM majeHue
HampsizkeHust ¢ pesuctopoM 680 2 lomosHnTEbHO: TP BO30OHOBIEHUN U3MEPEHUS ¢ PE3UCTOPOM
470 kS) mHanpsizkeHusi JIOJ?KHO ObITh HE BBIIE, Y€M B IPEJbIIyIeM u3MepeHun ¢ pe3uctopom 680 (2.
A wmageroch, 4To TOT MeToJ Beerja uieHtudurupyer auoi. [lpu wpentuduxanum 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. Paspemenne okosio 2 nA. Ecin ok yred-
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ku Gosibie 5,3 pA (Hanpsikenune Ha pesucrope 470 k§) cocrasisier 6osbine dem 2,5 V), uamepenue
npousBouTcst ¢ pesucropom 680 (2. B stom ciiyuae paspemnienue Tobko 0kojio 1 pA. Kpome Toro,

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

5.1.5 Pe3yabTaThbl pa3/JnvHbIX N3MEePEHU

Caemyrtorue TabIRIBI TOKA3BIBAIOT PE3Y/IbTaThl UCIBITATEIbHBIX UCCIEIOBAHNI ¢ PA3IHIHBIMUA 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,
¢ OXJIaXK IeHIeM 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 Tun Mega8 Megad28 Megad28 Megad28
Tpansucropa | 1up-tu oOITIHit oOITIHit ooIIHit
KOJLTEKTOP KOJLTEKTOP SMHUTTED
BU508A NPN £=9, 601mV £5=9, 597mV £=9, 598mV b5=4, 484mV
2N 3055 NPN £=20, 557TmV £=21, 550mV £=21, 550mV £5=6, 442mV
BC639 NPN £=148, 636mV | =172, 629mV | =172, 629mV | =158, 605mV
BC640 PNP £=226, 6b0mV | =176, 609mV | =171, 655mV | =177, 608mV
BC517 NPN | p=23,9k, 1,23V | =248k, 1,22V | f=25,1k, 1,22V | [=764, 1,23V
BC516 PNP B6=759k, 1,21V | p=76,2k, 1,20V | 5=76.,2k, 1,20V | =760, 1,23V
BC546B NPN [5=285, 694mV | =427, 687mV | =427, 687TmV | =369, 683mV
BC556B PNP =304, 704mV | =254, 668mV | =235, 709mV | =255, 668mV
AC128 (Ge.) PNP £=63, 191mV £=59, 191mV £=57,193mV | (=43, 117TmV
BUL38D NPNp £=37, 627TmV £5=41, 617TmV £=40, 624mV | (=36, 562mV
parasitic PNPn =11, 654mV £=81, 543mV =10, 656mV | [5=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-35MUTTep M3MepsIeTcsl IPU TOKe u3MepeHus: Kodddunuenra ycuiaenus (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 obecredenns 1.10k oba Tpan-
3UCTOPa OOHAPYXKUBAIOTC U TIOMEYAIOTC J00aBenneM cuMBoJia p. [IpaBuibHblil Tpan3ucTop Oyjer
HallJleH [IpU CPaBHEHUU eMKOCTH Tiepexoja 0asza - amurrep. [Ipeonaraercs, 4To npaBUIbHbBIM 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 JIJIsI TePMAHNEBBIX TPaH3UCTOPOB,
KOTOPBIE ABJIAIOTCS MMPOOJIEMHBIMI U3-38 TEMIEPATYPHON 3aBUCUMOCTH M BBICOKOT'O 0OPATHOIO TOKA
KoJIIeKTopa. [IpecraBiensl BMecTe pe3y/abTaThl 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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Tun Mega8@1MHz Megal68 Q8MHz Mega328 Q8MHz
Tpausuctopa | OpurunajabHast Bep. Bepcusg 1.10k Bepcuga 1.10k
Markus F.

AC128 PNP, f=52, 279mV PNP, =59, 184mV | PNP, =59, 191mV
AC116-65 PNP, =505, 378mV | PNP, 5=72, 146mV | PNP, =72, 149mV
AC116-145 PNP, =485, 294mV | PNP, =146, 161mV | PNP, =146, 163mV
AC176-65 NPN, =98, 235mV NPN, =58, 94mV NPN, =56, 96mV
GC122 PNP, =84, 368mV PNP, p=55, 117TmV | PNP, =56, 117mV
GC301 PNP, =48, 289mV PNP, =39, 184mV | PNP, =39, 188mV
AD161 NPN, 5=360, 230mV | NPN, =296, 126mV | NPN, =298, 128mV
AD162 PNP, g=2127, 280mV | PNP, =89, 107TmV | PNP, =89, 107TmV

Tabsuma 5.4. PesyabraTsl u3MepeHuil repMaHueBbIX OUITOJISIPHBIX TPAH3UCTOPOB

B Tabaune 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, ipu NOJIK/TIIOYEHNHN JOMOJHATEIBHOIO KOHIeHcaTopa eMKOCcThio 10 nf' napasuie/ibHO BbIBOIAM
zaTBop u ucrtok. /g JFET TpansucropoB B KadecTBe XapaKTEPUCTUKU YacTO MPUBEJIEH TOK Idss,
SIBJIAIONINNCS TOKOM CTOKA IIPU HAIps2KeHnn 3aTBop-ucToK pasHoMm 0 V. B mannoii peanuzarnuu, oj-
HAKO, TOK HE MOYKET IIPEBBIIIATh BEJTMINHBI, OIIPeIe/IeHHOI conpoTuBienneM Harpy3ku B croke 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
ZVNLI120A 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, 714pF 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=22V 3,1lmA Vgs=2.2V 3,1mA Vgs=22V
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=24V 3,4mA Vgs=24V 3,4mA Vgs=24V
Idss=11-18mA

BF245A N-JFET 1,1mA Vgs=0,75V 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=22V 3,2mA Vgs=22V 3,2mA Vgs=22V
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=42V

Tabmuna 5.5. Pesynbrarsr mamepennit MOII-Tpansucropos
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5.2 ll3mepeHune pe3nucTOpoOB

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

5.2.1 MWN3mepenue pe3sucropa ¢ pesucropamMu 680 Om

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

HNCIIbITaHMA.

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

PB1 PC2 @ PB4 PB5

470k
2
=
>

680
RS

470k
R6

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

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

L —

4000 /

3000 PC2, type 1
PCO, type 2

2000 /

voltage / mV

1000

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

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

I'paduk n3mepenuns Tuna 1 nokaszan na pucyske [5.14al ¢ m3sMeHeHHBIM MacIITAOOM M300parKeHust
JIIL MAJIBIX 3HAYEHU PEe3UCTOPOB. 3/1eCh BUIHO, UTO JJIs TOJIYU€HUsS TOYHOIO U3MEPEHU BETUINHbI
pesucropa auxke 2 €2. Heooxoanmo yuriee pazperieraune AL gem crangaprHoe paspemtenne 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 3HAUEHUIT M3MEPSEMOIrO PE3NCTOPa M3MEPEHUs IMPOBOIATCH 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 na guciiee. Ecnn Beiopana ommus AUTO SCALE ADC, u onHo w3 HampsizkeHUii obonx
TunoB u3Mepenus Hmke 0,98 V| B3BerenHoe cpejiHee 3HAYEHUE BBIYUCIAIOT ¢ Ko duimenTom 4
JUIst 9TOM BesmmauHbl. JIpyras B3Beriennas Besmania umeeT Kodbdurment 1. 9To ¢iienano s Toro,
YTOOBI MIPEIIOUECTh KO DUIMEHT 4 Jijist JIydIIero paspelienus 3Toro u3mepenns. Kosdpdunment 4
B3ST TOJIBKO JIJIsT MUKPOKOHTpoJLtepoB ATmegal68 u ATmega328, miss ATmega8 B kadecTBe BECOBO-
ro koadduimenta B34aT0 2, ecyn Haupsizkerune Huzke 0.98 V| moToMmy 9T0 OIOpHOE HAIIPSXKEHHE JIJIs
ANII ATmega8 2,54 V Bmecto 1,1V jrst ATmegal68 m ATmegad28. /Tt ATmegal68 m ATmega3d28
n3MepeHne HalPsKeHUs Ha Pe3ncTopax Oy/er 3ajepr:KaHo, MOKa He OOHApYrKaTcs OOIBINNe n3MeHe-
HUS WIA 3aKOHYUTCH JIUMHAT BpeMmenu. [Ipu mcrnonb3oBannm 3Toro Meroga 0OOJIbIINE KOHIEHCATOPI
OoJiee He ONpPeJIesISIOTCS, KaK 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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ADCMUX \L \L ADCMUX
PCO @ PBO PBI PC2 PB4 PB5
o [— % N =) 2l o
B[ | L~ Tei REX TP3 g| | S| |~

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 2 u Tecrep nokaseiBaer Beauanay 30,6 (), a y 3aKOpOUYEHHBIX IIyIIOB 3aMepeHa Bejandnna 0, 5 €,
TO U3MepeHHas BendnHa pesucropa coctasut 30, 1 2. s comporusienuit auxke 10 () ogun orcuer
paspemenns JaéT ommoOKy Gosbine, 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, )
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8 -1
I il \
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| 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!

64



Error / Percent
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Puc. 5.21. OrHOCHTEIbHAST TIOTPENTHOCTh M3MEPEHU PE3UCTOPOB
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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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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-
MeThTe, UTO BpeMsI U3MEPEHUs COCTABUJIO MPHUOIN3UTENbHO 1,5 S, BKJIOYasg paspaiky. [lociemnmit
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IpUMep TOKa3bIBAeT U3MepeHne EMKOCTH KOHJieHcaTopa 15 mF' na pucynke [5.26

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

h H H "? H H E H ‘?’

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

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

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

[Tocie m3mepennsi EMKOCTH KOHJEHCATOpa OyJIeT MPOBEPEH caMopaspsJl OXKHUIAHUEM ITPOIOPIIU-
OHAJILHO IIEPHUO/LY, KOTOPBIN IOTpeboBaJia 3apsijKa, U CHOBa OYJIET OCYIIEeCTB/JIEHO CUMTHIBAHUE Ha-
Hpsi>KeHus 3apsja. B3perennas mojHas éMKOCTb OYJIeT CKOPPEKTUPOBAHA M3-3& 9TOTO T I€HUs Ha-
npsiKennsi. 'Tect ¢ mapaJsiielbHO TOJK/IIOUEHHBIMIA KOHAeHcaTopoM 68 uF' u pesucropom 2,2 kS)
MoKa3bIBaeT 3(PpHEKTUBHOCTL ITOro MeToa. V3aMepennoe 3nadenne éMKocTu 6e3 pesuctopa 66,5 k',
¢ mapaJuie/IbHbIM pe3ucTopoM 2, 2 kS) m3amepenHoe 3HadeHne émMroctu 66,3 pF'. s cpaBaenus, pe-
3yJIbTAThl, u3MepeHHbie MyabTuMerpoM PeakTech 3315. Bes pesucropa snadenue émkoctu 68,2 puk
¢ mapaJuie/ibHbIM pe3uctopoM 2, 2 kS) 3nadenue 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 Gombiie 2,6 s, moromy uto i 3apsiku uctosibsyercs 470 k€). Ho paspsiaka 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 npuHmume 3ToT aaropuTM m3MEpeHns MOXKET TakyKe OBITH IpojesaH ¢ pesucropoMm 680 ) Ho,
ecau kommaparop paboraer, ALl He MozkeT MCIOIB30BATHCS, U Y MEHsT HET BO3MOYKHOCTH KOHTPOJIN-
poBaTh HAIPs?KEHHE 3apsjia, MMOKa KOMIIapaTop He ocTaHOBJeH. Eciu ecTh HeoOHAPYKEHHBIH JTHO/I,
HapaJiie/;IbHO COCTMHEHHBIN ¢ KOHJIEHCATOPOM, TOK 3apsJIKM KOHJICHCATOPa MOXKET OBITh IOIJIONIEH
JIHOJIOM (IIOPOTOBOE HAIPSIZKEHNUE), U HAIIPSIZKEHNE 3allPeIeHHON 30Hbl HUKOT/Ia He Oy/IeT JIOCTUTATh-
csd. Meroj, IpuUMEHEHHBI B ITPOrPAMMHOM 0DeCIeYeHUn it OOJIBIINX KOHJICHCATOPOB B pazerie
He JIOIyCKAeT 3Ty KOHIENTYAJIbHYIO OIMINOKY.

5.3.4 HN3mepeHue 3KBUBaJIECHTHOTO conporunjieHnsa ESR

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

Rp

C ESR ESL

Puc. 5.29. DxBuBajeHTHasI cxeMa KOHIEHCATOPa,

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

1 — . ——————
I s ; 6V —e—
16V —=—
0.1 ¢
0.01
10 100 1000 10000

Capacity / uF

Puc. 5.31. Jlokymentuposanuoe 3uaderne ESR cepun FR Panasonic
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Puc. 5.32. Conocrasnenne 3nagennit ESR cepuit FC n FR

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

Jokymenrarus | PeakTech | PeakTech | PeakTech | Transistor-
Emxoctn 100 kHz 100 kHz | 10 kHz 1 kHz Tester
1uF / 50V 2,4 1,27 1,75 4,31 2,1
2,2uF / 50V 1,8 1,07 1,34 2,76 1,6
4, 7uF / 50V 1,3 1,19 1,40 2,37 1,5
4, 7uF / 50V 1,3 1,19 1,40 2,37 1,5
10uF / 50V 1,3 1,26 1,45 2,05 1,5
22uF / 10V 2,0 1,52 1,76 2,24 1,9
47uF / 63V ? 0,46 0,50 0,63 0,52

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

Ecim éMkocTh m3mepsiemoro KoujeHcaropa Oyyer oosbine, yem 0,45 pF', To Tecrep Oyer uamepsaTnb
TaK¥Ke IOCJe0BaTeIbHOe collpoTuBIenne. [[1g 3Hadenns Oosble, 9eM 3,6 pF' mcmomab3yeTcs HOD-
MasTbHasg TakToBas dacrora g AL — 125 kHz. /i 6o5ee HU3KUX 3HAYEHWIT EMKOCTH, 9TOOBI
YCKOPHUTDb U3MepPEHne, UCI0JIb3yeTcs DoJiee BbicoKas TakToBas dactora - 500 kH z. TounocTb pe3yiib-
tatoB AIIIT Gyzer Boite ¢ GoJiee BBICOKON TAKTOBOW YACTOTOMN, HO 9TO MOYKET MPUBECTH K BBHICOKUM
snavdenusM ESR kongencaropos ¢ Oostee HU3KOM BesmmauHol émkoctu. Muade mamepenne ESR stum
MEeTOJIOM OY/IeT HEBO3MOXKHO JI/Id 3HAUEHU MeHbIIe, yeM 1, 8 pF' mpu HopMaJIbHOI TaKTOBOI YacToTe
125 kHz.

Crporo rosops, ESR konjencaropa 3aBucut or 4acTorhl U Temieparypbl. OObIYHO B TEXHUYe-
CKUX OIUCAHUSX IIPUBEJICHA BeJINYNHA, M3MEPEHHAs Ha CUHYCOU/IaIbHOM curHasie dacroroir 100 kH z.
Taxoe m3mepenne He MoxkeT ObITH cieiano ATmega 6e3 BremHero obopyaoBanus. OnucanHas HU-
JKe MeTOJINKa, OCHOBaHHAs Ha CTaHIapTHOH TakToBOo# wactore AIIIIl, mcrmomb3yer st m3mepenus
IPaKTUIECKHU TPAMOYTOIbHBIN curHa gactoroit Himke 640 H z. C takroBoit vacroroit AIIIT 500 kH z
yacrora uzmepenus Oyjer 2400 Hz. Yrobwl noxyunts Beananny ESR, Oyner m3amepeno narmpsizkemnue
Ha 000UX BBIBOJIAX KOHJICHCATOPA BO BPEMs 3apsIKU B OJJHOM HAIIPABJIEHUU C BHYTPEHHUM OIMOPHBIM
nanpsizkeanem AT (1,1 V). [ocse u3mepenusi TOK 3apsiiku OyieT OTKJIIOUEH, U HalPsiZKeHHe Ha
KOHJIeHcaTope Oy/eT u3MepeHo cnoBa 0e3 Toka. e 3ro nanpsizkenue nuzke 3 mV | mocjeioBare b-
HOCTH M3MepeHus Oyjer nosropena. Ha pucyrke [5.33] npejicraBiieHbl COOTBETCTBYOIIHE CXEMBL.

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

R6

630

R1
470k
470k

o~ TP1 Cx ESR TP3 % 2
—— :

Voltage measurement without current

i
PCO PBO E)B] PC2 @ PB4 PB5

Puc. 5.33. Cxema uzmepenust ESR konmencaropa

Paznuna nanpszkenus Ha KOHJICHCATOPE C TOKOM U 6€3 TOKa MPOIOPIINOHAILHA BHY TPEHHEMY CO-
[IPOTUBJIEHNIO KOHieHcaTopa. OXKugaeMoe HaIpsizKeHNe 3TOM PAa3HUIBI HACTOJBKO MAJIO, ITO OJIHO
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u3MepeHre He MOXKET MPUBECTH K YIOBJIETBOPUTEILHOMY pe3y/brary. [losromy Tok Oyier nepek/o-
YeH Ha IPOTUBOIIOJIOXKHOE HallpaB/IeHUe, U OYJeT MOBTOPEHO TO YKe camoe m3Mepenwue. V3mepenus
OY/yT NPOBEJIEHBI MTOCTEIOBATEILHO 128 pa3, u pe3y/IbTaThbl U3MEPEHU HANPIKEHUs OYIyT CyMMHU-
poBaThesda. Takum obpaszom, y Hac OyryT 3 cyMMbI HanpsizKeHuil: Hanpsizkenue Ulp ¢ HU3KOW CTOPOHBI
KOHJICHCATOpa ¢ TOKOM, Halpszkenne Uhp ¢ BBICOKOM CTOPOHBI KOHJIEHCATOPA ¢ TOKOM 1 HAIIPszKEHNEe
Uc ¢ BBICOKOIT cTOPOHBI KOHAeHCaTopa 6e3 Toka. CyMMa HAIPSXKEHHUI ¢ HU3KOH CTOPOHBI KOHIEHCA-
TOpa IMPeJICTaBgeT cOOOU TaJeHue MOTEHINAJIa IIPU 3apsA/IKe HA BBIXOJIHOM COINPOTHBJIEHUH MOPTA
Rport. Paznuiia HanpsizKeHuil ¢ BBICOKOI U HU3KON CTOPOH KOHJIEHCATOPA IIPEJICTAB/ISIET HAIIPSZKEHUE
na kougercarope ripu 3apsiiake Udif f = Uhp—Ulp. Pasauna Uesr = Udif f —Uc nomkHa mnpeicras-
JIATH ITaJIeHne HAIIPS2KeHN Ha BHY TPEHHEM COIIPOTUBJIEHUN KOHIEHCATOpa IIPHU 3aps iKe. Borauc/isiem
BEJIMIUHY COIPOTHUB/ICHNS KaK OTHOIeHne Hanpszkenns Uesr K Hanpsizkeauio Ulp, n3MepeHHoOMy Ipu
MU3BECTHON BeJIMYMHE BBIXOIHOTO CONpOTUBJIeHus mopta Rport. Kosddunuent mpornopuoHajbHOCTH
BBIOPAH TaK, ITOOBI OJIYINTh pa3pertenne conporusienns 0, 01 Q: Resr = Ues%l'pmmt Pucynok |5.34
[TOKa3bIBAET TaCTh KPUBOH HAIIPSI?KeHNsT Ha KOHIeHcaTope 4, 2 uF’ Bo Bpems uzmeperns ESR. UToOwr
nosicHuTh Biaustaue ESR, K KoHaeHCaTOpy 106aB/IeH ocae0BaTe/IbHbIH pesuctop 6, 8 ). KpaTrkospe-
MEHHOE OTKJ/IIOUeHHe HAIPSAZKEHUs MOCTIe 3apsi/IKM KOHIeHCATOPa WHTEPIPETUPYETC ITPOrPaMMHBIM
obecrieuenneM, Kak mepexoj K uamepenunio ESR. Bosbiiee nagenne nanpskenns K norennnaay GND
BO BpEMsl M3MEPEHNsI BBI3BAHO BBIXO/IHBIM COIPOTHB/IeHEM mopTa 0Koj10 20 €. [Ipu sTom u3mepennn
Tectep BBIBOAUT Ha juciuieil nmotHyo Beanduny ESR 7,5 (). Beranras Bendanny moc/ie10BaTeIbHOTO
pesuctopa 6,8 €, momyuanm ESR 0,56 2. Ha pucynke IpeJicTaB/IeHa JnarpaMMa U3MepeHust
9JIEKTPOJIUTUYIECKOTr0 KoHJeHcaTopa 2,2 puF' ¢ ESR 6,5 €2 na 60s1ee BbICOKOil 1acToTe U3MEpPEHUs .

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

Puc. 5.34. Kpuas nanpsizkenus Bo Bpemsi uzmepenus ESR kownjiencaropa 4,2 uF
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RIGOL STOP ik [ : |t B -18Emy RIGOL STOF i i ; It @ -13Em

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

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

Puc. 5.35. KpuBas nanpsizkenust Bo Bpems: nuamepenuns ESR kongencaropa 2,2 uF

Touanocts n3mepenuss ESR He BbICOKa 10 HECKOJBKUM ITPUIUHAM:

1.

N3mepenne nanpsizkenus Ha 000MX BBIBOJIAX KOHJIEHCATOPA HE MOYKET OBITHL CJIeJIaHO OHOBPE-
MEHHO, & TOJIbKO MOC/Ie0BaTeIbHO. B mpoMexKyTKe MexK, 1y 000MMI U3MEPEHUSAME TOK 3aPATKI
U3MEHSeTCs U3-3a 3apsjia KoHjeHcaropa. [Iporpamma mbitaeTcss KOMIICHCHPOBATD 9TOT (haKT
KOppEKINell EMKOCTH B 3aBUCUMOCTHU OT HAIPSKEHUs] HU3KON CTOPOHBI.

AII naunnaeT u3MepsATh HAIIPSZKEHHE € 3a/1ePKKOi Ha 1,5 TAKTOBBIX UMITY/IECA ¢ HAYAJIA [IPe-
obpasoBanus. [IpeobpazoBanne HaunHaercs 1o nepegneMy (Gpouty takToBoil dactorsr AL,
ecJIn YCTAHOBJIEH CTapToOBbIi OuT. Ecim Tok 3apsiiku Oymaer oTkirodeH panbiie, To AIIIT 3a-
duKcupyeT HeNmpaBUILHOE HAIPAXKEHUE I U3MEePeHud ¢ TOKOM. Kciam Tok 3apgiku Oyjer
OTKJIIOYEH TI037Ke, KOHJIEHCATOP MOJIYIUT OOJIBITUI SJICKTPUIECKUIN 3apsi)l, YeM IIPU HaJ|IerKa-
M U3MEPEHUU C TOKOM 3apPsiJIKU. JTO JIACT CJUIIKOM BBICOKOE M3MEpPEHHOEe Halpsizkenne 6e3
TOKa. BBIKJIIOUeHne ToOKa B HyKHOe BPEMsl IIPEJICTaBJIsieT TPYIHOCTU JjIs IPOTPAaMMHOIO 0bec-
IIeYeHN.

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

Paspermenne AIIIl vemocTtaTodno, 9To0bI OyauTh pasperienue comporusierus 0,01 €. s
aydiiero pasperernst AT mius Beex m3mepennit ucnosnbsyercs ayrpennunit TOH (1,1 V).
Paspernenne tak:ke yBeIMINBaeTCs 38 CYET OOJIHIIETO YNCTIA OJIMHOTHBIX U3MEPEHMIA.

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

Tem He MeHee, Kak II0Ka3aHO Ha ciejyionieM pucyHke [5.36] pesysibraTbl OKas3blBAIOTCS HPaK-
tuanbiMu. 3uadennsg ESR, Toro ke camoro sjgementa, maMmepernbie TectepoM, pa3andaioTcs 00JIb-
e, yeM Besinunnbl, udmepennbie LOR-merpoMm. Suavenunss ESR zamepenst LCR Merpom Ha 1dactore
1 kHz win mHTEPHOMPOBAHBI I HEOOBINX KOHJIEHCATOPOB HA YacToTy 2,4 kHz. Bbl 10/KHBI
YUUTBHIBATH Ka9eCTBO Beex coejimauTesieil. Vcmonb3yeMble KaOeIbHbIE COeIMHEHNST MOTYT YBEJIUYUUTD
U3MEpPEHHOE 3HAYEHNE COTPOTUBRJICHUS. Pa3bEéMbl TaKKe MOTYT YBEJIUYUTH 3HAYCHHUE COITPOTUBJICHUSI.
B LCR~merpe ucnosnb3yercs 3a:kuMbl KebBrHaA, 9TO J1aeT TPEUMyIIeCTBO IpU u3MepeHun. ToIbKo
OJIMH KOHJIeHcaTop B cepun ucnbitannii Huzke 1 pF wa 500 nfF’ ObL1 KepaMUYECKNM, BCE OCTAJIbHBIE
ObLIN TJIEHOYHBIMUA KOHJIEHCATOPAMU. EJIMHCTBEHHBIM 3JIEKTPOJIUTHIECKUM KOHJIEHCATOPOM B CepUn
ucublTaHnit HUzKe 9 1 F' ObLT KOHJAEHCaTOp Ha 2,2 k.
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Puc. 5.36. Pesynbrarer uzmepennit ESR 15-tu pazmmansix ATmega

5.3.6 U3mepenue ESR, BTOpOii MeTOT

Haunnas ¢ Bepcun 1.07k mporpamMMHOTO obecriedennsi, IpuMeHeH HOBbIN MeTo 1 m3Mmepenns ESR. TTo-
cJ1eJI0BaTe/IbHBIE IArk U3MepeHusl oKa3aHbl Ha pucydke [5.38 Oramune or npepiyiiero Merojia
B TOM, YTO JIJIUTE/ILHOCTH MPOTEKaHUsl TOKa Yepe3 KOHJEHCATOp CYIIecTBeHHO Kopodue. KomnjeHca-
TOp IIpeaBapUTEJIbHO 3apA>KEeH II0JIOBUHOI UMITYJIbCa B OTPpUIIATE/IbHOM HallpaBJICHUU N IMUKJIMYECKHU
nepe3apsizkaeTcsd B 000uxX HalpaBjeHusx. BpeMs nMmiyibca 3aps/ K BBIOPAHO TaK, YTO OTCUYETHI IIPO-
BOJISIT B CepeJiiHe MMITYJIbCOB 3apAIKu OTCYETOB 4 1 8 u cuHXpoHU3upyoT B 310 Bpemst AIIIT (2.5
TAKTOBBIX UMITYJIbca Hocie Hadajga npeobpazosanust AIIIT). TlosHblil MK n3MepeHns: NOKa3aH Ha
pucyske [5.37} Cymma pesysbraros 255 IUKJIOB H3MEPEHHs UCIOJIB3YeTCsl JIJIs TOrO, YTO0BI IOy IUTh
pPe3y/IbTAT ¢ COOTBETCTBYIOMMM paspererueM. [IpogoskerHnem 3apsi/IKu KOH/IEHCATOPa B JIIOOOM Ha-
MpaBJIEHUH U30€raloT Ty 2Ke 3apsAJIKy U PaspsJIKy JJIMTETbHBIM UMITYJIbCOM B TOI ke cxeme. [Ipm
M3MEPEHUN OMMOPHOTIO HAIPSI?KEHMS KOHJIEHCATOP OCTaeTcsd 00eCcTOYeHHBIM. TeM caMbIM BpeMs n3Me-
penus He KputudHo. [Ipemoaraercs TOJIBKO, 9TO 3aXBaT HAIIPAYKEHUS KOHIEHCATOPa ITPOU3BOIUTCS
JI0 HavaJja CJAEIYIONero NMITY/IbCa 3apsiIKA WJIH Pa3PsIKM.

Sample6 Sample7

ADC busy
_l -
w2
o
3
k=3
@
w
o
3
=
@
(3]

Current
o

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



N3-3a 6o/1ee KOPOTKOIO UMITYJIbCA 3aPSA/IKA MOXKET OBbITH n3MepeHo He TobKo ESR koniencaTropon
¢ 60J1ee HU3KOI EMKOCTBIO, HO 3TOT CIIOCOD U3MEPEHU MOXKET TaK2Ke UCIIOJIb30BaThC JIJI M3MEPEHU s
PEe3UCTOPOB ¢ HEOOJIBIIUM COIMPOTUBJIEHUEM, €C/IN Y HUX HET OOHAPYKEHHON WH/YKTUBHOCTU. DTUM
METOJIOM JIJIsi TAKUX PE3UCTOPOB MOXKET ObITh jocTurayto paspemnierue 0,01 . DTum ke MeTOI0M
MOKET OBITH OTKAJTMOPOBAHO HYJIEBOE COIMPOTHUBJIEHUE JIJIsI BCEX TPeX KOMOWHAIMI MCIBITATEHHBIX
BBIBOJIOB B PEXKMMeE CaMOIPOBEPKU. BbI JIOJKHBI UMETh B BUJLY, YTO JjId YCTONYUBBIX PE3Y/IbTaTOB
HYKHBI Ka4eCTBEHHBbIE pa3beMbl U 3a:KuMbl. [lepuo m3mepenus: okoso 900 s, 9T0 COOTBETCTBYET
qacToTre npudansuTesbHo 1, 1 kH z. [TocKoIbKY UMITYJIBC 3apsA/ KNI 09€Hb KOPOTOK, Pe3YJ/IbTaT n3Mepe-
HUsI COITOCTABUM C m3MepeHnsaMu Ha dactoTe 10 kH z. [Ipumep m3amepenns MI€HOYHOTO KOH/IEHCATOPA
€éMKOCTbhIO 10 (1 F' IpOBEIEHHBIM ¢ HUM OJHUM U C BKJIIOUEHHBIM IIOCJIE/IOBATEIBHO ¢ HUIM PE3UCTOPOM
Ha 2,7 {2, nokazan Ha pucynke [5.39) Bol MmoxkeTe Busierh 3dEKT JOMOJTHUTETHHOTO COMPOTUBIICHUS,
cpaBHUBasi 00e OCIM/IIOrpaMMbl. Bbl MoxkeTe BujeTh Tak:ke, nmodemy usameperune AL (SH) mosmx-
HO TIPUXOJIUTHCA Ha CepeIMHYy UMITY/Ibca 3apsjiku. [Ipu 60oabmmx 3nadeHnax €MKOCTU TOK 3apsaIKu
[IOYTH YCTONYUB BO BpeMs BCell JIMTETLHOCTH MUMILYJIbca: TaKUM oOpa3oM, Bbl mosyunte cpejmee
HAIIPsI’KeHNe B cepejiHe NMITy/Ibca 3apaaku. C 6oJiee HU3KNMA 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) ¢ mocenoBaTebLHBIM cOIpOTHBIEHNEM 2,7 2

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

[Ipn mcrnobp30BaHNE UMITYJIbCA, JJTATETHHOCTRIO 27 (15 MOXKHO onpefaenTb ESR mrs korgercaTo-
poB émkocTbio 6oJibire 180 nF'. JIna naMmepeHus KOHJIEHCATOPOB ¢ HU3KOM éMKOCTbhIO, B Bepcun 1.11k
UMITYJIbC cOKpalaercs 10 8 pus. Pucynok |5.40| mokaspiBaeT KpUBYIO HAIPAKEHUs Ha KOHJIEHCATOPE
2,2 pF' ¢ nocieIoBaTeIbHO MOJIK/IFOUEHHBIM COIPpOTUB/IeHNeM 2,7 () u 6e3 Hero.
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RIGOL STOF (p frcccrccccc g £ B 13,600 RIGOL STOF (R freroccccfmgosesced | F 11.eml

T T o T
] (]
i
[HEFE 15 . Bl | Time 188.Bus B452.95ms  [MIEE 18, Gml | Time 188.6us B+59.25ms
(a) 6e3 1mOCIIE0BATEIHLHOIO CONIPOTHBIICHIS (b) ¢ mocsenoBaTebHBIM cOpOTHBICHNEM 2,7

Puc. 5.40. Kpuag nanpsikerus n3meperust ESR konmencaropa 2,2 pF 3apsiHbIM UMITYIBCOM 8 (1S

Ha pucynke [5.40| #e Bugro moment m3amepenuss ADC. Ha pucynke [5.41] nzobparkena Kpupast
HAIPsKEHUsT B yBeJIndeHHOM MaciiTadbe. MoMeHT u3MepeHusi COBIIAIaeT ¢ CPEJNHON pUCyHKA.

RIGOL STOF F F @ S5.zem)  RIGOL STOF F F B 14.400
o T - M
(13 B»
[SEFE 16 . Bml) (5 Time 18.868us D=52.45m= [sEFET 16, Erlt [ Time 18.88us D-+58.7Sms
(a) 6e3 mocsIe0BATEIBHOIO COPOTHBIICHUST (b) ¢ mocenoBaTeBHBIM COIPOTHBIEHNEM 2,7 €2

Puc. 5.41. VBenuuennasi KpuBasi HAIIPsIZKeHUsT Ha KOHAeHcaTope 2, 2uF npn m3mepennn ESR 3apsii-
HBIM UMILYJIBCOM 815

Pesynbrater uamepennii mo nosomy merojry uamepenusi ESR nokazamnsl ma pucynke [5.42, Suade-
uust KSR ormmgaiorest oT pe3ysibTaToB, MOKA3AHHBIX JIJIsl IPEIBLIYIIEr0 MeTO/ia U3MEpPEHus Ha PU-
CyHKe noromy uTo ESR 3aBucut ot gactorsl. DTtasionHbie 3HadeHus onpesenerbl LCR-meTpom
Ha gactore nuamepenus 10 kH z.
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Puc. 5.42. Pesynbrarer uamepenns ESR merogom 2 15-10 pasanaasivun ATmega

Psan usmepennii pa3ImyHbIX 3JIEKTPOJUTHIECKUX KOHJIEHCATOPOB MOKa3aH Ha pucyHke [5.43| 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
o LCR-100Hz
b LCR-1kHz o
o LCR-10kHz X
10402 ‘ LCR-100kHz .
g Pl 606 6 © | u ° TTester =
= o 29 o8 &
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Puc. 5.43. Pesynbrarer uamepenuit ESR pazandaHbIx 71€KTPOTUTHYIECKIX KOHJIEHCATOPOB

Hosbrit MeTo/1 m3Mepennsi MOYXKeT OBITH HCIIOJIb30BAH JIJI U3MEPEHUs PE3UCTOPOB C HU3KUM CO-
nporussienueM. llorpernocTu u3mMepenust HEKOTOPBIX pe3uctopos Huke 10 () ¢ Tpems npumepaMu
kazkroro Tuna ATmega nmokazanbl Ha pucyHke [5.44]
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Puc. 5.44. Tlorpemnocts n3mepenus cornporunienns merogom ESR

5.3.7 Ilorepst Hapsi2KeHUs MOCJIe UMITYJIbca 3apaaku, Vloss

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

Oy MarKHBII 22000pF | 37,4-57.5nF | 52,8nF 112nF 118,5nF
Q=2,5-32 Vloss=12%

¢ OIbTOBbIHI 22600pF | 22,4-225nF | 2257nF | 22,69nF 22 54nF
Q= > 1540 Vloss=0%

OyMarKHBII 100nF 144-256nF 177F 318nF 529,7TnF
Q=2,6-28 Vloss=12%

KepaMUIeCKni 100nF 97,7-102nF | 103,7nF | 103,3nF 103,1nF
Q=90-134 Vloss=0,1%

¢ OIbTOBbIH 100nF 98,0-101nF 101,4nF | 102,2nF 101,6nF
Q=58-700 Vloss=0%

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

5.3.8 OtaenbHoe n3mepenne émkoctu u ESR

OtmenbHOE U3MepeHne EMKOCTH ¢ Moceyomeit ornenkoit ESR Mo:kHO BBIOpaTh U3 IMaI0IOBOIO Me-
HIO JIOTIOJIHUTEIbHBIX (PYHKIUI TOIbKO g ATmega ¢ 10cTaTOYHBIM 00bEMOM ITAMSITH. DTOT THUII
U3MEpEeHus MpeTHa3HadYeH JIjId TECTUPOBAHUA KOHJIEHCATOPOB 0e3 jemonTazka. [loxamyiicra, yoemm-
TeCh, 9TO BCEe KOHJIEHCATOPHI Ha IjIaTe pa3psizKeHbl, MMpexkje deM HadaTh m3mepenne! Vcrbrramme
YCTAHOBJIEHHBIX B ILJIATY KOIIOHEHTOB MPOU3BOIUTCI HU3KUM, HACKOJIBKO 9TO BO3MOXKHO, HAIIpsizKe-
HueM, Jinmb HemHOro Oosibiie 300 mV . Kpome Toro, mamepenne mpoOU3BOJIUTCS C UCIOIHB30BAHUEM
TOJIbKO pesucTopa 680 (2 1jIsi yMeHBbIIEeHNsT BJIUAHHUS CBA3aHHBIX KOMIIOHEHTOB II€YATHOM ILIATHI.
st ompeiesieHnsT KOHJIEHCATOPOB MAJIBIX EMKOCTEH, M3MepeHrne HAUMHAETCS ¢ KOPOTKUX WUMITYJTh-
coB 3apsiiku 200 ps. Ecim 3apsn Konjgencaropa KOpoTKUMHU uMItysibcamu ne jiocturuer 300 mV 3a
2 ms, TO MOCJIE Y IONINIT 3apsi/i OCYIIECTBIIsIeTCS UMITyIbcamu 2 ms. Koria éMKOCTh U3MepseMOoro KOH-
JieHcaTopa OoJIbIast, HAIIPAXKEHNE 3apsiia UMILYJIbCAMHI 2 MS yBEJIUIHBACTCS MEJJIEHHO, TO, B 9TOM
cilydae, MUPUHA MMITYJIbca(oB) 3apsaa yeejumaurcs 10 20 ms. Ecau HanpsizkeHre Ha U3MepsSeMOM
KOHJIeHcaTope npubamkaercsa K 300 mV, cHoBa HCIIOIB3YIOTCS KOPOTKIE UMITYILCHI 3apsiaa. Obiee
BpeMs HMITYJIbCOB CYMMUPYETCs TI0CJIe JIOCTUXKEHUs HapszKeHusd 3apsaa 6osbire 300 mV |, émMkocTb
BBIUNC/ISIETCS 110 BPEMEHHM W YPOBHIO 3apsiia KoHaeHcaTopa. C MOMOIIBI0 9TOT0 METOJIa BO3MOMKHO
u3Mepenune éMKocTu oT 2 uk'. Bepxuwuit mpejesr namepseMoii EMKOCTH OrPDAHUYEH BPpEMEHEM 3apsjia
2,5 s, npumepno 50 mF'. Tlocse ycnennoro uamepenus émkoctu, nudmepsiercsa KSR komencaropa mo
OIMCAHHOMY B pasjielie MeTojy. Pe3ysibraT KpaTKOBpeMeHHO OTOOpakaeTcd Ha JIUCILIee, a 3a-
TeM cpa3sy Ke HAdMHAeTCsI CJIeIytomee n3Mepenne. V3Mepennst ocTaHABIMBAIOTCA 1Tocie cepun u3 250
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u3Mepenuit min o Haxkartuio kuonku TEST, mocse yero mporpamma BO3BpAIAeTCs B JIUAJIOTOBOE
MEHIO JIOMOJTHUTEIbHBIX (DYHKITHII.

5.3.9 Pe3yabraThl n3MepeHuss EMKOCTA KOHJIEHCATOPOB

PesysibraTbr Moux m3mepeHuii EMKOCTH JIJIsT TpeX MUKPOKOHTpo iiepoB ATmega8 mokasaHbl HA pu-
cyuke [5.45] HekoTopble 3nadenns OpuruHaIbLHOrO IPOTPAMMHOIO 00eCIIeYeHrs TOKA3aHbI ¢ MOIPa-
BoYHBIM Ko3bburmentom 0,88 (-12%). Ipyrue pesynbrarsl m3amepenus pa3nnaabix Bepcuii ATmega8
nokasaHbl Ha pucynkax [5.46a] u [5.46D] Pesysbrarsl nusmepenusi Tex e caMbIX KOHJEHCATOPOB JIst
ATmegal68 nokaszanbl Ha pucynke [5.47} OcHOBOIt JJIsi BBIYMCJIEHHSI 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.

10 T T T D
Mega8-1 —+— I
Mega8-2 | |
8 L Mega8-3 —— L
orig —+— T | . ﬁ
| 7
2 6 s‘! /\ I
- | R / ¥ \
S x
ol 4 \‘ L,
™ | B \ I
é | ‘ L
5| 2
0
-2

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

Puc. 5.45. ITorpemuocts nsmepenus éMkoctu B % ¢ ATmega8
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Puc. 5.46. OrHOCUTEIbHAS TOIPENTHOCTD U3MEPEHNsT EMKOCTH
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Puc. 5.47. ITorpemuocts n3mepenus émoctu 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. 5.48. CpaBuenune pesy/braroB usMepennii 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 mokasansl Ha pucyske [5.49a) Mux-
pokonTposuiepos ATmegal 68 A nokaszaust Ha pucynke[5.49b] s mukpokorTposzepos ATmegal 68PA
- na pucyske [5.50] Pesynbrarer Tpex ATmega328 mo1mo/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. 5.49. IlorpemraocTs n3Mepenns EMKOCTH, He OTKAJIMOPOBAH
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Puc. 5.50. ITorpemmuocrs m3mepenns: émkoctu TpeMss ATmegal68PA, He orkagmbpoBan
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Puc. 5.51. 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 KOHJleHcaTopa. PucyHok [5.52| moKa3bIBaeT MOIPEIHOCTh U3MepPeHus: EMKOCTU, KOTJa yINThIBa-
0T TOJILKO HyJsieBoe 3HaueHne (168-3-A), ¢ mompaBodHbIM KO(hDMUIMEHTOM IS MaJbIX EMKOCTei
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REF C KORR=66, takxke u ¢ nomnpaBodubiM Kodddurmerarom s Oosbimux émrocreit C H
KORR=5 (168-3-B), moc, gononaurebao orkiaonenne 168 3 C ¢ MOJIEIbIO 3aBUCHMOCTH OT CKOPO-
cTH HapacTaHus Jyist uamepernst Maabix émrocreit (COMP  SLEW1=4000 u COMP SLEW2=220).
Camopazps 0OJIBIIX EMKOCTeN TakKe yuTeH B OTKJIOHeHWHn 168-3-C. DjieMeHT ¢ 3aBUCHMOCTBIO

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

n3MepeHHoe 3HadeHne EMKOCTH B pF .
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Puc. 5.52. ¥Ynyuamennoe n3mepenne émxoctu ATmegal68

5.3.10 ABToMaTuU4YecKas KaJHOPOBKa IPH U3MEPEHNN KOHJIEHCATOPOB

ABromarmieckast KaJmOPOBKA COCTOUT W3 JBYX 4acreil. [lepBast yacTh onpejesier cMerieHne HyJist
npu u3MepeHun €MrocTu. /[ys1 9Toro ompejiesisiercs 3HadeHre €MKOCTH, U3MEPEHHON 0e3 TOJIKJIIO-
YEeHHOTO KOHJeHCATOpa. JHatUeHne EMKOCTH I BceX 6 KOMOWHAIINN W3MEpEeHNUi, OmpeIessiercs ¢ 8
noBropenuamu. [locse ycrenrHoro onpejesienns, cMelieHue HyJis 3anucbiactces B EEprom u 6ymer
UCIIOJIb30BAThCA JIJIs JAJIbHEHINNUX n3MepeHuil. Bojiee c/102KHBIM OBLIO BBISABJIEHUE PA3JIMIUS Bapy-
aHTOB MUKPOKOHTpoJLIepoB ATmega mjis Maibix KoHzgeHcaTopos (<40 pF'), KoTopblie TOKa3aHbl Ha
pucynkax [5.49a) [5.49b| u [5.50, OcHOBHOI HPUYIMHOI FTOrO SBJISIETCS pa3JIndne XapaKTepucTuk (Ha-
IPSZKEHUsT CMEITeH s1) aHAJIOTOBOIO KOMIIAPaTOpA.

JlaHHbIE U3MEPEHNUs JIEBSITU PA3IMIHBIX MUKPOKOHTPOJLIEPOB HOKa3aHbl Ha pucyHke [5.53]. 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[5.49al, [5.49b|u [5.50| ¢ 3aBojckumu yeranoskamu. [Ipejcrasisier nunrepec, Kak TOUKI
«CapErr» 6yayT coorBercrBoBaTh ToukaMm «dif2refs. [Iist sToro Toukn «dify mokaswiBatoT pazimdue
Mexk Ty coorBercTByommMu Toukamu «CapErrs u «dif2refs. Snas snavenns Besmmana Todek «dify,
MBI MOXKEM ITOJIYIUTh XOPOIIYIO OIEHKY I KOPPEKINM M3MEpPEeHn EMKOCTU BMeCTe C pa3HUIlei
MEXKTy HaIPszKeHNeM 3apsi?KeHHOTO KOHJICHCATOPA U HAIIPs)KEHUEM BHYTPEHHEH OTOPHI.
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Bo BTopoit wacTu, /i1 BHeCEHUs HONPABOK, BBl JOKHBI MOJIKJ/IIOUYUTh KOHJIEHCATOP K HCIBI-
TAaTeJILHBIM BBIBOJAM 1 u 3. DTOT KOHJIEHCATOD JIOJ2KEH ObITh BBICOKOKAQYECTBEHHBIM U HMETh
BesmunHy B guarazoHe oT 100 nF' mo 20 pF'. B mydmem ciaydae 9TO AOMKeH OBITh MJIEHOYHBIN
KOH/I€HCATOP, 110 BO3MOKHOCTH - He KepaMMWYeCKMil 1 HI B KOeM cjlydae - He 3JIeKTPOoJIuTude-
ckmii. TouHag EMKOCTDb 9TOro KOHIEHCATOPa He BarkKHA.
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Puc. 5.53. Haunsre q1a 9 ATmegal68

Pucynku [5.54a), [5.54D], [5.55], [5.56a] u [5.56b] mokasbiBaioT pesyabTaThl n3MEepeHus: 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.
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Puc. 5.54. Ilorpemnnocts u3Mepenusi EMKOCTU, OTKAIUOPOBAH
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Puc. 5.55. Ilorpemrocrs n3mepenust émroctu TpeMsi ATmegal 68PA, orkaaubposan
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Puc. 5.56. Ilorpemnocts n3mepenus EMKOCTH, OTKAJIMOPOBAH

Haxkomner, s mokaxy sddekr or npumenenns ommuun AUTO CAL B mporpamme caMoIpoBepKH.
Creyromuit pucyHOK [5.57] mokasbiBaeT pesysibraThl H3MEpPEeHHii TpeX MUKPOKOHTPOJLIepoB ATmega
¢ caMoil OOJIBIIOI TOIPEITHOCTHIO U3MEPEHMIt, OHOTO - Iepe/l KAJMOPOBKOH U JIPYyroro - mocjie Ka-
smubpoBku. Toukm, ormedenubie okoHIaHUEM «UNC», MOKA3bIBAIOT MOTPEITHOCTH 0e3 KaJIUOPOBKH.
JIMHIM ¢ OKOHYaHWeM «caly MOKa3bIBAIOT IMOTPENTHOCTD PE3YIBTATOB TE€X Ke CaMbIX MIUKPOKOHTPOJI-
JIEPOB C TE€M K€ CaMbIM IIPOrPAMMHBIM O0ecIiedeHneM I0c/ie KaTuOPOBKU B PEyKUMe CaMOIPOBEPKH.
[TpuvmHa TIOrPEHOCTH U3MePeHust Jjist oJIbIuX KoHIeHcaTopos (> 40 pF') noka emie He U3BeCT-

Ha. Bce I/ICHOJH)?)yeMbIe KOH,H‘eHC&TOpr HJId 93TOIr'O pH,ZLa I/I3MepeHI/H71 - H.HéHO'—IHbIe nJjim KepaMI/I‘-IeCKI/Ie
(56 pF, 100 pF u 3,3 nF).
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Puc. 5.57. Ilorpemsocts u3Mmepenust émrocTu 11 Tpex ATmega, 10 u moc/ie KaauOpoBKT

Cxema ¢ ATmega644 niu ATmegal284 obecrieunBaeT YCTAHOBKY KOHJICHCATOPA JIJIsT KAJTMOPOBKHI
Ha nevaTHol miare. Pucynok moKasbiBaeT pe3ysbrar m3mepennit ATmegal284 ¢ ucmob30BaHm-
€M BCTPOEHHOTO Ha IjIaTe Kepamudeckoro kKomujencaropa 100 nF') a Tak:ke ¢ BHEITHUM (DOJIBIOBBIM
koueHcaropoM 220 nF, B cpaBHennn ¢ pesyabratamu ATmegad28 Ha Apyroii medarTHoil miare.
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Puc. 5.58. TlorpermHocts m3mepennii kKouaeHcaropos ¢ ATmegal284 no cpasaenuio ¢ ATmega328
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5.4 llI3mepeHune MHAYKTUBHOCTEM

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

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

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

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

Puc. 5.59. zmepenne 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.

Ecnu Bemunba conpoTuBIeHUsST WHIYKTHBHOCTH OyjeT meHee 24 ) TO Jijis 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€UEHUEe OUeHb KOPOTKOI'O MPOMEKYTKA BPEMEHH, I He OKHUJIAI0 TTOBPEXKIEHNS TOPTOB
ATmega. [Tyis1 9TOr0 THA M3MepeHnst BRIOpaHo pasperierune wHayKTuBHocTH 0,01 mH. Yrobsr n36e-

»KaTb boJree JJINTEJIbHOI'O BpEMEHU C YPE3MEPHBIM TOKOM, JIOIIOJIHUTE/IbHOE U3MEPEHUE C 3aJiePzKaH-
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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 [5.60] nmokasbiBaeT pesysbTaThbl U3MEPeHUsl pasindHbIX Karymiek. Karymku soime 1 H -
peJie MM [epBUYIHBbIe OOMOTKI CUJIOBBIX TPAHCHOPMATOPOB 3aTPY/HAIOT N3MEPEHHUs, [IOTOMY UTO Y
JKEJIE3HOIO CEPJIeIHUKA €CTh OCTATOUMHOE HAMAIHUINBAHUE.
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Puc. 5.60. IlorperHocTsh 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-
vyenus 6osiee, aem Ha 0,2 (), Tectep BoccTaHOBUT pekuM «uncalibrateds («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 1,3 V (uaum 1,1 V) onopHoro Hamnpsi>keHusi (guana3oH M3MEHEHUs OII0-
poI). B crpoke 1 teker «REF = » u m3amepennoe manpsizkenue, orobpazkernoe B mV. s
ATmega8 nanpsizkerue JI0/KHO ObITH 0u3K0 K 1,3 V. Jljia apyrux MUKpPOKOHTPOJLIEPOB Ha-
IpsizKeHne JI0/KH0 ObITh 0in3ko K 1,1 V. Bropasi crpoka oTobOpazKaeT pe3yIbTUPYIONIHil KO-
s dunmenT s u3Mepennsd EMKocTu ¢ pesuctopom 470 kS2.

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

12 - pesucrop, coepuuentblii ¢ BbiojgoM 1 nojkioden k VCC (45 V'), a pesuctop, coeIMHEHHBII
¢ BeiBOsIoM 2 K GND. Pesyibrar aT0oro uamepenust oroOparkaeTcsi BO BTOPOil CTPOKe Ha, [IepBOM
MecTe, B BUJI€ Pa3sHUIIbI C TECOPETUICCKUM SHAYCHUEM.

13 - pesucrop, coeunenHbIi ¢ BbiBo oM 1 nojkiouen Kk VCC (45 V), a pesuctop, coeiuHeHHbIIH
¢ BeiBosIoM 3 K GND. Pesyiabrar 3T0r0 nsmepenust 0roOparkaeTcst BO BTOPOil CTPOKe Ha, IIEPBOM
MecTe, B BUJ€ pasHUIIbI C TCOPETUYICCKUM SHAYCHUEM.

23 - pe3ucTop, coeIMHEHHBI ¢ BIBoJOM 2 nogkiaoder K VCC (+5 V'), a pesucrop, coeiuHeHHbII
¢ BeiBoIoM 3 K GND. Pesynbrar aToro msmepennsi orobpazkaeTcsi BO BTOPOil CTPOKe Ha TEPBOM
MeCTe, B BUJIE€ PA3HUIBI C TEOPETUIECKUM 3HATEHUEM.
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[Moxkautyiicra, nomuure, aro paspertenue AL cocrasisier npubiusureasho 4,88 mV! Cxembr

u3MepeHuii npejcrasenbl Ha pucyHke [5.61] Teoperudeckoe 3HaveHne ¢ yIeToM BHYTPEHHErO
. _5001-(194680)

COIPOTHUBJICHUS 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

Q 2| § 2 Q 2 ST & IS 21 & 2 ST ]
GND GND GND
ADCMUX \l/ ADCMUX \l/ ADCMUX l
PCO @ PBO Tp3 PCI1 PB2 PCO @ PBO Tp2 PC2 PB4 PCI1 @ PB2 Tp| PC2 PB4
2 = 2o s ~ 2o 2 ! =%
E| | TP1 T TP2 S| |~ o TPIT TP3 S| |~ S TP2 T TP3 S| |~
first measurement second measurement third measurement

Puc. 5.61. Cpasuenue pesucropon 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, YTO HYXKHO OTCOEJIMHUTH <«3aKOPOTKY». DTOT IMAl 3aBEPIINTCH, KAK TOJbKO BbI
«PACKOPOTUTE» 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 [5.62f 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. 5.62. 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 BujiHO Ha pucyHke [0.63, 9T0 Te »Ke caMble U3MEPEHUs, KaK U B TecTe 8, TOJIbLKO C JIPY-
roit croponbr. Cietyromumu maraMu Beraucisiercs: conporusienne: (VCC — (resultoftest8) —
(resultoftest9))/680. arobbl moyIuTh 06 3HAUECHHS PE3UCTOPOB, HALPSIYKEHUE (Pe3ysIbTaT Te-
cra 8 win 9) JieiuM Ha 3TOT TOK.

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

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

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

Puc. 5.63. Izamepenre BHYTPEHHETO COIMPOTUBJICHUS MTOPTA TOJIK/TIOYEHNEM BBIXOIHBIX KOHTAKTOB K

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

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

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

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

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

97



RIGOL STOP (e P irrrrrrrrredornnd  F 1.za.)
-
T

BT
Prd2] =28 . Bns
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Puc. 5.64. 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 5.65|
Test 2 RL-Mean 0 5.66
Test 3 RH-Mean 0 5.66b
Test 5 RH-Low 0 5.67
Test 6 RH-High 0 5.67b
Test 8 R out Lo 131 5.68
Test 9 R out Hi 151 5.68b
Test 10 Cap zero offset 30 5.69
Test 11 Reference correction 0 5.70

Tabsuma 5.7. Tabuia camorrpoBepoK
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Puc. 5.65. Camonposepka: Bayrpennnit MTOH
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(a) Conporusienne 680 €2
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(b) Conporusienune 470 kQ

Puc. 5.66. CamonpoBepka: OTKJIOHEHNE CPETHETO HAIIPSIKEHHUS OT HIeaTbHOTO
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resistance / Ohm
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(a) Comporusmennst 470 k2 x 0 V/ (b) Comporusnenue 470 kQ x 5 V
Puc. 5.67. Camonposepka: BxoiHoe Hampsizkermne
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(a) Conporussenne 680 Q x 5 V (b) Couporusinenue 680 Q2 xk 0 V

Puc. 5.68. Camorposepka: BoixojHoe conporusiienue

44 ————
CNULL1T [J
CNULL2 XX
42 B CNULL3 O -
La 40 ) [
— o o [HEE| (ONEH|
Z 3810 B-o-0-t © [
k3]
§ o N ]
O 36 ©)] O-© 00O
34
0]
32

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

Puc. 5.69. Camomnposepka: Cmertienue HyJ/Is IpU U3MEPEHUU EMKOCTHU
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Puc. 5.70. Camonposepka: Bejmanaa KOppeKIuu 1mocjie aBTOKaInOpOBKU

Haxkowert, st xores 66 Hoka3aTh Bam Ha pucyHke [5.71] pasimuune BHENTHEr0 HALPSIZKEHHsT HA BBIBOJIE
AREF, uzmepennoro myasrumerpoM, n n3mepernoro saytpenanmM ALl ommopHoro Hampsizkenns s
15 pasmmaabix ATmega u Haiijgennsix Hanpsikennii koppexknuu (REF R KORR) nocsie aBroka-
JIMOPOBKU puCyHOK [5.71] Bbl MoxKeTe BUIeTh, 9TO 3HAYEHUST aBTOKAJIUOPOBKHU IOUTH COOTBETCTBYIOT
BHEIITHUM HU3MEPEHHbIM 3HAYCHUAM.

40
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Puc. 5.71. Camonpoepka: Pazmmaune nanpsizkeruit TIOH, 3aMepeHHBIX HA BHEITHEM BBIBOJIE MYJIBTH-
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 TtakToBoit actoroit 8 M Hz Bpems uaMepeHusi cocTapiisier oKoyo 1,25 cexkyuanr. [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 [5.72] npejcrapiensl pesyiabraTsbl 00euX cepuil u3MepeHuii.
[TouTu mocTogHHBIE OTKJIOHEHUS MOYKHO OObsICHUTH HEOOJIBION pa3HUIEll YacTOT JABYX KBapIIEB.
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Puc. 5.72. OtHOCHTE/IbHAS TTOTPEITHOCTH U3MEPEHUs aCTOThI

[MopcTpoiiky 4acToThl KBapiia MOXKHO OCYIIECTBUTH YCTAHOBUB MOJICTPOEUHbIH KOHieHcaTopa (5 —
25 pF’). YenerHo mpoTecTHpOBaHa KAIMOpoBKa 4acToThl KBapiia Tecrepa mmmyascavu 1PPS ¢ mpu-
menenrem GPS npuemanka UP501 or Fastrax Ltd. wiu ¢ ucnonbzosanmem GPS/GLONASS npu-
emunka GNS701 or Global Navigation Systems GmbH. I13mepsemblii iepuoji MOKHO TOIHO
nacrpouth na 1000,000 ms. Tosibko nocsennss nudpa MOXKeT OTIMYaThCA Ha eaunuily. Konewno,
JacTOTa KPUCTAJLIa 3aBUCUT OT TemiepaTypbl. [Io3ToMy BBl HE MOXKeTe OKUJIATh OY€Hb XOPOIITYIO
CcTaOMJIBHOCTD JIOJITOE BpeM4.

Ha pucynke npuBejieHa cxema rnojkodenns UM232 USB-nocienoBarebHOIO KOHTPOJLIEPaA
1 IPUEMHHUKA K KOMIIBLIOTEDY.

Konseprep UM232 aBroMaTmyeckn 1o i/iep:KuBaeT JBa Hanpskennd b V u 3,3 V' mj1g nuranus
cxembl ot USB.

g paboThl NMpueMHUKA TOJKJIIOYEHNE K KOMIIbIOTepy He 0b6si3aTebHo. Tonbko nutanue 5 V
HeoOxoauMo moath USB korTpOLITEpY.
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Puc. 5.73. T'eneparop 1PPS curnana or GPS npuemnunka
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I''1aBa 6

I'enepaTop cursaJjion

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

6.1 T'eneparop YacTOThbI

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

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

6.2 IlImpoTHO-UMILYJILCHBIA reHepaTop

[IIupoTHO-UMITYJIbCHBII TeHepaTop 3alycKaercs, eciu Bol BbiOpasu dyukmuo «10-Bit PWM» (16-
ournabiii [IINM) pymrensabiv Hazkatuem Kotk TEST u3 mento jonosnuTenbubix dyHKuii. Ya-
crota depe3 pesuctop 680 (2 BoiBogMTCA Ha TecToBBIN KOHTAKT TP2. Tecrosbrit kontakT TP1 mpo-
rpammuo noaksodaercss K GND. Hacrora BbixojgHOro curtaJia scerga papHa dacrore CPU pasme-
sennoit Ha 1024. JIng CPU ¢ TtakroBoit wactoroit 8 M H 2z dacToTa BBIXOIHOTO CUTHAJA COCTABJISIET
7812,5 Hz. llpu naxkarun kuouku TEST, BO3MOXKHO n3MeHEHUE MIUPUHBI TOJIHKO 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

M3BecTHBIEe OUNINOKI U IIPOOJIEMbI

Bepcus 1.12k nporpaMmmHuOro obecriedeHmst

10.

lepmanuessie ot (AC128) He onpeesisiioTcst HUKOT/[a. DTO, BEPOSTHO, BHI3BAHO OOPATHBIM
ToKOM. OXJIaXK/IeHre JU0JIa MOZKET MOMOYb YMEHBIIUTh TOK yTEUKH.

B OunongpHbIX TpaH3UCTOpaxX 3aIUTHBINA IO/, KOJIJIEKTOD - SMUTTEP HE MOXKET OBbITh OOHa-
pyxen, eciun Tok [CEQ 6ombmoit. /Io cux mop mpob/iemMa BO3HUKJIA TOJTHKO C TePMAHUEBBIMU
TPAH3UCTOPAMU C JINOJIOM He Ha TOM JKe KPUCTAJLIE.

KosdpdunmenT ycuienus repMaHueBbIX TPAH3UCTOPOB MOXKET OBITH 3aBbINIEH U3-3a OOJIBIIIOTO
3HAYEHHsI TOKA yTeUKH. B 9TOM ciydae HampszKeHne Oasa-3MuTTep 0yaeT oueHb Hu3KuM. OxJia-
JKJIEHVE TPAH3UCTOPA MOXKET ITOMOYb ITOJIyIUTh O0J1ee TPAaBUILHBIN KOI(PMOUIIMEHT YCUTEHUA.

Bennauna émkocTn B 0OpaTHOM HaIIpaBJIeHNN JJI MOIIHBIX /110108 [IIoTTKI, TaKuX, HAIIpUMED,
kak MBR3045PT, He MoxkeT ObITh U3MeEpeHa, €CJIA MOIKII0UEH TOJIbKO oauH auoj. [Ipuanna -
CJTUIIIKOM OOJIBIION TOK YTEYKH 9TOro JAuoja. VIHOIrIa m3Mepenre BO3MOYKHO ITPU OXJIaK IeHUN
JIoJIA.

WNuorna BeIBOAUTCS cOOOIeHnEe O HelpaBUIbHOM obOHapyzkerun Tounoro 2,5 V' MOH, korma
nopt PC4 mukyna He nogkioden (BeiBoj 27). Bbl MoxkeTe m36eKaTh 9TOrO MOBEJIEHNUS, YCTa~
HOBUB JIOTIOJTHUTE/IBHBIN TToxTarnBatomnuii pesucrop va VCC.

. Anoanas GyHKIM yIPAB/IMIONIEr0 BHIBOIA CUMUCTOPA HE MOYKET OBITh MCCJIE/IOBaHA.

Wnorga npoucxoaut ¢cOpoc BO BpeMsi U3MEPEHUsi EMKOCTH, YTO TOBOPUT O mpobseme ¢ Brown
Out Level 4,3 V' st ATmegal68 wim ATmega328. Ilpuuuna e uzsecrra. Copoc ncuesaer,
ecsim Brown Out Level ycranosuts na 2,7 V.

[Ipu ucnonszopanun SLEEP MODE mukpokonTposutepa Tok utanust VCC uzmensiercs: 60J1b-
Ie, 9eM IIPH UCHOJIb30BAHUU TIPE/IBIYIINX BEPCUil TPOrpaMMHOT0 obeciievdenusi. Bbl JOIKHBI
YBEJTMYIUTH OJIOKMPOBOYHBIE KOHJIEHCATOPBI, €CJIN 3aMedaere Kakue-mbo mpobsembr. Kepamu-
yeckue KonjieHcaTopbl 100 nF' 10/2KHBI OBITH TTOMEIIEHBI OKOJIO BRIBOIOB ItuTanus ATmega. c-
nosibzoBanue SLEEP MODE moxuo orkiounts onrueit INHIBIT SLEEP  MODE B Makefile.

YacTo He U3MepIOTCs TAHTAJIOBbIE SJICKTPOIUTUYECKNE KOHIeHcaTOphbl. OHu MOTyT OBITH OOHa-
PYZKeHBI, KaK U0 WA MOTYT OBITH He OOHapyzKeHbI BooOIIe. VIHOT I8 MoMoraeT OTKJIIOYeHne-
HOJIKTIOYEHNeE.

BoIBO/IBI «HCTOK» M «CTOK» HE MOIYT OBITH ompejiesienbl kKoppektno B JEET Tpansucropax.
[IpyunHa B CHMMETPUYHOCTH UX CTPYKTYpbl. BBl MoxKeTe 3aMeTUTh 3Ty IpobJIeMy, ITOMEHsIB
MeCTaMU B TE€CTOBBIX KOHTAKTaX «CTOK» M <«HMCTOK», & Ha JIUCILIee OTOOPA3UTCs ITPeJIblLyIiee
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pacIoIoyKeHe BbIBOJIOB. ¢l He BUXKY HUKAKOHl BO3MOXKHOCTU KOPPEKTHO OIPEJIEINUTDH BBIBObI
9THX TpaH3ucTopoB. Ho, rmepecranoBKa MecTaMu «CTOK» U «HUCTOK» B CXeMax, KakK IIPAaBUJIO, HE
BBI3BIBAIOT KaKUX JINOO IIPOOJIEM.
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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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