Tecrep 9P9 ¢ AVR MukpokoHTpoLIepom
1 MIHIMYMOM JIOIOJHUTEILHBIX 9/IEMEHTOB
Bepcuga 1.12k

Karl-Heinz Kiibbeler
kh_kuebbeler@web.de

pycckuii nepeBoxn Cepreii Basbikun

24 nexkabps 2016 r.



OrJjiaBjieHue

1 Xapakrepuctuku

2 AnmapaTHble cpeacTBa|

R.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 Al'megal . .

[2.2.2  VIzmepenue cradbuinTpoHOB C

HanpsikeaueM oosee 4 V| . ... oL 0oL L

[2.2.3  T'emeparop yacTtorsl. . . . .
[2.2.4  Vzmepenwue vactorny . . . .

[2.2.5  Ucronb3oBanne TOBOPOTHOTO SHKOIEPA| « -« « « v o v v v e o oo o

[2.2.6  llogkmrodyenne rpacpudeckoro jgucriesl . . . . . ... ..o

[2.2.7 llogkmoyenne rpacudecKoro mMBETHOTO JIUCIIIES| . . .« o . . o o o 0 v v o o . .

p3

YkazaHus 110 coopke lecrepa | . . .

B

Hopaborku myia Bepcuit Tecrepa Markus F.|. . . . . . . . ... ... ...

[2.5

Kuraiickme KJIOHBI ¢ CHUMBOJIBHBIM JTUCILIEEM| . . . .+ o o e v i v e e e e e e e

2.6

Kurajickme KJIOHBI ¢ TPA@UUIECKAM JUCILICEM| . . . . . .« o o v v v v v e e e e e e e

B.7

Kurajickue HaAOOPHI € TPaAMUIECKUMU JUCIIICSAMU| . . . . . . o v v v v e e e e e o e

P8

Pacmupennas cxema ¢ ATmega644 mwm ATmegal284] . . . . . . . . . ... ... ...

2.9

Cxema c ucnosibzoBanreM Almegal280 wian Arduino Megal . . . . . . . . . . . . . ..

.10

[IporpaMMupoBanre MUKPDOKOHTPOJLIEPA] .« « « « « « v v v v e o e e e e e e e

[2.10.2 VcnonpzoBanme nporpammbl WInAVR B OC Windows|. . . . . . . . .. . . ..

pIT

llouck memncupaBuocreit | . . . . . .

[3 WucTpykimusa nmoJib3oBaTeJis|

B.1

[Iposejienne namepennii | . . . . . .

B2

Menro jgonostHUTEIbHBIX (DYHKIWMM j1sd ATmegad28l . . . . . . . . . ... L.

B3

CamonpoBepKa 1 KaJanOpoBKa| . . .

CrenuaJjbHble BOBMOXKHOCTU UCIOJBb30BAHU] . . . . © v o o v v e oo i e e e

[Ipobyiembl Tp ONIpeIETIEHUH SJEMEHTOB| . . . . . « « © o v v v o e e e e

Wzmepenune Tpansucropos N-P-Nw P-N-P| . . . ... ... ... .. ... ... ....

Wzmepenne JEET u Tpansucropos D-MOS| . . . . . .. ... .. ... o000,

[3.4
[3.5
[3.6
[3.7
(3.8 Uszmepenune E-MOS Ttpanzucropos| .
[3.9  Vzmepenme eMKOCTH KOHIEHCATOPOR|

[3.10

Vzmepenne MHIYKTUBHOCTH| . . . .

4 KoundurypupoBanme lectepal

11
11
12
13
13
13
16
20
21
22
23
24
30
31
33
35
35
36
38

40
40
41
45
46
46
47
48
48
48
49

50



[>  Onwmcanume mpolielyp n3MepeHus)|
[5.1 MN3mepenme moaIyOpPpOBOOHUKOBBIX 9JIEMEHTOB| . . . . . « « o v v v v v e e e e e e e
[>.1.1  Usmepenme P-N-P Ttpanzucropa wim P-Channel- MOSFET| . . . . ... .. .
[5.1.2  Vzmepenne N-P-N tpamsucropa mim N-Channel-MOSFET) . . . . . .0 .0 .
[5.1.3  Yuporennas 0J0K-cXeMa TeCTUPOBAHUSA TPAH3UCTOPOB| . . . . . . . . . . . . .
[5.1.4  Vsmepenue jqmojioB| . . . . . . ..
[5.1.5  PesyibraTbl pa3juaIHbIX U3MEPEHUM| . . . . . . .« o o v oo
[5.2  Uszmepenme pe3aucTopoB| . . . . ... Lo
[>.2.1  HMamepenune pesucropa ¢ pesucropamm 680 Om[ . . . . . . . . . . . . ... ...
[5.2.2  Vzmepenwue pesmcropa c pesuctopamm 470 kOm| . . . . . . . . . . ... ...
[5.2.3  PesynbraTbl m3MEpEeHmil PEBUCTOPA] . . . . . . o . e e 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
[5.3.1 Paspsiika KOHJICHCATOPA] . . . . .« o v v v v et e e e e e e
[6.3.2  Mzmepenne KoHIeHCATOPOB OOJIBITON EMKOCTH] | .« v v v v v v 0 o o
[5.3.3  Vzmepenne KoHJIEHCATOPOB MAJON EMKOCTH| . . . . . . o . o« o o 0 oo o oo .
[5.3.4  Vzmepenwue skBuBajienTHOTrO conporuBygenusd SR . . ... oo 0000000
[5.3.5  Mamepenue ESR, nepsbrit meTon| . . . . ... o000
[5.3.6  Mamepenue ESR, Bropoit meTon| . . . . . ..o
[5.3.7  Tloreps nanpsizkenust mocsie umiyabca 3apsiakm, Vloss| . . . . . . . ... ...
[5.3.8  OtrmenbHoe m3mepenme emkoct u KSR} . . . o 0.0 0000000000
[5.3.9  PesyibraThl n3amepenns EMKOCTH KOHJEHCATOPOB| . . . . . . « .« « o o o o o . . .
[5.3.10 ABToMaTHUecKas KaJauOpPOBKa IPU M3MEPEHUU KOHJIEHCATOPOB| . . . . . . . . .
[>.4  HMzmepeHne MHIAYKTUBHOCTEM | . . . . . . . . . v v v i o e i e e e e e
[5.4.1 PesynpraTbl n3aMepeHmniit HHIAYKTUBHOCTH| . . . . . « « v v v v v e e oo oo
[5.4.2  VIzamepenne mMaJibIX WHIYKTUBHOCTEN METOJIOM OTOOpa mpood| . . . . . . . . . . .
[5.5  DYHKIHA CAMOIIPOBEDPKH| . . . . o v v v v v v v e e e e e e e e e e e
[5.5.1 HexoTopbie pe3ysbTaTbl (DYHKIMH CAMOIPOBEPKHU| . . . . . . . . . . . . . . . .
[5.6  M3mepenme 4acTOThI . . . . . ... L
[6 l'emepaTop curnaJsos|
[6.1 TemepaTop gacToThl . . . . . . . . . ..
(6.2  HImpoTHO-UMIIYJIBCHBII TEHEPATOD| . . . . . . . . v o o i b e o e e e e e e e e e e
7 3BecTHBIE OIMNOKM M MPOOJIEMBI|
[8  CnemmaapHble MOAYJIN TPOrPAMMHOIO O00ECHeYeHUsI
[9 Chomcok Tekyinmmux el 1 HOBbIe HJeH|

125
125
125

126

128

129



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 obectieaerneM Tecrepa ot Markus F.[I] nauamace, 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., Koropblit pazpaboras Mopsiiok cOOPKM 9TOH IevaTHOH 1mIaThl. ¥ MeHs HUKOIJIa He XBATUJIO ObI
BPEMEHU 3aHUMATHCS BCEMU STUMU BeIaMU OJHOBPEMEHHO ¢ MOUMHU pa3pabOTKaMU ITPOrPAMMHOIO
obecrievennsi. OTCyTCTBHE BPEMEHU HE TO3BOJISIET U B JAJIbHEHIIIEM Pa3BUBATEH IIPOrPAMMHOE 00ec-
nevyenne Ha ToM ke yposue. Crnacnbo 3a MHOTOYHC/ICHHBIE TPEJIOKEHNs 110 yIydirenuio Tecrepa
wieHaMm MecTHOro otjesienus «Deutscher Amateur Radio Club (DARC)» u3 Lennestadt. Kpowme To-
o, 51 XOTeJI ObI CKa3aTh CIacubo0 3a MHTErPAIUIO MeTO/1a JIUCKpeTr3alun pajauosroouresis Pieter-Tjerk
(PABFWM). C nomorpio 5Toro MeTo/ia M3MepeHusT MaJeHbKIX 3HAYCHUIl eMKOCTH U WH/YKTHBHO-
ctu 3ameTHo ymaydireno. Ha 3asepmenne, cnacu6o Nick L m3 YKpannbl, 3a 10/JIepKKy Ujieit cCBouMu
IPOTOTUIIAMHY TLIAT, MPEJJIOYKeHNe HEKOTOPBIX JIOTIOJTHEHNN U TOIEPKKY U3MEHEHUT B PYCCKOH 10~
KyMEHTAIIN.



I'taBa 1

XapaKTepUuCTUKU

10.
11.

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

Orobparkenne pe3yabraToB Ha cuMBoabHOM LCD-mucrutee 2x16 mwim 4x20. Eciau ncnosb3yer-
¢l MUKPOKOHTPOJLIIED ¢ 00beMOM (hJIdMII-TIaMATH, MUHUMYM 32K, TO TakzKe MOXKHO IIPUMEHHUTDH
rpacdudeckuit guciieir 128x64 nukcens ¢ kourposuiepom ST7565 niun SSD1306. IIpu stom 4-
nposoanoit narepdeiic SPI mm [2C muHa 10/1KHBI OLITH TOAKIIOYEHB BMECTO 4-6HTHOTO T1a-
pasnenbHoro naTepdeiica as SSD1306 korTpostepa. s korrposzepos ST7108 mmm KS0108
Boer momkHBI UCHOIb30BaTh Mpeobpas3oBaTesb MOCJe10BaTeIbHO-TTapAJIIeIbHOI0 HHTepdeiica
74HC(T)164 wau 74HC(T)595. Huctueit ¢ konrposutepom PCEF8812 min PCF8814 mozker ObITH
HCIIOJIb30BaH TOJIBKO 6€3 OOJIBIINX HKOHOK JIJIsT TPAH3UCTOPOB, TaK Kak pasmMep muciies 102x65
i 96x65 nukceseil HeJOCTaTOUEH.

BaHYCK - OJJHOKPATHOE€ HazKaTHU€ KHOIIKU TEST ¢ aBTOOTK/IIOUEHHEM.

. Bo3moxkHa pa60Ta OT aBTOHOMHOI'O UCTOYHHKa, T.K. TOK HOTpe6HeHI/IH B BBIKJIIOYEHHOM COCTO-

siHuu He npesbirmaeT 20 nA.

. UToOBbI YMEHBINMUTH TOK MOTPEOJICHUS B PEXKUME OXKUJIAHUS U3MEPEHUsi, ITporpaMMHoOe obectie-

Jenue, HaunHast ¢ Bepeun 1.05k, ucronbsyer pexkum cha (Sleep Mode) jij1st MUKPOKOHTDOJLIEPOB
Atmegal68 mwim ATmega328.

. ABromaruueckoe onpejesnenne N-P-N u P-N-P 6unosnspabix Tpansucropon, N- u P-kanaabHbIX

MOSFET rpanzucropos, JFET TpansucropoB, nuojos, JBOMHBIX IUOJI0B, TUPUCTOPOB U CH-
MUCTOPOB. JIjIsi TUPUCTOPOB U CUMUCTOPOB YPOBEHb OTKPBITUS JOJIZKEH ObIThH JIOCATAEM JJIsi
tecrepa. as IGBT tpansucropos curaan 5 V' 1oi:KeH OBITH JTOCTATOTHBIM JIJIsT OTKPBITHSI
TPAH3UCTOPA.

ABromarnaeckoe olrpeJesieHue paciioJIo2KCHH A BBIBO/IOB 3JIEMEHTA.

Nzmepenne koadduimenTa ycujieHns 1 IOPOrOBOTO HAIIPAKeHUs 0a3a SMUTTED OUIIOISIPHOIO
TPaH3UCTOPA.

. Tpansucrops! JapauHrrona ujaeHTHMUATTIPYIOTCS IO TIOPOTOBOMY HAIIPSKEHUIO U KOI(MDPUIHU-

EHTY YCUJICHUS.
Obnapyxkenne 3ammuTHOrO Juoga B ounoiapasix 1 MOSFET Tpansucropax.

N3meperne ToporoBoro HAIIPSIZKEHHS 3aTBOPa, 3HAYEHHEe eMKOCTH 3aTBOpa U Rpgen A0 HaIpsi-
JKeHmne 3aTBOpa okoJio H V' B Tpamsucropax MOSFET.
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Nzmepenne moporoBoro HampsizkeHus 3aTBopa u Beanduubl éMroctu 3atsopa MOSFET.

I3Mepenne 0JHOTO WM JIBYX PE3UCTOPOB € M300pazkeHnneM ——F CHMBOJIa PE3UCTOPA U TOYHO-
CTBIO 110 4 necarnunbix nudp. Bee cuMBOJIBI IPOHYMEPOBaHbI COOTBETCTBEHHO HOMEpPaM ILyTIOB
Tecrepa (1-2-3). Takum 06pazoM, MOTEHITHOMETD TaKKe MOXKET OBITh U3MEPEH.

Pasperenne nzmepenust conporusienus 10 0,01 ) a Bemauna uzmepenus - j1o H0 M)

Oupeiesienne 1 U3MepeHue OJHOI0 KOHJEHCATOpPa ¢ M300parkKeHmeM CHMBOJIA KOHIEHCATOPA
—— Oupenenenne u u3Meperne 0IHONO KOHEHCATOPA ¢ H300PAZKEHIEM CHMBOJIA KOHICHCA-
TOpa U TOYHOCTBIO A0 Y€TbhIPpEX MECATUIHBIX LH/I(bp EMKOCTB KOHJCHCaTOpa MO2KET 6])ITI) 3a-
mepeHa ot 25 pF' (8 MHz, 50 pF' — 1 M Hz) no 100 mF'. Pasperenne uamMepeHusi COCTABIISET
1 pF (8 MHz).

ESR konzencaropa u3mepsiercs ¢ pasperiernem 0,01 11 KOHIEHCATOPOB EMKOCTBIO OoJTee
20 nF m oToOpaskaeTcst IMCJIOM C JBYMs 3HAYAIUMUI JECITUIHBIMA U paMu. ITO BO3SMOKHO
T0o1bKO i1t ATmegal68 min ATmega328.

g kKoujgeHcaTopoB éMkocTbio BhIlie 5000 pF' MoxkeT ObITH OIpejie/ieHa MOTePs HaIlPsIzKEeHUST
nocJie BO3JIEHCTBIS UMITYJIbca 3apsifku. [lorepst HANPSZKEeHUsI 1aeT ONEHKY J100poTHOCTH (Ka-
YeCTBA) KOHJIEHCATOPA.

Omnpejiesierne 10 IBYX IMOJOB ¢ M300parKeHneM UX CHMBOJIOB P wm M s ITPaBUIb-
HOM IOpsijike. JlomostHuTe IbHO 0TOOparXkaeTcst IPsSIMOe aeHe HAIPSIXKeHUs Ha JTHO/IE.

Ceeroanon (LED) ompesensiercst Kak U0 ¢ TIPSMBIM HAIIPsIKEHHEM BBIIIE, YeM Y 0ObIYHOTO
juoja. JIBa cBeTo/inojia B OJIHOM 3-X BBIBOJHOM KOPITyCe TaKzKe OIPeJIe/IAI0TC s, KaK JIBa JINOIa.

CTabuIMTPOHBI MOTYT OBITH OIIpEJIEIEHBI, eCJIN UX 0OpaTHOe HallpsizKeHne mpobost Humxke 4,5 V.
Onu oTobpazkaroTcs, Kak JiBa JU0j/a, 1 MOTYT ObITh UJICHTH(MUITUPOBAHBI, KAK CTAOUINTPOHDI,
TOJIBKO 110 HaIpszKeHnio. HoMepa BBIBOIOB, COOTBETCTBYIOIIME CUMBOJLY JIMOJA, B 9TOM CJIydae,
UJIEHTUYIHBI. PeabHbIN BBIBOJ aHOIA JAUOa MOXKHO HIAEHTU(MUIMPOBATH TOJBKO IO I IEHIIO
nanpsexerns (oxoso 700 mV)!

Ecnn onpenensercs 6osiee uem 3 iMojia, YUCJIO JTUOA0B 0TOOPaXKaeTcs JIONOJHUTEIBHO ¢ CO00-
meHnueM o TOM, Y9YTO dJIEMEHT HOBpe}K,HéH. STO MOZKET HpOI/I3OIU/ITI/I, TOJIBKO €CJIN JMO/IbI HpI/ICO—
eJINHEHBI KO BCEM TPEM BBLIBOJAM, U, [0 KpaiiHeil Mepe, OiH U3 JIHOI0B - CTabiInTpoH. B 3ToMm
caydae HeOOXOMMMO MPOM3BECTH U3MEPEeHUs, MMOJCOeMHIB K JBYM IIyllaM lecTepa cHadaja
OJIHY TIapy M3 TPEX BBIBOJIOB dJIEMEHTA, 3aTeM — JII00YIO APYTYIO IIapy BBIBOJIOB dJIEeMEHTA.

N3mepenne BeIUYIUHBI EMKOCTH OJMHOYHOIO JIMO/a B OOpPATHOM HAaIpaBJIEHUH. DUIOJIAPHBIT
TPAH3UCTOP MOYKET Tak:Ke ObITh IPOAaHATU3UPOBAH, €CIU MOJKIIOUATL 0a3y U KOJJIEKTOD WJIN
6a3y u smurTep. Ecan ucnonassyercs ATmega ¢ oobemom dumm-namsta 6ostee 16K, To uzme-
psieTcst OOpaTHBIN TOK juoja ¢ paspernerneMm 2 nA. 3HaveHne BBIBOJNUTCS HA JIUCILICH, €C/I
OHO 0OJIBIIIE HYJIS.

O,ZLHI/IM U3MEPCHUEM MO2KHO OIIpeAe/INTh Ha3Ha4Y€HUEe BBIBOJOB BBIIIPAMUTE/ILHOT'O MOCTa.

Konnencaropsr éMKocTbIO HUXKE 25 pF' OOBIMHO HE ONPEJIESIOTC, HO MOT'YT OBITh M3MEPEHbI
BMeCTe C TapaJlyIeIbHBIM JIN0JIOM MJIN ITapaJuIeIbHBIM KOHJIEHCATOPOM, éMKOCTbhIO Oostee 25 pF'.
B sTom citydae u3 pedyiibrara U3MEepeHus HEOOXOIMMO BbIYECTh EMKOCTD TOJIK/IIOYEHHOTO Ia-
paJuIesIbHO 3jieMeHTa. [l1s KOHTpOJIepoB, mMelonmux 1o Kpaitneit mepe 32K dumsm-mamsrn
OCYIIIECTBJISIETCS] ABTOMATUYECKUI ITePexXo/] Ha IUKJINIYECKUIT PeXKIM M3MEPEHNs], €CJIN KOHJIEH-
carop ¢ bosiee gem 25 pF noakioden K TP1 u TP3. B stom pexkume nuzmepenust KOHJIEHCATOPOB
Bwr moxkeTe n3zMepuThb EMKOCTH KOHJIeHCATOPOB HIKe 25 pF' B TP1 u TP3 nanpamyio.



25.

26.

27.

28.

29.

30.

31.

32.

33.

Jnst pesucropos conporusiiennem Hizke 2100 Q) ecim ATmega ¢ obbemom 6ostee dem 16K
dI3II-TTaMATH, U3MEpIeTCsl UHIYKTUBHOCTD. IKOHKA MHIYKTUBHOCTH —ww— OYJIET TTOKA3aHa 3
nkoHkKo——F. /Inanazon uzmepenuii ot 0,01 mH no 20 H, Ho TOYHOCTH HE BbIcOKa. [loyunTh
pe3yJIbTAT U3MEPEHNS MOXKHO TOJIBKO C €/IMHCTBEHHBIM II0/IKJIFOYEHHBIM 3JIEMEHTOM.

Bpems TectupoBanus OOJBITMHCTBA 3JIEMEHTOB COCTAB/IA€T MPUOIU3UTETBHO 2 ceKyH bl M3-
MepeHne éMKOCTH WJIM UHyKTHUBHOCTA MOTYT yYBEIUINTH BPEMsI TECTUPOBAHUS.

[IporpammuoOe obecriedeHne MOXKET KOH(MUTIYPUPOBATHCs, UTOOBI ITPOU3BECTH PsiJi U3MEpPEHHi
pexkje, 9eM IMUTaHue OyIeT OTKJIFOUEHO.

B dyuknuu camompoBepku BCTPOEH JIOTOJHUTE/IBHBIN reHepaTop dactoThl HA 50 Hz, 14T00bI
IPOBEPUTH TOTHOCTH TAKTOBON YaCTOTHI (TOJIBKO /I KOHTPOJLIEPOB ¢ 06beMoM bostee dem 32K
dbmm-namarn).

[ToakmogaeMoe, B pezKuMe CaMOITPOBEPKHU, 000PY/I0BaHUE JIJIsT TADUPOBKHU BHYTPEHHET'O BBIXO/I-
HOT'O COIPOTUBJIEHUSI TIOPTA ¥ CMEIEeHUsT HyJIsl IPU U3MepPeHUH EMKOCTU (TOJIBKO JIJisi KOHTPOJI-
JepoB ¢ obbemoM Gostee yem 16K dmar-namsrn). st TapupoBKU HEOOGXOAUMO TOJIKIIOUUTE K
nrynaMm 1 u 3 BHENTHUN BBICOKOKAYeCTBEHHBIN KOHIeHCAaTOp éMKOocThio Mexk iy 100 nf' u 20 uF
YTOOBI U3MEPUTH BEJIMYUHY KOMIICHCAITMN HAIIPSIZKEHUs CMEIIEHUsT aHaJI0rOBOI0 KOMIIApaTopa.
DTO YMEHBIIUT OMUOKN W3MEePEeHUsT EMKOCTH KOHIeHcaTopoB 70 40 pF. DToT Ke KOHIEHCATOD
IPUMEHSIeTCSI TP KOPPEeKIn HanpszkeHus BayTperrero IOH, 3amMepeHHOT0 /1151 TIOACTPOMKM
macmraba AIIIT mpu usmepenun ¢ payTperaum MTOH.

Orobpazkerne 06paTHOrO TOKa KOJLIEKTOpa I po U OTK/II0UeHHOl 6ase (¢ pasperennem 1 pA)
1 00paTHOTO TOKA KOJIJIEKTOPA IIPU KOPOTKO3AMKHYTBHIX BBIBOJIAX 06a3bl u sMuTTepa Iops (TOJb-
ko it ATmega ¢ obbemom dumdi-namsaru Gosbire 16K). D1u 3HAUeHNUST 0TOOPAKAIOTCST €C/In
OHM He PaBHbI HYJIIO (TJIABHBIM 00Pa30M, JIJIsi TePMAHUEBBIX TPAH3UCTOPOB).

Jng ATmega ¢ obbemom ddm-namsaTn He MeHee 32K Tectep 3amyckaer MUK/INIECKUN TecT
COIIPOTUBJIEHUS] PE3NCTOPOB, KAK TOJTBKO PE3UCTOp Oy/1eT 0OHApPYKEeH B TeCTOBBIX KOHTaKTaX 1
(TP1) u 3 (TP3). Ecsin B BBIOpaAJIH JOMOIHATEIBHOE U3MEPEHIE HH/IYKTUBHOCTH JjIst (DyHK-
U IUKIngeckoro recra pesuctopoB B Makefile, zanas napamerp RMETER _ WITH L, To
UH/IyKTUBHOCTH TaKKe MOYKET OBbITh OIpeJie/ieHa U M3MePEeHa B 9TOM PEKUMEe. JTOT UK/~
ckuit pezkuM paborsl obosnadaercs [R] win [RL] cipasa B mepsoii crpoke sKpaHa gucriies.
Takum 2Ke 00pa3oM 3aIycKaeTcs IMUKINIeCKOe M3MepeHne éMKOCTH, eCJIn KOHJIeHCATop, OOHa-
pyxen B TP1 u TP3. Dror pexkum paborbl orobpazxkaercs cumposiom [C] cnpasa B mepsoit
cTpoke. B muk/jmueckoM TecTe KOHJEHCATOPOB, BO3MOXKHO ompejesienne éMkocreit or 1 pF.
Ho s aBToMaTuveckoro 3amycka IMUKJITIECKOIO TeCcTa EMKOCTh KOHJICHCATOPA JT0JIZKHA OBITDH
bosbie 25 pF. CrenuajbHble PEXKUMBI MOTYT OBITH 3aBepiienbl HaxkaTtnem Kiapumm TEST.
Tectep BepHETCS K OOBIYHOMY DPEKUMY PaOOTHI.

N3 nraoroBoro MeHIO MOXKHO BBIOpaTh n3Mepenne 1actorhl Ha mopty PD4 mrs ATmega. Pasz-
perierne coctaBisger 1 Hz g n3MepseMbIX 9acTOT BhIe 25 kH z. JIng 6oee HUBKUX 4aCTOT
paspernenne MoxkeT ObITh J10 0,001 mH z ¢ u3amepenueM cpejiHero nepuoja. Bol J0/KHBI 03HA-
KOMUTBCSI € HOJAPa3IesoM u3Mepenus 4acTorsl [2.2.4] na crpanune [I3] 1as yrounenus neraseit
MTOJIKJTIIOYEHNS CUTHAJIA YaCTOTHI.

N3 mento, mpu OTK/II0UEHHOM (DYHKIUH TTOCJIEI0BATEILHOTO TOPTA, MOXKHO BBI3BATH (DYHKITHIO
n3Mepenust Hanpsikenuss ;10 50 V' upwm ucnosb3zoBaruu gemmresns 10:1 wa mopty PC3. Ecm
ucnosp3yercs ATmegad28 B kopryce PLCC, 1o it m3MepeHust MOYKHO HCIIOJIH30BATh OJIH
u3 JionotHATe/IbHBIX TopToB BMecTe ¢ UART. Eciu npucyrcrByer cxema n3Mepenusi cTabuIn-
tporoB (DC-DC npeobpasosaresib), n3aMeperne CTabUINTPOHOB TaKyKe BO3ZMOYKHO C TOMOIIBIO
sroit byukimu, naxkas kaonky TEST.



34. U3 mMeHIO MOXKHO BBIOpaTh (BYHKIIIO MeHEpaTOpa YacToThl Ha TecToBoM KoHTakTe TP2 (PB2

nopr ATmega). B Hacrosiee BpeMst MOXKHO IpeJBapUTESHHO BBIOpaTh dacTtorel o 10 Hz 10
2 MHz.

35. M3 nuajioroBoro MeHio GyHKIHI MOXKHO BbIOPATH BBIBOJ (DUKCUPOBAHHON YaCTOTHI C BO3ZMOK-
HOCTBIO BBIOOpA MIMPUHBI NMITYJIbca Ha TecToBoM KoHTakTe TP2 (PB2 mopr ATmega). upuna
MOZKeT ObITH yBeamdena Ha 1% npum kparkoBpemennoM HazkaTuu mau Ha 10% npu Gosee -
tesbHOM HaxkaTnn KHonkn TEST.

36. U3 nuamoroBoro MeHio (pyHKIUH MOXKHO 3aIlyCTUTh OTJAEIbHOE U3MEpEeHne EMKOCTH C U3Mepe-
uneM ESR. Tosbko kongencatopsr ot 2 pF' 10 50 mE MoryT ObITh U3MEPEHBI B CXeMe, TaK KaK
UCITOJIb3yeTcd Hu3Koe, okojo 300 mV manpsxkenne.

37. Ecau Bamr kontposiep ATmega mmveer o kpaitaeit mepe 32K dumnr-namsatu (Mega328), y
Bac ectb BO3MOXKHOCTH mcCIoIb30BaTh MeTon auckperusannn AIIIL, koTopslit mo3BossieT mc-
IBITHIBATH KOHJIEHCATOPHI ¢ éMKocThbio MeHbie 100 pF' ¢ paspemenuem 0,01 pF. C npume-
HEHUEM 9TOrO YK€ MeTOJla, MOYKHO TaKyKe U3MepITh MHIYKTUBHOCTb KATYIIKU MeHbIne 2 mH
CO 3HAYUTE/ILHO OOJIBINEN TOYHOCTHIO IIyTEM CO3JIAHUSA PE30HAHCHOTO KOHTYPa C MapaJlIebHO
BKJIIOUEHHBIM KOHJIEHCATOPOM M3BECTHOU €MKOCTH.

Ber momkuEBl yOeIuThCs, YTO BCe KOHJIEHCATOPHI Pa3PsAZKEHBI Iepe/l HadaJIoM JTIOObIX U3MepPeHNit.

Tupucrops!l 1 CHMUCTOPBI MOTYT OBITH OOHADPYZKEHBI, €CJTH UCITBITATE/HHBII TOK BBIIIE TOKA YeP-
kanus. HekoTropbie THPUCTOPBI U CUMUCTOPBI HYKJIAI0TCA B D0JIee BLICOKUX TOKax, dyeM 31or Tectep
MozkeT obecriednTh. JlocTymnHblil TOK TectupoBanus TobKO 6 mA! Takxke IGBT moryrt 6b1Th 00HADY-
JKeHBI, ecain 5 V' JI0CTATOYHO JjI UX OTKPBITHs. 3aMeTbTe, 9TO MHOTHE JIOTIOJTHUTE/IbHbIE (DYHKINN
MOTYT OBITH JOCTYIHBI P UCIOJH30BAHIUT KOHTPOJLIEPOB C JOCTATOYHBIM 00bEMOM TaMATH, TAKIX
kak ATmegal68. OHaKO TOJBKO MIPU UCIOJB30BAHUU KOHTPOJIIEPOB, B KOTOPBIX, 110 KpaiiHeil Mepe
32 kB dmnr-namaru, taknx kak ATmega328 nin ATmegal284 moctynubl Bece (DYHKINN.

Bunmanwme: [lepen nopkmovennem yoeurech, 9T0 KOHEHCATOPHI pa3psizkeHbl! Tectep
MOKET OBITbH IMOBPEXKJIEH U B BBIKJIIOUEHHOM COCTOAHUH. ECTh TOJILKO HEDOJIbINAas 3alliuTa B IOPTax
ATmega.

Ecnu Tpebyercst mpoBepUTH /1IEMEHTHI, YCTAHOBJIEHHBIE B CXeMe, TO 000PYI0BaHUE JIOJIKHO OBITH
OTCOEJIMHEHO OT UCTOYHUKA MUTAHUS, U JIOJKHA OBIThH MOJIHASI YBEPEHHOCTH, UTO OCTATOYHOE Ha-
NPpsi?2KEHUE OTCYTCTBYET B 000PY/IOBAHUMN.



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.

HoBast Bepcusi mporpaMMHOro obecriedeHusi MOXKeT HMCI0JIB30BaTh IePeKIoUeHne MaciiTaba 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.

Jlnist ajanTaiy mporpaMMHOIO obeciedeHnsi K KOHKPETHOM cxeMe HeOOXOUMO ITOCMOTPETh OIIIH B
makefile B paszesie koudurypanuu [4 va crpanume [0}

Coornorenne pesuctopos R11/R12 onpeessier BeJInunHy HaIpszKeHUs JIJIsT KOHTPOJIS Pa3psijia
Garapen nurtanug. ¢l mpucnocobus cBoe mporpamMMHoe obectiedenne K opuruHaity or Markus F. [I]
¢ BesmmanHamu pesuctopos 10 kQ u 3,3 k2. ConpoTuBiieHne pe3ncTOPOB B JAeJTUTE e HAIPSIZKEHHS
MOXKHO ycTaHOBHTH B makefile.

Hononaurenproe onoproe Hanpsizkenne 2,5 V', nogarnoe Ha opt PC4 (ADC4), MoxkeT nucosb-
30BaThCs, 9TOOBI IPOBEPUTD 1 OTKAIHOpoBaTh Tecrep Ha mmeroreecs: Hanpsizkerne VCC (He obsi3a-
tesibHo). B kadecrse IOH mozkno ucnosszosars LM4040-A1Z2.5 (0,1%), LT1004CZ 2.5 (0,8%) win
LM336-72.5 (0,8%).



Eciu we ycranosien MOH u ne npejrycmorpena 3amura ¢ UCHOJIb30BaHUEeM pejie, Bbl 10/2KHbBI
yCTaHOBUTH ToTaruBatoniuii pesucrop R16 k PC4 ¢ Bbicokum nomunuasom (47 k€Y). Dro momoxker
porpaMMHOMY obectiedennto obHapykuth orcyTeryomuit UOH. Hononuurenbubiit narepdeiic ISP
ObLII T00ABJIEH JIJIS YIIPOIIEHNs 3arPY3KH HOBBIX BEPCUIl TPOrPAMMHOIO O0eCTIeYeHNsl.
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. 2.1. HoBasg cxema Tecrepa

Tabuma [IOKa3bIBAET HA3HAUEHUE MOPTOB D /I pa3/JIMIHBIX JIUCILIEEB U JIOTOJTHUTE/IHHBIX
noaktodennit. st marepdeiica SPI curnan LCD-CE npucyrcersyer Ha mopty ATmega. Bxos cur-
nasa CE (Chip Enable) mucrutest rakxke mozkeT 6biTh nokioder K GND BMecTo HOAKIIIOUEHHST €ro
K Boixoy curnasia LCD-CE ATmega.

CuMBOJILHBII ST7565 ST7920 LCD | ST7108 LCD | SSD1306 | HomosauTrenbHast
IIopt LCD LCD serial serial I2C dyHKIIST
PDO LCD-D4 LCD-REST | LCD-REST 595-PCLK
PD1 LCD-D5 LCD-RS LCD-CS2 DuKoHep 2
PD2 LCD-D6 LCD-SCLK LCD-BO0O 164-595-CLK | LCD-SDA
PD3 LCD-D7 LCD-SI LCD-CS1 Qukoep 1
PD4 LCD-RS LCD-RS Buermasaa gacrora

164-595-SER

PD5 LCD-E (LCD-CE) LCD-EN LCD-EN LCD-SCL
PD7 KHOIIKa, KHOIIKa, KHOIIKa, KHOIIKa, KHOIIKa,

Tabmuna 2.1. Haznadyenne KoHTaKTOB mopTa D I MOAKJIIOUEHHUST PA3JIUIHBIX JIUCILIEEB

[Iporpammuoe obecriedenne MOKET U3MEHSITh Ha3HaueHUe BBIBOJOB mopTa D s yaobcTBa pas-
Bojaku LCD-muciuiess. B tabsmie [MOKAa3aHbl BapUaHThI MOJAK/IIOUeHNs /1 Bepcun Strip Grid u
HMOJIK/IIOUEHNsT IpapuIecKoro MHANKATOpa K MHUKpOKOHTpoutepy ATmega3d28. Takke ykaszaHo mc-
[TOJTh30BAHNE BXOJIOB TOPTOB JIJTsT JIOMOJTHUTETbHBIX (yHKImit. [Ipu momcoennaennn rpadudeckoro
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amantepa K miare Bepcun Strip Grid (ommust STRIP - GRID BOARD=1) dyukius usmepenus da-
CTOTBI HE MOKET ObITh HCIIOJIB30BaHa, ToroMy |uTo opt PD4 (T0) ucnonbsyercs. Ho sto coeunenme
HCIIOJIB3YeTC B KUTAMCKO#M Bepcnn ¢ rpaduvdecKuM juciieeM. B OOJBIMUHCTBE CIydaeB JTOMOTHH-
TeJbHble (DYHKINH, TaKne KaK HMCIOJb30BaHMe SHKOJEPA MM YacTOTOMEpA IPOIe Pean30BaTh B
BEPCUU TECTEPA C CUMBOJILHBIM JIUCIIJIEEM, IOTOMY YTO BCE CUTHAJIBI JAHHBIX MPUCYTCTBYIOT B PA3b-
eMe TMOJIK/TIOUeHHS JTUCILIEs.

Cums. LCD | ST7565 LCD | ST7565 LCD | JlomonoaHuTreabHast
[TopT =1 =1 STRIP _GRID dyHKITHIS
PDO KHOIIKa,
PD1 LCD-D7 LCD-SI LCD-AO0 (RS) DHKOoED 2
PD2 LCD-D6 LCD-SCLK LCD-REST
PD3 LCD-D5 | LCD-A0 (RS) | LCD-SCLK Dukozep 1
PD4 LCD-D4 LCD-REST LCD-SI Buemmugaga gacrora
PD5 LCD-E (LCD-CE)
PD7 LCD-RS KHOITIKA KHOIIKA

Tabsuna 2.2. Haznagenus nopros ¢ ommueit STRIP _ GRID BOARD

2.2  VYiydilnleHusi 1 pacliupeHnss K Opuodopy

2.2.1 3ammwmra mmoptoB ATmega

s samurer ATmega BBOAUTCS OJUH U3 JBYX BAPUAHTOB CXEMbI 3alllUThl U3 IIPEICTABICHHBIX Ha PU-
cyrke [2.2] B nepsom BapmaHTe KOHTaKThI 06ecToueHHOro pejte 3amuimaor ATmega npu orcyTerBum
HAIIPSZKeHUs nUTaHus. KOHTaKTEI OyIyT pasoMKHYTBI IPOrPAMMHO, KaK TOJBLKO HAYHETCS M3Mepe-
HIE.

Bo BTOPOM BapHUaHTE 3allldTa IIPpHU ITOMOIIXA AWUOJ0B YMEHBLIIACT BEPOATHOCTD ITOBPEXKIICHNA 10D~
TOB ATmega 1Ipu IIOAKJ/JIIOYEHUMN KOHJ/IEHCAaTOPa C OCTaTOYHbIM HaIIPAXKEHUEM.

Cretyer 3aMeTUTD, UTO HU OJIHA CXeMa He JaeT MoJHON rapanTun 3ammThl ATmega or octaTod-
HOTO 3apsiga KoHjeHcaropa. [loatomy, mepe TecTupoBanneM, KOHIEHCATOP 00A3aTEILHO Pa3PsIUTh!

— TP1
vee ——TP2
or Ubat n ca— TP3

depending of relay type

6

=
T Tw
i

IVCC YVAYAYAY

‘ 5
100nF_L_
PC4(ADC4/SDA) PCOADCO) F N P6KE6V8A* T 5 ?

PCI(ADCI) >— TP2
PC2(ADC2) >— TP3 SRV05-4
(a) ¢ mcnosb30BaHUEM peJie (b) ¢ ucnosb30BaHKEM JTHOJIOB

Puc. 2.2. 3amura BxomoB ATmega

Bo1 MoxkeTe yaydImmTh 3alUTy, YCTAHOBUB PeJjie ¢ TpeMs IPyIaMu KOHTaKTOB, KaK MOKa3aHO Ha
PUCYHKE . Paspsianbiii Tok orpannden pesucropamu, Bxoabl ATmega oTKIIOUEHBI B 3aITUAIIIEHHOM
pexkune. Ciiejlyer IOMHUTD, 9TO T€CTEP HE 3allUINEH B PEXKUME TOCJIEI0BATE/IbHBIX ([[UKINIECKUX)
U3MEPEHUA.
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P VCC

or Ubat
BC547 N depending of relay type
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PC1(ADCI) | ’_:'_K?/II/OHF TP2
|
PC2(ADC2) O
__-O0——>— TP3

3x10

Puc. 2.3. Vnydmennas 3amura ¢ peJie

2.2.2 N3mepeHune cTadbUJIMTPOHOB C HaIIpsizkeHHeM OoJjiee 4 V

Eciu UART ne tpebyercst, mopt PC3 MoxkeT MCIIOIB30BaThCs B KaYeCTBe aHAJIONOBOIO BXOJA JIJIs
U3MEpEeHNsl BHENIHero Halpsizkenus. Hampsikenume moxker cocraBuThb 10 H0 V' ¢ jgomoJiHETEIbHBIM
pesuctuBHbIM Aeiutesnem 10:1. Ha pucynke Ipe/iCTaB/IeHa CXeMa JJIs U3MEPEHHsT HAIIPSIXKEeHIe
pobosi cTabMINTPOHA IIPU HU3KOM ypoBHe Ha mopte PD7 ATmega. Tecrep mokaswiBaeT BHeIIHee
Hanpsikenne, moka Ber gepxkure knonky TEST naxkaroii. Tok, moTpedisgeMblii OT OaTapen MUTaAHNA,
IIpU 3TOM BO3pacTraer, npumepHo, Ha 40 mA.
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serial / PC3 1
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T100n
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1
o e
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Ubat

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

Puc. 2.4. Cxema it u3MepeHns mapaMeTpoB CTaOMIMTPOHOB

Pesuctusnbiii gesmrens 10:1 MoxkeT ObITH MCHOJIB30BAaH JIJIsi M3MEPEHUs] BHEITHUX HAIPSKEHUN
Ipu BBIOOpE U3 MeHIO JonoHuTe/ bHbIX (hyHknuit B ATmegad28. [Ipucyrcreue DC-DC mpeobpaso-
BaTe/Isl JIJIsi U3MEpeHusi CTabU/INTPOHOB HE MEIAeT, TaK KaK KHOIKA He YIEPKUBAETCS B HAXKATOM
cocrostaun u, coorBerctBerro, DC-DC mpeobpaszoBaresib obecTtoder. Takum oOpazsoM, MOKHO H3Me-
PATH HAIPsizKEHHe MOCTOSTHHOTO ToKa 10 H0 V' TOJBKO MOJIOKUTEBHON MOJIIPHOCTH, 00sI3aTeTHhHO
cobJIIoIas MOJIAPHOCTD.
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2.2.3 T'enepatop 4acTOTHI

N3 menro jgomnoHUTETbHBIX (DYHKIW, Tpu ucmnoib3oBannn ATmega, MOXKHO BBIOpATb T€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. 2.5. /lonomnureabuasa cxemMa JiJId U3MEPEHUs YaCTOTI

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. 2.6. Cxema MOAKIIOUEHUST TOBOPOTHOTO IHKOIEPA

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

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

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

Puc. 2.7. OcobennocTn JByX THUIIOB TOBOPOTHBIX MHKPEMEHTAIBHBIX SHKOIEPOB

Pucynok [IOKa3bIBaeT paboOTy IHKOJEpPa, KOTOPBI MMeeT He TOJILKO <«JIpebe3r» KOHTAKTOB
HO M HEyCTONYMBOE COCTOsIHUE IepeKyiovaresd B Touke dbukcanuu. Kaxmoe m3aMeHnenne cocTognus
nepekJiovareseil onpejesnsieTcss mporpaMMoil U coxpaHsgeTcd B nukjandeckuii 6ydep. [losromy, mo-
CJIeTHIE TPU COCTOSIHUS IepeKJIodaTesieil MOXKHO MPOBEPUTH MOCJe KayKJI0TO N3MEHEHUS COCTOSHIU.
Jlng KarK70ro MUKJIa TePeKTI0YeHIsT COCTOSHUM, B 00ITell CJI0?KHOCTH YeThIpe MOCJIEI0BATETLHOCTI
MOTYT OBITbH OIpEJIENIEHBI JIJIsl KayKJIOr0 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
dbuKcHpoBaHHBIE TO3UINK, KaK [OKa3aHO Ha pUCyHKe [2.8) 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. 2.8. 9ukojep ¢ «apebe3roMm» 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. 2.9. Ilogkioderne rpadudeckoro auciuies ¢ KourposiepoMm ST7565

O6brano ST7565 mwan SSD1306 kouTpoJLIep mojaKIo4YaeTcsd 1o 4-mposoganomy SPI nnTepdeiicy.
Ho ¢ xonTpostepom SSD1306 Bol TakzKe MozKeTe MOAK/IIOUUTL HHIUKaTOp 1o uuTepdeiicy 12C uc-
nosib30BaB PD2 kak SDA u PD5 kak SCL curnas. Curnaast SDA n SCL 10/2KHBI OBITH ITOATSIHY ThI
pesucropamu okoso 4,7 k) k nanpskenmnio 3,3 V. Ilpumep noakmodernus OLED muciest mokasax
na pucynke [2.10f Curmaser mumsr [2C peamsoBanbl TOTBKO My TeM mepekodenus moptos ATmega k
0 V. Ilepes nmopk/moYeHrEM MTOATATHBAIONINX PE3UCTOPOB K HANPszKeHUIO 5 V', BoI 10/IKHBI yOemuTh-
cd, uro Bam xkonTpoJutep jomnyckaer ypoBeHb curtasia 5 V. OObIMHO BXO/bI KOHTPOJLIEPA JTUCILIEsT
BAIUIIEHBI JIN0/IAMHU, KOTOPbIE TIOHUKAIOT YPOBEHb curHaja j0 3,3 V. Bel momkabl yoeuThes, 9To
B ATmega 3amicana IporpaMMa ¢ HoAep:KKoit uatepdeiica I2C 10 Toro, Kak aucIiieii 6yaer moaco-
eaunen. Eciu Bol 3anmcanm B KOHTPOJLIEp MUKPOIIPOTPAMMY € TOJJIEPXKKOM Jipyroro narepdeiica,
TO Ha BbIBOjIax ATmega MOryT IpPUCYyTCTBOBATH CUT'HAJIBI C ypoBHEM H V.

Tak, kak s1 obHapyKUJI Biusgnue Ha pe3yabrarbl Tecta Moayas OLED uepes muny VCC, peko-
MEH/TyI0 YCTAHOBUTD JIOTIOJTHUTE/ILHYIO PA3BA3KYy U3 MOCeI0BaTe/IbHOrO pesucropa 68 () u paziesu-
TesibHOTO KoHteHcaTopa 10 pF'. Bmecto 68 {2 pe3ucropa MOKHO TaK2Ke UCIOJIb30BATH UH/LyKTUBHOCTD
1 mH. Be3 monomauTensHoro puabrpa Moit rectep ¢ gucieem OLED onpeensit ocraTodnble TOKK
B KOJIJIEKTOPaX OUIIOJIAPHBIX TPAH3UCTOPOB.

Tax:ke HyKHO IPOBEPUTH pactosiozkenne BbiBojoB Bamtero OLED nucniess. Hekoropsre motyin
umeroT oriaudue B pacuojoxkenuu GND u VCC.
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Puc. 2.10. Ioaxmouenue rpadguaeckoro OLED mucmnes ¢ 12C unrepdeiicom

s mogkmogennst K KoHTpostepam cepun ATmega644 smecto mopros PDO - PD3 ucnonbsyior-
ca optel PB2 - PB5. JI1g 3amMeHbl cMBOJIBHOTO JIUCILIes Ha T'PaUIecKuil MOXKHO HCIIOJIB30BATDH
[IEPEXOIHYIO MTeYaTHYIO IIATy-aJallTep ¢ Pa3beMOM aHaJOrudHbIM cuMBoabHOMY LCD, Tak Kak Bce
CUTHAJIBI U TUTAHUE Ha HEM JIOCTYIHbI. HaMHOTO mpore MOoJK/IIOYUTh JIUCILIeH ¢ KOHTPOJLIEPOM
ST7920, moroMy 9TO KOHTPOJLIED IO//IepKUBaeT Hanpszkenne nutanus 5 V. Jlucmiieit mosmkeH mos-
JepkuBaTh pexknM 128x64 Touek. Momymb aucties ¢ koHTposutepoM ST7920 MoxkeT OBITH TOJIKJTIO-
veH 110 4-bit mapaJsiebHOMY uHTepdeelicy Win 1o CIeuaaIbHOMY, MOCIe0BaTeIbHOMY nHTEepdeiicy,

coracHo pucyska [2.11]

[

GND - vss GND {vss
vCC 3 zI(D)D ‘ vCC 3 ng
VEE > VEE .
“Rs  Z PD4 RS =
PD2 SIRwW g GND I RW &
PD5 1E Al PD5 71E A
_ " I DBO o | —— DBO O
~ 8 pB1 = | | —81/pB1 -Z
—21BB2 5| | —2BB2 &
10/ pB3 S| _ 10/ pB3 5
_1ipp4 | PDO 11 pB4
12 -} ! 12 (@]
—3] DB5 (-o\]\ ! PD1 3 DB5 CO\]\
7l DB6 X ! PD2 ” DB6 X
—5/DB7 & PD3 5| DB7 B
PSB | PSB @«
__ 16 NC | __ 16| NC
17/ RST 1 17 RST
7}2 VOUT : 7}2 VOUT
vCC — 0 BLA I VCCT— 0 BLA
BLK | BLK

serial mode 4-bit parallel mode

Puc. 2.11. Ionkiouenue unukaropa ¢ KourpoJsuiepom ST7920

s AByX TUIOB MOJKJ/IOUeHNs nHInKaTopa ¢ kouTposutepom ST7920 B Makefile momkua ObITH
yeranosiena omiusg « WITH LCD _ST7565 = 7920». Kpome Toro, mpu oK II0YeHIN 10 TIOCTIeI0Ba-
TesibHOMY HHTepdeiicy, Haso yeranoBuTh u omnmunio « CFLAGS +=-DLCD _INTERFACE MODE=55».
Tak ke Kak U B ¢cjIydae NpUMEHEHUsT JIPYTUX ITpaphUIecKux WHIUMKATOPOB, JIJIsl JUCILIEs ¢ KOHTPOJLIe-
pom ST7920, omuamvu LCD  ST7565 H FLIP u LCD _ST7565 V FLIP moxkHO n3amMeHUTH OpH-
EHTAINIO BBIBOJUMOTO M300PAKEHUSI.

OcobbIM cityuaeM siBJIIeTCsT TOJK/IOUeHne juciieeB ¢ KoHTpostepom STT7108. [Tockombky 3T
JIACILTIEN UCIIOJIb3YIOT TOJIBKO Hapa/IeIbHbIH 8-OUTHBIH nHTepdeiic, HeoOX0MMO MTPUMEHEHHE TTOCIe-
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JIOBaTEJILHO - TIApaJIIeIbHOTO 1peodpasoBatess nnrepdeiicos. [Ipocreitmuii criocod — ucrnosib3oBaHne
mukpocxembl T4AHCT164 wim 74HCT595. Bapuant Takoro moJk/ioueHns MOKa3aH Ha pucyHke [2.12]

GND GND
1 1
poo 1 \—2 Vss free L 2 | VSS
vce — 7] VDD vce — 3] VDD
VEE i 27 Vo VEE t L vo
2 s | RS z s |BS
5 PD5 ‘ o RIW 5 PD5 ‘ T RW
= vee 74HC164 E —_ & vee 74HC595 E —_
B 10k 7 *® % PDO 0 s 5 7 x
=] : CLR 8 Bg? 9 =} 12 RCK 8 gg(l) 2
5} CLK =) 10
< : s 9 Ippy £ < PD2 i < " Ippy &
g P NN 10 wn g 14 GA T 10 2]
g e @, 1DB3 T £ PD4 - n|DBS 5
6 3
PD3 e ra— 2| PB4 2 PD3 ——— o] IR 2| PB4 2
ol 3 DB5 N oF 2 13 DB5 a
G—————————— - G
PD1 ¥ oo aHl—12 " ggg E PD1 veo é’:;—\ s ggg E
4 _vee anp__7. 15 % vec anp_8 15
cs1 cs1
vee 16 vee 16
17] €82 L 1 Cs2
10k A 18 /RST 10k 18 /RST
100nF | 100nF 50 19| YOUT 100nF | 100nF 50 19| YOUT
20| BLA 2| BLA
% BLK BLK
(a) ¢ ncronbzosanmem 7T4HCT164 (b) ¢ ucnonszoBannem 74HCT595

Puc. 2.12. Tloakitouenne rpadudaeckoro gauctes ¢ ST7108 kKoHTposIepoM

Tak kax Heroropbie Moy LCD pasmmdarorcst 10 paciosiozKeHUIo BBIBOJIOB, HePe/] MOIKIII0Ue-
HueM Bbl JI0/2KHBI TIPOBEPUTD HOKOJIEBKY Barero juciuies. HekoTopbie pasimuns B pacioioKeHuH
BBIBOJIOB J1si cepun LCD ABG128064 npusesenst B tabsmie [2.3]

128064H | 128064G | 128064C | 128064B
CurnaJr

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
Cs1 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 6 8 6
VEE 18 18 - 18
LEDA 19 19 17 (19)
LEDK 20 20 18 -

Tabmumna 2.3. Paznuuane B mokoséske ST7108 momyeit

Bor Takke MozKeTe MCIIOIB30BaTh Juciieil ¢ KouTposutepom PCEF8814, KoTopbIit 0OBITHO UCIIOJIb-
gyercs, Hanpumep, B Nokia 1100. Bl o/2KHBI TPOBEPUTD, KaKoil nHTepdeiic KOHTPOJLIEPA UCIIOIhb-
gyercsa B Bamem momyse nuciutes. Konrposiep PCF8814 moxker mopgep:xkubarh SPl-untepdeiic
3-x 1posoHOi min 4-x 1posoauoit, [?C-untepdeiic n crenuagbHbIi 3-X TPOBOIHOM, KOTOPLIH K IET
CHUTHAJ JIaHHBIE/KOMaH/Ia B KauecTBe TepBOro 6uta B 8 GUTHBIX JaHHbIX. [loToMy, 9TO qucmuiei moj-
JIepKUBaeT TOIbKO 96x65 mumkceseil, 60IbINNe HKOHKH JJIs TPAH3UCTOPOB HE HCIOIL3YIOTCS C ITHM
KOHTPOJIIEpOM. BBIBOJT pe3ysIbTaTOB TIOX02K HA BBIBOJI JIJI CUMBOJILHBIX Jiuciniee. Kak u O0JILIMMHCTBO
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rpaduIecKux JUCILIEEB, 9TOT KOHTPOoJLIep paboraer ¢ 3,3 V. [Tosromy Tpebyercs nmpeobpaszoBaTeib
ypoBHeit jjoruvdeckux curnayioB jyig 5 Vo BeixomoB ATmega. /s SPI unrepdeiica u 3-x mpoBoHO-
ro uaTepdeiica Bor Moxkere ncnonbzoars onnuio B makefile LCD  SPI OPEN  COL («0oTKpbITHIi
KoJsLIekTop» noproB ATmega). Bbr jo/kabl ncnosb3osars «Pull-Up» pesucTopbl win He ycTaHaB-
qauBath oo PULLUP  DISABLE B makefile. B nacrosimee Bpemsi ¢ xkonrposiepom PCF8814
[IPOTECTUPOBAH TOJIBKO 3-X ITPOBOJIHOM nHTEpdEiic.

ITopr | PCF8814 PCF8814 PCF8814 | lomosHurebHast
SPI 3-X TTPOBOJIHOM I2C dyukus

PDO | LCD-RESet | LCD-RESset

PD1 | LCD-D/C LCD-SCE DuKo/Ep 2

PD2 || LCD-SCLK | LCD-SCLK | LCD-SDIN

PD3 || LCD-SDIN LCD-SDIN Dukoep 1

PD4 Buenmnsasa gacrora

PD5 LCD-EN LCD-SCLK

Tabmura 2.4. Haznavuenne KOHTAKTOB JIJIs pa3IMIHBIX TUIIOB WHTepdeiicoB KouTposiepa PCEF8814

Wexomnbiit kKo, st moaepxkku koaTposiepa PCF8812 ¢ 102x65 nukcesieit Tak»Ke pean30BaH,
HO, TI0Ka, HE TEeCTHUPOBAJICS.

2.2.7 IlogknrodeHne rpadmudecKoro IBeTHOTO JAUCILIes

B npejioxkennsax KuTailCKUX ITPOJIABIIOB BCTPEYAIOTCs JIENIeBble MOJIYJIM IIBETHBIX JIMCILIEEB C MH-
tepdeiicom SPI. Ha pucynke [2.13] mokazan By c3au JABYX IOIIEP:KUBAEMBIX JUCILICEB ¢ 128x128
n 128x160 nukceneit. Pazmep Mosyseit odeHb MaJi, TO3TOMY TEKCT U CUMBOJIBI O4YeHb Mejkue. Ho, B
eJIOM, BHEIITHUAN BUJ YCTKAN U ACHBIA.

B gy 7

1,44 SPI 128%128 UL.1.

o1

5

v
e

= L'-:.‘ ano
It

1353

oy
vas

CE@ A

/ 1M8TFT SPI 128%160 V1.1

Puc. 2.13. Bux csagn asyx mserubix LCD
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Momynb 128x128 nukcesneit ncnonb3yer KouTposutep 1LI9163. Momyns 128x160 nukceseit ncmoib-
3yeT KOHTPOJLIEp oueHb Ou3kuii K ST7735 kouTposuiepy. Moymu TecTHpoBaIUCh € ILJIATOM agamnTe-
pa, KoTopas coeinHaseT curHayibl SPI n muranme BRIBOJIOB /111 HOPMAJIBHOTO OTOOPAYKEHUsT CHMBOJIOB.
Aanrranyst BRIXOIHBIX ypoBHei 5 V' curnanioB ATmega K yposHio 3,3 V' cUrHAJIOB BXO/IOB KOHTPOJLIE-
pa obecrieunBaercs nocsegoBaresbubiMu 10k pesucropamu. Hammame nogacserku (LED) obsi3aTestn-
HO, T.K. 0€3 Hee BBIBOJIUMYIO NH(MOPMAIUI0 HEBO3MOXKHO TPOUECTb. 3-32 BBICOKOIO pas3perienus 1o
BEPTUKAJIN MOYKHO OTOOPa3UTh HECKOJIBKO TEKCTOBBIX CTPOK B 3TUX MOJy/IaxX. s mucrtes 128x128
MUIKCEJIel MOYXKHO OTOOPa3uTh 8 CTPOK TekcTa ImpudTom 12x8, nig auciuies 128x160 nukceseit mo-
ayanM 10 cTpok tekcrta. Ha pucynke Bor MokeTe BUIETH pe3yIbTaT U3MEPEHNsT TepPMaHIeBOrO
TpaH3ucTopa Ha auciuiee 128x128 nukcelreii.

¢ 3 BJT-PHP
1 hFE=136
Ic=1.8nd
Ube=132nV
ICEO=.43nd
ICEs=17ud
' Pin 1=E 2=B 3=C [

N
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Puc. 2.14. Usmepenne ounossgpuaoro PNP Tpansucropa

[BeTHoCcTh MOJTyJIEll B HacTOsIIEee BpeMs He ucrojib3yercsd. [Ber ¢ona u 1Ber orobpazkaembix
9JIEMEHTOB MOXKHO u3MeHuTh B daiiie led defines.h min B Makefile. Korrposnep ucronssyer mpo-
rpamMmMHOe 16-6uTHOE ylipaB/ieHHe IBeTHOCTBIO. [[BeT oToOparkaeMoit nndopmalmun MOXKeT ObITh U3-
menen mapamerpom LCD  FG  COLOR, a nser nogceerkn napamerpom LCD BG  COLOR .

2.3 VYkazanmg no cobopke Tecrepa

B Tecrepe moxer ucnonbzoBarbest LCD-aucmeit 2x16, mporpamyuo comectumbiii ¢ HD44780 wm
ST7036. Ber JO/KHBI YIATHIBATH TOK, HEOOXOMUMBIN JIJIsd MOJACBETKH, HEKOTOpbiM LCD-nucmiesm
Hy?KeH TOK HIKe, deM Japyrum. ¢ mertasics npumenntb OLED-aucmieit, Ho oH cTaj NpUYIUHON 110-
Mex 1pu u3Mepenusx s ATmega, u s ero He pekomenyio. Takxke ucnonb3oBanne OLED-uciies
BBI3BAJIO IIPOOJIEMY 3arpy3KHU CIIEIHAJLHOIO CHMBOJIA JIJIT OTOOparKeHusl pe3ncTopa.

Y100bI TOJIyIUTh MaKCUMAJIbHYIO TOYHOCTH u3Mepenus, pesuctopbl R1 - R6 680 2 u 470 k) mosk-
1ol 66iTb TounbIME (0,1%). B Tecrepe moryT ucnosbzosarbest ATmega8, ATmegal68 u ATmega328.

Jlj1st BOBMOXKHOCTH HCIIOJIB30BATh BCe (DYHKIMM, pekoMeniyercs ycranosuTb ATmega3d28.

Cuauasa Ber 1o/mKHBI coOpaTh Bee 31eMeHThI TecTepa Ha IedarTHol m1aTe 6e3 MIKPOKOHTPOJLIE-
pa. B kagectre IC2 pekoMeH 1yeTcss MCIOIB30BATH CTAOMIN3ATOD C MAJIbIM IMMaJeHIeM HAIPSIzKeHHsT
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MCP1702-5002, oromy d9to oH moTpebsisier Bcero 2 A m MoxkeT BblaBaThb b V' 1pu BXOJHOM Ha-
upszkenue Bcero 5,4 V. Ho on #HecoBmecTuMm 110 BeiBojIaM ¢ m3BecTHbIM 78105 B Kopmyce TO92 .

[Tocie poBepKH MPaBUILHOCTH MOHTaXKa, HEOOXOJMMO TOJICOE/IMHUTEL OaTapero WId UCTOTHHK
nutanue K 1are 6e3 LCD-auciies m mukpokonTposuiepa. [Ipu maxkaroit kaonke TEST mosk-
HO IIPUCYTCTBOBATH HalpsizkKeHne 5 V' Ha BbIBoJAX HUTaHUsS MUKpOKOoHTposiepa u LCD maucruies.
Ecmu ornycruts kuonky TEST, nanpsixkenue J10/2KHO UCU€3HYTh. Kcju HAlpsiKeHUs B HOPME, TO
HEOOXOMMO OTKJIFOUNTH IUTaHNEe, MPABUJIbHO BCTABUTH MUKPOKOHTPOJLIED M MOAKI0UnTh LCD-
nuctteit. [lepen moakmodennem LCD auctiiess HeobxoaumMo BHIMATETBHO MPOBEPUTH MTPABUIBHOCTD
coesiHenusi BbiBosioB tutanus LCD nuciutes (T.K. Ha Hekoropbix LCD nucriesx OHU HOJIKIIIOYEHBI
rnaobopor) ¢ GND u VCC mnarer Tecrepal

Ecim Ber yBepenbl, 94T0 Bce B MOPSAIKE, MOZKHO TI0JICOeIMHUTD uTanue. Ecan Boi y2xke 3amporpam-
mupoBasm ATmega, To MmoxkeTe KparkoBpemeHHO HaxkaTh KHONKY TEST. I1pn kparkoBpementnoM Ha-
karun KHonku TEST cseroanon LED1 n noacserka LCD-aucmiest no/Kabl BRIIOYNTHC. Ecin B
ornyckaere kKHONKy TEST, ceeromuon LED1 ne no/ken racHyTh KaK MUHUMYM HECKOJIBKO CEKYH/I
(3aBUCUT OT yCTAHOBJIEHHBIX IIAPAMETPOB [P KOMIIHJLISIIAE IIPOIPAMMHOIO 00€CIIeYeH s ). 3aMeTh-
Te, YTO TPOrpaMMHOEe oDecriedeHne Jijid MUKPOKOHTPOJLIEPA JIOJIZKHO OBITH JIJI UCIOIB3YEeMOTO TUTIA
MUKpOKOHTpoJepa. [Iporpamma st ATmega8 ne paboraer na ATmegal68!

2.4 Jopaborkm ajs Bepcuii Tecrepa Markus F.

KonTpoJsb HamnpsixkeHus. [Ipobiiema npossiisiercs cieayronmM obpasoMm: TecTtep HEMEIJIEHHO OT-
KJIFOUAETCsI IPU KAXKJIOM BKJIFoueHun. [IpuamHoit Moxker crarh ycranoBka ¢bio3os (Makefile)
KOHTPOJISI 38 MOHMzKeHneM Hampsizkerus mutanuss ATmega wa 4,3 V. IIpoucxomut 3to ciey-
forM obpasom: mopt PD6 nbitaercs 3apsiauth Kougencarop C2 100 nF' no yposas VCC, urto
BbI3bIBaeT posas Hanpsikenns VCC (5 V). s pemmenus npobsiembl Koujgercarop C2 Moxker
ObITh yMenbirien 10 < 10 nF'. Eciin BO3MOXKHO, TO BKJIIOUUTH HOCIEI0BATEILHO B Ienb PD6
pe3ucTop comporusieHnemM dosee > 220 ().

Yayuimnenne nurauus cxembl. Eciu Tecrep 3amyckaercs npu naxkatnn #a kuonky TEST, wo
KJIFOYU Cpa3y »Ke OTIIYCKAEeTCsl, TO YacTO IpUIuHa 3Toi mpobsembl B nmuTanun. [Ipodbiaema mo-
poxKaeHa 60 bIM ToKOM moacBeTkr LCD-mucmes. Pesucrop R7 k 6aze P-N-P-rpansucropa
T3 6b11 Bemuunnoit 27 k§2, 9T00bI YMEHBIUTD MOTpebIeHne SHeprun. YTo0bl YIydInTh Iepe-
KJIIOUYeHHe TIpu 0oJiee HU3KOM HAIlpsizKeHUN DaTapen WJIu IPpU HU3KOM KO3(hDUIMeHTe yCuIeHus
P-N-P rpanszucropa T3, HeoOXouM0 yMEHBIIUTH COIPOTUB/IECHUE 110 3, 3 k2.

JlonoJIHUTEJIbHBIN MoATATUBaIONU pe3uctop mopta PD7. OrcyrcrBue noiraruBaoiero pe-
3UCTOpA, IOCJIe KOPOTKOTO BpeMenn, paboTa 3aKaHunBaeTcs BbIK/TIoUeHneM Tectepa ¢ coobiie-
uneM «Timeouts. [Iporpammuoe obecrieuernme dpopmupyercs ¢ omrumeit PULLUP  DISABLE,
T. €. BCe BHYTPEHHUE MO/ITATUBAIONIIE PE3UCTOPHI OTK/II0UYeHbI. [[o 9T0it mpudmHe HAIpszKeHme
nopta PD7 ne onpejiesieno, eciim yposenb He nepekJoder kaomnkoit TEST win TpansucrTopom
T2 k GND. Buemnuit pesucrop conporusiienueM 27 k€2 k VCC permaer 31y npobsemy.

Koupaencarop C1 8 AREF. Muorue ucnosb3yior Ha Koatakre AREF komgencarop wa 100 nF
tak ke, kak u Markus F. Iloka ue Ob110 HEOOXOIMMOCTH MeHSITH oropHoe Harpsizkerne ATIIT
- 970 OBLIO XOpomuM pertenneM. [Iporpammvuoe obecrieuenne mist ATmegal68 m ATmega3d28
UCTIOJIb3YeT aBTOMATHYeCKuil BbIOOp BHyTpenHero omopuoro Hampstkenus AL 1,1 V) ecom
BXOJIHOe HalpsikeHue Hmke 1 V. D10 mossosisier yiyummth paspemnierne ALl npu nebosib-
X BXOJHBIX HaIpsizKeHUAX. K coxkaienunio, mepekiodenne olopHOTo HAIIpsizKeHus oT 5 V' 10
1,1 V mpoucxogut odenb MejyieHHO. [lo 9TON mpuydmHe HY?KHO YYUTBHIBATH JIOIOJHUTETHHOE
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Bpems oxkuganus 10 ms. Ilpu ymenbIieHun BeIMauHbl KOHAeHCaTOpa 10 1 nF', 910 BpeMsa Mo-
»KeT OBITh CYIIECTBEHHO YMEHbIIEHO. ¢l He 3aMeTH/I yXy/IIIeHnsT Ka1eCTBa U3MEPEHHSI TP 3TOM
n3MeHeHnn. /lazke ¢ yaaaéHHBIM KOHIEHCATOPOM HET CYIIECTBEHHOIO M3MEHEHUsI Pe3yJILTATOB
n3mepennsd. Eciau Bl npeanoduraere octaButh Konjiencarop Ha 100 nk') To MoxKeTe OTKJIIO-
quth oo NO  AREF CAP B Makefile, njig akTuBamum yBeIndeHnsi BpeMeHH OXKUIaHUS B
porpamMmMe.

YcranoBka kBapna Ha 8 M Hz. Bl moxere ycranoBuTh KBapii Ha 8 M H z ¢ 3ajHeit CTOPOHBI T1e-
JaTHON IUIAThI HenocpecTBerno K nopram PB6 n PB7 (Bomoger 9 u 10). Mos coberBennast
JiopaboTKa Oblia ciemaHa 6e3 KOoHJeHcaTopoB 22 pF u paboTasia XOPOIIO CO BCEMU IIPOBEPEH-
veiMu ATmega. Ber Tak ke MoxkeTe, BBIOpaB (DbIO3bI, MCIOJH30BATh BHYTPEHHMIT MeHEpaTOp
na 8 M Hz njis nojiyvdenus JIydInero pa3perieHus M0 BPpeMeH! ITPU CTabMIbHBIX M3MEPEHUIX
BEJIMINHBI EMKOCTEI.

Criia>knBaHUe MUATAIOIIEro Hanpsi>keHusi. B opurnnabuoii cxeme Markus F. mpumenen Tobko
omua Kougiencarop 100 nF' o nanpszxernio VCC. DTo He gaet npuemieMyio buabTpannio. Bor
JIOJKHBI, TI0 KpaifHeil Mepe, MCII0JIb30BaTh KOHIeHCATOPHI éMKOCThI0 100 nF' 0K0JI0 BBIBOIOB
nutanuss ATmega u Bo3jie BBIBOJIOB BXOja U BBIXOJa CTabmim3aTopa Hampsizkenus. Jlomos-
HUTeIbHBIE KOHeHCATOPbl 10 pF' (371eKTpOIMTHIeCKre WM TAaHTAJIOBbIE) HA BXOJE U BBIXOJIE
cTabUIM3aTOpa HAIPSIKEHUST TIOBBIIAIOT YCTONINBOCTD Hanpskenus. Tanrasaoserit SMD kon-
nercarop 10 pF' jierde Mcrosib30BaTh CO CTOPOHBI MEYATHBIX JIOPOYKEK, U OH UMEET OOBITHO
6os1ee HU3Koe 3HadeHne ESR.

Bri6op mukpokonTpossiepa ATmega. [l ocHoBHBIX dyHKIHIIT Tecrepa BO3MOXKHO HCIIOJIB30-
Banne ATmega8, Flash namsars B Heii ucnonbsyercsa npakrudecku Ha 100%. ATmegal68 wimn
ATmega328 comectumbl 110 BhiBojaM ¢ ATmega8, s Mory pekomenjoBarTh 3ameny. [Ipu mc-
nosib3oBannn ATmegal68 nim ATmega328 Bor nostyuaere cieaytomue npenmyinectsa: Camo-
IIPOBEPKA C aBTOMaTHIECKON KaJIMOPOBKOIA.

Virydinenne KadecTBa M3MEPEHUsi ¢ aBTOMATHIECKUM Ttepek/iodenneM maciraba AITIL.
Nzmepenne wHayKTHBHOCTEH 1Tpn contpotuBiennn Huzke 2100 €.

Nszmepenne Bemanabl KSR KoHieHCcaTOPOB ¢ éMKOCTBIO BbIlie 20 nk'.

Nzmepenne pesucropos nmke 10 ) ¢ pazperiennem 0,01 €.

UcnonwzoBanue nopra PC3 B kadecTBe 1moc/ieqoBaTe/ IbHOrO BBIXOJA UM aHAJOIOBOI'O BXOJA
JIJISE U3MEPEHUs BHEITHEr0 HaIlPAKCHUS.

OrcyTcTByIOIe Mpenu3nOHHOE OIIOPHOEe HAalpsKeHune. lIporpammvuoe obecrieuenne JI0KHO
ODHAPYKUTH HEJIOCTAOIINE 3JIEMEHThI OIMOPHOTO HalpsizKeHns Ha BbiBojie PC4. B stom ciy-
Jae IpHU BKIIOYEHUHN MUTaHus BO BTOpoit crpoke LCD-mauciiest OIKHO TMOSIBUTHCS COODITIEHIE
«No VCC = x.xV». Eciiz 310 coobrenne nosiiisiercs rpu ycranosiennom NOH, Ber pomkab
MOJIKJIIOYHUTD pe3ucTop 2,2 k) mexay Boiojom PC4 u VCC.

2.5 Kwurajickme KJIOHBI C CUMBOJIBHBIM JIVICILJIEEM

[To nmeroreiicss y mensa uagopmaruu, Tectep ¢ CHMBOJBHBIM HHIMKATOPOM BBITycKaloT B Kurae B
nByx Bepcusx. llepsasi mojiesb nieporo jausaiina or Markus F. 6e3 mopra ISP. ATmega8 nomerten
B IIAHEJIbKY, 1103TOMY, Bbl MOKeTe 3aMennThb ero Ha ATmegal68 uan ATmegad28. st sToit Bepcun
Bbl 10/2KHBI paccMOTpeTh Bee IyHKTHI pas/ena [2.4] s syqineil crabuinsanum HaIpsizKeHNs [TATa-
HUS JONOJTHUTETbHBIN KepaMuideckuit KonjeHcaTop Ha 100 nF' mosrkeH ObITH YCTAHOBJIEH TOOTIN30CTH
VCC-GND u BoiBojioB AVCC-GND ATmega. [Toromy, aro B Tectepe orcyTcTByeT pazbem ISP, Bor
JIOJIZKHBI €r0 CMOHTHPOBATH WJIM UCIIOJIH30BaTh Jiisi iporpaMMupoBanus ATmega mporpamMmarop ¢
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BHEITHUM pa3zbeMoM. Kpome Toro, Bol Jo/KHBI UMETh B BHJLY, YTO, ecjii Bbl ycranaBnBaeTe KBapil
Ha 8 M Hz, o y Bamero BaernHero nporpammaropa ISP mo/mkHa ObITh 9acTOTa CHHXPOHU3AIINN TN
KBapII /151 IIPOrPaAMMUPOBAHUSI.

Bropast Bepcus Tectepa ¢ smementamu SMD. Tam ycranosimen ATmegal68 B SMD kopmyce
32TQFP. K cuactbio, ycranosien pazbém ISP ¢ 10 korTakramu st mporpammupoBanusi. £ mpo-
aHaM3upoBaJl Bepcuio mwiarhl «2.1 2012/11/06». Hamen oy ommbky - s1ement «D1s: yecranosien
cTabuuTpoH, a josKeH ObiTh Tounbll VIOH Ha 2,5 V. CrabumntpoH HEOOXOIMMO YIAJUThH, a Ha
ero mecro ycranouth NOH LM4040A172.5 uaun LT1004CZ-2.5. Hemocraroree ommopHoe HAIIPsizKe-
HUe YIUTBIBAETCs IPOrPpaMMHBIM obectieuerueM jaxe, ecian UOH we yeranosien. Moit obpasery 6611
1ocTaBJieH ¢ porpaMMubIiM obecriederrem Bepcun 1.02k. Pazbém ISP ¢ 10 konTtakTamu He ObLT ycTa-
HOBJIEH, U & U3roTOBIII repexoaank ot ISP6 k ISP10. V Mmoero nporpammaropa nernb GND moaseaena
K KouTakTy 10, a Ha miare nenb GND moasenena K korntakTam 4 u 6 ISP. Mapkuposka ATmegal68
Obl1a cTépra, U He ObLIO0 HUKaKoi jokymenTannn. Owio3b1 610knpoBkn ATmega ObLIn ycTaHOBIIE-
HBI TAaKUM 00pa3oM, YTO Obl CYMTHIBAHUE IMaMITH OBLIO HEBO3MOXKHO. Ho ycTaHoBUTH mporpaMMHOe
obecrieuenne Bepcun 1.05k yrasoch 6e3 rnpobiieM. Y JIpyroro mnojb30BaTeNs eCTh MPOOJIEMBI ¢ IIPO-
rpaMMHBIM obeciieuenueM Toit ke camoit Bepcun 1.05k. V aToro mosb3oBaresis Kuraiickas miata «2.2
2012/11/26». [TporpammHoe obecriederne HaunHaeT paboTaTh, €CJIN YCTAHOBUTH JIONOTHUTE IHHBII Ke-
pamudeckuii koxngencarop 100 nF mexy Boisogamu AVCC (Bbieox 18) u GND (BeiBog 21) ATmega.
[Iporpammuoe obecrievenne Bepcuu 1.05k mcmonb3yer pexkum caa ATmega B TedeHre BpeMeHN OXKH-
nanug nsmepenus. [1o 3Toit mpudnHe TOK TOTPeOIEHIS U3MEHIETCS YaCTO U PEryJIATOD HAIPAXKEeHUs
Harpyzaetrcs Oosibire. [laee g 3amerut, uro namnpsizkeane VCC O6JIOKUPOBAHO KEPAMUIECKUM KOH-
nercaropom 100 nF' u syrekTposmuTudeckuM Koujiencaropom 220 pF' modbmmzoctu ot 78L05. Bxoanoe
nanpszkenne 9 V' 6JIOKHpOBaHO TeMHU 2Ke CAMBIMU KOHJICHCATOPAMHE, HO He Ha, BXOJIe cTabuIm3aTropa, a
B smuTrepe P-N-P-tpansucropa (napasuiensto 6arapee). lopoxka or ATmegal68 no ucrbrraresib-
HOT'O IOPTa HACTOJILKO TOHKas, uTo conpoTrussenue 100 mS) me cMoxkeT OBITH U3MepeHo. ITo OyJier
MPUYIUHON U3Mepenus conporusienns Muaumym 0, 3 € jyis IByX coeIMHEHHBIX BBIBOJIOB. [Ipu uzme-
pernu ESR Ty Bemuvunny 0OBIMHO MOXKHO CKOMIIEHCHPOBaTh. [Iporpammuoe obecrievenne, HaMHAS
¢ Bepcun 1.07k, y4uThIBaET 9TO CMEIIEHUE JIJIT TOTO, YTOOBI U3MEPATH PE3UCTOPLI COIPOTUBICHUEM
ke 10 Q.

2.6 Kuwuraiickme KJIOHBI ¢ rpadpudecKUM JUCILJIEEM

Hosoie cbopku Tectepa, Kak, Harpumep, Bepcus ot Fish8840 ucnoib3yror 128x64 Toukn rpadudeckuii
JIACILIel. DTa BEPCHUs MCIOJIB3YyeT MOANMUIINPOBAHHYIO JIOTUKY YIIPABJICHUS TUTAHUEM U KHOITKAMU.
Pucynok [IOKA3bIBAET YaCTh MOIUMUINPOBAHHON CXEMBI.
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Puc. 2.15. Hacrs cxembr Bepcun ot Fish8840

Kak Bbr MoxkeTe BUIETH, BMECTO MCXOIHOIO KO DUIUEHTA JIeTUTE s, COOTHOIIEHNE COPOTUB-
JIEHUiT Pe3uCTOpPOB B Ielu m3MepeHus: HampsikeHus: barapen, R8 u R15 BriOpano 2:1. Kpome Toro,
pesuctrop R15 coequnen HEMOCPeICTBEHHO ¢ DaTapeeii, 4TO MPUBOJIUT K MOTPEOJICHUIO SHEPTUU B BbI-
KJII09eHHoM coctosianu. Pesucrop R15 fnosken ObITh OAKIIIOUEH K ¢TOKY Q1 MTH Ha BXOJT PEry/isaTopa
HAIPsZKEHUS JJIs IPEJIOTBPAIIEHUs] HEHYKHOTO pacxo/ia sHeprun d6arapen. CoOTBETCTBYIONINE U3Me-
HEHUs B TeYaTHON Tiare m3o0pakeHbl Ha pucyHke [2.16| Pesucrop R15 orcoemuuén ot 10poxKKH,
uaytieir or R17 k D5 u nipu oMot sManpoBaHHO# MPOBOJIOKU TIOJCOETNHEH K cTOKY Q1.

-
-
o
-
e
e

Puc. 2.16. BapuanTt usmenenus B nedatHoii miare Fish8840

Kosdpdunpenr pemrens i n3MepeHus HaIPsizKeHUst baTapen JoJxKeH ObITh 3asaH B Makefile
(manpumep: BAT NUMERATOR=66) noc/ie BHeceHUs] U3MEHEHUil B OPUTHHAJILHOE [POrPaMMHOE
obecrieueHne.

s ajanramum pabovero HAIPSIKEHUsT K HAIIPSIXKEHUIO KOHTPOJLIEPA JINCILIesT, MOLY/Ib JTUCILIesT
tectepa Fish8840 ocharien peryisropoM HamnpsizkeHust 3,3 V. YPOBeHb JIOTMYECKHX CHIHAJIOB OT
ATmega — 5 V. s aganraiun ypoBHs Jiorndeckux curHagoB ATmega K ypoBHIO CHTHAJIOB KOH-
TpOJLIEpa JIUCILIes PEKOMEHJIyeTCsl aJanrep, n306pakeHublil Ha pucynke [2.17} CurnaiabHble JuHAI
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JeThIpeX JAHHBIX OCHAINEHBI YeThIPbMs pe3ucropamu 2.7 k{) M0aCOeTMHEHHBIMU ITOCIEI0BATEIHHO
JIJIST KazKI0r0 CUTHAJIa Ha HeDOJIBINON MaKeTHOM miare. s moacoe imHeHns IIaThl AUCILIed K ILIaTe
tectepa Fish8840, B aToM ciydae, HeOOXOIUMO HUCIIOIL30BATEH O0JI€E JITUHHDBIE WU JOIMOJTHATETbHBIE
MEKIIIATHBIE JIUCTAHITUPYIONINE CTONK.

82 82012

m

(a) Bug gucruies: ¢ ajganrepom (b) Ionuocrbio cobpanuslit Tecrep

Puc. 2.17. Anganrep [jist KOPPEKIUMH MTOJAKIIOYEHUS JTUCILIEsT

Bwmecro npuBeernoit Boite moaudukaiun, Bel MoxkeTe Tak:Ke UCIOIb30BATh CIIEIHAJIbHbIN pe-
xuM BeIBoJia curHasioB 4 SPI ATmega, 3amas ommuio B makefile LCD _SPI OPEN COL. C mo-
MOIIIBIO 9TOH OMIMK, BBIXOABI He jgocturaiorT ypoBHst VCC, Tak Kak BO BpeMsl BBIXOJA BBICOKOTO
YPOBHS HOJIKIIOUAIOTC «IIO/ITATHBAIONINE PE3UCTOPhI» Ha BeCh IIEPUOJI BHICOKOTO YpoBHS. Ecin or-
must PULLUP _DISABLE 3ajana, 10 HeOOXOUMO YCTAHOBUTD JOMOJTHUATEIbHBII BHEIITHUN PE3UCTOD
s curHasa «RESETs (PDO). IlockosbKy curHasibl JaHHBIX HEKOT/A He jjocturaor yposasa VCC,
ypoBenb 3,3 V' kourpoJuiepa guciies ne Oyjaer mpesbiiied. B moeit Bepcun tectepa Fish8840, Bce
CUTHAJIBI JIUCILIES TTOJIKIIOUEHBl HAIPAMYIO K pazbeMy Juciuied. Takum odpaszom, Bel moxkeTe 1moji-
FOTOBUTH TEYATHYIO IIATY JIJIS HMOJK/IIOYUEHNsT CUMBOJILHOI'O JIUCILIEs, €CJIM Ha Heil yCTaHOBJIEH OT-
BETHBIIl pa3beM U MOTEHIIMOMETP I PErYJIUPOBKU YPOBHA KOHTpacTHOCTH. OHAKO KOHTAKT 15 J1/1st
nosicBeTKU Mnojkovaercs nernocpecrBeHno Kk VCC Tecrepa. Eciu Bor nonkimogaere guctieit mo
Takoil cxeme, BbI JIOJIZKHBI IPOBEPUTH, HAJIUYUNE OIPAHUIUTEIHHOIO PE3UCTOPA IOJICBETKU Ha ILIaTe
Moty jruciiesd. Konedno, Bbl JIO/IKHBI CKOMITMJIUPOBATH IIPOrPaAMMHOE OOecIiedeHne JIjisi TAKOTO
MTOJIKJIIOUEHNS JINCILIed. Takas almmapaTHas JopaboTKa mpoBepeHa it miaThl Fish8840.

Bce monbITK m3MeHUTH IIporpaMMHOe obectiedenue Bul emaere Ha ¢Boit cTpax u puck. Hukakux
rapaHTuii He MOZKeT OBITh JTAHO IO MO/JIEPKAHUI0 HOBBIX Bepcuil. K coxasiennto, ncxoinast Kuraiickast
MUKPOTIPOrpaMMa He MOXKeT ObITh COXpaHeHa N3-3a yCTaHOBJIeHHBIX OuToB 3amuTbl ATmegad28. Tax
9TO HET CII0CO0a BEPHYTDH MPUOOP B UCXOJIHOE COCTOSHUE.

Honoytaurenbuas Bepeus ¢ rpacduteckum uciieeM WEI M8 negarnoit miarsr nzobpakeHa Ha
pucyske [2.18] Dra cbopka ucnosbsyer akkymyssarop Lilon AA pasmepa B KauecTBe HCTOIHUKA I1H-
TaHUsI, KOTOPBI MOXKeT ObITh 3apsizkeH oT MuKpo USB pazbema. Dkcmryarupoars Tectep MOXKHO
TakKe 6€3 aKKyMy/IsIToOpa, Ipu MUTaHnd ToIbKo or USB.
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Puc. 2.18. Kuraiicknit kmon WEI M8

OTpa/IHO, YTO CUTHAJIBHbIE JIMHUN JUCILIes (Ha [1aTe ajanrepa) OCHAIIEHbI PE3UCTOPAMHE, BKJIIO-
YEHHBIMU 110CJIE/I0BATEIbHO. Bbl MOXKeTe yBHIETH pe3uctopbl Ha pucyHke [2.19] ciesa. Takum obpa-
30M, Bbl He 10mKHBI 6osiThest, aro 5 V' curnaissl ATmega MOryT BBI3BaThH Upe3MepHOE yBeIUIEHHe
[IPE/IeIBHOTO JIOTUYECKOTO YPOBHS 3,3 V' KOHTpoOJIIEepa JIUCILIed.
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(a) Ilmara aganrepa nuciies (b) OcnoBmas maTa

Puc. 2.19. Tecrep WEI M8 B pazobpannom Bujie

[Ipu obnOBIEHNN 710 Bepcuu 1.12k obrapykenbl HeKoTOpbIe pobiieMbl. Ecin yeranosuts Extended
Fuse 0x04 (0xFC), kak pekoMeHIyeTcs, HEKOTOPbIe U3MEPEHHs BbI3bIBAIM COPOC MPOIECcopa U3-3a
KOPOTKOI'0 IpoBaJja Hamnpskenns «Brown Out». ¢ mobaBuia J10mOJTHUTENBHBINR KepaMUYIECKHil KOH-
nercarop 4.7 pF' 1o Bxojy perysisatopa Hanpszkenud u 10 puF' kepaMudecKuii KOHJIeHCaTOP Ha BBIXOJIE
(VCC) peryasropa. I 1o, u mocsie 0GHOBJIEHNST 1 3aMETHJI, YTO B OGUIIOJISIPHBIX TPAH3UCTOpAX, HA
910ii 1tatTe, onpejensiercs auddepentmanbabiii Tok KojtekTopa (ICEO win ICEs) okoso 1pA.
[Toce zamennt neuszsectnoro LDO perynsaropa nanpsikenuns wa MCP1702-5002 stor addekT unc-
1ye3. PucyHok IIOKAa3bIBAET U3MEHEHHYIO II€YaTHYIO IJIATY C KOHJEHCATOPAMU U PEryJIATOPOM
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MCP1702, ycranoB/IeHHBIMU HAaBECHBIM MOHTaxKOM. Ecjin Bbl He 2Kejtaere MpUCIyIIMBATHCS K COBE-
1y, Bor nosekab! yeranosuth Extended Fuse 0x07 (0xFF) mis nomnep:kanus GecriepeboitHoii paboTh.
C sT0it HACTPOIKOI KpaTKOBPEeMEeHHBIE TTPOBAJIBI He OYIyT OOHADYKEHHI.
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Puc. 2.20. Tecrep WEI M8 nocsie moauduxarmmn

JomonunrenbHast KuTaiickas Bepcust ¢ rpadudeckuM guciieeM — Ttecrep «LCD-T4» na meuar-
HOI 1I/1aTe ¢ KEITONW MacKoi. ¢ cHAJ Juciieil /i 3aMeHbl IPOrPAMMHOI0 ObecieYeHns Ha HOBYIO
Bepcuio. Ha mpaBom pucynke Bobr MoxkeTe yBUJETH B IPABOM BEPXHEM YIVIY OTBEPCTHUS IS
ycranoBku ISP paszbéma ¢ npaBuibHON Pa3BOJIKOI JIjist 6-TH KOHTAKTHOIO ITOK/TIOUEHIS IIPOrPaMMa-
topa. st nmporpamvupoBanust ATmega 51 He ycraHaB/IUBaJI MITHIPEBON pa3béM. 91 TOJBKO BCTABUI
IITBIPEBOI pa3beM B OTBEPCTHS U MPHUEPKAJI PazbeéM muieiica Bo BpeMs mporpammupoBanusd. [Ipu
TaKOM CII0CO0E TITHIPEBOI pa3bEéM MOXKET OBITH JIEIKO yJIaJeH U JIUCILICH YCTAHOBJICH HA MECTO JIJId
BO3BpAIIEHUs TIePBOHAYAIBHOIO BUjIa Iprbopa. Kuraiickoe rmporpaMMHoe obeciiedeHre MOXKeT ObITh
zameneno Ha Bepcuio 1.12k 6e3 kakux-yinb0 3ameTHBIX 1podsieM. YcranoBka Extended Fuse 0x04
(0xFC) mia npoBepkn cbpoca m3-3a KOPOTKOIO IpoBajia Hampsikenus «Brown Out» kakmx jm6o
CIOPIIPU30B HE IIPUHEeC/Ia.
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(a) B cobpamnom Buje (b) Co cusiTbIM JtHCILIEEM
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Puc. 2.21. Baemmunit Bug T4 Tectepa

Ber MoxkeTe yBUIETH CTOWKM 5 mm U OOHOBJIEHHBIE Kabe I ¢ 3aKMMaMU U3MepeHus Ha (oTo-
rpacdun 3ajHeil CTOPOHBI HA PUCYHKE [TockobKy cuUTHAJBI JJAHHBIX JJI Tpaduueckoro KOoH-
TpoJuIepa JIUCILIesl He UMEIOT IIpeobpasoBaTesis jorndeckux yposueii (5 V' -> 3.3 V'), pekomeny-
ercs ycranosuth omruio LCD  SPI OPEN COL. B cBsa3u ¢ Tem, 9T0 1m1ata He MOXKET OBITDH Jier-
KO MojiepHu3upoBana «pull-up» pesncTopbl MOTYT OBITH MCIIOJIB30BAHDBI IIyTEM OTKJIIOUCHUS OIIUN
PULLUP _DISABLE B makefile. 9ta miara siBjisiercss MeHbIIe MPaKTUIHON JJTsI TOCJIETHIX PACIITH-
peHuit, a TakzKe 3aMeHy JUCILIeS TPYIHO Pean30BaTh.

e Wit/ /Sin

(a) CropoHa KOMIIOHEHTOB (b) C kabessiMu u3MepeHust

Puc. 2.22. Obparnas cropona T4 Tecrepa

Eme omra Bepcust KuTaiickoro KjoHa ¢ rpadudeckuM auciieeM nveer HaszBanme «GM328». B
9TOI Bepcuu aJiantep rpaduieckKoro MHINKATOPa IOJKJIIOYeH depe3 16-IMHOBBIN pa3beM K OCHOB-
Hoit mwiare. [Topr PD5 ATmega nojkioden depes BoiBoj 6 pasbema na CE (Chip Enable) Bxon
rpadudaeckoro kourposiiepa. Curnan CE rakxke nonkmoden k 0 V' (GND) nma miare aganrepa. Pe-
3y/JIBTATOM TAKOI'O IMOJIK/II0UeHNs Oy/1eT KOPOTKOEe 3aMbIKAHNE B Cydae Irepek/iodenus: mopra PD)
ATmega na Borxox 5 V. B HOBBIX Bepcusix mporpaMMHOro obectiedenns BuiBoantcs curaan CE, maxe
€CJIi OH He sIBJIsteTCs HeooxoauMbIM. [t mpaBuibHOil paborel « GM328» TecTepa ¢ HOBBIMU BepCHsi-
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v, Ber oskabl orcoeaunnth curiat CE (mopr PD5 ATmega) or BeiBojia 6 B pazbeme rpaduaeckoro
aJlanTepa.

2.7 Kuwuraiickue Habopbl ¢ rpadniecKIMN JUCILIEIMN

[TostBuymch 1Be HOBBIE Bepcun Habopa ¢ rpadudecKuM JIKCILIEEM U IOBOPOTHBIM HKOAepoMm. Ilep-
BBl HAOOD UCIIOJB3yeT JucIuieii ¢ KonTpostepoM ST7565 mim coBmectumbiM (128x64 nukcesneii). B
JIONIOJTHEHUE K TIOBOPOTHOMY SHKOJIEPY, IIPEYCMOTPEH BXO/I JIjId U3MEpPEHHs YacTOThI. [[J1s TecTOBbIX
IJIOMIAJIOK UCIOb3yeTcsd 14-KOHTaKTHBIN pa3beM Textool, Tpu KoHTaKTa 10T afiKy TEPMUHAJIOB JIJId
[OJIKJIIOYeHNsT Kabesieil u TecToBble ILIOMAIKU st TecTa gerasteit SMD. Ha dpororpadum IIOKa-
3aH CMOHTHUPOBaHHBIN prOop. OaMH U3 ABYX HAI'PY30UYHBIX KOHJIEHCATOPOB KBapia 22 pF 3aMeHeH
TpuMMepoM. TPUMMEPOM MOZKHO MOJICTPOUTH YACTOTY T'e€HePAaIM KBapIa Jjid MOBBIEHUST TOYHOCTH
B peKnMe 4acTOTOMepa U NeHepaTopa.

ﬁﬁﬁgmﬂm;liiﬁﬂﬂs
B

8 EB?BE&;E% TQ%&E' 5

G el

(a) cMOHTHPOBAHHBIN BHUL (b) co cusaTbIM nuCIITIEEM

Puc. 2.23. Cobpanmbrit Habop ¢ guciieeM 128x64 nukceseit

[Tozxke mosiBUIICS HAOOP, KOTOPBII UCIIOJIB3YET IIBETHOM JucILIeil ¢ KouTposutepom ST7735 (160x128
[UKCesteft), JTOMOTHATEBHO OCHAIIEH BXOJOM IS M3MEPEHUsT HAIPSIZKCHUs M BBIXOJOM [IJIsi TeHe-
paropa gactor. Ho BBIXO/ reHeparopa He OydepusnpoBaH, OH MPOCTO TOJIK/IIOYUEH MMapa/iebHO K
kouTakTy TP2. BosbTMeTp MOXKET M3MEPATH MOJIOKUTETHLHOE MOCTOsIHHOE Hampszkenune g0 H0 V.
[Ipeobpaszosarens wHanpsizkeanss DC-DC 11 m3mepenust crabuuTpoHoB He mpeycmorper. Ha do-
Torpadusx IoKa3aH 3ToT cobpanublii Habop. Kpome Toro, B 9T0il Bepcun OJuH HAIPY30THBII
KOHJICHCATOp KBapra 22 pF’ 3aMeHeH TPUMMEpPOM (3eJIeHOTO TIBETA).
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(a) cMOHTHPOBAHHBIH BHI (b) co cuaTbIM auCIITIEEM

Puc. 2.24. Cobpannsrit Habop ¢ mBerHbiM 160x128 mukcesteit quctieem

O6a mabopa ucrob3yior ATmegad28P B DIP kopiryce ¢ ycTaHOBKO# B TIAHEIBKY U HE OCHA-TIEHBI
pazbemom ISP st 06HOBIEHUS 60166 HOBBIMI BEPCUSIMU ITPOrPpaMMHOI0 obectiedenusi. [lepBorit Kom-
IUIEKT MCIIOJIb3YEeT TOJIBKO BBIBOIHBIE KOMIIOHEHTHI JIJIsi MOHTaKa IedaTHON IaThl. ¥ moyydmi pe-
gyabraT usMepennst pesucropos 680 € u 470 kQ ¢ momyckom 0.1% B 3TOM KHTaificKOM KOMILIEKTE.
Tak:xe B Habop mobasien kougercarop 220 nk' mig KajunOpoBku. KOMILIEKT ¢ IIBETHBIM JIHUCILIEEM
OCHAIIEH Pa3beMOM JIJIs TIOJIK/IFOUEHUsT BHEIITHETO NCTOYHUKA TUTaHUs TOCTOSHHOTO TOKa BMecTo 9 V'
barapeu. Hekoropsie SMD KOMITOHEHTBI OBLIM CMOHTHPOBAHBI HA OCHOBHOII IIJ1aTe, TaK UTO COOPATh
TecTep U3 TOro Habopa He cjIoKHas 3aja4da. HeDoJbIinoit HeI0CcTaTOK BepCun C IBETHBIM JIUCILIE-
eM — CKOPOCTh BBIBOJA Ha dKpaH. OCOOEHHO 9TO 3aMETHO IPH IepeMeIeHnN 110 IIYHKTaM MeH. B
JIIOOOM cJTydae, IMBETHOW JTUCIieil mMeeT GOJIbIllee pa3pelieHne, 9YTo Mo3BOIgeT 0TOOpa3uTh OOJIbIIe
nHdoOpMaIi cpaszy.

Oba Habopa HCIOJIB3YIOT CTAadUIN3ATOP HalpsizkeHust 3.3 V' i IUTaHusd KOHTPOJLIEPA JIUCILIes
Ha I1aTe nHAuKaTopa. ToIbKO KOHTaAKTHBI pasbeM JH0JIZKeH ObITh IPUIIasiH Ha [IeIaTHOM ILIaTe Juc-
wiest. B mBeTHO# Bepcun nabopa ucnosblyercs oydep CD4050, s aganranum JIOTHIECKAX YPOB-
Heli curHaja. 4 He oOHAPYKHUI KAKUX-JTUOO JIEMEHTOB JIJIA aJIallTAIliU YPOBHEN CUTHAJIA Ha ILIaTe
¢ muctteeM ST7565. BepositHo, BeIOpaHHast Bepcrust KOHTPOJIIEPa JOMyCKaeT YPOBHU curaaia 5 V ¢
ATmega328. ¢ He 0OHAPYKUJI 3aIIUTHBIE JMO/bI Ha BXO/I€ CUIHAJIOB CO CTOPOHBI IuTanud 3.3 V' i
JIAHHOI'O THIIAa KOHTPOJLIEPA.

2.8 Pacmmpennas cxema ¢ ATmega644 niim ATmegal284

Pacmupennast cxema st kourposiepoB ATmega644 /1284 paspaborana coBmectHo ¢ Nick L. u3
Vkpanubl. Cxema MIO3BOJIAET PACIIUPUTH JUATA30H U3MEPSIeMbIX YaCTOT, & TAaKXKe COJEPXKHUT
CXeMYy TECTUPOBaHUs KBapIEeB. XOTsd pacliupeHHasg cXeMa MOYTH WJICHTUYHA CXeMe Ha pUCyHKe [2.1
Ha3HAUEHNE [IOPTOB HECKOJIBKO OTJIMYaeTcs. [I0BOpoTHBI sHKOzep Ha cxeMe [2.6] nosrken ObITh 11071-
kiodeH Kk PB5 u PB7 (Bmecro PD1 u PD3). O6a curnana, a takxke VCC nu GND gocrynubr na
paszbeme nporpamvupoBanus ISP. Takum obpazom, oK II0UeHTEe ITOBOPOTHOT'O SHKOIEpa, HE JIOJIXKHO
BbI3BaTh 3arpyauenuii. lemmrens 16:1 B 74HC4060 Bcerna ucnosb3yercs st 4actoT Boirte 2 M H z.
OH TakzKe MOXKET OBITh UCIIOAb30BaH i dacToT oT 24 kHz no 400 kH z j1ij1s1 HOBBIIIEHUST TOYHOCTH
MU3MEpEeHNs 9aCTOThI ¢ MOMOIIBIO MojcueTa neprojia. [{us koMmMmyTarmu nepex/irodenuii (Jgeamresnb qa-
CTOTBHI ¥ KBAPIEBBIil FeHEepATOP) UCIIOJIL3YeTCs aHAJIOrOBbIil epekodaress T4HC4052. Ta6jmua
MOKA3bIBAET BAPUAHTHI MOJIKII0OYeHNs jauciuies K mopram ATmega324 /644 /1284. [oaxiiouenne nH-
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JMKaTOpa, ¢ ucnosb3opanueM unrepdeiica [2C BO3ZMOXKHO TOIBKO /I HHIMKATOPOB ¢ KOHTPOJLIEPOM
SSD1306. Curnasst uarepdeiica I2C TpebyIoT yCTaHOBKH HOATATUBAIONNX pe3ucTopos 4, 7k() K Ha-
npszkenmo 3,3 V. Curaans! mune! [2C peasnsoBaHbI TOILKO IMyTeM IepeKodenns nopros ATmega
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Puc. 2.25. Pacmmpennast cxema Tpansucrop Tecrepa ¢ ATmega644
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[Topt || CumBosbusbiit | ['pacduueckuit LCD | ['paduvecknit LCD JormomauTeIbHBIE
LCD SPI 4-wire I2C dyHKIIHI

PB2 LCD-RS

PB3 LCD-E (LCD-CE) LCD-SCL

PB4 LCD-D4 LCD-REST LCD-SDA

PB5 LCD-Db LCD-RS ISP-MOSI
IIOBOPOTHBIN SHKOJED 2

PB6 LCD-D6 LCD-SCLK ISP-MISO

PB7 LCD-D7 LCD-SI ISP-SCK
[IOBOPOTHBIN SHKOIEp 1

Tabmuna 2.5. Iogkarouenust quciuiees K nopram ATmega324/644/1284

Ber Takyke MoxkeTe MOAKIIOYUTH Jauciieil ¢ konrpostepom ST7108 K Tecrepy, cobpaHHOMY Ha
ATmega644 wmm ATmegal284 ucrosib3yst HEOOBIIYIO CXeMY HOJKIIOUYEHUsT TOKA3aHHYI0 HA PUCYH-
ke [2.26] Bbl Tak:ke JI0/KHBI yUUTHIBATH Pa3/IUdie B HA3HAYCHUN KOHTAKTOB JIUCIUICHHBIX MOJLyJIeil
¢ kouTposutepamu ST7108, Kak MoKa3zaHO B TaOJIHUIE Ha cTpanmuie (19|
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(a) mpu ucrnospzoBanun T4HCT164 (b) npn ncnonbzoBanuu 74HCT595

Puc. 2.26. [oakrouenne auciiest ¢ Kourposiepom ST7108 k ATmega644 /1284

2.9 Cxewma c nucrnosb3oBanneM ATmegal280 nim Arduino Mega

Tectep MoxkeT OBITH CO3/IaH € UCIOJIb30BaHIeM MUKPOKOHTposuiepa ATmegal280 mwm ATmega2560,
a Takke mocTpoeH Ha Oase Arduino Mega. Cxema noxasana nHa pucyske [2.27] Hasmauenust kon-
TakTOB Arduino jyisi MoJIK/IIOUeHNs JUCIIes YKa3aHbl 3eJIEHbIM IIBeTOM. KOMIIOHEHTDI, TOKa3aHHbIe
KPAaCHBIM IIBETOM, He 00sS3aTe/IbHBbI /i IpaBmibHoit paboTel Tecrepa. Konrtposiep ATmega2560
uMeeT OOJIBINOe KOJIMYECTBO IIOPTOB, HO TOJIBKO OJMH HOPT nMeeT (byHKIINU, HEOOXOIUMBIE JJIT 00enx
METOJIMK M3MepeHHsi 9acToThl. [IopT 70/17KeH ObITh OJHOBPEMEHHO TatMepPOM/CUeTINKOM /IS OJI-
cdera BHEITHUX UMITYJIHLCOB U MOJIEP:KUBATDH BHEITHEE IIPEPBhIBAHUE TIPU U3MEHEHUN YPOBHS CUTHAJIA.
Drumu byuknuamu obsagaer toiabko oxun mopr PE6 (T3/INT6). Ha ocrasbubix moprax raiime-
pos/cueranxoB PD7 (T0), PD6 (T1), PH7 (T4) u PL2 (T5) orcyrcrByer BremtHee npepbiBanne. K
coxkasternto, opt PE6 He nojkirouen k jierroanomy ruae3 iy Arduino. [lopr PES (BeiBox 7) momakitto-
JeH K KOHTakTy 3 paszbema VM u nepembrakoit MoxkeT ObITh coenuter ¢ nmoprom PE6 (Bbox 8)
ATmega2560. BeixogHoil curHas reHepaTopa 4acToThl MOXKHO Touy4unTh Ha mopty PB6 (OCI1B).
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D10 HOPT NOMKIIIOYeH K KOHTaKTy 12 paszbema [IIVM. [SP-pazbem ne Tpebyercsi, Tak Kak IpPOrpam-
Ma MOKeT OBIThb ycTaHoBjeHa mpu nomormu 3arpysunka USB Arduino Mega. C wucnonb3oBanmnem
3arpys3umKa ecTb HeDOJIbIas 3a/IepzKKa 3aIyCKa ITPOrPaMMBbI.

TVCC Ubat vee
Reset
serial =19
10u g ATmegal2802560 ——— | |2 Hﬁ
—
— 30 97
RESET PFO(ADCO) % »— TP1
100 PF1(ADCI) % »— TP2
} AvCC PF2(ADC2) >— TP3
100n 94
PF3(ADC3)
98 93 2| [
+———|———— ArwF PF4(ADC4) SIFIRES
In 92 S g
0 PF5(ADCS)
GND §H§
89
PKO(ADCS/PCINT16)
| 34 88 vee
[ T XTALLI PKI(ADCI/PCINTI?) [~
I 16MHz PK2(ADCIO/PCINTIS) [~
\ T 3 PK3(ADCII/PCINTI9) (== 10k
_{{22 0 XTAL2 PK4(ADCI2/PCINT20) =
P T Ve PKS(ADCI13/PCINT21) |
T 100n 5| GND
71 JP1-29
o © % GND PAT(ADT) [ Button 10k Y
Test PAG(ADG) 4 | VEE
80 73 JP1-27 J RS
vce PAS(ADS) 5
74 JP1-26 RW 9
PA4(AD4) —— s —— 5 3!
100n =25 E
PA3(AD3 7|
T 81 (ADY 77 IP1-24 7 gy &
GND PA2(AD2) p s
77 JP1-23 —Dl &
Vo PAI(AD1) 5 &
78 JP1-22 -
ol PAO(ADO) 10 Q
L vcc 7 PWM=3 711 D3 -
100n PES(OC3C/INTS) Input
1 62 8 ) o |2
GND PE6(T3/INT6) Frequency S|P3
31 :
25 PWM-12 D6
T vee PB6(OC1B/PCINTS) F———————— Output 4|
n
n 15
1 GND 21 Q NN
PB2(MOSI) g 16 [—
2 '_7
PB3(MISO) 33-270
20
PBI1(SCK)
ISP {Yele}
Button 1 5
MISO vce
3 4
SCK MOSI
5 6
@ RESET  GND

]

Puc. 2.27. Cxema Tectepa ¢ ucnosibzoBannem ATmegal280, ATmega2560 wium Arduino Mega

Koneano, Ber MmoxkeTe mok/oqnTh Bee moaepkuBaembie guciien 1 K ATmegal280 mim ATmega2560
B COOTBETCTBUU ¢ TabJmuIieii [2.6]
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[Topr || CumBoOJIBb- ST7565 ST7920 ST7108 SSD1306 | /lomosHuTrebHbIE
ueiit LCD SPI serial serial I’C dyHKIIHI

PAO LCD-D4 | LCD-REST | LCD-RESET | HC595-RCK
PA1 LCD-D5 LCD-RS LCD-CS2 2 KaHaJI SHKOJEepa
PA2 LCD-D6 | LCD-SCLK HC164-CLK
PA3 LCD-D7 LCD-SI LCD-CS1 1 xanaJs1 sHKOAEPA
PA4 | LCD-RS LCD-B0 LCD-RS LCD-SDA

HC164-SER
PA5 LCD-E (LCD-CE) LCD-EN LCD-EN LCD-SCL
PA7 KHOTIKA

Tabmuna 2.6. ogkrouenne pasimanabix juciuieeB K ATmegal280 /2560

2.10 IIporpamMmmMmupoBaHnEe MUKPOKOHTPOJLJIEPA

4 mybsmkyto mporpaMmMuoe obecriedenue it MUKpokonTposiepa ATmega ¢ ncxoHbIM KogoM. Pas-
paboTka ciesiana B cpejie onepanuonHoii cucrembl Linux (Ubuntu) u koMOomwimmpyercs ¢ IIOMOIIBIO
Makefile. Makefile maér yBepenHoCTh, 9TO IIpOrpaMmuoe obecrieterHne 0y/1eT KOPpPEKTHO CKOMITAIAPO-
BaHO y Bac ¢ npeaBapurenbro BoiOparabivu onmusamu B Makefile. Hekoropsie cTpykTypbl mmpeikomM-
MUIMPOBaHbI ¢ ucxouukoM. [loxkasyiicra, emorpure ReadMe.txt daitn B karasore Software/default
u riasy [4 na crpanune B0} Pesyasrar koMumiadnuu npejcrasier dbaijaMu ¢ JIByMsl PACIIUPEHU-
savu hex u .eep. [lo ymomuanuio nmena OymayT TransistorTester.hex u TransistorTester.eep. @aiin
¢ pacmuperneM .hex comepxkur nanuble s namsTu nporpamm (Flash), a daiin ¢ pacummpennem
.€ep COMEpP:KUT JlaHHble jyid namsatn EEprom mukpokonTposiepa ATmega. Oba daitra ¢ maHHbIMEI
JIOJIZKHBI OBITH 3arPY?KEHbI B COOTBETCTBYIONINE 00JIACTU ITaMATH MUKPOKOHTpOosLIepa ATmega.

JlomoiHuTEe IbHBIE OIIMKA COCTOSHUS MUKPOKOHTpoJsiepa ATmega M0/KHBI OBITH 3aIIPOIPaMMIE-
poBanbl (biozamu. Eci Ber mozkere ucnosnbzoBats Moit Makefile ¢ mporpammoit avrdude [12], Bam we
HY>KHBI JeTaIbHble 3HAHIA O PbIo3aX. Bl JOIKHBI TOJBKO BEIOpaTh «make fuses» , ecan y Bac mer
KkBapIa, win «make fuses-crystal» ; eciu Bor yeranosuu kBapit Ha 8 M H z Ha ¢BOIO Ie9aTHYIO TLIATY.
C cepueit ATmegal68 Bor moxkere Tak:ke mcoJib3oBaTh, «make fuses-crystal-lp» |, aTo0bI ncmosb-
30BaTh KBapll ¢ HU3KUM I0Tped/ienrneM MolHocTu. Hukoria He BbIOMpaiiTe yCTAHOBKU C KBaplleM,
ecnu KBapi Ha 8 M Hz y Bac He ycranosien. Eciu Ber He yBepeHbl ¢ dbio3aMu, ocTaBisieTe X
3aBOJICKMMU U ipuBeuTe Tectep B pabouee cocrogHue B 9TOM pexkume. Pabora mporpaMMbl MOZKET
3aMeJIJINThCA, ec/in Bbl ncnosib3yere mporpaMMHbBIC JIaHHBIE, OIIpe/ie/IeHHble 11 paboTsl Ha 8 M H z,
HO BBl cMOXKeTe ucmpaBuTh 3TO 103ke! A BOT HempaBWIbHBIN BBIOOD (DBIO30B MOYKET 3allpeTUTh B
oymymem [SP-tiporpamvupoBanme. Koneuno, nmporpamma avrdude o/KHa MTOAJIEPKUBATE BAIIl IIPO-
rpammarop, u Koudurypamnusa B Makefile nomxaa coorBercrBoBaTh Barmeit cpeme pa3paboTKu.

2.10.1 Wcnoanwn3zoBaume Makefile B OC Linux

B Bepcun OC Linux ocnoannoii na Debian, Bbl MoxkeTe unHCTAIIMPOBATH MAKETHI IIPU TOMOIIN
synaptic unn dpkg. [Taker «subversion» J10/12KeH ObITh MHCTAJJINPOBAH JIJIsI 3arPY3KU UCXOHUKOB 1
nokyMmenTanun n3 SVN apxusa.

C nomormpio kKoMauapl «svn checkout svn://www.mikrocontroller.net /transistortester» Bvl moxkere
ckavyaTh NoJHbIi apxuB. Koneuno, Bbl Takyke MoxKeTe 3arpy3uTh TOJIBKO MOJIKATAJIOIH U3 apXUBA.
Jnsa ucnons3oBanus Makefile B ojHOM M3 1MOKaTaI0rOB, HEOOXOANMO yYCTAHOBHUTDH ITaKeThl: make,
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binutils-avr, avrdude, avr-libc u gce-avr. Ilocie sroro, Bel 10/KHBI TIOAMOTOBUTE JOCTYII TIOJIH30BaA~
tenst K uarepdeiicy. Eciu Bor orkpoere okHO KoHco/M ¢ nojkioueHHbiM ISP nporpammaropom u
USB wunrepdeiicom, To komanaoii «lsusb» Oymaer BoiBemen crnmcok nojakaodeHabix USB yerpoiicTs.
[Ipumep pesyibrara 06padbOTKU KOMaH/IbI «lsusby» mokazaHn HuKe:

Bus 001 Device 001: ID 1d6b:0002 Linux Foundation 2.0 root hub

Bus 002 Device 003: ID 046d:c050 Logitech, Inc. RX 250 Optical Mouse
Bus 002 Device 058: ID 03eb:2104 Atmel Corp. AVR ISP mkII

Bus 002 Device 059: ID 2341:0042 Arduino SA Mega 2560 R3 (CDC ACM)
Bus 002 Device 001: ID 1d6b:0001 Linux Foundation 1.1 root hub

Yerpoiicrso 58 onpejeneno kak AVR ISP mkIT tun (DIAMEX ALL-AVR). 3necs uaentudukarop
03eb so ID npoussogurens, a ID 2104 sto unentuduxarop npogykra. Oda ujienTudUKATOPBI HEOO-
Xo/mMBI Jist 3armch B daiin /ete/udev/rules.d/90-atmel.rules. B sTom nmpumepe daitn 90-atmel.rules
UMeeT OJIHY CTPOKY:

SUBSYSTEM=="usb", ATTRS{idVendor}=="03eb", ATTRS{idProduct}=="2104", MODE="0660",
GROUP="plugdev"

OTa 3aluch M03BOJIAET MOaydnuTh Jjoctyil K USB ycrpoiictBy 58 st wieHoB rpymmbl «plugdevs.
Taxzke USB ycrpoiictso 59 pasperaer jocTyin K mociepoBarebHoMy mopry «/dev/tty ACMO» s
qienoB rpynmb! «dialouts. [losTomy, ydyeTnas 3anuch moJIb30BaTEN JOIKHA OBITH YJIEHOM T'PYIIIIBI
«plugdevs u amenom rpymimsr «DialOuts.

C nomompio komanap! «usermod -a -G dialout,plugdev $USER» 10/12KHO OBITH YCTAHOBJICHO YJICH-
c¢TBO B 0beux rpymnmax. I[locie takux macrpoek mporpamma avrdude Oyaer mMeTb JOCTYI K 0O0UM
YCTPOMCTBAM.

B okne xoncosm Bbl M0/KHBI CHadasa mepeiiT B HYKHBIH MTOJKATAJIOT B JIEPEBE KATAJIOIOB C
OMOIIBI0 KoMaHabl «cdy». Tereps Bol Mmozxkere n3mensTs omnmun B Makefile ¢ momombio r060ro Tex-
CTOBOTO pejlakTopa. I KOMIMJIATMT MUKPOIIPOrPAMMBI JIOCTATOTHO 3aITyCTUTh MPOCTYIO KOMAHLY
«Make». Eciim nporpammatop B Makefile HacTpoen rnpaBuibHO, TO KoMaH1a «make uploads» mo/nkHa
zanucarb Mukporporpammy B ATmega depes unrepdeiic ISP. Tlocite sToro takke HeoOXoauMo pa-
BIJIHHO ycTaHOBUTH Fuses B ATmega. 9T0 MOXKHO ¢jie/iaTh ¢ MOMOIIBI0 KoMaH/ bl «make fusesy mim
«make fuses-crystals.

Bepostro, nporpamma avrdude coobimut 06 omnmmbke mpu ycranoske Extended Fuse (efuse). Hre-
HUe HeucroJb3yeMbix Fuse 6mr ATmega onpenenser kak «1», Ho avrdude cKpbIBaeT HEUCIIOJIb3Ye-
Mble Fuse 6uT u Bce Hemcnosib3yemble Fuse Outr cunraer paBHbIME «0». OOBIYHO JIONOJHUTEIHHBIE
Fuse nosmxubl 66T yeranosienbl Oxfe, Ho avrdude cumraer ux npu nposepke 0x04. Bor j10mKHBI
n3MeHnTh daitsr avrdude.conf aTobbr m3MeHNTH HOBeAeHNEe avrdude MM yCTAHOBUTDH JOIOJTHUTEb-
uble Fuse (efuse) 0x04. 3navenne Bcex JOMONHUTENBHBIX Fuse MO/KHBI OBITH yCTAHOBICHDI OMIHEHT
EFUSE VAL B nauasne ¢aitia setup.mk B aupekropun mcxoanbix ¢aitioB. Beposrtho, Extended
Fuse OyayT ycTaHOB/IEHBI IPABUIBHO U C 9TOM OMMIOKOI.

2.10.2 MUcmoabp3zoBanme nporpamMmbl WinAVR B OC Windows

Ecaun Ber ucnions3syere oneparmonmyio cuctemy Windows, To camblif jierkuif ¢iocod mosyauTh mpa-
BIJIbHO 3arporpammupoBaanbiii ATmega cocrout B ToM, 9T06b! Hiciosib3oBaTh naker WinAVR [16],[17].
st yeranoBku dbro30s ¢ omoribio Makefile Bor moxkere ncmosbzoBats moit Patch for WinAVR [18)]

Ha pucynke mokasaHo Mmerio File rpacdudeckoro narepdeiica nmoapzoparens WinAVR, s
orkpbitust daitia Makefile (Open) u syt Toro, urober coxpanuTh usmenénubiii 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) OrkpbiTe Makefile

Save the active document

(b) Coxpanurb Makefile

Puc. 2.28. Ucnosb3zoBanue 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. 2.29. UcnoabzoBanne WinAVR



2.11 Ilouck HeucrpaBHOCTE

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

IIntanue He BkaO4daercsa. Ecim ceroaunon LED1 ne cBerurcs, 1 VCC = 5 V' Bo BpeMs HazKaTusi
kaonkn TEST, MukpokoHTpoJLIep He BKIIOUAET IuTaHne. B mepByo odepeb, MEKPOKOHTPOJI-
Jiep JIOJIZKEH JIepKaTh NMuTaHue, nepeksodasd yposenb PD6 na 5 V. Ecim Bol yuep:xuaere
knonky TEST, nutanue mo/KHO OBITH BKIIOYeHO. Tak Bbl MOXKeTe TPOBEPUTH BEJIMIUHY HAa-
npsizkerus nutanug VCC u oJiHOBpeMeHHO BeJinduHy Hanpskennd Ha PD6. Eciau nanpskenus
VCC = 5V, a nanpsixkenne Ha PD6 aumxke 4 V| 70 MUKPOKOHTPOJIJIED HE 3aIlyCKaeT MPOrpaM-
My. B sTom ciiydae Bbl J0/KHBI TPOBEPUTH, ObLI JTM MUKPOKOHTPOJLIED 3aIPOrPAMMUPOBAH
HaJJIesKAIMIMI JaHHBIMI I yeraHoBaeHHoro y Bac tuna ATmega Bo Flash u EEprom, u
IpaBMJILHO Jin chopMupoBaHbl (PbIO3bI. Kcin MUKpOKOHTpoJLIep mepeBoauT cocrosare PD6 B
5 V', Ho nutanue He ocraercd nocie orinyckanud KHOMKH TEST, To 9T0 yc1o)KHsgeT OUCK pu-
qnnbl. CHavasta Ber Mmoxkere 3aMKHYTH cBetounon LED1 n norpobosats eme pa3. Eciau Tecrep
zamyckaercs, To ceerogunoa LED1 moxker ObITh AedeKTHBIM WM YCTaHOBJIEH ¢ HEIPABUILHOI
noJigpHoCThIo. Ecyim npuynna He 3Ta, TO HeJocTaTOueH KOI(MDMUITMEHT YCUIEHUT TPAH3UCTOPA,

T3 (BC557C).

OrcyrcrByeTr Tekct Ha LCD-nucniiee. [lposepbre HalpsizKeHrne Ha KOHTaKTe€ KOHTPACTHOCTH B
LCD-nucrtee. YcraHOBUTE 3HAYEHNE, ONPEIETEHHOE B TEXHUIECKOM OIMCAHUU U OINTHMU3H-
pyiiTe it KoMpOPTHOrO MpocMoTpa. ljig HEKOTOPBIX JUCILIEEB MOYKET MOHAI00UTCS OTPHILa-
TeJIbHOE HallpsizKeHue JJIsi PeryJupoBKI KoHTpacTa. B aTom citydae Bbl Moxkere ncIioib3oBaTh
ICL 7660 mist renepaliui OTPpUNIATEILHOTO HANPs2KeHUs 13 mojioxkuTeabuoro 5 V. [Iporpamvm-
HOe obecIiedeHre MOYKET OBITh CO3/IaHO JI/Id PA3HBIX KOHTPOJIJIEPOB M Pa3HbIX HHTEPMENCOB 110/1-
KJIovYeHus juciuiesi. Heobxo Mo npoBepuTh COOTBETCTBHUE YCTAHOBJIEHHOM ITPOrpaMMbI CXEMeE
Barmero Tecrepa m npumensiemoro B Hem jucinies. Ecau #wa LCD-pucniiee Her HUKaKON WH-
dopmanun, a MoJACBeTKa €CTh, TO HEOOXOIUMO OTK/IIOYUTH IIUTAHNUE U IIPOBEPUTH U€ThIPE ITHHBI
JIAHHBIX U JIBE CBSI3W YIIPABJSIONINX CUT'HAJIOB. Ecianm Bcé HOpMaJbHO, €IMHCTBEHHON HPUYN-
HO, KOTOPYIO d BUXKY, ABJIAETCA HEIPABUIbHBIN BHIOODP BPEMEHHBIX HAPAMETPOB YIIPABJISIO-
IIIAX CUTHAJIOB. DTO MOKET ObITh BBI3BAHO DOJIee Me I/IeHHBIM KOHTposLTepoM LCD-quciiest, wem
3aJI0yKEHO B IIPOI'PAMMHOM 0O0O€eCIIeYeHnH U pabOTOi MPOrpaMMHOIO ObecIiedeHrsT Ha Helpa-
BIJIBHOI TakTOBO# yacrore ATmega. Heobxomumo nmpoBepuTh, Jjisi KaKOi TaKTOBOH YaCTOTHI
OBLTN CKOMITMJIMPOBAHBI IIPOIPAMMHBIE JAHHBIE U COOTBETCTBYIOT JiM (DbIO3BI BHIOPAHHON dYa-
crore ATmega. Bor Haiigére mapaMerp 9acToThl B cooTBeTcTBYyIOIIEil crpoke Makefile. Ecin
Tecrep cobpan 6e3 oTK/IOUeHnsA, Bbl MoXKeTe MpOBEepUTH PAdOTY IMPOrpaMMBbI ¢ TIOMOIIBIO CBe-
TOJINO/TA, TIOJIK/TIOYEHHOIO K UCIBITATEe/IbHBIM BhIBOIaM. Eciu ¢cBeToino 1 Muraet, To mporpamMmma
paboraeT mpaBuibHO. [Ij19 HEKOTOPBIX rpaduIecKuX JIUCILIeeB KOHTPACTHOCTh HACTPAUBACTCS
3 ¢yHKIuu B MeH0. Ecian Bbl uaMennin 3HadeHne KOHTPACTHOCTH, TaK 9TO HUYErO He JhTa-
eTcs Ha dKpaHe, Bbl MoxkeTe monpoboBaTh yBUAETh nH(MOPMAIUIO HA JUCIIEE IPU TPOCMOTPE
1101, OOJILIIIM YTJIOM, a He crepeiin. B aroM ciydae Bel MoxkeTe monpoboBaTh OTPeryInpoBaTh
KOHTPACTHOCTb U3 MeHIO. B mporuBHOM ciiyvae, Bor momkabl niepenmcats jganasie EEPROM
ISP nporpammaropom st cOpoca 3Ha9eHNs KOHTPACTHOCTH.

Yro-To, HO He Bce untaeMoe Ha LCD-aucnisee. IIpoepurs, npaBuibHbIE I .eep JaHHbIE 3a-
rpyzkenbl B maMaTh EEprom ATmega. Eciin Bce qanHbIe 3arpy»KeHbl ITIPABUILHO, TO HEOOXOTH-
MO [IPOBEPUTH TAKTOBYIO YaCTOTY, IpOrpaMMHble mapamerpbl Janubix (Makefile) u ycranoBku
driozoB ATmega.

MennenHoe n3mMepeHue u n3MepeHHass EMKOCTh B 8 pa3 meHbIre. [Iporpamvuoe obecrieve-
uue g 8 M Hz, a paboraer ATmega na 1 M Hz. [IpoBepbre IpaBUIbHOCTD YCTAHOBKH (PhIO-
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30B.

Crpannble 3HaYeHUst uaMmepennii. /I Toro, arodbsr mpoBoauTh nuzmepenus, ISP mporpammarop
JIOJIZKeH ObITh oTcoeauHeH. OUeHb YacTo MPUYMHA HEPABUIbHBIX U3MEPEHU - NCII0/IHL30BaHIe
nporpaMMHOro obecrievuenust, ckomurpoBantoro ¢ omrueir AUTOSCALE  ADC u ¢ omnrueii
NO_REF CAP, a na BoiBoge AREF konnencarop émkocrsio 100 nF'. HenpaBuibHbIi MOHTaXK
UM oCcTaTKU (JIfoca TakyKe MOTYT HapyImuTh n3dMepenue. [loxkasyiicta, ecim BO3MOXKHO, TPO-
BepbTe (byHKIMEH caMOIpoBepKH IporpamMmmHuoe obecriedenne Tecrepa. [TonpobrocTu cmoTpuTe

B [ae 0.9

OcMmoTpuTe CBOIO TJIATY BU3YAJHLHO U IPOBEPHTE BEIUIUHBI PE3UCTOPOB OMMeTpoM. s sToit
npoBepku Bbel MokeTe mcro/ib3oBaTh BeIBOALI ATmega, Hampumep, 9Tobbl ipoBepuTh R1, B
MOZKETe IPOBECTU U3MepeHus MexK 1y BeiBojamu 23 u 14 ATmega. CmoTrpure cxemy Ha pUCYHKE
2.1} Yaanars MEKPOKOHTPOJLIED He 00s13aTeIbHO, JJOCTATOUHO TOJIBKO OTKJIIOUUTE OaTapero niln
9JIEKTPOIINTAHHUE.

TecTep BBIKJIIOUAET NMUTAHUE TIOCJIE 2 CEKYH/]] OTOOpParKeHus Ha JIACIJIee. ITO MOKET IIPO-
M30WTHU, €CJM OTCYTCTBYeT BHEITHUH mograruBatoniuii pesuctop ¢ nopra PD7 xk VCC, wm
knonka TEST ynep:kuaerca naxkatoii. [[porpamMmuoe BKJIIOUeHre BHYTPEHHUX MTOATATUBAIO-
IIUX PE3UCTOPOB BJIMAET Ha PE3YJILTATHl U3MEPEHUs, IIO9TOMY HEOOXOJ MM BHEITHHUI ITOATIIU-
Baromuii pesucrop 27 k).

Tectep oTobparkaeT TOJAbKO Vext—=xX.XxV BO BTOPOil CTpOKe ITa mpodjieMa MOSAB/IAeTCs, eC-
JIM TIOATATUBAIOMUN pe3uctop Ha BbiBoje PDT7 orcyrcrByer, neucnpasen wiun kunonka TEST
VJIEPKUBAETCS B HAYKATOM IIOJIOYKEHHH, & ITPOrPAMMHOEe obecIiedeHne CKOH(MUTyPUPOBAHO € OT-
kiouerneM UART (ommust WITH UART orkiodeHa) u OTKJIIOUEHHBIM BHYTPEHHUM TOJITSI-
rusatorum pesucropom (¢ omueit PULLUP  DISABLE). HeobxosmMma ycraHOBKa TIOATATHBA-
IOIIEro pe3nucropa Ha BbiBojie PDT.
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I'taBa 3

NHcTpyKIOus 11oJIb30BaTe st

3.1 IlIpoBeaeHue uaMepeHmi

Ucnonb3zoBars TecTep mnpocTo, HO TPeOYIOTCS HEKOTOPBIE TosgcHeHus. B O0bIIMHCTBE CTydaeB Ipo-
BOJIA C «KPOKOJIMJIAMU» 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-
uusi. OOBIMHO 3Ta KOHMUTIYpAIUs UCIIOIB3YeTCs, €CJI He YCTAHOBJIEH TPAH3UCTOP aBTOOTKJIIO-
genus. B srom ciaydae, napamerp POWER _OFF orkmouaercs B Makefile. ljist sToro pexkuma
HeOOXO/IMM BHEITHUI BBIK/TIOUATE b, TecTep Oy/1eT MOBTOPAThL U3MEPEHNUsI, II0Ka ITUTaHne He Oy-
JIeT OTKJIIOYEHO.

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

3.2 Memnio gonoaauTeabHbIx pyukimii qaa ATmega328

Ecnu MeHro om0 THUTE/IBHBIX (DYHKITUN JOCTYITHO, TO OHO Oy/IeT 0TOOPaXKEHO MOC/e TIPOIOIZKATE b=
Horo (> 500 ms) naxkarusi Ha kuHonky TEST. Dra dyHKINg TakxKe JOCTYIHA JJI IPYTUX MUKPO-
KOHTPOJLIEPOB ¢ 00beMoM Ji-rtaMaT He MeHbIlne 32K. Bribupaemble pyHKIIME 0TOOparKaroTcs
BO BTOPOIT cTpoke juciuiest B 2-x crpoaroM LCD min, kKak oTMeUYeHHbIe, B TpeTheil cTpoke s 4-X
crpounbix LCD. B 4-x crpounsix LCD Bo BTOpOit 1 4eTBepTOii CTPOKE OTOOPArKAETCSI TP IBIITY I
U TIOCJIeIYIOIIUHI IIyHKT MEHIO coOTBeTCcTBeHHO. [locse JmuTesbHOro BpeMeHn OXKUJIaHus, 0e3 KaKnx
Ji0O AeficTBUil, IporpaMMa BBIXOJIUT U3 MEHIO, BO3BpAIasiCh K HOPMAaJIbLHON (PYHKIIUU TPAH3UCTOD
tecrepa. Ipu kparkoBpemennom nakatnu na KHonky TEST, ocymiecTBisercs: mepexoji K CJiejry-
formemy yHKTY Merto. [Ipu jgmrensrom naxkatnn kaonku TEST BeiOupaercss mim 3amyckaercs
orobpazkaeMast pyHKIsT MeHto. [locie mHAnKaIy moc/ie/IHero myHKTa MeHio «switch offs mpomncxo-
JIAT TIEPEX0/] Ha MEPBBIi IIYHKT MEHIO.

Ecim B Bamem Tecrepe ycraHoBJIEH ITOBOPOTHBIN SHKOAEP, Bl MoXKeTe BBI3bIBATH MEHIO JIOIOJI-
HUTEIbHBIX (DYHKINN TakKe OBICTPBIM ITOBOPOTOM SHKOJIEPA, KOT/Ia PE3YJIbTAT MPEJIbIIYIIErO TeCTa
oTobOpaxkaercs. DyHKIIMU MEHIO MOYKHO BBIOpATh MEJJIEHHBIM BpaIlleHUEM SHKOJIepa B OJHOM WJIN
JIpyroM HampajeHnn. BuiOop mim 3amyck oToOpaykaeMOoro IyHKTa MEHIO OCYIIECTBJISAETCH TOJHKO
naxkatuem kuonku TEST. [lapamerpsr BoiOpanHoil pyHKIIUN TaKKe MOTYT ObITH BbIOpAHBI MeJI-
JIEHHBIM BpaIlleHueM 3SHKOJiepa. DBICTPBIM IMOBOPOTOM 3SHKOJIEpa OCYIIECTBJISIETCSI BO3BpAT B MEHIO
JIOTIOJTHUTETbHBIX (DYHKITUI.

Frequency (dacroromep) Jlononuurenbras dyukims «Frequency» (dacToToMep) HCHOIb3YeT MOPT
PD4 ATmega, koropsrit Takxke mogkaodeH K LCD-mucitero. Cragana n3Mepsiercss 9acToTa.
Ecmu gacrora nmxke 25 kHz, TO JONOJTHUTEILHO U3MEPSETCsl MMEPUOJ BXOJHOIO CHUTHAJA, U
3HAYEHUE ITOM IacTOThI MOXKET OBITH BbIUMCJIeHO ¢ TouHOCThIO j10 0,001 Hz. Eciun napamerp
POWER _OFF ycranosien B Makefile, To po1o/2KuTeIbHOCTD U3MEPEHUST YACTOTHI OTPAHU-
yeHa 10 8 MUHYT. V3MepeHune dacTOThl MOXKET OBITH 3aKOHUYeHO HaxkarumeMm KHonkum TEST u
Tecrep nepeiijier B MeHIO DYHKITHIA.

f-Generator (remeparop uacror) Eciu Beibpana dyukims «f-Generators (remepaTop 4acToThi),
1o KopoTkuM HakatneM KHOKH TEST Moxno BeIOpaTh reHepupyeMyio 9acToTy U3 HUHC/Ia
npeyraraeMbiX. [locte BeIOOpa mocieaneil mpejmaraeMoil 9acTOThI, yCTAHABIUBACTCS MIE€PBast
vgacrora (nukndeckuii Bbioop). Ecin mapamerp POWER OFF ycranosiien B Makefile, kuor-
ka TEST nomkHa yuepKuBaThes JI0JIbINE, TaK Kak KopoTkoe Haxkarme (< 0.2 s) cbpocut
TOJIBKO JIMMUT 4 MUHYTHI. [Ipore/iiiee BpeMs: oToOpazkaeTcsi B IEPBOM CTPOKe TOYKaMu. Kazk-
Jtast Touka coorBercTByeT 30 cekynyaMm. [Ipu kparkoBpemennom naxkatun KHonkun TEST Bor
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yBeJIMIUTe BPEMsl HElpepbIBHOW paborsl rereparopa. lpu mgmressrom (> 0.8 s) Haxkarun
kuoniku TEST reneparop orkiodaercs, a Tecrep Bo3Bpamaercss B MEHIO (DyHKITHIA.

10-bit PWM (10-bit IITNM) onosaurenshas dbyaxims «10-bit PWM» (10-bit IITNM) renepu-
pyeT (PUKCUPOBAHHYIO YACTOTY C BO3MOYKHOCTDBIO PETYJIUPOBKH IIIMPUHBI UMITYJIbCa HA TECTOBOM
kouTakte TP2. Ilpu kparkospementom (< 0,5 s) naxkarnu kaonkn TEST mupuaa uMmoyibca
yBeauunBaercs Ha 1%, ¢ 6osee pmuHHbIM HaxkarueMm KHonku TEST ummnyabe yBenanBaeTcst
na 10%. Eciu snauenne npessicuno 99%, to 100% Boramraercsa us pesyiabrara. [Ipu ycranos-
sennom rapamerpe POWER OFF B Makefile, reneparop 3aBepmur pabory mocjie 8 MUHYT
0e3 naxkatusi knonku TEST. 3aepmmrts paboTy reHeparopa MOXKHO TaK Ke JJTUTETbHBIM
(> 1.3 s) maxaruem kaonku TEST.

C+ESRQTP1:3 [donosmurensroit pyukimeit «C+ESRQTP1:3» MoxkHO BBIOpATh OTIEIBHOE W3-
Mmepenne émkoctn n ESR konmencaTopos ¢ momorisio TectoBbix KoHTakToB TP1 1 TP3. Kon-
neHcaTopbl oT 2 uF 10 50 mF moryT O6bITh u3Mepenbl. [10CKOIbKY HaAIpsSZKEHHe U3MEepPEeHUs
coctapisieT Jinib 0Kos10 300 mV ', B GOJBITMHCTBE CJIyIaeB KOHJICHCATOP MOXKET OBbITh U3MEPEH
HEIIOCPE/ICTBEHHO B cxeMe 0e3 IpeBapuTeIbHOTO JeMoHTaxKa. [[pu yeraHoBieHHOM mmapaMerpe
POWER _OFF B Makefile, kosimaectBo m3mepennit orpaamdeno 10 250, HO MoKeT ObITH Hada-
TO Heme JIeHHO cHoBa. Cepus m3MepeHuit MOKeT OBITh 3aBepIeHa PN JIJINTETbHOM HayKaTHH

kuouku TEST.

Iukanyeckoe nu3MmepeHue comnpotusjieHnit [[yakrom mernro 1 -3 3 3amycKaeTcs IIKITIECKOE
u3MepeHne pe3ncTopoB, MOAKIOUIEHHBIX K TP1 u TP3. DTor pexum paboTsbl Oyjer obo3Ha-
gyen cumposiamu [R] cnpasa B niepsoii crpoke muciuiesi. [Toromy uaro meron usmepenus ESR
HE HCIIOJIB3YeTCs B 9TOM pPeKUMe, Pa3pelleHne u3Mepenns: pe3nuctopoB Menbiire 10 {2 ToIbKO
0.1 Q. Ecimm dyHKIMSA U3MepeHns COMPOTUBJIEHNN HACTPOEHA C JOMOJTHUTETbHBIM U3MEPEeHH-
€M MHJIYKTUBHOCTH, TO CUMBOJBI 1 —TF—ww—3 OyyT oTOOpakaThCcsa B IyHKTe MeHIO. Torma
UKInIecKas (QyHKIUS U3MEPEHUsT COPOTUBIEHUN BKJIIOYAET MPOBEPKY WH/YKTUBHOCTU LTS
pesuctopoB MenbIite 2100 €2. B sTom peknMme cripaBa B MEPBOil CTPOKE JIUCILIES OTOOPA3ATCS
cumBostbl [RL]. st pesucropos menbiie 10 2 HCHONIb3yeTcs TOT K€ METO/] H3MEPEHUsT 9TO U
st uaMepenust ESR, eciin nHIyKTUBHOCTE He OOHapy2KeHa. TakuM 00pa30M, TOYHOCTH U3Me-
penns pesucTopos MenbIre 10 €2 moxker gocrurarh 3Haderns 0.01 (2. VIsmepeHus: IOBTOPAIOTCS
6e3 naxkatuss knonku TEST. IIpu maxxatun xkaonku TEST ocymectsiisiercss BbIXOM U3 pe-
KuMa B MeHIO. [[uKmdaecKnii peykKuM M3MepeHnii 3aIlyCKaeTCsl aBTOMATHIECKU, €CJIM PE3UCTOD
nonksiouen K TP1 u TP3 u naxara kunonka TEST u3 ocnosroro pexkuma nsmepennit. 13 pe-
JKUMa, [IUKJIMTIECKOT0 U3MEPEHUsT Pe3UCTOPOB TecTep, 1o HaxkaTuio Kaonku TEST, Bossparurcs
B OCHOBHO# pezKUM U3MEPCHUN.

Huknanyeckoe n3mepenue émkocTeit [lynkrom menio 1——3 3alycKaeTcs IMUKJITYECKOe U3Me-
penne émkoctu KouaeHcaTopoB B TP1 u TP3. D1or pexxum pabors! OyeT 0603HaUIEH CUMBOJIa-
mu [C] cipaBa B mepBoii cTpoke auciiest. B srom pexxnme Kongencaroper ot 1 pF' mo 100 mF
MOI'y ObITh U3Mepenbl. M3mepenus nosropsitores 6e3 HaxKkatud kaHonku TEST. IIpn naxkaruun
kuonku TEST ocyriecTBiisieTcst BHIXOM, U3 pexKuMa B MeHO. Tak ke, KaK U JJIsi PE3UCTOPOB,
IUKITYECKUN PEKUM U3MEPEHUl 3aIlyCKaeTCd aBTOMATUIECKU, €CJIN KOHJIEHCATOP TOJIKJIIOYEH
K TP1 u TP3 B ocnoBnom pexknume uamepenuii. [locie aBroMaTmaeckoro 3amycka muKJIndIecKoro
u3MepeHusd éMKocTelr Tectep, 1o HaxKkKatuio KHonku TEST, Bo3BpaTuTcad B OCHOBHON DPEXKUM
U3MEPEHUMN.
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Rotary encoder (Qukonep) lonosnurenbnast dyuknus «Rotary encoders (DuKomep) mo3Bosis-
eT TPOBEPUTH SHKOJEP. T pr KOHTAKTa SHKOJEPA JOJIKHBI OBITh HMOJIK/IIOYUEHbI B JTIO00H mocIe-
JIOBATEJIbHOCTH K TECTOBBIM KOHTaKTaM Iepes 3amyckoMm dyakmun. [locite 3amycka dyHKIMN
HY?KHO HE CJIUIIKOM OBICTPO TOBEPHYTH PYUKY SHKOjEpa. Ecu TecT 3aBepimiics yCIemHo, TO
BO BTOpPOit cTpoke LCD Oyzer cuMmBomYIeckn 0TOOpazkeHo cpabaTbiBaHue KOHTAKTOB SHKOJIE-
pa B Kanajax. Tecrep ompejessier oOIMii BBIBOJ JIBYX KaHAJIOB. Kpome Toro, ornpejessercs
COCTOsIHME KOHTAKTOB IIPU OCTAHOBKE. EC/M KOHTaKTHI 3aMKHYTHI, TO oTobpakaercs «C», ec-
JIN PA30MKHYTBI, TO OTOOpaxKaeTcsi «0». Pesysbrar Tecta SHKOJEpa C BCErJia Pa3OMKHYTHIMU
KOHTAKTaMU B (PUKCUPOBAHHBIX TO3UIMAX OTOOParKaeTCsi BO BTOPOIl CTPOKE B TEUEHUH JIBYX
CeKyHJI KaK «1-/-2-/-3 o». [Tns Takoro sHKojepa KOJIMIecTBO (DUKCHPOBAHHBIX MO3UIUNA COOT-
BETCTBYET KOJMIECTBY HUMITYJIBCOB B KaxKJIOM Kanaje. Ecau OyayT obHapy:KeHbl 3aMKHYTBIE
KOHTAKThl KAHAJIOB B (DUKCHPOBAHHBIX MMO3UITUAX, TO BO BTOPOI CTPOKE JIUCILIES OTOOPA3UTCS
«1—2—3 C» B Tedyenun JAByX CeKyHJ. MHe He U3BECTHBI IIOBOPOTHBIE SHKO/IEPHI, KOTOPHIE MMe-
Jin ObI 3aMKHYTBIe KOHTAKTHI B JBYX KaHajax OJHOBPEMEHHO NpU (PUKCUPOBAHHON ITO3UIIAMN.
[IpomezkyTounOE COCTOSAHIE KOHTAKTOB KAHAJIOB MEXK/ 1y (DUKCUPOBAHHBIMU TTO3UIUSAMU TAKKE
orobpazKaercs B CTpOKe 2 B TedeHun KOpoTKoro BpeMenn (< 0.58) 6e3 cuMBosioB «0» mym «Cy.
Eciu Bor Oysiere nuciosib30BaTh HKOJED JIis BHIOOPA B MEHIO JIOTIOJTHUTE/IbHBIX (hyHKIHi, Bl
nokabl yeranoBuTh onmuio Makefile WITH ROTARY  SWITCH=2 mjis sHKO/1€POB € BCeria
pasoOMKHYThIME KOHTakTamu («0») u ycranouth oniuo WITH ROTARY SWITCH=1 g
SHKOJIEPOB C PA3HBIM COCTOSIHHEM KOHTAKTOB (OTKPBITHIM «0» MK 3aKpbITHIM «C») B dukcu-
POBAHHBIX TTO3HUIIUAX.

C(uF)-correction C momomnipio 9710 GyHKIMN MeHIO Bbl MOXKeTe M3MEHUTH 3HAYECHHE ITOIMPABKH
u3MepeHus O0JIBINON EMKOCTH KOHJIeHCATOPOB. Besmunny sToit nonpasku Bol MoxkeTe 3a/1aTh
napamerpom C_H KORR B Makefile. 3nauenus Bbilte HyJisi yMEHBIIAT BEJIMIUHY EMKOCTH
Ha 3a/[AHHBII IPOIEHT, 3HAYEHUsI HUKE HYJIsT YBEIUYIAT PE3y/IbTAaT U3MEpPEeHUsi EMKOCTH Ha 3a-
JTaHHBI TporenT. KpaTkoe HaxkaTne KHOIKM CHUzKaeT 3Hadenme Koppeknuu Ha 0,1 %, Gosee
JUINHHOE HaKaThe YBEJNIUBaeT 3HadeHne Koppekimu. OYeHb INTEIbHOE HAYKATHE COXPAHUT
3HAYEHNE KOPPEKIMH U OCYIIECTBUT BBIXOJL B MeHI0. OCOOEHHOCTHIO METO (A UCITBITAHNN KOH/I€H-
CaTOPOB OOJIBINON EMKOCTH SBJISICTCS TO, YTO KOHJICHCATOP C HU3KUM KAUECTBOM, KaK 3JICKTPO-
JINTHIECKUI, OyIeT M3MEPEH ¢ 3aBbIIIEHHBIM Pe3y/IbTaToM 3HadeHus: émkocTu. KongeHncarop ¢
HU3KUM KadeCcTBOM MOYKHO OOHApY’KUTh 110 OoJiee BbICOKOMY 3HadeHuto mapamerpa VLOSS. B
KOH/ICHCATOPAX BBICOKOI'O KadecTBa, 1pu TectupoBanuu, orcyrcrsyer VLOSS wmm ero 3nate-
aue ue 6osee 0,1 %. g peryJupoBKE 3TOro mapaMerpa Bbl JOKHBI HCIOJIL30BATD TOJBLKO
BBICOKOKAYeCTBEHHbIE KOHJIEHCATOPHI éMKOCThIO Oosibiiie 50 pF'. Kcraru, g cunraro, 4ro 3Ha-
YeHUe TOYHOCTU M3MEPEHUsl EMKOCTU JIEKTPOJUTUIECKUX KOHJIECHCATOPOB HEBAXKHO IOTOMY,
YTO 3HAYEHNE EMKOCTU 3aBUCHAT OT TEMIEPATYPhI U HAIPSAXKEHUs TOCTOSTHHOTO TOKA IPHU €ro
9KCILTyaTalIu.

Selftest (Pexxum camorecra) lonomnurensnas dyuxmus «Selftests (Pexxnm camorecta) 1mo3Bo-
JIAET ¢JIeJIaTh MOJTHYIO CAMOIIPOBEPKY € KaJnOpoBKoii. [Ipon3BoguTcs camMopoBepka Mo recram
T1 - T7 u KauOpPOBKa C BHEITHUM KOHJICHCATOPOM.

Voltage (Bosibr™merp) Jlonosnnuresbrast dynkiums «Voltage» (BOJbTMETD) JOCTYIHA, TOJIBKO €CJIN
OTKJII0UeHa (DYHKITUHU ITOCJIEI0BATEILHOTO TopTa Wik ucnosb3dyercs ATmega ¢ He MeHee deM
32 BeBogamu (PLCC) u ogun u3 gonosauTesnbabix moproB ADC6 wim ADCT ucnosb3yercst
Jtst m3Meperns. Tak kak K nopry PC3 (mm ADC6/7) ATmega noaxitouen genurens 10:1, To
MaKCHMaJIbHOE BHEIITHEee HalpsizKeHne MoxkeT ObITh He 60s1ee 50 V. Yeranostenubiit DC-DC mpe-
obpazoBaTeb I TeCTa CTaOMJIMTPOHOB MOXKeT ObITh BKJIoYeH npu Haxkatnn KHonku TEST.
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Takum obpa3zoM, cTabUJIUTPOHBI TOXKE MOTYT ObITh u3Mepenbl. [Ipu ycranoBeHHOM Mapamer-
pe POWER _OFF B Makefile u 6e3 naxkarus kuonkun TEST mnpogo/mKkuTe1bHOCTD U3MEPEHMsT
orpaHmdeHa jio 4 MuHyT. I3MepeHue MoKeT ObITh 3aKOHUYEHO TaKZKe OU€Hb JINTEIbHBIM (> 4 §)
naxxkatneM kHonkn TEST.

Contrast (KoHTpacTHOCTB) DT10il (dyHKIMEH MOKHO BBIOPATh yPOBEHb KOHTpACTa i rpadute-
CKUX JIUCIJIEEB C KOHTPOJLJIEDAME KOTODBIE TO/IJIEPYKUBAIOT IIPOIPAMMHYIO PETYJIMPOBKY KOH-
TpacTa. 3HaUYeHne MOXKET ObITh YMEHbIIIEHO TPU 04YeHb KOPOoTKOM Haxkatuu KHonku TEST wim
OBOPOTOM BJIEBO 3HKOJIepa. [murenbabiv Haxkaruem kaonku TEST (> 0,4 ¢) win moBopoTom
BITPABO YHKOJEPA MOXKHO YBEJUYUTH YPOBEHb. BBIX0/[ 1 3alIOMUHAHNE BRIOPAHHOTO 3HAYEHUS B
sHeprone3zapucuMoii mamaTu EEprom ocyrecTsiagercd oueHb JITUTE/IHHBIM HaXKaTHEM KHOITKI

TEST (> 1.3 ¢).

BackColor (uBer dona) s BosmoxkHOCTH BEIGODPA IBeTa (DOHA B IIBETHBIX JAUCILIESIX ITOT IyHKT
MeHI0 HeoOxoauMo akTtuBupoBarh ¢ momornsio ommuun LCD CHANGE COLOR B makefile.
JloizkeH OBITH yCTaHOBJIEH SHKOJEP. BbI MoxkeTe BbIOpaTh KpPACHBIN, 3€JIeHBbI U CHHMI IIBET
1pu 60J1€€e JITUTEIHHOM YAepKaHuU KHOIKHU. VIHTeHCHBHOCTD BHIOPAHHOTO IIBETA, OTMEIEHHOIO
3HAYKOM > B KOJIOHKE 1, MOXKeT ObITh M3MEHEHa, IIyTeM IIOBOPOTa SHKOIEPA.

FrontColor (1iBet BbIBOAMMOIT nHMoOpManun) /1 BOZMOXKHOCTH BBIOOpa 1BETA BBIBOIUMOIO
mpudTa U CUMBOJIOB B IIBETHBIX JIMCILIESX 3TOT IIYHKT MEHIO HEOOXOMMO aKTUBHPOBATH C I10-
moripio o LCD  CHANGE COLOR B makefile. Jlomken ObITh yeTanosien sukojep. Bor
MOYKeTe BBIOpaTh KPACHBIH, 3€IeHbII U CHHUIT IBeT 1Ipu H0JIee JTUTETHHOM YIePKAHUU KHOII-
K. VIHTEHCUBHOCTH BBIOPAHHOTO I[BETA, OTMEUECHHOTO 3HAYKOM > B KOJIOHKE 1, MOXKeT ObITh
U3MEHEHA IIyTeM TIOBOPOTa SHKOJIEPA.

Show data (Muadopmanus o TT) Oyukuus «Show datar (Mudopmanus o TT), kpome HOMEpa
BEpCHUH ITPOrPaAMMHOI0 oDecriedeHus, MoKa3bIBaeT JlaHHble Kajnoposku. HyseBoe conporusiie-
are (RO) mexmy mecroBbivu miomaakamu 1: 3, 2: 3 u 1: 2, coorBercrBenno. Kpome Toro,
oTobpazKaer CONMPOTUBJIEHUE BBIXOJOB MOPTOB MO OTHOIIEHUIO K (5 V') HANDPSZKEHWUIO THTaHUST
(RiHi) 1 no ornomenuio K (0 V') GND (RiLo). Tak ke nmokasbiBaeT 3HaAYCHUs HYJIEBOH EMKOCTI
(C0) Bo Bcex KOMOMHAIMAX TeCTOBLIX uromaok (1: 3, 2: 3, 1: 2w 3: 1, 3: 2 2: 1). 3arem 0T00-
pazkatorcsi 3HadeHust Koppekiuu jisi komnaparopa (REF  C) u jyist onopaoro HarmpsizkeHust
(REF _R). Hus rpadudeckux auciiieeB, Takzke OyJIyT MOKa3aHbI BCe IPUMEHsIeMble HWKOHKI
U CUMBOJIBI HCIIOIb3yeMoro mpudra. Kaxmaa crpannia orobparkaeTcs B TeUeHUe 15 CeKyH[I,
HO, BBl MOxkeTe BBIOpaTh ciejyolryo crpanuily Haxkatnem KHonmku TEST wuian moBoporom
sHKojiepa Bupaso. [loBoporoMm snkojiepa BiaeBo, Bbl MOxKeTe MOCMOTPETD IOCIETHIO CTPAHUILY
WIN BEPHYTCA HA TMPEJIBIIYIIYIO0 CTPAHUILY.

Switch off [lonosnurensnas dpynknus «Switch offy mossossier BoikOUnTH TecTep HeMe 1/IEHHO.

Transistor (Ttecrep TpansucropoB) Koneuno, Bol takzke Moxkere BbIOpaTh dbyHKImIO « Transistors
(TecTep TPaH3UCTOPOB), YTOOBI BEPHYTCsI K HOPMAJIbHOMY pexkumy u3mepenuii Tecrepa.

[Ipu ycranornernom napamerpe POWER OFF B Makefile, Bce gonoauTebabie pyHKINNI orpa-
HUYEHBI BO BpEMEHH, YTOOBI IIPEJIOTBPATUTD pa3psi barapen.
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3.3 CamonpoBepka n KaJnOpoBKa

Ecnu mporpamMmuoe obecriedenne KOHMUTYpUPyeTcd ¢ PYHKIEH caMOITPOBEPKU, TO CAMOIIPOBEPKa, MO-
2KeT OBITh 3allyIeHa IIPU COeTUHEHNN BCEX TPEX UCIBITATEIbHBIX ITOPTOB BMECTE U HayKATUU KHOIKH
TEST. Yto6nl HaYaTh CAMOIIPOBEPKY HEOOXOIMMO B T€UEHHE 2-X CEKYH]I IIOBTOPHO HAXKaTh KHOIKY
TEST, unatue Tecrep npo10/2KUT HOPMaJIbHBIE H3MEPEHUS.

Ec/m camonpoBsepKa 3alylieHa, To 6y/1yT IPoBeJIeHbI Bce TECThbl CaMOIIPOBEPKH, IIpe ICTaB/IeHHbIe
B ryiaBe 0.0l

Ecin Tecrep ckoHMUIYpHUPOBaH ¢ AKTUBUPOBAHHBIM MEHIO JIOMOJTHUTEIHHBIX (DYHKIMA (omiums
WITH MENU), nosnas camornposepka, tect T1 - T7, BbIosiHSIOTCS TOJBKO 1pH BbIOOPE (DyHK-
mun «Selftests u3 mento gomosHuTENBHBIX GyHKINMIE. Kpome Toro, mpm KarKjaoM BbI30Be (DYHKIUN
U3 MEHIO, TPOU3BONTCH KaJINOpPOBKA C BHEITHUM KOHJIEHCATOPOM. B IPOTMBHOM ciiydae 3Ta YacTb
KaJIMOPOBKHU JIeJIAeTCS TOJIBLKO IepBbIil pa3. Takum oOpa3oM, aBTOMATHYECKYIO KAJIMOPOBKY MOYKHO
OCYIIECTBUTH ObICTpEE.

[ToBTOpEHUs TECTOB CAMOIIPOBEPKH MOXKHO N30€2KATh, €C/IN HAXKaTh U yaepuBath KHONKY TEST.
Taxum obpazom, Bbl MoxKeTe NpPOIyCTUTH HE MHTEpecyiomnme Bac TecTbl caMOPOBEPKU, U MOYKETE
HabJto/1aTh nHTEpecytomme Bac Tector camorpoepku, otiryckas KHonKy TEST. Tecr 4 3akonunTest
ABTOMATHYECKH, €CJI Bbl pa3beMHATE BCe TPU HCIBITATEIbHBIX MOPTa (yIAIUTE «3aKOPOTKY> ).

Ecim B Makefile BeiOpana dpyuknus AUTO CAL, B pexkume camMoripoBepku 0Oy1eT 0OTKaIndopoBa-
HO CMEIEHNEe HYJIA JIjId M3MepeHusd éMKOCTH. JIjid 3a/1a1n KaJnOPOBKHU BasKHO, 9TO OBl «3aKOPOTKa»
MEXKJIy TPeMs UCIBbITATeIbHBIME [TOpTaMu ObLIa yjaajieHa Bo BpeMs Tecta 4. Bo Bpems kamOpos-
ki (mocsie Tecta 6), Bbl He JO/KHBI IPUKACATHCS HU K OJHOMY W3 HCIBITATE/BHBIX IIOPTOB KJIH
nosikJiroYeHHbIX Kabesieit. [Ilymbr mo/KHBI OBITH TEMU YKe CAMBIME, KOTOPbIE OY/IYT HCIIOJIb30BAThHCS
JUTs JasibHemmx n3mepenuit. MHade cMerienne HyJis st ©3MepeHus: EMKOCTH He Oy/1eT MpaBUIbHO
CKOMITEHCUPOBaHO. BetmdanHa BHYTPEHHErO CONPOTUBJIEHUsT TIOPTa, OIPee/IgeTcst B Hada/ie KazKI0ro
U3MEPEHUSA C 3TON ONIUEH.

Ecau Ber Beiopasu dyukimio samplingADC B Makefile onmimeit «WITH —SamplingADC = 1», nBa
CIIeNUAJIbHBIX IIIara BKJ/IIOYAIOTCS B KaJIMOPOBOUHYIO Iporeaypy. [locie namepenns Hy/IeBbIX 3HaUE-
HUIT EMKOCTH, TaK?Ke TIPOBOIUTCS N3MEPEHHe HY/IeBBIX 3HadeHnit éMKocTH /it (pyrkimu samplingADC
(COsamp). B mocsieaen mare KaauGpoBKE TpeOyeTcsi yCTAHOBKA KOHJIEHCATOPA B TECTOBbIE KOHTAK-
o1 TP 1 u TP 3 mta manbHeiimero recra KaTyIiek ¢ MaJjoil HHIYKTHBHOCTHIO 1—F3 10-30nF[L].
3HaveHne EMKOCTH 9TOr0 KOHJEeHcaTopa JOKHO ObiTh Mexay 10 nF u 30 nF', aas mogydeHus
PE30HAHCHON YacTOTHI IPH MOCIEAYIONIEM UCIBITAHUA WHyKTHBHOCTENH MeHee yeM 2 mH ¢ mapasi-
JIEJIBHBIM TIOJIKJIFOUEHHEM B KOHTYP 9TOI0 Ke KoHjieHcaTopa. st Tecta Karymiek ¢ 6ojee uem 2 mH
WHIYKTUBHOCTBIO OOBIYHBIN METO/I U3MEPEHUS JIOJIZKEH JIaTh JIOCTATOYHYIO TOYHOCTD. VcIob30BaTh
napaJiie/;lbHOe COeIMHEeHNe KOHIEHCAaTOPa JIjIs 9TOr0 MeToja n3MepeHus He 3P HeKTUBHO.

[Tocsie u3Mepenne HyJIEBBIX 3HAYEHUI EMKOCTHU MTOTPEOYETCsl BBICOKOKAYECTBEHHBI KOHJIEHCATOP C
JmobbiM 3uadenneM Mexk ity 100 nF u 20 pF'. Korja na juciiiee orobpasurcs Teker 1 —A—3 >100nF,
Bbl m0/I2KHBI TOACOEINHUTL K UCIBITATEAbHBIM BhIBogaM TP 1 u TP 3 moaroroBiaeHHBIN KOHIEHCA-
top. Konjercarop ciemyer mogk/odaTsh He paHbIile, 9eM 9TO coodInenne oTobpa3urces Ha juciiiee. C
ITOMOIIIHIO 9TOT0 KOHJIEHCATOPA, OYJIET CKOMIIEHCUPOBAHO HAIIPSKEHUE CMEIIeHUs aHaJI0TOBOI'0 KOM-
mmaparopa, st 0ojiee TOIHOIO M3MEpPeHHs] €MKOCTHU. JlOmMOTHUTE/IbHBIN BBIMIPBINT I U3MepPeHui
ANII npu ucnonb3oBaruu BuyTpennero MOH, ¢ Tem ke caMbIM KOHJIEHCATOPOM, €T IPUMEHEHHe
omuu AUTOSCALE ADC jyist mojtydueHust JIydIluX pe3yJibTaToB U3MEPEHUsI PE3UCTOPOB.
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Ecim dynknus camorpoBepku He 3aIrporpaMMUpOBaHa JIjisi BBIOOpa U3 JIOMOJHUTETLHOIO MEHIO,
TO KaJIMOPOBKa C BHEITHUM KOHIEHCATOPOM IIPOU3BOJUTCS IIPH I1epBOil Kaanbposke. KaanbpoBKy ¢
BHEIITHUM KOHJIEHCATOPOM MOKHO IIOBTOPHUTH, BHIOPAB COOTBETCTBYIOININI IyHKT JIOMOJTHUTEIHHOTO
MEHIO.

Cwmemenne nyns jgig n3dmepenus ESR Oymer zamano sBeioopom omruun ESR-ZERO B Makefile.
Hynesbre snauenust ESR 1151 Bcex Tpéx KOMOMHAIIMSAX BBIBOJIOB OIPEIEISAIOTCS P KazKI0i caMo-
poBepKe. DToT MeTo 1 n3Mepenns ESR ncrmob3yercst TakyKe pyu W3MEpPEHNN BEJIMIWH PE3NCTOPOB
nmke 10 € ¢ paspemennem 0,01 €2.

3.4 ChnenmuaJjbHbIe BO3MOXXHOCTHU MCIOJIH30BAHUSI

IIpu Brouenun TecTep moKa3biBaeT HalpsizKeHMe OaTapen nuTaHus. Kcin HalpsKeHne HUXKe IIpe-
Jiesia, TO TIOC/Ie HalpsiKeHus barapen oToOpazkaercs Ipeaynpexkiaenue. Ecaun Bol ucnoissyere 9 V
AKKYMYJIATODP, TO €ro HeoOXOIMMO KaK MOXKHO CKOpee 3aMeHUTh WU Iepe3apsinThb. Ecin Bbr umc-
nosibzyere Tectep ¢ 2,5 V MOH, To BO BTOpOIil cTpoKe B Teuenne 1 ceKyHbI Oy/eT O0TOOpParKeHO
Hanpskeane nmuTanng B Buge « VCC=x.xxV».

Konnencarops! JT0/KHBI OBITH pa3psizKeHbI Mepel] KaxKpiM n3MepenuneM. nade Tecrep moxker
OBITH MOBPEXKJIEH elrie JI0 TOro, Kak Oy/ier naxkara Kaonka TEST. Ilpu usmepenun sjnementon 6e3
JIEMOHTaXKa, 000PYJI0BAHUE JOJIZKHO OBITH IOJHOCTBIO OTKJIIOYEHO OT UCTOUYHWKA muTaHus. Kpome
TOro, BbI JIOJZKHBI OBITH YBEPEHBI, YTO OCTATOYHOE HAIPSKEHHE B O0OPYIOBAHUU OTCYTCTBYET. Y
KaKJIOT0 9JIEKTPOHHOTO 00OPY/IOBAHUS BHYTPU €CTh KOHJIEHCATOPDI!

[Ipu mombITKe U3MEPHUTH MaJible BEJIUIUHBI PE3UCTOPOB, BBI JOKHBI yINTHIBATH COIPOTHBIIE-
HIe pa3bEeMOB U Kabeseit. O4UeHb BaXKHO KadeCTBO U COCTOSIHHE Pa3bEMOB, a TaKKe, COIPOTUBJIE-
Hue KabeJeil, UCIoIb3yeMbIX i u3Mepenus. 10 ke camoe Haj0 YIUTBIBaTh npu u3mepennn ESR
KOHJIeHcaTopoB. [lpu mcnoan3oBanum ToHKOro Kabess Benmuamda ESR 0,02 €2 moxkeT BbIpacTu 10
0,61 Q. Ecin Bo3HUKAET HEOOXOJUMOCTH B IOJIKJ/IIOYEHUN UCIHBITATE/IHHBIX MIYIIOB, TO HEOOXOINMO
00eceunTh HaJIeXKHOEe TOJIK/IIOUEHNEe U X MpUTasiTh. Toraa He o0g3aTe/IbHO KaxKIbIi pa3 Jge1aTh
[IePEKAJTUOPOBKY /I U3MEPEHHST KOHACHCATOPOB ¢ MAJIBIMU EMKOCTSIMU, €CJIU H3MEPEHUsT ITPOBOIATCS
¢ mwim 6e3 U3MepPUTE/IbHBIX MIYTOB. /Ij1s1 KaJuOpOBKHM HYJIEBBIX COIPOTHUBJIEHUN 9TO 3HAYEHUE HNMEET,
eC/In U3MEPEHUs IIPOBOMIATCS C IOJIKJIIOUEeHNEM BBIBOJIOB HEIIOCPEJICTBEHHO B pa3dbeMe TecTepa W/In
Ha KOHIAX M3MEPUTEIbHBIX MyTIoB. To/JIbKO B TIOC/IEIHEM CJIydae COIPOTUBJICHUE Kabe s U 3a2KUMOB
IIYTIOB Oy/IeT yaTeHo mpu nepekaanoposke. Ecin y Bac ectb comuenusi, To Bl MoxkeTe TpoBEPUTH CO-
IIPOTUBJIEHNE 3aMKHYTBHIX IIIYIIOB IIPH IIPEIBAPUTE/IHHON KAJIUOPOBKE ¢ MCIOJIH30BAHUEM IIepPeMblueK
HEIIOCPEJICTBEHHO B pa3beMe TecTepa.

He crout oxxmmars or Tecrepa BBICOKOI TOYHOCTH pe3yJIBTATOB, 0COOEHHO Ipn m3meperHunn ESR
U UHJYKTHBHOCTHA. BBl MOXKeTe 03HAKOMUTBCA € Pe3y/IbTaTaMu MOeil cepur UCIBITaHUu B IJIaBe (| Ha

crpanutie [62]

3.5 1IpobGJjemsbl Ipu ompeae/ieHNN 3JIEMEHTOB

Bw1 10/12KHBI UMETH B BUJLY, HHTEPIPETUPYs PE3Y/IbTaThl U3MEPEHHs, 4TO cxeMa Tecrepa paspabora-
Ha I ¢/1a00TOYHBIX TOJIYIIPOBOIHUKOB. B HOPpMaJIbHBIX YCJIOBUSX M3MEPEHUsT M3MEPUTEbHBINA TOK
MOYKET JIOCTUTHYTH HIpubmsuTesbao 6 mA. MoiHble MOIyIPOBOAHUKE YaCTO UMEIOT TPYIHOCTH C
njieHTupUKAIell 1 n3MepeHueM BeJIMYMHBI EMKOCTU TIepexo/ia M3-3a TOKA yTEeYKH. lecTep Tak Ke
He MOXKEeT BbLJIATh JOCTATOYHO TOKA JJIsi OTKPBIBAHUS WJIM yJAep:KaHWUs MOIIHBIX TUPUCTOPOB WU
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cuMUCTOPOB. Takmm 06pa3oM, TUPUCTOP MOKeT ObITh omnpejesnen kak N-P-N Tpansucrop wim nuos,.
Tax>ke BO3BMOXKHO, 9TO TUPUCTOP WU CUMUCTOP OIPEJIEISATCH KAK HEU3BECTHBIN 3JIEMEHT.

Hpyrasa npob/ieMa - WACHTHMUKAIUS TOJIYIIPOBOJIHUKOB CO BCTPOEHHBIME pe3ucTopamu. Hampu-
Mep, o baza-smuTrep Tpansucropa BUS08D He MoxKeT ObITH OIpEIe/IeH U3-3a Hapaslie/IbHO MO/
COEIMHEHHOIO BHYTpeHHEro pesuctopa Ha 42 (). ITosromy mapameTrpbl TpaH3UCTOpa TaKzKe He MOI'YT
ObITh U3Mepenbl. TakxKe ecTb mpobJieMa ¢ OOHApPYXKEHWEeM MONTHBIX TPaH3ucTopoB /JlapimHrrona.
YacTo BCTpedaroTCs BHYTPEHHIE PE3UCTOPHI 6a3a - SMATTED, KOTOPBIE YCIOKHSIIOT WIEHTU(MUKAIIATO
9JIEMEHTA TIPU MaJIOM U3MEPUTETHHOM TOKE.

3.6 Usmepenue tTpan3uctopoB N-P-N u P-N-P

11 HOpMaJIbHOTO M3MepPEeHUsi TPU BBIBOJIa TPAH3UCTOPA IOJKJIIOYAIOTCS B JIFOOOM MOC/I€/10BaTe /b
HOCTHU K HCIBITaTeIbHBIM BxomaM Tecrepa. Ilocie naxkartusa na xkaonky TEST Tecrep nmokasbiBaer
B nepBoii crpoke Tui (N-P-N wium P-N-P), Bo3MOxKHBII BCTPOEHHBI 3aIllIUTHBIH JIMO0J] KOJLJIEKTOD-
SMUTTED U I0CJIE0BATEILHOCTh BBIBOJOB. JIMOMHBIN CUMBOJI IIOKa3bIBAETCA B IIPABUJIBHON IOJISIP-
Hoctu. Bropas crpoka mokasbiBaeT Kodddunment yeunerus [ win hF'E n TOK, Ipu KOTOPOM IIpH
KOTOPOM 3TOT KO3 durimenT onpejieset. Ecin ucmob3yercs cxeMa n3MepeHns ¢ 00IUM SMUTTEPOM
Juist onpejienienus: hF'E| 1o Tectep oTobpas3uT ToK KosutekTopa I c. Ecu ncrob3yercs o01mmit KoJLaek-
TOp JJIsI ompeeaeHust KodhuimenTa ycuiaeHus, To Oyaer moka3an ToK smurrepa le. Ciemyromme
rapaMeTpbl BBIBOJIATCS IIOCJIEI0BATEILHO JIPYT 3a JPYIOM BO BTOPO#l CTPOKe I JBYXCTPOUHBIX
jctieeB. Jng quciiieeB ¢ OOJIBITUM KOJTMYECTBOM CTOK CJIEJIYIOIINE TapaMeTpPhbl BHIBOJIATCS JI0 3a-
oJTHEHUs TocsiefHeit crpoku. Ecmu 1j1d BbIBojia Beeit nHoOpMaIii CTPOK JUCILIes He JTIOCTATOTHO,
TO TOCIeyIomas nHOpMaIsa BBIBOJUTCA B ITOCTEIHEN CTPOKE Upe3 HEKOTOPOe BpeMs WU, PaHb-
e, 1o Haxkatuio kuonku TEST. Ecin nmeercs Oosibllie mapaMeTpoB sl OTOOPayKeHus IeM CTPOK
B JICILIEE, TO CUMBOJI -+ OTOOpaskaeTcs B mocienHeit crpoke. CrieayommuM 0ToOparkaeTcst IOpOroBoe
HanpszKenne 6a3a-sMuTTep. Ec/im BOZMOXKHO M3MEPUTH 0OpATHBIN TOK KOJIJIEKTOPA IPU Pa30MKHY-
Tolt 6a3e Iopp M OOPATHBIN TOK KOJLIEKTOPA IIPU 3aMKHYTBIX BBIBOJIaX 0a3bl U sMuTTepa [opg TO 9TH
3HAYEHHsS TaKkzKe OyayT oToOparkKeHbl. Kciu 3aIuTHBII 10/ yCTaHOBJIEH, ITajeHune Hanpszkenus U f
OyZeT moKa3aHO, Kak MOoCIeaHnil mapamerp. B cxeme ¢ obmuMm smutrTepoM y Tecrepa ecTb TOJIBKO
JIBa BapuaHTa, 9TOObI 3a/1aTh 0a30BbII TOK:

1. Pesucrop na 680 2 orpanunvuBaeT 6a30BbIil TOK MPUOIU3UTETLHO BeTUINHON 6, 1 mA. DToT TOK
CJTUIITKOM BEJIUK JIJIsi MAaJIOMOIIHBIX TPAH3UCTOPOB ¢ OOJIBIIMM 3HAYEHUEM 3, TIOTOMY 9TO Oa3a
Hacheimaercs. [1ocKoIbKY TOK KOJIJIEKTOpa Tak:kKe m3MepsieTcsa depes pesuctop 680 2 To Tok
KOJIJIEKTOPa He MOYKET JIOCTUTHYTH BEJMIUHDI, OIPEIeIgeMoil 60 bIM 3HadenueM [3. Bepcus
nporpaMMHOro obecriedennst oT Markus F. msmepsier moporoBoe HarpsizkeHue 6a3a-3MUTTED 110
sroit cxeme (Uf=...).

2. Pesucrop na 470 kS) orpanmuauBaer 6a30BbIii TOK BeqmauHoi 9,2 pA. Bepcust mporpaMMHOro
obecrevdennst or Markus F. Beraucizer f mo sroit cxeme (hFE =...).

[Iporpammuoe obecriederne Tecrepa uaMepsieT BeJMIUHY [ JOMOJHUTEIBHO II0 CX€Me ¢ OOIIIM
KoJTeKTOpoM. Ha muctiieit BIBoauTCst HanboIbIlnee 3HaYeHe 13 000X METOA0B m3Mepennii. Cxema ¢
OOIUM KOJIJIEKTOPOM MUMEET MPEUMYIIECTBO, T. K. 6a30BbIil TOK yMEHbIIIEH OTPUIIATE/ILHON 00paTHOI
CBSI3BIO, COOTBETCTBYIOIIEH Bemunte 3. B GosbmmHCTBE CitydaeB, 60jee TOTHBIN Pe3yIbTaT n3Mepe-
HUsI, MOYXKET OBIThb JOCTUI'HYT 9THM METOJOM JIJIsi MOIIHBIX TPaH3UCTOPOB ¢ pe3uctopom Ha 680 (2 u
st TpansuctopoB lapiauarrona ¢ pesucropom Ha 470 k€). TToporoBoe HampsizkeHue OGa3a-IMHUTTED
Uf Temepb m3mepsieTcss IpHU TOM K€ CaMOM TOKe, UTO U JJId olpejeseHnsa Beaudnabl . OaHAKO,
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ecau Bbl xoTuTe y3HATH IIOPOrOBOE HAIIPsIzKEHNE 0a3a-IMUTTEP ¢ TOKOM M3MePEeHUsl IPUOJIN3UTETIHHO
6 mA, TO BbI JOJIZKHBI OTKJIIOYUTHb KOJIJIEKTOP U CAeJ/IaTbhb HOBOE U3MEPEHUE. HpI/I 9TOM IIOAKJIIOYCHUI
Ha JINCILIEHl BBIBOJIMTCS TTOPOTrOBOE HampszkeHne Oaza~-svurrep npu Toke 6 mA. Tak xe Ha guctiieit
BBIBOJJUTCSI EMKOCTb B OOpATHOM BKJIFOUeHHH mepexoja (auoia). Konedno, Ber takuMm ke o6pazom
MOZKeTe TIPOAHAIU3UPOBATE Mepexo (o) 6a3a-KoJLIeKToP.

B repmanueBbIxX TpaHsmcTopax m3MepseTcsd oOpaTHBIM TOK KOJUIEKTOPa IPU PA30MKHYTON Oaze
Icpg 1 0OpaTHBIN TOK KOJIJIEKTOPA IPU KOPOTKO3aMKHYTBHIX BBIBOJAX 0Oa3bl u smurrtepa Iogs. O0-
PATHBI TOK KOJJIEKTOPa OTOOparKaeTcs BO BTOPOI CTPOKe MHIMKATOPA Iepell oTobparkenuem (3 B
TedeHne b CeKyH I Win JI0 cienytommero Haxkarus zHa KHonky TEST (tosbko st ATmega328).

[Ipu ox/1axKIeHNN repMaHneBOTr0 TPAH3UCTOPA OOPATHBIN TOK MOYKET YMEHBIIUTHCS.

3.7 WUsmepenune JFET u tpan3ucropos D-MOS

[Tockosbky cTpykrypa tuna JEET cumMmerpudHa, ICTOK M CTOK 9TOI0 TPAH3UCTOPaA HE MOI'YT OBITH
orpejiesieHbl. OOBIMHO OJIUH U3 MAPAMETPOB 3TOr0 TPAH3UCTOPA - TOK TPAH3UCTOPA C 3aTBOPOM, HA
TOM K€ CaMOM YDOBHEe HAIIPSIZKEeHUsI, KaK W UCTOK (3aTBOP COEJMHEH C MCTOKOM). DTOT TOK YACTO
BBIIIE, YeM TOK, KOTOPBIl MOKeT OBITH JIOCTUTHYT B cxeMe m3Mepenusi ¢ pesucropom Ha 680 (2. Ilo
1ol npuamHe pesuctop Ha 680 ) mogKII0UeH K UCTOKY. Takum oOpas3oM, ¢ POCTOM TOKa UCTOKA Ha
3aTBOPE TOJIyYaloT OTPUIATE/IbHOE HAIpszKeHne cMmelienns. Tectep mMoKa3bBAeT TOK UCTOKA B 9TOM
cxeMe U, JOMOJHUTEILHO, HAIIPsizKEeHe CMeIeHnsT 3aTBopa. Takum 06pa3oM, MOTYT ObITh BbIIEIEHbI
pasimaable Mojen. Tpansuctopbl D-MOS (06eHEHHBIT) U3MEPSIFOTCS TEM 7K€ METOJIOM.

3.8 HWzmepenune E-MOS Tpan3mucTopoB

Ber mo/kHBL 3HaTH, 9TO 1711 0borameHubx MOS tpansucropos (P-E-MOS nm N-E-MOS) ¢ masoit
BEJINUNHON EMKOCTH 3aTBODA, M3MEpEHMe MOPOroBOro HampszkeHusi 3atBopa (Vi) saBisercs Gosiee
CJIOKHBIM. BbI MOXKeTe MoJIyuInTh 00J1ee TOTHYIO BEJIMIMHY 9TOTO HAIPSIZKEHUST, €CJIN MO ICOEINHNATE
KOHJIEHCATOP BEJIMYMHON B HECKOJIBKO M F', mapasiieIbHOTO Iepexoy 3aTBop-uctok. I[loporosoe na-
IpsZKeHUEe 3aTBOpa OyIeT M3MePEeHO IIPH TOKe Npubau3uTeabio 3,5 mA misg P-E-MOS u 4 mA nna
N-E-MOS. RDS wn, npasuibaee, Rpgon m3MepsieTcst MeK1y 3aTBOPOM U UCTOKOM IIPUMEPHO 110 5 V/,
9TO, BEPOSITHO, HE caMOe HM3KOe 3HaYeHUe.

3.9 W3mepeHne éMKOCTH KOH/IEHCATOPOB

SHaveHnst EMKOCTH BCET/Ia BBIUUC/ISIETCS U3 MOCTOSTHHOW BPEMEHU 110 TEUIEHUIO OIEePAIINU 3aPsiia KOH-
JIEHCATOpA [Yepe3 BCTPOeHHBIH pe3ucTtop. s HeOOIbIINX KOHIEHCATOPOB MCIOJIB3YIOTCA PE3UCTO-
poI 470 kS) mpu m3MepeHNn BpeMeHM JI0 JOCTHZKEHHUsI TTOPOTOBOTO HaIlpsizKeHusd. [Ipu TecTupoBannm
Goabuux, (10 pF u 6osee) KOHJIEHCATOPOB OTCJIEXKUBAETCS BPEMs IIPU 3apsJIKe MMITYJIbLCAMU C Pe-
sucropamu 680 €2 u BerUucisiercss éMKocTh. CoBceM HeOOJIbINas BeJIUUNHA EMKOCTH MOXKET ObIThb
u3MepeHa ¢ moMoIbio Meroga samplingADC. s ana/m3a uMITyJIbC 3apsIKU TOBTOPSETCS MHOTO
pas, HanpsizkeHne KoHTpoupyercs ¢ BpemenuabiM capurom AIIIT ADC S&H ¢ ncnonb3oBannem TakoB
nporieccopa. st mostHoro npeobpaszosanus AIIIL, ¢ apyroit croponbl HyKHO 1664 TUKIOB IpOIEC-
copa! Jlo 250 snauennit AIIII ompemesisitorcst 1 pacCINTHIBAIOTCS OT KPUBOI HAIPSIXKEHUsT EMKOCTH.
Ecmu dyukmusa samplingADC 6b11a Briouena B Makefile, Bce kongencatopsr 100 pF usmepsitor-
cst MmerogoM samplingADC (capacitor-meter mode [C] ). Ilpu takroBoit wactore 16 M Hz MOXKHO
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oyiyauTh TouHOCTH 710 0,01 pF'. Ilporecc KaJuOPOBKY HYJIEBOI EMKOCTHU MPEJICTABIISET COOO 0CO-
oyto npobsemy. Meroy onpenenenus émroctu samplingADC npumenen Bcerjia, koryga Bl Bujgnte
pesyabrar udMepenus émkoct B pF. Mexay mpodnM, éMKOCTb EPEX00B OT/IEIbHBIX JINO/IOB MO-
JKeT OBITh U3MEpEeHa C MOMOIIBIO TOro MeToa. [0CKOIbKY MeTo/ MOXKET U3MEPATh EMKOCTh U IIPU
3apsJIKe U PHU pa3psjike, JIBa 3HAUCHUS U3MEPEeHn 6MKOCTH 0TobOparkaroTes. V3-3a pa3Hoit éMKocTn
HAIIPABJIEHUsI TIEPEXOJI0B JIN0JIa, 3HAYCHUS PA3IUIAIOTCS.

3.10 U3mepeHue MHAYKTUBHOCTU

HopwmasbHoe nsmepenne MHIyKTUBHOCTH OCHOBAHO HA M3MEPEHWN TOCTOSHHOI BPEMEHH IIPH POCTE
toka. [Ipesesr obnapyxenus cocranyser okoso 0,01 mH, eciiu conporus/ienne Karymkn uuxke 24 (2.
Jstst GoJibInero conpoTuBIIeHus pasperienne cocraniser Tobko 0, 1 mH . Eciu conporusienue Boiie
2,1 k€2, sTOT MeTO1 He MOXKeT ObITH MCHOJIb30BAH JJId U3MEPeHus UHIyKTUBHOCTH. Pe3ynbraTel ns-
MepeHHil 0TOGPaXKAITCs BO BTOPOIl CTPOKe (COMPOTUBIIEHNE W UHIYKTUBHOCTE). C TOMOIIBIO MeTo/Ia
samplingADC u pe3oHaHCHON 9acTOTHI MOTYT OBITH U3MEPEHDbI KATYIIKKA ¢ OOJIBITUMHU 3HATCHUSIMU
unIyKTuBHOCTU. Ecin addekT obHapykeH, n3MepeHHoe 3HaYeHne YacTOThl U JJ0OpoTHOCTH ( 0TOO-
pazKaeTcs JIONOJIHUTENILHO B CTPOKE 3.

Metoy1, u3Mepenusi pe30HAHCHONW YaCTOTON MOXKeT ObITh MCIOJIb30BAH JIIsd OIpe/Ie/eHIsT 3Hade-
HUS UHYKTUBHOCTHU, €CJU JIOCTATOYHO OOJIBIION KOHJIEHCATODP € M3BECTHONW EMKOCTBIO MOJIKJ/IIOYEH
napaJuieJIbHO MaJsIoil nHyKTuBHOCTH (<2 mH).

[Ipu mapaJsiieIbHOM MOJKIIOYEHNN K M3MEPSeMOil MHIYKTUBHOCTH KOHJIEHCATOPA HMCIOJIb3yeTCsI
METO/I PE30HAHCHON YaCTOThI, MHIYKTUBHOCTbh HOPMAJIbHOIO M3MEPEHHS B 3TOM CJlydae He 0ToOpa-
JKAeTCsd, a 3HAYEHUE COIPOTHBJIEHUs OTOOparkaercs B cTpoke 1. [list aTOro pesonaHcHOro KOHTYypa
JIOOPOTHOCTH () TaKXKe BBIYHC/SIETCA U €€ 3HAYEHNe 0TOOparkaeTcs 3a 3HaYeHUEM YacTOThI, B CTPO-
Ke 3. DTOT TUI U3MEPEHUs WHIyKTUBHOCTH MOXKHO OIIPEJIEJTUTD 10 MIE€PBOIi MO3UIUU B CTPOKE 2, 3a
KOTOPBIM CJIeJlyeT TeKCT « if » u jjajiee 3HadeHue mperoaraeMoil, mapasieibHO MOIKII0UeHHO,
€MKOCTH.

Snadenue EMKOCTH 9TOT'O MapPAJLIEIbHOTO KOH/JICHCATOPA, B HACTOLIIEE BPeMs, MOXKET ObITH 3a/1aH0
TOJIBKO €MKOCTBIO KOHJICHCATOPA, KOTOPBI OBbLI MCIIOJIH30BAH BO BpPEMs IPOBEJEHUA KAJIUOPOBKU
(1—F3 10 — 30nF(L)).

st muciiieeB ¢ JIByMsi CTPOYKAME, KOHTEHT JIJIsi TPETbEH CTPOKH MOKA3bIBAETCS C BPEMEHHOMN
3a/IePKKOIt B CTPOKe 2.
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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.

[Ipu npaBuIbHOM BBIOOPE YCTAHOBOK, MOE IPOTpaMMHOE ODecIiedeHre 3allyCKaeTcsl Ha HeJaopa-
boTaHHBIX ammaparHbix cpegcTtBax or Markus F. Ber momkaer ycranosute PARTNO=MS, n HE
ycranapauBath o NO  AREF CAP u PULLUP _DISABLE. TakrToBast qacToTra MOMXKeT TakiKe
ObITh ycTanoByeHa 8 M Hz ¢ dbio3aMu, yKa3bIBAIOIMMEI, 9TO KBapI| He TpeOyeTcs!

s koudurypuposanus mporpammuoro obecrieuenne Barero Tectepa JOCTYIHBI clieTyIoriue
omruu, onpeaeneraabie B Makefile.

PARTNO OmucsiBaer 1e1eB0it MUKPOKOHTPOJLIED:
m8 = ATmegal8
m168 or m168p = ATmegal68
m328 or m328p = ATmega328
m644 or m644p = ATmega644
m1284p = ATmegal284
m1280 = Atmegal280
m2560 = ATmega2560
[Ipumep: PARTNO = m168

WITH MENU Axtusupyerca menio Bbioopa dbynknuit g ATmega328. Ber cmoxkere BEIOpaTh
HEKOTOPbIE JIONOJIHATEIbHbIe (DYHKIMN paboThl TpUbopa U3 MEHIO npH JiuTeasHoM (> 0,5 s)
naxkatun kaonku TEST.

[Tpumep: CFLAGS += -DWITH MENU
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WITH ROTARY SWITCH Hcnonb3osanue HOBOPOTHOIO HHKPEMEHTAILHOIO 3HKOJIepa B Ka-
9ecTBe OMIUU Jjisi OBICTPOrO JOCTYIa B MEHIO JIONOJHUTEIbHBIX (DYHKIWA (CMOTpHUTE Onuca-
HUE B pasjiesie YIydIlleHnsI U paciiupenus K npubopy). Eciam kommdecTBo MUKIOB Ie-
pPeKJTIIoueHns] KOHTAKTOB, 3a KaKJblil oOopoT Barrero snkojepa, COOTBETCTBYET KOJUYECTBY
dukcupoBannbix nozuiuii, Ber qoskuel yeranosuth 3naderne WITH ROTARY SWITCH=2
win 3. Ecyin mosiHblil UK 1mepek/iiodenusi Tpedyer MoBOPOTa SHKOJEpa Ha JiBe (PUKCUPOBaH-
uble nozurun, To ommmio WITH ROTARY SWITCH nyxno ycranoButh =1. YcranoBka OII-
mun WITH ROTARY SWITCH pasnoit 5 BbIOMpaeT MaKCHMAJBLHOE Pa3perieHus SHKOIe-
pa. Kaxkaprii ks mepeksodeHnsl B IBYX KaHaJaX JaeT 4 pe3yibTara COCTOSHUS CUETIH-
KoB. OOBIYHO 3TOT IMapaMeTrp I0JIe3eH TOJIBKO JJIs SHKOJAePOB 6e3 (bukcanun. 3HavYeHne ONIIN
WITH ROTARY SWITCH pasnoit 4 HEOOX0IUMO, €CJIM YyCTAHOBJICHO JBE OTIAE/IbHBIE KHOII-
ku «BBepx» u «Buuz» BMecro snkojiepa. He ucnosn3yiite 3navenue 4 eciin y Bac ycranosien
SHKO/IED!

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

CHANGE ROTARY DIRECTION Omnnus 1mo3sojgeT IPOrpaMMHO U3MEHUTH HallpaBJICHUE
neukenns: Kypcopa mpu moopore sukojepa. Ommus CHANGE ROTARY DIRECTION pas-
HO3HAYHA (DUBMIECKOIT ITepecTaHOBKe BBIBOJIOB KAHAJIOB SHKO/IEDA.

Tpumep: CFLAGS += -DCHANGE ROTARY DIRECTION

ROTARY 2 PIN=PD2 Onmus nosposgeT IporpaMMHO H3MEHATH HasHadenne mopta PD1. JIyq-
1ee perrenne Jijisi MOJKJII0YeHUsT MHKPEeMeHTaIbHOro sHKoiepa 31o opT PD1 u PD3. Tak kak
nepBbIil MpoeKT ucrnosb3oa PD2 Bmecro PD1, To BepuyThes K ctapomy Bapuanty Ber Mmoke-
Te, iepeorpeieinB PD1 u ycTaHOBUB CJie Iy oIy 0 OIIII0 HacTpoiiku o ymordannio: CEFLAGS
+=-DROTARY 2 PIN=PD2. Jlna Broporo KanaJa 3HKOJepa MOXKHO HUCIOJb30BATH JII0OO
cBoboaHbIi IopT PD ykazas ero nomep.

[Ipumep: CFLAGS += - DROTARY 2 PIN=PD2

Ul LANGUAGE Onpenensder BRIOpaHHBIN A3BIK
B macrosiiee BpemMs JOCTYITHBI:

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. Pycckwuit nan ykpaunnckuii 3ok Tpedyer LCD-aucrteit ¢ kupunimte-
CKOM KOJIMPOBKOW.

[Tpumep: Ul LANGUAGE = LANG _RUSSIAN

LCD CYRILLIC Heo6xomuma, st HekoTopbix LOCD-mauciieeB ¢ KOJIUPOBKOM 11T €BPOIERCKIAX
I KUPUJLIUIECKUX A3bIKOB. CUMBOJIBI 14 1 §) OTCYTCTBYIOT B X KojimpoBKe. Eciu Bol BeiOpasn
9TY OMINIO, TO 00a cuMBoOJIa oTobpaxKatoTcea Ha LCD-muciiee mporpaMMHO.

Ipumep: CFLAGS +~= -DLCD_CYRILLIC

LCD DOGM Jomxna ObITh ycTanosjena, eciau npumenserca LCD-mucnureit ¢ konTposiepom
ST7036 (tun DOG-M). Konrpacraocts LCD-nuciiiest yeranaBimBatoT KOMaHIAME IPOIPAMM-
HOTO obecrievenusi. Kcjn 3HaveHne KOHTPAaCTa W3MEHEHO He KOPPEKTHO W Ha JIUCILIee HUIEro
HE BHUJIHO, TO BBI MOXKeTe TOMBITATHCS €10 OTPEry/INPOBATE P ITPOCMOTPE JIUCILIEST 1101 00Th-
muM yriaoMm. Ecim u 970 He permuiio mpobsemy, TO HaJo mepenucaTh comep:knmoe EEPROM
upu nomortnu ISP mporpammaropa.

[Tpumep: CFLAGS += -DLCD_DOGM
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FOUR_ LINE LCD IIpexycmarpusaer ycranosky cumsosbHoro 4x20 LCD aia 6osee petasn-
HOI'O OTOOpazKeHus JIONOJTHUTEIbHON nndopmanmu. /g rpadudeckux KOHTposuiepoB 128x64
YCTaHOBKA 9TOH OmIuu He o0s3aTe/bHa, TaK KakK JjIsd HUX WH(MOPMAIMSA BBIBOJUTCS BCET/Ia B
YeTbIpe CTPOKHU.

IIpumep: CFLAGS += -DFOUR_LINE_LCD

DD RAM OFFSET HexoTopble CHMBOIBHbIE UCILIEN HCIOIL3YT0T pasimansie DD-RAM crap-
TOBBIE aJIpeca I Hadaa KaxK1o# crpoku. OObrano jyis ctpokn 1 Hadaabubiit agpec DD-RAM
0. Hekoropsie jauctuten, sanpumep TC1604 uim TC1602 ucnosb3yor 128 (0x80) s Hauasa
CTPOKH 1. DTa oI MOXKET Pa3peluTh TaKyio MpodIeMy.

Ipuvep: CFLAGS += -DDD_RAM_OFFSET — 128

LCD LINE LENGTH=20 3ajaeT KoJI49ecTBO CUMBOJIOB, BLIBOJIMMBIX B OJIHY CTPOKY JI/Isl OTO0-
paxkenus na LCD. Cienyer 3amMeTuTnb, 9T0 715 TpadpuiecKux HHINKATOPOB 128x64 BBIBOIUTCS
16 cuMBOJIOB B CTPOKY. DTOT mapaMeTp UTHOPUPYETCs ISl TAKUX WHIMKATOPOB.

Tpmiep: CFLAGS += -DLCD LINE LENGTH=20

DPAGE MODE Ilpu npumenenun nnpukaropa 4x20 LCD unu rpacduteckoro naukaropa 128x64
TOYEK, TIO3BOJISIET M3MEHUTD CI0CO0 BBIOOPA IMyHKTOB MEHIO: HEIOABUKHBIN KYypCOP B TPEThei
CTPOKE C MepeMernieHrneM IIYHKTOB MEHIO WJIU [TePEeMeNnaeMbIil Kypcop 0 MyHKTaX MEHIO.

[Ipumep: CFLAGS += -DPAGE MODE

WITH LCD_ ST7565 DTta onmus J0/KHa yCTAaHABIUBATLCA IIPH HCIOIL30BAHAN T'padbuIecKo-
ro 128x64 Touek LCD ¢ xorTpomzepom ST7565, KOTOPBI#A MOJKIIOYEH IO MTOC/IEI0BATETHHOMY
untepdeiicy SPI wiu I2C. g sToro Tuna IucILies JOJKHb ObITh yCTAHOBJICHbI JOMOIHUTE b-
HbIE [IapaMeTpbl, KoTopble yKaszanbl B Tab/mre [4.1] IIpu ucnosnbszoanun kourposuiepa ST7565
Bo1l n0/KHBI yCTaHOBUTH 3HAYEHHME 3TOTO napamerpa 1 mim 7565. Bbl Tak:ke MOxKeTe MCIOJIb-
30BaTh coBMecTUMbI KOHTpOsLep SSD1306 Bmecto korTposutepa ST7565. DTo 10KHO OBITH
crenano mytem ycranoBku repemennoit WITH LCD _ ST7565 = 1306. IlojnepxkuBaercs jumc-
et ¢ Kourpostepom PCF8812 unn PCF8814, ecyin orust ycTaHOBJIEHA MTPABUIBHO. Takike
MOXKeT OBbITh HOJKJIOUEH Juciuieir ¢ kourposaepom ST7920 wium ST7108. g KoHTposIepa
ST7108 HyKHO HCIOJIB30BATH IOCJIEI0BATEILHO-TIAPAJLIEIbHBIN Tpeobpas3oBaTe/ib HHTEPdhETi-
cos T4HC(T)164 nmm 7T4HC(T)595.

[Ipumep: WITH LCD_ST7565 = 1

LCD INTERFACE MODE /s kontposepa SSD1306 Bo3MOKHO HCIIO/IB30BaHNe HHTEPdeii-
ca I?C ¢ ampecom 0x3c BMecTo 4-mposognoro SPI mmrepdeiica. [l MCIOMB30BaHAS TaKOIl
BosmozkHOCTH, 3HadeHne mapamerpa LCD INTERFACE MODE ycranosure paabiM 2. [irst
koHTpoJLtepa ST7920, py TMOAK/IIOYEHUH 10 CIIEUATBHOMY MOCIeI0BATEIbHOMY HHTEpdEiicy,
9TOT MapaMeTp JOJKEeH OBITh YCTaHOBJIEH PaBHBIM b. Bce BO3MOXKHBIE, HA TEKYIUIl MOMEHT,

suadenust LCD _INTERFACE MODE u WITH LCD_ST7565 ykazausl B Tabsuie
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Tun nucnes

| Urepdeiic | WITH_LCD_ST7565 | LCD_INTERFACE_MODE |

CHMBOJIbHBIN 16X2, 4-Bit parallel [TapameTp [Tapamerp orkiouéH (1)
CUMBOJIbHBIN 20x4 4-Bit SPI orkiouéH (0) 4
1?C 2
rpaduyaeckuii ST7565 4-Bit SPI 1 mm 7565 [Tapamerp oTkiIOUEH (4)
rpadugecknit ST7565 I°C 1 mm 7565 2
rpaduueckunit SSD1306 | 4-Bit SPI 1306 [Tapamerp oTk/IOUEH (4)
rpadudecknit SSD1306 I°C 1306 2
rpacduaecknit ST7920 | 4-Bit parallel 7920 [Tapamerp orkirouéH (1)
rpadpugecknit ST7920 2-Bit serial 7920 5
rpacduaecknit ST7108 | 8-Bit parallel 7108 [Tapamerp oTkir0OuéH (6)
mun KS0108 + T4HCT164
rpaduyeckuii PCF8812 SPI 8812 [Tapamerp oTk/IOUEH (4)
rpaduuecknii PCF8814 SPI 8814 [Tapamerp oTk/IOUEH (4)
12C 8814 2
3-TIPOBOJTHOT 8814 3
rpaduueckuii 1L19163 4-Bit SPI 9163 [Tapamerp oTk/IOU€H (4)
128x128 Color
rpaduueckuii ST7735 4-Bit SPI 7735 [Tapamerp oTk/rOuEH (4)
128x160 Color

Ta6smmna 4.1. Hacrpoiika naTepdeiica MoK II09aeMOro JIUCILIes

B rabmmrie 3navenne Kojia B CKOOKaxX yKa3aHo Jjid CIIPABKHU U MCIIOJIB3YETCsA BHYTPHUIIPOTPAMM-
uo. Ilo sToMy, mapameTp, 3HaUeHNE KOTOPOTO YKA3aHO B CKOOKAX, MPU UCIOJIb30BAHUU TAKOTO
IUCILIEd JOJIZKeH OBITH OTKJIIOUEH B makefile.

[Ipumep: CFLAGS += -DLCD_INTERFACE MODE=2
LCD_SPI_OPEN _COL C ommueit LCD_SPI_OPEN_COL yposens curnasna ganasix SPI mmn-

tepdeiica He gocTuraer HerocpeacrBeHHo ypoBHa VCC. Huskmit ypoBeHb curnaJia paBeH ypoB-
uio GND, a BblcOKMiT ypoBeHb OrpaHUYEH HUCIOJIB30BAHUEM <IIOJITATUBAIONINX» PE3ZUCTOPOB
ATmega. Ecyin otmiust PULLUP _ DISABLE ycranosena, To TpedyeTcst BHEITHUN Pe3UCTOP J1JTst
curaana RESET. /g npyrux curaajioB BHyTpeHHUE «IOATsATUBatommes pesuctopbl ATmega

ucnosp3ytored, gaxe ecan oy PULLUP  DISABLE ycranosiena.
[Ipumep: CFLAG += -DLCD_SPI _OPEN _COL

LCD I2C_ ADDR Agpec ans xorrposutepa SSD1306 npu noaxmouennn no unrepdeiicy 12C .
Ber Mmoxkere BbIOpaTh jaBa BapuanTa: 0x3c ecsm BbBOj KoHTposiepa D/C nogkmoden k GND
n 0x3d ecsim k VCC.
[Tpumep: CFLAGS += -DLCD I12C_ ADDR=0x3d

LCD_ ST7565 RESISTOR RATIO 9ta onnus 1no3sojsger BbIOMPaTh COOTHOMIEHHE PE3UCTO-
POB, JIJIs BHYTPEHHETrO PEery/saTopa HampsizkeHus KouTposuiepa ST7565. Ha nmpakTuke oObItaHO
otH 3HadeHud ot 4 g0 7. Bo3amoxkna ycranoka 3nadenunit ot 0 10 7.

Tpumep: LCD_ST7565 RESISTOR _RATIO — 4

LCD ST7565 H FLIP Dta onnus 1no3soJisder 1nepesepHyTh BbisojguMoe Ha LCD usobpazkenue
1o ropuzoHTa M. Bo3moxkubie 3nadenusd: 0 - 6e3 moBopoTta; 1 - ¢ IEPEBOPOTOM.

[Ipumep: CFLAGS += -DLCD_ST7565 H FLIP =1
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LCD ST7565 H OFFSET TopusonTaibHOe a/ipecHoe IPOCTPAHCTBO KOHTpoJLIepa (132) 60/1b-
e gem BuuMast obmacte LCD (128). B 3aBucumoctn 0T KOHCTPYKTUBHO 0OCOOEHHOCTH MOJLY-
JId, JIJIsl IPaBUJIBHOTO OTOOPaXKeHUsI, MOXKET ITOHaI00UThCs 3a/1aTh 3Hadenus 0, 2 mim 4.

[Ipumep: CFLAGS += -DLCD_ST7565 H OFFSET =4

LCD ST7565 V FLIP Sta omua mo3posseT nepesepHyTh BeiBoguMoe Ha LCD m3obpazkenme
o Beprukasn. 3uadenne () - 6e3 mepeBopoTa, 1 - ¢ IepeBOPOTOM M300PaKEHUSI 110 BEPTUKAJIN.

[Ipumep: CFLAGS += -DLCD_ST7565 V_FLIP =1

VOLUME VALUE J[lnsa kourposnepos ST7565 nmm SSD1306 MozkHO IepeonpeemTs 3HadeHne
kouTpactaoctu. g kouTpostepa ST7565 3uadenue mokHO ObITH Mexk Ty 0 m 63. s Kon-

tposiepa SSD1306 3nadenue HyKHO BbIOpaTh oT 0 10 255.
[Tpumep: CFLAGS += -DVOLUME VALUE = 25

LCD_ ST7565 Y START C stoit onmueit Ber MozkeTe yCTaHOBHTD HEPBYIO CTPOKY IPABIJILHO,
T.e. BBepxy sKpana. [lepBast cTpoka B HEKOTOPBIX BEPCUSX JIUCILIEEB CMEIEeHa K cepeiHe BU-
Jumoit obactu. [yt Takoro BapuanTa JucILIesi, BbI MOXKeTe CMEeCTHTD IIePBOIO CTPOKY K BEPXY
BUJIUMO# 00JIACTH, €CJIU OIS yeTaHOBIeHA 32 (IOJIOBUHA BBICOTHI BHIUMON 00JIACTH).

Ipumep: CFLAGS += -DLCD_ST7565_Y START = 32

LCD CHANGE COLOR 93ta onnus pacumpseT (DyHKIUA MEHIO U II03BOJIAeT U3MEHUTD IIBET
dona u et BoIBOAMMON nHpoOpMaun. Kcin 3HatMeHne yCTaHOBIEHO PABHBIM 2, TO 1[BETa CUHUI
U KPACHBII MEHSIIOTCsT MecTaMi. BbI MOKeTe BBIOpATH 9TY OIINIO TOJIHKO JIJIsT IIBETHBIX JIMCILIEEB
(kouTposutep ST7735 win 1LI9163).
[Tpumep: CFLAGS += -DLCD _CHANGE COLOR=1

LCD BG COLOR 3anas 16-6uTtnoe 3nadenye, MOKHO BLIOpaTh 1BeT ¢dona. Kax mpasnio, crap-
e 5 OUTOB UCIIOB3YIOTCS JIJIT KPACHOTO 1IBETa, cpeiHne 6 OUTOB MCIOJIB3YIOTCS JIJIsi 3€JIEHOTO
[BeTa, a MJJIme b OUTOB UCIOJIB3YIOTCA JIJIsi CHHero mBera. MHorma OUTHI Jjisi KPACHOIO U
CHHEI'O IIB€Ta MEHAIOTCA MeCTaMMu. BBI MOZKETEe BbI6paTb 9TY OIIIHIO TOJIBKO JJifd IBETHBLIX JIUC-

wieeB (korTposutep ST7735 nim 1LI19163).
[Ipumep: CFLAGS += -DLCD_BG_ COLOR=0x000f

LCD FG COLOR 9tum 16-6urHbIM 3HaUeHHEM BbI MOXKeTe BBIOPATDH IIBET BHIBOAUMOI MHMOP-
Manuu. B rpuBegeHHOM IpuMepe — OeJiblil IBeT JJjIsi TeKCTa U CUMBOJIOB. Bbl MoKeTe BeIOpaTh

9TY OIIMIO TOJBKO JIJIs IBETHBIX JuciuieeB (KorTposutep ST7735 wiu 1L19163).
[Ipumep: CFLAGS += -DLCD_FG _COLOR=0xffff

FONT 8X16 Brl g0/zKHBI BRIOpaTh pasmep mpudTa Jjisd rpaduaeckoro KoHTpoJuiepa. JocTymHb
cJietytorue pasMepbl cuMBosioB mpudTos ¢ umeneM «FONT  » u3 HukenepeducieHHbIX (111-
puna X BbicoTa). Pasmepsr 6X8, 8X8, 7X12, 8X12, 8X14, 8X15, 8X15thin, 8X16 u 16X16thin
ceitaac joctynabl. [Hpudter 8x16 u 8x16thin nambosiee acdekTuBHO UCHOIB3YIOT rpadute-

CKO€ TIPOCTPAHCTBO Juciuies 128x64 rmukcesis.
[Ipumep: CFLAGS += -DFONT _8X16

CFLAGS += -DBIG TP Omnusa no3posger He3HAYIUTEILHO YBEIUIUTH NPT HOMEPOB BBIBO-
o TII wa rpaduueckoMm n3006parKeHUN.
[Ipumep: CFLAGS += -DBIG_TP

CFLAGS += -DINVERSE TP Onnus nosposiger BLIBECTH HOMePa BBIBOJOB Ha I'PadUIecKOM
n300pakeHnn NHBEPCHO - «depHoe Ha Oemomy. Vcnonb3osanne onmun INVERSE TP aBroma-
tuaecku orkodaet onmuio BIG TP, nmockosbKy Tpebyercs MecTo i 00paMIeHus .

[Ipumep: CFLAGS += -DINVERSE TP
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STRIP GRID BOARD O3ra omnmusa 103B0JIgET U3MEHUTh Ha3HAYeHUs BBIBOJIOB mopTa D s
MOJIKJIFOUeHusI Juciies. bosee mogapobHoe onucanue Bbl MoxkeTe HaliTH B OIMCAHUM allllapaT-
HBIX CPEJICTB TJIaBbI Ha crpanure [9 Bbl Takke Moxere BBIOpaTh AJIbTEPHATHBHOE IO/I-
kJtodenne BbiBosIoB ATmega k rpadudeckomy unaukaropy. Jas kuraiickoro kiaona «T5» Ber
noskubl yeranoBuTh 3Hadenne STRIP - GRID BOARD=5. [Ipu anprepHaTUBHOM HA3HAYCHHIH
KOHTAKTOB Jijisi T'padudeckoro juciies nojakaodenne KHonkn TEST octaercst Hem3MeHHbBIM.

Ipumep: CFLAGS += -DSTRIP _GRID BOARD

WITH SELFTEST Eciu Bel Beibupaere a1y onmuio, IporpaMMmuoe obecredenue OyJeT BKJIIO-
yaTh QYHKIWIO camoauardoctuku. Camonuarsoctuka OyieT Hadara, eci Bbl coequmHuTe BCe
3 WCHBITATE/IBHBIX ITOPTA BMeCTe «IepeMbrakoity u Haxkmere KHONKY TEST. Eciu dyuxmnus
BBIOpAHA, 3aIlyCKaeTcst TOJIbKO KaanopoBka. Camonmaraoctuka T1 - T7 Bo3MoKHA TOJIBKO IpH
BBIOOpE (DYHKITUU U3 JOMOJTHATEIHHOIO MEHIO.

[Ipumep: CFLAGS += -DWITH SELFTEST

NO TEST T1 T7 Dta onmusa OTKMOYaeT BeIIONHeHne dynkmumit camopnarsoctukn T1 - T7.
OTU TECTbl CAMOJIMArHOCTUKHU TIOJIE3HBI JIJId OOHAPYKEHUsT OITUOOK B allllapaTHLIX CPEJICTBAX,
HaIpuMep, HEIPABUJIBHOI'O U3MEPEHHs COIPOTUBICHUN WIu IpodeMbl ¢ usosimeit. Ecim Bor
yBEPEHbI, YTO 000pYJI0BaHUE HMCIPABHO, TO JIJII YCKOPEHHUs KaJMOPOBKM BbI MOXKeTe poIry-
ctuth camojuarsoctuky 1'1 - T'7, ycranosus 31y omruio. [Ipu BKToYennoit omrun tector 11
- T7 caMOIMarHOCTHKM 3aIlyCKAlOTCsT TOJBKO W3 JIOTOJHUTENIBHOrO MeHio «Selftest». Ecmm c
MUKpOKOHTposTepoM ATmegal68 ncmonb3yores oba meroma mamepenns hFE, to dymkmmn
camojmarsoctuku T'1 - T7 mporryckatoTess aBTOMATHIECKH.

[Ipumep: CFLAGS += -DNO_TEST T1 T7

SHORT UNCAL MSG Ecmu Tectep He 0TKaIMOpoBaH, TO 0TOOpazKaeTcs coobIIeHne /s 1Ipo-
1IeCCcOpoB, 10 KpaitHeit mepe, 32 K dimn-namMaT. 9To HAIIOMUHAHUE ¢ KPATKUM OITHUCAHUEM,
KaK TecTep MOXKeT OBbITh OTKAJIMOPOBaH. DTO OIHMCaHUE He OTOOpazKaeTcs, ecu Bbl ycrano-
sute omruio SHORT UNCAL MSG B Makefile. C soit omrueit, Tectep orobparkaeT TOJIHKO
KpaTKoe HAITOMUHAHWE, COCTOATIEe U3 OJTHOM CTPOKU. DTO YMEHbBITaeT TpedyeMblit 00beM (a1
aMATH, & TaK:Ke BpeMs IOoKa3a JJIA M0JIb30BaTeIell, KOTOphle yKe 3HAIOT, KaK OCYIIECTBUTD
KaJITOPOBKY TecTepa.

Tpmvep: CFLAGS += -DSHORT UNCAL MSG

WITH _SamplingADC C »sroit omueit, Tectep ucnosnnsyer meron guckpernsarmn AL mpn
olpejie/IeHHbIX m3Mepennsx. Vcmnonbsyercs Bpems juckperusanuu ATl ¢ marom 1, 4 minm
16 TakTOB IpoIeccopa JJjisi TMOBTOPAIOIINXCA CUTHAJIOB U OBICTpbIe M3MEHEHUs HAIPSyKEeHU
MOT'YT OBITh OTCJIE2KEHBI. Bpems 3apsjKu MaJleHbKuUX KoHjeHcaTopos Huke 100 pF' moxker
KOHTPOJIMpoBaThest ¢ paspemtenunem 0,01 pF npm TakToBOil dactore mporeccopa 16 M Hz. C
MIOMOIIIBIO MTapaJIIeIbHO TOIK/II0UEHHOI0 KOHJIEHCATOpa, 110 pe3oHaHcHo# yactore LC-KoHTYpa,
MOXKET OBITH OIpeesieHa HHIYKTUBHOCTh MaJeHbKIX KaTyiiek Huxke 2 mH. Ecin éMKocThb 1a-
PpaJljieJIbHOI'O KOHJCHCaTOPa M3BECTHA, MHAYKTUBHOCTL KaTYHIKK MO2KET 6I:>ITI) paccduTaHa C
BBICOKO TOYHOCTBIO, UCXO/Jd U3 peSOHaHCHOﬁ JaCTOTHI. B KadecTBe IOIIOJIHEHUA, IIO 3Ha4e-
HUIO PE30HAHCHON YacTOTHI, MOYKeT ObITH OIleHeHa JOOPOTHOCTD () KOHTypa. DTy OCOOEHHOCTH
MOKHO BKJIIOIUTD ycTanoBkoit o WITH —SamplingADC. [1pu kamubpoBKe JIOTOTHITETHHO
u3MepsieTCsi HyJIeBble 3HAYeHUs EMKOCTHU /I METO/a JIUCKPETU3aIui, U TOC/Ie 9TOr0 U3Mepsi-
eTcs 3HaveHne EMKOCTH yCTaHABINBAEMOro KoHjencaropa s LOC-KOHTypa 1pu orpejie/ieHun
NHAYKTUBHOCTU HEeU3BECTHOI KaTYIIKH.

[Ipumep: WITH _SamplingADC = 1

WITH XTAL Ecmn dynkmua SamplingADC skiodena u B Tectepe ycranossen 16 M H z ksapit
(OP_MHZ = 16), To 9Ta onmus mo3BoJIsieT TeCTUPOBATH KBAPIIbI U PE30HATOPbL. Ecii BO3MOK-
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HO, TO OIPEAEIAITCS YaCTOThI JIJIsd CXEM C MapaJljleIbHBIM U IIOCJIeJOBATE/IbHBIM PE30HAHCOM,
a Takxke napamerp C), — 9KBUBaJIEHTHAs] EMKOCTb MEXaHUIECKON KOJ1e0aTeIbHOM CUCTEMBI Pe-
30HATOPA.

[Ipumep: CFLAGS += -DWITH XTAL

WITH UJT Drta onmumsa 103BOJIFAET HPOBOJUTEL JONOTHUTETBHEIC TECTBI IS OJIHOIEPEXOHBIX
Tpar3ucTopoB. Eem dyuknus SamplingADC Britodena, Tectep mbITaeTCs MOCTPOUTH MeHepar-
TOp ¢ TectupyeMbiM Tpansuctopom. Tun UJT obnapy:xusaercst u 6e3 dpyukimun SamplingADC,
o 6e3 onmuu WITH UJT opnonepexo/ible TpaH3UCTOPDI ONPEIEIAIOTC KaK JIBONHOM JTUO/T.
[Ipumep: CFLAGS += -DWITH UJT

WITH PUT Dra onmus mo3BoJisieT MPOBONTE JOMOJTHUTEIbHBIN TECT MPOrPAMMEIPYEMBIX OJTHO-
nepexoubix Tpanzuctopos (PUT). Bes sroro napamerpa PUT o6bruno onpesensiercss kak Ou-
MOJIAPHBIN TPAH3UCTOP.

[Tpumep: CFLAGS += -DWITH PUT

FREQUENCY 50HZ Curnan 50 't 6yer renepupoBaThCsi Ha BBIBOJAX HUCIIBITATETbHBIX 1OP-
TOB 2 U 3 B TEYCHUU OJIHOW MUHYTHI B KOHIIE CAMOJIUATHOCTHKH. DTa OIIMA JIOJKHA OBITH
YCTAHOBJIEHA TOJILKO JII OCOOBIX CJIYYaeB - MIPOBEPKU (DYHKIMH 3a/I€PIKKU.

[Ipumep: CFLAGS += -DFREQUENCY _50HZ
NO COMMON COLLECTOR_HFE 3ta ommusa oTkmodaeT MeTo n3mepenns hFE tpansn-

CTOPOB TIO cxeMe ¢ obmuM KoJitekTopoM. [To ymordanuio BKIIOYeHb 00a MeTo/1a JIJIsT H3MepeHUsT
hFE, Ho B mamsitu mporpamMmm MukpokouTposiiepa ATmegal68 we xBataer mecta Jijist (DyHKIUN
camomarsoctuku. C 1MoMoIbio 3Toi onmun Bel MoxkeTe 0CBOOOAUTD MaMsITh MUKPOKOHTPOJI-

sepa ATmegal68 misa dyrkiumit camoanaraocrukn T1-T7.
[Ipumep: CFLAGS += -DNO_COMMON COLLECTOR_HFE

NO COMMON EMITTER HFE 9ta onmus orkmodaer meros ndmeperus hFE rpansucro-
poB 1O cxeme ¢ obmmM 3MuTTepoM. [lo yMoadannio BKIIOUEHBI 006a MeTOJa JJIsi U3MEePeHHs
hFE, Ho B mamMsiTi mporpamMmm MukpokorTposiepa ATmegal68 ne xBaTaer mecra 11t GyHKITAN
camoauarsoctuku. C IMOMOIIBIO 9Toi o Bbl MoxKeTe 0CBOOOIUTD HAMSITh MUKPOKOHTPOJI-

sepa ATmegal68 s dyuxnmit camornporepku T1-T7.
[Ipumep: CFLAGS += -DNO_COMMON _ EMITTER HFE

AUTO _CAL B nponenype caMoJuarHoCTUKu OyJieT JOIOJHUTEIbHO U3MEPEHO CMelleHHe HyJlsd
Ipu U3MepeHnn EMKOCTH. JlonmoTHUTETbHO OY/IyT NU3MEPEHBI CMEIeHIe aHAIOTOBOIO KOMIIapa-
topa (REF _C KORR) u (REF_R_ KORR) nanpsizkenne cmernenusi BHYTPEHHETO OMOPHO-
r'o HAIPsIZKEHUs, ecjin Bbl MOIK/II0UNTEe Ka4eCTBEeHHBIN KOHJIEHCATOD € BEJIMYUHON EMKOCTH OT
100 nF' o 20 puF' K BBIBOJIAM HMCHBITATEIbHBIX MMOPTOB 1 1 3 TOC/Ie M3MEPEHUsT CMEIeHns HY-
JIsl IpU W3MepeHnn éMKocTH. Bce HalifleHHbIe BemvInHbI OyayT 3anncansl B EEprom u OymyT
UCTIOJIb30BATHCS ISl JAJbBHEHINNX U3MEPEHH aBTOMATUYICCKNA. 3HAYEHUS BBIXOIHOTO COIIPO-
THUBJIEHUS [TOPTa OYIYT OMPEIe/IAThLCA B HAUaje KaxKJI0Io M3MePEeHMUs.

[Tpumep: CFLAGS += -DAUTO _CAL

WITH AUTO REF Onnus nossosder aBTOMaTHIECKN CYUTHIBATL OIIOPHOE HAIPSZKEeHHe, ITO-
6bI OJTyInTh (baKTUIeCKUit KOIDMUIMEHT, JIsi U3MEPEHNsT MAJIbIX BEJININH EMKOCTeil (HizKe
40 pk).
[Ipumep: CFLAGS += -DWITH AUTO_REF

REF C KORR Ormpenensier cMmelierne Jjisi OTIOPHOTO HAIPsizKeHUs B mV/ . DTa ONnnus mpuMe-
HSIE€TCsI JIIsI KOPPEKIUK BEJIMIUHBI éMKOCTH IIPU U3MEPEHNH HeOOJIBIINX EMKOCTel KOHJIeHCa-

topoB. Benuunna koppekiun 10 MyHKTOB TOHUXKAET Pe3yJIbTaT U3MEPEHUs HMPUOJIU3UTE b
o na 1%. Ecmu onmus AUTO CAL seibupaercs Bmecte ¢ omuavmu WITH SELFTEST,
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REF C_ KORR 1o Bestmumna cmerienus Oy/JeT paBHa pa3sHUIE U3MEPEHHOI'O HAIPSKEHUsT Te-
CTUPYEMOI'0 KOHJICHCATOPa M BHYTPEHHEr'O OMOPHOTO HAIIPSIZKEHUS.

ITpumep: CFLAGS += -DREF C_ KORR=12

REF L KORR Ompejenser JonogHuTeIbHOE CMelienne B mV K ONOPHOMY HAIPSZKEHHIO IPU
m3mepenus Besmmanabl nHaykTuHOCTH. CMmererne REF L KORR u coorBercrByformias Be-
JITYMHA CMEIeHUs MPU KaJuOPOBKe OyJeT JIOMOJTHUTEIHLHO UCIOIb30BATHCA ITPU U3MEPEHUH
unaykrusHoctu. 3uHadenne REF L. KORR Oymer Bbrareno s m3amepenusi 6e3 pe3ucTopa
680 2 u mobasseno npu uaMepenun ¢ pesucropoM 680 (2. Bennunna koppekiun B 10 myHKTOB
U3MeHsIeT pe3y/IbTaT U3MepeHus npuom3uTe b0 Ha 1%.

Tpmvep: CFLAGS += -DREF_L_KORR=70

C H KORR Orpejenser Beuauny KOPPEKIUU IIPU U3MEPEHUH OOJILINNX EMKOCTEl. Y BeJindenue
3HaveHus Iapamerpa Ha 10 IyHKTOB IIOHMKAaeT pe3yJbrar u3Mepenus Ha 1%.

[Ipumep: CFLAGS +=-DC_H KORR=10

WITH UART Onnus nosposiger ucnojibzosarh nopt PC3 s mocieoBaTe/IbHOTO BLIBOJIA, JIaH-
HBIX (poTokosi V24). Ecsm omrus He BhiGpana, mopt PC3 Moxker MCIOIB30BATHCS Il U3-
MepeHusT BHelrHero Hampsizkerus ¢ gequrenaem 10:1. C momosauTebHON cxemoit Ber moxkere
[IPOBEPUTH HAIIPsI?KEHUE 1TPOD0sT CTAOMINTPOHOB, OoJibinee, ueM 4,5 V. D10 uaMepenue moBTo-
pseTcsd ¢ 9acToToi 3 pasa B ceKyHJy, moka Bol e ornycrute knonky TEST.

[Tpumep: CFLAGS += -DWITH UART

TQFP_ ADC6 Ommua TQFP_ADC6 onpeensgeT BO3MOXKHOCTD HCIOJIL30BAHISA aHAJIOTOBOTO BXO-
na ADC6 ATmega B kopryce TQFP uin QFN Bmecro ADC3 (PC3). C 310ii onmueil BOSMOXKHO
U3MEpEHNe BHEIIHEro HalpsKeHus, He3aBUCUMO oT ucnosb3oBanus PC3 B kauecrse UART.
ADC6 BxO UCTIOIB3YETCS JJIsT U3MEePEeHns CTabMIMTPOHOB UJIM BHEITHETO HAIIPSI?KEHUsT B 3aBH-
CUMOCTH OT BbIOOpa u3 nuajorororo Mento B ATmega328.

[Ipumep: CFLAGS += -DTQFP_ADC6

TQFP _ADC?7 Ommua TQFP_ ADC7 onpenenser BO3MOXKHOCTD HCIO/IL30BAHHS aHAJIOIOBOIO BXO-
1a ADC7 ATmega B kopryce TQFP niun QFN Bmecro PC3 (ADC3). C s10ii ommumeit BOSMOXKHO
n3MepeHre BHEITHEro HalpsizKeHusI, He3aBucuMo oT ucnosib3oBanus PC3 B kagectBe UART.
Ecnu sta onmusa ucnosnssyercs 6e3 ommun TQFP  ADC6, 1o usmepenne cTabUIUTPOHOB U
BHEITHErO HAIPSKEHUs ITPOU3BOJIUTCS C UCIIOJIB30BAHUEM BXOJIHOTO aHaJioroBoro mopra ADCT
pu BeIOOpPe U3 jionoyiHuTebHOr0 MeHio B ATmega3d28. Kciu onrust ycraHOBIeHA COBMECTHO C
TQFP _ADCG6, To m3mepenne crabunntporos goctynao Ha ADC6, a BHEITHUX HAIIPsiKeHUH Ha
oberx mopTax B 3aBUCHMOCTH OT BbIOOpa u3 jonoaauTebHoro Mernio ATmega3d28. O6a BXOTHBIX
noprta ADC 1o/KHBI OBITE 060PYI0OBAHBI pe3uCTUBHBIME JeuTesaavu 10:1.

ITpumep: CFLAGS += -DTQFP _ADC7

WITH VEXT PaspemaeT u3MepaTh BHeITHee HalPszKeHHe ¢ UCIOJIb30BaHieM PE3UCTUBHOIO Jle-
qaurens 10:1. Ecau we Boibpana ommus TQFP  ADC6 wm TQFP  ADCT7 i ATmegal68
wim ATmega328, To mopr PC3 ucnonb3yercs s m3MepeHusi BHEITHETO Halpsizkenns. Oriust
WITH_ UART, B 3TOM citydae, T07KHA OBITH OTKJ/IFOUYEHA.

[Ipumep: CFLAGS += -DWITH VEXT

RMETER WITH L upu sribope 3Toil onnuu B pexkKuMe IUKIMYECKUX U3MEPeHuil colpoTus-
sennit pesuctopoB B TP1 u TP3 MoxkHO n3MepsaTh U MHIYKTUBHOCTH. TaKOW PeKUM PadOThI
orobpaxkaercs cumBojiamu [RL| B konre nepsoit crpoku mucrutes. [Ipu BKIrOUeHU™ 9TOT0, J10-
MOJTHUTEILHOTO, TeCTa WH/YKTHUBHOCTUA BPEMs M3MEPEHUs] COINPOTUBJIEHUN DPE3NCTOPOB HUKE
2100 2 yBenuuuBaercs. Tak ke pe3uctop menbiie 10 () He MOXKeT ObITH MU3MEPEH METOJIOM
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ESR 6e3 sroit omiun, Tak KaK HEeT JAHHBIX UTO WHIYKTHBHOCTH HE IMOJIK/IIOYUEHA, a M3-3a TOrOo,
9TO B MeTojie u3Mepenus KSR ucrnomb3yroTes KOpOTKME MMITY/IbChI TOKA, WHIYKTUBHOCTH HE
MOXKeT OBITh m3MepeHa. Comporusierue pesucropa Menbine 10 €2 u3mepsieTcss TOIBKO ¢ pa3pe-
menuem 0.1 €2 6e3 910l onmum, Tak Kak TOJIBKO MeTos m3Mmepenns KSR crocoben obecrieanTnb
paspererne 0.01 €. IIpu ycraHoBke 9Toit onnuu Bee MpeAbIIyIIe OTPAHUICHIS He BIUMIOT Ha
pe3yJIbTaT, HO BPeMsi TeCTa YBEJIUINBACTCH.

[Tpumep: CFLAGS += -DRMETER_WITH L

CAP EMPTY LEVEL O9ra onnus onpejiesisgeT ypOBEeHb HAIPAKEHUA JJIsl Pa3PAZKEeHHOT0 KOH-
nencaropa (B mV'). Bbl Moxkere ycraHOBUTH 3HauYeHue ypoBHs Bbiie 3 mV | ecau Tecrep e
yCIIEBAET pa3psizKaTh KOHJIEHCATOP. DTO MPOUCXOIUT B Caydae, ecim lTectep 3aKaHINBaET W3-
MepeHnne 3a boJiee JauTeabHoe BpeMs ¢ coobmennem «Cell!s.

[Tpumep: CFLAGS += -DCAP_EMPTY LEVEL=3

AUTOSCALE ADC IlosBonser apToMaTndecKn IepekaodaTs onopaoe cmemenne AT nmm x
VCC nmn x Bayrpennemy MOH. Bayrpennuit UOH 2,56 V' st ATmega8 u 1,1 V' st ocraib-
HbIX MUKPOKOHTPOJLIepoB ATmega. JIng ATmega8 aBromMaTndeckoe mepeKroIeHne OOPHOTo
HAIPS?KEHUST HE UCIIOJIb3YIOTCS.

Tpmvep: CFLAGS += -DAUTOSCALE ADC

REF R KORR Omnpezenger cmemmenne jijisg BHyTpenHero onopHoro nanpszxkenns AT B mV.
D10 cMmerienne yantbiBaercs npu nepeksodennn ¢ VCC 6azosoro ALl va BayTpennnit MOH
ATIIT u MoxkeT OBITH MCIOJB30BAHO IPHU M3MEpPEHUN pe3ucTopoB. Ecim Bbl BbIOEpeTe ommmio
AUTO CAL B pexxume caMOIHArHOCTHKH, 3TO 3HAYEHUE OYIeT JIOMOJHUTEIHHON BeTMIHHON
K Haifjgennomy Hamnpskernto cmermenus B omnrun AUTO CAL.

[Ipumep: CFLAGS += -DREF R KORR=10

ESR ZERO Omnpesenger cMmemenue HyJis IPH U3MEPeHUH MaJjIbx conpoTusienuii u ESR. Cwmernre-
HUEe HyJIsl JIJTsl JIIOOBIX KOMOUWHAIMIT T€CTOBBIX BBIBOJIOB OIPEIE/ISETCS B PEXKUME CaMOInarHo-
CTUKU W 3aMEHSIET TIPEIyCTAHOBIEHHOE CMEIeHNe Hy/Isl. JTa BeJIndnHa Oy/IeT BhIUTeHa U3 BCEeX
n3Mmepenuii conporusenuit 10 10 0 m ESR.

[Ipumep: CFLAGS += -DESR_ZERO=29

NO AREF CAP Coobmaer mporpaMMHOMY obecriedennio, 9to y Bac mer konmencaropa (100 nk'),
ycranosjensoro Ha BbiBojie AREF (BbiBog 21). D10 1m03BOJISIET COKPATUTH 3a€PIKKY st
AUTOSCALE ADC upu nepexodenun na jpyroit UOH. Kongencarop wa 1 nF' ne BHOCHT
UCKazKeHuil B pe3y/braThl u3mepenuii. Ha pucynke u [OKA3aHO BPeMsl IIEePEKIIIOYCHUs]
¢ KoujiencaTopom Ha 1 nF'. Bel MOKeTe BUJIeTh, UTO Hepekaodenne oT 5 V' o 1,1 V' namuoro
MeJIJIeHHee, YeM Tepekodenne Hasal, or 1,1 V 10 5 V. Ecim y Bac ycranoBiien KoHjieHCATOD
Ha 100 nF', Bpems mepekJodenust Oymer jgosbine B 100 pas!

[Tpumep: CFLAGS += -DNO_AREF CAP

OP MHZ Coobmaer nporpaMmHoMy obecliedeHunIo, Ha Kakoil gacrore B M Hz Oyner dbyHKImo-
uupoBaTh Bamn Tecrep. [Iporpammuoe obecrievuenue mposepeno toibko va 1 M Hz, 8 M Hz u,
JortosiHUTeIbHO, Ha 16 M Hz. 8 M H z peKoMeH IyeTcs JIjisl JIydIlIero pasperieHus IIpu u3Mepe-
HUU éMKOCTU U WH/IYKTUBHOCTH.

[Ipumep: OP _ MHZ = 8

RESTART DELAY TICS Ecmm ATmegal68 mm ATmega328 mcHoib3yIoTes ¢ BHYTPEHHIM
RC-reneparopom BMecTo KBapIia, TO BEJIUINHA YCTAHOBKY J0JIKHA ObITH 6. Ecn 1o 3HavueHmne
He ycraHoBjeHo, To upu Bbixoje n3 SLEEP MODE ATmega ¢ kBapieMm, mporpaMMHoe obeciie-
YeHHe OTCUUTBIBaeT 33/iepKKy B 16384 TakTa.

Ipumep: CFLAGS += -DRESTART DELAY TICS=6
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USE EEPROM Ormmus 1mo3BoJisieT UCHOJIB30BaTh JJjis pa3Melienns (hUKCUPOBAHHOIO TEKCTa U
tabsmi, namaTh EEprom. B mporuBHOM ciydae HCHOJIb3yeTcs MporpaMMHas rmamMatb Flash.
Pekomenryercst ncrob3oBarh maMsiTh EEprom (ommumst yeraHoBieHa).

[Ipumep: CFLAGS += -DUSE_ EEPROM

EBC STYLE Omnmnus 3ajaceT cTHIb 0TOOPasKeHNs Pe3yJIbTATOB IIPH OIIpe/Ie/ICHNH Ha3HAUCHUS BhI-
BOJI0B v1eMeHTOB. K aktupHa ommusg CFLAGS += -DEBC__STYLE To nadopmarust o pac-
IIOJIOYKEHUN BBIBOJIOB TPAH3UCTOPa Oy/IeT 0ToOparKaThCsl OTHOCHTEIHLHO HAa3HAUEHUS BBIBOJIOB,
nanpumep: «EBC=231» wm «EBC =312». Oumusa suyga CFLAGS += -DEBC_STYLE=321
[I03BOJISIET 3aKPEIUTH BBIBOJ, NH(MOPMAIMH OTHOCUTE/IHLHO 0OPATHOTO PACIIOJIOKEHIS TECTOBBIX
moproB B npubope, HanpuMmep: «321=BCE» nm «321=EBC». Eciu 311 onmun He aKTUBHBI, TO
dopmar BbIBojIa OyJsieT 6a3UpPOBATHCA OTHOCUTEIBHO TECTOBBIX BBLIBOJOB B TOpsJiKe «123=...»
nampumep: «123=BCE» mm «123=EBC>».

[Ipumep: CFLAGS += -DEBC_STYLE

NO NANO Omupenenser, 910 JecATHIHAST TPUCTABKa «Nano» He OyJIeT NCIIOIb30BATHCA IPU 0TO0-
parkKeHn! U3MEPEHHBIX Pe3y/IbTATOB. JHAUEHUs oToOpayKaoTced B (LF BMecTOo nk'.

[Tpumep: CFLAGS += NO_NANO

NO LONG PINLAYOUT mnossosisier u3bexkarh JJIMHHOIO CTHJIsSI OTOOparKeHUs Ha3HaYeHUsd
BbIBOIOB « Pin 1=E 2=B 3=C». Ecam onmuga ycranossieHa, UCIOJb3yeTCd KOPOTKUN CTUIIb
oToOparkeHusl Ha3HadYeHus BBIBOJOB « Pin 123=EBC>».

Ipumep: CFLAGS += NO_LONG_PINLAYOUT

PULLUP _ DISABLE Oupejenser, uto Bl ne nyz/jaerech Bo BHyTPEHHUX IIOJTATUBAIONIIX Pe-
sucropax. Kcim Ber BeiOpasin 31y omruio, 1o y Bac mosken ObITh yCTAHOBJ/IEH BHEITHUI pe-
suctop ¢ BeiBojia PD7 (BeiBox 13) k¥ VCC. D1a onmust mpegoTBpaiiaer BO3MOKHOE BJIHIHIE
HOJTATMBAONINX PE3UCTOPOB HA PE3YJIbTATHI U3MEPEHUil B U3MepUuTebHbIX TopTax (mopt B u
nopr C).

[Ipumep: CFLAGS += -DPULLUP_DISABLE

ANZ MESS 9rta onmus onpejendeT KoamdecTBo cauTannbix sHadennit AT nma soramcienns
cpejiHero 3HavdeHus. Bl MozKeTe BHIOpPATH Jii000e 3HadeHne Mexk 1y 5 u 200 Jiis mojcyera cpeji-
nero 3Hadennsa oxnoro m3mepenns AIIIL. Bosee BbicoKme 3HaUEHUST TAI0T OOJIBITYIO0 TOYHOCTD,
HO yBeJIUYIuBaloT Bpems uaMepenus. Qo cpejnee 3Hadenne usmepennit ALl co sHaueHuem

44 TpebyeT TPUOIUIUTEIHLHO D MS.
[Tpumep: CFLAGS += -DANZ MESS=55

POWER OFF Ora ommnus BKmovaeT GyHKINIO aBTOMATHICCKOrO BBIKIIOYEeHN IMTaHusd. Hem
Bl He ycranoBuTe 3Ty OINIUIO, H3MEPEHUs OyIyT T OECKOHETHO, TIOKa He Oy/IeT OTKII0UeHO
nutanue npudopa. Ecim y Bac Tecrep 6e3 cxembl OTKJ/IIOUEHUsI TUTaHUsA, TO Bbl MoxkeTe He
BeiOpaTh POWER OFF. Eciu Bor ne ycranoswim ommuio POWER  OFF mia npubopa ¢
aBTO OTKJIOUeHueM, 7o TecTep MOXKHO BBIK/IIOYUTHL U3 MEHIO BbIOOpA (DYHKIIMIT ITPU aKTUBH-
supoBannoit onmuun WITH MENU. Ber MoxkeTe TakzKe OIPeIenTh, T0C/Ie CKOJIBKAX U3Mepe-
Huil 6e3 ompejiesieHnst smeMeHTa Tecrep BBIKTIOUNTCs. TecTep TakzKe OTK/IIOUUT IMTUTAHUE [TOCIIE
B/IBO€ OOJIBINETO YNCJIa W3MEPEHUH, C/IeJJaHHBIX IOCJIEI0OBATEILHO 0e3 HeyIaBINerocs MOMCKa
3JIEMEHTa. DTO TO3BOJIAET N30eKaTh ITOJTHOTO pa3psjia daTapen, ecyi Bbl 3a0bLIH OTCOETUHITH
TectupyeMbiii aement. Boibop omnpenensiercst kak CFLAGS += -DPOWER_OFF=5 a1 5
[I0CJIE/IOBATEIbHBIX U3MEpEeHuil Oe3 orpeiesieHus vieMeHTa. Tectep TakKe BBIKJIIOUUTCS [TOCTIe
10 u3mepenuii ¢ onpejiesienneM jieMenTa. Ecm jmobas mocaeoBaTeIbHOCTh U3MEpPEHnii OyaeT
IpepBaHa JIPYTUM THUIIOM, TO M3MEpPEHUs MPOJIOKATCs. Pe3yabrar u3Meperus oToOparKaeTcs
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Ha JIUCILIee B TedeHne 28 CeKyHJI JIJisi OJJHOKPATHOTO M3MEpPEeHUs, sl MHOIOKPATHOTO U3Mepe-
HUsI BpeMsi 0TOOpayKeHnsi yMeHbIeHo 110 5 cexyn/ (Beibop B config.h). Ecsm kwonka TEST
Haxkara OoJiee JJTUTEILHOE BPEMs, TO BPeMdA OTOOParKeHus i MHOTOKPATHOTO H3MEpPEHUs
takzke 28 cekyn. Makcumanbuoe snadenne 255 (CFLAGS += -DPOWER_ OFF=255).
[Ipumep 1: CFLAGS += -DPOWER_OFF=5

[Ipumep 2: CFLAGS += -DPOWER _OFF

BAT CHECK Ilossoiger nposepaTh HanpsazKenue Oarapen nuTanud. Ecmu Bl ne soibupaere
o1y onmnuio, To Ha LCD-nucmiee BMecTo Hanpsizkenus OyieT 0ToOpaykaThbCsi HOMED BEPCUU TTPO-
rpaMMHOI0 obeclieueHns. JTa OLINs oJe3Ha i Bepcuu Tecrepa, paboTarorieil oT aBTOHOM-
HOI'O UICTOYHHUKa IMTUTaHUA, LITO6bI HaAIIOMHHUTDL O pa3pdae NCTOIYHUKa ITUTaHWA.

Ipumep: CFLAGS += -DBAT_CHECK

BAT OUT IlosBsossier oTobpazkars Hanpszkenne barapen #Ha LCD-nuciiee (ecin BbIOpaHa onus
BAT CHECK). Ecsn B nenm imrasust 9 V' ycraHOBIIEH 1O/, TO JIJIsl IPABUJIBHOTO U3MEPEHMUST
BBIXOJTHOTO 3HAUYEHUsT HEOOXOIMMO yUeCTh HAlpsiyKeHue Tajenns Ha HeMm (B mV'), mis smoro
ucnosib3yiite BAT OUT =600. Tak:ke 5Toit ormueii MOXKHO yIUTHIBATH TAJICHIE HAIPIZKE-
uust #Ha Tpansuctope T3. [loporoswiit ypoBeHb He BUsET HA YPOBHU ITPOBEPKH HAIPSIZKEHUS
(BAT POOR).

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

BAT POOR Ycranoska HHKHET0O ypoBHs HallpszKenus b6arapen, 3aJasaemoro 8 mV . Ecau nnx-
HIIT ypOBEHb cocTaBJisieT OoJibiie ueM 5,3 V', To ypoBeHb Ipeylpek/IeHus O pa3psijie barapen
Ha 0,8 V BbIle, YeM yKa3aHHBII HIKHUI ypoBeHb. Ecim HUKHUN yPOBEHb cOCTaBidgeT 5, 3V
UM MeHee, TO YPOBEHb Ipeynpexkjenns o paspsje Oarapeu na 0,4 V' Bbimre, yem yKasaH-
HbIIl HUKHUN ypoBenb. Kcmn nmkumit yposenb uHuzke 3,25 V', TO ypoBeHb NPEIYIIPEXKJICHUAA O
pa3pse 6arapen Ha 0,2 V' Bbllle, 4eM yKa3aHHBIN HUXKHUI ypPOBEHb. KC/M HUKHUNE YPOBEHD
nmzke 1,3 V', To ypoBenb npeaynpexkjienus o pa3psje 6arapen Ha 0, 1 V' Bbile, 4em yKa3aHHBII
HIZKHIW yPOBEHB. YCTAHOBKA HIUXKHEr0 YPOBHA D, 4 V' He peKOMeHIyeTcs I ITepe3apsarKaeMbIX
9 V' akKyMyJIgaTOPOB, IOTOMY YTO 3TO YBEJIUYNUBAET PUCK MOBPEKIEHUS aKKyMyJIATOPA M3-3a
rirybokoro paszpsaal Eciu Ber xorure ncnosbzoBath 9 V' akKKyMysisiToOp, TO PEKOMEH TyeTCsT UC-
nosb3oBaTh Ready To Use Tum akkymyssiTopa u3-3a 0oJiee HU3KOIO caMopas3psijia.

[Tpumep qyist low drop regulator (5,4 V'): CFLAGS += -DBAT POOR=5400
[Tpumep st 7805 type regulator (6,4 V'): CFLAGS += -DBAT POOR=6400

DC PWR Vposenb nanpszKenus B mV W3MepPeHHOrO IIPH TecTe HalpsaxKenud nmTanus Tecte-
pa, Bhime Koroporo ycranaBiaubaerca pexxuMm «DC  Pwr Mode». Obwsraro Tectep pabortaer
oT Garapeu W NpPHU STOM BCe JIONOJHUTE/bHbIE (DYHKIIUU OTPAHUYCHBI BO BpeMeHH. B pexku-
Me «DC_ Pwr Mode», npejanonaraercs, aro Tecrep paboTaeT oT BHENIHEro OJIOKa ITUTAHUSI,
[I0O3TOMY JIONOJTHUTEIbHbIE (DYHKIINNA padboTaioT 0e3 orpanuvenus 1o Bpemenu. [loromy dro
DC-DC mnpeobpaszoBaresib He paboTaeT IpH BXOmHOM HampsikeHun menbine 0.9 V. pexxum
«DC_Pwr Mode» Takzke ycTaHAB/IMBAETCs, €CJIM OOHAPYKEHO HAIPsKEHNEe MUTaHWs Oara-
pen mHzke 0.9 V.

[Tpumep: CFLAGS += -DDC_PWR=9500

INHIBIT SLEEP MODE 3anpemaer ncnonbsosanue SLEEP _MODE. O6prano nporpammmoe
obecniegenue ucrosibzyer SLEEP  MODE a5 60stee qymurenbaoit pabotsr. Vcmosib3oBanne 910-
ro crocoba JIeHCTBUTE/ILHO SKOHOMUT 3aps/i 6HaTaper, HO CO3/IaeT JIOMOJHUTETLHYI0 HATPY3KY
JUUTsT CTaOUT3aTOpA HAITPSI?KEHUSI.

[Tpumep: INHIBIT SLEEP MODE = 1 (ausa Bepcuit 10 290)
[Tpumep: INHIBIT SLEEP MODE = 0 (st Bepcun 291 u BbiIie)
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PROGRAMMER VYka3bBaer THII IpOrpaMMaTOpa Jijisd IporpamMmmuoro narepdeiica avrdude. IIpa-
BUJIbHBII BBIOOP 9TOM OIIUU HEOOXouM, eciu Bbl ncnosib3yere Komanry «make uploads mm
«make fuses» sroro Makefile. 3a monosiauTeIEHON MHMOpPMaIHEit 0OpaTUTECh, MOXKATIYHCTa, K
ormcanuto avrdude u onnaiin — jgokymenrtarnun [12].

[Tpumep: PROGRAMMER=avrisp2

BitClock Bwibupaer wactory cuaxponuzanun s nporpammaropa. Cum. onmcanme -B mapamerpa

nma avrdude.
[Ipumep: BitClock=5.0

PORT Bwibpannsiit mopt, 1epe3 KoTopblii Barm mMukpokonTposiep ATmega MoxkeT OBITH JTOCTYTI-
HbIM Jiutd avrdude. 3a jonosHuTEIbHON nHMOPMAIEil 00paTUTECh, TMOXKAJIYICTa, K OIMUCAHIIO

avrdude.
[Tpumep: PORT=usb

RIGOL WAIT [T A D S | B - 1] RIGOL (A= Uy Y 1,26
w -
T v
(13 (13
MHEEEE 1.@GL Time 28.00us D+51.60us CH 1 == Time 50.80ns ©+194.0ns
(a) c5V p01,1V (b)yc1,1V o5V

Puc. 4.1. Ilepexiouenne AREF ¢ émkoctrio 1 nF

JloromuuTeibHBbIE TapaMeTpPhl MOTYT ObITh YCTAHOBJIEHBI B (haitiax transistortester.h u config.h.
Daiin config.h comepkur robambHBIE IEPEMEHHBIE M ONPEJIEIsieT MOPT/KOHTAKT U BEJIUNIMHY DE3H-
CTOpa, KOTOpbIe UCIOIb3yIoTCs st m3mepenusi. Paitn transistortester.h onpepesnser mapaMerpsl st
PA3JIMIHBIX TUIIOB MUKPOKOHTPOJLIEPOB, 3a/ep:kKy u dactory AIIIl. O6brano HET HEOOXOMMMOCTH
U3MEHATH 9TU 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 KadecTBe BbIXOJIa. KarK/Iblil HCIHbITATEeIbHBIN IOPT MOXKET ObITh II€pPEKJII0UeH Ha BBIBOI. 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-
cpegcreerno Kk VCC (mopr C) uin depes pesucrop 680 2 k VCC (ITopr B). Takast 2ke BO3MOKHOCTD
€CTb U JJId OTPpUIATEJIbHOT'O COCTOAHUSA IIPU IMOAKJ/IIOYECHUN HUCIIBITaTE/JIbHOI'O IIOPTa K GND COCTOﬂ—
HI€ HUCIIBITATEIbHOIO 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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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

[}

N7

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
BUBS08A 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 Tabmmre [MOKa3aHbl PE3Y/IbTAThl M3MEPEHUs] HEKOTOPBIX MOJIEBLIX TPAH3UCTOPOB. O THIM
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 MOXKET IIPEBBIINATH BEJIMYNHBI, OIIPEJIEJIEHHON COIPOTUBIIEHNeM Harpy3ku B ctoke JEET
Besimunnoit 680 €2. Harpysounslit pe3uctop remepupyer odpaTHOe HalpsizkeHue Vgs, KOTOpoe TaKiKe
oToOpakaeTcs Ha uHIuKaTope. M3-3a cummerpuynoit Koncrpykiun Tpansucropos JEET, neBozmox-
HO OTJIMYUTH CTOK OT UCTOKA.
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Tpanzucrop Tun Mega8@Q8MHz Megal68 @Q8MHz Mega328 Q8MHz
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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igg "PC2, type 1 —— igig '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 1 Tecrepa orpanudeno 60 M (2, unade Tecrep orpeiesisieT, 4To pe3UCTOp He MOJKI04UeH. B3Be-
IIEHHOE cpejHee uncjio obonx THIIOB M3MepeHus: B3ATO B Ka4eCTBE PE3Y/IbTaTa ¢ TEMU YK€ CAMBIMU
K03 uImeHTaMm, OMMCAaHHBIME J1JTsT u3Mepenuit ¢ pesucropamu 680 (2. st Bcex MEKPOKOHTPOJLIE-
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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af| af| 2| a| 2|« L af| af| 2|l af| 2|
GND
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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Error / Percent

%\ MeéaS—l —
Mega8-2 —¢—

5
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Mega8-3 —x—
31 Mega8orig —
2
1
0
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1 10 100 1k 10k 100k 1M 10M 100M
Resistor value / Ohm

Puc. 5.18. OrHocuresibaas HOrpenHocTsh u3Mepennit peauctopos na ATmega8

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

Puc. 5.19. OrHOCHTEIbHAST TTOTPENTHOCTh M3MEPEHNI PE3UCTOPOB
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1 10 100 1k 10k 100k 1M 10M 100M
Resistor value / Ohm

Puc. 5.20. OrHOCUTEIbHAST TOIPENHOCTL U3MepeHuii pesuctopoB Ha ATmegal68

Pucynok [TOKA3bIBAET IOIPEITHOCTD U3MEPEHU /I TPeX MUKPOKOHTposiepoB ATmegal68
mepej; KaJnOPOBKOH - TOYKAMU, TOCTe KAJUOPOBKHU - JUHUEH. AHaJOrMYHAs MOTPENTHOCTH HU3Me-
penns s Tpex ATmegal68A mokasama Ha pHCYHKe a TIOTPENTHOCTh M3MEPEHUs I TPeX
ATmegal68P nokazana Ha pucynke [5.22] . [Torpermraocts nzmepenus s Tpex ATmega328 mokasana
Ha pUCYHKaX u [5.23b] Tocsie aBTOKAJIMOPOBKY OTHOCHTEILHASI TIOIPEITHOCTD U3MEPEHUs PE3U-
cTopos B puamnasone ot 10 € — 20 M) o6bruno naxoaures B npeaenax =1 %. Toabko onno nsmepenne
pesuctopa 22 k) ¢ ATmega328P-13 nokasbiBaer OoJiee BBICOKYIO MOrperHocTsb. [lepen kaaubpos-
KOI MOrpentHocTh HEKOTOPHIX MUKPOKOHTPOJLIEPOB cocTapisia + 3%. DT0 ObLIO CKOPPEKTHPOBAHO
nepexroderrem ornopbl AIIIT ommueit AUTOSCALE ADC. Ilpsmoe cpaBHeHHe HAIPsizKeHHS Ha
Komnjiencarope urke 1 V', ognokparno uzmepennoro ¢ onopoit VCC, u apyroe oJIHOKpaTHOE U3Mepe-
HUE ¢ BHYTPEHHEHl OIOpOii, MOYXKET IOJICTPOUTH 9Ty MOIPENHOCTh. V3Mepenue HalpsiyKeHUs TPOn3-
BOJITCS TE€M K€ CaAMbIM KAaHAJOM MYJIBTUILIEKCOPA, a BHYTPEHHsIS oropa cBs3aHa ¢ BeiBojgoM AREF
ATmega. K coxajiennto, mpsiMoe U3MepeHre OMOpPhl CO CBOUM KaHAJIOM MYJIBTUILIEKCOPA ITPUBOJINT
K CMEIEHHNI0, KOTOpoe MoxKeT ObITh BpyuHyIio nojcTpoeno ommueit REF R KORR wmu aBromaru-
geckn omrumeit camonpoBepk AUTO CAL. Snavenne REF R _KORR saBisiercs gonoiHUTE IBHBIM
CMeIeHneM K aBTOMATUIeCKH ornpejeénnomy 3uadenuto ¢ omrueir AUTO CAL!
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Puc. 5.21. OrHOCHTEIbHAST TIOTPENTHOCTh M3MEPEHU PE3UCTOPOB
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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 pesyibrare HU3KOTO HAIpsKEHUS 3apsjia U3MEPEHHe ITPOUCXOJUT HAMHOI'O ObICTpee, YeM B
OPUTHHAJILHO BEepCHH TTPOTPAMMHOTO 00eCIeYeHnsl, TIOTOMY YTO 3TO MPEUMYIIECTBO PADOTAET 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
nanpsizkenust. Haunnas ¢ Bepcun nporpammuoro obecriedenust 1.12k, ucrosib3yercss HEKOTOpasi 0CO-
OEHHOCTD JIJId U3MEPEHUs OCTATOYHOIO HAIPSKEHUS KOHJIEHCATOPA Iepe]i N3MEPEHNEM ero éMKOCTH.
B zaBucuMmocTu OT NpebLIyIIEero Tecta KOHJIEHCATOPa, OCTATOYHOE HAIPAXKEHNEe MOXKET ObITh Kak
[OJIOZKUTE/IbHBIM, TaK U OTpunarTebHbiM. OTpHUIATETbHbIE HAIPIKEHUS HEe MOXKET ObITh h3Mepe-
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no AIII. Tlo sroit npuunte, HaNpsi?KeHNE HA OTPHUIATETHHOM KOHTAKTE MOJTSITUBACTCS PE3UCTOPOM
690 2 mpumepno j1o 132 mV, kak nokazano Ha pucyske [5.25| [Ipu paznocru Hanpsizkeruit, n3MepeH-
HBIX Ha 00E€MX CTOPOHAX KOHJIEHCATOPA OCTATOYHOE HAIPIAXKEHNE MOXKET ObITh M3MEpPEHO P JII00O0i
nosigpaOCcTU. Hamnpsrkenne mMojoyKUTeILHONO TECTOBONO KOHTAKTa OCTAETCS TOJIOXKUTETHHBIM B JIIO-

oM ciydae, Jlake ec/ii KOHIEHCAaTOp MMeeT OTPHIATE/]IbHOe OCTATOYHOE HAIPAXKEHHEe HECKOJIbKO
mV.
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Puc. 5.25. lIzmepenne ocTaTOIHOrO HAIPS?KEHUS TIepe]] 3apsI0M KOHJIEHCATOPA

Pucynok MIOKA3bIBAET 3apsJIKy U pa3psaIKy Konjencaropa 229 pF'. Iliockas Bepiuna jna-
rpaMMbI OT KOHIIA 3apsJIKA U J0 HadaJa pa3psa/ KU BbI3BAHA U3MEPEHHEM U BPEMEHEM BbIYUC/IEHU
ATmega. Pucynok [5.26D| nokasbiBaeT Takoe e n3aMepenue KoHjieHcaropa 5 mF. 3amersre, 4T0 BpeMst
U3MepeHNs COCTABUJIO MPUOIU3UTENBHO 1,5 s, BKIoUas paspaaky. [locimeanuit mpumep mokasbiBaeT
n3MepeHne EMKOCTU KoHJeHcaTopa 15 mF' Ha pucynke

T

RIGOL STOF MQVWMM F B 482ml EIGOL STOP F 286ml)
ﬁ w E -
nj k n_/\ - v
[CH 1 tsls] Time 20.86ms o 1.891= [CH 1~ is el Time 208.8m=s D262 . E@ms
(a) 229 pF konmencaTop (b) 5 mF komumeHncarop

Puc. 5.26. Bapsiaka u paspsiika KOHIECHCATOPA OOJIBIION éMKOCTH IS H3MEPEHUsT
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Puc. 5.27. 3apsaka u paspsijika KoHjaeHcaTopa 15 mF s usmepeHust

[Tocie m3mepennsi EMKOCTH KOHJEHCATOpa OyJIeT MPOBEPEH CaMOpa3psl OXKUJIAHUEM ITPOITOPIIU-
OHAJILHO TEPUOJLY, KOTOPBIN ToTpedoBasia 3apsjaka, U CHOBa OYJIET OCYIIECTBJIEHO CUYUTHIBAHUE Ha-
NpsizKeHUs 3apsijia. B3Berennas mogHas éMKOCTh OyJ/IeT CKOPPEKTUPOBAaHA M3-3a TOrO IaJIeHUs Ha-
npsizkeHusi. TecT ¢ mapaJsiie/lbHO TOJAK/IIOUYEHHBIME KOHjeHcaropoM 68 pF' u pesuctopom 2,2 k)
okasbiBaeT 3 HEeKTUBHOCTH 9TOro Merojia. Mzmepennoe 3nauenue émkoctu 6e3 pesucropa 66,5 puk,
¢ mapaJuie/IbHbIM pe3uctopoM 2, 2 k) mamepennoe 3unavdenue émMroctu 66,3 pF'. s cpaBuenusi, pe-
3yJIbTAThl, n3Mepennbie MyjibTuMeTpom PeakTech 3315. Bes pesucropa 3nadenue émkoctu 68,2 pF
¢ TapaJute/IbHbIM pe3uctopoM 2, 2 kS) snadenne émkoctn 192 pF'.

5.3.3 N3mepeHue KOHJIEHCATOPOB MAaJIOil EMKOCTH

Ecim niepsorit, 10 ms, uMIysIbc 3apsiJIKu iepe3apaInl KOHJICHCATOP, UCIOJIB3YeTCs JIPYToil aJrOpuTM
n3Mepenus. Y MUKpoKoHTposepa ATmega ectb BCTpoeHHBIH 16-OMTHBIN CIETINK, KOTOPBI MOXKET
paboraTh Ha TaKTOBOI yacrore MUKpokoHTposuiepa (1 M Hz win 8 M Hz). Y 310ro c4érduka ecthb
TaKKe BO3MOXKHOCTb COXPAHATH IMMOJICUUTAHHOE 3HAYEHUE BHEITHUM CUTHAJIOM. DTOT CUT'HAJ MOXKET
OBITH BBIXOJIOM KoMItapaTopa. Kommaparop moxker paborats ¢ jiobbiM BxogoM AT u 3anpemnieHHoi
30HOI onopbl. Pucynok MTOKA3bIBAET YIIPOIIEHHYIO cxeMy u3Mepenusd. Vtak, s pa3pskaio KOH-
JICHCATOP, MOJIKJ/IIOYAI0 KOMIIAPATOP K COOTBETCTBYIOIIEMY BXO/Y, cOpacbhiBaio cuéT4uuk B 0 U cpasy
HAIMHAIO 3aps/IKy KOHJeHcaTopa, IMoJcoeanuénHoro oguoit croporoit Kk GND a apyroit ctopomoit,
yepe3 pesuctopoM 470 kS2. Teneps s npoBepsiio B Mpejiesiax MeTIu IIPOrPAMMbI [I€PEIIOJIHEHNE CHET-
JYKMKa UM CUTHAJI 3aXBaTa 10 BXOJY (BHEIIHWIT CUrHAJ). 91 cunTaio coObITHS MEepPeIoIHEHNUsT, TIOKa He
OoOHAPY2KUBAIO BXOJHOW CUT'HAJI 3aXBaTa. B 9TOM ciiydae g OCTaHABJ/IMBAIO CYETUUK W ITPOBEPLAIO, He
HY?KHO JIM TTOJICYUTATH JIONOJTHUTEILHOE IIePEIo/IHEHIE, BO3HUKINEE, MTOKa CYETUYNK He OBLIT OCTAHOB-
JIEH BXOJIHBIM CHTHAJIOM 3aXBaTa.

Bxonmoit cuérayuk 3axBaTa U CYETINK MEPENOJHEHUN COBMECTHO OMPEIEIAIOT TOJIHOEe BPeMs, 110
KOTOPOMY MBI MOXKEM PacCCUUTATh (DaKTHIECKYI0 éMKOCTb. IIporpamMmMuoe obeciieuenne UCIOIb3YeT
TabJIUITY ¢ TEOPETHIECKON 3aBUCHMOCTBIO BDEMEHU 3aPSIKN OT HAIIPZKEHUs KOMITapaTopa. Tadbauma
coctaByieHa ¢ maroM 50 mV u Oyser MHTEPIIOJIUpPOBaHa COrVIACHO (PaKTHIECKOMY OIIOPHOMY HAIIPS-
Kennio. dta Tabsmia Oyaer aktuHa ToNbKO ¢ ommmeit WITH AUTO_ REF B Makefile. 13 mo-
JIy9EeHHOW BEJIMYUHBI $ BBIYATAIO IIPEJIONpeeIeHHOe, MMOJIy9YeHHOEe SKCIePUMEHTATbHO, TOCTOSHHOE
3HAYEHUE WM 3HAYEHUe CMeIlleHue HyJsisd, HaflJleHHOe TOoC/IeHeil caMOIPOBEPKON € YCTAHOBJIEHHOM
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ommueit AUTO CAL. Cwmertenne HyJsisi MOYKET MEHSIThCsSI B 3aBUCHMOCTHU OT THIIA, TIEYATHON TIIaTHI,
UCIIOJIB3YEMOTO UCIBITATETLHOTO 000PY/I0BaHUS MM MUKPOKOHTpoJLIepa. CaMoIpoBepKa ¢ yCTaHOB-
sernoit ommeit AUTO  CAL onpenennt cMerierune Hy s aBTOMATHIECKN.

¢l 3ameTw1, 9TO cTaOMIBHOCTD OIIOPHOIO HAIIPSI?KEHIS HECKOJIBKO MaJia, 9TO Bbl MOKeTe BIOPAThH
ommuio REF _C_KORR B Makefile. ITocse kanmubposku ¢ omrueit AUTO _CAL, REF_C_KORR 0y-
JIET CMEIeHNEeM K MU3MEPEHHOI pa3HUIle HAIPSZKEHUN MK Ty 3apsiKeHHBbIM KOHJIEHCATOPOM U BHYT-
penHeit ornopoii. lIamepenHoe omopHoe HampsizkeHne OyieT Tora 1obasieHo K Barremy snadennio (B
mV). Ecim onmma WITH AUTO  REF ne ucnosnbsyercsi, TO IPUMEHEHBI CIIPABOYHBIE HAIIPSIZKe-
mns it ATmega8, ATmegal68 n ATmega328, npuse/ennble B Texandeckux omucanusax [2] u [3].
TuioBoe u3MepeHne 1o ITOMY AJITOPUTMY IIOKa3aHO Ha pucyHke [5.29] Bpemst uzmepenust jyist KOH-
nencaropa 22 pF 6ombiie 2,6 s, moromy uTo i 3apsyiku ucnosibsyercs 470 k€). Ho paspsiaka B

9TOM cJIydae HaMHOI'O ObICTpee, YeM 3apsJiKa.
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Puc. 5.28. Iamepenne mMaJioit EMKOCTH ¢ KOMIIAPATOPOM
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Puc. 5.29. Bapganka n pa3psaka KoHjgeHcaTopa 22 F s n3aMepeHust

B npunmume 3ToT ajaropuTM U3MEpeHns MOXKET TaKzKe OBbITH IpojesaH ¢ pesucropoMm 680 () Ho,
ecau kommaparop paboraer, AILIl He MozKkeT MCIOIB30BATHCS, U Y MEHsI HET BO3MOXKHOCTH KOHTPOJIN-
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poBaTh HalpsZKeHHe 3apsja, I0Ka KOMIIApATOp He OCTaHOBJEeH. Ecim ecTh HeoOHApYrKeHHBIH O/,
HapaJlie/bHO COeIMHEHHBIN ¢ KOHIEHCATOPOM, TOK 3apsKU KOHJIEHCATOPa MOYKET OBbITh HOIJIONIEH
JO/IOM (TIOPOTOBOE HAIPSIZKEHNE), M HALIPSIZKEHIEe 3allPEIeHHON 30HbI HUKOT/Ia He Oy/IeT JOCTUraTh-
ca. MeToj, IpUMeHeHHBIH B IIPOrpaMMHOM obecredeHnd Jis GOJILIINX KOHJIEHCATOPOB B pasiele
He JIOIYCKAeT 9Ty KOHIENTYaJIbHYIO OIMINOKY.

5.3.4 Il3mepeHne 3kBUBaJIeHTHOTO corporuBJienus ESR

DKBUBAJEHTHOE TI0CTIe0BaTebHOe conporuBienne ESR [8] ssagercs, K mpumepy, XOPOIINM WH/H-
KaTOPOM CTapeHUs JIEKTPOTUTHIECKIX KOHJIEHCATOPOB. PucyHOK IIOKa3bIBaeT SKBUBAJIEHTHYIO
cxeMy KoHjeHcaTopa. Pesucrop Rp - compoTupjeHue yTeukn KoHaeHcaTopa, S L - sKBuBajIeHTHAs
[ocJie/IoBaTeIbHast MHAYKTUBHOCTL U FS R mpejcraniisier coboil 9KBUBAJEHTHOE ITOC/IEI0BATEILHOE
COTITPOTUBJIEHHE.

Rp

L

C ESR ESL

Puc. 5.30. DxBuBajeHTHasA cXeMa KOHIEHCATOPA

O6bruHO, 3Havenne KSR nokymenTupyercs iy 9acTorbl ucnbitanusg 100 kH z npu temmeparype
20°C'. Pucynku u HOKa3bIBAIOT 3HadeHns KSR KoHIeHCATOPOB IPOM3BOJACTBA Panasonic
cepuit FC u «low ESR» FR. O6e cepun criocobusr paborars g0 Temrepatypbl 105°C. Ha pucynke
[5.33] npuBesienb! JanHble 06enx cepuil ¢ JgomycTuMbiM pabounm Hanpszkenuem 25 V. Eciu B psie
MMEIOTCsT PA3/IMIHBIE TUIIBI TOH K€ eMKOCTH U JUAIla30Ha HAIPSKEHUS, TO JIJIsl TUArPAMMBbI BHIODAHBI
¢ caMbIM Hu3KUM 3HaderneMm FSR. S3nadenne emkoctt © FS R 971€KTPOIUTHYECKIX KOHIEHCATOPOB
BHAYUTE/ILHO OTJIMYACTCS B 3aBUCUMOCTH OT pabodueil TeMieparyphbl.
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Puc. 5.31. JlokymentupoBanuoe 3uaderue KSR cepun FC Panasonic
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Puc. 5.32. JlokymentupoBantoe 3uadernne ESR cepuun FR Panasonic
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Puc. 5.33. Conocrasnenne snadennit ESR cepuit FC n FR

Her npocroro criocoba nuzmeputs £S R wa gactore 100 kH z ¢ ucnonbzosaruem ATmega, moromy
aro #u AIIIl #He MoxkeT paboTATh HA CTOJIb BBICOKON 9acTOTE BXOHOTO CUTHAJIA, HU CYIIECTBYOMAS
cxeMa He MOXKeT IoJjlepKuBaTh curnasi ¢ dacroroir 100 kH z. Huke onmcaHbl aBa MeTOIa U3Mepe-
nusd E'SR, Koropble BOBMOXKHBI B cyIiecTByIoIeil cxeme. Oba MeToJIa UCIOIL3YIOT MPSIMOYTOJILHBII
CUTHAJI JIJIsi u3Mepenus. Pe3ybraTsl HUKOra HE OY/IyT TAKUMU Ke, KaK IIPU U3MEPEHHBIX CHHYCO-
UJIATbHBIM CUTHAJIOM. B 1iepBoM MeTojie m3MepeHHble 3HAYeHNs OJTM3KN K TeM 3HAYEHUSIM, KOTOPhIe
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poBOJIATCs curnajoM dactoroit 1 kH z. Ho Bropoii criocod nmMeer npenMyInecTBo B TOM, UTO HYJIEBOE
3HAYEHNE MOYKET OBITh OIPEJIEIEHO C 3AKOPOYEHHBIMU TECTOBBIMU ILIONaKaMu. Kpome Toro, m3me-
pennoe 3HadeHne KSR Oojee O1M3Ko K 3HadeHUIo, m3mepennomy curaajgom 10 kHz. B Hacrosmee
BpeMs MHe He U3BECTHO METO/Ia M3MEPEHUsi, KOTOPBIl MOXKeT ompeje/nTh 3uadenne KSR, 6m3koe
K pesyabrary usmepenuns 100 kHz. B rabiaune MOKa3aHa 3aBUCUMOCTHL pe3yiabraTtoB KSR or
u3MmepsieMoii yactorol. Bee konyencaropsl, kpome 47 pF, cepun FC npoussojicrsa Panasonic. Dra-
Jjonnble 3Hadenns usMepennl PeakTech 2170 LCR usmepurenem. Bee pesynbrarer TransistorTester
u3Mepsimnes MerosioM 2 [5.3.6] KonjjercaTopsl 60IbI10it EMKOCTH TPY/IHO U3MEPHUTH € UCIIOJIb30BAHIEM
u3MepuTeabHol yactorsl 100 kH z usz-3a Biaustaus wHAyKTUuBHOCTH (ES L) HA PE3yIbTaThl H3MEpEHHs.

Hoxymenrtamus | 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. 3natuenus KSR pa3indHbix 9/71eKTPOJIUTHIECKIX KOHIEHCATOPOB

5.3.5 N3smepenne ESR, nepsrelii meToI

Ecnu émkocTb n3mepsiemoro Konjiencaropa oyjer 6osbiie, gem 0,45 pF', ro Tecrep Oyner nuzmepsThb
TaKzKe Iocje0BaTeIbHoe conpoTusjienue. [ng 3nadenns 6osbire, yem 3,6 pF' nucrnoab3yercd HOP-
MastbHas TakToBas dactora st AL — 125 kHz. /i 6o5ee HU3KUX 3HAYEHUI EMKOCTH, ITOOBI
YCKOPUTH U3MEPEHNe, UCIOJIb3yeTcs Oojiee BbicOKas TakToBad dactoTa - H00 kH z. TounocTs pesyiib-
tatoB AT 6yzer Boite ¢ GoJiee BBICOKON TAKTOBOW YACTOTOMN, HO 9TO MOXKET MPUBECTH K BBHICOKUM
snavenusaM ESR komnjiencaropon c¢ Oosiee Hu3Koil Bemuannoit éMxoctu. Mnavue msmepenne ESR srum
METOJ/IOM OYIeT HEBO3MOXKHO JIJIsl 3HAYCHU I MeHbIe, 9eM 1, 8 pF npu HopMaJIbHON TAKTOBOW YacToTe
125 kHz.

Crporo roeopst, ESR konmeHcaropa 3aBucuT oT 9acToThl U Temieparypbl. OObITHO B TeXHUIE-
CKUX ONMCAHUSX IIPUBeJIeHa BeJNINHa, I3MepeHHasl Ha CHHYCOnIalbHOM curHaJie dactoroir 100 kH z.
Takoe u3mepenune He MoxkeT ObITH cienano ATmega 6e3 BrerHero obopypoBanus. Onucannas H-
JKe MEeTOJIMKA, OCHOBaHHas Ha CTaHIapTHOI TakToBoil wactore AIIII, mcmonb3yer s usmepeHust
MPAKTUIECKH IIPSIMOYTOJIbHBIN curHas dactoroit Huzke 640 Hz. C takrosoit wacroroit AT 500 kH 2
qacrora u3mepenus Oyger 2400 Hz. Urobsr nmosyants Benauny ESR, Oymer m3smepeno HalpsizKeHue
Ha 000MX BBIBOJIAX KOHJIEHCATOPA BO BPeMs 3apsKU B OJHOM HAIIPABJIEHUN C BHYTPEHHUM OMOPHBIM
nanpsizkennem AIIIT (1,1 V). Tlocie usMeperust TOK 3apsijiKu OyJIeT OTKJIIOUEH, U HAIPsIZKEHUe Ha
KOH/JIEHCATOPE OYJeT m3MepeHo cHoBa 0e3 Toka. Ecim 910 namnpsizkenune nuzke 3 mV', mocjenoBare/ib-
HOCTDb U3Mepenud Oyjier nmosropeHa. Ha pucymnke IIPE/ICTaBJIEHBI COOTBETCTBYIOIINE CXEMBI.
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Voltage measurement without current
Puc. 5.34. Cxema uzmepenus ESR konmencaropa

Paznuiia nanpsizkeHust Ha KOHJIEHCATOPE ¢ TOKOM U €3 TOKa ITPOIOPIIUOHAILHA BHYTPEHHEMY CO-
[IPOTUBJIEHUIO KOHJIeHcaTopa. OxXKujgaeMoe HAIPSKEHUE STOW PA3HUIBI HACTOJBKO MAJIO, ITO OJIHO
U3MepeHne He MOXKET IMPUBECTH K YJIOBJIETBOPUTEILHOMY pe3yiabrary. [losToMy TOK OyJier rmepek/o-
YeH Ha MMPOTUBOIOJJIOXKHOE HalpaBjeHre, U OyJeT MOBTOPEHO TO Ke camoe m3MepeHune. V3mepenns
Oy/IyT MPOBEJIEHBI TTOCTIEI0BATENIbHO 128 pas3, n pe3yIbTaThl U3MEePEHUNl HAIIPSIKEHUA OYIYT CYyMMHU-
poBatbes. Takum obpaszom, y Hac OyyT 3 cyMMbl HalpsizKeHuii: Hanpsizkenue Ulp ¢ HU3KON CTOPOHBI
KOHJIEHCATOpa ¢ TOKOM, Hanpsikerune UAp ¢ BBICOKO# CTOPOHBI KOHJIEHCATOPA C TOKOM U HAITPSAZKEHHE
Uc ¢ BBICOKO# CTOPOHBI KOHJIeHCAaTOpa 0e3 Toka. CyMMa HAIpsiKeHW ¢ HU3KOH CTOPOHBI KOHJIEHCA~
TOpa TpPeJCTaBIAeT cOOOM MajieHre MOTEeHIaMa IPU 3aps/IKe Ha BBIXOJHOM COIMPOTUBJIEHNN TOPTa
Rport. Paznuna nanmpskeHnii ¢ BBICOKOI 1 HU3KOI CTOPOH KOHJIEHCATOPA ITPEJICTaBIsIeT HAITPAKEHIe
na konjiencarope npu 3apsijike Udif f = Uhp—Ulp. Pazuuna Uesr = Udif f —Uc nomkua rnpejicras-
JIATH TaJleHne HAIPS2KeHNs Ha BHYTPEHHEM COITPOTUBJIEHNN KOHJIEHCATOpA IIPU 3apsJiKe. Borauciisem
BEJIMYUHY CONPOTHUBJICHUS KaK OTHOIeHNe HanpszKenud Uesr K nanpsxkenuio Ulp, m3MepeHnomMy npu
MU3BECTHON BeJITMYNHE BBIXOTHOT'O CONPOTHBIIeH: iopTa Rport. KosdduimenT nmpormopnuonabHOCTH
BBIOpaH TaK, 9TOOBI OJIYIUTDh pa3perienue cornporusiennd 0,01 2: Resr = %lfpo” Pucynok 5.35
MIOKA3bIBAET YaCTh KPUBOI HAIIPs2KeHUs Ha KOoHjeHcaTope 4, 2 puF' Bo Bpems uzmepenus ESR. YToObr
nosicHUTD Bingaue ESR, K KoHaeHcaTOopy mobaBjeH mocienoBare/bublil pesuctop 6, 8 ). KpaTkospe-
MEHHOE OTKJ/IIOUeHUE HAIIPSKEHUs MOCTIe 3apsJIKU KOHJIEHCATOPA WHTEPIPETUPYETCS TTPOrPaAMMHBIM
obecrieuenneM, Kak repexos K m3mepennto ESR. Bosbiee natenne nanpsizkeans K nmorennmaay GND
BO BpeMsI M3MEPEHNs BBI3BAHO BBIXOJIHBIM cOIpoTuBiIeHneM nopra okoso 20 2. [Ipu srom nzmepennn
Tecrep BbIBOUT Ha juciuieil nosHyo Beanduny ESR 7,5 (). Beruuras Bem4auny 1oc/ie0BaTeJIbHOrO
pesuctopa 6,8 €2, mosyunm ESR 0,56 (). Ha pucynke |5.36| npejcrapiiena jauarpaMma U3MepeHUsT
9JIEKTPOJTUTUIECKOT0 KOoHIeHcaTopa 2,2 puF ¢ ESR 6,5 () Ha 60j1ee BbICOKOiT 1acTOTe M3MEpPEHUS.
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(a) measured one pin to GND (b) measured pin to pin
Puc. 5.35. KpuBas nanpsizkenust Bo Bpems: uameperuns ESR kongencaropa 4,2 uF
RIGOL STOP i i : ]t @ -1EwU  RIGOL STOF e O : |t @ -13Emy
o T - M
[HEFER  1G6EmL) S Time T8.868us 03 . 5d44m= [EFE]  16GmL! =] Time T8.88us D+3.5%ms
(a) measured one pin to GND (b) measured pin to pin

Puc. 5.36. Kpuas nanpsikenus: Bo Bpemsi uameperuns ESR konjencaropa 2,2 uF

Tounocts n3mepenust ESR He BbICOKa 110 HECKOJIBKUM ITPUYUHAM:

1. lzmepenne HamnpszkeHus: Ha 000X BBIBOJIAX KOHJIEHCATOPA HE MOXKET OBITH CJEJIAHO OJIHOBPE-
MEHHO, & TOJIbKO MOC/Ie0BaTeIbHO. B mpoMexKyTKe MexK 1y 000MMI U3MEPEHUSAME TOK 3aPdA KT
U3MEHdAeTCs U3-3a 3apsijia KoHjaeHcaTopa. IIporpamma mnbiTaeTcss KOMIIEHCHPOBATD 9TOT (haKT
KOppeKIeil EMKOCTH B 3aBUCUMOCTU OT HAIPSKEHUST HUBKOU CTOPOHBI.

2. AIIIl naymraeT U3MepATh HAIIPSKEHUE C 33 /IEPXKKON Ha 1,5 TAKTOBBIX UMITYJ/IbCA C HAYAJIA TIPe-
obpasoBanus. [IpeobpaszoBanne HadnHaercs 1o nepegneMy (Gponty takToBoil dactorbr AL,
eCJIN YCTAHOBJIEH CTapTOBbIN OuT. Ecim Tok 3apsiiku Oymer orkirodeH panbiie, To AIIIT 3a-
dukcupyer HenpaBUILHOE HAIPSAXKEHWE I U3MePeHusd ¢ TOKOM. Kcim Tok 3apgiku Oyjier
OTKJIIOYEH TI032Ke, KOHJICHCATOD MOJIyIUT OOJIBINNN SJIEKTPUICCKUN 3apsJl, 9eM IIPU HaJ|IeyKa-
IeM U3MEPEHUU C TOKOM 3apsiJIKU. DTO JIACT CJUIIKOM BBICOKOE M3MEpPEHHOe Halpsizkenne 6e3
ToKa. BBIKJIIOUenne ToKa B HyKHOe BPEMsl IIPEJICTaBJIsieT TPYIHOCTU JjIs IPOTPaMMHOTO 0bec-
IevYeHus.
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3. B kavecTBe OMOPHOI BEJTMYNHBI /I U3MEPEHUS STUM METOIOM UCIOJIB3YEeTCS BBIXOHOE COIIPO-
TUBJIEHUE TIOPTa, KOTOPOE TOYHO HE U3BECTHO.

4. Pazpemenne AIIIIl vemgoctarouno, 9robbl moyanTh paspertenne conporusienus 0,01 €. s
ayuartero paspemiennst AIIIT jyist Becex usmepenuii ucnosbsyercs: sayrpenauit IOH (1,1 V).
Paszperienne Tak:ke yBeIMUUBACTCA 3a CUET OOJIBINETO YUC/Ia OJUHOYHBIX M3MEPEHUI.

5. Tlepek/ovueHne IOPTOB HE MOXKET ObITh TOYHO CUHXPOHU3MPOBAHO ¢ TaKTOBOI wactoroit AIIII
II0CJIEe OIIPOCa 3aBEPIIEHUS TPe00PA30BAHNUS.

Tem He MeHee, KaK TOKa3aHO Ha CJIEJYIONIEM PUCYHKE [5.37] pe3ybTaThl OKa3bIBAIOTCS ITPAaK-
TuuHbIME. 3HadeHnsa ESR, Toro ke camoro sjgemMenTa, m3MepeHHbIEe TecTepoM, pas3andarorcs 00Jib-
e, ueM Bejimanbbl, u3meperabie LCR-merpom. Suavenus ESR zamepensr LCR merpom Ha wactore
1 kHz wim mHTepHOJIMPOBAHbI JIIs HEOOJIBIIUX KOHJIEHCATOPOB Ha dYacTtory 2,4 kHz. Bbl 10/KHBI
YUIUTHIBATH Ka9eCTBO BCexX coenuHnTeNeil. Vcmomb3yemble KabeslbHbIE COEIMHEHNS] MOTYT YBEJTUIUTD
U3MepEeHHOe 3HAYeHNe COTPOTUBRIIeHNs. Pa3beéMbl TaKKe MOT'YT YBEJIMYUTH 3HAUYEHNE COITPOTUBJIEHNUS.
B LCR~meTpe ucnosnb3yercs 3axkuMbl KeibBruHa, 9TO J1aeT TPEUMYIIECTBO IpU u3MepeHuu. ToabKo
OJINH KOHJIeHCATOP B cepun ucnbiTanmii Huzke 1 pf' ma 500 nF' ObLT KepaMUYECKHM, BCE OCTAJIbHbIE
OBLIH TIJICHOYHBIMU KOHJICHCATOpaMu. FEIMHCTBEHHBIM 3/IEKTPOJIMTUYECKUM KOHJIEHCATOPOM B CEPUU
ucnblTannit HUKe 9 pF ObLT KOHAEHCaTOp HA 2,2 k.

328p [
[] 328 O
6 = 168p N
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5 168 o -
_ ¢ LCR []
S 4
—~
g 3
e -
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) [ — ‘ [@]

0 Ry & —_— A4 ‘ E—{ | i
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Capacity value / F

Puc. 5.37. Pesynbrarer uamepenunit ESR 15-tu pasimansix ATmega

5.3.6 Hsmepenune ESR, BTOpOIT MeTox

Hauunas ¢ Bepcun 1.07k nporpammuoro obeciieuenust, ipuMeneH HOBbII MeTo1 m3mepenns: ESR. TTo-
CJIeIOBATEIbHBIE TIAIY U3MEPEeHns ToKasaHbl Ha pucyHke [0.39) Omimdne or IpeabyIyInero Merojia
B TOM, YTO JIJTUTEJILHOCTb IMPOTEKaHUsI TOKa 4Yepe3 KOHJIEHCATOP CYIIeCTBEHHO Kopode. Komjenca-
TOP NPEJBAPUTEJIBLHO 3apAZKeH ITOJIOBUHOI MMITyJIbCa B OTPUIATE/IbHOM HallpaBJICHAN U IUKJINICCKHI
nepesapszKaeTcs B 000MX HaIlPaBJIEHUIX. BpeMs nMITyJibca 3apsIKi BEIOPAHO TaK, YTO OTCUETHI ITPO-
BOJIAT B CEpeJIMHE UMILYJIbCOB 3apsiJiKu 0TcI6ToB 4 u 8 u cunxponusupyior B 310 Bpemst AIIIT (2.5
TAKTOBBIX UMILYJIbca Tocae Hadasa npeobpasoBarust AIIIT). TlosHbril UK/ n3MepeHus IOKA3aH Ha
pucynke [5.38] Cymma pesyibraTos 255 HUKIIOB U3MEPEHUs CIOIb3YeTCsl JIJIs TOTO, YTOObI IO/ YU Th
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pPe3yJIbTAT ¢ COOTBETCTBYIOMUM paszperienneM. [Ipomokennem 3apsiKi KOHJIEHCATOPA B JTIOOOM Ha-
IpaB/IEHNH U30€raloT Ty 2Ke 3apsaJIKy U PaspsJiKy JINTETbHBIM UMITYJIbCOM B TOI ke cxeme. [Ipm
U3MEPEHUH OMOPHOTO HAIPSAXKEHUsT KOHJEHCATOP OCTaeTcsd 00eCTOYEeHHBIM. TeM caMbIM BpeMs U3Me-
penus He KpuTu4Ho. [Ipeionaraercs ToIbKO, 9TO 3aXBaT HAIIPSAKEHUS KOHJIEHCATOPA ITPOU3BOIUTC
JI0 HAaYaJIa CJIEYIONIEr0 UMITYIbCA 3apSIKA U PA3PIIKH.

Sample3

Sample6

Sample7

Puc. 5.38. Bpemennas jimarpamMmma MuKJjia U3MEpEeHUs I
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Puc. 5.39. Bosee nmpocroe 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 [5.40l 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. 5.40. Kpuas nanpsizkenus npu nHoBom 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 110 8 pus. Pucynok |5.41| 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. 5.41. Kpuag nanpsikerus n3mepernst ESR konmencaropa 2,2 pF 3apsiHbIM UMITYIBCOM 8 (1S

Ha pucynke [5.41] ve Bugro moment msmepenuss ADC. Ha pucynke [5.42] 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. 5.42. Venuuennasi KpuBasi HAIIPsIZKeHUsT Ha KOHAeHCcaTope 2, 2uF npn m3mepennn ESR 3apsii-
HBIM UMILYJIBCOM 815

PesynbraTer uamepennii mo nosomy merojry uamepenusi ESR nokazamnsl na pucynke [5.43, 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. 5.43. Pesynbrarer uamepenns ESR merogom 2 15-10 pasnnaasivu ATmega

Psiy1 u3Mepenuit pa3ImIHbIX 9JIEKTPOIMTUIECKUX KOH/IEHCATOPOB MoKasaH Ha pucyHke [5.44] Bue-
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 KOH/IEHCATOPLI - HOBLIE.
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Puc. 5.44. Pesynbrarer uamepenuiit ESR pazandaHbIx 71€KTPOTMTHYIECKIX KOHJIEHCATOPOB

HoBprit MeTo)1 nu3MepeHnns MOXKeT OBITh MCIIOJIb30BAH JJIsi M3MEPEHUsI PE3NCTOPOB ¢ HU3KUM CO-
nporusenneM. [lorpeninocTn u3mMepenns: HEKOTOPBIX pe3ncTopoB Huzke 10 {2 ¢ TpeMs mpumMepamMu
kaxkgoro tuna ATmega mokasanbl Ha pucyHke |5.45|
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Puc. 5.45. Ilorpemnocts n3mepenus cornporunieans merogom ESR

C mporpammubiM obectiedenrem Bepcun 1.12k jymrebHOCTD MMITYJIbCA 3apsiia KOHICHCATOPA
YMEHBIAETCsT J10 2 1S ISt BO3MOKHOCTH m3Mepenusi KSR koHaeHCcaTOpOB ¢ O0J/Iee HU3KUMU 3HATE-
HusiMI éMKOCTH. Tereps MOXKHO n3MepuTh 3Havdenne ESR g kormgercaropos ot 20 nF'. Ho ommbka
u3MepeHus Oy/ieT PACTH IPU MEHBINNX 3HAUYEHUIX €MKOCTU. [[puianHoit 3Toro aBisieTcs yMeHbIIeHe
nocrogunoit Bpemenu RC-nienouku, koropas Oyjer Tobko 14.4 ps jis 3uadenuss émxoctu 20 nk'.
DTO NpUBEIET K OBICTPOMY U3MEHEHUIO HAIPSIYKEHUsS Ha KOHJEHCATOPE IPU UMITYJIbCE B 2 1S TOKA.
[Iporpammuoe obecriedenne mozkeT BeIOpaTh auckperu3annio ALl Toabpko B oauH TakT mporeccopa.
Ho Bxomnoit ALl nmeer mocrostaHyt0 Bpemeru, npuMmepHo 0.24 ©1s, KOTOpasi MOKeT BapbUPOBATHCS
B 3aBUCUMOCTU OT 3K3eMiuigpa ATmega. DTu Bapuanuu MOCTOSHHON BpeMeHU (DUIBTPA BXOIHOTO
AIII we MoryT 6BITH OTCJIEKEHBI TPOrPpaMMHBIM obectiedernneMm. Bpems Boibopku AL megocTymHO
3a JI0JII0 TIeprojia TaKTOBOM YacToThl. [Ipu OosibiiteM 3HaYeHNE EMKOCTH U3MEPSIeMOT0 KOHJIEHCATOPA
MIOCTOsIHHAS BPpeMeHU OyJIeT PACTU U U3MEHEHUEe HAIPIKEHUsI [IPU UMITYJIbCce TOKa OYIET YMEHbBIATh-
cs. [o sToit npuyanne, m3MeHeHMe TTOCTOAHHON Bpemern ¢uibTpa BxogHoro Al okazsiBaeT MenbImin
addexT npu u3MepeHnn Koujencaropa ¢ dosbieit éMroct. Ha pucynke MMOKA3aHbI PE3Y/IbTATHI
JIJIs HEKOTOPBIX KOHJIEHCATOPOB IIpu n3Mepennu Ha 10 pasymaabix Tecrepax. Ha m3obparkenun ciieBa
- pesyabraTel ESR HEKOTOPBIX KOHjEHCATOPOB UMEIOT OoJiee Bhicokue 3HadeHus ESR. Pesymabrars
JIOBOJTBHO TTOXOKU B cpaBHeHnuu ¢ pedysnbratamu tectepa LCR Peaktech 2170 mpu 10 kHz u upn
100 kH z. Ha pucynke cpaBa Bbl MOKeTe yBUJICTb PE3Y/ILTATHI U3MEPEHNI HEKOTOPBIX BHICOKOKAE-
CTBEHHBIX KOHJIEHCATOPOB ¢ Hu3knM 3HadenneM ESR. Xors u 3ameren mpejien Metosa (0coGeHHO pu
HU3KUX 3HAYEHUAX EMKOCTH ), HO 9TO JIydlIlle, YeM MOJTHOe OTCyTcTBIe nHbopMarmu. B mo6oM ciydae,
Bor MoxkeTe cpaBHUTH HECKOJILKO KOHJIEHCATOPOB OJMHAKOBOW EMKOCTH C MaJIbIMU 3HAYCHUSIMU JIJIsT
noucka 60jiee Ka4eCTBEHHOI'O IK3EMILIAPA.
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Puc. 5.46. Uzmepenus ESR konmeHcaTOpoB MaJIOil éMKOCTH

5.3.7 Iloreps Hanmpsi>KeHusI IIOCJIe UMIYJbca 3apsaaku, V1oss

st KoHIeHCATOPOB OOJIBINON EMKOCTH, ObLIa IMPOAHATU3UPOBAHA TTOTEPS HAIIPSIYKEHUsST Ha, KOH/IEH-
caTope IocJie TOro, Kak OH ObLI 3aps2KeH. /locTurnyToe Hamps>Kenue 3aps/ia Ha 3JeKTPOTUTUIECKUX
KOH/ICHCATOPAX TEPSJIOCH MOCIe KOPOTKOTO EPUO/Ia. JTa MOTePsT HAIPSAKEHUsT MOT/Ia ObITH BbI3BaHA
napaJiebHO TMOJIKII0UYeHHbIM pe3ucTopoM. Ho s npuHMMalo, 9To 9Ta moreps HaIPszKEeHUs JIEKTPO-
JINTHYECKUX KOHJIEHCATOPOB BbI3BAHA BHYTPEHHUM PaCCEUBAHUEM 3apsijia HEIOCPEICTBEHHO IOCTe
UMITYJTbCA 3aPSJIKH. 3apsiKas KOHJeHCcATOpbl Yepe3 pesuctop 470 k), Kak 310 cjie/ano i HeOOo b
X EMKOCTE, 9TO paccenBaHue IPOABILAETCA Cpa3y IOCJe BBIK/IOUYeHNA ToKa. Ho B 9TOM cirydae
HUKaKas T0Teps HalpszKeHusd He Oblia obHapyzkena. Ho ecsim Bol 3apsizkaeTe TOT Ke camblii KOH-
JiencaTop ¢ 6ojiee HU3KOW EMKOCTHIO KOPOTKHMM HMMITYJILCOM TOKa, TO TaKyKe OOHApyKUTe MOTEPIO
HAIIpsiKeHUsT Ha KoujieHcarope. Tor ke camblilt 3ddext, ¢ HGosee HU3KOI MOTEpEil, MOXKET TaKKe
OBITH 3aMEYeH JIJI KEPAMUYIECKUX KOHJICHCATOPOB. ¢l 3aMeTuI, YTO KOHJIEHCATOPHI C OTepeil HaIpsi-
JKeHus Oojiee, YeM Ha HECKOJIbKO %, BeChbMa, BEPOSTHO, MMEIOT Hu3Ke KadecTBe. OCOOEHHO 3aMeTHa
OTHOCHUTEJIbHAST TIOTePsT HAIIPSIKEHHUs y 00jiee cTapbiX OyMayKHBIX KOHIEHCATOPOB, V¥ KOTOPBIX 3aMe-
YeHbI TPOOJIEMBI U TIPH JIPYTUX U3MepeHnax. HekoTopble mpuMepsl N3MEPeHnil 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

OtnenbHOE M3MepeHne EMKOCTH ¢ TIoC/Ieayomeit onenkoit ESR M0xKHO BBIOpATh U3 AUAJIOTOBOTO MEHIO
JIOIIOJTHUTEIbHBIX (DYHKIINI TOIBKO it ATmega ¢ mocTaToOIHBIM 00bEMOM HAMATH. DTOT TUIT H3Me-
peHms IpeHa3HAYeH JIJIT TeCTUPOBAaHUSI KOHJIEHCATOPOB 0e3 jeMoHTaxKa. lloxkasryiicra, yoeanrecs,
YTO BCe KOHJEHCATOPBI Ha IjIaTe pa3psizKeHbI, Mpexk e JeM HadaThb m3Mepenue! Vcnbiranme ycra-
HOBJIEHHBIX B ILJIATY KOIOHEHTOB IPOU3BOJINTCS HU3KUM, HACKOJBKO 3TO BO3MOXKHO, HaIPSKEHHUEM,
Jmmtb HeMHoro oosibiie 300 mV . Kpome Toro, naMepenne mpou3BOIUTCA C UCIIOJIb30BAHUEM TOJIBKO
pesuctopa 680 ) 1yt yMeHbIIEHUS BIUSHUS CBI3aHHBIX KOMIIOHEHTOB IeuaTHO miaTel. s onpe-
JleJIeHnsl KOHJIEHCATOPOB MaJlbIX €MKOCTel, M3MepPeHne HaUNHAETCS ¢ KOPOTKUX UMITYJIBCOB 3apPsIKU
200 ps. Ecim 3apsn KoHjieHcaTopa KOpOTKUME uMITyibcamu He jgocturuaer 300 mV 3a 2 ms, To mo-
CJIEJTYIONTNI 3apsiJl OCYIIECTBIIETCS UMITyJIbcaMu 2 ms. Korja éMKOCTh U3MepIeMOoro KOHJIEHCATOPa
OO0JIbINast, HAIIPSIzKEHUE 3aps/ia UMILYJIbCAMH 2 MS YBEJIUNINBACTCA MEJJIEHHO, TO, B 9TOM CJIydae, M-
puHa umiryJibca(oB) 3apsyia yseguaurcs ;1o 20 ms. Ecin HanpsizkeHne Ha n3MepsieMOM KOHJIEHCATOPE
npubamkaerca K 300 mV, cHOBa HUCIOIB3YIOTCsT KOPOTKUE UMITY/IbCHI 3apsga. Ob1iee BpeMst UMILY/Ib-
COB CYMMUPYETCs TOCJIe JOCTUKEHUS HalpszKenud 3apaaa oosbine 300 mV | éMKOCTb BBIYUC/ISAETCS
10 BpeMeHH 1 YPOBHIO 3apsijia KoHgeHcaTopa. C IOMOIIBIO 9TOTO METO/1a BO3MOXKHO H3MEPEHNe EMKO-
cTu 9yTh HI2Ke oT 2 pF'. Bepxuuil nmpejies nuamepsieMoit EMKOCTH OTpaHUYeH BpeMeHeM 3apsijia 2,5 s,
npumepno 50 mF. Ilocne ycnemnoro n3mepenus éMrocTu, u3mepsiercs ESR komjgencaropa mo omnu-
CAHHOMY B pazJese MeToy. Pesyimbrar KpaTKOBPEMEHHO OTOOpayKaeTcsl Ha JIUCILIee, a 3aTeM
cpasy Ke HauMHaeTCsd cJiejyloniee uaMepenue. V3mepenus ocTaHaB/IMBAIOTCA Tocjie cepuu 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 [5.47] HekoTopble 3nHaueHns OPUrHHAIHLHOIO IIPOTPAMMHOIO 00eCIIeYeHrs TOKA3aHbI ¢ MOIPa-
BoYHBIM Ko3bburmentom 0,88 (-12%). Ipyrue pesynbrarsl m3amepenus pa3nnaabix Bepcuii ATmega8
nokaszaHbl Ha pucyHkax [5.48a] u [5.48D] Pesysbrarsl nsmepenusi Tex e CaMbIX KOHJEHCATOPOB JIst
ATmegal68 nokaszanbl Ha pucynke [5.49 OcHOBOIt JJIst BBIYMC/IEHHSI IOTPENTHOCTH SIBJISTIOTCS PE3YJIhb-
TaThl U3Mepenus: HemMapkupoBaHHbix d7eMeHToB LCR Merpom PeakTech 2170. YacTb oTHOCHTEIBHO
OOJIBINION PA3HUIIBI U3MEPEHUIl BbI3BAHA CJIMINKOM BBICOKON dacToroit mamepenuss LCR-merpa s
OOJIBINNX TEKTPOTUTUIECKUX KOHIeHcaTOPoB. C JIPYTroil CTOPOHBI IJIOX0€ KA9eCTBO SJIEKTPOTHUTHIe-
CKMX KOHJIEHCATOPOB MOYKET JIaTh JIPYTOil IIPOTIEHT.
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Puc. 5.47. ITorpemuocts nsmepenus éMkoctu B % ¢ ATmega8
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Puc. 5.48. OrHOCUTEIbHAST TIOIPENTHOCTD U3MEPEHHsT EMKOCTH
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Puc. 5.49. IMorpemuocts n3mepenus émxoctu B % ¢ ATmegal68

Pucynok WLTIOCTPUPYET, KaK CJIOKHO BBIOPATH MPABUILHBIN aJrOPUTM JIJIs U3MEPEHUs EM-
KocTu. Bce pe3ysbTaThl n3MepeHus CPABHUBAIOTCS C JIYUITUME OIIEHOYHBIMU 3HAYEHUAMU EMKOCTH.
Orkyonenne, «MymbTuMeTp» MOKa3bIBACT OTINYNE OT pe3yabraToB Myjabrumerpa PeakTech 3315.
Caenytomee orkionenne, «LCR» mokaseiBaer pasiauune pesynbraroB PeakTech 2170 LCR-merpa,
KOTOPBII BEIOpaH M3-3a JIydIIero MpuoIIKeHNs 10 YacTOTe N3MepeHusd. /1 cpaBHEHNS 9THX Pe3yilhb-
TaToB ¢ pesysabratamu Tectepa na ATmegal68 mokazano orkjaoHenne «ATmegal68as». f yBepew,
YTO 9TU MOTPEITHOCTU He SBJISIOTCH PEAJTHHBIMU OIMMOKAMU M3MEPEeHUs] KOHKPETHOTO 000Dy I0BAHUSI,
IIOTOMY YTO JIydIllee OIEHOYHOE 3HAYEHUEe TaKXKe He COOTBETCTBYET PEAJIbHOMY 3HAYEHHIO EMKOCTH
KOHJICHCATOPOB.
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Puc. 5.50. CpapHenue pesynbraroB usmepennii émxoctu myabrumerpoMm, LCR-merpom u 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 [5.51a) Muk-
pokonTposuiepos ATmegal 68 A nokazaust Ha pucynke[5.51D] s mukpokorrposzepos ATmegal 68PA
- na pucyske [5.52] Pesynbrarer Tpex ATmega328 gomo/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. 5.51. TorpernraocTs n3Mepenns EMKOCTH, He OTKAJIMOPOBAH
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Puc. 5.52. Ilorpemuocrs m3mepenns: émkoctn TpeMss ATmegal68PA, He orkagmbpoBan
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Puc. 5.53. llorpemaocTs n3Mepennsa EMKOCTH, He OTKAJIIOPOBAH

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

¢ zamerus, ocobernro ¢ MuKpokoHTpostepamu ATmegal68, aHOMAJIMIO pPe3y/IbTaTOB U3MEpe-
HUsI MaJIbIX EMKOCTeH, KOTOpas 3aBHCHUT OT CKOPOCTU HapacTaHUsl HAIPsKEHUs BO BpeMsi 3apsji-
KU KOHJIeHcaTopa. PucyHok [IOKA3bIBAET IOI'PEITHOCTh U3MepPeHUsl EMKOCTU, KOTJa yIUThIBa-
0T TOJILKO HyJsieBoe 3HaueHne (168-3-A), ¢ mompaBodHbIM KO(hDMUIMEHTOM IS MaJbIX EMKOCTei
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REF C KORR=66, takxke u ¢ nomnpaBodubiM Kodddurmerarom s Oosbimux émrocreit C H
KORR=5 (168-3-B), moc, gononaurebao orkiaonenne 168 3 C ¢ MOJIEIbIO 3aBUCHMOCTH OT CKOPO-
cTH HapacTaHus Jyist uamepernst Maabix émrocreit (COMP  SLEW1=4000 u COMP SLEW2=220).
Camopazps 0OJIBIIX EMKOCTeN TakKe yuTeH B OTKJIOHeHWHn 168-3-C. DjieMeHT ¢ 3aBUCHMOCTBIO

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

n3MepeHHoe 3HadeHne EMKOCTH B pF .

25

168-3-B

L T T T T T BRI —
X 168-3-C —x— _|

20

15

10

Error / Percent

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

Capacity value / F

Puc. 5.54. ¥Ynyuamennoe nuzmepenune 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 [5.51a [5.51b| u [5.52) OcHOBHOI HPUYMHOI FTOrO SBJISIETCS pa3JIndne XapaKTepucTuk (Ha-
IPSZKEHUsT CMEITeH s1) aHAJIOTOBOIO KOMIIAPaTOpA.

JlaHHbIE U3MEPEHNUs JIEBSITU PA3IMIHBIX MUKPOKOHTPOJLIEPOB HIOKa3aHbl Ha pucyHke [5.55] . 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-
BaTbCA M3MEPEHUEM DPe3y/IbTaTa POCTa HAIPIKEHUsI 9TOTO OTHOCUTEIBHO OOJIBIOTO KOHICHCATOPA.
Touku «CapErrs mokassiBaioT mpe/ioiaraeMble TOMPENTHOCTA H3MEPEHHsT KaXK/I0T0 MUKPOKOHTPOJI-
nepa u3 pucynkos[b.51al [5.51bu [6.52| ¢ 3aBojckumu ycranoskamu. IIpejicrasisier nuntepec, Kak TOUKI
«CapErr» 6yayT coorBercrBoBaTh ToukaMm «dif2refs. [Iist sToro Toukn «dify mokaswiBatoT pazimdue
Mexk Ty coorBercTByommMu Toukamu «CapErrs u «dif2refs. Snas snavenns Besmmana Todek «dify,
MBI MOXKEM ITOJIYIUTh XOPOIIYIO OIEHKY I KOPPEKINM M3MEpPEeHn EMKOCTU BMeCTe C pa3HUIlei
MEXKTy HaIPszKeHNeM 3apsi?KeHHOTO KOHJICHCATOPA U HAIIPs)KEHUEM BHYTPEHHEH OTOPHI.
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Bo BTopoit wacTu, /i1 BHeCEHUs HONPABOK, BBl JOKHBI MOJIKJ/IIOUYUTh KOHJIEHCATOP K HCIBI-
TAaTeJILHBIM BBIBOJAM 1 u 3. DTOT KOHJIEHCATOD JIOJ2KEH ObITh BBICOKOKAQYECTBEHHBIM U HMETh
BesmunHy B guarazoHe oT 100 nF' mo 20 pF'. B mydmem ciaydae 9TO AOMKeH OBITh MJIEHOYHBIN
KOH/I€HCATOP, 110 BO3MOKHOCTH - He KepaMMWYeCKMil 1 HI B KOeM cjlydae - He 3JIeKTPOoJIuTude-
ckmii. TouHag EMKOCTDb 9TOro KOHIEHCATOPa He BarkKHA.

70

X difforef 1
60 CapErr x|
. dif % >
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g 30 s
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=10 X 0 g 3
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H
-20
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Number of ATmegal68

Puc. 5.55. launasre a1 9 ATmegal68

Pucynku [5.56a), [5.56D], [5.57, [5.58a] u [5.58b] mokaswpiBaoT pesyabTaThl n3MepeHus: pasIndHbIX 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.

T o % ® MIeRAG
7 168-2 7 | 168A-5
168-3 —%— M 168A-6 —%—
6 s 6
s | Cosl] |
- NN .
= N =
é‘j\ 3 T\ K /fﬁk § 3 %
g 2 g 2 -
ol ok ol A A
-1 / -1 N Ve \@g()&)@j
_ 10p 100p In 10n 100n 1u 10u 100u 1m 10m _ 10p 100p In 10n 100n 1lu 10u 100u 1m 10m
Capacity value / F Capacity value / F
(a) ATmegal68 (b) ATmegal68A

Puc. 5.56. Ilorpemniocts u3amepenusi EMKOCTU, OTKAIUOPOBAH

109



7 T T
168PA-7 —+— ﬁ
6  168PA-8
| 163PA9 —x— | %
) |
£ X
2
—~
= )|
=
0 b R AREN K
% ¢
-1 ¥ %
Y \\sf/
-3
10p 100p 1In 10n 100n 1lu 10u 100u 1m 10m

Capacity value / F

Puc. 5.57. Ilorpemaocrs u3mepenusi émroctu TpeMsi ATmegal 68PA, orkaaubposan
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(b) ATmega328P

Puc. 5.58. Ilorpemnocts n3mepenus EMKOCTH, OTKAJIMOPOBAH

Haxkomner, s mokaxy sddekr or npumenenns ommuun AUTO CAL B mporpamme caMoIpoBepKH.
Creyromuit pucyHoK [5.59| mokasbiBaeT pesysibraThl H3MEpeHuii TpeX MUKPOKOHTPOJLIepoB ATmega
¢ caMoil OOJIBIIOI TOIPEITHOCTHIO U3MEPEHMIt, OHOTO - Iepe/l KAJMOPOBKOH U JIPYyroro - mocjie Ka-
smubpoBku. Toukm, ormedenubie okoHIaHUEM «UNC», MOKA3bIBAIOT MOTPEITHOCTH 0e3 KaJIUOPOBKH.
JIMHIM ¢ OKOHYaHWeM «caly MOKa3bIBAIOT IMOTPENTHOCTD PE3YIBTATOB TE€X Ke CaMbIX MIUKPOKOHTPOJI-
JIEPOB C TE€M K€ CaMbIM IIPOrPAMMHBIM O0ecIiedeHneM I0c/ie KaTuOPOBKU B PEyKUMe CaMOIPOBEPKH.
[TpuvmHa TIOrPEHOCTH U3MePeHust Jjist oJIbIuX KoHIeHcaTopos (> 40 pF') noka emie He U3BeCT-
Ha. Bce ucrosib3yemMbie KOHIEHCATOPSI JIJIsi 9TOIO Psijia U3MEPEHUT — IJIEHOYHBIE WU KePaMUIECKUe

(56 pF, 100 pF u 3,3 nF).
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Puc. 5.59. IlorpemHocts n3mepenust émkocTu 11 Tpex ATmega, 10 u moc/ie KaauOpoBKU

Cxema ¢ ATmega644 niu ATmegal284 obecrieunBaeT YCTAHOBKY KOHJICHCATOPA JIJIsT KAJTMOPOBKHI
Ha nevaTHol miare. Pucynok moKasbiBaeT pe3ysbrar m3mepennit ATmegal284 ¢ ucmob30BaHm-
€M BCTPOEHHOTO Ha IjIaTe Kepamudeckoro kKomujencaropa 100 nF') a Tak:ke ¢ BHEITHUM (DOJIBIOBBIM
koueHcaropoM 220 nF, B cpaBHennn ¢ pesyabratamu ATmegad28 Ha Apyroii medarTHoil miare.
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Puc. 5.60. Ilorpemaocts m3mepennii kKouaeHcaropos ¢ ATmegal284 no cpasaenuio ¢ ATmega328

111



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.
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Puc. 5.61. Iamepenne WHIYKTUBHOCTU C KOMIIAPATOPOM

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

NHayKTUBHOCTD BBIYUC/IsiEM 110 bopmyste [ = —ﬁ . HarypaJspnbiit jorapudm 6epyrt us
Tabaunpel. g 9Toro Tuna m3mMepeHus: BHIOpaHO pa3peLHeI;,I:IneMI/IH,Z[yKTI/IBHOCTH 0,1 mH.

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 3aIIyCKOM CYETYMKa OYIeT BCerja MPOBOAUThCs ¢ pe3uctopoM 680 2. YTobwl moayduTh GoJiee
[IOAXOJdIIe pe3yJibTaTbl USMEPEHUD, CMCIIEeHUEe HYJIA 6 BbIIUTAIOT U3 C‘{éT‘{I/IKa, €CJI1 U3MepeHue
crenano 6e3 pesucropa 680 ). MHaue BbIYUTAETCS CMEIEHNEe HYJIst 7 WK 8.

[Ipu Gonbmux 3HAYEHUAX WHLYKTUBHOCTH, MApPas3suTHasA EMKOCTh MOXKET BbI3BaTh OBICTPBIN POCT
TOKa, TaK, 9TO KOMIIApaTop cpadaTbiBaeT HeMeJJIEHHO. YTOOBI B 9TOM cjydae IOJIYIUTh 3HAUYCHHE
UH/IYKTUBHOCTH, U3MepeHne OyJIeT IIOBTOPEHO C 3aJePrKaHHbIM 3allyCKOM CUETIUKA. JTUM 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-
[IPaBJICHUNA TOKA.

5.4.1 Pe3yabraThbl n3MepeHuit NHIYKTUBHOCTU

Pucynok IOKa3bIBAET Pe3y/IbTAThl U3MEPEeHUsl PasnvHbIX Karymiek. Karymku soime 1 H -
peJie MM [epBUYIHBbIe OOMOTKI CUJIOBBIX TPAHCHOPMATOPOB 3aTPY/HAIOT N3MEPEHHUs, [IOTOMY UTO Y
JKEJIE3HOIO CEPJIeIHUKA €CTh OCTATOUMHOE HAMAIHUINBAHUE.

20 . .
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Puc. 5.62. IlorperHocTs m3MepeHnst MHAYKTUBHOCTH st 15-Tn paznnaabix ATmega

5.4.2 U3mepeHune MaJbIX WHAYKTUBHOCTE MeTOAO0M OTOOpa Mpood

HawnmenbInas nHIyKTUBHOCTD, KOTOPasd MOXKET OBITh OOHAPY2KEHA ITPU HOPMaJIbHOM METOJIE U3Mepe-
auit 0,01 mH. i nuamepenns HeOOIBITION WHYKTUBHOCTH TpebyeTcss BbICOKasd 9acToTa. OOBITHBIM
METO/I UCITOJIb3YeT U3MEePEeHne CKOPOCTH HapacTaHUs TOKa ITPU U3MEPEHUH UHIYKTUBHOCTH. DTOT Me-
TOJI He MOKEeT OBbITh UCIIOJIb30BaH /I METOa BHIOOPKHU, IIOCKOIBKY CXeMa M3MePEeHUs He UCIIOJIb3yeT
HUKAKUX JIOMOJTHUTEIbHBIX PE3UCTOPOB MPU UCHBITAHUNA KATYINIKA. TOK OyJIeT pacTu J0 KpUTUIe-
CKHU BBICOKMX 3HAYeHWiT 0ueHb ObIcTpo. MBI MOXKeM IpeoTBpaTuTh mnoBpexaenne ATmega TOIbKO
¢ OY€Hb OBICTPBIM OTKJIFOUEHUEM TOKa. /[j1s BBIOOPOTIHOrO MeTo/1a TPY/IHO Peain30BaTh ObICTPOE OT-

KJIIOUEHNe W KPOME TOr'0, 3TOT KPUTUIECKUN IMIPOIECC JIOJKEeH ObITh IIOBTOPEH MHOTO pa3 B Cepuu
HUCIILITaHUIA.
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Paguosoburesns Pieter-Tjerk (PASFWM) peasnsoBast apyroit MeTos1, 9To6bI MOJIYIUTh 3HAYCHUE
nHyKTUBHOCTH. [lapasiieslbHbIM MOJK/IIOYeHneM KOHJIEHCATOPA K WHJIYKTUBHOCTH CO3JIA€TCH PE30-
HAHCHBIN KOHTYP. C MOMOIIBIO KOPOTKOT'O UMITY/IhCA TOKA Ta CXeMa BO30YIK/1aeTCs U HAINHAET KOJIe-
b6arbesd. Vcnoab3ys MeTo I UCKPETH3AINN, I3MEPAETCA JacTOTa 3TOTO Koyiebanusd. Tak Kak IIpu 3TOM
U3MEpPEHNH OJINH BBIBOJL KaTymKku 1ojKkodeH K GND BosHukaior jiBe 1pobJieMmbl ¢ uameperuem. Or-
punaTeIbHOe HalpsrKeHne KojaebaHuil orpaHndrBaeT BHYTPEeHHUN auoj 3ammThl Ha nopty ATmega
npumepno J10 0, 6 V. 1o sToit mpuunne nosioykurebuagd 9acTh KojaebaHnii To2Ke HUKOT/1a He TJOCTUTHET
narnpsizkerus Boirre dem 0,6 V. Kpome toro AIIIl 8 ATmega mMoxker u3MepsiTh TOJIBKO MO3UTUBHBIE
3HAYCHUS HalpsKeHusd. Takum oOpa3oM, Bce OTPHUIlATE/IbHbIE YaCTH KOJEOAHUN CUMTHIBAIOTCA KaK
nyJsieBbie. B robom ciyuae, Pieter-Tjerk nammesn pererue, 9To0bl ©3MEPUTH PE3OHAHCHYIO YACTOTY C
PaKTUIECKON TOYHOCTHIO. K/ 3HadeHne EMKOCTHA U3BECTHO M MOYKHO M3MEPUTH PE30OHAHCHYIO Ua-
CTOTY, TO UHIYKTUBHOCTH MOXKET OBITh BbluncjeHa. 11o aToit mpuvunne mporpaMMa KaauOPOBKU HY K-
JlaeTcst B KOHJEHCATOpe (PUKCUPOBAHHON EMKOCTH /I JIaIbHEHIIEero NCIoIb30BaHus IIPU U3MEPEHIN
MaJIbIX 3HAYEHUN WHYKTUBHOCTH. Bo BpeMs camoTecTa OyJieT MPeIoKEHO MOJIKIIOYUTH KOH/IEH A~
TOp B mare «1 —A—3 10— 30nF (L)». lusa He oTKaIMOPOBAHHOIO TECTEPA, IO YMOJIIAHUIO, BHIOPAHO
sHadenue 18 nF. 3HaueHne EMKOCTH TapaJsIeIbHOrO KOHJIEHCATOPA /ISl M3MEPEHUsT NWHLyKTHBHOCTH
JIOJIZKHO OBITH BBIOPAHO TAKUM, YTOOBI MMOJIYYUTh PE30OHAHCHYIO YaCTOTY JIJIsi BCErO JIMAIla30Ha 3Ha-
JeHH n3MepsieMbIX MaJIbIX HHIyKTHBHOCTEH. KoHmencaTop BeIcOKOro KadecTsa (hoabroBoro Tuia)
JIOJIZKEH OBITH BBIOPAH MOTOMY, YTO JIONOJTHUTEJILHO U3MEpSeTcs JTOOPOTHOCTH PE30HAHCHOI'O KOH-
Typa IyTeM MOHUTOPUHTA yMEHbIIIEHHEe aMILIATY/Ibl. [Ipr mcrnoab3o0BaHuN KOHJIEHCATOPA BBICOKOTO
KavgecTBa 00Ias JJ0OPOTHOCTh PE30HAHCHOI'O KOHTYPa OYIET OIpeessaTcs J00POTHOCTHIO KaTYIIKMI.

Hukaknx AOMOMHATEIBHBIX JeHCTBUNI He TpedyeTcs IpU HapaslieIbHOM MOIK/IIOYeHUN KOH/IEeH-
caropa. Pe3oHaHCHBIIT KOHTYD, KaK IIPABUJIO, OIIpe/ieideTcsd aproMarndecku. [Ipu oOnapykenuu pe-
30HAHCHOTO KOHTYPa, 0TOOparkKaeTcs: TeKCT «ify n 3HadeHme mapasiieslbHON EMKOCTH O0TOOparKaeTcs
3a 3HAYEHHEM WHIYKTUBHOCTHU B CTPOKe 2. B 9TOM ciiydae BeJIMYMHA COMPOTUBJIEHUST KATYIIKA OTOO-
pakaeTcs B KOHIE CTpoKK 1. 3HaYeHHe COMPOTUBICHUS KATYIIKUA BbI TOJKHBI TPOBEPUTH OT/IC/Ib-
HO, U3MEpPUB ero 6€3 KOHIEeHCATOPA, IIOTOMY UTO U3MePeHne COMPOTUBJIEHUS B PE30HAHCHOM KOHTYpE
HeBO3MOKHO! B J10110/THUTE/TBHO# CTPOKE 0TOOparkaeTcst M3MEPEHHOE 3HAUEHIE PE3OHAHCHOM 4aCTOThI
1 100poTHOCTH () =) KOHTypa. Ecim pe3oHaHCHBI KOHTYD He OOHAPYZKEeH, 3HAUEHUE COIPOTHBIIE-
HUA ¥ UHYKTUBHOCTH OTOOpazkaeTcd B cTpoke 2. [Ij1g pe3oHaHcHO# 9acTOThI KOHTYPa OIPEIe/IAeTCA
3HAaYEHHE 9acTOThI U JJOOPOTHOCTH KATYHIKKA, KOTOPhIE OTOOPAXKAIOTCA B JIOIOJHATEILHONW CTPOKE.

JLis1 BO3AyIIHON KaTymKK ¢ 6 BUTKAMH € Tapa/lJIeJIbHO MTOJACOEINHEHHBIM KOHIeHcaTOpoM 18 nF
IIpU MeTojie 0TOOpa IMPOoO TOJIyUeH CJICIYIONINI Pe3y/IbTaT:

272nH if 18.0nF
2256kHz (Q=38.7

Taxoit ke pesyiabrar ObLI IHOJy4YeH ¢ pabodeit dactoroit or 8 M Hz. TakxKe cieaHbl ©3MepeHUst
KaTYIIKA B OJIMH BUTOK U3 MEJIHOW IPOBOJIOKU JJIMHON 25 c¢m. BO3MOXKHO, MEHbINE 3HAYEHUS WH-
JIYKTUBHOCTH MOT'YT OBITH U3MepeHbI ¢ TakToBoi dacTtoroit ATmega 16 M H z.
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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 OyIyT yarennl npu Oyaynmx uaMepennsax ESR u conporusienuit umxke 10 €. TomycTumbt
TOJTBKO 3Ha4YeHUs HyJs1eBOTO conpoTus/eHusd Huzxke 0.90 {2, MOCKOJIbKY 3HAYEHUS 9TOW KOPPEKIHH He
UCTOJIb3YyeTCs i u3Mepenus pesuctopoB Boime 10 (). Ecim Bor ucnonbsyere xkabenu s u3me-
penuii, Bbl M0/IKHBI UCIIO/IB30BATH TOJILKO Kabe/in ¢ OYeHb HU3KUMU colpoTuBjeHueM. Eciu 6osee
MO3/THUE PE3Y/ILTATHI M3MEPEHUN COMPOTUBJIEHUA YA IYyT HUKE OIPEJICJICHHOTO paHee HYJIEBOIO 3Ha-
genust 6osee, uem Ha 0,2 €2, Tecrep BoccranoBuT pekum «uncalibrated» («HeoTKaIMOPOBAHHBI» ).
Bo Bpems JasbHERINX UCHBITAHUI 9TO OyIeT OTMEYEHO CHMBOJIOM « » (MOJYepKHBaHNE) B KOHIIE
CTPOKM WJIM Pe3yJsibTara m3Mepennii. Kaxkprit mar ¢gynkiun camonpoepku 1 - 7 orobparkaiorcs B
nepBoit crpoke LCD-ucries cumBosiom «T'», corpoBozkiaeMbiM HOMEpPOM Titara. Kazkjipiii mar mo-
BTOpseTCd 4 pa3a, IpekJie YeM IporpamMma nepexoauT Ha ciaepyomnuil mar. Ho eciu Bor gepxkure
kuonky TEST makartoil, KOrjaa nCubITaTe IbHbIN UK/ 3aKOHIEH, 9TOT TeCT OOJIbINEe He TIOBTOPSIETCS.
Ecmu Bor yaepxkubaere knonky TEST nakaroii mocTOSIHHO, TO KaXKJIbIil TECT BBIIOJIHACTCA TOJIHKO
OJINH Pa3.

Bes ommun AUTO _ CAL B kaK10M 11are 0To6parkaroTcst TOJIBKO PEe3Y/IbTAThl N3MEPEHNUs, AHAJIN3
OIMOOK He BBITIOJIHAETCS, PE3YJILTATHI U3MepeHnil Bbl JO/KHBI MHTEPIPETUPOBATEL caMu. B 3ToM Me-
cTe g JamM Bam j1onoTHuTe/ IbHBI BayKHbBIN coBeT. Hukor1a He fesaiite n3MepeHus ¢ MOIKIIOYCHHBIM
pazbémom ISP! nrepdeiic ISP nckarkaer nsmepenus.

Bor crmcok OCYIIECTBJIAEMbBIX B HaCTOdIIee BpeMA TECTOB:

1. U3amepenne 1,3 V (uam 1,1 V) onopHoro Hampsi>keHusi (quana3oH U3MEHEHUs OII0-
poi). B crpoke 1 reker «REF = » u usmepennoe nanpsizkenue, orobpazkernnoe B mV. s
ATmega8 nanpsizkerue JI0KHO ObITH 01u3K0 K 1,3 V. Jjag apyrux MEUKpPOKOHTPOJLIEPOB Ha-
npsizKeHne J102KHO ObITh Oiu3ko K 1,1 V. Bropasi crpoka orobpazkaeT pe3yIbTUPYIOIIHi KO-
s dunmenT ast u3Mepennsa EMKoOcTH ¢ pesuctopom 470 k2.

2. CpasHenmne pesuctopoB 680 (). B mepsoit crpoke orobparkaeTcs 3ammudpPOBAHHDBIN TEKCT
«+RL- 12 13 23». Bnauenue sroro tekcra ciaeayiomee: RL - obo3HadeHne HU3KOOMHOI'O Pe3U-
cropa 680 €.

12 - pesucrop, coepuHenHbli ¢ BbiBogoM 1 mojkiroden k VCC (45 V'), a pesuctop, coeTMHEHHBII
¢ BeiBoIoM 2 K GND. Pesynbrar aToro msmepennst oroOpazkaeTcs BO BTOPOit CTPOKe Ha TEPBOM
MecCTe, B BUJI€ PA3HUIIbI C TEOPETHICCKUM 3HAYECHHUEM.

13 - pesucrop, coepunensblii ¢ BbiojgoM 1 mojkioden k VCC (45 V'), a pesuctop, coeIMHEHHBII
¢ BeiBoIoM 3 K GND. Pesysibrar aToro mamepenusi orodOpazkaeTrcsi BO BTOPOil CTPOKe Ha [TEPBOM
MecCTe, B BUJI€ PA3HUIIBI C TEOPETUYECKUM 3HAUCHUEM.

23 - pe3ucrop, coeMHEeHHbIH ¢ BbiBooM 2 nojkiiiodeH K VCC (+5 V'), a pesucrop, coeiuHeHHBII
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¢ BeiBoIoM 3 K GND. Pesysibrar aToro mamepenusi orobpazkaeTcsi BO BTOPOil CTPOKe Ha IIePBOM
MecTe, B BUJI€ PA3HUIIBI C TEOPETUIECKUM 3HAYEHUEM.

[Toxasyiicra, momuure, uro paspemenne AL cocrapisier npubausurennno 4,88 mV'! CxeMbl
u3MepeHuil mpejcTaBienbl Ha pucyHke [5.63] Teoperndeckoe 3HaveHne ¢ y4eToM BHYTpPEHHETO

. B001-(19+4680)
COIPOTHUBJIEHUSI TIOPTa, TOJIKHBI OBITH: {I91 6803680 12%) — 2493 .

VCC VCC

| T

I * * I * * I * *
g <)) [l i =) I =) I =) I =) [ L =) N =) I o) I =) (] L =) I =) N
o GND — (o] - o - (o] — o GND — (o] o o - (o] — o GND — (o] — (o]

ADCMUX \I/ ADCMUX \I/ ADCMUX \I/

PCO @ PBO Tp3 PCI1 PB2 PCO @ PBO Tp2 PC2 PB4 PCI @ PB2 Tp| PC2 PB4
= E [ 1en =3 E 2| [n 54 E 2l v
El]Tp1 1 P2 8|~ & P17 TP3 8~ El]Tp2 7 P3 8]~
first measurement second measurement third measurement

Puc. 5.63. Cpasaenue pesucropor 680 (2

CpaBuenne pe3uctopoB 470 k). Temeps B mepBoii crpoke orobpazkaercs «+RH- 12 13 23».
Ta ke camble JeHCTBUsI, KAK CJeJaHO B TecTe 2, MOBTOPeHbI ¢ pesucropamu 470 kQ (cumBo-
aet RH). Bee pesysbrarsl oTob6pakarorT pasHUILy ¢ TEOPETUIECKUM 3HaUYeHneM. Teoperndeckoe
3HAYEHHE C YIeTOM BHYTPEHHErO COIPOTUBJICHUS OPTA BBIYHUCISETCS 10 (hopMyJIe:

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

= 2500 st Bcex KOMOMHAITHIA.

Orobpakaercs coobiienune «Isolate Probe!». B sTom mare nudero me msmepsiercs. 9To
O3Ha4YaeT, YTO HYKHO OTCOEIMHUTH <«3aKOPOTKY». IDTOT IIAr 3aBepIINTCs, KaK TOJHKO BbI
«PaCKOPOTUTE» BXOJIbI.

DTOT TecT nNpoBepsieT CIIoCcOOHOCTH noAKItoYeHus: peauctopos 470 k) (RH-) k GND
MIpU TOATATUBAHUU MCIBbITATEeIbHBIX KOHTAKTOB K GND. IlepBasi crpoka mokasbiBaeT
tekcT «RH-». Bropasi cTpoka jo/2kHa 1MOKa3aTh HOJIb JJIsSI BCEX TPEX BBIBOIOB.

DTOT TeCT NMpoBepsieT CIIOCOOHOCTH moKJfouenns pesucropos 470 £ (RH+) k VCC
(+5 V) npu noxgrsirmBanum ucubiTaTeabHbIX KOHTAKTOB K VCC (+5 V). IlepBas crpo-
ka rnokasbiBaeT TekcT «RH-+». Pesynbrarsr Bo BTOpoit cTpoke mokaszbiBaior oriutdue ot VCC
(+5 V) un mo/mxkHBI OBITH OJU3KUM K HYJIO. Bosbimme oramans ot 3uadenus: 0 Jyisi Tecrta b
u Tecta 6 ABJLIOTCA OIMUOKAMM, TAKMMHU KakK MpobyieMa W30/, YTEUKA MaTepuaJja WIn
oBpexK eHue mnopral

DTOT mIar HpoBepsieT HANPsI2KeHUs pe3ucTuBHOTO genutests 470 kQ / 680 Q. Ommnang
HanpsizkeHuit pesuctusHoro jeurensd 470 kQ / 680 §2 or pacueTHOl BeJMIUHBI OTOOPAKAETCS
BO BTOpOit cTpoke LCD-ucruies /st Becex Tpex TepMuHaioB. Pazimane 6oJibIle, 9eM HECKOJIbKO
mV |, MoxKeT OBITh BBI3BAHO IIPUMEHEHUEM HelPaBUIbLHBIX 3HAUEHUI PE3UCTOPOB.

N3Mmepenue BHy TPEHHEr O COITPOTUBJIEHUS MOPTA NOAKJII0OYEHEM BbIXOIHBIX KOHTAK-
ToB K GND. Dror 11 ciemyromnme TecTbl OyIyT poBeensl, ecyn Beiopana ommusa AUTO  CAL.
Buyrpennee conporusienne nopra C ¢ Bbixogamu, nojakaodeHabiMu K GND, uzmepsiercs 1o
ToKy 1epe3 nogkiouenase K VCC (+5 V) pesucropsr 680 €2, emorpu pucyrok [5.64, Moryr
6bITH n3MepeHbl TOJIbKO TpH BbiBosa nopra AIIIT. Bayrpennee conporusienue nopros B (PBO,
PB2 u PB4) ne moxker 6bITh M3MepeHO 6e3 M3MeHeHUsI AllllapATHBIX CPEJICTB. Byjiem canrarh,
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YTO BHYTPEHHEE COIIPOTUBJIEHHUE TIOPTa, JIJIA PA3JIUIHBIX TOPTOB IMPAKTUIECKH OJIMHAKOBO. Be-
JIMTYNHA COIPOTUBJIEHHUS Oy/eT OolpeJiesieHa B CJIEIYIOIEM TecTe.

VCC VCC VCC
A A A
o] af] = g[]J_ all af| 2 N[]J— all af] = N[]J—
- GND L ano 1 o
ADCMUX l ADCMUX l ADCMUX l
PCO @ PBO PC1 @ PB2 PC2 @ PB4
— o w
o[~ o[ o[
[*7] [*e) <)
| | TP1 o | TP2 > | TP3
— — —
first measurement second measurement third measurement

Puc. 5.64. smepenne BayTpenHero conporuBieHus mopra C MoJK/IIOIeHNEeM BBIXOIHBIX KOHTAKTOB

kK GND

9. NIamepeHune BHYTPEHHET0 COIIPOTUBJIEHUS IIOPTA MOKJIIOYE€HNEM BbIXOIHbIX KOHTAK-
ToB K VCC (45 V). Heobxoaumbiii Tok 3ajan pesucropamu 680 € coepuuéunbivu ¢ GND.
Kak BujiHO Ha pucyHke [0.65, 9TO Te »Ke caMble U3MEPEHUs, KaK U B TecTe 8, TOJBKO C JIPY-
roit croponbl. CiieyronmMu maraMu Boraucisiercs conporusienue: (VCOC — (resultoftest8) —
(resultoftest9))/680. arobbl moMTyIuTh 06 3HAYMCHIS PE3UCTOPOB, HALPSIYKEHUE (Pe3yIbTaT Te-
cra 8 uian 9) JIeJM Ha 9TOT TOK.

PesynbraTnhr sToro Tecta OyyT orobpakeHbl B mepBoil cTpoke TekcToM «RI Hi = », 3made-
ure conporusiierns (£)) oranocuressno VCC, Bo Bropoit crpoke teker «RI - Lo = », 3nauenne
conporusiienus (£2) ornocureasao GND.

Haunnaga c BeEpCUU 1.06k IporpaMmMHOIro O6€CH€‘I€HI/IH, SHa4Y€HUA BBIXO/HOI'O COIIPOTUBJICHUA
IIOPpTa OIIPpEAEC/IAIOTCA B HadaJle KaKA0I'0 USMEPCHUI. OTOT TECT TOJILKO IIOKA3LIBACT 3HAUCHUA.

VCC VCC VCC
A A A
=) N =) N J_ =) [\ =) N J_ =) N =) N J_
o - L eno L« = L ano o = 1] eno
(6] (6] (6]
ADCMUX l ADCMUX l
PCO @ PBO PC2 @ PB4
— v
ol & of &
oo 0
CLITP1 °| | TP3
— —
first measurement second measurement third measurement

Puc. 5.65. lIzamepenne BHYTPEHHETO COIPOTUBJICHUS ITOPTA TOJIK/TIOUYEHUEM BBIXOHBIX KOHTAKTOB K

VCC

10. I3amepeHue cMmellieHust HyJisi TP U3MEPEHUN KOHAEHCATOPOB. B 1epBoit cTpoke mocse
«C0» oToOpazKarTcs BEJIMINHBI CMEIEHNsT HYJId IPU I3MEPEeHNN EMKOCTH KOHIEHCATOPOB B 110~
psiJIKe KOMOMHAIINI UCIIbITaTeIbHBIX BBIBOJIOB 1:3, 2:3 u 1:2. Bee Tpu 3HaveHmnst 0TOOparkaroTcs B
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pF. B 5TOM M3MepeHun He YIUTBIBAIOT IIPEIOIpeie/IeHHOe cMelieHne Hyis. TakxKe n3MepsieTcs
CMEITeHre HYJIs JIJIsi KOMOMHAINI BBIBOJIOB B IIPOTUBOIIOJIOXKHOM TOpsijike. Pe3yibraTsr uzme-
pennii 3anuceiBatorcss B EEprom, ecan Bce 3uavenus: OyayT menbine, dem 190 pF. D1o Oymer
zadukcrpoBaro orobpakennem tekcta «OK» Bo BTopoii crpoke. Haiijennoe cMmerrenne Hysis
UCIIOJIB3YeTCs JIUIA JAJIbHERIINX U3MepeHnit eMKOCTH OTHOCUTE/IbHO KOMOUHAIN BBIBOJIOB. Ec-
JIN Pe3yJIbTaThl U3MePEeHUil EMKOCTH yHaayT HUXKe OIPEeJe/eHHOIO paHee HyJIEBOIO 3HAYEHUS
6ostee, uem na 20 pF', Tecrep BoccranoBuT pexkum «uncalibrated» («HEOTKaIMOPOBAHHBIIY ).
Bo Bpems JaJibHEHIINX UCIBITAHUN 9TO GyJeT OTMEYEHO CHMBOJIOM « » (MOJYepKUBaHUe) B
KOHIIE CTPOKHU WJIU pe3ysbTaTta u3MmepeHuit. Mmeiite B BULy, UTO MPHU 3aMeHE UCHBITATE/IHLHBIX
IIYTIOB MOYKET MOTPeOOBATHCA HOBOE peryaupoBaHue cMmerienus Hysd. Eciau Bbol ucnonbsyere
[IPOBOJIA C 3a’KMMaMU, CMeIleHre HyJId MOKeT ObITh Ha 3 pF' 0oJIbIle, 110 CPABHEHUIO C ITYCTHIM
rue3goM. Eciu Tecrep nactpoen ¢ ¢yuknueit SamplingADC, To 3nadenus: Hy/1€BO# EMKOCTH
OTIPEJIEISIeTCS B JIBYX HAIPABJIEHUSX JJIs BCeX KOMOMHAIMiT KOHTAKTOB. [Ipuanna B TOM, 9TO
HyJieBasi EMKOCTh U3MEPSeTCsT T 3apsijia M Pa3psijga BCeX KOMOMHAIINN TECTOBBIX KOHTAKTOB
OT/IEIBHO.

11. IlogkaroyeHre KOHAeHcATOpa [AJisl M3MepeHus HU3KNX 3Ha4YeHWil WH/IyKTUBHOCTU
Ecnu tecrep HacTtpoen na ucnosb3oBanune dyukiun SamplingADC, tpebyercsi mojK/I0ueHe
KOHJIEHCATOPA U3BECTHOW EMKOCTHU JIJIs1 BBIYUCIEHUS 3HAUEHUs WHIYKTUBHOCTH 110 U3MEPEHUIO
peszonancHoit 9acToTbl LC-KOHTYpa 1pu napaJsiieIbHOM TOAKTIOYEeHIN BO BPEMs T€CTA WHIYK-
THUBHOCTH KaTyImKH. [[pakTnieckne 3Ha9eHNsT éMKOCTH JIOJKHBI OBITH B AuaraszoHe or 10 nk’
1o 27 nF'. Ilogxoxsmmit KOHAEHCATOP A0JI2KEH ObITh IIOJK/II0YEH K TeCcTOBhIM BbiBogam TP 1
nu TP 3, xorya B mepBoil cTpoke oTobOpakaeTcs COOOIIeHIe «1—F310 - 30nF (L)». Dtor
JKe KOH/JIEHCATOD JIOJIZKEH HCIIOJIB30BaThCs I1037Ke B KadecTBe IapasljleJIbHO I0JIKJII0Y9aeMOro
K KATYIIKe [PU TecTe MaJbIX WHIYKTHBHOCTeH 1Mo pe3oHaHcHoi dactore LC-rkouTypa. Femm
dyukums SamplingADC He BKJITOU€Ha, TO 9TOT MIAT OTCYTCTBYET.

12. IToakno4yeHne KOHAeHcCAaTOpa K HCIbITaTeJbHbIM BbiBoJaM 1 um 3. B mepBoii cTrpoke
LCD-uciuiess BBIBOIUTCSI COODIIEHTE «1F3 =100nF». Yrobm IIOJATOTOBUTHCS K H3Mepe-
HUIO HAIIPSAXKEHUS CMEIIeHHsT KOMIIapaTopa, Bbl JO/KHBI HOJAKJIIOYNTH BHICOKOKAYECTBEH-
HBII KOHJIeHCATOP €MKOCTHIO B jnanaszone ot 100 nF' po 20 pF'. lomycTumo ucnob30BaHue
TOJIBKO TJIEHOYHBIX KOHJIEHCATOPOB.

13. I3amepeHue cMmenieHne KoMOapaTopa /JJjisi HAaCTPONKMN Mm3MepeHusi EMKOCTU. s 1o-
JIydeHUsI CMeIIeHns] aHAJIOIOBOTO KOMIIApaTopa, KOHJAEHCATOD yKe JIONKeH ObITh MOIK/II0OYeH
K UCHBbITAaTeJbHBIM BbIBOgaM 1 u 3. Konjencarop HeoOXoauM JIjis OJJIePXKaHUS HAPAKEHUs
3apsijia KOHJIEHCATOPA Ha BPeMsl U3MEDPEHUs Pa3HUIbI MeXK/Iy HaIpsKeHUeM 3apsjia U BHYT-
PEHHUM OIOPHBIM HalpsizkeHueM (30Ha). Eciim u3mepenue mpoIiio yCIemHo, U BeJuauHa Kop-
peknuu MaJja, To B mepBoii crpoke LCD-mucmiess orobpasurcst teker «REF C = » u Benunna
koppektnn Oyser 3amucara B EEprom. Ucnonssys onmmuio REF - C - KORR, Ber moxkete mo6a-
BUTbH JIONOJIHUTETLHOE CMeIlleHne K aBTOMATHIeCKN n3MepeHHoMy 3HadeHuio. Fesm Bol BhiOpa-
g oriio AUTOSCALE  ADC, macmrad AT, mosryueH B TIOCTIE 0JTHOKPATHOTO W3MEPEHUST
nanpsizkeraue npu coeqaunennn ¢ VCC u 0JIHOKPATHOrO M3MEPEHUsI HAIPSAKEHUsT BHYTPEHHEr O
NOH, 6yaer cKOppeKTHpPOBaH IIyTeM CpPaBHEHUs HAIPsi>KEeHUsI Ha KOHIeHcaTope Himzke 1 V.
Pesynbrar nsmepenus orobparkaercs Bo BTopoii ctpoke TekctoM «REF R = ». Bamre 3naue-
uue o REF R KORR gBisgercs 10MOTHUTEIBHBIM CMEIIEHAEM K 9TOMY aBTOMATHIECKH
OIIPE/IeJIEHHOMY PA3HOCTHOMY 3HAYEHUIO.

ITo okoHYaHUE TECTOB B IIEPBOiT cTpoKe oToOpaskaercs: TekeT «Test End» a Bo BTopoii crpoke HO-
Mep Bepcuu mporpaMMuoro obecrieuenust. Eciu B Makefile ycranosiiena ommusg FREQUENCY  50Hz,
TO Ha UCIBITATETHHOM BBIBOJIE 2 T€HEPUPYETCs MPIMOYTObHBIN curaaa 50 Hz u ToT »Ke caMblii CUr-
HaJI B IpoTuBOdAase - Ha UCIBITATETbHOM BbIBOE 3. VcnbiTarebHblil BeIBO, 1 mogakaodaercs K GND.
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Toxk orpanutuen pesucropamu 680 2. DTo Oyner orobpazxkeno, kak «b50Hz», B KoHIle nepBoit cTpoKn
LCD-puctutest. Curnasn 50 Hz Oyner crenepupoBan 30 pa3 B Tedenue 2 cekyHj. Eciau y Bac ectb
JacToTOMEp Wi ociuiorpad, To Bl MoxkeTe mpoBepuTh TpedOyeMble BpeMEHHbIE XapaKTepPUCTH-
Ku curHajia. Pucynok [5.60] mokasbiBaer ocnmiorpammy Kpusoit 50 Hz Ha 060MX HCHBITATESbHBIX
BoiBOsIax ytd ATmega ¢ KBaprem.

RIGOL STOP (e P irrrrrrrrrrmeeed  F 1,201
-ﬁ -

B

B

Frd2) =28 .868mn=
CHil= Z.@elU[g e .ol Time 3.888m=s D545 .268ms

Puc. 5.66. Ocmmnorpamma 50 H z Ha BBIBO/IAX 2 U1 3

Eciin Bur He ncnosib3yere KBapil, pe3yabTaT MOKeT ObITh HETOYHBIM. 1OYHAsl YaCTOTA U MEPUO/T
BasKHBI JIJI M3MEPEHNS BEJIMINHBI EMKOCTU. BBl MOXKeTe TpepBaTh JIOJTOBPEMEHHYIO T€HEPAIIUIO CHUT-
nasia 50 H z, naxkas Ha kaonky TEST. Torma nmporpamma mpoo/KUT OOBITHYIO 338181y U3MEPEHUSI.

5.5.1 HekoTopsbie pe3ybTaTbl (PYHKIINM CAMOIPOBEPKN

Ha Huzkecseryonmx pucyHKax MOKa3aHbl Pe3y/IbTaThl CAMOIIPOBEPOK 9 pas/IMIHBIX MUKPOKOHTPOJI-
sepoB ATmegal68 u 6 mukpokorTposiiepoB ATmega328.

’ Homep Tecta ‘ Tun usmepennd ‘ TeopeTud. 3H. ‘ Pucynok ‘
Test 1 band gap Ref 1100 |5.67|
Test 2 RL-Mean 0 5.68a)
Test 3 RH-Mean 0 5.68b
Test 5 RH-Low 0 5.69a
Test 6 RH-High 0 5.69b
Test 8 R out Lo 131 5.70a]
Test 9 R out Hi 151 5.70b
Test 10 Cap zero offset 30 0.71
Test 11 Reference correction 0 0.72

Tabmuma 5.7. Tabuna camMorpoBepok
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Puc. 5.67. Camonposepka: Bayrpennnit MTOH
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(a) Conporusienne 680 €2
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(b) Conporusienune 470 kQ

Puc. 5.68. CamonpoBepka: OTKJIOHEHNE CPEJIHETO HAIIPSIKEHHUS OT HIeaIbHOTO
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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. 5.69. Camonposepka: BxoiHoe Hampsizkerue
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(a) Conporussenne 680 Q x 5 V (b) Couporusinenue 680 Q2 xk 0 V

Puc. 5.70. Camorposepka: BbixojHoe conporusiienue
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Puc. 5.71. Camonposepka: CMmelnenne HyJIsI IPU U3MEPEHUN EMKOCTHI
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Puc. 5.72. Camonposepka: Bejmanaa KOppeKIuu 1mocjie aBTOKaIuOpOBKU

Haxkowert, st xores 6b HoKa3aTh Bam Ha pucyHke [5.73| pasintne BHENTHErO 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 [5.73] Bbl MOXKeTe BUIETH, 9TO 3HAYEHUS aBTOKAJIUOPOBKHU OYTH COOTBETCTBYIOT
BHEIITHUM HU3MEPEHHbIM 3HAYCHUAM.
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Puc. 5.73. Camonpoepka: Pazimmaune nanpsizkeruit TIOH, 3aMepeHHBIX HA BHEITHEM BBIBOJE 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 [5.74] npecrapiensl pesyiasraTsl 06euX cepuil u3MepeHuii.
[TouTu mocTogHHBIE OTKJIOHEHUS MOYKHO OObsICHUTH HEOOJIBION pa3HUIEll YacTOT JABYX KBapIIEB.
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Puc. 5.74. OtHOCHUTE/IbHAS TTOTPEITHOCTH U3MEPEHUs IaCTOThI

[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. 5.75. I'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.

127



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.

. obaBiagaTh u yjydnars JOKyMEHTAIHIO.

[ToxymaTh 0 TOM, KaK MOYXKHO 3aMEPHUTDh PeajibHOE BHYTPEHHEE BBIXOHOE COIIPOTUBJICHUE TTOPTA
B (mepekJouenne pesncTopa MopTa) BMECTO IPUHSITHsI, YTO HOPTHI OJIMHAKOBBIL.

MozKkeT 71 pas3psdIKa KOHIEHCATOPOB CTATh OBICTPEE, €CJIM OTPHIATE]bHBIN BBIBOJ, JOTIOJIHI-
TEJILHO TIOAKIIOUNTE Yepe3 pesuctop 680 2 k VCC (+)7

[IpoBeputh, moxker i TecTep MCIOIB30BATH TPEICTABIEHIE 3HAUECHNN C IIJIABAIOIIEH 3aIIITO.
Puck meperpysku nmke. Her kejaHusi OHOBPEMEHHO MCIIOJIH30BATh YMHOXKEHUE U JIeJIeHNE,
9TOOBI TIOJIyIUTh YMHOXKEHUE ¢ IIaBatorieil sanaroit. Ho s He 3Ha10, KAaKUM 00EMOM JIOJIZKHA
obniTh Flash mamsrs, neobxoaumast 1jist OMOJIMOTEKH.

Hamnucars PykoBojicTBO mosb30BaTe s st TOTO, 4TOOBI KOH(UTYPUPOBaThH TecTep OnusaMu
Makefile u onmcarh METOIUKY TOCTPOEHMUS.

Ecnu Tox yuep:kaHus TUpuCTOpa He MOXKeT ObITh JOCTUTHYT ¢ pesuctopom 680 (2 ou Gesonacen
JUTsT IOJIKJTIOYeHnsI KaTojia HerocpeactBerHo K GND u anojia aerocpeicreerno Kk VCC Ha oueHb
kopoTkoe BpeMsi? Tok moxker gocturnyTsb 6osibine, vem 100 mA. ITopr 6ymer nospexaen? Yro
¢ 9JIeKTponuTanueM (CTabrIn3aTop HaIPsKeHus)?

[IpoBepsaTh mOPT HOC/IE CAMOIIPOBEPKH!
N nest mosoro npoekta: Bepcuss USB 6e3 LCD-maucmies, muranne ot USB, oomen ¢ PC mo USB.

Samena dpyukmun samplingADC, koTopasi UCIIOIB3yeT TAKT MIPOIECcopa yIIPaBIeHIEM BpeMe-

meMm ciapura AIIIT S&H.
[TpoBepka TOYHOCTH U3MEPEHUs MaJeHbKIX KOHieHcaTopoB MeTooM samplingADC.

[IpoBepka ToOYHOCTH U3MEPEHUs MaJeHbLKUX KaTylrek MerogoM samplingADC.
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