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Onucanue

Tecrep KOMIIOHEHTOB co3/1aH Ha ocHoBe mpoekTa Markus Frejek [1 u 2] u ero nmpeemuuka
Karl-Heinz Kiibbeler [3 u 4]. DT0 ansTepHaTHBHOE IPOrPAMMHOE OOECIICUECHHE TS TEKYIIEeH cXe-
mbl Karl-Heinz ¢ HeKOTOpbIME U3MEHEHHUSIMU B TI0JIb30BaTEIbCKOM HHTEp(dEce U METO1aMu, HC-
N0JIb3YeMbIMU JIJIs TecTUpoBanus U u3mepenus. Karl-Heinz BeimyckaeT ounuanbHbie pesus3bl,
MOJJICPIKUBAIOIIHE TaKXke Oosiee crapbie nmpoueccopbl ATmega, TaHHas ke Bepcus paboTaeT Ha
nporeccopax ATmega c o6bremom 32kb mamsatu u 6oree.

Ioackaska: zanyckatime pexcum asmoKoOpPeKmupo6KU Npu NepeoM 3anycKe, a mak e, eciu
86l cOeNanU KaKy-mmbo moouguxayuio, 0OHOGNeHUe NPOUUBKYU UIU NPUMEHULU Opyeue mecnosble
KOHMAKMbl (3a4CUMDL).



PekoMeHJallM1 MO0 6€30NMaCHOCTH

TecTep KOMIOHEHTOB - 3TO He NMpodeccuoHAIbHbIN HN(POBOI M3MePUTEIb!
ITO MPOCTOil TecTep AJIsl U3BMEPEHUSI HEKOTOPBIX JAeTasel. Mcnob3yiTe ero aJjsi 1eMOHTHPO-
BAaHHBIX 3JICKTPOHHbLIX KOMIIOHCHTOB. TecTOBBIE KOHTAKTHI HE HMEIOT 3alllUTBI U HE 1011y C-
Kal0T padoTy Ha HANIPSKeHUAX Bbile, yeM SB.

He ucnoJib3yiiTe TecTep JUIsl Liener 1m0 BbICOKMM HANPsizKeHUeM !

Ecnu BbI TecTHpyeTE KOHJEHCATOP, 003aTEIbHO Pa3psIUTe €ro MPekie, YeM Mo/I-
KJIFOYUTH! DTO HE MPOCTO 0€30MacHOCTh, Ballla KU3Hb MOKET HaXOJIUTHCS B OMACHO-
CTH, €CJIU Bbl COCUHUTE TECTOBBIC KOHTAKTHI C LIEIbIO 1101 HAPSHKEHUEM UJIA UC-
TOYHUKOM IMHUTaHUs, 0COOCHHO B AJIEKTpoceTH!

JINIeH3us

ABTOp HCXOHOTO KOJIa HE IPEAOCTABII HH(POPMAIUH O JTUICH3UU, KOTOPasi OTPaHUYHUBACT
UCIIO0JIb30BaHUE MUKPOIIPOrpaMMHOTro obecrieuenusi. OH yTBepsKIall, YTO 3TO OTKPBITHI HCTOUHUK
U 10001 KOMMEPYECKHUH 1M0JIb30BaTEIb IOJDKEH CBsi3aThes ¢ HUM. K coxanenuto, mbl (Karl-Heinz u
s1) HE HAILITH crioco0a CBsI3aThCst ¢ HUM. [109TOMY s BBIOpAI JIMIEH3UIO C OTKPBITHIM HCXOIHBIM KO-
oM 01.01.2016. ABTOp MOXKET CBSI3aThCS C HAMU, YTOOBI U3BSBUTH CBOM MOXKEJIAHUS 110 3TOMY BO-
npocy. Tak Kak MCXO/AHBINA KO/ 3TOH NPOLIMBKYU OblJ1 00paboTaH U MepenucaH ¢ Maccoil HOBBIX
GyHKIMH, g JyMaro, 4TO Takoi nmoaxon onpasnal. Jlunensus aperucrpuponana nogq EUPL V.1.1.

JonosiHUTE/IbHAA IpaBOBas OroBOPKa

Hazpanue mpoykTa uin Ha3BaHUE KOMIIAHUN — BO3MOYKHO TOPTOBBIE MAPKH COOTBETCTBYIO-
[IUX BJIAJEIIBIIEB.

Onuua sepcuiu I10

Karl-Heinz nanucan aeficTBUTENBHO MONHYIO JTOKYMEHTAIIMIO Ha TECTEP, OUYE€Hb PEKOMEH/IYIO
npodnTath e€. 51 00BACHIO BaM CyIIECTBEHHBIE OTIIMYMS OT €0 BEPCUU!
e - T[OJb30BATENbCKUN HHTEp(PEiic, HUKaKUX IpobiieMm,;
- MOAJIep>KKa TUCIUIEEB C CEHCOPHBIM yIPaBICHHUEM,;
- KOMaH/[bl yIIPaBJIEHUs TECTEPOM;
- (yHKUIMS pa3psIKy NOAKIIOUEHHOIO KOMIIOHEHTA,
- U3MEpEHHUE CONPOTHUBIICHUS:
+ crenualbHBIM METO/ TECTUPOBaHUs conpoTuBieHU MeHee 10 Om
(BMecTo MeToza nipoBepku ESR);
e - H3MEpPEeHHUE EMKOCTHU!
+ usmepenue EMKocTH ot SpF;
+ JIONIOJIHUTENBbHBINA METO/ TECTUPOBaHUs 1)1 KoHAeHcaTopoB oT 4.7uF no 47uF;
+ MeTO0J1 KOPPEKTUPOBKH/KOMITEHCAIINY,

e - SamplingADC mist u3MepeHuit 04eHb MaJloi EMKOCTH HJTH HHIYKTHBHOCTH
HE WCITOJIh30BAJICS;

e - JIHOABL
+ aBTOOIIpEEITICHUE,

e - OWNOJIAPHBIE MJIOCKOCTHBIC TpaH3ucTOphl (BJTS):

+ Vf onpenensiercs muist 6onee moaxosiiero (BupTyainbHoro) Ib Ha ocnose hFE;
+ o0HapyXKCHHE TePMaHUEBBIX OUIOSPHBIX TNIOCKOCTHBIX TPAH3UCTOPOB C
BBICOKUM TOKOM yTeuku (JFETS);
+ obnapyxenue BJT c 6apbepom 1lloTTku;
e - oOunapyxenne JFETs ¢ ouens Huzkum IDSS;
® - THUPUCTOPHI (CUMHUCTOPHI):
+ obnapyxenne MT1 u MT2;



- npuémnauk MK RC u gexonep;

- MWK RC nepenaruuk;

- TIIpOBEpKa ONTPOHOB,;

TeCTHpOBaHUE cepBonpuBooB RC;

- pabora cxeMbl BO3MOXKHA Ha TAaKTOBOM yacToTte mporeccopa 20 MI;
- 1-Wire (DS18B20);

- DHxX matuukuy,

CYETUMK UMITYJICOB (COOBITHH);

® - CTPYKTYpUPOBaHHBIN UCXOIHBINA KOS,

e - +emé U3MEHEHHUS, O KOTOPBIX S HE MOTY BCIIOMHUTh ceilyac.

Bonee nogpoOHoe onucanue GyHKIMNA B pa3/ienax HUKE.

HUcxoaHbIN KOJ,

HavanpHas npomBka M-Bepcuu Obula OCHOBaHA Ha McxoaHoM kone Kapna-Xaitnna. [lanee
ObLIa cAcsiaHa rny601<a51 OIITUMMH3alMA, ,Z[O6aBJ'IeHO OoJbIle KOMMCHTApUCB U IICPCMCHHBLIX, PC-
CTPYKTYpUpPOBaHbI (HYHKIMH. bosbime GyHKINU pa3aeneHbl Ha HECKOIBKO MEHbIINE YacTH. Beko-
pe MosI MPOIITMBKA CTajla He3aBUCUMOM Bepcueil. Hanpumep, Ob1n 100aBIICHBI IPOCTHIE KAPKACh
JUTSL IOJICPKKH PA3IMYHbIX AUCIUICEB M HHTEP(EHCHBIX MIMH. Sl HaeroCh, 9TO ceifvac KO JIETKO
YUTACTCA U TOAACPKUBACTCA.

Bbl MokeTe 3arpy3uTh akTyaibHOE IPOrpaMMHOE 00ECTIEUEHHE C ITUX CAalTOB!

- https://github.com/Mikrocontroller-net/transistortester/tree/master/Software/Markus

- https://github.com/madires/Transistortester-Warehouse

[Moaaep:xrBaeMoe 060pyJOBaHHE

[TpommBka paboTaet Ha BCEX YCTPOMCTBAX, KOTOPHIE COBMECTUMBI CO CTAHJIAPTHON CXEMOI,
pa3MeleHHol B JokymMeHTanuu Kapna-XaliHiia 1 KOTOpble UCIOJIb3YIOT OJIMH U3 CIEAYIOIMIMNX
MCU:

- ATmega 328
- ATmega 324/644/1284
- ATmega 640/1280/2560

Bbl MOXkeTe HacTpouTh Ha3HAYEHHE TOPTOB Mpolieccopa Mpu HeodbxoauMocTu. Jucnneit
MOJKET OBITh CHMBOJBHBIM WJIH rpaduueckuM (MOHOXPOMHBIN Win 11BeTHOM). [Toxkanyiicta, mo-
cMoOTpHUTe paznen «/ucnneny, rae ykazanbl NMOAAEPKABAEMbIE KOHTPOJUIEPHL. [JJOCTYIIHEI Clle1yto-
1Y€ armnapaTHble OILUU:

M0JIb30BaTEJbCKUI HHTEp(eiic:

- IOBOPOTHBIN YHKOJED;

- IONIOJTHUTEIIbHbIE KHONKY (yBETMYEeHUE/yMEHBIIIEHUE);

- CEHCOPHBIN KpaH;

- nocnepoBarenbHbid mHTEpdeiic (TTL, RS232, USB-nocn. ananrep);

JOIMOJIHUTEJIbHbI€ BO3MOKHOCTH .
- BHEIIHHUH 2.5-BOJIBTOBBIN HCTOYHUK OIIOPHOI'O HAIPSIKCHMUA,
- arrnaparHasd KaJIH6pOB0qHaH €MKOCTb,
- 3alIMTHOEC PEJIC AJIs pa3psiiKu KOHJICHCATOPOB,

JAOMOJHUTEIbHBIE TECThI U U3MEpeHH
- IPOBEpKa CTAOUIIUTPOHOB / U3MepEeHUe BHEIIHEro HanpsbkeHus <50B;
- IPOCTOU Y4aCTOTOMED;


https://github.com/madires/Transistortester-Warehouse

- paCLIMPEHHBIA BAPUAHT YACTOTOMEpPA C IIPECKATIEPOM U KBapLIEBBIMU I'€HEPATOpaMU ISl HU3KUX
U BBICOKHX 4acCTOT;
- anmmapatHbii UK npuéMHuk.

Co3aganue IIPOIIMBKH

Cuauaina otpenaktupyiite makefile, yrounure Bamry mojens nporeccopa, 4acToTy, THIT pe-
30HaTOpa M HACTPOUKH MporpamMmmaropa. OcTanbHbIe HACTPOUKH MTEPEMEIIEHBI B OCHOBHOM (aiii
config.h, a xordurypamus mporeccopa B daiia config<mcu>.h. daiin "Clones"” coxepskut mapa-
METpBI HACTPONKHU JJISl pa3IMUHBIX BEPCHIA/KIIOHOB TecTepa. Eciu y Bac ecTb HaCTpOUKH ISl TECTe-
pa, KOTOPOTO HET B CIIUCKE, OTIPABHTE UX IO ANEKTPOHHOU IIOYTE aBTOPY, YTOOBI IOMOYb IPYTHM
MI0JIb30BATEIISIM.

B config.h BeiOuparoT anmnapatHbie ¥ NIporpaMMHbIE OIIUH, S3bIK HHTepdelica 1 U3MEHSIOT
Jr00bIe 3HAYCHUS IO YMOJIYaHUIO TP HE0OX0auMoCcTH. Bee HaCTpOiKY M 3HAYSHHST TPOKOMMEHTH-
pOBaHBI B aiiie, modTomMy He Oymy o0CyXIaTh UX 3/1€Ch MOJPOOHO.

AnmnapaTHble ONIMH:
® TIOBOPOTHBIN SHKOJAEP WM KHOMKH YIIPABICHUS,
2.5-BOJIBTOBBII HCTOYHHUK ONOPHOTO HAIPSIKEHUS,
3alMTHOE penie (pa3psiaKa KOHJICHCATOPOB);
U3MEPEHUE HANPSDKEHHS CTAOMIIM3alnu ISl CTAOMIIMTPOHOB,
yactoToMep (0a30BbIi U paclIMpEeHHbIN BapUaHTHI);
CUETYUK COOBITHH;
LC-u3mepuTens,
npuémuuk/aexoaep MK u1st myapToB AMCTAaHIIMOHHOTO YIPaBICHUS
(anmapatHbIil MOy ipuemMHnKa MK);
MOJIEPKKA allapaTHOTO KAIMOPOBOYHOTO KOHCHCATOPA
(tonpko ¢ ATMega644/1284) nyist KOppEKTUPOBKH CMEIICHUH HAIPSHKEHHUS;
SPI mmHa (mporpaMMHasi U arapaTHas MoJICPKKa);
12C mmHa (mporpaMMHast U armapaTHas MoICPKKa);
TTL nocnenoBatenbHbli HHTEpdEic(anmnapaTHas 1 MporpaMMHasl HOIEPIKKA);
1-Wire mina (mporpaMmHas).

BHemnuit 2.5-BoIbTOBBIM HCTOYHUK OMOPHOTO HANPSKEHHUSI HEOOXOAMMO UCIIOIB30BaTh
TOJIbKO, eclii OH B 10 pa3 Oosiee TOUHBIN, yeM cTabunnu3aTop HanpsbkeHus. MHade 3To npuBeaéT K
XyAmwuM pesynstaraM. Eciam Bbl ucnonb3yere mukpocxemy MCP1702 ¢ TunnunsiM nomyckom 0.4%
Kak crabunusarop HanpspkeHus, BHenHU MOH B cxeme He Hy»keH!

Onuun nporpaMMHOro odecrnev4eHus:
e [IIMM reneparop (2 BapuaHTa);
U3MEpPEHUE UHYKTUBHOCTH;
n3mepenue ESR u BHyTprcxemHoe n3mepenue ESR;
IIPOBEpPKA OBOPOTHBIX SHKOAEPOB,;
reHepaTop MPSMOYTOIBHOTO CHTHAJA (TPeOyIOTCS 10T, KHOIIKH);
npuemauk/aexonep UK nis mynbToB JUCTAHIIMOHHOTO YIIPABICHUS
(Momyne npuemnnka MK nomkeH ObITh TIOAKIIOUEH K CXEME);
UK RC nepenaruuk (MK cBeToamos ¢ TpaH3UCTOPOM YIIPABICHHUS);
IIPOBEPKA ONTPOHOB;
IPOBEPKa CEPBONPHBOIOB (TPEOyeTCst oM. KHOMKH U TUCIIIeH Ha OoJiee 4eM 2 CTPOKH);
obnapyxenne UJTs;
IIPOBEpKA TOKA YTEUYKH KOHJIEHCATOPOB,;
TecT TemneparypHoro natanka DS18B20;



® IIBETOBOE OTOOPAKEHUE TECTOBBIX KOHTAKTOB (IS IBETHOTO rpauuecKoro AUCTLIes);

e BbIBOJ MH(OpPMAIMHK O HAMIEHHBIX KOMIIOHEHTaxX dYepe3 nocienoparenbubiii TTL(RS-
232), nanpumep, Ha PC;

® KOMaH/IbI YIIPABJICHHUS JIJIsl aBTOMATU3AIIUU C MCIIOIH30BAHUEM MTOCIICIOBATEILHOTO
TTL;

e wu3Mmepenue ooparnoro hFE nns BJTS;

e DHT11/22 gatuymk TeMnepaTyphbl ¥ BIaKHOCTH.

Bribepure He0OX0IUMBIE ONIIMHM BHUMATEIBHO, YTOOBI OHU COOTBETCTBOBAJIM BAIIMM I10-
TPEOHOCTSM, a TaK)Ke pecypcam mporieccopa, T.e. pazmepy RAM, EEPROM wu ¢msm-mamsatu. Eciu
CKOMITMJIMPOBAHHAS MPOLIMBKA MPEBBIIIAET pa3Mep (IdII-maMaTi mpoueccopa, NOMbITalTeCh OT-
KJIFOYUTh HEKOTOPBIE OIIIUH, B KOTOPHIX BbI HE HY)KJACTECh.

JocTynHble s13bIKH HHTEpQeiica:

e AHMmiickuii (110 YMOJIYaHUIO);

Hemeuxwnii;

Yemckuii (mognepxka Kapa) - mpudr Ha 6a3e xomuposku 1SO8859-1,;

Yemickuii 2 (moaaepsxkka Bohu) - mpudt Ha 6a3e kogupoku 1SO8859-2;

Harckwii (moxnepsxka glenndk@mikrocontroller.net);

Uranpsiackuii (moanepxka Gino 09@EEVblog);

[Monwckuit (mogmepxka Szpila);

Pymprackmii (mognepsxkka Dumidan@EEVblog);

Ucnanckuit (mogaepxka pepel 0000@EEVblog);

Hatckuit a3k (mognepxkka glenndk@mikrocontroller.net)

HE3HAYUTENIbHBIC U3MEHEHUS B mpudre;

e Pycckuii (mogaepxka indman@EEVblog) - mpudr ¢ noguaepkkoit KUPUILTUALBI
Ha 6a3e xomupoBku Windows-1251;

e Pycckuii 2 (moanepxka haplesS@EEVblog) - mpudt ¢ noaaepxxoiil KHPHILTHIIBI
Ha 0a3e koxupoBku Windows-1251, anpTepHaTUBHbIH BapHAaHT.

JlecaTUuHas 4yacTh U3MEpEHU 0003HaYeHa TOYKON, HO Bbl MOXETe U3MEHHTD €€ Ha 3arsi-
TYI0, €CITH CIEJIaTh COOTBETCTBYIOUIYIO HACTPOHKY. OmpeeieHHbIe HACTPOMKH MpoIieccopa,
Ha3HAYCHHUSI KOHTAKTOB U THUII AUCILICS, peIaKTUPYIOTCs B (haitne koHpurypamuu - config<mcu>.h:

e ATmega328 - config_328.h
o ATmega324/644/1284 - config_644.h
e ATmega 640/1280/2560 - config_1280.h

Jlucruielt 1OJKEH UMETB, 110 KpaliHel Mepe, 2 cTpokH 1o 16 cuMBoJIOB B Kak10i. [list rpa-
¢udecKkux AUCIiieeB BEIOUPAIOT WPUQPT, KOTOPBIH SIBISIETCA JOCTaTOYHO KOMITAKTHBIM, YTOOBI CO-
OTBETCTBOBATh NMPOTrpaMMHBIM TpeboBanusM. [Tocie penakruposanus makefile, config.h nim
config<mcu>.h BeimosHUTE KOMaH Ty 'make' Ui KOMITUJISIUA BCTPOSHHOTO MUKPOTIPOTPaMMHOTO
oOecrieyeHus. ITo co3/acT JBa (aiina:

- ComponentTester.hex B popmare Intel hex
- ComponentTester.eep EEPROM B dopmare Intel hex

daiin ComponentTester.hex neobxonumo 3amnucath Bo Flash mamsts, a ComponentTester.eep - B
obmacte EEPROM. [lannsie EEPROM conepxxar nBa Habopa 3Ha4eHUH KOPPEKTUPOBKHU MO YMOJI-
YaHUIO, TEKCTHI U TabuIbl. Eciii BBl OOHOBIIsIETe IPOIIMBKY M XOTUTE COXPaHUTh CTaphle 3HaYe-
Hus Hactpoek B EEPROM, To mosxete Bkimtounth onmuto DATA_FLASH B config.h mist mepeme-



IIeHus TekcToB 1 Tabsui Bo Flash mamsares. B aTom ciiyuyae HE0OX0auMO 3aIIporpaMMHPOBATh
toibko Flash obnacte, obmacts qanusix EEPROM ocranercst HEeTpOHYTOM.

Makefiles obecrieunBaeT clieayronye JONOJIHUTEIbHBIE TCHCTBUS:
e clean - ynanenue Bce 00bEKTOB U MUKPOITPOTPAMMHBIX (haiisioB;
fuse - ycranoBka ¢pro3oB mis ATMega (uepes avrdude);
upload - mporpammupoBanue kojaa u naHabix EEPROM(uepes avrdude);
prog_fw - nporpammupoBanue ToJIbKO Koza (depe3 avrdude);
prog_ee - nporpamMupoBanue Toybko 1aHHbiXx EEPROM (uepes avrdude).

IHIunbl 1 uHTEPdeiichI

12C/SPI

HekoTtopeiM aucniesM U IpyruM anmapaTHbIM CpeicTBaM HE0OX0AUMBI TpoToKoibl [2C wnu
SPI nns coenunenus ¢ npoueccopoM. IloaTomy npoumBka BKIItOYaeT JpaiBepbl A1 000UX IPOTO-
K0J10B. [IporpaMMHBIii U anmapaTHbIi peXUMbl MOTYT OOECIIEUNTh Ha3HAYEHUS Pa3InYHbIX KOHTAK-
TOB JIJIS1 pa3HbIX TECTEPOB U MOLACPKKY IpaliBEpOB MHHBIL. [[porpaMMHBIN peKUM MOXKET UCIIONb-
30BaTh JIIOOBIE BBIBO/BI 1O HAa OTHOM U TOM K€ TIOPTY, B TO BpEMsI KaK armapaTHbId PeXUM UCIOIb-
3yeT clielMalbHble KOHTAKTHI IIMHBI Npoueccopa. Hemrocrarok nporpaMMHOrO pexuma - HHU3Kas
CKOPOCTh. AnimapaTHbINA PEKUM HaMHOTO ObIcTpee. Bbl MOXeTe JIerko OnpeenuTh pa3aIndyuie B CKO-
POCTH P NOJKIFOUEHUH >KUKOKPUCTAIUINYECKUX IBETHBIX JquciieeB. LCD moaynu ¢ untepdei-
com SPI moryt ynpasnarbes annapaTHeiM SPI unu ¢ Mcrosib30BaHUEM NMPOrPAMMHON 3MYJISLIMHU.
Tecrep nHa ATmega328 nmoanepkuBaeT TOIbKO MporpaMMHyto sMyisinuto SPI u3-3a ocobenHocTu
cxeMbl. ATmega324/644/1284 ¢ 60abpIINM KOTMYECTBOM IOPTOB BBOJIA-BBIBO/IAa TIO3BOJISIET UCTIONb-
30BaTh mporpaMMHuyo smyisnuio SPI a takke HamHOro Gosnee ObicTphii anmapaTtHbiii SPI. [lpaii-
Bepbl SPI i 12C Brimrouenst B LCD Moaynu u MOTYT OBITH HACTPOEHBI B pa3jiene KOH(UTypauu
aucres - config-<MCU>.h. AnprepHaTiBHO, BbI MOXeTe Takke Bkiarounts 12C u SPI B config.h,
HACTPOMTH MOPTHI M KOHPHUTYpAILUIO B CHENUAIBHBIX pazzienax - config-<mcu>.h (cmotpure 12C
PORT wunu SPIPORT).

Ecnu BbI BeIOepeTe nporpammuslii SPI u Bkimtounte pexxum utenus (SPI RW), yoeaurecs,

urto ycranoBiieH Takxke SPI PIN u SPI_ MISO. Cwm. pazaen SPI B config- <MCU> .h s npume-

pa.

IocaenoBareanubrii TTL(RS-232)

Tectep MOXeT noAepKUBaTh BbIBOJ HH(OPMALIMK Yepe3 MOCIeI0BaTeIbHbIN HHTEpdeiic
TTL. Ecnu on ucnons3yetcs juis cBsizu ¢ PC, y Bac gomkeH ObITh Taroke USB - TTL npeoGpa3osa-
TEJb WX KIaccuueckuit npaiisep RS-232. BerpoeHHOE MEKpOTIporpaMMHOE 00ecTIedeHNe HCITOIb-
3yet annapaTHbiil uiau nporpammubiil UART. TTocnenoBatensHbiit uHTEpdeiic TTL Brimrouaercs u
HactpauBaetcs B (paiiie config.h (cmorpurte cexiuio "Busses™), KOHTaKTHI MOpTa OMpeaeICHBI B
config <mcu>.h (cmorputre SERIAL_PORT).

VY nporpammuoro UART ecTh He1oCTaTOK - pexkuM T X He UMEET MOCTOSHHO BBICOKUN ypo-
BEHb, €CJIM OH HE aKTUBEH. DTO MPOUCXOINT U3-3a CII0COOA, KOTOPHIM YIPaBIISIETCS BBIBOJ IOPTA
MK. YToOBI HCTIpaBUTh HETOCTATOK, YIIPABIEHHE MTOPTOM JOKHO OBITh H3MEHEHO, YTO BBI30BET
yBeIu4eHHue 00beMa BCTPOEHHOI0 MUKpOrporpaMMHoro obdecrneyenus. Ho sta npobiema He 10-
CTaBJsIeT HenpusITHOCTEH ¢ OonmpmaECcTBOM USB-TTL mociteoBarensHBIX ipeoOpa3zoBateneid. Ec-
7M ripo6iema Be€ JKe ecTh, BBl MOXKeTe J00aBUTh noaTsruBatoumii pesucrop (10-100k) Ha BbIxoa
TX, 9T00BI TOIEP)KUBATH CUTHAII HA BEICOKOM YPOBHE B PEKUME OKUIAHUS.

HacTtpoiika mo ymomaanuro s mociempoBatebaoro T 1L 9600 8N1:
- 9600 OuTt/c,8 OUT naHHBIX, HEUETHBIH, 1 cTom OUT, 6€3 KOHTPOJIS MOTOKA



1-Wire mmna
Hpyras noanepxxuBaeMas muHa — 1-Wire, KOTopasi MOKET UCIIOJIb30BaTh JFOObIE TIYy-
nbl/TecToBbie KOHTaKTEI(ONEWIRE_PROBES) nin crienuaibHblii KOHTAKT BBOIa-BBIBOIA
(ONEWIRE 10 PIN). [IpaiiBep pa3zpaboTan sl CTaHAAPTHON YaCTOTHI IIUHBI U yCTPOUCTB C
BHEIIHUM ITHTAHUEM.
HasznaueHne KOHTAKTOB JJIsl ITOAK/IFOUCHUS .
TecroBbiit konTakT Nel: 3emis(Gnd)
TectoBbrit koHTaKT Ne2: DQ (maHHEBIC)
Tecrobiii kouTakT Ne3: I[Tutanue VCC (Tok orpanunden pesucropom 6800m)
TpeOyercss BHEIIHUI pe3ucTop MoaATsKKH 4.7 kKOM Mexay kouTtakTamu DO u Vece!

Jnst ycTpoiicTBa, TpeOyIOIero MOAKIIOUEHHsSI K ITMHE TOJIBKO OJTHOTO KIMEHTA, MOKHO MPH
xenanuu y3Hath ero kog [13Y (ONEWIRE_READ_ROM). B ciyyae CRC omu0OKu uiu eciiy moj-
KJIFOUEHO HECKOJIBKO KJIMEHTOB, Ha auciuiee Oyner cumBodn '-'. Ecnu xox [13Y pasen Hysto - ecth
npobsieMa urenus. [Ipu ynaunom cunteiBanuu nepBas 4acth koja [13Y mokasbiBaeT cemeiicTBo
YCTPOMCTBA, BTOpask 4acCTh — €r0 CEpUHUHBIN HOMED.

Jluciien

Ha nanHBI MOMEHT OAAECPKUBAOTCS CIEAYIOIINE KOHTPOJUIEPHI TUCILIES:

e HD44780 (cuMBOIBHBIN AKCIUIEH, 2-4 CTpOKH HaA 16-20 CHMBOJIOB),
IL19163 (uBeTHO# rpaduueckuii qucrmei 128x160),
IL19341/1L19342 (uBetHoit rpaduueckuii auctuiei 240x320 mm 320x240),
ILI19481 (uBeTHO# rpaduueckuii aucruieit 320x480, yacTUYHO MPOBEPEH),
IL19486 (uBetHO# rpaduyeckuii qucmeit 320x480, 9acTHYHO MTPOBEPEH),
IL19488 (uBetHo# rpaduueckuii qucmeit 320x480, 4acTHYHO MTPOBEPEH),
PCD8544 (rpaduueckuii qucreit 84x48),
PCF8814 (rpaduueckuii nucmuieii 96x65),
SH1106 (rpaduueckuii mucrieii 128x64),
SSD1306 (rpaduueckuii qucrieii 128x64),
ST7036 (cuMBOMBHBIH qucIUIEH, 3 CTPOKK Ha 16 CHMBOJIOB, HE TPOBEPEH),
ST7565R (rpaduueckuii qucruieit 128x64),
ST7735 (uBetHoii rpaduueckuii nucruieit 128x160),
ST7920 (rpaduyeckuii mucruieit 128x64),
STE2007/HX1230 (rpadudeckuii nucruieii 96x68),
VT100 tepmunan (uepe3 nocieaoBaTenbHbI HHTEPhENC)

3a00ThTeCh O MPaBUIBLHOM HamnpspkeHUH nutanusd LCD qucniest 1 J0nyCTUMBIX JOTMYECKUX YPOB-
HAX Ha ero muHax! [IpocToii mepekiroyaTens YpOBHS € OCIEI0BATENBHO BKIFOUEHHBIMU PE3UCTO-
paMu, OCHOBAHHBIA Ha BHYTPEHHUX OIPAHUYUTEIBHBIX JUOAAX KOHTPOJUIEpA JUCILIES, MOXKET pa-
60TaTh, HO TOJIBKO HAa HU3KOM CKOpOCTH MHHBI mporpaMMmHoro SPI. TToatomy st pekomenayto uc-
MOJIb30BaTh COOTBETCTBYIONIHUI TpeoOpa3oBarTelb YPOBH HA MUKpOCXeMaXx.

Ecnm nucmield HU4Yero He NOKas3bIBAET, MPOBEPHTE MPABUIBHOCTD IMOJKIIIOUYEHHUS U ITOIIPO-
OyiiTe pa3nuuHble HACTPOWKM KOHTpacTHOCTHU B daiine(config<mcu>.h). [{ns GonbmmHCTBA AMC-
IJIEEB MOXKHO amnmnapaTHO MoAKII0UNTh BbIBOIbI /CS u /RES uepe3 noarsarusaromniyie pe3ucTopsl K
GND/VcC 1 3akoMMEHTHPOBATh COOTBETCTBYIOIIME HACTPOMKH 15t TOpTOB 10, eciiu MprCyTCTBYET
TOJIBKO OJIMH JUCIUIEHN Ha IIHUHE.

BosbmHCTBO rpaduiyeckux TUCIICeB UMEIOT HACTPOMKY /ISl U3MEHEHHs OpUEHTALUU
M300paXxkeHus1, HalpuMep, 171l MOBOPOTa M300pakeHus Ha 90° 1 3epKalbHOr0 OTPAXKEHHUS 10 TOPHU-
30HTAJIU UM BepTUKaIU. Takum 006pa3zoM, n300pakeHHe MOXKHO HACTPOUTH [T KaX10TO JTUCILIes
o Mepe HeoOXoAUMOCTH. JIJ1 BETHBIX IpauyeCcKUX JUCILIEEB JOCTYIHBI IONOJHUTENbHbIE



HACTpOIKHU. B cTaHIapTHOM IIBETOBOM PEKUME TECTEP UCIIONB3YET Pa3HbIe I[BETA, KOTOPHIE MOTYT
OBITH U3MEHEHBI ITyTeM penaktupoBanus (aiina colors.h . Ecnu 3akommentupoBats LCD COLOR,
OyIeT BKJIFOYEH IBYXIBETHBIN peskuM | 1BeT mpudrta 6yner COLOR _PEN, B To Bpems kak 11BET
¢dona - COLOR_BACKGROUND. B cinyuae, ecnu 6a3oBbie iBeta RGB kpacHbIil 1 cuHuii mome-
HsuMCh Mectamu, Bkirounte LCD BGR aiist peBepca kpacHOro U CHHEro 1BETOB. Y HEKOTOPBIX
JIHCIIIEeB €CTh oOpaTHble cyonukcenu RGB 1 KoHTposiep Auciuies: He 3HaeT 00 ITOM.

Ioacka3zka s ATMega328: eciu gvl nooxnouaeme nogopomusiii 3ukooep k PD2/PD3, noca-
aytcma, coeournume 6v1600 /CS mooynsa ¢ PD5 u 3adeticmsyiime nacmpotiky LCD CS 6
config_328.h (npumensemces x epagpuueckum oucniesim). Hnave umnyibeol ¢ no8BOPOMHO20 SHKOOe-
pa, BMEUABUUCH 8 UUHY OAHHBIX, NPUBEOYM K OuuUbOKam 8 pabome oucniesl.

HD44780
HD44780 ucnionbs3yet 4-x OUTHBINA pexxuM. HazHaueHne KOHTAKTOB:
Jlucrueit Config<mcu>.h ITo ymosuaHuto
ATMega328
DB4 LCD_DB4 PDO
DB5 LCD_DB5 PD1
DB6 LCD_DB6 PD2
DB7 LCD_DB7 PD3
RS LCD_RS PD4
RIW GND
E LCD_EN1 PD5

MoskHo Taxke ynpaisaTh AaHHbIM JKK-nucmneem uepes noaxntouaemslii 12C monyns PCF8574.
Anpec 12C takxe gomkeH ObITh HacCTpoeH. HazHaueHne KOHTAKTOB ISl TUCILIES C MOJKITIOYSHHBIM
monynem PCF8574:

Jucnneit Config<mcu>.h I[To ymomuanuio
ATMega328
DB4 LCD_DB4 PCF8574_P4
DB5 LCD_DB5 PCF8574_P5
DB6 LCD_DB6 PCF8574_P6
DB7 LCD_DB7 PCF8574_P7
RS LCD_RS PCF8574 PO
R/W LCD_RW PCF8574_P1
E LCD EN1 PCF8574 P2
LED LCD_LED PCF8574_P3
ILI9163
IL19163 ucrone3yer 4-x npoBoaHo# SPI pesxkxnm. HazHaueHHe KOHTAKTOB:
Jucruteit Config<mcu>.h [To ymorganmto [Tpumeuanue
ATMega328
/RESX LCD_RES PD4 OMIIMOHAJILHO
/CSX LCD_CS PD5 OIIIMOHAIEHO
D/CX LCD_DC PD3
SCL LCD_SCL PD2 SPI clock
SDIO LCD_SDA PD1 SP1 MOSI




MOXHO yIpaBisTh HACTpOHKaMu “X/y” - TOBOPOT, 4YTOOBI TOOUTHCSI KOPPEKTHOI OpUCHTAIINN
n300pakeHust Juid Bamiero auciuies. IIpu HeoOX0qMMOCTH MOYKHO HACTPOUTh X-CMELICHHUE.

Ecnu aktuBupoBats napamerp LCD LATE ON, Tectep 3amyckaercsi ¢ OUMILIEHHBIM U C-
IUIEEM, BBI3BIBAIOLIMM HEOOJIBIIYIO 3a€PAKKY [P BKJIIOUCHUH UTaHus. FIHaue BO3MOXKHO
IOSIBJICHHUE IIPU CTApPTE€ HEKOTOPBIX CIydalHBbIX UKCENeH (1IyMa) Ha SKpaHe.

ILI9341/IL19342

IL19341/1L19342 ucnoas3yer 4-x ctpounsiii SPI uau 8-OUTHBIN MapauieIbHbIH PEKUMBI.
Haznauenue konTakToB 17151 4-X mpoBogHOro SPI :

Jucruieit Config<mcu>.h I[To ymorqanuzo [Tpumeuanue
ATMega328
/IRES LCD _RES PD4 OIIIHOHATIBHO
/CS LCD_CS PD5 OIIMOHAIBHO
D/C LCD_DC PD3
SCK LCD_SCK PD2 SPI clock
SDI LCD_SDI PD1 SPI MOSI
SDO LCD_SDO - Tonbko ms 1L19341

s 8-OuTHOTO MapaiebHOrO:

Jucruteit Config<mcu>.h I[To ymosuaHuto IIpumeuanue
ATMega2560
LCD_PORT PORTB
/RESX LCD_RES PB4 OIIIMOHAJIBHO
/CSX LCD_CS PB5 OIIIMOHAIILHO
D/CX LCD_DC PB7
WRX LCD_WR PBO
RDX LCD_RD PB6 OTITUOHAIBHO
LCD_PORT?2 PORTL
DO LCD_DBO PLO LCD_PORT?2 pin #0
D1 LCD_DB1 PL1 LCD_PORT?2 pin #1
D2 LCD_DB2 PL2 LCD_PORT?2 pin #2
D3 LCD_DB3 PL3 LCD_PORT?2 pin #3
D4 LCD_DB4 PL4 LCD_PORT?2 pin #4
D5 LCD_DB5 PL5 LCD_PORT?2 pin #5
D6 LCD_DB6 PL6 LCD_PORT?2 pin #6
D7 LCD_DB7 PL7 LCD_PORT?2 pin #7

MOKHO yIpaBJsITh HACTPOUKaMH “X/y” - MOBOPOT U “X” - CMeIIeHHE, YTOOBI JOOUTHCS KOP-
PEKTHOM OpHeHTalMu U300paXxKeHus A Balero auciuies. He 3a0biBaiiTe ycTaHaBIMBaTh KOOPIU-
HaThl 10 “y” 1 “X” mist koHTposuiepa (IL19341 240x320 u 1L19342, 320x240). B HekoTOpBIX MOJTY-
JSIX AMCIUIES OTKIIOUEH paciupeHHbii Habop komann IL19341 (BeiBox EXTC nmonkmiouen k Gnd).
B sTOM ciydae BbI MOKETE YBUIETh Pa3MBITOE WIM MAJIOKOHTPACTHOE U300paXKeHne, KOTopoe
MO3KHO HcrnpaBuTsh, BkaounB LCD EXT CMD_OFF.

BBuay oTHOCHTENBEHO OOJIBIIOrO YKCiIa MUKCENel, paboTa AUCIIIes HECKOJIbKO MEJICHHAs.
Beck 3kpaH MOIHOCTBIO OOHOBIISIETCS ¢ YACTOTON MPUOIM3UTENBHO 3 CeKYH/IbI C KBapIlleM Ha 8
MI' 1 ipu UcTIOTb30BaHUM MporpaMMHoi sMyssiiun SPI. JIyunre ucronb3oBats ammaparaeiii SPI
WIM NapaJlIeNIbHYIO IINHY.



ILI9481(4acTU4YHO IPpOBEPEH)

IL19481 ucnonp3yet 8-0uTHYIO ruiin 16-0MTHYIO TapajuiebHbIe MUHBI. Ha3zHaueHne KoH-
TaKTOB J1Jis1 8-OUTHOM IIMHBI:

Jucruteit Config<mcu>.h [To ymoganuto [Tpumeuanue
ATMega2560
LCD_PORT PORTB
/IRESX LCD_RES PB4 OTITMOHAIBHO
/CSX LCD_CS PB5 OIIIMOHAIBHO
D/CX LCD_DC PB7
WRX LCD WR PBO
RDX LCD_RD PB6 OINI[MOHAJIBHO
LCD_PORT?2 PORTL
DBO LCD_DBO PLO LCD_PORT?2 pin #0
DB1 LCD_DB1 PL1 LCD_PORT?2 pin #1
DB2 LCD_DB2 PL2 LCD_PORT?2 pin #2
DB3 LCD_DB3 PL3 LCD_PORT?2 pin #3
DB4 LCD_DB4 PL4 LCD_PORT2 pin #4
DB5 LCD_DB5 PL5 LCD_PORT?2 pin #5
DB6 LCD_DB6 PL6 LCD_PORT?2 pin #6
DB7 LCD_DB7 PL7 LCD_PORT?2 pin #7

HasnaueHune KOHTAKTOB IS 16-OMTHOM MIMHEI TaKOE K€, KaK U JJI 8-OUTHOIA,
HO €CTb JOIIOJHCHHUE:

Jucnneit Config<mcu>.h [To ymomuanuto [Mpumeuanne
ATMega2560
LCD_PORT3 PORTC
DB8 LCD_DB8 PCO LCD_PORT3 pin #0
DB9 LCD_DB9 PC1 LCD_PORT3 pin #1
DB10 LCD_DB10 PC2 LCD_PORTS3 pin #2
DB11 LCD_DB11 PC3 LCD_PORTS3 pin #3
DB12 LCD_DB12 PC4 LCD_PORT3 pin#4
DB13 LCD_DB13 PC5 LCD_PORTS3 pin #5
DB14 LCD_DB14 PC6 LCD_PORTS3 pin #6
DB15 LCD_DB15 PC7 LCD_PORT3 pin #7

Mosxno yrpasisate HacTpoiikoit (LCD_ROTATE) 4to0bl HOBEpHYTH H300paXKeHHUE.
[Tpy HEOOXOIMMOCTH BBI TAK)KE MOXKETE YIPABIATH HACTPOMKaMH MOBOpOTa “X” M / miu “y”.

ILI9486(4acTUYHO NpPOBEPEH)
1L19486 ucnionp3yer 8-6utHyr0 nin 16-0uTHYIO apauiebHbIe UHBL. HazHaueHne KoH-
TaKTOB Takoe ke, kak y IL19481.



ILI9488(4acTU4YHO NpOBEpPEH)
ILI9486 ucnonb3yer 8-6uTHYIO M 16-0MTHYIO apayuieabHbIe WHBI. Ha3zHaueHne KoH-
TaKTOB Takoe ke, kak y IL19481. [lomonauTensHO moaaep:kuBaetTcs 4-X mpoBoaHbIid SPI pexum.

Jucrneit Config<mcu>.h ITo ymomuanuio [Tpumeuanue
ATMegab44
IRES LCD_RES PB2 OMIMOHAIBHO
/CS LCD CS PB5 OIIIHOHATIBHO
D/C LCD_DC PB3
SCL LCD_SCL PB7 SPI clock
SDA LCD_SDA PB5 SPI MOSI

HM3-3a BBICOKOTO pa3pelleHus JucIuies U nBeToBoii cxembl RGB666 (3 Gaiita Ha MUKCEID)
SPI noBonbHO MeanieHHBIH, naxke 1yt anmapatHoro SPI u takToBoit wactotel 16MIw. ITosTomy st
OBl HE PEKOMEHI0BAJI HCIIOIL30BaTh HHTEpdeiic SPI.

PCD8544
PCD8544 ucnonszyer 3-x nmpoBoanoit SPI pexnm. HazHaueHne KOHTaKTOB:
Jucrneit Config<mcu>.h ITo ymomuanuio [Tpumeuanue
ATMega328

/RES LCD_RES PD4 OIIIMOHAJIEHO

ISCE LCD_SCE PD5 OIIMOHAIBHO

D/C LCD DC PD3

SCL LCD SCLK PD2 SPI clock

SDIN LCD_SDIN PD1 SPI MOSI

Tak kax y aucruiest Bcero 84 MUKCeNs B TOPU30HTAIBHOMN pa3BepTKe, BI MOTYYHTE TOIBKO 14
CHUMBOJIOB B CTPOKE IIPU UCMOIb30BaHUU mpudra 6x8. Takum o6pazom, 2 cuMBOJIa HE MOTYT OBITh
BBIBEJICHBI Ha AHCIUIeH. CMATYUTH STOT HETOCTATOK MOYKHO, €CIIH IMOMPO0OBATh COKPATHTh HEKOTO-
pblii TeKCT B variables.h.

PCF8814

PCF8814 o6b1uHo ucnonb3yeT 3-x npoBoaHoit SPI pexxum. HasHaueHne kKoHTakToB (TOJIBKO
NPOTPaMMHBIH PEKHUM):

Jucrueit Config<mcu>.h ITo ymonmuanuio ITpumeuanue
ATMega328
/IRES LCD_RES PD4
/CS LCD_CS PD5 OMIIMOHAIBHO
SCLK LCD_SCLK PD2 SPI clock
SDIN LCD_SDIN PD1 SP1 MOSI

MO>KHO yIpaBisATh HACTPOHKaMH “y” - TOBOPOT, YTOOBI JOOUTHCS KOPPEKTHOW OpUEHTAIIH
M300paXKeHus JIUIs Balllero Juciies U “X” - MOBOPOT BBEPX-BHU3 ¢ oMolbio MX KoHTakTa.
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SH1106(npoBepeH He NMOJIHOCTbIO)

SH1106 ucnons3yet 3-x MpoBOIHBIHN, 4-X ipoBoAHbIH SPI pexxum mnu 12C. 3-x npoBoaHON
SPI tpedyet nporpammusiii pexxum u SPI 9 mst Brrouenns. HasHaueHne KOHTAKTOB st

4-x ipoBosiHOTO SPI:

Jucruteit Config<mcu>.h [To ymorganuto [Tpumeuanue
ATMega328
/IRES LCD_RESET PD4 OTITMOHAIBHO
/CS LCD_CS PD5 OIIMOHAIBHO
A0 LCD_A0 PD3
SCL(DO0) LCD_SCL PD2 SPI clock
Sl (D1) LCD_SI PD1 SPI MOSI
Hasznauyenune xonTakToB /it 3-x mpoBogHoro SPI:
Jucruteit Config<mcu>.h [To ymomrganuto [Tpumeuanue
ATMega328
IRES LCD RESET PD4 OMIIMOHAJIBHO
ICS LCD_CS PD5 OIIMOHAIBHO
A0 GND
SCL(DO0) LCD _SCL PD2 SPI clock
Sl (D1) LCD_SI PD1 SPI MOSI
Hnsa 12C:
Jucnneit Config<mcu>.h [To ymomuanuio [Tpumeyanne
ATMega328
/IRES LCD_RESET PD4 OTIIMOHAIBHO
ICS GND OMIIMOHAIILHO
SCL(DO0) I2C_SCL PD1
SDA(D1) I2C_SDA PDO
SAO0(AO0) GND(0x3c)/ 3.3V
(0x3d)

Hcronb3yst HACTPONKH TOBOPOTA 10 OCH “X/Y”’, BBI MOKETE N3MEHUTh OPUEHTAIINIO BBIBO/IA,
eciu HeoO0xoauMo. [t MHOTHX TUCTIIEHHBIX Moayniel Ha 6a3ze SH1106 Heo6xonumo, 94To0bI cMe-
[IEHHE 10 X OBLIO paBHO 2.

SSD1306

SSD1306 ucnonmb3yet 3-x min 4-x nmpoBoaHoi SPI pexxum a Taxoke 12C. 3-x nmpoBoanoii SPI
HOJJIEPKUBACTCS TOJILKO MTPOTPaMMHBIM criocoboM, SPI 9 nomxken ObiTh BKiItoYeH. HazHaueHue
KOHTAKTOB JIJIs1 4-X mpoBoaHOTO SPI:

Jucruteit Config<mcu>.h [To ymorganuto [Tpumeuanue
ATMega328
IRES LCD_RESET PD4 ONIMOHAIBHO
/CS LCD_CS PD5 OIIIMOHAIEHO
DC LCD DC PD3
SCLK(DO0) LCD_SCLK PD2 SPI clock
SDIN (D1) LCD SDIN PD1 SPI MOSI




Js 3-x mpoBogHOro SPI(TombKO MporpaMMHBIN PEKUM):

Jucruieit Config<mcu>.h ITo ymoganuto [Tpumeuanue
ATMega328
/IRES LCD_RESET PD4 ONIMOHAIBHO
ICS LCD CS PD5 OIIIHOHATIBHO
SCLK(DO0) LCD_SCLK PD2 SPI clock
SDIN (D1) LCD_SDIN PD1 SP1 MOSI
Jus 12C:
Jucruteit Config<mcu>.h [To ymorganuto [Tpumeuanue
ATMega328
/IRES LCD_RESET PD4 ONITMOHAIBHO
SCL (DO0) 12C_SCL PD1
SDA (D1&2) | 12C_SDA PDO
SAO0 (D/IC) LCD_SCLK Gnd (0x3c) / 3.3V
(0x3d)

MOXHO yIpaBisTh HACTpOHKaMu “X/y” - MOBOPOT, YTOOBI TOOUTHCS KOPPEKTHOI OPUCHTAIIMN
n300pakeHust U1 Ballero AUCILIEs.

ST7036(He npoBepeH)

ST7036 ucnonb3yet 4-x OUTHBIN MapaiyienbHblil uHTepdeiic umu 4-x npoBoaHbd SPL.
HasnaueHnue KOHTAKTOB IS ApaJIeIbLHOTO 4-X OUTHOTO MHTEepdeiica:

Jucrneit Config<mcu>.h [To ymorqanuto [Tpumevanue
ATMega328

DB4 LCD_DB4 PDO

DB5 LCD_DB5 PD1

DB6 LCD_DB6 PD2

DB7 LCD_DB7 PD3

RS LCD_RS PD4

R/W LCD_RW GND optional LCD_RW

E LCD EN1 PD5

XRESET VCC optional LCD_RESET

s 4-x npoBoanoro SPI:

Jucnneit Config<mcu>.h I[To ymomuanuto [Tpumeyanne
ATMega328
XRESET LCD_RESET PD4 OTITMOHAIBHO
CSB LCD_CS PD5 ONIMOHAIBHO
RS LCD RS PD3
SCL(DB6) LCD_SCL PD2 SPI clock
SI(DB7) LCD_SI PD1 SP1 MOSI

ST7036i moxxeT ucnonp3oBath uHTEpdeiic 12C, Ho oH moka He noanepkuBaetcs. OTaeb-
Hast QyHKIusa ST7036 sBisieTcs crieualbHBIM KOHTAKTOM JUTS BKITFOUECHHUS PACIIUPEHHON CUCTEMBI
koman[ (muH EXT), koTopast o0bI4HO HcTIONB3yeTcsa. B ToM ciyuae, eciin HacTpoHKu
LCD_EXTENDED_CMD u LCD_CONTRAST oTtkito4eHbl, BEIBOJ JOKEH OBITh 3aKOMMEHTHPO-

BaH.



ST7565R

ST7565R ucnonszyet 4/5 crpounsnii SPI pexxum. HazHaueHne KOHTaKTOB:

Jucruieit Config<mcu>.h I[To ymonganuto [Tpumeuanue
ATMega328
/IRES LCD_RESET PDO OTITMOHAIBHO
A0 LCD_AO0 PD1
SCL(DB6) LCD_SCL PD2 SPI clock
SI(DB7) LCD_SI PD3 SP1 MOSI
/CS1 LCD CS PD5 OIIIHOHATIBLHO

MO>KHO yIpaBisITh HACTPOMKAMH “X/Yy” - MOBOPOT U “X” - CMEIlIeHHE, YTOOBI JOOUTHCS KO-
PEKTHOM OpHUEHTALMU U300paXKeHUs AJIs BAIlEero JAUCIUIEs.

ST7735
ST7735 ucnonw3yer 4-x npooaroi SPI pexwnm. HazHaueHne KOHTaKTOB:
Jucruteit Config<mcu>.h ITo ymosuaHuto ITpumMeuanue
ATMega328

/IRESX LCD RES PD4

/CSX LCD CS PD5 OIIIMOHAJIBHO

D/CX LCD _DC PD3

SCL LCD_SCL PD2 SPI clock

SDA LCD_SDA PD1 SPI MOSI

MO>KHO yIpaBJsITh HACTPOWKAaMU “X/Yy” - MOBOPOT, 4TOOBI TOOUTHCS KOPPEKTHOM OpHEHTA-
uu n3o0pakeHus i Bamiero auciies. Ecnu akrusuposats mapametrp LCD LATE ON, Tectep
3aIyCKaeTcsl C OYMILEHHBIM JUCIUIEEM, BBI3BIBAIOIINM HEOOBIIYIO 3a€PKKY IPU BKIIIOUEHUU TTH-
taHus. MHaue BB MOXeTe HaOIr01aTh MPU CTapTe HEKOTOPHIE CllyyailHble MUKCENH (IIyM) Ha
JKpaHe.

HenasHo nosiBuiics mony-coBmectuMblid BapuaHT JKK-aucrutes, kotopslii He Oyaet paboTaTh
CO CTaHJIapTHBIM JipaiiBepoM. PerieHre cocTouT B TOM, 4TOOBI MCTIOJIB30BATh MOAU(PUITUPOBAHHBIHN
npaiisep (Ied_semi st7735 Bmecto lcd _st7735) ¢ oqMHAKOBBIMM HACTPOHKaMHU.

ST7920

ST7920 ucnonb3yet napauienbHbli 4-x OuTHbIN peskum wiu SPI. HasHaueHne KOHTakToB
JUIsl TapaJijiesibHOro 4-X OMTHOrO HHTEpdeiica:

Jucruteit Config<mcu>.h [To ymomya- | Tlpumeuanue
HUIO
/| XRESET | LCD RESET Vcce OTIIMOHAITBHO
E LCD _EN PD5
RS LCD RS PD4
RW LCD RW GND OMIIMOHAJIHLHO
D4 LCD DB4 PDO
D5 LCD_DB5 PD1
D6 LCD _DB6 PD2
D7 LCD DB7 PD3




Hasnauenne xonraxktoB 11t SPI:

Jucruteit Config<mcu>.h [To ymorganuto [Tpumeuanue
/IXRESET LCD_RESET PD4 ONIMOHAIBHO
CS (RS) LCD CS PD5 OIIIHOHATIBHO
SCLK (E) LCD_SCLK PD2 SPI clock
SID (RW) LCD_SID PD1 SP1 MOSI

W3-3a neymaunoit agpecaruu it ST7920 MOryT IpuMEHSTHCS TOIBKO MIPUQPTHI IUPUHOM
8 mukcenei. YToObI CIIPaBUTHCS C TOPU3OHTAIBHOU 16-TH OUTHOM anpecarueid, s JOJKEH ObLT J10-
0aBUTH SKpaHHBIN Oydep A1 CHMBOJIOB.

STE2007/HX1230

STE2007 ucnons3yer 3-x npoBoanbiil SPI pesxkxum. HazHaueHre KOHTAKTOB (TOBKO
pOrpaMMHAas MOIIEPIKKA):

Jucruteit Config<mcu>.h ITo ymosuaHuto [TpumMeuanue
ATMega328
/IRES LCD_RESET PD4 OIIIMOHAJIBHO
/CS LCD_CS PD5 OIIIMOHAIILHO
SCLK LCD_SCLK PD2 SPI clock
SDIN LCD_SDIN PD1 SPI MOSI

MO’KHO yITpaBJIsITh HACTPOUKaMH “X/y” - MOBOPOT, 4TOOBI TOOUTHCS KOPPEKTHOM OPHEHTALIUH
M300paKeHUs JI71s BAIIEro JUCILIES.

VT100 Tepmunau

Hpaiisep VT100 3amensier XKK-mucrmmeit n BeiBoaut napopmaruio mocpeacrsom V1100
tepmuHaina. Pa3nen konpurypanuu s VT100 yxe BKItO4aeT aKTUBALMIO IOCIEI0BATEIBHOTO
untepgdeiica TTL. Ilomuure, uro npaiisep VT100 oTKIHOUUT JpyTrye ONIMH, KOTOPbIE UMEIH OT-
HOLIIEHHE K TOCJIEI0BaTeIbHOMY UHTep(delcy u MOoriu Obl HCKAa3UTh HH(OPMAIHIO.

KHonku TECTUPOBAHHUA M YIIPABJIEHUA
OcHOBHOE yIIpaBJIeHHE TECTEPOM — KHOTKA “TecT”, HO JOMONMHUTEIbHBIE OIIIUU yIIpaBJie-
HUS TaK)Ke MOJACPKUBAIOTCS 11t Oosiee yA00HO paOOTHI.

KHonka "Tect"

Knonka "Tect" 3amyckaet ycTpoicTBO, a TakKe yNpaBJisieT M0JIb30BaTeIbCKUM HHTepdeii-
coM. [l aTOrO TEcTep pa3nuyaeT KpaTKOBPEMEHHbIE U JUTUTENIbHbIE HaXkaThs KHONKH (> 0.3 ¢).
bricTpoe HaxaTHe 0OBIYHO UCTIONB3YETCS ISl TPOIOJKEHUS padOThI MU BBIOOpA ITyHKTA MEHIO.
Jlonroe Ha)kaTHe BBIMOIHAET 3aBUCHILEE OT KOHTEKCTa AelicTBue. Eciu Tectep Oyner oxunaTh, mo-
Ka BbI HAKMETE KHOIIKY, TO OH JJaCT MOJICKa3Ky M BBIBEJIET HA DKPaH Kypcop Ha MOCIIEIHEN TO3ULIAN
BO BTOPOW CTPOKE WM B HWKHUH npasblil yron LCD nucnuies. Hemuraromumii Kypcop curHajinsu-
pYyeT 0 TOM, YTO Ha 3KpaH OyJeT BbIBeJIeHa IONOJHUTENIbHAs HH(OPMaIlMH, 8 MUTAIOIINI 03HaYaer,
4TO TEeCTep BO30OHOBUT LIMKINUECKOE TecTupoBaHue. Kypcop He 3aneiicTBOBaH B MEHIO M HEKOTO-
PBIX OMIUAX, TOTOMY YTO 3TO HEOOXOIUMO JIJIsl MPABUIBLHOTO HAXaTHs KHOIIKH.



Bo3M0XHO BKITFOUEHHE TIO/ICKA30K JICHCTBUM, €CITU y Balllero Mpruoopa eCTh TOTOJIHUTEIhb-
HBIC KHOITKA U BO3MOKHOCTh OTOOpaKaTh Ha JIUCIUIEE JOCTATOYHOE KOJMYECTBO CTPOK TEKCTa (CM.
Ul_KEY_HINTS B config.h). IToackaska oTrobpaskaeTcst BMECTO Kypcopa, €Clid OH JocTyreH. Ha
JIAaHHBIE MOMEHT €CTh TOJIBKO OJIHA TaKas MoJicka3ka Jjis aom. kHorok (Menro / Tecr).

IloBOpOTHBIM 3HKOAep (annapaTHaA ONuus)

C nOBOPOTHBIM 3HKO/IEPOM BbI MOIY4YUTE HEKOTOPYIO JOMOIHUTENbHYIO (DYHKIIMOHAIBHOCTD
B TI0JIb30BATEIBCKOM HHTEp(delice, HO ITO 3aBUCUT OT KOHTEeKcTa. HekoTopsie pexkuMbl pabOThI Hc-
HOJIb3YIOT U3MEHEHHE CKOPOCTH BpALLlEHUs SHKOJIEpa, YTOObI YIPABIIATh JONOJHUTEIbHBIMU
HaCTPOMKaMU UJIU PEryJIUPOBKON 3HAYCHUM.

ANropuT™m Ui NOJAEPKKU pabOThl SHKOJIEpa OCHOBAH Ha nojacuére koja ['pas 3a oguH um-
nyascHbIM mar win octanoBKy (ENCODER PULSES). bonbmnHCTBO 3HKOAEPOB BbIAOT 2 Uiy 4
KOJ/IOBBIX MUMITyJIbCa 33 OJUH 1ar. KognyecTBo maroB win 0CTaHOBOK 3a MOJIHBIN 000poT Ha 360
YII0BbIX cTyneHen Takke npuHsThl Bo BHUMaHue (ENCODER _STEPS). Bel moxeTte ncnosb308ath
9TO 3HAYEHUE JUIsl TOUHON HACTPOMKHU YIJIOBOM CKOPOCTH U ONITUMHU3UPOBATh 00OpaTHYIO CBA3b. bo-
Jiee BBICOKOE 3HaUEHHE 3aMeUIIeT CKOPOCTh, O0JIee HU3KOE 3HAaUEHHE — YBEIUIHUBACT €.

B ciyuae eciau HeoOX0AMMO U3MEHUTh HAIpaBIeHUE BPALICHUs Ha 00paTHOE, IPOCTO IOMe-
HSIIiTEe Ha3HAYCHHE BBIBOJIOB MpoIieccopa Uit KOHTakToB A u B B (aitnie konduryparuu config_
<mcu>.h. M3MeHeH#e yriaoBOi CKOPOCTH M3MEPSIET BpeMs ISl IBYX IIAroB. Bbl JOMKHBI TIOBEp-
HYTb SHKOJIEp, 110 KpaiiHell Mepe, Ha JBa 1ara Juisi cpeiHel ckopocTH. [[ist Gosiee BBICOKOI CKo-
poctu - Ha Tpu mara. OIMHOYHBIN 1Al IPUBOJUT K CAMOW HU3KOM CKOPOCTH.

KHonku ynpaBjieHus +/- (annmapaTHas ONiuA)

Ecan BB MpeaAIIoYnTaCTC KHOIIKK BMCCTO S3HKOACPA, TO €CTh BO3SMOXXHOCTD I[OGaBI/ITI) JABC
anbTepHaTUBHBIC. KHOITKM UMEIOT TaKOe JKe MOAKIFUYCHUE KaK U SHKOIep (Pe3UCTOPbI MOATSIKKH,
HU3KHUM ypoBeHb). J[nuTenpHoe HaxaThe KHOIIKU YBEJIMYUT "CKOPOCTB'", €CJIN MPOJ0JIKATh €€
ylepKUBaHHE.

CeHCOpHBIX 3KpaH (annmapaTHas onuus)

AnbTepHaTUBHAs OMNIMS YIIPABIIEHUS - CEHCOPHBIN 3KpaH. OOpaTuTe BHUMaHKUE Ha TO, YTO
9KpaH JI0JIKEH ObITh JOCTaTOYHO OOJIBIION, C MOIEPKKONW MPUOIUZUTENBHO 8 TEKCTOBBIX CTPOK IO
16 cuMBOJIOB B KaXka0M. UTOOBI OCTaBUTH JAparolieHHOe HHPOPMALMOHHOE TPOCTPAHCTBO HA JAMC-
TJiee, MoJb30BaTeNIbCKU HHTEpdEc He 0TOOpakaeT MKOHKHU CEHCopa ympaBiieHus. [[is 3Toro ecth
HEBU/IMMbIE CEHCOPHBIE 30HbI CJIeBa U CclpaBa (KaXkaas HMPUHOM B 3 CUMBOJIA), @ TAK)KE B BEpXHEH
Y HIDKHEH YacTu Auciuies (BbICOTOM B 2 CTPOKM) U OJJUH B LIEHTPAJIbHOM oOJsiacTu. JIleBas u BepxHsis

30HBI CIIY’KaT JIJIs1 YMEHBUICHNS 3HAUE€HUS NJIM NIEPEMEILIEHUS BBEPX 10 MEHIO, B TO BPEMsI KaK
HWDKHSISL M TIpaBasi 30HbI - ISl YBEIMUEHUS WIK [IepeMelIeHHs] BHU3 o MeHto. Ha camoM aene onu
JIENIA0T TO K€, UTO U YHKOAEp. bornee IurenpbHoe KacaHWe CEHCOPHOM 30HbI YBEIMUUBAIOT CKO-
POCTb U3MEHEHHUS, €CIIA ITO MOAJEPKUBACTCS PYHKIMEHN NI MHCTPYMEHTOM (aHAJIOTMYHO ObICT-
pOMYy BpallleHHIO 3HKo/iepa). LlenTpanbHas 30Ha AeiicTByeT aHajJoruyHo kHomke "Tect", HO oHa He
aKTUBHPYET, HAIPUMEP, OMIUIO IPOBEPKU CTAOMITUTPOHOB.

CeHcopHOMY 3KpaHy HY>KHA HAaCTpOiKa U KaauOpoBKa /s MPaBUIIbHOTO (QYHKIIMOHUPOBa-
Hus. KanuOpoBka aBTOMaTHYECKH 3aIyCKAaeTCsl OCIe BKIIOUEHHS TECTEPA, €CIIM HET COXPAHEHHBIX
nanHbix B EEPROM. Bel MoxeTe Takke BBIITOJTHUTHh HACTPOMKY uepe3 riaBHoe MeHio. [Ipouenypa
npoctas. Eciau Bel BUUTE 3B€3104Ky (GKENTYIO “*’ Ha IIBETHOM JAMCILIEE), IPOCTO KOCHUTECH €€.
[Tocne sToro Tectep yaajuseT 3Be304Ky U 0TOOpaXkaeT UCXOAHYIO no3uiuio x/y. IlepBas Touka
PEryJIMpOBKU HAXOAUTCS CBEPXY CIIpaBa, BTOpas TOUYKa - BHU3Y cieBa. Brl MoxkeTe HCIOIb30BaTh
PETYJIMPOBKY J0 TpeX pa3. MOKHO MPOMYCTUTh NPOLEAYPY B JIF000€ BPeMs €ClIM Ha’KaTh TECTOBYIO
KHOTIKY. Ecin ecTh mpo0IieMbl ¢ KaTMOPOBKO# B BUJIE CTPAaHHBIX “X/Y” MO3UIIMIA, TPOBEPHTE OPHECH-
TaIMI0 CEHCOPHOTO SKpaHa OTHOCUTEIBHO JUCILIES.



VY npaiiBepa ecTh OILUU 36pPKAIIBHOIO OTPaKCHUS WU U3MEHEeHMs opueHTauuu. [Ipeanona-
raeTcsi YTO BEPXHUIL JIEBBIN Yro JUCILIes - 3TO HyJeBas no3uuus. HekoTopsle mojckasku o Heo0-
XOJHMMBIX HACTPOMKAX JUIsl KOHKPETHBIX 3HAYCHUU X U Y:

nepBasi TOYKa PEryIupOBKH: BBEPXY CIIpaBa
X y HaCTPOMKHU
® HU3 HU3 TOUCH_noBopot_X
® HU3 Bepx  TOUCH_mnoBopor X & TOUCH_mnoBopotr_Y
®  Bepx HU3
e  Bepx Bepx  TOUCH_moBopor_Y

He 3a0b1BaiiTe cCOXpaHATh JaHHBIE [TOCIE YCICITHONW HACTPONKH (TJIIaBHOE MEHIO: COXPAHHTB).
ITonnepxuBaeMble KOHTPOJUIEPBI CEHCOPHOTO YKpaHa:
- ADS7843/XPT2046
BpeI Haiinere napamerpsl KoHGUTrypauuu auciuies B daitne config-<mcu>.h(B Hacrosimiee
Bpems 3to config_644.h u config_1280.h u3-3a orcyrcrBust cBoOoaHBIX TOpTOB B ATMega328).

ITlos1b30BaTe/IbCKUU UHTEpdenc
EcTb HECKOTBKO CITOCOOOB 17151 TOTO, YTOOBI CIeNIaTh BHIBOJI PE3YJIbTATOB Ha TUCILICH Oojee

yIOOHBIM U JIETKO YATACMBIM.
Jnis nucruteeB ¢ 6ojiee yeM 2 TEKCTOBBIMH CTPOKAMHU:

- IOKa3aTh KHOTKH MOJICKa3KK BMECTO Kypcopa, eciu BKiroueHa Hactpoiika (Ul_KEY_HINTS).
st rpaduueckux TUCIIIICeB:

- BCE MapaMeTphl MIePEUnCIICHHBIC paHee;

- UKOHKH C PacliMHOBKOM 715 3-X BBIBOJHBIX nonynpoBoaHukoB (SW_SYMBOLS,

HETMPUMEHHUMO JUTS IUCILICEB C HU3KUM Pa3pelICHUEM ).

JU1st 1IBETHBIX Tpa@UUECKUX AUCIIICEB:

- BCE MapaMeTphl IepeUnCIIeHHbIE PaHee;

- IBETOBOE 0003HaueHue i TecToBbix koHTakToB (Ul_PROBE_COLORS);

- HacTpauBaeMbli 1BeT ay1st 3arooBkoB (Ul_COLORED_TITLES);

- HaCTpaMBaeMbIi BET IS Kypcopa u nojcka3ok st kaornok (Ul COLORED_CURSOR);

- uBeToBoi koJ juist pesucropoB (SW_R E24 5 CC,SW_R E24 1 CCu SW_R E96 CC).

COB,Z[I/IHBHI/IB C KOMIIBbIOTEPOM

Tectep MoxeT noaaepkuBarth nociuenoarenbHbiii nuaTepdeiric TTL ans ceasu ¢ [IK. Oto
MOYET OBITh cOoelMHEHHE TOIbKO Mo TX /1 BbIBOa HH(OPMAIMK O HAalIGHHBIX KOMIIOHEHTaxX
WM ABYHAIpaBJICHHBINA HHTEpdEiic 1 aBToMaTu3anui. B 00oux ciydasx He0OX0IUM MOCIIeI0Ba-
tenbHbI uHTEpdeiic TTL, kotopsiit HacTpauBaeTcs B (aitne config.h (cMm. pazgen «Busses»).

CrienuasibHbIe CHMBOJTBI 3aMEHSIOTCS] CTaHIapTHBIMH, Harpumep, omera (OM) CTAaHOBUTCS
npoctoii R. JI711 MeHI0 1 HHCTPYMEHTOB HET MOCJIE0BATEILHOTO BBIBOJIA, KPOME Pe3yJIbTaToOB Mpo-
BEPKH ONTOMAPHI.

Tabmuia mpeobpa3oBaHus:
CUMBOIIBI TMona |> <|
CHUMBOJI KOHJIEHCATOPA ||

omera R
micro/ pu
CHUMBOJI pe3ucTopa [ |



ITonckazku:
- 9600 8N1;
- HoBas ctpoka <CR> <NL>

IMocsiegoBaTE/JILHBIN BBIXO/

Tecrep onpenenser KOMIOHEHTHI U TiepeaaeT nHdopmanuro Ha [1IK mocpencrsom npocroii
TePMHUHAJILHOM TporpaMmbl, ecitu 3ta Gynkius BkirodeHa (cm. Ul SERIAL_COPY B paznene
«misc settings» B ¢aitne config.h). [TocnenoBarensHbIil BEIBOA CIIEAYET 32 BBIBOJOM HH(GOPMALIUH
Ha JKK-gucniee, HO TOJBKO IS HalICHHBIX KOMIIOHEHTOB.

ABTOMAaTH3aLMA

DyHKIKS aBTOMATU3ALMHU TTO3BOJISET YIPABISATH TECTEPOM C IIOMOIIBIO YAATIEHHBIX KOMaH/
Yyepes JBYHANPABICHHOE TIOCIIeI0OBATEIbHOE CoeAMHEeHHE. 11 BKITFOUEHUS ATON (DYHKITUHU CM.
Ul SERIAL COMMANDS B paszene «misc settings» B daiine config.h. ITo ymoauanuro mosese-
HUE TecTepa HEMHOTO U3MEHUTCS. ABTOMAaTH3aIMsl 00ECTIEYNBACT PEKUM OKHUJIAHUS ¥ IIPUOOD HE
OyZeT aBTOMaTHYECKH MPOBEPSATH KOMIIOHEHT Toclie BKItoueHus. Komanaueiii naTepdeiic 10BOIb-
HO TMpocT. BeI oTnpasisiere KOMaHy - TecTep oTBedaeT. CBsi3b OCHOBaHA HAa TEKCTOBBIX CTPOKaX
ASCII u komaHAax, 4YyBCTBUTEIbHBIX K perucTpy. Kaxkaas koMaH1Has CTpOKa JOJKHA 3aKaH4H-
BaTbCsi cuMBOJIOM <CR> <NL> unu <NL>. MmeiiTe B BU1y, 4TO TecTep Oy1eT MPUHUMATh KOMaH-
JIbI TOJIKO B PEXKHUME OXKUIAHUSI OOpaTHOM CBS3H OT MOJIb30BATENS MTOCIE BKIIOUEHHUS MTUTAHUSA,
OTOOpaXCHHS KOMITOHEHTA MJTU BBIMOJHCHUS (QYHKIIUU MeHIO. CTPOKH OTKJIMKA 3aKaHYMBAIOTCS
cumBosioM <CR> <NL>. Cm. paznen «Komanasl ynpaBiaeHus» A7l OOBICHEHUS CIICKA KOMAH]I.

VT100

Tectep moxeT BbIBOAUTH HHPOpMaruio Ha TepmuHain VT100 BMecTo ®uaKokpucTaminye-
ckoro aucres (cM. VT100 B pazaene "Qucnnen"). s coxpaneHus KOppeKTHON HHPOpMAIIH
BCE JIpyrue OILUHU I OCIeA0BaTENbHOI0 HHTEp(elica OTKIIIOUEHBI.

BKJ/IloueHue

Jlonroe Ha)kaTue KHOMKY MpH 3aIllycke Mpubopa BEIOMpAET PeKUM aBTOYAEpKaHUs MOKa3a-
HUil. B 3TOM pexxuMe ycTpoicTBO 0kHMaeT OBICTPOro HaXKaTUsI KHOMKU TOCJIe OTOOpaXKeHUs pe-
3y/ibTaTa Npexie, YeM MpOoJ0JKUTE padoTy. MHaue Tectep BhIOMpaeT HENPEpbIBHBIHN (LIUKINYHBIN)
peKuM paboThI 10 YMOTYaHUIO. Bl MOXeTe MHBEpTHPOBATh BIOOp pexxrMa padboTsl B config.h
(UI_AUTOHOLD). Mocne BritoueHUs: OyaeT KPATKO MOKa3aHa MUKPOIPOrpaMMHasi BEpPCHsI.
Bonee nnurenbHOe HaxkaTue KHONKU (> 2 ¢) cOPOCHUT TecTep K MUKPOIIPOIPaMMHBIM 3HAYEHHSIM I10
YMOJTYaHUIO. DTO MOXKET OBITh MOJIE3HBIM, €CJIU Bbl YCTAHOBUIIN HEIOMYCTUMYIO KOHTPACTHOCTh
mucries. Ecnu rectep 0OHapy UT MpoOIeMy € COXpaHEHHBIMU 3HAUE€HUSIMU KOPPEKTUPOBOK, TO OH
BBIBE/IET HA 3KPaH OIINOKY KOHTPOJBHOM CyMMBI. JTa OIIMOKA YKa3bIBAE€T HA MOBPEKAECHHBII
EEPROM u yctpoiicTBO OyA€T HCI0JIb30BaTh MUKPOIIPOIPaMMHBIE 3HAYSHU S 110 yMOoIyaHuo. s
TECTepa C PyYHbIM BBIKJIIOUATEJIEM TUTAHUS BMECTO IPOIPaMMHOT0, MOKaIylicTa, BKIIOUUTE OI-
o POWER _SWITCH _MANUAL B config.h. B aTom pexxume npudop He CMOKET OTKITFOUUTHCS
aBTOMaTHUYECKH!

TecTupoBanue

[Tocne 3amycka npuOOp BXOJUT B PEKUM TECTUPOBAHUS U OINPENEAeT MOAKIIOUEHHbIN KOM-
NOHEHT. B HenpephIBHOM (LIUKINYECKOM) PEKUME ITO JEHCTBHE aBTOMATHUECKH TOBTOPHTCS
nociie KOpoTKoi nayssl. Eciiu HeCKobKo pa3 KOMIOHEHT He OyZeT onpeaeniéH, TO TECTEP BBIKIIO-
yntcst. B pexxume aBToynepkanus — “autohold”(moackaska Kypcopom) TecTep BBIOIHSIET OJHH
3aIlyCK M OKHUAAeT HAaXKaTHs KHONKU WJIM ITOBOPOTA BIIPABO 3HKOJEpa. 3aJiep:KKa IUKJIa U aBTOMa-
TUYECKOE BBIKITIOUEHHE MUTaHU U1l HETIPEPBIBHOTO PEXXHUMa MOTYT OBITh CKOPPEKTHPOBAHBI



Hactpoiikamu CYCLE_DELAY u CYCLE_MAX B config.h. CymecTByeT 10MOTHATEIEHOE aBTO-
MaTHYECKOE BBIKIIOYEHHE MUTaHus i peskuma “autohold” (POWER_OFF_TIMEOUT), kotopoe
AKTHBHO TOJIBKO BO BPEMsI IMKJIMYHOTO TECTUPOBaHUs. B 000MX pexkrMax MOKHO BBIBECTH MEHIO C
JOTIOJTHUTEIILHBIMH (D)YHKIMSMH WITH BBIKJIFOYHThH YCTPOUCTBO. J{JIsl ITOITydeH sl JOTIOTHUTEIBHON
UH(POPMALIUY YNTANTE HIXKE.

KOHTpOJIb HCTOYHHUKA IIMTAHUA

Kaxapiii [uKI TeCTUPOBAaHUS HAUMHAETCS C ONPEAETICHUS HANpsHKEHHs 0aTaper U BbIBOJA
Ha JUcIIel e€ cocTosiHus (HOpMa, ciabas, paspsikeHa). TecTep BBIKIIIOUUTCS IPU JOCTUKEHUHT
HUKHETO IMOPOroBOro HanpshkeHus. batapes KOHTpoiupyeTrcst peryasipHo Bo BpeMs padboTsl. Kon-
buryparys mo yMOoI4aHHIO JUIsi KOHTPOJIS IIUTAHHUSI YCTAaHOBIICHA U1l 9-TH BOJIBTOBOM OaTapen, HO
OHA MOKET ObITh U3MEHEHA JIJ1s1 OOJIBIIMHCTBA APYTUX UCTOUHUKOB uTanus. [locMoTpure cexiuio
"power management" B config.h st Bcex BapuanToB HacTpoiiku. KOHTPOIb MUTAHUS MOKET OBITH
noaHOCThIO0 oTKItoueH onuueil BAT NONE, ycTaHOBJIEH HAa TPOBEPKY MTOCTOSIHHOTO HAIPSHKEHUS
1u1st uctounukoB nutanust menee 5 B onmueit BAT DIRECT wiu ycTtaHOBIEH 7151 KOHTPOJIS Yepe3
nenutensb HanpsbkeHud - onuu BAT R1, BAT R2 u BAT DIVIDER. Hekotopble Tectepsl moj-
JEP’KUBAIOT JOMOJIHUTEIbHBIN BHEIIHUN UCTOYHUK TUTAHUSI, HO HE MTO3BOJIIOT €r0 KOHTPOJIUPO-
BaTh. B aToM ciiyuae npenycmotrpena onmus BAT_EXT_ UNMONITORED, koTopas mo3BomsieT
IPEIOTBPATUTH MPOOJIEMBI C aBTOMATUYECKUM BBIKIIOYEHUEM MTUTAHUS P HU3KOM YPOBHE 3apsi-
na. B atom pexxume coctosiHue 6arapen Oyner oToOpaxarbcs Ha Auciuiee Kak "ext"(BHemHss). Jis
c11aboro U HU3KOro ypoBHs 3apsiaa npeaycmorpensl HacTpoiiku BAT WEAK u BAT LOW, a on-
st BAT OFFSET yunThIBaeT najgeHue HanpsHKEHUs, HAIPUMED, €CJIM B CXEME YCTaHOBJIEH 3a-
IIMTHBII MO/ U TPAH3UCTOP YIPaABICHUs IUTAHUEM CTPYKTYpHI PNp.

BbIK/IlDUEHH e

[Tpu oTOOpaXkeHUU pe3yiIbTaTa MOCIEIHETO TeCTa IOJIF0e HaXKaThe KHONKY “Tect” mpuBOIUT
K BBIKJIFOUCHHIO ipubopa. OH mokaxer coobienue “bye!” (o cBumanus) a 3aTeM BBIKIFOUUTCS.
[Tpu 60mee KOPOTKOM HAXKATUX KHOTIKU TECTEP OCTAHETCS BKJIIFOYEHHBIM. DTO BBI3BAHO OCOOCHHO-
CTBIO CXEMBI YIPABIICHUS TUTAHUEM.

MeH10

Bb1 MokeTe BOITH B MEHIO IByMsI KOPOTKUMH Ha)XaTUsIMHU KHOIKU “Tect” mocne oToopaxe-
HUS TTOCIICTHETO HAlJICHHOTO KOMITOHEHTA WJIM BHITIOJTHEHHON (DYHKIINHU (MOKET MOTPEOOBATHCS
HEKOTOpas MpakTuka). Eciu noaiepxka mOBOPOTHOTO SHKOJIEpa BKIIKOUEHA, TOBOPOT BIEBO TAKKE
MIO3BOJIMT BOMTH B MeHIO. CTaphlif METO BX0JIa B MEHIO ITyTEM KOPOTKOTO 3aMBIKaHHSI BCEX TPEX
TECTOBBIX 30H/I0B TaKXe MOXeT ObITh BKItOUeH uepes3 omiuio (cM.Ul_SHORT_CIRCUIT_MENU).

Ecnu BBI3BaHO MEHIO, TO KOPOTKOE HaXKaTHe KHOIKY BBIOUPAET CICIYIONIN ITyHKT, & J0JI-
roe HaXkaTue BhINOJHAET ero. Ha aucruiee ¢ 2 ctpokaMu MOXHO BUETh HABUTAIIMOHHYIO MOJCKAa3-
Ky B HIDKHEM IIpaBoM yriry. CuMBoOI “>”, eciiu eCTh CIeAYIOUUi MyHKT, WK <’ 1J1s camoro mo-
CJIEZIHETO MyHKTa (BO3BpAaT K MEepBOMY NYHKTY). B nucruiesx ¢ 6omee ueM 2 cTpokamMy BEIOpaHHBIN
MYHKT OTMEYEH CUMBOJIOM ‘*’ C JIEBOW CTOPOHBI.

C nOBOPOTHBIM SHKO/IEPOM MOXKHO NE€PEMEIIATHCS 110 MYHKTaM BBEPX WJIM BHU3, U3MEHSIS
HarpaBJIeHUE BPAIICHUST 1 KOPOTKUM HaXaTHEM KHOITKU 3aITyCKaTh BRIOpAaHHBIN ITyHKT. Bo3BpaT K
NEepBOMY ITYHKTY Takke Bo3MokeH. HekoTopble (pyHKIMM MO/ICKa3bIBAIOT BaM CXEMY PacIoiokKe-
HUS TECTOBBIX KOHTAKTOB, KOTOPBIE HEOOXOAMMO HCITOB30BaTh MPH TECTUPOBAHUH. JTa HH(OpMa-
st OyJeT BbIBE/IEHA Ha DKPaH B TEUCHHE HECKOJIBKUX CEKYHJ], HO MOXKET OBITh IIPOMYIIEHa KOPOT-
KMM Ha)kxaThem KHonkH "Tect".

Jlnst GyHKUUH, TeHEPUPYIOIUX CUTHA HA TECTOBBIM KOHTAKT Ne 2 - OH UCIONb3yeTcs B Ka-
YecTBE BBIBOJA 10 YMOJI4aHU0. B 3ToM ciiydae koHTakThl Ne 1 1 Ne 3 cBs3aHbI ¢ 00IIKUM TPOBOAOM
(GND). Ecnu Tecrep OyneT ckoH(GUTYypUpOBaH JUIsl BEIBO/A CIICIIHATIBHOTO CUTHAJIA HA TTOPT
(OC1B), TecToBBIC KOHTAKTBI HE UCIIOJIB3YIOTCS M MX CXeMa He Oy/eT BbIBEICHA Ha DKpaH.



IIIUM reneparop

Oto Ta QyHKIUS, KOTOPYIO *kaanu. [Ipexe, 4eM CKOMIUIHPOBATH MPOIIUBKY, BBIOEpUTE
rereparop [1IMM ¢ npocThiM MOJIB30BaTEIBCKIM HHTEP(HEHCOM HITH C aJIbTEPHATHBHBIM HHTEP-
delicoM I TECTEPOB C ITOBOPOTHBIM YHKOJAEPOM U KPYITHBIM JUCIIIeeM. BO3MOXHO 0TOOpakeHuE
JUTUTEIIBHOCTH UMITYJIbCA, €CJIM BKIFOYUTH B KoH(purypaunun PWM_Show duration.

Kondurypauus Beixona:
TecroBbiit koHTakT Ne2: Beixoz IIIMM curnana (c peaucrtopom Ha 680 OM 111 OrpaHUYEHUS
TOKA);
TecroBbiii koHTakT Nel u Ne3: o6mmit GND(3emis).

IIpoctoui unrepgeiic reneparopa UM

Cuauana BbI JIOJDKHBI BEIOpaTh kenaemyro yactoty [IIMM B mpoctoM MeHro. KopoTtkoe
Ha)KaTHe KHOIKH - BEIOOP HY>KHOM 4acTOTHI, JUIMHHOE - 3amyckaeT BeiBoj LIIVIM 11t BEIOpaHHOi
yacTtoThl. Koadpdunuent LM perynupoBku ycranaBiauBaercs 1no ymondanuto Ha 50%. KopoTkoe
Ha)kxatue KHonku "Tect" yBenMunBaeT CKBaXXHOCTb Ha 5%, 0Jroe Ha)kaTue - yMeHbIaeT Ha 5%.
Brixon u3 ¢pynkuuu - Haxkatue kHonku "Tect" aBaxkabl ObicTpo. Ecniu monkitouéH sHK01Ep, MO-

JKETE HUCII0JIb30BaTh €ro, 4TOObI BBIOPATh YacTOTy B MeHIo U caenaTts [IIMM perynupoBky ¢ marom
B 1%.

AJbTepHaTHUBHBIN UHTepdeiic renepaTopa HIUM

[TepexnroueHue Mex 1y 4aCTOTOH U JUIUTENBHOCTBIO OCYIIECTBISAETCA HAXKaTUEM KHOIIKU
"Tect”. BoiOpaHHBIi apameTp oTMedaeTcs 3B€3104koil. [loBepHUTE SHKOAEP 11O YACOBOM CTpEIIKE,
YTOOBI YBEIMYUTH 3HAYCHUE WITH MIPOTUB YaCOBOM YTOOBI YMEHBIIUTH €ro. boiee ObICTphIi MOBO-
POT 3HKOZIepa yBEJIMUYMUBAET pa3Mep I1ara HacTpoiku. Jloiaroe Ha)kaTHe KHOIKU YCTaHABIMBAET
3HAYCHHE 110 yMOJ4aHuIo (dactoTa - 1k, ckBaxHOCTH - 50%). J/[Ba KOPOTKHMX HAXKATHsI KHOIIKH
"Tect" - BBIXOJ U3 pEKHUMA I'eHEepaTopa.

F'eHepaTOp NPAMOYTroJIbHOTO CUTHAJIA

CurHanbHbII reHepaTop BbIAET MeaHAp C epeMEeHHON YacToTol 0 1/4 oT TakTOBOI yacTo-
ThI ipouieccopa (2MI'n qyist kBapua Ha 8MI'1). Hactora mo ymomuanuto 1000111, MOKHO U3MEHSITh
e€, Bpamias aHKoJep. CKOpoCTh BpallleHus: ONpeieiieT U3MEHEHUE YacTOThI, T.€. MEJIJICHHOE Bpa-
[ICHHE - MaJIBI [Iar U3MEHEHUs1, OBICTPOE BpallleHHe - OOIBIINUN IIar U3MEHEHUS 4acTOThI. Tak Kak
reHepalusi CUTHaJIOB OCHOBAHA HA TAKTOBOM PEKMME pabOoThI MpoIieccopa, BOZMOKHA TOJIBKO IO-
[1aroBasi yCTAHOBKA YaCTOTHI. J{JIs1 HU3KHUX YacTOT IIard AOBOJILHO MENIKHE, HO JIJIsl BBICOKUX Yac-
TOT OHU CTAHOBATCS OoJblie u Oosbie. Jlonroe HaxaTue KHOMKH "Tect" cOpackIBaeT 4acToOTy MO
ymomdaHuio 10 1k, a ABa KOPOTKUX HaXKaTHs KHOIIKHM — BBIXOJI U3 PEKHUMa T'eHepaIlii CUTHAJIOB.
Kongurypauus Bsixona:

TecToBbIil KOHTAKT Ne2: BBIBOJ (C OTpaHMUYHTEIBHBIM pe3ucTopoM Ha 6800Mm);

Tecrosbrit koHTakT Nel u Ne3: o6umit GND(3emits).

Iloackaszka: st pabomul 8 3mom pexicume Heoodxooum 3uxkooep!

TecTupoBaHMe CTAOGUJIMTPOHOB (aNNapaTHasA ONLUsA)

Ecnu B ycTpolicTBe MpUCYTCTBYET BCTpOeHHBIH npeodpazoBarens DC-DC, koTopslii co3gaer
BBICOKO€ UCTIBITATEIIPHOE HAMIPSDKEHHE IJTs1 M3MEPEHHsI HAIIPsDKEHHSI TPO00sT CTa0MIIMTPOHA, TO OH
JIOJKEH OBITh COEMHEH CO CIIeUaIbHBIMU TECTOBBIMH KOHTakTaMu. Eciu kHonka “Tect” Hakata
1 paboTaeT mpeoOpa3oBaTeib, TO Ha JUCIUIEE TecTepa OYJIeT 0TOOpaKaThCs TEKYIIEe HaMPsHKEHNE.
Ecnu xkHOMKa ynepKuBajgach HaXXaTOW JOCTATOUYHO JOJTO JUIsl CTAaOMIIBHOTO TEeCTa HAIPSKEHUS, TO
nocJye e€ OTIyCKaHUs KHOMKK Oy/IeT MOKa3aHO MUHUMAaIIbHOE M3MEepEeHHOe HarpspkeHne. MoKHO
MOBTOPSATH 3TOT TECT, IIOKA BaM HpaBUTCA. J{J1s BBIX0O/1a U3 peXKUMa ABAXKABI OBICTPO HAKMUTE
kHonky "Tect".



Ecnu B npubope ucnons3yercs aenautens Hanpsokerus 10:1 6e3 mpeobpazoBaTens Uit u3Me-
pEeHUs BHEIIHETO HanpspkeHust win noBbimarormii DC-DC paGoTaeT Bce Bpemsi, BbI MOXKETE BbI-
Opatp anbrepHaTuBHBIN pexuM (ZENER UNSWITCHED), B koTopoMm HanpsiKeHUE U3MepsAeTCs
nepuoanuecku 0e3 Haxkatus KHonku “Tect”. Korma Bel BUIMTE Kypcop cIipaBa BHU3Y, TO MOKHO
BBIMTH U3 peXHUMa JIBYMsI OBICTPBIMH HA)KaTUSIMH TECTOBOM KHONIKU. ECTh elie oluH BapuaHT, 4To-
OBl 3aIlyCTUTD MIPOBEPKY CTAOMIIUTPOHOB BO BpEMsl aBTOMATUYECKOT0 TECTUPOBAHUS
(HW_PROBE ZENER). Ecnu HU 01H U3 KOMIIOHEHTOB HE OY/IET OIpe/iesieH Ha CTaHJapTHBIX
TECTOBBIX KOHTAaKTaX, TecTep mpoBepuT HampsikeHue Ha KoHTaktax ZENER(K-A).

Ecnu Bam Tectep umeeT HecTaHAAPTHBIN AenuTelb HanpskeHus (He 10:1), MOXKHO BKIIOUHTD
koHpurypanuio ZENER DIVEDER CUSTOM u yka3zats HomuHaib! pe3uctopoB (ZENER R1 u
ZENER_R2).

Kak noaxr0uuTh CTaOMIMTPOH:
KourtakT + : xkaron;
Kownrakrt - : a”on.

BHyTpucxemMHoe usmepenue ESR

Konnencaropsl TeCTUPYIOTCS BHYTPUCXEMHO U Ha 3KpaH BBIBOAUTCS 3HaUE€HUE EMKOCTU U
ESR, eciiu n3mepenne oOHapyKUBAET JOMYCTUMBIA KOHACHCATOP. Y 0eINTech, YTO KOH/IEHCATOD
pa3psiKeH Mpesk/ie, YeM MOAKJIIYUThL K HeMy TecTep! 3HaueHHst MOTyT OTIMYAThCs OT CTaH-
JAPTHBIX U3MEPEHUM (BHE CXEMBbI), TOTOMY YTO JIF0OOH KOMIIOHEHT B CXEME, PACIIOJIOKEHHBIH Ma-
pajuIeIbHO C TECTUPYEMBIM KOHJIEHCATOPOM, Oy/IET BIUATH Ha pe3ynbTaT. [{nd Hauana uaMepeHus
HaxkmuTe KHONIKY "Tect". J[Ba OBICTPBIX KOPOTKUX HAXKATHS KHOIKH — BBIXOJ U3 3TOT0 peXHUMa.

[TogkiroueHrne KOHAEHcaTopa:
TecToBbIii KOHTAaKT Nel: uIrFOC KOHIEHCATOPA,
TecroBbrit koHTakKT Ne3: Munyc KoHneHcaropa GND(zemis).

IIpoBepka KOHAEHCAaTOpPa HA TOK YTEYKHU

Tect yreuku B KOHAEHCATOpE 3apsiKAeT €ro U BBIBOJUT HA SKPaH TOK U HAMpsHKEHUE Yyepe3
U3BECTHOE COMpOTHURIICHHE. [lepBoHaYaIBbHO, 3apsi/] KOHIeHcaTopa ocyiiecTiseTcs yepe3 Rl
(6800Mm) a 3arem yepes pesuctop Rh (470kOM), Koraa TOK OKa3bIBa€TCS HHKE ONMPEICICHHOTO TI0-
pora. Kaxk/plii IUKJI HAUMHAETCS ¢ HATTOMUHAHUSL CXEMbI KOHTAKTOB. [locie moaKIFoueHns KOH-
JeHcaTopa HaxMHUTe KHOMKY “Tect” (Wn MOBEpHUTE PYUKY SHKOJEpa BIPABO), YTOOBI 3aITyCTUTh
MIPOIIECC 3apSIKK. 3aTeM, TTOCIIe OKOHYAHHMS 3apsi/ia, HAKMHUTE KHOIIKY CHOBA, TECTEP Pa3psIUT
KOHJICHCATOP U Oy/IeT 0TOOpakaTh HAMPSHKEHHUE HA HEM JIO TeX TOp, MOKa pa3psii He JOCTUTHET
HUKHETO mopora. YToObl BBITH U3 TPOBEPKU, HAKMUTE KHOTIKY “TecT” ABaXKIIbI.

Iloacka3ka: oopawatime eHuMaHue Ha NOJAPHOCHb INEKMPOIUMULECKUX KOHOeHCcamopos!
Kak nmoyicoennHuTh KOHIEHCATOP:

TectoBbIl KOHTAKT Nel: MOJIOKUTEILHBIN BHIBOJI,

TectoBbIii koHTaKT Ne3: oTpunatenbHblid BeiBoa Gnd(zemis).

R/C/L - monuTop

MoHUTOp HENPEPBHIBHO U3MEPSIET MACCUBHBIN KOMIIOHEHT, MOKJIFOUEHHBI K KOHTAKTaM
Nel u 3. ITocne 3amycka pexuma mpruoop Ha HECKOIBKO CeKYHI 0TOOpakaeT MOJICKa3Ky PacITMHOB-
KM KOHTaKTOB, KOTOPYIO MOKHO MPOMYCTUTh, HAXaB KHOIMKY TeCTUPOBaHUsA. MeX 1y U3MEpPEeHUSIMU
€CTh 33/IepKKa B OJIHY WJIH JIBE€ CEKYH/Ibl, 0003HaU€HHAasl 3HAYKOM Kypcopa B IPaBOM HIKHEM YTITY,
BO BpeMsI KOTOPOW MOKHO BBIUTH U3 MOHUTOPUHTA IByMs KOPOTKUMH HA)KaTUSIMU TECTOBOW KHOII-
KH.



JlocTymHbIEe BapuaHTHl MOHUTOPOB:
e R-Monitor (conpoTuBieHHE);
e C-Monitor (emMkocTh + onmuonansHo ESR);
e L-Monitor (MHHAYKTHBHOCTH);
e R/C/L-Monitor (R + onmmonansto L wiau C + onmuonansHo ESR);
e R/L-Monitor (comporusienne + HHAYKTUBHOCTB ).

LC-usMepuTtesib(annapaTHas ONILUA)

Annaparnas onuus LC-u3MepuTens OCHOBaHa Ha MPOCTOU cxeme reHeparopa LC, ucnosns-
3yeMoii B Hefjoporux u3mepurensax Ha PIC kontponnepe. O6branas cxema (82mkl'H u 1H®) nmeer
0a30ByI0 yacToTy 0K0s10 595kl 11, a MOAKIIOYEHHE JOTIOIHUTEIBLHOTO KOHJEHCATOPA NN UHTYK-
TUBHOCTH YMEHbIIIAET 3Ty 4acTOoTy. C MOMOIIbIO 3TaJJOHHOTO KOHJIEHCATOPa C U3BECTHBIM 3HAYCHHU-
€M, U3MEPEHHBIMU YaCTOTAaMH U MaTeMaTHUECKOW (hOpMYJIIbl HEM3BECTHBIM KOHACHCATOP I UH-
JIYKTUBHOCTb MOT'YT OBITh BeruncieHbl. M3meputenu PIC LC 00bIYHO UMEIOT AMana3oHbl H3MEpe-
Huit 100H - 100M[H 1 0,11® - 9005®D. OHM Hcnob3yoT Bpems ctpodbupoBanmst 100Mc st ga-
croromepa. [10 ucnonb3yer aBToMaTuYeCKOe MEePEKI0YCHHIE JUarna3oHa co BpeMEHEM CTPOOHpO-
BaHus 100mc u 1000Mc 9TOOB! yIyUIINTh pa3pelieHne A1 KOMIIOHEHTOB C MajibIM 3HaueHueM. Ta-
KHM 00pa3oM, auana3oHsl HaunHatoTcs mpuMmepHo ¢ 1HI'H u 10fF(0.01nd). MakcumanbHas u3Me-
psieMasi ”HAYKTUBHOCTb COCTaBJIsAeT mpumepHo 150MIH.

Uro kacaeTcst BEpXHETO Mpezesia EeMKOCTH, TO Y MEHsI BOSHHKIIA ITpo0ieMa ¢ Ie4aTHO IJia-
toil. [Ipu emkxoctu okosi0 33H® Ha BHIXOJJTHOM CHUTHAJIC HAUMHAIM MOSABISATHCS BIOPOCH HA IIEpE-
HEM U 33/IHeM (PPOHTaX, UCKaXKasi pabOTy 4acTOTOMEpa, KOTOPBI BUIUT OOJbIIE UMITYIHCOB, YEM
€CThb Ha caMOM JieJie. DTO u3BecTHas pobiema c nensimu reHeparopa Ha LM311. TTocne ucnbira-
HUS HECKOJIbKMX MoaupuKanuii 6€3 BUIUMOro ycrexa, KoMmrnapaTop Ha ocHoBe Tpurrepa llImuara
Ka)KETCS JIyYIIUM BBIOOPOM JJII OYMCTKU BBIXOJIHOTO curHana reneparopa. CMOS 4093 paboraer
HOpPMAaJIbHO B 3TOM KauyecTBe. C YUCTHIM BBIXOJAHBIM CUTHATIOM MaKCUMalbHas U3MepsieMast eM-
KOCTb cocTaBiseT okosio 120NnF (Beiie rereparop LC cranoBuTcst HectabuabHbIM). Tectep obec-
nevyrBaeT 0ojee HU3KYIO TpaHuIly 4acToThl 4eM 10 k['11, TO eCTh BO3MOXHBI TEOPETHUECKH MAKCH-
MasbHble 3HadeHus1 250NH wu 3,5 Mx®, ecnu reHeparop LC 6yneT paboTaTh CTaOMIIBHO.

ITpu 3amycke LC-meTpa Tectep BBIIOIHUT CAMOHACTPOMKY, YKa3aHHYIO COOOLICHUEM
«HacTpoika ...». [locae 3Toro MoKHO MOAKIIOUNUTH U3MEPSEMBbIA KOHJEHCATOP WM UHTYKTHB-
HocTh. KopoTkoe HaxkaTue kHonku nepekiatodaetr C u L pexxumpl uamepeHus (pexxum 1o yMmonda-
Huto - C). Yacrora LC-reneparopa aperidyer co Bpemerem (10 100I'm) u TpeOyeT moBTOpHOI
HACTpOIKU. Ecniu BbI yBUANTE YBEIWYEHHE HYJIEBOTO 3HAUYEHUS WK "-" 0€3 MOAKIIOUYEHHBIX KOM-
MIOHEHTOB, 3aIlyCTUTE CAMOHACTPOMKY JIOJITUM Ha)kaTueM KHONKU. Eciau ecth nmpobiema ¢ camoHa-
CTPOMKOI WM Bl OTMEHHTE €€, HAXKaB KaKyl0-TH00 KHOIIKY, TECTEP BBIMJIET U3 peKUMa U3Mepe-
HUN U coo0ITUT 00 omuodKe. /[Ba KOPOTKUX HaXKaTHsI KHOIIKU — BBIXOJ U3 pexkuma LC-u3Meputens.

Iloackasku: 6 kauecmee dMANIOHHO20 HYHCHO UCNONIb308AMb BbICOKOKAYECMEEHHbIU NIeHOYHbII
KOHOeHcamop emkocmuvio IHD (¢ xopouteti cmabuibHocmuio). Bol makoce mModiceme UCnonb308ams
00bIYHBILL NIEHOYHBI KOHOencamop Ha 1nd, npocmo uzmepome e20 eMKOCMb ¢ NOMOWBIO HAOEHC-
Hoeo LCR-usmepumens u oonosume 3navenue LC_METER C REF. Ecnu eac unmepecyem ua-
cmoma LC-zenepamopa u ee opetigh, mo sxmouume onyuio LC_METER_SHOW_FREQ.

YacroTomep (anmapaTHas OMIMA)

Ectb n1Ba BapuanTa yactoToMepa. ba3zoBbliit — mpocToil maccuBHbIM BX0J Ha KOHTakTe 10
MCU. ¥V pacmmpeHHOro BapuaHTa €CTh BXOJIHOU Oydep, 1Ba reHepaTopa sl TECTUPOBAHUS KBap-
11eB (C HU3KOM M BBICOKOW YaCTOTaMM) a TaK)Ke JOTIOTHUTEIBHBIA IETUTENb 4acTOThI. [IpuHIIMIN-
QJIbHBIC CXEMBI JIJI1 000UX BapHAHTOB M300pakeHbl B JokyMeHTarmu ot Karl-Heinz.



Ba3o0BbIii BApyMaHT

YacToTroMepoM MOXHO U3MEPHUTh YacTOThI Tpubau3uTenbHo ot 101 1o 1/4 TakToBOM
4acTOTHI Ipoleccopa, ¢ paszperieHuem 11 st yactot Hike 10kl . YacTora usmepsieTcst U BbIBO-
JIUTCS Ha SKPaH JUCIUIEs OCTOSIHHO, MOKA Bbl HE 3aKOHYUTE U3MEPEHUE JBOMHBIM HaXKaTHEM
KHOIIKH. AJITOPUTM aBTOMAaTHYECKH BBIOMpAET AMana3oH JIUTEeIbHOCTH Mexay 10mc u 1000mc Ha
ocHOBe yacToThl. BeiBog TO MOXET HCIIOIB30BATHECS COBMECTHO C JUCIIICEM.

PacumivpeHHbI BApUAHT

PacipenHsblif BapuaHT 4aCTOTOMEpPA UMEET JTOTIOTHUTENbHBIN JEIUTENb U TO3BOJISIET U3-
MepsATh OoJiee BHICOKHE 4acTOThL. TeopeTnuecknii BepXHU Tpeaen - 1/4 OT TaKTOBOW 4YacTOTHI
npoieccopa, yYMHOKeHHast Ha aenutenb (16:1 wam 32:1). Hactpoiiku onpenesneHsl B ¢aiiie
config_<mcu>.h. Tax xe He 3a0bIBaliTe yCTaHABIMBATH KOPPEKTHOE 3HAUCHHE JICIUTEIS YAaCTOThI B
config.h. TectoBsiit kanan yactoTomepa (Oydepr30BaHHbIH BXOJI, KBAPIEBbIH TeHEpATOP ISl HU3-
KOHM M BBICOKOM YacCTOTbI) HACTPauBaeTCsl Ha)kaTueM KHONKHU “TecT” miM BpallleHHeM SHKOAEpa.
Kaxk 00bI14HO, 1Ba KOPOTKUX HAXKATHsI KHONIKK “TecT” — BBIXO/ M3 PEKUMA YaCTOTOMEpa.

CyeTYHK COOBITHH (amnapaTHas ONLUA)

Cderdnk coObITHH Hcnonb3yeT BoIBOJ TO B KauecTBe BBIZCICHHOTO BX0/1a M CpabaThIBaeT
oT nepenHero ¢ponra cursaia. Beisoa TO Henb3s MCHOB30BAaTh COBMECTHO C auciuieeM. Peko-
MEH/IyeTCsl IPOCTON METOA mojcyera. Pexxum cuetyrka BEIOMpaeTcss B HEOOIBIIOM MEHIO, KOTOPOe
TaKXe 0TOOpakaeT CYeTUNK 3HaueHUH. [IyHKTBI MEHIO BRIOMPAIOTCS KOPOTKUM Ha)KaTHEM, HACT-
POMKHM MEHSFOTCS IOBOPOTHBIM 3HKOJIEPOM WIIU JIOTIOJTHUTEIILHBIMH KHOITKAMH.

e CUeT4MK - [TO/ICYET BPEMEHU U COOBITUH;
e Bpewms (N) - mojcueT coObITHIT 3a 3a1aHHbII IEPUO] BDEMEHH;
e CoObITus(t) - moACUYST BPEMEHH /ISl 3aIaHHOTO KOJIUYECTBA COOBITHH.

[TepBbIii MyHKT - peKUM cueTuuka. BTopoil myHKT «n» - 3TO KOJIMUYeCTBO COOBITHH. B pexume co-
OBITUI OH MOKaXXET MOPOT CpadaThIBAHUS, KOTOPBIA MOKHO U3MEHUTh. [[nurenbHoe HaxaTue
KHOIIKH cOpachIBaeT MOpor K 3HaueHuto no ymonadanuto (100). B npyrux pexumax mnojacdera 3ToT
IYHKT 3a050kupoBaH. Clenyromuii MyHKT «t» - 3TO EpHOJ] BPEMEHHU B CEKyH1ax. TOT e ajro-
PUTM U JUISI pekuMa BpeMeHH (3HaueHue 1o ymonyanuio 60c). [TocaenHuii sneMeHT crapTyeTr Uiu
OCTaHaBJIMBAETCS ITOCIIE JIOJITOTO HaXaTusl KHONKKU. Korja c4eTdnk 3armyckaer noJACYUTaHHbIE CO-
OBITHSI, IPOILIEAIIee BpeMsl OOHOBIISETCS KaXKIYI0 CEKYH/y U IOCJIe OCTAHOBKH OTOOpa)kaeTcs pe-
3ynbTat. OrpanuveHne Ha nepruoa BpemeHu coctarisietr 43200c¢ (12 gacoB), a st coOwiTHid - 4 * 10
7 9. Ecnu kakoi-nmu6o U3 3TUX MPEeJIesIOB MPEBBILIEH, MOACYET aBTOMAaTHUECKU OCTaHABIIMBACTCH.
[Tpenen unu nopor coObITUs (B pexumMe coobITUi) posepsercs kaxabie 200Mc, T03TOMY MOKET
OBITH HEKOTOPOE MPEBBILICHUE B ciydae 6osee 5 coObITHI/CeK.

Boixoa TpHUIrTEepa
JononuurtenbHO MOKHO BKIHOUMTH BbixoA Tpurrepa (EVENT COUNTER TRIGGER OUT),
4TOOBI YNpaBIATh KaKUM-HHOY/Ib IPYTHM YCTPOHCTBOM. BBIXO/ TpHUrrepa ycTaHOBJIEH HA BBICOKHMA
YpOBEHb IIPU MOJICYETE, T. €. Ha MOAbeM (DPOHTA MPH CTAPTE U CHa/e MPHU OCTAHOBKE.
HasnayeHune KOHTAaKTOB BBIXOJ TPUITEPA!
TectoBbiit koHTakT Ne2: BbIxo (¢ pe3uctopoM 6800M [1st OrpaHUYEHUSI TOKA);
TecroBbrit konTakT Nel u Ne3: GND(3emuts).

TecT IOBOPOTHOIO 3HKOAepa

OTOT TeCT NPOBEPSET MOBOPOTHBIE SHKOAEPHI AJISl ONPEICICHHS CXEMBI €r0 KOHTaKTOB. Bam
HE00XO0IMMO MOJICOEMHNUTh KOHTAKThl A, B 1 00IMii KOHTAKT 3HKOZEpa K TECTOBBIM KOHTAKTaM U
IIOBEPHYTh SHKOJEP Ha HECKOJBKO I11aroB 110 YaCOBOM cTpeike. Jid alropurMa TECTUPOBAHMS HY-
KEH MTOBOPOT PHKO/IEpa MUHUMYM Ha 4EThIpe 11ara, 4ToOb! ONPEIEINTh HAUIEKALLYIO0 (DYHKIUIO U



CXeMy KOHTAKTOB. MI3MeHeHue HanpaBiIeHHs BPaLeHUs BaXKHO JUISI IPABHIILHOTO OINPEICIICHUS He-
U3BECTHBIX A U B KOHTaKTOB.

Korna moBopoTHBIH 3HKOAEp OyAeT 0OHApYKEH, MPUOOP BBIBEIET HA SKPAH CXEMY KOHTAKTOB
U Oy/IeT 0’KUJaTh HAXKATUSI KHONKHU (MJIM MOMEHT JJIsl HUKIIMYECKOTO PEKMMA) MPEexk/ie, YeM Ipo-
JOJDKUTH TeCTHpoBaHue. UTOObI BEITH U3 TecTa SHKOAEpa Ha)xMuTe KHOMKY "Tect" onuH pas Bo
BpEeMsI TECTUPOBAHUS.

KoHTpacTHOCTB AuUcIies

Bb1 MOXXeTe CKOPPEKTUPOBATh YPOBEHb KOHTPACTHOCTH JJIsl HEKOTOPBIX rpaduueckux LCD
MonyJiei. KopoTkoe HaxaThe KHOIIKM YBEIMUYMBAET YPOBEHb, IOJIIOE - YMEHBIIAET ero. J[Ba Ko-
POTKHUX HAKATHsI KHOIIKU - BBIXOJ U3 HACTPOUKU. II0BOPOTHBIN SHKOEP TAKKE MO3BOJISET CKOP-
PEKTUPOBATh YPOBEHb KOHTPACTHOCTH.

INpuémuuk UK RC/lekoaep

Ota ¢yHKIMs 0OHAPYKHUBACT U JCKOJUPYET CUTHAIBI OT MyJIbTOB TUCTAHIIMOHHOTO YIpaBIIe-
Hus IR u TpeOyet noaxmrouenus moayns npuemuuka IR, nanpumep cepun TSOP. Ilpu kommnuns-
I[[UU TIPOIIMBKYU BBl MOJKETE BBIOUPATh MEXKAY ABYMs BapuaHTamu - npuéMHuKoM TSOP, koTopsIit
MOJIKJIIOUEH K TeCTEePy U almnapaTHbIM BCTpOeHHBIM MoyiieM npuémuuka UK. [lepsriii TpeOyer
coennHeHus moayist MK co ctanaapTHBIMU TECTOBBIMM KOHTaKTaMU. BTOpo# - anmapaTHbIii MO-
nyns UK, coeqmHeHHbIN co creuaibHbIM IOPTOM MHUKpoIpolieccopa. Ha nucruiee Tectepa Oyzaer
0T0OpakéH 0OHAPYKEHHBIH MIPOTOKOJI, & TAKXKe apec (€CIU JOCTYIEH), KOMaH/1a M, B HEKOTOPBIX
ClIy4asix, JIOIOJIHUTEIIbHBIE TaHHbIEC B LIECTHAALIATEPUYHOM BH/IE.
®dopmar:

<HOpOTOKOJ> < 30HA JAaHHBIX~>

J1st o1rmGoYHOTO MM HEM3BECTHOTO MAaKeTa M MPOTOKOoJIa OyieT mokazaH cumBou "?". Jlms
HEU3BECTHOTO MPOTOKOJA TECTEP BBIBOAUT HA 3KPAH YMCJIIO M1ay3 U UMITYJIbCOB, IPOJOJIKUTEIb-
HOCTb [IEPBOr0 UMITYJIbCA U TIEPBOM May3bl B MOIYJIsAX S0us:

? <UMITyJbCBI>:<IEPBbII UMITYJIbC>-<IIE€pBas May3a>

Ecim arcio uMITyIIbcoB 0JTMHAKOBO IS pa3uvHbIX KHOMOK RC - Hanbosee Bepostaa PDM
win LILI1UM moaynsauus. 3MeHsromeecs Y1CIo UMITYJIbCOB YKa3bIBaeT Ha ABYX(a3HYIO0 MOTYIISI-
1nt0. UToOBI BRIMTH U3 3TOTO pekruMa HaxkmuTe KHONKY "Tect".

HozmepmnBaeMHe IIPOTOKOJIBI M UX MAaCCHUB JIAHHBIX.

e JVC
<azapec >:<komaHjua>
e Kaseikyo (smoHckwmii kon, 48 OUT)
<KOJl IPOM3BOJUTENS > <cHCcTeMa>-<yCTPONCTBO>:<()yHKIHS>
e Matsushita(Panasonic MN6014, C6D6 / 12 6ur)
<BLI6opqubn71 KOJI>.<KOJOBHKIC JAHHKIC>
e Motorola
<KOMaHIa>
e NEC (cTanaapT u paciiipeHHbIN)
<azgpec>.<koMaHnaa>
R st moBTOpa nukia
e Proton / Mitsubishi (M50560)
<aapec>:<kKoMaHOa>
e RC 5 (cranmapr)
<azpec>:<KOMaHga>
e RC 6 (cTtannmapr)
<aJpec>:<kKoMaHOa>



e Samsung / Toshiba (32 6ura)
<BLI60p0qHLH71 KOJ>.<KOJOBKIC JAHHKLIC>
e Sharp/ Denon
<azpec>:<KOMaHga>
e Sony SIRC (12, 15 u 20 6wur)
12 15: <komanpa >:<aapec>
20:  <komaHpa >:<aapec>.<JOMOJHUTEIHHO>

,Z[OHOJIHI/ITCJIBHLIG IMPOTOKOJIbI:

e |R60 (SDA2008/MC14497)
<KOMaHIa>
e Matsushita (Panasonic MN6014, C5D6 / 11 6ur)
<Bbl6opOtJHLII7I KOJ~>.<KOIOBbIC JaHHEIC>
e NEC puPDI1986C
<KOJOBKIC JJAHHKIC>
e RECSS80 (standard & extended)
<agpec>:<KOMaHOa>
e Sanyo (LC7461)
< Bbl60pqu51171 Ko >.<KJIHYy>

e RCA
<azapec>:<KoMaHJa>
e Thomson

<yCcTpocTBO>:<(yHKIUSI>

Hecymas yactora moayns npuemHuka TSOP He 00s3aTenbHO 10/1KHA TOYHO COOTBETCTBO-
BaTh yactore RC. HecooTBeTcTBHE yMEHbIIAET BO3MOXKHBIN Uana3zoH, HO 3TO HE HMeEeT O0JbIIOTo
3HAYECHUS JJIA OTOTO IIPUIOKECHUS.

Moayab npuémHuka UK, coesuHeHHBbIN C TECT KOHTAKTaMU
[Moxkanyiicra, moakiatodaiite Moaynb npuemanka MK Tonpko mocie Bxona B pexxum! Kak
coenuHUTH Moaysib TSOP:
TectoBbiit koHTakT Nel: obmuit GND(3emuns);
TectoBblil kKOHTAaKT Ne2: VS — muTaHue (C OrpaHUIHUTEIHLHBIM pe3ucTopoM Ha 6800Mm);
TectoBblil KOHTAaKT Ne3: BBIXOJ/TaHHEIE.

Iloackaska: mokooepanuuusarowuil pesucmop no V'S noopazymeeaem npumenerue mooyis npuem-
Huka UK c ouanazonom nanpsoicenus numanus om 2.5 0o 5 B. Eciu 6v1 ucnonvzyeme moivko 5B
MOOYIb, MO MONCHO OMKIIIOYUUMb 02PAHUYUMENbHDLIU pe3ucmop 8 config.h ¢aiine (na eaw coo-
cmeenHblll puck). JI1l060e KOPOTKOe 3aMbIKaHHE B CXeMe MOKeT OBPEANTh Npoleccop!

AnnmapaTtHbiii MoAy b NpuéMHNKa UK
Jns anmapatHoro Motyist npuémuuka MK ncnonb3yemslit HOpT mporeccopa Ha3HaYaeTcs 1
HacTpauBaeTcs B ¢aitne koHpurypanuu config <MCU>.h.



UK RC IlepegaTyuk

Iepenatunk MK RC ornpansier UK-ko1bl, KOTOpbIE BBl BBENU U MTpeIHA3HAUEH IS MIPO-
Bepku MK RC- pecuBepoB min yCTpOMCTB C TUCTAHLMOHHBIM YIIPABICHUEM. DTOT MHCTPYMEHT
TpeOyeT It paboThl JOMOIHUTENbHBIE KHOIIKH MO0 TOBOPOTHBIHM SHKO/AEP, AUCIUIEH ¢ OoJiee yeM
4 cTpokaMM U HECIIOXKHYI0 cxeMy [uis ynpasienus MK-cetoauonom.

Ha nucnee oToOpakaeTcsi MPOTOKOJ, HECYIIasl YaCTOTa, CKBAXKHOCTh M HECKOJIBKHX TTOJIeH
JUId BBOJIa 1aHHBIX. KOPOTKUM Ha)kaTueM KHOIIKU TECTUPOBAHMS Bbl MOKETE IEPEKIII0UYaThCs
MEXIy TyHKTaMH. BeiOpaHHbI 21eMeHT 0003HadaeTcst cuMBoJIoM “*°. Micnomnb3yiiTe SHKOAEp
(MM Ipyroi peskuM BBOJA), YTOOBI U3MEHUTh HACTPONKY/3HaUeHUE NMyHKTA. JlTuTepHOe HaXxaThe
knonkH "Tect" ornpasnser UK-kox 10 Tex mop, moka BbI JepKUTE KHOMKY HaxkaToil. Kak 00bI4HO,
JIBa KOPOTKUX HAKAaTUsI KHOIKHU - BBIXO/ U3 (QYHKILUU.

[Ipu u3smMeHeHnH MPOTOKOJIAa HECYIIAsi YACTOTA U CKBAKHOCTh YCTAHABIIMBAIOTCS B
3HA4YEHUs 110 YMOJYAHUIO AJIs MpoToKoJa. Ho BBl MOXkeTe U3MEHUTh UX, eciu XxoTure. Hecymas
9acToTa MOXKeET ObITh ycTaHoBieHa oT 30 1o 56kl 1, a ckBaxHocTh 1/2 (50%), 1/3 (33%) unu 1/4
(25%). Ions paHHBIX MPEACTABISAIOT CO0O0M HacTpauBaeMble mojb3oBaTeneM yactu MK-kona u no-
SACHAIOTCS HUXKe. B OOJIBIIMHCTBE CIIyyaeB 3TO BCETO JIUIIb a/IpeC U KOMaH/a.

[TonnepxuBaeMble TPOTOKOJIBI U TOJISI TaHHBIX
e JVC
<azpec:8> <komanpga:8>
Kaseikyo (Japanese Code)
< xox npousBoauTens:16> <cuctema:4> <nponykt:8> <byHKuUA:8>
e Matsushita (Panasonic, MN6014 12 ouT)
< II0JIB30BATENLCKUN KOJI:6> <maHHbIE.6>
e Motorola
<koMaHzga:9>
e Crannmapt NEC
<anpec: 8> <komanja: 8>
e NEC Extended
<anpec: 16)> <komanpga: 8>
e Proton / Mitsubishi (M50560)
<agpec:8> <komanpga:8>
e RC-5 Standard
<azpec:5> <komaHpa:6>
e RC-6 Standard, Mode 0
<agpec:8> <komanpa:8
e Samsung / Toshiba (32 6ur)
<IIOJIBL30BATEILCKUN KOI: 8> < maHHBIE: 8>
e Sharp/ Denon
<anpec:5> <komanHpa:8> <macka:l>
e Sony SIRC-12
<koManna: 7> <anpec: 5>
e Sony SIRC-15
<koMaHza: 7> <anpec: 8>
e Sony SIRC-20
<koMaHja: 7> <agpec: 5> <JIOMOJIHUTEIHHBIN: 8>

Jonomautenbhbie mpotokoibl (SW_IR_TX_EXTRA):

e Thomson
<yCcTpOoHCTBO:4> <pyHKLUsA: 7>



[Tonst naHHBIX pa3EeNaIOTCA HpO6€J‘IaMI/I, a UX CUHTAKCHC:
<HAaMMEHOBAaHUE 0> < OUTHOCTH>

Kondurypauus Beixosa:
TecToBbIif KOHTAKT Ne2: BBIXOHOM cUTHAI (¢ compoTuBieHneM 680 OM 1si OrpaHUYCHHS
TOKa);
Tecrosbrit kontakT Nel u Ne3: GND(3emurs).

Beixon curnana (koHTakT Ne 2) UMeeT pe3ucTop OrpaHUYCHUS TOKA K MOKET YIPABISITh
HUK-cBeromnonoM ¢ TOKOM He Ooiee SMA, uto Hegocrarouno mist MK-cBeToanon0B ¢ TUIIHYHBIM
norpetiennem 100mA. TToaToMy BaM Hy)KHa IPOCTasi CXeMa YIPABJICHUSI HA OCHOBE MEePeKIIoYa-
fomero Tpansucropa, MK-ceeroauona u pesucropa uist orpaHUYeHus Toka. [Ipumep cxemsl yrpas-
aenns MK-cBeromuomom (VF 1,5 B, npu Toke 100 MA) ¢ moTpebiacHreM Toka mpuMepHo S0mA:

+ 5V

R1
75

/& IRLED1

R2 3k9 . T
Signal BC548

Ilojackaska: eciu OnuUmenrbHOCMb UMRYIbCA/NAY3bL AGIAEMCs OWUOOYHOU, aKmusupylime aiomep-
HamusHyo yukauunyto 3aoepxcky onyueti SW IR TX ALTDELAY. Oua moscem nompebosamucs,
ecnu komnunamop Cu onmumuzupyem CmaHOApmuslil YUKI 3a0epHCKU, HECMOMPS. Ha ONpeoeeH-
Hble KOMaHObl OJisl XPAHEHUsl ACCemMOIepHO20 KOOd.

TeCTI/IPOBaHI/Ie OIITPOHOB

Ota QyHKIMSA MpoBepsieT onTpoHbl U nmokasbiBaeT BaM 3HaueHust V_f LED,CTR (takxe If),
3anepkku ton/toff (BJT tum). Ona noaaepxxuBaer crangaptabie onTpoHsl ¢ BJT Tpansucropamu
NPN crpykrypsl, NPN cTpykTyps! JlapJuHITOHA U OITOCUMUCTOPSL. [T U3MEPEHUS TapaMeTpa
“CTR” mopt BBO/1a-BBIBOJIA TIPOIIECCOPA UCIIBITHIBACT TMIEPETPY3KY, MPUOIM3UTEIHHO, B TEUCHUE 3
Mc. Crienudukarys onpeaesser MaKCUMaIbHbIN BBIXOAHOH Tok B 20MA, HO MBI Ileperpykaem
MopT BBOJIa-BbIBOAA npuOau3utensHo 10 100MA. [ToaTomy, makcumanbaoe 3HaueHne CTR orpa-
HUYEHO U JIt000ii onTpoH co 3HadeHreM CTR Brimie 2000% HY»XHO TECTUPOBATH C OCTOPOKHO-
CThI0. MakcUMaIbHBIN yripaBisitomuil Tok Juisi LED, KOTOpBIil Hy»KeH JJIs ONpeIeSIeHUs] ONTOCH-
muctopa - SmA. B anemenTtax ¢ 3aaepxkkoit (MOSFET back to back) onpenenenne BJT u CTR



Oyner 6eccMBICIIEHHO. TecTupoBaHWe ONTPOHOB CO BCTPEUYHO BKIIFOYCHHBIMH CBETOIMOAAMH TIPO-
UTHOPUPOBAHO. /{7151 TECTUpOBaHMS BaM HYKEH MPOCTOU ajanTep cO CASAYIOMMMH 3 KOHTPOJIbHBI-
MH TOYKaMU:

e Tun — onTorpansucrop BJT:

- Awnoxn LED;

- Karoxg LED u smurrep BJT coenunuts BMeCTE;

- Komnekrop BIT;

e Tum — ONTOCUMHUCTOP:

- Awpopn LED;

- Karox LED u MT1 onTocumucTopa COeAMHUTh BMECTE;

- MT2 onrocumucropa.

MO’KHO TOIKITIOUUTH aJanTep K J0ObIM 3 TECTOBBIM KOHTaKTaM npubopa. Tectep onpeaenut
pacIioyio’keHre KOHTAKTOB aBToMarnyecku. [locie Bxosia B pexuM MOAKIIOUUTE aaNTep U HAKMHU-
T€ KpaTKOBpEMEHHO KHOMKY "Tect" i Hauana TecTupoBaHus onTpoHa. Eciu on Oyzaer HaiineH, Ha
JCIIIee MOSIBUTCS THIT ONITPOHA U JONOJIHUTENIbHbIE TapaMeTphl. Eci KOMIOHEHT He OOHapyXKeH,
Ha JucIIiee OyIeT Haamuch "He onpenesién". Murarommii Kypcop yKasblBaeT Ha TO, YTO BBI JOJIK-
Hbl HA’KaTh TECTOBYIO KHOIIKY (WJIM IOBEPHYTh SHKOJEP) AJIs CTapTa HOBOTO TeCTUpOoBaHus. J[Ba
KOPOTKHX Ha)kaTusl KHONKHU "TecT"- BBIX0A U3 peXHUMa, KaK OOBIYHO.

TecTupoBaHue cepsonpuBo0B RC
Ora ¢pyaknus popmupyet [IIMM curnan juist cepBonpuBooB RC, koropeie ynpasisitores 1 -

2mc umnynbcamu. [logaepxuBatorcst pukcupoanubie yactotsl M 50, 125, 250 u 33311, a
JUIMTEIBHOCTh UMITYJIbCa MOXKET ObITh Mexay 0.5 u 2.5Mc. EcTh Takke CBUII-PEXUM C U3MEHSIEMON
JUIMTEILHOCTBIO UMITYJIbCA MEXY 1 ¥ 2MC ¢ peryaupyemMon CKOPOCThIO IEPECTPOUKH. Bbl MokeTe
CKOPPEKTHUPOBATH JUIUTEIBHOCTh UMITYJIbCa 3HKOAepoM. 1o 4acoBoil cTpelnke sl yCTaHOBKH Oosiee
JUIMHHOT'O UMITYJIbCA, IPOTUB YACOBOM CTPEJIKU - /Ui 60jiee KOPOTKOro UMITyJbca. JJJIMHHOe Haxa-
THE KHOIIKK cOpachIBaeT UMITYIIbC K 1.5Mc. MOKHO MepeKitouaTbes MEXIy PeKUMaMy BRIOOpa
JUTUTENIFHOCTH UMITYJIbCa U BHIOOpA YaCTOTHI KOPOTKUM HakaTueM KHOMKH "Tect" (oTMeuaercst
3BE37104KOl). B yacTOTHOM pexumMe ucnosb3yeTcs 3HKoiep Uil Bioopa yactotsl LIIMUM. [lnu-
TEeJIbHOE Ha)kaTue KHONKH "TecT" BKIIOYAeT WIN OTKIIIOYAET BO3MOXKHOCTD MEPECTPONKH (MOSIBIIS-
eTcst cuMBoJ "<->" mocie 4yacToThl). Eciiu 3TOT pexuM BKIIIOUYEH - SHKOEP MO3BOJISET U3MEHATh
nepuoJi. Kak 00bI4HO, /1B KOPOTKUX HaXkKaTHsl KHONKHU "Tect" - BBIXOJ U3 PyHKIUH.
Kongurypauus Bsixona:

TecroBbrit konTakT Ne2: Beixo IIIMM (c pesucropom Ha 6800M, OrpaHUYMBAIOIIUM TOK);

TecroBbrit konTakT Nel u Ne3: o6ummit GND(3emis).

Iloacka3zka: 8v 00CHBL 0Oecneduums 0ONOIHUMENbHbIU UCMOYHUK NUMAHUS OJIsl CEPBONPUBOOA.

HCKOTOpBIG CXEMbl PACIIMHOBKH TUITMYHBIX 3-X KOHTaKTHBIX COG}II/IHI/ITCJ'ICI\/'I CCpBOIIpUBOaAA:

[Tpon3BoauTeNhH KOHTaKT | KOHTaKT 2 KOHTaKT 3
Airtronics PWM White/Black | Gnd Black Vcce Red
Futaba PWM White Vcce Red Gnd Black
Hitec PWM Yellow Vcce Red Gnd Black
JR Radios PWM Orange Vcc Red Gnd Black

CxanupoBaHue 1-Wire mvHBI

1-Wire ckanupoBanue onpeenster Koabl [13Y Bcex MOAKIIOYEHHBIX YCTPOUCTB.
[Moxanyiicra, cM. pazaen «lIuHbl n mHTEpdEiick» M1 HacTpoliku muHb 1-Wire. [Ipu ucnomib3o-
BaHUU IIYTIOB TECTEP COOOIIUT O HA3HAUYEHUHU KOHTAKTOB U OYJET KAaTh, TOKa HE OOHAPYKUT



BHEIIHUY MOATATUBAIOIINANA pe3ucTop. MoxkeTe mponmyCTUTh 3TO HaxaTueM KHonku “Tect”. Kax-
JIBIA pa3, KOrJa Bbl HAXKMMAaeTe KHOTKY TeCTUPOBaHUS, TPUOOp OyAeT CKaHHPOBATh TEeKyIIee (Ccie-
JIyIOITIee ) TIOKIFOYEHHOE YCTPOMCTBO B 0ToOpaxaTs ero [13Y kox (B mecTHaamarepuaHom Gpopma-
te). [lepBast yacTh KoJa — MH(OPMAIUS O MPOU3BOAMTENE, BTOPAst YaCTh - €r0 CEPUITHBII HOMED.
CRC onymien. Kox nmpousBoutens > = 0x80 (ycTaHOBIEH OUT 7) yKa3bIBaeT HA YHUKATBHBIN KOJI
KJIMEHTA, a IepBbIe TPH (CIIeBa) MIeCTHAAATEPHUHBIC IIU(PPHI CEPUHHOTO HOMEpPA - ATO HICHTH(H-
KaTop KinmeHTa. TecTep COOOIIUT O TOM, YTO HAl/IEHO MOCIeIHEe YCTPONUCTBO, a TAKXkKe BBIACT UH-
dopmanuto 06 ommbkax CRC u muHbL. B ciydae 3aBepiieHus] CKAHUPOBAHUS WM OIIUOKH [ITHHBI
BbI MOKETE Ha4aTh HOBBIH MPOLIECC CKAHMPOBAHUS, HAKaB KHOIKY TecTUpoBaHus. M, kak 00bIYHO,
JIBa KOPOTKUX HaXXaTwsi KHONKU “Tect” - BBIXOJ U3 PeKUMA.

TemnepatypHbii gaTdyuk DS18B20

Ora GyHKIHS MpoBepseT TemneparypHbiid qatauk 1-Wire DS18B20 u BEIBOAUT HA 3KpaH
temneparypy. Cum. pazuaen "Ilunbl u uaTepdeiics" aas HacTpoiiku musl 1-Wire. ITocie 3amycka
TECTep COOOIIUT BaM Ha3HAUYEHUE KOHTAKTOB M OXKHUJACT, 4TO OyAeT oOHapy>KeH BHEIIHHUI MOATS-
TUBAIOLINI pe3ucTop. MOXKHO MPOIMYCTUTh 3TO HaxkatueM KHonku “Tect”. [Tocne moakmoyeHus
DS18B20 x TeCTOBBIM KOHTaKTaM HaXXMUTE KHOMKY “Tect” emé pa3 - maT4auk Oyaer cuuTaH (310
MOJKET 3aHSATh MOUTH CEKYHY). UTOOBI BBITH M3 3TOT0 PeKMMa HAXKMUTE KHONIKY “TecT” nBaXKIbl
ObICTpO. [nuTeNbHBIM HAXKaTHEM KHOIIKH BBl MOKETE BHIOPATh aBTOMATUYECKHUI PEeKUM (aBTOMa-
TU4Yeckoe 0OHOBJICHHE), KOTOPBIN OyaeT 0003HaYeH 3HAKOM “*’ [oclie HANMEHOBaHUs JaTYUKA.

HazHaueHne KOHTAKTOB AJIsl JATYUKOB:

TectoBsrit kouTakT Nel: GND (3emuist);

TecToBblif KOHTAKT Ne2: DQ (maHHBIC);

TectoBslii KOHTAKT Ne3: Ve (Tok orpannyeH pe3uctopom 6800m);
TpeOyercs BHemIHMI MOATATMBaIMIA pe3ucTop 4.7kOm mexay DO u Vee!

JaT4uKH TeMnepaTtypsl 1 BjaaxxHoctu DHTxx

Orta pynkuus st rectupoanuss DHT11, DHT22 u coBMeCTUMBIX JaTYMKOB TEMIIEPATyphI
U BiaxHocTH. CHavana Tectep MmoICKa3bIBacT Ha3HAYeHHE KOHTAKTOB, @ 3aT€M OXKHJIAeT BHEIIHETO
noaTsAruBarouiero pesucropa. [locne obHapyx eHus pe3ucropa, Ha IUCIUIee 0TOOPaXKaeTcs BbI-
OpanHbBIN TUT HaTurKa (o ymonyanuto: DHT11) u kopoTkoe Ha)kaTue TECTOBOM KHOMKH CYUTHIBA-
eT ero nokasanus. [Ipu ycnenrHoM npouTeHUH NpuOop BHIBOJUT U3MEPEHHBIE 3HAUEHUS, TIPH JIHO-
00if ormmOKe pe3ynbTar Oyner paBeH"-". JlnmurenbHOe HaXKaTHE KHOTIKK U3MEHSET TUIT JaTYMKa, a
JIBa KOPOTKUX HAKaTUS KHOIKHU - BbIXOA U3 onuuu. [Ipu cMeHe THna gaTymka y Bac TakKe ecTb
BO3MOKHOCTh aKTUBHPOBATh €T0 aBTOMATHYECKOE CUNThIBaHUE (KXKIYIO CEKYHY), KOTOpoe 000-
3HaYyaeTcs 3HAKOM “*’ 1ociie TUIla 1aT4YnKa.

[TonnepkuBaeMble TUIIBI JaTYUKOB:

e DHT11: DHT11, RHTO1,
DHT22: DHT22, RHT03, AM2302;
DHT21, RHT02, AM2301, HM2301;
DHT33, RHT04, AM2303;
DHT44, RHTO5.

Ha3nauenune KOHTaKTOB JIsl TECTUPOBAHUS .
TectoBsrit koHTakT Nel: GND(3emis);
TectoBblil KOHTAKT Ne2: JlaHHBIC,
TectoBsrit kouTakT Ne3: [Turanue Vdd (Tok He OrpaHUYeH);
Heo0x0,1uM BHEITHHH pe3ucTop NOATSEKKH 4, /KOM Mekay KoHTakTamu Ne3 m Ne2!




HekoTtopsie naTunky y)xe BKIIOUYAIOT B ce0s moATsaruBaromuii pesuctop 10kOm, KOTOpsIid
paboTaeT TakKe XOpOILIO C KOPOTKUMH KaOeIsIMH.
Ilonckaska: uz-3a mpebosanuii K NUMAKHUIO O0amM4uKa usmepumenvHuiil pezucmop 6800m He mo-
orcem ObIMb UCNONBL308AH 05l 02paHudenus moka. imelite B BULY, YTO J11000€e KOPOTKOE 3aMbl-
KaHHe MokeT noBpeauTr MCU!

CaMOTeCTHPOBaHI/Ie

Ecnu BbI BOLIUTH B PEKUM CaMOTECTUPOBAHUS, HEOOXOIUMO 3aKOPOTUTH BCE TPU TECTOBBIX
KOHTakTa. TecTep oKuaaeT, moka 3To OyIeT caenano. B ciydae o060 mpodieMbl MOKHO TIpe-
pBaTh NpoLEeAypy HaxaTheM KHONKHU "TecT". ITUM neiicTBHEM Bbl TPOMYCTUTE MOJHYIO MPO-
BepKy. QyHKIMS CaMOIIPOBEPKHU 3aITyCKAeT KaX/blil TeCcT 110 5 pa3. MOKHO NMPOMYCTUTH JII000M
TECT KOPOTKUM Ha)KaTUEM KHOIMKHU WM IPOMYCTUTh BeCh AOJATUM HaxatueM. B tecte T4 nHyxHO
YAQIATD “3aKOPOTKY” TECTOBBIX KOHTAKTOB. TecTep OyneT 0)Xuaarh, Moka Bbl JEHCTBUTEILHO HE
yAQINTE KOPOTKOE 3aMbIKAHHE.

Ornucanue TeCTOB:
e T1 - mpoBepka HanpspkeHus: BHyTpeHHero MIOHa (B MB);

e T2 - cpaBHeHue pe3uctopoB Rl (cmemenue B MB);

e T3 - cpaBHeHue pe3uctopoB Rh (cmemenue B MB);

e T4 -ynanuth KOPOTKOE 3aMBIKAHHE TECTOBBIX KOHTAKTOB!;

e T5 - nmpoBepka KOHTaKTOB Ha yTeuKy B pexxume “pull-down” (ranpspkenue B MB);

e T6 - mpoBepka KOHTAKTOB Ha yTeuKy B pexkume “pull-up” (nanpspkenue B MB).
ABTOKOppEKTHPOBKa

ABTOKOPPEKTUPOBKA HU3MEPSAET CONPOTUBIEHHE U EMKOCTb TECTOBBIX KOHTAKTOB MWJIM ILY-
OB, T.€. IIaTa, eYaTHbIE IPOBOJHUKU U KOHTAKThl 00pa3yloT CyMMapHOE 3HaU€HHE Ul CO3AaHuUs
HYJIEBOTO CMeIlleHus. JTa QyHKLHUS TaKKe U3MEpSieT BHYTPEHHEE COIPOTUBIIEHUE TECTOBOIO MOpTa
npolieccopa B pekuMe BBOJa-BbiBoJa. Eciiu 3TH TecThl MpomyIleHbl, Wiu OyayT CTpaHHbIC 3Haye-
HUS U3MEPEHHBIX 3HAUYE€HUH, TO TI0 YMOJIYaHUIO OyIyT NCIOJIb30BaHbI mapameTpbl u3 config.h. Eciu
BCE MPOLLIO HOPMAJIbHO, TecTep OyJeT 0TOOpakaTh U NCIOIb30BATh HOBbIE 3HAYEHUS, TIOJTYYEHHbIE
IIpU aBTOKOPPEKTUPOBKE (OHU HE OyayT aBToMaTuyecku coxpaneHsl B EEPROM, cMoTpuTe myHKT
"Coxpanenue/3arpy3ka" Huxke). CMmelleHne HampsoKEHUS aHaJoroBOTO KOMIapaTropa aBTOMATH-
YECKU CKOPPEKTUPOBAHO IIPU U3MEPEHUU EMKOCTH (B HOPMAJIBHOM PEKUME TECTUPOBaHUS O€3 yué-
Ta aBTOKOPPEKTHPOBKHU), €CTIM KOHJIEHCAaTOp HaxoauTcs B auamnazoHe 100nF mo 3.3pF. Cmemmenue
st BerpoenHoro MOHa omnpeneneHo Takum ke obpazoM. IIpexne, yeM crnenarb aBTOKOPPEKTH-
POBKY B HEpBbIM pa3, u3MepbTe KaIMOPOBOUHBIA KOHIEHCATOP CO 3HAUEHHEM EMKOCTH MEXIy
100nF u 3.3uF, mo kpaiiHeil Mepe Tpu pasza, 4TOOBI TECTEP CMOT CKOPPEKTHPOBATHh YIMOMSHYTHIE
BhIlle cMenieHuss. OObIUHO, MEpBOe M3MEpPEHHE MPHUBENET K MOHMKEHHOMY 3HAYEHHIO EMKOCTH,
BTOpOE — K MOBBIIIEHHOMY, a TpeThe OyaeT Haubosee TouHbIM. O0€ BEIMUMHBI CMeIleHus: OyayT
BBIBE/ICHBI HA DKpaH B KOHIIE Mpoueaypsl. C anmapaTHBIM KaaTuOpOBOYHBIM KOH/IEHCATOPOM (TOJb-
ko ¢ ATMega644/1284) asTomaTrueckast 00pabOoTKa CMEIIEHUS TPH H3MEPEHUH EMKOCTH 3aMEHEHA
CrelManbHOM (yHKIMEH, BBIITOIHAEMONH BO BpeMs IMPOLEIypbl KOPPEKTUPOBKH. TakuM obpazom,
Bbl HE JOJDKHBI 3aMEpATh IUICHOYHBIM KOHIEHCATOp JIOMOJHUTENbHO. Ecnu cMmerieHus emkoctu
pa3anyaroTCs MEXAy apaMy TECTOBBIX KOHTAKTOB, MOKHO BKJIFOUUTH IPOBEPKY CMELIECHMS Taphl B
¢aiine configh (CAP_ MULTIOFFSET). Takas >xe momnpaBka BO3MOKHA JIJIsi CMEIIIEHUS BETUIMHBI
conpotusiieHuss (R MULTIOFFSET). ABTOKOPpEKTHpPOBKa O4YEHb I10X0Xka Ha CAMOTECTHPOBAHHE
IO MPOLIEyPE U MOJIb30BATENLCKOMY HHTEPPEIiCy.



Ornucanue 3TanoB KOPPEKTUPOBKHU:

e Al - onpenenenue cmenienus st MOHa u ananoroBoro kommnaparopa
(TOTBKO TSI OTIIIUMU C amnmapaTHBIM KOHJICHCATOPOM);

e A2 - onpezencHUe COMPOTHBIICHUS MIyOB/3akUMOB (0T 10 MuunOMm);

e A3 - yIaauTh KOPOTKOE 3aMbIKAHHE TECTOBLIX KOHTAKTOB/IIYIOB!;

e A4 - BHyTpeHHEe CONPOTUBIICHHE TOPTOB MPOIIECCOpPa 110 OTHOIICHHUIO K 3emie Gnd
(nampspkenue RiL);

e Ab - BHyTpEeHHEE CONPOTHUBIIEHHE TOPTOB MPOIECCOPA MO OTHOIIEHUIO K MUTaHUI0 VCC
(nampspkenne RiH);

e A6 - onpezaencaue EMKOCTH 1ynoB/3axuMoB (B PF);

OrpaHuyeHus:

® COINPOTHUBIIEHUE TECTOBBIX KOHTAKTOB < 1.500M a5t ABYX COCAMHEHHBIX KOHTAKTOB;

e EMKOCTb TeCTOBBIX KOHTAaKTOB < 100pF.
[loackaska: eciu conpomusieHue 0 Mecmo8blX WYNnos/3adcumos UsSMeHAemcs CIUUUKOM CUTbHO -
Modcem 6bimb npodema 6 KoHmaxkmax!

[TomuuTe: KOPppEKTUPOBKA - 3TO He KaandpoBka! Kannbposka - 3To nmporneaypa cpaBHe-
HUS PE3yNbTaTOB U3MEPEHUN C U3BECTHBIM U3MEPUTENIBHBIM CTAHJAPTOM U COXPAHEHHUS 3TOrO pa3-
maust. Lenb cocTout B TOM, YTOOBI KOHTPOJIMPOBATH Jipeiid B TeueHune Aoiroro BpemeHu. Koppek-
TUPOBKA — 3TO MPOLIeAypa Il HACTPOUKHU YCTPOMCTBA COIIACHO ONPEIEIECHHBIM 3a/1auaM.

CoxpaHeHue/3arpyska

[Toce BBITTOTHEHUST KOPPEKTUPOBKHU BBl MOYKETE OOHOBUTH KOHCTaHThI HacTpoek B EEPROM
110 YMOJTYaHHUI0, UCTIONB3Ys pekuM “Save”(Coxpanenue). B ciemyromuii pa3, Koraa Bbl BKIIOYUTE
npubop, 0OHOBJIEHHBIE 3HaUeHUS (Mpouib # 1) OynyT 3arpy’eHbl U UCTIOIb30BaHbI AaBTOMATHYE-
cku. [{ns ynoOcTBa MOKHO COXPAHUTh M 3arPy3HUTh JBa MPO(UIIs, HAPUMEp, €CITH UCTIOTIB3YeTCs
IBa HabOpa pa3IMUHBIX TECTOBBIX KOHTAKTOB MM 32)KUMOB. M 1est pexxuma COXpaHeHHUs: COCTOUT B
TOM, YTOOBI TPEIOTBPATUTH ABTOMATHYECKYIO 3aITUCh JAHHBIX KOPPEKTUPOBKHU. Ecin HYKHO uC-
MOJIb30BaTh APYTUE 32KUMBI JJI1 HEKOTOPBIX U3MEPEHH, TeCcTep OyAeT CKOPPEKTUPOBaH il pabo-
ThI C ’TUMH BPEMEHHBIMH 3KUMaMU. EcITi BEpHYThCS Ha3a/1 K CTaHJApTHBIM KOHTAKTaM, IprOop
HE JIOJDKEH TpUCIiocabanBaThCs, IOTOMY UTO CTapble 3Ha4eHHsI BCE erle coxpaHeHsl. [IpocTo BhI-
KJrounTe U Biounte nuranue tecrepa. Ecte onuusg (UL CHOOSE PROFILE) nns aBTomatuye-
CKOTO BXOJIa B MEHIO 3arpy3Ku Mpoduiist mocie BKIOYSHUS TeCTepa.

UHpopManusa o0 KOppeKTUPOBKeE

BrIBOIUT Ha DKpaH TEKyLIUE 3HaYEHUsI KOPPEKTUPOBOK M UCIOJIb3yeMble cMenieHus. Me-
MOJIb30BaHKE BHEIIHETO 2.5-BOJIbTOBOTO HCTOYHHUKA OTMOPHOTO HAMPSKEHUsI 0003HAYEHO CHMBO-
JIOM ‘*’ 11ociie 3HaueHusa Vcc.

BoIK/II0OYeHue
DOta GyHKIUS BRIKJIIOYUT TecTep, eciau akTuBHa HacTporika SW_POWER_OFF.

Bbixo/,

Ecnu BeI BOIIUTH B MEHIO IO OIIMOKE, MOYKHO BBIATH M3 HETO 3TOM KOMaHJIOMH.

Pe3ucropsl

PesucTopbr n3aMepsitoTcs IBaXKIbI (B 000MX HAMPABICHUSX ) U 3HAYEHUS cpaBHUBArOTCA. Ecim
3HAYEHUS OTIUYAIOTCS HAMHOI'O, TECTEP MPEAIO0JIAraeT, YTO €CTh JABa PE3UCTOPa BMECTO OAHOTO. B
ATOM clTydae MpUOOp BHIBOJUT HA DKPaH pe3yabTaT KakK JBa PE3UCTOpa C HOMEpPAMH KOHTAKTOB "1 -
2 - 1", ¥ OTIUYAIOIIMMUCS ABYMS 3HAUEHUSMU CONPOTUBIIEHUS. J[151 pe3UCTOPOB C COMPOTUBIICHU-



eM Hipke, yeM 10OM BBINOTHSAETCS TOMOTHUTENbHOE H3MEpEHHUE ¢ 00Jiee BBICOKUM Pa3pelIeHUEM.
B HeKoTOpBIX, peAKHX cily4asx, IpuOop HE MOXKET OOHAPYKHUTh OUeHb Majoe conpoTusieHue. To-
I/1a TOBTOPHO BBITIOJIHUTE TECT.

Ecnu BriIrOUEHa OTIOIHUTENbHAS TpoBepKa 3HayeHuid Hopm psina E (SW_R_E *),
TecTep OepeT cieayrolee 6o1ee HU3KOe U cleayroliee 0ojee BHICOKOE 3HAaU€HUE HOPMBI U CPABHHU-
BACT WX C U3MEPEHHBIM COIPOTHUBIICHHEM U C yYETOM JIOITYCKOB KOMIIOHEHTOB. ECTh /1Ba pexunma
BbIBOJIa. B TekcTOBOM pekuMme npubop otodbpaxaet psa E u npuMeHseMblii JOMyCK, COITPOBOXK/1a-
€MBIi COOTBETCTBYIOIIMMHU 3HAYEHUSIMU HOPMBI. CHMBOJI «-» O3HA4YaeT, YTO HET COOTBETCTBHUS 3Ha-
YEHHUIO HOPMBIL. B pexkuMe BpIBOJIa LIBETOBOTO KOJ/1a TecTep oToOpaxkaet psia E u nBeToBoi kox pe-
3MCTOpa, BKIIIOYAsl IBETOBYIO MOJIOCY s ommycka. [loMHHTE, YTO IIBETa MOTYT OTJIMYAThCS B 3aBU-
CUMOCTHU OT MOJYJISL TUCIUIES U UCIIOJIb3YEMOI0 IIBETOBOTO PEXUMA.

Ecnn xakoii-mu6o 1BET OTKIIIOUEH, TPOCTO OTPETYIUPYHUTE 3HAUCHUE 1IBETA
(COLOR _CODE *) B (aitne colors.h. ITouck B MaTepHeTe no 3anpocy "RGBS565 tool" mokaxer
MHOT'O OHJIaiH MHCTPYMEHTOB JIJIs co37aHus / BbIOOpa 3HaueHui 1iseta RGB565.

KongeHcaTopsl

Jlns n3mepenust EMKOCTH UCIIONIb3yeTcst Tpu MeToja. KonneHncatopsl EMKocThIO > 471F us-
MEPSIFOTCSI METOAOM 3apsAKU UMITYJIbCaMM JUIMTENbHOCTHIO 10Mc. KoHneHcaTops! B 1uarna3oHe ot
4.7uF u 47uF TecTupyroTcs TakKUM ke 00pa3oM, HO € 3apsTHBIM UMITYJIbCOM JJTUTEITBHOCTRIO 1 MC.
Konnencaropsl ¢ Manoi EMKOCTBIO TECTUPYIOTCSI METOJIOM aHAJIOrOBOT0 KoMIiaparopa. Takum 06-
pa3zoM, TOYHOCTh U3MEPEHHUS Pa3IMUHbIX KOHIEHCATOPOB ONTUMU3UPOBAHA.

Bonpime emxoctu TpeOyroT Koppekuuu. bes3 ncnpapieHns n3MepeHHble 3HaUSHHs! CIUILKOM
6onbiue. [To MoeMy CKpPOMHOMY MHEHHIO, 3TO BBI3BAHO METOJ0M M3MepeHus. Haunnas ¢ npeo0-
pasoBanust ADC nocine 3apsKu UMITyJIbCOM, TpeOyeTcss HEKOTOPOe BpeMsl Ul TOro, YTOObI KOH-
JIeHCAaTOp MOTEPSAT HEKOTOPBIH 3apsi/i N3-3a BHYTPEHHUX PE3UCTUBHBIX OTEPh. Takke camoMy
npeoOpasosarento ADC Tpebyercs HeKoTophlid 3apsan it paboThl. M3-3a 3TOro npouecca Heo0Xo-
MO OOJIbIIIE BPEMEHH JIJIsl 3apSAKH SJICKTPOIUTA U Y KOHJIEHCATOpa U3MEpsieTcs OoJblee 3Have-
HUe EMKOCTHU. 3MepeHue pa3psia 3aTeM MbITAeTCs] KOMIIEHCUPOBATh 3TOT APPEKT, HO OHO MOXKET
clienaTh 9TO ToNbKO YacTiuyHo. [TonpaBounsie ko duuuentsl (CAP_FACTOR_SMALL,
CAP_FACTOR_MID u CAP_FACTOR_LARGE B ¢aiine config.h) mogobpansl 11st paboThi ¢
OOJBIIMHCTBOM MOJIeNIEN TeCcTepoB. B HEKOTOPBIX CiTydasix BaM, BO3MOKHO, IPUAETCS UX U3Me-
HUTb. bbia 1o0aBeHa Toruka npu U3MepeHnH O0bIINX EMKOCTEH, KOTOPbIE MOTYT OBITh OIIpe/e-
JIeHBI KaK pe3ucTopbl. Pesucropsr < 100M NOMOTHUTEIHHO TECTUPYIOTCS Ha MIPEIMET TOTO, HE SIB-
JSIFOTCSL JIM OHM OO0JIBIIMMH EMKOCTAMU. HikHMIA Arana3oH naMepeHus EMKocTell HaYMHAeTCs OT

SpF (BKIIIOYast HyJI€BOE CMEIIEHUE), U 9T 3HAYCHUS IOMYCTUMBL. bosee Hu3Kue 3HaueHus CIuI-
KOM COMHHUTENIBbHBI U MOT'YT OBITh BBI3BaHbI PACIOJI0KEHHUEM IIYIIOB (TECTOBBIX KOHTAKTOB) U OyIyT
HEMHOT'O OTJINYaThCSl.

Tecrep nbiTaercs uameputs ESR 11 koneHcaTopoB ¢ HomMuHanom ot 10nF u Beie.
AJbTEpHATUBHO MOXHO BKJIIOUUTH CTapblii MeTona 3amepa ESR koHaeHcaTOpoB ¢ HOMMHAIIOM OT
180nF u Beie. Ho Tak xak u3mepenue ESR He caenaHo cUrHaIoOM NepeMeHHOro TOKa ¢ onpe-
JeNEHHOM YacTOTOH, HEe OKuJaiTe CTaOMIIBHBIX Pe3yabTaToB. Mcronb3yeMblil METOT MOKET ObITh
COIOCTaBUM € TecToM Ha yactore 1kI'n. Tak nnu nHaue, pe3ysbTaThl JOCTATOUYHO XOPOIIN IIPH
IIPOBEPKE AIEKTPOJIUTUUECKUX KOHAEHCATOPOB. J[J151 HEOONBIINX €MKOCTEH BBl MOXKETE TOJTYUUTh
pas3InYHbIe Pe3yabTaThl B 3aBUCUMOCTH OT TAaKTOBOW YacCTOTHI Ipolieccopa. S mpennoaoxKu Obl,
4TO I-H Pyphe B COCTOSIHUM OOBACHUTH 3TO. J[pyrue npoBerieHHbIe H3MEPEHUS ONPEAETSIOT TOK
yredku (camopaspsizia) Uit KOHAGHCATOPOB ¢ EMKOCThIO Oosee uem 4.7uF. Dto gaer momuckasky o
COCTOSTHUU 3JIEKTPOJIUTHYECKOTO KOH/IeHcaTopa. B Moux Tectax TUIIMYHOE 3HaYeHHE caMmopaspsiia
JUISL ACTIPaBHBIX JIEKTPOJIUTOB COCTABUIIO:

10-220uF 1-3pA;
330-470uF  4-5uA;
470-820uF  4-7pA;
=>1000pF  5-7uA na kaxasie 1000pF.



JlononHuTenpHas IpOBEPKa 3HaYECHUN HOPM psifa E taxke 10oCTynHa 11 KOHIEHCATOPOB
(SW_C _E *), HO TOJIbKO B TEKCTOBOM PEXHUME, IOTOMY YTO CYIIECTBYET CIUIIIKOM MHOTO Pa3HbIX
BapHaHTOB LIBETOBBIX KOJIOB.

WHAYKTHBHOCTH

W3mepenust THAYKTUBHOCTH HE OUY€Hb TOYHBI, TAK KaK 4acTOTa paboThI Mpolieccopa,
KOHCTPYKIMS IIEYaTHOM MJIaThl TECTEPA OKA3BIBAIOT BIIMSHUE Ha pe3ysbTaThl. ba3oBblil MeTox oc-
HOBaH Ha U3MEPEHUH BPEMEHU MEX]y MoAauei 3JIEKTPUUECKOr0 TOKA U IOCTUKEHUEM €T0 Olpee-
JICHHOTO ypoBHsI. JlJ1st O0JNBIIMX MHIYKTUBHOCTEH €CTh MPOBEpPKa HEOOIBIIUM TOKOM, IS MAJIBIX
MHAYKTUBHOCTEH HY)KHA IIPOBEpPKa OOJBIIMM TOKOM, KOTOPBIH MPEBbIIIAET HATPY30UHbIN Mpeel
nopta MCU B TeueHue 04eHb KOPOTKOTO BpEMEHH (MMPUOIUZUTEITHHO 0 25 MUKPOCEKYH]).

ITpu uccnenoBanun 3pdexra n3menenus 4actorsl padotel MCU u Apyrux Bemiel s Haien oopasert
OTKJIOHEHU, KOTOPBIH MOXKET MCIIOJIb30BaThCA Uil KomrieHcauu. [losTomy nobaBneHa
BO3MOXKHOCTbH MOJIb30BaTENLCKON TOHKON HACTPOMKH.

B oaiine inductor.c B pynkmro “Measurelnductor” seenena nepemennas "Offset" mist
KOMIIEHCAIIMH. DTa IepeMEHHas - CMEIEHUE JIJIs ONOpHOTO HanpshkeHus. [lonoxurensHoe cMerte-
HUe OyJeT yMEHBIIAaTh 3HaYeHUe HHIYKTUBHOCTH, OTPUIATEIbHOE — YBEIUYHT ero. Komnencarus
IIpU MPOBEPKE OOJBIINM TOKOM 3aBUCUT OT 4acToThl paboTel MCU u pa3zieneHa Ha TPH OTAEIbHBIX
Jyana3oHa, KaKIbplid co criequanbHbIM cMeleHrueM. [Ipu recte HEOONbIIUM TOKOM - TOJIBKO MPO-
CTasi KOMIIEHCAllUs B JJAHHBI MOMEHT, HEOOXOAMMBI JIOMOJHUTENbHBIE TeCThl. EClii BBI BUANTE Ka-
Kre-In00 OO0JIbIIME OTKIOHEHUS PE3yIbTaTOB H3MEPEHHI IPU CpaBHEHHH ¢ 00pa3noBsiM LCR -
U3MEpUTENIEM, MOXKHO CKOPPEKTUPOBATh CMEIICHHSI, YTOOBI MOJIYYUTh 00JIee TOUHBIE TapaMeTPhI.
Ecnu BBl XOTHTE IPOBEPUTH 3HaYCHUsT HOPM psina E, Bkmrounte B config.h ommmto (SW_L _E *)
(TOJBKO TEKCTOBBIN PEXKHM).

[loackaska: npu noiyyeHUU HeOHCUOAHHBIX Pe3yilbmamos NOGNOPHO 3anyCcmume mecm.
H3mepenue uHOYKmMu8HOCmMuU 8bINONHACMCS MOAbKO eClli e€ aKMUBHoe CONPOMuUBieHue MeHee
2k0wm.

Paspﬁ,a KOMIIOHEHTOB

Tecrep nbITaeTcs pa3psaUTh JTH000H MOJKIIOYEHHBI KOMIIOHEHT /10 U BO BPEMsI H3MEPEHUSI.
Koria oH He MOKET pa3psauTh KOMIIOHEHT HIke ykazaHHoro mopora(CAP_DISCHARGED), To
BBIJIACT OIIMOKY, 0OTOOpaXarolllyto HOMep T. KOHTAaKTa M OCTaBleecs HanpsbkeHue. B ciaydae pabo-
ThI OT OaTapen 0ToOpaxkaeMoe HalpsKEHUE - ITO HE HalpshKeHUe OaTapeu.

PexxuM paspsiga ocHOBaH He Ha (PMKCHPOBAHHOM Iay3e, OH afanTUpyeT ceds K pa3psIHOMY
ypoBHio. Takum 06pa3zom, Oatapest OyneT uaeHTUGUIIpoBaHa ObIcTpee (OKOJIO 2¢), a KOHIEHCATO-
pbI O0JIBIION EMKOCTH OyIyT pa3psbkaThes foiblie. Eciau Takoil KoHaeHcaTop OyaeT onpenesnéx
Kak Oartapes, mokaiayicra, MoBTopuTe npoBepky. [Ipu nomexe mim ommndke, BO3MOKHO, TOHA10-
6urcs ckoppektuposath napamerp CAP_DISCHARGED npu6nusurensHo 10 3 MB. MHaukarus
OCTAaTOYHOTO HANpsKEHUs TOMOXKET BaM BbIOpaTh HYKHOE 3HaUCHHE.

ADC cynepauckperusanus

Oyukims ADC u3meneHa, YToObI MOAACPKUBATH CYTIEPIUCKPETH3AINIO0 TepemenHoi (1-255
0TCUY€TOB). 3HAYCHHE 110 YMOIYaHHIO — 25 BEIOOPOK. MOKHO MOMBITATHCS YAYUYIIUTh TOYHOCTD H3-
MEpPEHHUS, YBEIIMINBAs YACII0 BEIOOPOK. OOpaTuTe BHUMAHKE HA TO, YTO OOJBIIIOE YUCIIO BEIOOPOK
OyZIeT 3aHUMAaTh OOJIbIIIE BpeMEHH, MPUBOS K O0siee MeAIEHHBIM U3MEPEHUSIM.

IIpamoe nageHue HanpsxxeHusa VBE BJTs

Bo Bpems npoBepku auonoB 3HaueHue VI Oyner usmepeno ¢ Rl (Gosbiioii TecToBbIi TOK) 1
Rh (manblit TeCTOBBII TOK), a TaK)KE COXpaHEHbI 00a HanpsuKeHus. [Iporieaypa TeCTUPOBAHUS IS
BJT wumer cooTBeTcTBYIOMmUH iepexo s napamerpa VBE u untepnonupyer aBa usmepenus VI



Ha ocHOBe ko3¢ durmenta hfe ms BupryansHoro Tekymero tecta. Takum oOpa3oM, Mbl 100HMBaeM-
cs1 Hanbosiee NOAXOAAIIMX Pe3yIbTaToOB AJIs pa3IMYHbIX BUJOB TPAH3UCTOPOB, HauuHas ¢ VI ms
masiomotnnbix BJT u 3akanumnBas 6onee mourasiMu BJT.

OToGpakeHHe pe3y/IbTaTOB HA JAUCILIee

H3MeHeHbl HEKOTOpbIe 0003HaUEHUs U PUMEHEHbI cokpaieHus. Otobpaxenue nuupopma-
IIUU MOXET OBITh Pa3/eJICcHO Ha HECKOJIBKO YaCTEeH U MCIOJb30BAaTh MHOTOCTPAHUYHBIN PEXUM IS
TOT0, YTOOBI MO/AJIEPKUBATH AUCILICH BCETO C HECKOJIBKUMU CTPOKAMHU.

Jlyis oHOTO IMO/1a HU3KOE 3HaveHue aeictBytomiero VI (u3amepennoe Tokom 10pA) nokasa-
HO B GUTYPHBIX CKOOKaX, eciu HanpsbkeHue Hke 250MB. 3To 10KHO MOACKa3aTh BaM, 4TO 3TO,
BO3MO>KHO, T€PMaHHUEBBIN A10J]. BOIbIIMHCTBO Ta0nHIl crieluUKaIUY JJI1 TePMAaHUEBBIX JHOJOB
onpenenser VI npu Toke B 0.1mA, KOTOpbIN TecTep He nmoaaepkuBaet. [Ipu 6osiee BHICOKOM JIEHCT-
ByromeM VT, kak npaBuiio, 0yaet npubiusurensio 0.7B ¥ TpyaHO OTIMYUTE TEPMaHUN OT KpeM-
HUEeBbIX 10J0B. Tok yreuku IR mist omnoro auona wiau ICEO mis BJT Gyner BeiBesieH Ha dKpaH,
ecsu oH npesbiaeT S0nA. I'epmanueBslie TpaH3UCTOPbl BJTS UMEIOT TOK yTEUKH OT HECKOIBKUX
LA no, npubnusurensHo, S00pA. 'epmanueBbie 1HOABI OOBIYHO UMEIOT TOK YTEUKU B HECKOJIBKO
HA.

s HEKOTOPBIX PIIEMEHTOB Tak)Ke 0ToOpakaeTcss EMKOCTh. B ciyuae eciiu EMKOCTh HIKE
5pF wim n3mepenune npuBOIUT K COOIO IO HEKOTOPHIM MPUYMHAM, BEIBEJCHHOE Ha 3KPaH 3HAYCHHE
oynet OpF. Ecnu obnapysxen FET TpaH3ucTop co BCTpOEHHBIM KaHAJIOM, CHMMETPUYHBIMUA CTOKOM
U UCTOKOM, Hanpumep, JFET, cxema koHTakTOB 1okassiBaeT 'x' BMecTo 'D' miu 'S', motomy uto 06a
BBIBOJIa MOT'YT OBITh (DYHKIMOHANBHO UAeHTHUHBIME. [TlocmoTpuTe cnenudukanuto Ha FETs, ecnu
BaM HY)KHO OoJibIiie HHpOpManuu o okoséBke. LlokonéBka s cumucropa nmokaszana kak [Ds 'G',
"1"u "2".'1' - at0 BRIBOg MT1, 2'- MT2. [Ins ogronepexonnubix UJT TpaH3uCTOPOB, B Cilydae, €Cliu
WX JIETEeKTUPOBaHKE BKIOUeHO,'l' - 6a3a B1,2' - 6a3a B2 u 'E' - amutrep.

Ecnu BxitOUeHa HecTaHaapTHAS OIMIKS onpeaesieHus mokojaéBku (Beiopan SW_SYMBOLS B
config.h), 6yaer mokasan COOTBETCTBYIOIIUI CUMBOJI C COOTBETCTBYIOIICH PACTUHHOBKON TS 3-X
KOHTaKTHBIX MOJIYIPOBOJHUKOB. Ecnu Ha nucmiiee HEAOCTATOYHO MPOCTPAHCTBA JIJIsl CHMBOJIA, €r0
BBIBOJ] Oy/IET MPOMYIIEH.

JlonoJIHUTEe/IbHbIE IOACKA3KH

e BJTs

Crpounas 6ykBa nocine 3HaueHust hFE yka3piBaeT THI TeCTOBOW 1eNH, KOTOpPask UCIIOJIb3YyeTcs
n1st mamepenus hFE:
- €: cXeMa ¢ O0IUM 3MUTTEPOM
- C: CXeMa ¢ OOIIMM KOJUIEKTOPOM
Ecnu BoI Brmrounnu BeiBoJ TecToBoro Toka hFE (SW_HFE CURRENT), To Tectep otobpasur [ C
JUIst cxeMbl ¢ o0mmM smutTepoM U I E 1715t cxeMbl ¢ 00LIM KOJIIIEKTOPOM.

[Tpu nposepke auonoB VI uzmepsercs ¢ Rl (Bbicokuii ncnsitarenbHblil Tok) U Rh (Hu3Kuit
UCIBITATENbHBIN TOK), M 00a HanpsikeHus coxpaHstorcsa. Oynkuus BeiBosa g BJT umer cooTseT-
ctBytoumii quoa s V. BE u unrepnonupyer asa usmepenus Vf Ha ocHose Tpanzuctopos hFE
JUTSL BUPTYaJIbHOTO TECTOBOTO TOKA. Tak MbI MOIy4nM OoJiee MOAXO0IAIINe PE3YIbTaThl VI pa3ind-
HBIX TUIIOB TPAH3UCTOPOB, Tak Kak V_BE nns cnabotounoro BJT He n3mepsieTcst TaKUM K€ UCIIBI-
TaTeAbLHBIM TOKOM, YTO U It MorrHoro BJT.

st BJTs ¢ BHyTpeHHUM pe3ucTopoMm (0aza-sMHUTTEp) TECTEp OTOOPA3UT HA IKPAHE ITOT pe-
suctop u nporyctut uzmepenne hFE. Eciu y BJTs ecTh BCTpOEHHBIN 3alIUTHBINA U0, TAKOH
TPaH3UCTOP MOXKET ObITh 0OHapy»keH kak BJT unu kak 1Ba Aroja BMecTe ¢ pe3ucTopoM Oasa-
AMUTTEP (HU3KOOMHBIN pe3ucTop - 2 auoza). Toraa Tectep NoKakeT 3TH J1Ba AMOJA U PE3UCTOP C
HaMeKkoM Ha Bo3MOkHYI0 NPN - crpykrypy ninu PNP BJT. IIpoGiema cocTouT B TOM, 4TO HU3KO-
OMHBII BCTPOCHHBIHN Pe3UCTOp MellaeT HopMallbHOU uaeHTuuKkamu BJT.



Hpyroii ocoOblii ciydait - BJT ¢ HHTErpupoBaHHBIM 3aLIUTHBIM JHOOM TOH K€ CTPYKTYPBI UTO
u BJT. Otot nuox cozmaer addexr “napazutnoro” tpanzucropa. ¥ BJT NPN-ctpykTypsl Oynet
“napasutHblii” PNP u Hao60pot. Takoi TpaH3ucTop OyAeT moMedeH CUMBOJIOM + mociie tumna BJT.
s tpan3uctopa llortku (BJT ¢ 6apeepom [1I0TTKM) orpaHUYMBAIONINN JUOT MKy 0a30u 1
koutektopoM 1 V_f onpenensrorcest, ecnu aerektupoBanue BkiaodeHo (SW_SCHOTTKY BIJT).
O6parute BHUMaHue, 4to Tpanzuctop [llortku umeet noewimennsiii I CEO.

e CumucTropsl

CHUMUCTOPBI MOTYT UCTIONIB30BATHCS B TPEX MJIM YETHIPEX PA3IUUYHBIX PEKUMAX PaOOTHI, TAKXKE
M3BECTHBIX KaK KBaapaHT. OObIYHO HEKOTOPBIE MapaMeTpbl OYAyT OTJIMYATHCS ISl KaXI0Tr0 KBajl-
paHTa, HanpumMmep, Tok cpabdaTteiBanus 3arBopa (I GT). B HeKoTOpBIX ciyyasix BO3MOXHO, YTO
TECTOBBIN TOK JIOCTaTOYEH JIs CpadaThIBaHUS 3aTBOPA B OJJHOM KBaJpaHTe, HO HE B IpyroM. Tak
KaK JIBa TECTOBBIX MPOTOHA HEOOXOIUMBI, YTOOBI BEIUMCIUTHh KOHTAKTHI 11t MT1 u MT2 tecrep He
CMOKET OIPEACIIUTD Pa3Inuue MEXAY HUMH, T.€. KOHTAKThl MOTJIM IOMEHATHCS MecTaMu. Bbl Tak-
K€ MOXKETE€ HAUTU CUMHCTOPBI, KOTOPbIE UMEIOT CIIUIIKOM BhICOKUM TOK yaepxkanus (I H), mpe-
MSATCTBYIOIIUN UX MPaBUIBHOMY OOHapyKeHUI0. Ecliu CUMUCTOP UMEET CIIUIIKOM BBICOKUN TOK
cpabaThIBaHHSI 3aTBOPA - TECTEP OOBIYHO OOHAPYKUBAET TOIBKO PE3UCTOP.

e Jluoawl CLD

Huonnas nposepka unentudpunupyer CLD (auon co ctabunuzaiyeit Toka) Kak CTaHJapTHBII
muon u orobpaxkaet I F xak Tok yreuku. OOpaTuTe BHUMaHHE Ha TO, 4TO aHoA u karox y CLD uH-
BEPTUPOBAHBI 110 CPABHEHUIO CO CTaHAAPTHBIMU Juoaamu. CriennanbsHas npoepka Ha CLD cnox-
Ha B peayin3alliy, HAUMHAas C ONpPEACIICHHs TOKa YTEUKHU JJIsl TePMAaHUEBOTO WJIM BICOKOBOJIBTHOTO
muona [lotku, Haxonsmierocs B nuana3zone I F (>=33pA). Eciu y anoaa ecte HEOOBIUHOE MPSIMOE
naJicHUe HaPsHKEHHMsI, T0BOJbHO HU3KUH V_f mpu HeOOoIbIIOM TecTOBOM TOKe (2-¢ 3HaueHue B (u-
TYpPHBIX CKOOKax) M eMKOCTh COBCEM HE U3MEepeHa, Toraa, ckopee Bcero, 3To CLD.

Heﬂo,zmepmnBaeMble KOMIIOHEHTbI

JIro601i momynpoBOIHUK, TPEOYIOIINHA BHICOKOTO HAIPSKEHUS WIIM OOJIBIIOrO TOKA MEPEKIIo-
YeHUs1, He MOXET MPAaBUIIBHO ONPEEIIUTHCS, TaK Kak TecTep o0ecneynBaeT MaKCUMalIbHBIN TOK 10
7mA u makcumanpHoe HarnpspkeHue SB. Takum o6pa3zom, Takue komnoHeHTsl kak DIAC ¢ V_BO
20-200V HeBO3MOXHO MPOBEPUTH. T0 ke camoe JUIsl THPUCTOPOB U CUMUCTOPOB C OOJIBIIUM TOKOM
3aIycka.

HU3BecTHBIE MPOO6JIEMbI M CLIOCOOBI UX PellleHUs

Ecnu y Bamero tecrepa ecTh OJHa W3 CIIEAYIOIIUX MpoOieM, Bbl MOXeTe MOmpoOOBaTh
BKJIFOUUTH 00XOTHOH ITyTh:

[Ipo6nema: - hFE cnumikom Beicokoe.
[Ipn rcnonp30BaHUU CXEMBI C 00IIMM KOJUIEKTOpoM ¢ Rl B kagecTBe 6a30BOro pesucropa, 6azoBoe
HaIpsDKEHHE 110 HEM3BECTHON MPUYUHE U3MEPSIETCs KaK OUeHb Majioe. Tak MmosiBisieTcs: 0a30BbIit
TOK, KOTOPBIH BBI3BIBACT CIUIIKOM BbIcokoe 3HaueHue hFE. Tecrepbl, y KOTOpBIX 3aMeueHa 3Ta
npobaema - Hiland M644! O6xoamoii myTs - Bkiounte HacTpoiiky “NO_HFE_C_RL” B config.h!

. Konnencaropsr (cepust Panasonic NF) MoryT ObITh OOHapYKEHBI KaK IO/ HITH J[Ba
BCTPEYHBIX Au0a. M3MepeHre EMKOCTH TaKXe He TAE€T ONPENEIUTh IPUEMIIEMOE 3HAUCHHUE.
. ITpu ucnons3oanun SMPS nnu npeobpazoarens DC-DC B kauecTBe HCTOYHHMKA MUTaHMUS,

TCCTCP UHOT 1a O6Hapy)KI/IBaCT KOHACHCATOP €MKOCTBIO SOMF, Ja>X€ C€CJIHN HC ITOAKIIFOUYCHO
HUKAKOIro KOMIIOHCHTA.

o ESR y koHJIeHCATOPOB HEOOIBIION EMKOCTH MOXET MEHATHCS B 3aBUCHMOCTH OT 4aCTOTHI
paboTsI mporieccopa.
. [TpoGema ¢ mameperrem ESR y TBepaoTenbHbIXx LOWESR a5ekTposinTHYeCKX KOHIeHC Ca-

TOPOB.



IMoaaepxka
Ectp aBa dhopyma 11t MOAIEPIKKHU TIOJIb30BATEIICH:
- https://lwww.mikrocontroller.net/topic/248078
OCHOBHO# 53BIK (hOpyMa - HEMEIIKUI, HO ¥ aHTJIUMHCKHI TaKKe BO3MOKEH.
- https://www.eevblog.com/forum/testgear/$20-Icr-esr-transistor-checker-project/
OCHOBHO# 513BIK (pOpyMa - TOJIBKO aHTJIMHUCKHUH.

’KypHan uameHeHH
[Toxamnyiicra, mpountaiite ¢aitnt CHANGES!

Komanasl ynpasjieHust
Kor Aa TCCTCP NPUHUMACT KOMAaHAbI YIIPABJICHUA, OTBET MOXKCT COACPKATh CICAYIOIIUC
TEKCTOBBIC CTPOKHU, KPOME KOMAaHAHBIX OTBETOB, COACPKAIIUX JaHHBIC:

ERR
- HEM3BECTHAsI KOMaH/Ia,
- KOMaH 1a He TIOAICP)KUBACTCS B KOHTEKCTE KOMITOHEHTA;
- mepenoHeHue Oydepa.

OK
- KOMaH/Ia BBITIOJTHCHA
(HEKOTOPBIM KOMaHJIaM MOKET MOTPeOOBATHCSI HEKOTOPOE BpeMsi [Isi 00pabOTKH ).

N/A
- nH(opmanus / 3HaYECHHE HE OTPEAETICHO.

OTBeT ¢ 1aHHBIMU HUKOTIa HE 0TOOpa)kaeTcs HU C OJTHON U3 CTaHJAPTHBIX TEKCTOBBIX CTPOK
BbIIIIE, YTOOBI MPEAOTBPATUTH JIFOOYIO BO3MOXKHYIO TyTaHUILY.

OCHOBHBIE KOMAH/bI:

VER

- OTIpeieNsieT BEPCUI0 MPOLIUBKY;

- IPOBEPUTH TOAKIIOUEHHUE U ONPEICTUTh HA0OP KOMaH I Ha OCHOBE BEPCHH;
- mpuMep otBera: «1.33my.

OFF
- BBIKJIFOYAET TECTED,
- rectep orBevaetr «OK» nepea oTKIIIOUeHHEM MUTaHUS;
- npumep otBeTa: «OK» < Tectep OTKIIIOUEH>.

KomaH/ bl TECTUPOBaHMA:

PROBE
- TECTUPYET T.KOHTAKTHI M MPOITYCKAET JIFOOBIE TIay3bl, OXKUIAIONHE 00pAaTHOM CBS3H
C TOJIb30BATENIEM;
- rectep orBedaeT «OK» mocie 3aBepiieHns IpOBEpPKH;
- IpUMEp OTBETA: < UCTEKAET BpeMsl I TeCTUpoBaHUA> «OK».

COMP
- onpenenseT uACHTUPUKATOP TUIIa KOMIIOHEHTa



(cm. COMP_ * B (haitne common.h 1 HAEHTHDHUKATOPOB);
npumep otsera A BIT: «30».

MSG
- BO3BpalaeT coodienue 00 onmmoke;
- IPUMEHSETCS TOJBKO MpH BO3HUKHOBEeHUH ommboku (COMP: 1);
- OTBET MOXET OTIMYATHCS B 3aBUCUMOCTH OT fA3bIKa M0JIb30BATEILCKOT0 HHTEpdeElica;
- npumep oteera: «batapea? 1:1500 mB».

QTY
- olpesieNsieT KOJIMYECTBO KOMIIOHEHTOB,;
- npumep otseta 1 BJT: «1»

NEXT
- BBIOOD CJIEAYIOIIETO KOMITOHEHTA,
- IPUMEHSIETCs, €Cli HaleHbl iBa komrnonenTa (QTY: 2);
- npumep oteeTa: «OK».

TYPE
- onpeienisieT 0oJjiee KOHKPETHBIA THUIT KOMITOHEHTA,;
- npumensiercs Kk BJT, FET u IGBT,;
- TOCTYITHBIE THITHI:
- NPN NPN (BJT);
- PNP PNP (BJT);
- JFET JFET (FET);
- MOII-tpan3uctop (mojeBoi TpaH3UCTOD);
- N-xanansubiii n-kanan (FET, IGBT).
- P-ch p-channel (FET, IGBT);
- enh.- pexxum oboramenus(FET, IGBT);
- dep.- pexxum ucromenus (FET, IGBT);
- npumep oteeta s BJT: "NPN";
- npumep oteera i FET (MOSFET): «MOSFET n-ch enhy.

HINT

- 0TOOpakaeT MoJICKa3KH 0 CIIeUATbHBIM (QYHKLUSAM,

- npumensietcs ais quonos, BJT, FET u IGBT,;
JIOCTYIHBIE TOJCKAa3KHU:

- NPN, Bo3moxxHo NPN BIT (nuon);

- PNP, Bo3moxxuno PNP BJT (nuon);

- peauctop B 6aze-amutrep R_BE (mmnox, BJT);

- BJT + Bcrpoennsiii flyback aunos Ha Toit e nomnoxkke,
coznaronuii 2-i "mapasutHsiit” BJT (BJT);

- D_FB Bcrpoennsiii / flyback nuon (BJT, FET, IGBT);

- SYM cummerpuunblii cTok U uctok (FET);

- npuMep otsera 1 BJT: «D_FB R_BEy;

- npumep oteera it FET (MOSFET): «D_FBw.

- D CLAMP BIJT c 6apsepom Llottku (BJT)
TpeOyeT BKIFOUeHHs 0OHapykeHus Tpan3ucropa [lorTku.

MHINT
- BO3BpAIAET MOJCKA3KU 10 U3MEPEHUSIM;
- orHOcuTCcAa k BJT;
- MMOJICKA3KU TOCTYITHBI JJIf:
-h_FE_e - usmepenne h_ FE BbImomHAETCS ¢ TOMOIIBIO CXeMbI ¢ 001iM smutTepoM (BIT);



- h_FE_c - usmepenue h_FE Boimonusiercs mo cxeme ¢ ooimm kosiekropom (BIT)
- mpumep oteeta st BJT: "h FE e".

PIN

- OIpEeaEIIAeT HOKOJEBKY KOMIIOHEHTA,
- HCIIOJIb3yeMble UJCHTH(PUKATOPHI:

- PE3UCTOP X = MOJAKIIIOUEH, - = HE TIOJIKITIOYCH;
- KOHJICHCATOP X = MOJKJIIOYCH, - = HE MOIKJIFOYCH;
- muon A = anon, C = kaToj, - = HE NOJKIIOYEH,

- BJT B =6a3a, C = xomiekrop, E = smurrep;

- FET G =3artBop, S = uctok, D = cTOK, X = CTOK/ UCTOK;

- IGBT G =3arBop, C = komiekrop, E = smurrep;

- SCR G =3arBop, A = anox, C = kato;

- TRIAC G =3atBop,2=MT2, 1 =MTI;

- PUT G =3atBop, A = anon, C = kato;,

- UWT E =»swmurrep, 2 =B2, 1 =B1.

- opmar oTBeTa:
<uneHtudukarop 3ou1a Ne 1> <unentudukartop 30u1a Ne 2> <paenruduxatop
30H1a Ne 3>;

- IpUMeEp OTBETa Ui pe3ucropa: "xx-";

- mpuMep oTBeTa 1t guona: «C-Ay,

- npumep oteeta s BJT: «EBCy.

R

- OMIpEACIACT 3HAYCHUEC COIIPOTUBIICHMS,

- IPUMEHSETCA K Pe3UCTOpY (COAEPKUT UHAYKTUBHOCTb);
- npumep otBera: «122R».

C
- ONpeNeIIsAeT 3HaYCHUE EMKOCTH,
- IPUMEHSIETCS K KOHJIEHCAaTopY;
- npumep oTBeToB: "98nF" "462uF".

L

- OMIpEACIACT 3HAYCHUE UHAYKTUBHOCTH,

- IPUMEHSIETCSL K PE3UCTOPY (COACPIKHUT HHAYKTUBHOCTH);
- npuMep otseTa: «115uH».

ESR
- onpeniensieT 3HaueHue ESR (3xBUBasieHTHOE MOC/IE0BAaTENILHOE COMTPOTHBIICHUE);
- TpeOyeT BKiItoueHus n3mepenus ESR;
- IPUMEHSETCS K KOHJIEHCATODY,
- npumep oteera: "0.21R".

- onpeniensieT 3HaueHue | leak (3KBUBaNEHTHBIN TOK yT€UKH COOCTBEHHOTO pa3psiia);
- IPUMEHSIETCS K KOHJIEHCAaTopYy;
- IpuMep oTBeTa: «3.25uAy.

V_F
- onpenenser 3HayeHue V_F (npsMoe HanpsikeHue);
- npumensercs k quony u PUT,;
- TaKkxe npuMeHsercs K BcrpoenHomy Aoy MOSFET u o6paTtHoxon0BOMY



nuony BIT wim IGBT;
- mpuMep oTBeTa: «654MBy.

V_F2
- onpenenset 3HayeHne V_F ciabotoyHoro uzmepeHus (psmoe HampsbKeHue);
- IPUMEHSIETCS K JUONY,
- npumep oteTa: «387MB».

CD
- onpezensiet 3Hauenre C_D (eMKOCTh A10/a);
- IPUMEHSETCS K JHOY;
- npumep otsera: "8pF".

IR

- onpeaensier 3HaueHue I R (oOpaTHbIil TOK);
- IPUMEHSIETCS K TUOY,

- npumep otBeTa: «4.89uA».

R_BE
- onpeniensiet 3Hauenue R_BE (pesucrop 6aza-smurrep);
- mpuMeHsieTcs k nuoay u BJT;
- npumep orseroB: "38.2R" "5171R".

h FE
- onpenenset 3HaueHue h FE (ycuneHue mocTosSHHOTO TOKa);
- cootBercTBYeT BJT;
- mpuMep oTBeTa: «234».

h_FE_r
- onpeziensier ooparHoe 3HaueHue h_FE (koiiekrop v aMUTTEp NEepeBepHYTHI);
- cootBercTBYeT BJT;
- IpUMep OTBeTa: «23».

IC
- onpenensiet TectoBblil Tok I C nns usmepenust hFE;
- TpeOyeT BBIBOJIa TECTOBOT'O TOKA sl BKIIIOueHus n3mepenus hFE;
- u3mepenue hFE s cxemsl ¢ 001uM SMUTTEpOM;
- coorBercTBYET BIT,;
- mpuMep oTBeTa: «3245uUA».

I_E

- omnpezensier TectoBblil Tok | E nns uzmepenus hFE;

- TpeOyeT BBIBOJIa TECTOBOT'O TOKA /sl BKItoueHust uamepenus hFE;
- n3mepenue hFE ais cxemsl ¢ 001IMM KOJJIEKTOPOM;

- cootBercTBYeT BJT;

- mpuMep oTBeTa: «3245UA».

V_BE
- orpezenser 3Hauenne V_BE (HanpsbkeHue 6a3a-aMuTTEp);
- cooTtBeTcTBYET BJT;
- IpuMep oTBeTa: «657MB».



I_CEO

- onpeaenset 3HaueHne | CEO (Tok KOJIEKTOp-dMUTTEP, OTKpHITas 6a3a);
- cootBeTcTBYET BJT,;

- npumep otBeta: «460.0uA».

V_th
- onpenenser 3HaueHue V_th (moporoBoe HaNpsHKCHHE);
- npumensiercs K FET (MOSFET) u IGBT;
- mpuMep oTBeTa: «2959mB».

C_GS
- onpeaensier 3HaueHne C_GS (emKocTh 3aTBOpA);
- npumensiercst kK FET (MOSFET);
- npumep oteTa: «3200pF».

R_DS
- onpenensiet 3HaueHne R DS on (compoTHBIIEHHE CTOK-UCTOK);
- npumensiercst k FET (MOSFET);
- npumep oteera: «1.20R».

I_DSS
- onpenenset 3HayeHue I DSS (Tok ucroka-croka, HyJeBoe CMEIICHHE / 3aKOPOUYEHHBIN
3aTBOD);
- npumensiercs K FET (pexxum ucromnieHus);
- npumep otBeTa: «64301A».

C_GE
- onpeniensiet 3HaueHue C_GE (emMkocThb 3aTBOP-3MUTTED);
- cootBerctByeT IGBT;
- npumep otsera: "724pF".

V_GT
- onipeaenset 3HaueHne V_GT (HanpspkeHue TpUrrepa 3aTBopa);
- npumensercs k SCR u TRIAC;
- mpuMep oTBeTa: «865MBy.

V_T
- onpenensier 3HaueHue V_T (HanpspkeHue cMeleHus);
- npuMensiercs k PUT;
- mpuMep oTBeTa: «699MBy.

R_BB
- onpenenser 3HayeHne R_BB (conpoTtusienue Mexay 6a3amu);
- TpeOyet Brimrouenus UJT mist onpenenenus;
- npumensiercs k UJT,
- npumep otBeTa: «4758R».

V_GS_off
- Bo3Bpamaet 3HaueHue V_GS (off) (manpsokeHne oTceukn);
- otHocuTcs K FET (pexxum ucrouieHus);
- mpumep otBeta: «-3072MBy».



V_7Z
- BO3Bpallaer 3HaueHue V_Z (Zener Wiu BHELIHEE HANIPSHKEHUE);
- Tpedyetcs npoBepka ZENER Bo BpeMst 0OBIYHOTO TECTUPOBAHUS ISl BKIFOUCHUS,
- oTHOCcHTCS K Zener Diode nim BHEIIHEMY HanpspKeHUIo (OMIust 000py10BaHus);
- npumep otBera: «6750 MBy»

ITo/s1e3HbIE CCHIJIKU

- Hemenkuii popym:
https://www.mikrocontroller.net/topic/248078

- Aurnmiickuii popym:
https://www.eevblog.com/forum/testgear/$20-lcr-esr-transistor-checker-Project/

- Poccuiickuii popym:
https://vrtp.ru/index.php?showtopic=16451&st=0
https://vrtp.ru/index.php?showtopic=25020&st=0

- I/IH(bOpMaI_II/ISI 0 PA3JIMYHBIX KJIOHAX, TOKYMCHTAIUs, CXEMa U HpOHII/IBKI/I:
(indman@eevblog)
https://yadi.sk/d/yW8xa5NJgUo5z

- PykoBOCTBO 10 KOMIUIIAIIUH, (aiisibl s ycranoBku Winavr (indman@eevblog):
https://drive.google.com/file/d/1-1JA8uTcsCA_6SYHEuMydjfS2vNgmwdH/view?usp=sharing
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