TexHu4eckoe onucaHue AJ MJIaThbl ABTOTHOHEPa

ATU-100 Extended board
paspadorku N7/DDC.

Buumanue ! He cymecTByeT HUKaKMX OTPaHMYECHUH U 3alIPETOB HAa UCIIOJIL30BAHUE JAHHOTO Marepuaia Jist
TFOOBIX IIEJICH, a TaKKe BCEX CMEXHBIX MarepruaioB, aBTOpoM KoTopbix siBisiercst N7DDC.

Buumanue! Mndopmanus, nyonukyeMas B JaHHOM JOKYMEHTE COOTBETCTBYET JAEHCTBUTEILHOCTH

TOJIBKO TP MCIIOJIBb30BAaHUMU YCTPOMCTBA C IPOLIMBKON BEPCUU 3.0. Ecm y Bac HET
BO3MOYKHOCTH y3HaTh Kakas Bepcus [10 ucnonb3yercs, npoueiite npommBKy Bepcuu 3.0 ¢
MOMOLUIBIO MTPOrpaMMaTopa, 4ToObI ObITH YBEPEHHBIM, YTO MH(GOPMALIUS U3 OTUCAHUS
COOTBETCTBYET CBOMCTBAM YCTPOMCTBA.

Ckayatnp IMMOCJICAHUC BCPCUM ITPOIINBKH, UCXOIHHUKH me4yaTHOU IJ1aThl, CXCMbI U JOKYMCHTAI[UIO
MOXHO TYT
https://github.com/Dfinitski/N7DDC-ATU-100-mini-and-extended-
boards/tree/master/ATU_100 EXT _board
Cxema B OHJIAWH pEJIaKTOpE:
https://easyeda.com/rolin791/atu-100-7x7

Ha3nadyenue

YCTpoiicTBO MpeTHA3HAYCHO IS UCTIOIh30BAHUS KaK JIEMEHT PaIuOI00UTEIBCKOTO
000py/noBaHMs, B COCTaBE YCHIIMTENICH WM TPAHCUBEPOB, JTUOO KaK OTACIIBHBIA MPUOOp,
BBITTOTHSFOIINN (DYHKITHIO COTTIACOBAHUS BBIXOHOTO CONPOTUBIICHHS YCHIIUTEICH MOIITHOCTH
(YM) ¢ dbunepamu aHTECHH.

B otiiruue ot muater mini board, nanHoe ycTpoicTBO MOXKET CoAepKaTh Habop OT 5 10 7
WHIYKTUBHOCTEHN U OT 5 10 7 KOHJIEHCATOPOB, YTO MO3BOJISET EMY (B MaKCUMAJIbHOU
KOMIUTEeKTauu) 3¢ (HEeKTUBHO paboTaTh B IIMPOKOM MOJIOCE YaCTOT, MEPEKPhIBAs
panuomooutensckue KB auanazonsl ot 1.8 MI'n 1o SOMI 1.

MHOTOYNCIICHHBIE HACTPOUKHU aITOPUTMOB, JOCTYITHBIE MTOJIH30BATEII0, TIO3BOJISIOT
MCIIOJIb30BaTh MUKPOIIPOIIECCOP M CXEMY YIIPABICHHS B APYTUX MPOEKTaX aBTOTIOHEPOB B
Pa3TUYHBIX BapHalnusiX. TeM He MEHee, CYIIECTBYET MOHITHE 0a30BOM CXEMBI, KOTOPOI
MIPUIECPKUBACTCS aBTOP.

bazoBas Mozenb, 10 MHEHUIO aBTOPA, COAEPKUT HA0Op U3 7 KOMMYTUPYEMBIX HHIYKTUBHOCTEN
¢ HepaBHOMepHBIM maroM, ot 0.05 mxl'® 10 4.5 MKI'H, HAOOp M3 7 KOHIEHCATOPOB C
HepaBHOMEPHBIM marom, ot 10 n® no 1Hd. Ilapamerpsl, HCHOIB3yEMBIE TTO-YMOTYAHUIO
rapaHTUPYIOT HaIXKHYI0 paboTy npudopa B 6a30BOM BEpPCHUU U SIBJISIOTCSI OCHOBHBIMU
napaMeTpaMmu JJig TeCTUpoBaHus rpu pazpadotke [1O aBropom. MHorue napameTpsl MOTYT ObITh
W3MEHEHBI MOJIb30BATENIEM CAMOCTOATENBHO, YTO MOKET U3MEHUTD MOBEACHUE YCTPOWCTBA U TAXKE


https://easyeda.com/rolin791/atu-100-7x7

caenarb ero HepabortocrocooHbIM. [loxkanyiicTa, ynTaliTe BHUMATEILHO ONMKUCAHUE MEePe]]
W3MEHECHUSIMHU.

3anare BONPOC WU TIOYYaCTBOBATH B 0OCYXACHUH YCTPOMCTBA MOXKHO 3/1€Ch
http://www.sdr-deluxe.com/forum/7-18-1

i _:'_‘\,. ; L
M i - S0
e ® oy ® -‘!_bﬁﬁi‘"v

"a’,.‘. ‘
} ., 2
-

NUcnoan3oBanue «0a30B0M MOIEJIN»

ABTOp IpeAIonaraeT, 4To UCIOIb30BaTh YCTPOMUCTBO MOXKHO MO JIBYM CIICHAPUSIM: KaK
JOTIOJTHUTEIBHBIN MOJYJIb B COCTABE TPAHCUBEPA WJIA YCUIIUTENS, MM KaK CAMOCTOSITEILHOE
YCTPOMCTBO B OTJICITIBHOM KOPITyCe, ¢ MHAUKAueH wim 0e3 Hee. [Ipu 3ToM HeT HeoOXOIUMOCTH
YTO-TO MepeenbiBaTh. K pazbemMy ynpaBlieHUS MOKHO MOAKIIOUYUTH KaK KHOIKY JJISI PyYHOTO
cTapTa HaCTPOMKH, TaK U BBIBOJI CUTHAJIA YIIPABIICHUS OT YIPABJIAIOIIETO MPOIEccopa TPAHCUBEPA
WIA YCUJIUTEIIS.

KopoTkoe Bo3nelicTBIE Ha JIMHUIO YIIpaBlieHHs MeHee, yeM 250 Mc, Oynb-TO KHOTIKOM WM
CUTHAJIOM YIIPaBJICHHUS, BBI30BET COPOC 3JIEMEHTOB TIOHEPA B UCXOJHOE COCTOSIHUE, KOT/Ia BCE
VHIYKTUBHOCTH U €MKOCTH OTKJIIOUEHBI. boJiee IMTenpHOE yiepKaHue CUrHaia yrupaBICHUs
BBI30BET HAYAJIO MTPOLECCa HACTPOUKH. Pe3ynbrar KaxJ10ro npouecca HaCTpOUKHU 3alIOMUHAETCS B
SHEPrOHE3aBUCUMOMW MaMATH YCTPOMCTBA U BOCCTAHABIIMBAETCS MOCIIE€ OTKIOYEHUS U BKIIOYCHHS
MMATAHUA.



JIOTIONMHUTENBHBIE CUTHAJIBI JIJIS TYYIIeH HHTETPALK C CYIIECTBYIOIIMM 000pyA0BAHUEM
MOKHO B3SITh C pa3beMoB Mukpornpoueccopa RA7 u RA6. Oto curnan TX_request (3ampoc
HECYILEeH ISl HACTPOMKH) B IPSIMOM M MHBEPCHOM BU/JE. J[aHHBIN CUTHAN BBIIAETCS MPOLECCOPOM
YCTPOMCTBA HA BpeMsi, HEOOXOMMOE JJIsl HACTPOMKHU, B TEUEHHE KOTOPOTO MEePEeAaTyuK JTOJIKEH
BBIJIaTh HEMPEPBIBHYIO HECYLIYIO MOAXOAAIIEN MOIIHOCTH. DTO MOYKHO MCITOJIB30BaTh IS
aBTOMaTH3allUU MIPOLleccCa HACTPOUKH, KOT/a MOJIb30BaTENI0 HE HYKHO OYy/IeT COBEpILIATh
JOTIOJTHUTEBHBIX IEMCTBUNA, KPOME KaK Ha)KaTh KHOIKY HACTPOMKH. DTO HE SBISAETCS
HEO0OXOIMMBIM, TaK KaK yCTPOMCTBO MO3BOJISET BECTU HACTPOUKY IMPH JIFOOOM BXOJAHOM CHUTHAJe
JOCTaTOYHON MOIIHOCTH, OyAb-TO peub, MOAyIUpoBaHHas BY curnasoM go0bIM THUIIOM
MOJYJSILIMY, TeJerpaHble MOChUIKHY, U Ia)ke IIyMonoo0HbIi curnai. Hactpolika Oyner
OCTaHaBJIMBATHCS MPU HEJOCTATOUHON MOIIIHOCTH BXOJHOIO CUTHAA U BO3OOHOBIIATHCS MPU €r0
NosIBIIEHUU. TO €CTh HACTPOMKA MOXKET MPOUCXOAUTH MPSIMO B Mpoliecce 0OBIYHON IKCILTyaTaluu
o0opynoBaHuUs.

Opnnaxo, A1 HaJIexKHOM paboThl YCTPOUCTBA, LIeJIeCO00pa3HO UCIOIb30BaTh JaHHBIM CUTHAI
JUTSL YMEHBIIEHHUS] MOIIHOCTH CUTHAJIA NepeaaTyrka 10 0€30MacHbIX JUIsl YCTPOUCTBA BEIMYUH BO
BpeMsi HAaCTPOWKH, HarpuMep Bo3aeicTBys Ha netio ALC.

Curnan TX_request Tak»e MOXKHO HUCIIOIB30BaTh JIJIsl TTOKITFOUCHUST CBETOAMO/Ia, KOTOPBIN
OyZeT moKa3bpIBaTh aKTUBHOCTD MPOIecca HACTPOMKHU B cilydae, Koraa ucnoib3oBanue KK
WHJIUKATOpa HEXKEJIATeIbHO I HEBO3MOXHO.

Nuagukanusa

B o6mem cinyuae, ycTpoicTBO MOXKHO MCIIOJIB30BaTh 0€3 271€eMEHTOB UHIUKAIIUU, TIPU 3TOM JJIS
KOHTPOJIsE pabOoThI MPUOOPa MOKHO MCIIOIB30BaTh HAIPUMEDP LIKATy BCTPOCHHOTO B TPAHCUBED
KCB-Mmetpa wnu otnenbHbii BHeHUNA KCB-MeTp. KoHeuHo, Tpy MCONIb30BAHUHU aBTOTIOHEPA Kak
OTJEIBLHOTO YCTPOMCTBA B COOCTBEHHOM KOPIyCe OYeHBb yA0OHO OBUIO OBl IMETh COOCTBEHHYIO
WHIUKAIMIO [T KOHTPOJISE pabOThI U JAHHOE YCTPOMCTBO MO3BOJISIET Pean30BaTh €€ Pa3HbIMU
CIoco0aMu.

Cawmpbrii pocToit crioco0, 3T0 MOAKIIOYATH ABYXIIBETHBIM KPACHO-3€JICHBIA CBETOIUOT C OOIITMM
aHOJIOM K BBIBOJIAM pa3bema JIJIsl IpOrpaMMHpPOBaHUs mpoiieccopa. YToOsl 3TOT crmocob
WHIUKAIMU paboTa, cieayeT N3MEHUTh HEKOTOPhIE 3HAYCHUS TI0-YMOIIYaHUI0, 00 3TOM Oy/er
CKa3zaHo HUXke. BriBog 001X aHom0B cienyeT moakimounTh K BeiBogy VCC pazbema (+5 BonbT
MUTaHUE), KaTOJl 3€JICHOTO CBETOMO/Ia Yepe3 TOKOOTPAaHUUMBAIOIIHNKA pe3ucTop K BeiBoay CLK
pazbema, KaTojl KpaCHOTO CBETO/IMO/IA Yepe3 TOKOOTPaHUUHMBAIOIINM pe3uctop K BeiBogy DAT
pazbema. TakuM 00pa3om, CBETOAMO] CMOXKET F'€HEpUPOBATh TPU 1[BETA CBEUCHHUS, 3€JICHBIH,
OpaH’KeBBIM U KpacHbIH, B 3aBucuMocTi 0T KCB B 11HUY, ¢ KOTOPBIM ObLIT 3aKOHYEH MPOLIECC
cornacoBaHus (HACTPOUKH).

3enenblid LBET cBeueHus Oynet ropoputh 0 KCB B nunun menee 1.5, opanxeBbiil — MeHee 2.5
u kpacubiii mpu KCB 6onee 2.5. Cetoguon Oynet racHyTh B MOMEHT Hayajla HACTPOUKHU U
CBETUTHCS Cpa3y MOCJE €€ OKOHYAHUS.

T'opazno Gonbiiie uHGoOpMaLK 0 paboTe mMpudopa MOXKET JaTh MOJKIIOUEHHE K pa3beMy s
MPOrPaAMMHPOBAHUA CTaHAAPTHOTO ABYXCTpouHOro 1602 JKKU mHaukaropa. st 3TOr0 Takxe
nmoHamoouTcst HebombIras wiata 12C pacmmpuTens mopToB, YTOOBI TpeoOpa30BaTh MapaICIbHBIN



xop ynpasienust JKKU B nocnenoBarenshyto muHy 12C. 910 mmpoko pacupocTpaHEeHHbIE TUIATHI,
ucnone3yromue Mukpocxemy PCF8574T u umerontyro aapec noctyna no mune 4E. ImenHo
TaKOM BapUaHT WHAUMKALUH aBTOP HUCIIOJIb3YET MO-YMOIYAHUIO U MPOIIUBKA O-YMOTYaHUIO YKE
HACTpOEHa /Il pabOThl ¢ TAKMM MHIUKATOpoM. HekoTopsle miuaThl paciiupuTeneil HopToB
ucnoinb3yeT MmukpocxeMbl PCF8574 ¢ unnekcom «AT» 1 OHU UMEIOT apyroi aapec 10CTyma 1o
muHe. VX ToXe MOXKHO HCTIONB30BaTh, 3a71aB HYKHBIHN aapec (OyaeT OnmucaHo HUXKE).

BriBonibl pazbema 115 mporpamMmmupoBanus npu noaxiatouennn XKKHW ucnonesiyrores mo
npsimomy HazHadeHuto, VCC sto nutanue 5 Bonbt, GND 310 3emiia, DAT u CLK

COOTBETCTBCHHO OTO JIMHUHW JAHHBIX U TAKTUPOBAHHA.

B neBoii yactu nHIUKaTOpa oToOpaxkaeTcs npoxogHas moiHocTh 1 KCB. Ucnonb3yeTcs pexum
MMAKOBOT'O AETEKTOPA, YTO MO3BOJISIET TOUHO MEPUTH MOIIHOCTh CUTHAJA MepeaTYuKa Ipu
WCMOJb30BaHUU PA3JIMYHBIX BUAOB MOAYJIALIUU.

B npaBoii yactu 0ToOpaxarTcsi 3HaY€HUSI THAYKTUBHOCTH U €MKOCTH, YCTAHOBJICHHBIC
YCTPOMCTBOM B PE3YNBTATE MOCIEIHETO MTpoLecca HaCTpoku. MHaukanus ocyniecTBiaseTcs B
MIEPBOM W BTOPOH CTpOKax, mpudeM mokaszanust L u C MOryT MeHSAThCS MecTaMu. ITO



UCIIOJIb3YETCS JUIsl OTOOpakKeHUs TOUKH MOAKIIOYEHHSI KOHJEHCATOPOB COIIACHO KJIACCUYECKON
cxeMbl [-enouku. Tak, eciii THIYKTUBHOCTh HAXOAUTCS CBEPXY B BEPXHEU CTpoke. To
IIPEAIIONIAraeTCs, YTO0 KOHIECHCATOp TIOHEpa MOAKIIOYEH II0CIIE Hee, TO €CTh K BeIxony. Eciau
3HAYE€HUE UHAYKTUBHOCTH OTOOPA’KEHO B HMKHEH CTPOKE MOJ] 3HAYEHUEM €MKOCTH, TO €eMKOCTh
MOAKJIFOYEHA O UHAYKTUBHOCTH, TO €CTh KO BXO.Y.

Ha unaukaTtope Takxe MOTyT KPaTKOBPEMEHHO MOSBISATHCSA HEKOTOPbIE HAAMMCH, MOSCHSIOIINE
TeKyIIre pexuMbl padotsl ycrpoiicTBa. Ito Hagnucu TUNE, RESET, OVERLOAD (npu nonave
Ha yCTPOMCTBO CUrHajia ¢ MOIIHOCThIO Ooiee yeM 150 Barr).

Jl1 yMeHbIleHHs rabapuTOB YCTPOMCTBA, CYIIECTBYET BO3MOXKHOCTh MOAKIIOUECHUS
masnorabaputasix OLED nucnnees, koTopble UCMIONB3YIOT [JIsl YIpaBIeHUs Takyto ke muny 12C.

910 moHoxpoMuble OLED nucnneu ¢ xoutpomiepom SSD1306 u ¢ paspermenuem 128x32
Touek ¢ auaroHainpo 0.91 mroiima, ¢ paspemennem 128x64 touek ¢ nuaronansmu 0.96 n 1.3
moriMa. [loakioyaroTest 3T AUCIUIEN aHAJIOTUYHO, HO YTOOBI OHM KOPPEKTHO paboTaiu, clieayeT
MU3MEHUTD MapaMeTphl NPOIIUBKHU (OYAET OMHUCAHO HUXKE).




Nunukarnus va 0.91 128*32 nucmnnee BBHINIANT, Kak U HA 00bidHOM 1602 nucrinee, umes npu
3TOM KPOXOTHBIE pPa3MepHI.

Nunukamnus Ha qucmesx 128*64 BeIMISAUT HEMHOTO TIO-APYTroMY, B UETHIpE psiia U ¢ Oosee
KPYITHBIMU CHMBOJIAMU.

PWR=08. 8l
SWR=8. 84

I[OHOJIHI/ITCJII)HI)IQ KHOIIKHA

VYeTpoiicTBO MO3BOJISIET HOAKIIOUUTH TAKKE JBE IOMOJHUTENIbHbIE KHOIKH, PACIIUPSIOIINE
6a30BbIi PyHKIIMOHAT. JTO KHOMKHK Bypass n Auto. KHOIIKYM MOAKTIO9ar0TCsl COOTBETCTBEHHO K
noptaM mporieccopa RB1 u RB2. Micnionb3yembie MOPTH PEKOMEHAYETCS 3allyHTUPOBATh
KOHJICHCATOpaMHU BO M30eKaHUE TIOSBIEHUSI HABOJAOK, MOTYIITUX IMOMEMIAaTh paboTe mporieccopa.



RB2 |
C1
100n
RE1 | Auto
c2
1000
Haxxarue KHOIIKH Bypass BeI3bIBaeT
BPCMCHHOC OTKJIFOUCHHUE BCEX

€MKOCTEH U UHIYKTUBHOCTEN U MPsIMOE MPOXOXKACHUE CUTHAIA OT BXOJA K BBIXOY. DTOT PEKUM
MMeeT COOTBETCTRYIONTYI0 MHANKauio Ha JKK nucniiee B BUjie 3HaKa HUKHETO MOAYEPKUBAHMSL.
Ecimu pexum Auto ObuT akTUBUPOBaH, €ro paboTa OylAeT BpeMEHHO OCTAaHOBIJICHA, ITOKa JEHCTBYET
pexxum Bypass. [loBTopHOe HaxkaTue Ha KHONKY OTKJII0YaeT pekuM Bypass u ycTpoilcTBO BHOBb
MOJKITIOYAET EMKOCTU U MHIYKTUBHOCTH, KOTOpPbIE ObUIM YCTAHOBIICHBI B KOHIIE MOCIEIHETO
nporecca HacTpoiiku. Pabora pexxrma AUto Takke BO300OHOBUTCSA, €ClIM OH ObUT aKTUBUPOBaH
paHee.

Haxarue kHonku AUtO aKTUBUPYET aBTOMAaTUYECKUNA PEXKUM padOThl yCTPONCTBA, YTO
oroOpakaeTcsl Ha JAKCIIee KaK 3HAK TOUKH. YCTPOMCTBO 3alIOMHUT BKIIFOUEHHUE aBTOMATHYECKOTO
pexxuma, 1 OyZIeT OCTaBaThCs C HUM JIa)Ke MOCIJIE€ OTKIIOUEHUS TUTAHUS, TTOKA TIOBTOPHBIM
Ha)kaTueM OH He OyleT OTKIIOYEH . ABTOMATUYECKHUM PEeKUM MOKHO TaK)Ke aKTUBHUPOBAThH
M3MEHEHHEM MapaMeTPOB IPH MPOITHUBKE (OyIeT OITMCAHO HUKE).

ABTOMATHYECKUU PEIKUM

ABTOMAaTHYCCKHN PEKUM paOOTHI IPEIOCTABIACT YHHKAIBHYIO BO3MOXKHOCTD IS TTOJIh30BATEIIS
HCIIONIB30BaTh YCTPOMCTBO O3 HEOOXOIMMOCTH HAXKMMaTh KHOIIKH U TTOJIKTIOYATh KaKoe-TH00
BHEIIIHEE YIIPaBJICHHE. YCTPONCTBO MOXKET OBITh BBITTOIHEHO 0€3 KHOIOK, 0€3 MHIUKAIIUU U TIPU
3TOM Oy/IeT BBITIOJHATH CBOIO (DYHKITHIO COTVIACOBAHMS COTIPOTHBIICHUS JIMHUY ITUTAHUS aHTCHHBI.

AJTOPUTM IIPU 3TOM UCNONB3YyeTCA cienytomuid: ecin Tekymuii KCB npebimaet 1.3 u o
m3menmics Ha (1.3 - 1) oTHocuTeNnbHO 3HaYEHUS 3a(PUKCUPOBAHHOTO TTOCIIE MPEABITYIIICH
HAaCTPOMKH, BKIFOUAETCS PEKUM HACTPOUKU. OOBIYHO TAHHOE YCJIOBUE JIETKO BBITTOIHSAETCS TIPU
CMEHE JIMana30Ha, YTO BbI3bIBAET HEMEMJIEHHOE CcpabaThIBaHKE MPOIecca HACTPOMKH.

[Tpu HEOOXOAMMOCTH, MIOPOTOBOE 3HAUCHHUE CPAOATHIBAHUS HACTPOUKU MOXKET ObITh U3MEHEHO
M3MEHEHHEM MapaMeTPOB MpH MPOMUBKE (OyIeT OMUCaHO HIDKE).

Oco0ble pe:xxuMbl padoThI



YCTpOCTBO MMEET HECKOIBKO OCOOBIX PEKUMOB pabOThI, MPU3BAHHBIE OOJIETYUTH MPOIECC
cOOpKH, OTIAJKU WM MTOMCKA HEUCIIPABHOCTH.

[Ipu mogaue MUTaHKUA HA YCTPOKUCTBO CO BCEMHU TpeMs Ha)XaThIMH KHOMIKaMu Tune, Bypass u
Auto, Bxirouaercs pexum Fast Test. B aToM pexxume ycTpoicTBO Mo1aeT MUTAaHUE HA BCE pelie,
YTO MO3BOJISIET OBICTPO OMPEACTUTH HEUCIIPABHOCTH CBA3aHHBIE C TPAH3UCTOPHBIMH KITFOUYaMH HITH
HEJOCTaTKaMU NaKKU.

[Ipu momaye nuTaHus Ha YCTPOMCTBO C HAaXaTbIMU KHONKamMu Bypass u Auto, yctpoiicTBo
NEPEXOIMT B TECTOBBIN pexkumM Test Mode. B aToM pexxume MOKHO BPYYHYIO, ITOIIATOBO, C
MOMOLIBIO0 KHOTIOK Bypass n Auto u3mMeHsATh 3HaU€HUE EMKOCTH WJIM UHIYKTUBHOCTH. [[1HHOE
HaXkKaTye Ha KHOMKY [UNE MO3BOJseT BbIOpATh KaKKUe 3J€MEHThI OynyT nepeduparbcsi B JaHHBIN
MOMEHT, a KOPOTKOE Ha)KaTHe U3MEHSET TOUKY MOJKIIOYeHHs KOHIeHcaTopa. B aToM pexnme
COXpaHsETCsl BO3MOKHOCTh U3MeEPsTh BXoAHYI0 MoiHOCTh 1 KCB B nunuu. Becs npouecc
COIIPOBOXKAAETCS NOHATHOW UHIAMKALIUEH.

Bo3mokHbIe MOTU(PUKALIAUA YCTPOUCTBA

Mukponponeccop u ero [10 nmo3BosgtoT ynpasisiTe psSAOM OT 5 10 7 UHAYKTUBHOCTEHN U OT 5 A0
7 €MKOCTEM, C TMHEWHO HAapaCTAOLIMM I1aroM, WIK HEIMHEeWHO. HOMUHAIIBI KOMIIOHEHTOB MOT'YT
OBITH TPOU3BOJIBHBIMU, UX 3HAYEHUSI MOXKHO yKa3aTh B TapaMeTpax MPOIIMBKHU BO BpEeMsI
IpOrpaMMHPOBaHUS MIpolieccopa Ik MPAaBUILHOTO OTOOPaKEHUsI 3HAUCHUN Ha JTUCIUIEE.

[Tpu BbIOOpPE KOTMYECTBA AIEMEHTOB MEHEE MAKCUMAIbHOTO (7) paboTaroT MiIaalue pa3psiasl
IIMHBI YIIPABICHHUS.

HenpasuibHoe KOHGUTypUpOBaHUE MPOIIUBKYA UM OMIMOKH B MOCIEAOBATEILHOCTH YIIPABICHUS
AIIEMEHTAMH MOXET NMPUBECTH K COOSM BO BPEMSI HACTPOMKH WJIU K MOJTHOM HEBO3MOXKHOCTH
HacTpoiku. [Ipu 3TOM TOUHOE yKa3aHME HOMHHAJIOB MOXKET CKa3aTbCs TOJBKO HA TOYHOCTU UX
oTroOpakeHHs Ha JHCIUIee, HO HE Ha paboTe alropuTMa HaCTPOUKH.

TexHHYeCKME XaPAKTEPUCTUKH,
«0a30Basli MOJIEJIb»

JlnanazoH OMyCTUMBIX MUTAKOMUX HanpskeHuid: 10 - 15 BonbT nocTostHHOrO TOKa

MakcumanbHbiit TOK moTpebieHus : 400 MA

MaxkcumanbsHas pabouast mpoxogHas MoiHocTh: 100 Bart

MaxkcuManbHO BO3MOXKHasA U3MEpeHHast MOIHOCTh: 150 Barr
MuHrMaIbHas MOITHOCTh, HEOOXOIMMas I Hadajla HacTpolku: 5 Bart *
MuHHuMaJIBHO BO3MOXHAs u3MepeHHast MoHocTh: 0.1 Barr

[Tar u3mepenus npu momtHocTu 10 10 Bart: 0.1 Barr

[Tar n3mepenus npu momHocTH Beiie 10 Barr : 1 Barr



TounocTts n3mepenus MmomHocTy : 10%

MakcumMalibHasi yCTaHOBJIEHHAsI HHIYKTUBHOCTD: 8.53 MK 'H
MuHMManpHBIN Iar yCTaHOBKM MHAYKTUBHOCTHU: 0.05 MK 'H
MakcumalibHast yCTaHOBIIEHHAsI eMKocTh: 1869 n®d
MuHMManpHBIN Iar ycTaHoBKM eMKkocTH: 10 nd

* HGKOTO]Z)I)IG mapaMeTpbl MOKHO UBMCHUTD IIPH H€O6XOZ[I/IMOCTI/I

N3MeHeHUue mapaMeTpoB MO-YMOJIYAHUIO

Bo Bpemst mporpaMMupoBaHusi MUKPOIIPOLIECCOpa, KPOME 3aliCH HEMOCPEACTBEHHO
YIPaBISIONIETo Kojia (MporpaMMbl), MPeIaraeTcs 3anuchbiBaTh TaK:Ke HEOOIBIIOE KOJTUYECTBO
sA4eeK MHOTOKpaTHo nepe3anucbiBaeMoit namsitu EEPROM. Mudopmanus B 3TUX siUeiikax MOXKET
OBITHh U3MEHEHA I0JIb30BaTEIEM NIepe]l MporpaMmMupoBanueM. Bo BpeMs KaxkJ10ro crapra
nporeccopa, ero nporpaMmma MmpeskJie BCero CYMTHIBAET JaHHBIE C SYEEK JTOJITOBPEMEHHOMN NaMsITH,
4YTOOBI B JaJIbHEHIIIEM MCTIOIB30BaTh 3TY HH(MOpMaIuio Juist paboTel. Takum oOpazom,
MOJIb30BATENb MOXKET JIETKO U3MEHSITh MHOTHE TTapaMeTphbl yCTPoiicTBa O€3 BHUKAHUS B
HECPAaBHEHHO OoJiee CloKHbIe npolecchl pazpadbotku I10.



i PICkit 3 Programmer - BUR183601124 — X

File  Device Family Programmer Tools View Help
Midrange/1.8V Min Configuration

Device: PIC16F15938 j 3FC4 1233
User IDs: FF FF FF FF
Checksum: 5018 SCCAL

I S Mcrocws

- VT

. o (] Check 50 *
Read Write Verify Erase Blank Check ] /MCLR ‘ i
Enabled | Hex Only v | Source: [E\..ATU-100w_EXT_2 5\atu_100_fw_00.hex

0000 31A0 2DC3 3FFF 0029 082E 3R00 1903 2821 A
0008 0021 170D 3006 00FD 0BFD 280C 0000 178D
0010 3006 00FD OBFD 2812 0000 138D 3006 00FD
0018 0BFD 2818 0000 130D 3008 00FD 0BFD 281E
0020 0000 0008 0029 082E 3R00 1903 285C 01F1
0028 0871 3C07 1C03 2849 0oz2a 1BDB 2832 0021

0030 138D 2834 0021 178D 3006 OBFD 2836
0038 0000 170D 3006 OOFD  OBED 0000 130D
0040 3006 OQOFD OBFD 2842 0000 : 35DB  OAFl
0048 2828 0021 178D 3006  OOFD : 284D 0000
0050 170D 3006 OOFD OBFD 20 130D 3006
0058 00FD OBFD 2859 0000 000} f 0s6E 0022 v

EEPROM de § . Auto Import Hex

Enabled | Hex Only v + Write Device

4E 01 00 15 13 05 00 01 02 00 07 00 07 00 01 00 Read Device +
00 50 01 10 02 20 04 S0 10 00 22 00 45 00 FF FF Export Hex File

00 10 00 22 00 47 01 00 02 20 04 70 10 00 FF FF P
FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF v Plcklt 3

Huxe OynyT moapoOHO ONMCaHbl BCE 3HAYUMBIE SIMEUKH, UCTIONB3YEMbIC B IAaHHON BEPCUU
MIPOLINBKHU.

OOparuTe BHUMAHUE, YTO HyMEpaIus SsYeeK HAYMHAETCSI C HyJIs, TPUYeM HyMEpaIus JaeTcs B
16-tupuuynom kome. Hymeparius ¢ TakuMu paBUJIaMy Ha3bIBACTCS «apecariueiiy, a Homep
SYEHKH B TakOM (hopMaTe Ha3bIBAETCA «aapecom» saeiiku. Hampumep, sueiika ¢ agpecom 10 He
SBIISICTCS IECSITON sSTYCHKOM 10 cueTy. D10 Oymet 16-as sueiika. Hrke OymyT yka3aHsl
HCKIIIOUUTEIIBHO aJipeca siYeeK, TaKk Kak UMEHHO aJpecalysi UICIIOJIb3yeTCsl B TporpaMme JJist
MpOrpaMMUPOBAHUS TIPOLIECCOpa.

JlaHHbBIC B CaMUX sSTYEHKaX TaK)Ke MPEACTABIISIIOT COO0M 3HAYCHUS B 16-TUPUYHOM KOJI€, OJTHAKO,
TaK CIENAaHO JIJIsl yIOOCTBO MOIb30BaTeNeH, 9T0 He OyneT HUKaKoi He0OXOMUMOCTH
KOHBEPTHUPOBATH NMPUBBIYHBIC HAM 3HAYCHUS B 16-TupuuHbid popmar. Tak, 11 3anTUCH HAIpUMep



3HaYeHUs1 MOIIHOCTHU B 15 Bart, noctarouno 3anucare B stueiiky uudpy 15, a nns 3ananus KCB
1.7 nocrarouno 3anucars HUdppy 17. BHUMareabHo unTaiiTe ONMCAaHUE U OPUEHTUPYHUTECH Ha
3HAYEHHUsI 10-YMOIIYAHHUIO.

Jlia ynoOcTBa, IPOUIMBKY MOKHO CUMTBHIBATh U3 MUKPONPOLECCOPA, U3MEHATh TUEHKN MAMATH U
3anuchIBaTh 00paTHo. YToOBI BEPHYTh BCE 3HAUEHHUS K 3HAUEHUSIM MO-YMOJTYAHUIO, JOCTATOYHO
3aHOBO MPOIIUTH ABTOPCKYIO MPOIIMUBKY.

00 — s1yeilika 3a1aHuA ajpeca NOAKJI0YAeMOro aucmJes. [1nara pacimmpeHus: mopToB s
nuctes 1602 BeimonnenHas Ha mukpocxeme PCF8574AT umeet anpec 7E, Ha Mukpocxeme ¢
ungekcoM «T» - 4E. OLED gucninen o6s1dHO uMeroT azipec 78 win 7A. B siueliky mo3Bossercs
3aMuChIBaTh JIFOOOHU aapec /Il HOpMaJIbHOM paboThI C MOAKIIOUYEHHBIM ycTpoiicTBoM |12C.

3nauenue no-ymonyanuto 4E, uto coorsercrByet KK nucriero 1602 ¢ mnaroit pacumpeHus: Ha
mukpocxeme PCF8574T .

01 — siyeiika 1J1s1 yKa3aHUs TUIA MOAKJIIOYEHHOI0 ANCILIes.
3nauenue 00 cOOTBETCTBYET MOJAKIIOYEHHOMY JIBYXIIBETHOMY CBETOAUONY
3nauenne 01 — 1602 X)KKU ¢ nnaToii paciinpeHust HOpToB.
3nauenne 02 — OLED mucnneit 128%32, 03— OLED nucmuieit 128*32, nepeBepHyTOe
U300pakeHue.
3nauenne 04 — OLED mucnneit 128%64, 05 — OLED nucnneii 128*64, nepeBepHyToe
n300pakeHue.

Buumanue! Pabora ¢ nucruiesiMy, OTIMYHBIMU OT BBIILIE ONMCAHHBIX HE 00€CIIEYBAETCS
YCTPONCTBOM.

02 — siyelika aKTUBAIMM ABTOMATHYECKOro pexxuma. Eciu ycTpoicTBO TUTaHupyeTCs
MCIIOJNIb30BaTh 0€3 TOMOJHUTENBHBIX KHOTIOK, TO BKIIFOUYUTH aBTOMAaTHUYECKUN PEXKUM MOYKHO
nponucas 3HaueHue 01. 3nauenne no-ymonuanuto — 00. [Ipu akTuBanuu pexuMa ¢ KHOIKH,
nporeccop cam 3anumuieT 3HadeHue 01 B 3Ty siyeiiky, 3alIOMHUB TaKuM 00pa3oM BBIOOD
MOJIb30BATENS.

03 — sveiika 1S 3a1aHUsl BpeMeHH O:KMJAaHMs TT0CTIe TT0/Iauu CUTHAIa Il cpadaThIBaHUS
WJIM OTITYCKaHUS pesie. DTO BpeMs BKIIOYACT B ceOs TAKXKE U BPpeMs, HCOOXOIUMOE JIJIst
yCTaHOBJICHUS HaNpsHKeHHS Ha BhIxoge BYU merekropa mocie Toro, Kak pese YCTaHOBHIINCH B
3a/TaHHBIC TIOJIOKEHUS. 3a/1aeTCs B MIJIMCEKYH/1aX, 3HaYeHUE Mo-yMordanuio 15. Cnumkom
KOPOTKOE BPEMSI MOKET BBI3BaTh COOM MPHU HACTPOUKE.

04 — siyeiika 1J191 3aJaHKS OPOra cpadaTbIBAHUS HACTPOHKH B ABTOMATHYECKOM PesKuMe.
3anmceiBaeTcs B popmare: mepBoe yucio - equnuibl KCB, BTopoe uncino — necarbie A0MH.
3HaueHue no-ymonyanuio 13. To ecTh Npu aKTUBALUA aBTOMAaTUYECKOTO PEKUMa, HaCTPOHKa
Oymer cpabarbiBath pu KCB Beitiie 1.3 u nipu ero usmeHennn Ha (1.3 — 1).

05 — siyeiika U191 3aJaHUS] MUHUMAJIbHON MOITHOCTH, HEOOXOIUMOM JJIS CTapTa HACTPOUKH.
3anucpiBaeTCs B (popMare: mepBoe YUCIO — JecATKU Bart, Bropoe uncio enuHuibl BaTT.
3HaueHue no-ymondanuto 05, To ecTh HacTpoiika OyJeT cpadbaTbiBaTh TOJNBKO MPU BXOTHOM



MOIIIHOCTU He MeHee 5 BarT. CauiikoM HU3KOE 3HaYeHHE MOXKET MPUBECTU K HETOCTATOYHO
TOYHOM HACTPOMKE.

B pexume nzmepenus 601b110M MOIIHOCTH (siueiika 30 akTUBUPOBaHA) 3HAYCHUE STUCHKHU 3a]1aeT
necatku Bart. To ects ycranoenennoe 05 coorBerctByet 50 Bart, 12 — 120 Bart.

06 — siueiika JJI1 yKa3aHUSI MAKCUMAJIbHOMH MOIIHOCTH U1 Oe30macHoi HacTpouku. [lpu
MIPEBBIIIICHUY BXOJTHOM MOITHOCTH BBIIIIE ATOTO 3HAYEHU S, HACTPOUKA MPOU3BOIUTCS HE OyIeT U
YCTPOUCTBO OYIET 0’KUJIaTh YPOBHS MOIITHOCTH B YCTAHOBJICHHBIX ITOJIb30BATEJIEM Ipeieiiax.
3anuceiBaeTcs B ToM ke popmare. Ecnu 3nauenue paBao 00, mpoBepka Ha MaKCUMAJIbHYIO
MOIIHOCTH He npouszBoautcs. [lo-ymomuanuto 3nauenue 00.

B pexxume uzmepenust 601b1110M MOITHOCTH (stuetika 30 akTUBUPOBaHA) 3HAUYCHUE STYCHKU 3a7aeT
necatku Bart. To ects ycranosnennoe 10 coorserctByet 100 Bart, 25 — 250 Barr.

07 — sveiika 1Jis 3a1aHusl cMelleHus CTPOK BHM3 1o Beptukaiu Ayt OLED gucrninees.
MozkeT ObITh HEOOXOIUMBIM JIJIsi HEKOTOPBIX UCILIEEB. 3HaUYeHUE mo-yMomyaHuio 01.

08 — s1veiika 1J1s1 3a1aHKMs CMelIeHUs CTPOK BJeBO 110 ropusonTanu s OLED nucmuiees.
MokeT ObITh HCOOXOIUMBIM JIJIsi HEKOTOPBIX JHUCILICEB. 3HAUYCHUE TTO0-yMordanuto 02.

09 — siyeiika 1J191 3aJaHKMS 3HAYEHUSI MAKCUMAJIbHOro HayaabHoro KCB, npu kotopom
IPOMCXOANUT HACTpOIiKa. 3HauUeHUs yKa3bIBaroTCs B (popmare: nepBoe uncio - enunuisl KCB,
BTOPOE 4UCIIO - AecATele noiu. Ecnm 3HaueHne paBHO 0, IpoBepKa HE IPOU3BOIUTCS U HACTPOUKa
cpabarbiBaeT Beerna. Ilo-ymonuanuro 0.

OA — siveiika UIsl 32IaHUSI KOJIMYECTBA YCTAHOBJIEHHBIX HHAYKTHUBHOCTEH, MOXKET
npuHuMath 3HadeHus 05, 06 wim 07. 3HaueHue no-ymonyanuio 07.

OB — eciim psii MHAYKTHUBHOCTEH MMeeT JJUHEHHBIH 1IAar, B sSYCiKy cienyeT 3anucarh 01.
3nadenue no-ymondanuto 00.

0C — siueiika 1J1sl 3aIaHUS KOJIMYECTBA YCTAHOBJEHHBIX eMKOCTEM, MOXXET TPUHUMATh
3HadueHus 05, 06 wiu 07. 3HaueHue mo-ymonayanuio 07.

0D — ecam psit eMKoOCTeli UMeeT JIMHEHbIN mIAar, B suelKy cienyer 3anucarh 01. 3nadueHue
no-ymosryanuto 00.

OE — BKiII0YeHHE MPOrpaMMHOI KOppeKIun HeJinHeliHocTH AuonoB BY nerexropa. Crnenyer
OTKJIFOUYHTh, €CJIM CXEMa UMEET annapaTHyr0 KOppeKIuio. 3HaueHne no-ymonyanuio 01
(BKITFOUEHO).

OF — uHBepcHOe ynpapJjieHHe KOMMYTAIlUM UHAYKTUBHOCTel. HeoOXonnMo BKITFOUNTE TIpH
WCIIOJIb30BaHUM PeJie C HOPMATHHO PA30MKHYTHIMH KOHTAKTAMH JJISI KOMMYTAITUU
WHIyKTUBHOCTEH. 3HaueHue no-ymondanuio 00 (OTKIII0YEHO).



Hauyunas ¢ agpeca 10, pacnosioxeHbl sYSKH 151 32JaHUST HOMMHAJIOB YCTAHOBJICHHbBIX
HHAYKTUBHOCTEeM. Vcronp3yeTcs no ABe sMEUKM Ha 3HAaYCHHE, HAYMHAS C CaMOM MAJICHBKOU
MHAYKTUBHOCTH. HOMUHabI 3aIMCHIBAIOTCS B HAHOT€HPH, 0€3 nepexoanpoBok. Hanpumep, 4
MKI'H 310 4000 Hanorenpu. 3anucsiBaeM B siueviku 40 00. 110 manorenpwu - 3anucsiBaem 01 10.
Bcero ncnons3yercs 14 sueex moaps, 1Mo ABE Ha KAKI0€ 3HAUCHHUE.

Hauunas c agpeca 20, 3anucbIBalOTCsl 3HAYEHUS] HOMUHAJIOB YCTAHOBJIEHHBIX
KOH/IeHCcaTopoB . Bece 3nauenus B nukodapanax. Hanmpumep, 82 nukodapaaa 3anuceiBaeM Kak
00 82. 1.2 nanodapana 3anuceiBatorcs kak 12 00. Ucnonwsiyercs 14 siueex nonpsij, no 18e Ha
Ka)KJ]0€ 3HAUYCHHUE..

30 — siyeiika yCTAHOBKHM BO3MOKHOCTH M3MepeHHusi MOIIHOCTH 10 9999 Barr. /s
MPaBUIBLHON pabOThI CIIEAYET UCIIOIb30BATh TAHAEM-MATy C MOAXOASIIUM COOTHOIIIEHUEM BUTKOB.
AxtuBanus npu 3HaueHnu 01. [To-ymonmuanuto otkintoueHo, 3HaueHue 00.

31 — sveilika 1l yKa3aHUSI COOTHOLIEHUS] BUTKOB TAHAEM-MaT4a OT KOTOPOTO 3aBUCHUT
BEPXHUH TIpeiesl u3MepsieMOl MOIITHOCTU. 3HaYeHUE Mo-yMoa4aHuto 10, 94To COOTBETCTBYET
MaKCUMaJIbHOHM M3MepsieMoil MoiHocTH okoJio 150 Bart. s BO3MOKHOCTU U3MEPEHUSI
motrHocTH 10 1500 Bart cienyer ucnosib30BaTh peKUM UHAUKAIIMU BBICOKOW MOIIIHOCTH, CJIEAYET
HCIIOJIB30BaTh TaHJIEM-MaT4 ¢ COOTHoIeHueM 1 k 32.

Ecnu momHoCTh He npeBbimaet 40 Bart, uMeeT CMBICT UCIOIB30BaTh TAHAEM-MaTy C
COOTHOIIICHWEM BUTKOB 1:5, 4TO MO3BOIUT Jyullle paboTaTh ¢ MUHUMAJILHONH MOIITHOCTBIO 1-5
Barr.

JI1st Apyrux 3HAYEHUM MOIIIHOCTEH CIIETyeT pacuynuTaTh COOTHOIICHUE BUTKOB TaK, YTOOBI
HaIpsHKEHUE Ha M3MEPUTEIBHBIX BXOJIaX MUKPOIIPOIIECCOpa NP MaKCUMaJIbHOM MOIITHOCTU HE
npesbimano 4.096 Boawst nis nporeccopa PIC16F1938 u 5.0 BoasT mis nmporeccopa
PIC18F2520.

32 — siyeiika U1l yKa3aHUS BpeMeHHU CBeYeHMsl JUCIJIes] WK ero MoJACBeTKH, B CEKYH/IaX.
IToncBeTka 3aropaercs MpHu HAKATUHH Ha JIFOOYI0 KHOIIKY MJIU TIPH 110/1a4e¢ MOIIHOCTH Ha BXOJ
YCTPOMCTBA.

ITo-ymonuanuto otkiatoueHo, 3HadeHue 00.

33 — sAveilika IS YKa3aHUS peKuMa padoThl JONMOJIHUTEILHONH HHANKALINH,
sHadeHne 00 — 111 OTOOPaKCHHS TOJIBKO YCTAHOBJICHHBIX HHIYKTHBHOCTH U €MKOCTH,
sHaueHne 01 — 111 0TOOpakeHHS MOIITHOCTH, TTOJIBOAMMOI K aHTeHHE M 3 (PEKTUBHOCTH PaOOTHI
dbunepa u nepegaTInKa Py JTOCTATOYHOM MOIIIHOCTH Ha BXOJIE.
[To-ymMos9anuio TOMOJTHUTEbHAS WHINKALMS BKIIOUYEHA, 3HaYeHHUE B siueiike 01.

Teopetunyeckyto nndopmanuio o pacuere 3GPEKTUBHOCTH MOKHO HANTH 371€Ch:
http://dI2kq.de/ant/kniga/326.htm

Buumanue !!! YeTpoiicTBO HE YUUTBIBET MPU pacueTax COOCTBEHHYIO 3(P(HEKTUBHOCTD.


http://dl2kq.de/ant/kniga/326.htm

34 — syeiika QUM yKkazaHusi ko3¢ duuueHTa norepb MOIHOCTH B uaepe, nepBoe YUCIO —
€IMHUILIBI ACIIMOEII, BTOPOE YUCIIO — JECAThIE T0MIH Jennoenia. 3HayeHUe No ymMoindyanuo — 1.2
(3anuck B siueiike 12). D10 3HaYe€HUE UCTIOIB3YETCS JAJI pacyeTa MOLUIHOCTH, MOJABOAUMON K
aHTEHHE. 3HaYEeHHE MOTePbh MOXKHO Y3HATh B CIIPABOYHBIX JAHHBIX JIJISl UCIIOJIB3YEMOTr0 Kabess Uiu
3aMepATh TOYHOE 3HAYEHHE CAMOCTOSITENBHO.

Ecnu HeT HeoOX0IMMOCTH YUUTHIBAaTh MOTEPH B QUIEPE, B SIUCHKY CIEIYET 3almucarb 3HaUeHHUE
00, Torna pacueTsl OyyT COOTBETCTBOBATh TOJBKO MOTEPSIM HA PACCOITIACOBAHME.
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