CrnenuajbHOE IPOrPpaMMHOE
obecrneyeHue HUPPOBOro yCTPOMCTBA
IJ1s1 4-X 30HJIOBBIX U3MEPEHUH

B cocTaB nporpammHo-ynpaBAseMoro UCTOYHMKa-3MepuTens umdpoBoro ycTponcTaa ans 4-x
30HA0BbIX U3MEPEHWNIT BXOAUT MOAY/b YNpasasatowero koHTpoanepa ArduinoNano, Kotopbliit
obecneunsaet cnegyolme GyHKUMU:

e npuem 1 06paboTKy yNnpaBAAoWMX ANPEKTMB MO NocaenoBaTesibHOMY UHTepdelicy USB no
npoTtokoay RS-232;

e ynpasneHne mukpocxemamm ADS1220 n ADS1220-1;

e npeasapuUTenbHyo UUbPOBYHO 06paboTKY AaHHbIX, NOCTYNAOWMX OT U3MEPUTESIbHbIX KaHa/10B —
HaKoMJIeHWe C ycpeaHeHMem 6e3 sKCTpeMasibHbIX 3Ha4YeHUM, KOHBEPTUpPOBaHKUe oTcyeToB ALLM B
HanpsaxeHne (MB) c yueTom KoapduumMeHTa yCUNEHUA U T.N.;

e rnepeaady AaHHbIX Mo 3anpocy paboyel cTaHUMK, paboTatoLleit nog ynpasieHnem nNpmuKIagHoro
nporpamMmmHoro obecrneyeHus.

CneumanbHoe nporpammHoe obecneyveHune (CMO) peanmsyeTcs Kak NPOLIMBKA A1 MUKPOKOHTpOANepa
moayna ArduinoNano.

CMNO npeAacTtaBneHoO UCXOAHbIM KOAOM Ha A3blKe BbICOKOro ypoBHA C, npeaHa3HayeHHOro ans
dbopMUpPOBaHMA UCNOJHUMOTO Koga (MPOLLMBKK) NPOrpammMmnpyemoro yCTPoCTBa - MUKPOKOHTPO1epa
moayna ArduinoNano.

CMNO co3aaHo U 3arpyKeHo B MUKPOKOHTPOJI/IEP B cpeae pa3paboTku Arduino.
JanHoe CMO aBnaeTca obwmm 418 yCTPONCTB:

1. UundpoBoe ycTponcTBo 410 TeMNEPATYPHbIX 4-X 30HA0BbIX U3mepeHuit (V.3);
2. LUundposoe ycTpoiicTBO Ans 4-X 30HA0BbIX USMEPEHUIA.

B aHHOM pa3sgene onmMcaHbl arOPUTMbl U KOMaHAbI, Ucnosib3yemble B «2. Lindposoe yctpoiictea ans
4-X 30HA0BbIX USMEPEHMUI».
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4.2 McxoaHbIM TEKCT crneumnanbHOro NporpammHoro obecneyeHns LM$poBoOro yCTpomucTea Ans
TeMnepaTypHbIX 4-X 30HA0BbLIX USMEPEHUM (V.3).ccuiiieieciiie ettt erre e e svre e e e rae e s esraae e e aaaee s 6

1 OnucaHue siorudeckou crpykrypsnl CI10

CTpyKTypHO CINO cocTtouT 13 npoueayp MHULMAAM3aumm U KoHdurypaumm nepudepum
MUKPOKOHTpoOAiepa u mnkpocxem AL, BbinonHAeMbIX 0AHOKPAaTHO npwu 3anycke ClNO, rnasHoro
pabouero LMKAa — MHTEpPNpeTaTopa KOMAHAHOM CTPOKM, BbI3bIBAIOLLENO NO Mepe HeE0H6X0AMMOCTH
paboune npoueaypsbl (ynpasneHne mmkpocxemamm ALM, nepeaayva AaHHbIX) M NpoLeaypbl YTeHUS
AaHHbIx ALM, paboTatowelt B YOHOBOM perkMMe Mo npepbiBaHUIO.

2 HnaTepddeiic

KoHTponnep nmeet nocnenosatesibHblit MHTepdelic RS-232 n aBaaeTca ycTpoOMCTBOM, OTBEYAIOLMM Ha
KomaHAabl. CkopocTb nepegaun 115200 6uT/c 6e3 KOHTPOAA YEeTHOCTU, 8 BUT AaHHbIX, 1 cTon-6uT. CNO
peannsyeTt TEKCTOBbIN KOHCO/bHbIN MHTEpdeNC.

3 KomaHapbl
MpurnaweHnem K BBOAY KOMaHAbl ABAAETCA cumeoa “>”. CMMBOJIOM 3aBepLUEHMA BBOAA U
pasgenutenem napameTpos aBaseTcs npoben.

KomaHapl AenATca Ha PYTUHHbIE M MAaKPOKOMAHAbI. PyTUHHbIE KOMaHAb! CAYXKaAT 414 yNpaBAeHus
oTaenbHbIMU y3namm ADS1220. Takne KomaHabl NnpegHasHayvyeHbl B OCHOBHOM A4/1A OTNAAKM.
MaKpOKOMaHAbl OCYLLECTBAAOT NOCNE40BaATENbHOCTU AENCTBUN.

HELP — BbIBOAMT CMNCOK NoALepKMBaeMbIX KOMAHA, UX CUHTAaKCUC U JONYCTUMble NapameTpbl;

3.1 PyTuHHBIE KOMaH/JbI
ADC_CONFIG? — BbIBOAUT 3HAYeHUs 4-x pernctpoB KoHdurypaumm ADS1220 B wecTHagLaTEPUYHOM
dopmare;

ADC_CONFIG XX XX XX XX — 3agaeT 3HaueHus 4-x pernctpoB KoHpurypaumm ADS1220. XX — 3HayeHme
perucTpa B WecTHaauaTepuyHom bopmare;

GAIN n - 3agaeT K03 PUUMEHT ycuneHnsa macwtabHoro yeunutena ADS1220 (n: 0-7, KoappuumeHT
ycunenma = 2<<n (1, 2, 4, 8, 16, 32, 64, 128);

MUX n — KoHUrypupyeT BxogHon KommyTtaTop ADS1220 (n:0-14, rae 0:AINO_AIN1, 1:AINO_AIN2,
2:AINO_AIN3, 3:AIN1_AIN2, 4:AIN1_AIN3, 5:AIN2_AIN3, 6:AIN1_AINO, 7:AIN3_AIN2, 12:REFP_REFN);



IDAC n — KOHOUTYpUpyeT BCcTpoeHHble B ADS1220-1 uctouyHukm Toka (n: 0-7, rae 0: Off, 1: 10uA, 2: 50uA,
3: 100uA, 4: 250uA, 5: 500uA, 6: ImA, 7: 1.5mA);

IMUX n — ynpasnsaeT nogKatodeHnem BCTPoeHHbIx B ADS1220-1 UCTOYHMKOB TOKa K BbiBogam ADS1220-
1 (n: 0-2, roe 0:0ff, 1:REFPO+REFNO, 2:AIN3);

GND_REFx n — ynpaBaseTt noaxatodeHmem BbiBoaos ADS1220-1 REFPO n REFNO k obwemy nposoay
(n:0-2, roe 0:OPEN_ALL, 1:GND_REFPO;OPEN_REFNO, 2:GND_REFNO;OPEN_REFPO);

DATA? — kaeT oKoH4YaHMA 8-Mmu npeobpasoBaHnit ADS1220, oTbpacbiBaeT ABa SKCTPEMYMaA, YCPeaHAET
OCTaBLIMeCA 6 pe3ynbTaToOB U BbIBOAUT: Pe3yabTaT B MB € TOYHOCTbIO 6 3HAKOB Noc/ie 3anATON; oTcyeT
ALLN B wecTHaguatepnyHom popmaTe; 3Ha4YeHUe KoaddPuumeHTa ycuneHmsa. Pasgenntens — CMMBOA
«BO3BpaT KapeTku» (oTBeT: data_mV<CR> data_hex<CR> gain<CR>);

3.2 MakpoKOMaHJbI

UI? — BbINONIHAET NOCNeA0BaTE/IbHOCTb AENCTBUIN MO M3MEPEHUIO HANPAMXKEHMA HA N3MEPUTESIbBHOM
Bxoae ADS1220 c KomneHcaumnen HyIeBOro CMELLEHUS U NPOBEPAET pPeXMMm paboTbl UCTOYHUKA TOKA
(oTBeT: Probe_mV<CR> Current_uA<CR> gain).

MNepen BbINOJHEHMEM MaKpoKomMaHabl UI? HeobxoamMmo CKOHOUTYpUpoBaTh YCTPONCTBO PYTUHHbBIMU
KomaHgamu GAIN n, IDAC n, IMUX 1.

4 Anroputm McnoJiHeHus nporpammasl CIIO
Mpw nogaum nutaHua 3anyckaetca CMNO. MNpun 3ToM NPONCXOAMUT BbINONHEHME CeAyoWunX npoueayp:

. MHULMANM3aLMNA BHYTPEHHUX NEPEMEHHbIX;
. WUHULMaNM3aumMa NopToB BBOAA/BbIBOAA;

. MHUUMANM3auma mukpocxem ADS1220 n ADS1220-1;
. MHUUManmsaumsa nHtepdenca UART.

Mocne aToro NpoMcxoanT nepexos B paboumin UMk, B paboyem LmKie peanm3oBaH UHTepnpeTaTop
KOMaHAHOM CTPOKW. B Havane uyKkaa BbIBOAUTCS NpuUrnaweHune “>" 1 oXXnaaeTcs BBOL KOMaHAbI.
MpuHATaA nocnefoBaTeNbHOCTb CUMBOJ/IOB CPAaBHUBAETCA CO CMMCKOM KOMaHA, B KOHCTpyKuUmu if — elseif-
elseif-...-else c nomolLublo Npoueaypbl CpaBHEHMA CTPOK be3 yyeTa pernctpa. Ecam npuHaTtas
nocneaoBaTe/IbHOCTb CUMBOJ/IOB HE COOTBETCTBYET HUKAKOW KOMaHAe, TO BblBoaUTCA coobuieHne 06
olWKnbKe 1 pabounin LMKA HaYMHaETCA C Havana. Ecnm nocne KomaHAbl AOMKEH CAef0BaTb NapamMeTp, To
oXunpgaetca BBoga napameTpa. MpuHATbIV NapameTp NPOBEPAETCA HAa KOPPEKTHOCTb. B cayyae
HenpaBsW/bHOTO BBOAA BbIBOAUTCA cOObLLEHMe 06 ownbKe, pabounii LMKA HauMHaeTcA ¢ Havana. Ecau
KOMaHZa pacno3HaHa 1 Bce NapameTpbl BBeAeHbl KOPPEKTHO, TO BbI3bIBAOTCH HEOBXOAMMbIE ANA
BbINOJIHEHUA KOMaHAbl NPOLEeAYPbl U NPOU3BOAATCA COOTBETCTBYHOLLME MAHUNYAALUMMN C NEPEMEHHbIMM
n dnaramm.

Mukpocxema ADS1220 paboTaeT B perknme HenpepbiBHbIX NpeobpasoBaHuii. [locne oKOHYaHMA

oyepenHoro npeobpasoBaHma Ha Bbixoge ADS1220 DRDY Ha KopoTKoe Bpems NoABASETCA CUrHaN
HWU3KOro NOMMYECKOro YPOBHSA, BbI3bIBAOLLMIA annapaTHoe npepbiBaHMe paboyero unkna. O6paboTka
npepbiBaHMA — cuMTbiBaHMe oTcdeTa ALLM - nponssoanTtca B npoueaype ISR_ADS1220.

O6bmeH gaHHbIMK ¢ ADS1220 ocyulecTenaneTcs no nHtepoeicy SPI. O6paueHue K ADS1220 npoucxoanut
AaCMHXPOHHO B NpoLeaype ISR_ADS1220 U B paboyem LuKae NPU BbINOJHEHUU HEKOTOPbLIX KOHCO/IbHbIX
KomaHa. Moatomy goctyn K uHTepdelicy SPI koHTponnpyeTtca dnarom SPI_available.



CNO ucnonb3syet dyHKUMU A3bIka C ana paboTbl O CTaHAaPTHbIM BBOAOM/BbIBOAOM. CTaHAapTHas
6ubnnoTeka cpeabl Arduino He nogaepmBaeT GyHKUMM A3blKa C a4na paboTbl CO CTaHAAPTHbLIM
BBOAOM/BbIBOAOM. MCnoib30BaHUeE Takux GyHKUMI KaK printf u scanf, nenaet ncxoaHbin Kog,
nporpammsl 601ee KOMNAKTHbIM U YnTaembiM. PacnnaTtoi 3a Takoe yao6CcTBO ABASETCA YBEANYEHUe
pa3mepa 3arpy»kaemoro Koaa. lMoageprkka cTaHAapTHOrO BBOAa/BblBOAA B NOC/NeA0BaTe /IbHbIA NOPT
peann3oBaHa Cc Ucnoib3oBaHnem bnbaMoTEKN:

stdinout (https://github.com/AdamCDunlap/arduino/tree/master/libraries/stdinout).

4.1 AnropuTM 06paGOTKHU NpepbiBaHUA, KOMaHJ U MAKPOKOMaH/,

4.1.1 TIIpoueaypa o6pa6oTku npepbiBaHuA ISR_ADS1220
e paet ocBoboxaeHuA SPI
e 3aHumaet SPI
e CuyutbiBaeT otcyet ALLMN
e OcBoboxkaaet SPI
e [logHnMmaeT dpnar new_adc_data

4.1.2 ADC_CONFIG?
e paet ocBoboxaeHmA SPI
e 3aHumaert SPI
e CyuMTbIBAET 3HAYEHUA PErUCTPOB KOHGUIypaLmm
e OcBoboxkaaet SPI
e  BbIBOAWUT 3HAYEHUA PETNCTPOB KOHPUIYpauum

4.1.3 ADC_CONFIG
e Kpet BBOAA 4-X NapameTpoOB 1 NpoBepAeT UX KOPPEKTHOCTb
e paet ocBoboxkaeHua SPI
e 3aHumaert SPI
e 3arpyxaet B AU 3HaueHmA 4-x pernctpoB KoHpurypaumm
e OcBoboxkaaet SPI

4.1.4 GAIN
e XaeT BBOAA NapameTpa U NPOBEPSET ero KOPPEKTHOCTb
e Bui3biBaeT npoueaypy ads1220_set_pga_gain
e  MoaunduumpyeT 3HaYeHne NnepeMeHHOM PGA_gain

4.1.5 MUX, IDAC, IMUX
e XpeT BBOAA MapameTpa M NPOBEpPAET ero KOPPEKTHOCTb
e MogundnumnpyeTt 3HaYeHNe COOTBETCTBYHOLLLETO perncrpa KoHourypauum ALMN, Bbi3Bas
npoueaypy ads1220_select_mux_channels, ads1220_set_idac AW ads1220_1_imux

4.1.6 GND_REFx
e peT BBOAA NapameTpa M NPOBEPAET €r0 KOPPEKTHOCTb
e B 3aBMCMMOCTU OT 3HaYEHMA NapamMeTpa NOAKNOYAET BbIBOAbI MUKPOKOHTpoAnepa 17 n 19 K
Bxoay ALLM MUKPOKOHTpOINepa UK K obLiemy nposoay
e [locbl/laeT KOMaHAY Ha nepe3anyck npeobpasosaHuma ALIN ADS1220

4.1.7 DATA?
e paeT okoHYaHua AD npeobpasoBaHus, npoBepan ¢nar new_adc_data



e [lepecunTbiBaeT 3HaveHue oTcyeTa ALLM B HanpsAXKeHWe € y4eTOM 3HAYEHUA NepeMEHHOM
PGA_gain

e (CbpacbiBaeT pnar new_adc_data

e BbiBOAWUT 3Ha4YeHMA oTcyeTa ALLM B mV, B HEX dopmaTe 1 3HaYeHMe nepemeHHOM PGA_gain

41.8 UI?
e [opkntoyaet BbiBog ADS1220-1 REFPO K obwemy nposoay.
e [opkntoyaet BbiBog ADS1220-1 REFNO Kk Bxoay ALLM muKpokoHTponanepa ArduinoNano.
o  UN3mepsaeT HanpAaxKeHWe Ha nsmeputenoHom exoge ADS1220:
o MpaeT oKoH4yaHuAa 8-mu npeobpasoBaHuint ADS1220, oTbpacbiBaeT ABa SKCTPEMYMA,
ycpeaHAeT ocTasmnecsa 6 pesynbTaTos.
MepekntovaeT NONAPHOCTbL n3meputenoHoro exoga ADS1220.
aoeT okoHuyaHuA 8-mm npeobpasoBaHmini ADS1220, oTbpacbiBaeT ABa SKCTPEMYMa,
ycpeaHAeT ocTaswmnecsa 6 pe3ybTaTos.
o W3 nepBoro pesynbTaTa Bbl4MTAET BTOPOMN U AENUT Ha ABa.
e [oakntoyaeT BbiBog ADS1220-1 REFNO K obwemy nposoay.
e [logkntoyaet BbiBog, ADS1220-1 REFPO K Bxoay ALLIM mukpokoHTponnepa ArduinoNano.
e  UN3mepsaeT HanpAaXeHWe Ha nsmeputenbHom exoae ADS1220:
o Xaet okoHuYaHMA 8-mu npeobpasoBaHuiit ADS1220, oTbpacbiBaeT ABa IKCTPEMYMA,
ycpeaHAeT ocTaswmnecsa 6 pe3ybTaTos.
MepeKkntovaeT NOAAPHOCTb n3mepuTenbHoro exoga ADS1220.
aeTt okoHYaHUs 8-mu npeobpasosaHnin ADS1220, oTb6pacbiBaeT ABa IKCTPEMYMa,
ycpeaHAeT ocTaswmnecsa 6 pe3ybTaTos.
o W3 nepBoro pesynbrata BblMMTAET BTOPON U A€NUT Ha ABa.
e /13 MepBOro M3MepeHHOro HaNpPAKEHWNA BbIYUTAET BTOPOE M3IMEPEHHOE HaMpPAXKEHME U Ae/IUT Ha
ABa. Pe3ynbTaT B TEKCTOBOM BUAE NepesaeT B Noc/e0BaTe bHbIA NOPT.
e CuutbiBaeT oTcyeT ALLM muKpokoHTpoanepa ArduinoNano, NoAKAOYEHHOTO K BbIXOA4Y
MCToYHMKa Toka ADS1220-1 REFPO.
e Ecnumotcyet ALM npeBbiwaeT 3HayeHne 3.7 B, To nepenaeT B nocnenoBaTeNbHbIA NOPT «-1»,
WMHaye nepegaeT B Nocnen0BaTe/bHbIM NOPT 3HAYeHWe, 3a4aHHOro KomaHaom IDAC, ToKa B MKA.



4.2 HcxoJHbIN TEKCT CNELUaJTbHOT0 NPOrPpaMMHOr0 o6ecreyeHus

IM(PPOBOro yCTPOICTBA AJisl TeMIIepaTyPHbIX 4-X 30HA0BbIX H3MEPEHHUH

(V.3)
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// NoaknwyeHune AUM:

//

// —>> [ads1:AIN3] <— [
// —>> [ads@:AINO]

// | TepmomaTumk

// Lss [ads@:AIN1]

//

// [Arduino A3
//

// I1 —>>——[ads1:REFPO] <—
// Ul —>>——[ads0:AIN2]
// U2 —>>——[ads0:AIN3]
// 12 —>>—7—[ads1:REFN@] <—

[Arduino A5

#include "stdinout.h"
#include <Wire.h>
#include <SPI.h>

#define VREF 2048 //
#define FSR (long int)Ox7FFFFF

#define ADS1220_CS_PIN 7
#define ADS1220_1_CS_PIN 6
#define ADS1220 DRDY_PIN 2

//ADS1220 SPI commands
#define SPI_MASTER_DUMMY OxXFF

#define RESET 0x06
properly reset after power-up
#define START 0x08

continuous conversion mode
#define WREG 0x40

#define RREG 0x20

//Config registers

#define CONFIG_REGO_ADDRESS 0x00
#define CONFIG_REG1_ADDRESS ©x01
#define CONFIG_REG2_ADDRESS ©x02
#define CONFIG_REG3_ADDRESS 0x03

#define REG_CONFIGO_PGA_GAIN_MAS
#define REG_CONFIGO_MUX_MASK
#define REG_CONFIG1_DR_MASK
#define REG_CONFIG1_BCS_MASK
#define REG_CONFIG1_TS_MASK
#define REG_CONFIG2_VREF_MASK
#define REG_CONFIG2_IDAC_MASK
#define REG_CONFIG3_I1MUX_MASK
#define REG_CONFIG3_I2MUX_MASK

#define TS_ENABLE 0x02
#tdefine TS_DISABLE ©0x00

#define VREF_2048 0x00
#tdefine VREF_REFx@ 0x40

#define DR_20SPS 0x00
#define DR_45SPS 0x20
#define DR_90SPS 0x40
#define DR_175SPS 0x60

[ITITTP700 00010777771 77771777711177

ads1:IDAC1]

(17)]

[ads1:IDAC1]

[ads1:IDAC2]

(19)]

Internal reference of 2048 mV

//Send the RESET command (@6h) to make sure the ADS1220 is

//Send the START/SYNC command (@8h) to start converting in

K ©xOE
OxFo
OXxEQ
ox01
0x02
oxCo
ox07
OXEQ
ox1C



#define DR_330SPS 0x80
#define DR_600SPS OxAQ
#define DR_1000SPS 0xC0O

#define PGA GAIN 1  0x00
#define PGA GAIN 2  0x02
#define PGA_GAIN_4  ©0x04
#define PGA_GAIN_8 0x06
#define PGA_GAIN_16 ©x08
#define PGA_GAIN_32 ©Ox@A
#define PGA_GAIN_64 ©xeC
#define PGA_GAIN_128 0OxOE

#define MUX_AING_AIN1  ©x00

#define MUX_AING_AIN2  0x10

#define MUX_AING_AIN3  0x20

#define MUX_AIN1_AIN2  ©x30

#define MUX_AIN1_AIN3 x40

#define MUX_AIN2_AIN3 x50

#define MUX_AIN1_AINO  0Ox60

#define MUX_AIN3_AIN2  0x70

#define MUX_AIN®_AVSS  0x80

#define MUX_AIN1_AVSS  ©x90

#define MUX_AIN2_AVSS  ©xA@

#define MUX_AIN3_AVSS  ©xB@

#define MUX_REFP_REFN  @xC@ //(V(REFPx) - V(REFNx)) / 4
#define MUX_AVDD_AVSS  @xD@ //{AVDD - AVSS) / 2

#define MUX_SHORT_AIN  @xE@ // Short AINp, AINn to (AVDD+AVSS)/2

#define IDAC_OFF 0x00
#define IDAC_10uA ©0x01
#define IDAC_50uA  0x02
#define IDAC_100uA ©0x03
#define IDAC_250uA 0x04
#define IDAC_500uA 0x05
#define IDAC_1000uA 0©x06
#define IDAC_1500uA 0x07

#define I1MUX_OFF 0x00
#define I1MUX_AINO ©Ox20
#define I1MUX_AIN1 ©x40
#define I1MUX_AIN2 ©Ox60
#define I1MUX_AIN3 ©Ox80
#define I1MUX_REFPO OxA0
#tdefine I1MUX_REFNO 0xCO

#define I2MUX_OFF 0x00
#define I2MUX_AINO 0Ox04
#tdefine I2MUX_AIN1 ©x08
#tdefine I2MUX_AIN2 ©x0C
#define I2MUX_AIN3 ©x10
#define I2MUX_REFPO ©0x14
#define I2MUX_REFNO ©0x18

const intl6_t idac[] = {@, 10, 50, 100, 250, 500, 1000, 1500};
uint8_t m_config _regd, m_config regl, m_config_reg2, m_config reg3,

volatile long adc_data, adc_datal;

long adc_res[8];

uint8_t ads_idac, gain=0, PGA_gain=1;

float adc_mV, adc_mV_1, probe_mV, adc_degrees, thermocouple_mV;
volatile bool SPI_available = true, new_adc_data = false;

char inpstr[13];

const char err[]="\rUnknown cmd - type HELP";
uint8_t n;

word dddd;

i;



void setup() {
pinMode (ADS12206_CS_PIN, OUTPUT);
pinMode (ADS1220 1 _CS_PIN, OUTPUT);
pinMode (ADS1220_DRDY_PIN, INPUT);
SPI.begin();
SPI.setBitOrder (MSBFIRST);
SPI.setDataMode(SPI_MODE1);
SPI.setClockDivider(SPI_CLOCK DIV128);
ads1220 begin();
attachInterrupt(digitalPinToInterrupt(ADS1220 DRDY_PIN), ISR_ADS1220, LOW);
ads1220 Start_Conv(); //Start continuous conversion mode
Serial.begin(115200); // start serial port at 9600 bps.
digitalWrite(17, LOW); // MopgroToBum BbIBOA A3 K 3a3eM/IEHU
digitalWrite(19, LOW); // MopgroTtoBum BbIBOA A5 K 3a3eM/IeHU

}

void loop() {
printf("\r>");
scanf("%13s", inpstr); // xaém BBOZa He 6onee 12 cuMMBONIOB
if (strcasecmp(inpstr, "HELP")==0){
printf( // BbiBEAeM CNUCOK AOMYCTUMbIX KOMAHZA
"\rValid commands:\r\r"
"ADC_CONFIG?\r"
"ADC_CONFIG XX XX XX XX (XX - value for ©-3 config redisters in HEX)\r"
"GAIN n (n:0-7, and the real Gain = 2<<n (1,2,4,8,16,32,64,128)\r"
"VREF n (n:0-1, where 0:2.048V, 1:REFPO-REFNO)\r"
"MUX n (n:0-14, where ©0:AINO_AIN1, 1:AIN®_AIN2, 2:AINO_AIN3, 3:AIN1_AIN2, 4:AIN1_AIN3,
5:AIN2_AIN3, 6:AIN1_AINO, 7:AIN3_AIN2, 12:REFP_REFN)\r"
"IDAC n (n:0-7, where 0:0ff, 1:10uA, 2:50uA, 3:100uA, 4:250uA, 5:500uA, 6:1mA, 7:1.5mA)\r"
"IMUX n (n:0-2, where 0:0ff, 1:REFPO+REFNO, 2:AIN3)\r"
"GND_REFX n (n:0-2, where ©:0PEN_ALL, 1:GND_REFP®;OPEN_REFN@, 2:GND_REFN@;OPEN_REFP@)\r"
"TS? (answer: adc_degrees (C))\r"
"DATA? (answer: data_mV<CR> data_hex<CR> gain)\r"
"TVI? (answer: Thermocouple mV<CR> adc_degrees(C)<CR> Probe_mV<CR> Current_uA==0-1500 if
OK, -1 if not stabilized<CR> gain)\r"
"RUI? (answer: RTD_HEX<CR> Probe_mV<CR> Current_uA<CR> gain)\r"
"UI? (answer: Probe_mV<CR> Current_uA<CR> gain)\r"

)5

else if (strcasecmp(inpstr,"ADC_CONFIG?")==0){
while (SPI_available == false){} // Xzem ocBoboxzeHua SPI
SPI_available = false; // 3aimém SPI
m_config regd = ads1220_readRegister( CONFIG_REGO_ADDRESS);
m_config regl = ads1220_readRegister( CONFIG_REG1_ADDRESS);
m_config reg2 = ads1220_readRegister( CONFIG_REG2_ADDRESS);
m_config reg3 = ads1220 readRegister( CONFIG_REG3_ADDRESS);
SPI_available = true; // OcBobogum SPI
Serial.println(m_config_reg0,HEX);
Serial.println(m_config_regl,HEX);
Serial.println(m_config_reg2,HEX);
Serial.println(m_config_reg3,HEX);
}
else if (strcasecmp(inpstr,"ADC_CONFIG")==0){
if (scanf("%hhx %hhx %hhx %hhx", &m_config_reg0, &m_config_regl, &m_config reg2,
&m_config reg3) < 4){
printf(err);
}

else {
while (SPI_available == false){} // Xzem ocBo6oxaeHusa SPI
SPI_available = false; // 3aiimém SPI
ads1220_writeRegister( CONFIG_REGO_ADDRESS , m_config reg@, ADS1220_CS_PIN);
ads1220_writeRegister( CONFIG_REG1_ADDRESS , m_config regl, ADS1220 CS_PIN);
ads1220_writeRegister( CONFIG_REG2_ADDRESS , m_config reg2, ADS1220 CS_PIN);
ads1220_writeRegister( CONFIG_REG3_ADDRESS , m_config reg3, ADS1220 CS_PIN);
SPI_available = true; // OcBoboaum SPI
}

}

else if (strcasecmp(inpstr,"GAIN")==0){
//cynTbiBaeM M npoBepAeM 3HayeHue GAIN



if (scanf("%2hhu", &gain)==0){
printf(err);

else if (gain>7){
printf(err);

}

else{
ads1220_set_pga_gain(gain<<1); // YcTaHoBuMm GAIN
PGA_gain = 1<<gain;

}

else if (strcasecmp(inpstr,"VREF")==0){
//cunTbiBaeM u npoBepsem 3HaveHue VREF
if (scanf("%2hhu", &n)==0){
printf(err);

}

else if (n>1){
printf(err);

}

else{
ads1220_set_vref(n<<6); // YcTaHOBMM uCTOYHUK VREF

}
}
else if (strcasecmp(inpstr,"MUX")==0){
//c4nTbiBaem n nposepsaeMm 3Ha4veHue MUX
if (scanf("%2hhu", &n)==0){
printf(err);

else if (n>14){
printf(err);
}

else{
ads1220 select_mux_channels(n<<4); // Bulbepem KaHasbl

}

else if (strcasecmp(inpstr,"IDAC")==0){
//cunTbiBaemM u npoBepsem 3HayeHue IDAC
if (scanf("%2hhu", &n)==0){
printf(err);

else if (n>7){
printf(err);
¥
else{
ads1220_set_idac(n); // YcTtaHoBum IDAC
ads_idac = n;
¥
¥
else if (strcasecmp(inpstr,"IMUX")==0){
//cunTbiBaemM U npoBepsem 3HayeHue IMUX
if (scanf("%2hhu", &n)==0){
printf(err);

else if (n>2){
printf(err);
}
else{
ads1220_1_imux(n); // MUX IDAC
}

}
else if (strcasecmp(inpstr,"GND_REFx")==0){
//cynTbiBaeM U nposepaemM 3HavyeHue IIMUX
if (scanf("%2hhu", &n)==0){
printf(err);
}
else if (n>2){
printf(err);
}

else{



if (n == 0){
pinMode (17, INPUT);
pinMode (19, INPUT);
}
else if (n == 1){
pinMode(17,0UTPUT);
pinMode (19, INPUT);
}
else{
pinMode (19,0UTPUT);
pinMode (17, INPUT);
}
ads1220_Start_Conv(); //ReStart continuous conversion mode
}
}
else if (strcasecmp(inpstr,"TS?")==0){
ads1220_set_TS(TS_ENABLE); // MoAkaW4MM TemnepaTypHblidi AATHUK
Wait Read_ADC Data();
adc_data&=0xFFFFFF;
adc_data>>=10;
adc_degrees=adc_data * 0.03125;
ads1220_set_TS(TS_DISABLE); // OTKAW4YMM TemnepaTypHbli AaTHUK
Serial.println(adc_degrees,4);

else if (strcasecmp(inpstr,"DATA?")==0){
Wait_Read_ADC_Data();
Serial.println(adc_mVv,8);
Serial.println(adc_data,HEX);
Serial.print(PGA_gain);

else if (strcasecmp(inpstr,"TVI?")==0){

/¥*** TemnepaTypa kopnyca ADC *****/
ads1220_set_TS(TS_ENABLE); // Moaxknw4um TemnepaTypHbli AaTHnK
Wait_Read_ADC_Data();
adc_data&=0xFFFFFF;
adc_data>>=10;
adc_degrees=adc_data * 0.03125;
ads1220_set_TS(TS_DISABLE); // OTKAWYMM TemnepaTypHblii AaTHUK

/**** Tepmonapa ****/
ads1220 select_mux_channels(MUX_AINO_AIN1);
Wait Read_ADC Data();
thermocouple mV=adc_mV;
ads1220 select_mux_channels(MUX_AIN1_AINO);
Wait Read_ADC Data();
thermocouple_mV=(thermocouple _mV-adc_mV)/2;

/*¥*** HanpaxeHue mexay 2 v 3 30HAamu ****/
pinMode(17,0UTPUT);
pinMode (19, INPUT);
probe_mV=get_probe_mV();
pinMode(19,0UTPUT);
pinMode(17,INPUT);
probe_mV=(probe_mV-get_probe_mV())/2;

Serial.println(thermocouple mv,8);
Serial.println(adc_degrees);
Serial.println(probe_mV,8);
/**** TpoBepka: IDAC cTabunusupyet? ****/// 0-1500 if OK, -1 if not stabilized

if (analogRead(17)<800){
Serial.println(idac[ads_idac]);
3
else {
Serial.println("-1");
}
Serial.println(PGA_gain);

¥

else if (strcasecmp(inpstr,"RUI?")==0){
ads1220 1 _imux(2); // ads1:AIN3 <- 10uA
ads1220_set_vref(VREF_REFx0); // 75k * 1@uA = 0.75V



0.014 *

}

}

delay(1);

ads1220 set_pga_gain(5<<1); // gain=32, npu XugKom

32 = 0.448 V.

ads1220 _select_mux_channels(MUX_AINO_AIN1);
Wait_Read_ADC_Data();

adc_datal=adc_data;
ads1220_select_mux_channels(MUX_AIN1_AINO);
Wait_Read_ADC_Data();
adc_data=(adc_datal-adc_data)/2;
Serial.println(adc_data,HEX);

/*¥*¥%% HanpsxeHune Mexay 2 M 3 30HAamn ****/

ads1220 1 imux(1l); // adsl:REFx@ <- ads_idac
ads1220_set_vref(VREF_2048);

ads1220 set_idac(ads_idac); // YctaHosum IDAC
delay(1);

ads1220_set_pga_gain(gain<<1); // YcTaHoBum GAIN
pinMode(17,0UTPUT);

pinMode (19, INPUT);

probe_mV=get_probe mV();

pinMode(19,0UTPUT);

pinMode(17,INPUT);
probe_mV=(probe_mV-get probe mV())/2;
Serial.println(probe_mV,8);

if (analogRead(17)<800){
Serial.println(idac[ads_idac]);
b

else {

Serial.println("-1");

b

Serial.println(PGA_gain);

else if (strcasecmp(inpstr,"UI?")==0){

pinMode(17,0UTPUT);
pinMode (19, INPUT);
probe_mV=get_probe_mV();
pinMode(19,0UTPUT);
pinMode(17,INPUT);
probe_mV=(probe_mV-get_probe mV())/2;
Serial.println(probe_mv,8);

if (analogRead(17)<800){
Serial.println(idac[ads_idac]);

}
else {
Serial.println("-1");
}
Serial.println(PGA_gain);
}
else{
printf(err);
}

float get_probe_mv (){
ads1220_select_mux_channels(MUX_AIN2_AIN3);

}

Wait_Read_ADC_Data();

adc_mV_1=adc_mV;
ads1220_select_mux_channels(MUX_AIN3_AIN2);

Wait_Read_ADC_Data();

adc_mV_1=(adc_mV_1 - adc_mV)/2;
return adc_mv_1;

void ISR_ADS1220 (){
if (SPI_available){

SPI_available = false;
adc_data = ads1220 Read_Data();
SPI_available = true;

Fenun: 1400 Om * 10uA = 0.014V;

/**** TpoBepka: IDAC cTabunusupyet? ****/// 0-1500 if OK, -1 if not stabilized

/*¥*** MpoBepka: IDAC cTabunusupyet? ****/// 0-1500 if OK, -1 if not stabilized



new_adc_data = true;

}
}

void Wait_Read_ADC_Data(){
bool OK = false;
uint8_t exchange =1;
long tmp=0;

for (i=0; i<8; i++) // Chenaem 8 u3MepeHwii

while (!new_adc_data){}; // xmem okoH4aHus AD npeobpa3oBaHuA

adc_res[i]=adc_data;
new_adc_data = false;

}

JFFFFEXE CopTMpoBKa MaccuBa *** from AN4OG73 ST.COM *****xxx/

while(exchange==1)

{

exchange=0;

for(i=0; i<(8-1); i++)
{

if( adc_res[i] > adc_res[i+1] )

tmp = adc_res[i];
adc_res[i] = adc_res[i+1];
adc_res[i+1] = tmp;
exchange=1;
}
}

adc_data=0;// oTtbpocuB 1 mnagumx u 1 cTapwux >/eMEHTOB MaccCuBa,
for (i=1; i<7; i++) adc_data+=adc_res[i]; // cymmupyem 6 cpefHUX 3SN1eMeHTa mMaccuBa C 2 no 7

adc_data/=6; // ycpegHaem
adc_mV = adc_data;
adc_mV *= VREF;
adc_mV /=FSR;
adc_mV /=PGA_gain;
}

void ads1220_begin()

{
ads1220 SPI_Command(RESET, ADS1220 CS_PIN);

ads1220 SPI_Command(RESET, ADS1220_ 1 CS_PIN);

delay(10);

m_config_regd = 0x00; //Default settings: AINP=AINO, AINN=AIN1, Gain 1, PGA enabled

m_config_regl = 0x04; //Default settings: DR=20 SPS, Mode=Normal, Conv mode=continuous,
Temp Sensor disabled, Burn-out Current Source off

m_config_reg2 = 0x20; //Default settings: internal VREF, 50 Hz rejection only, switch

open, IDAC off
m_config reg3 = 0x00; //Default settings:

ads1220_writeRegister( CONFIG_REGO_ADDRESS
ads1220_writeRegister( CONFIG_REG1_ADDRESS
ads1220_writeRegister( CONFIG_REG2_ADDRESS
ads1220_writeRegister( CONFIG_REG3_ADDRESS

3

3

3

)

IDAC1 disabled,

m_config_ rego,
m_config regl,
m_config reg2,
m_config_reg3,

IDAC2 disabled, DRDY pin only

ADS1220_CS_PIN);
ADS1220_CS_PIN);
ADS1220_CS_PIN);
ADS1220_CS_PIN);

}
void ads1220_writeRegister(uint8_t address, uint8_t value, uint8_t CS)
{
digitalWrite(CS,LOW);
SPI.transfer(WREG|(address<<2));
SPI.transfer(value);
digitalWrite(CS,HIGH);
¥

uint8 t ads1220_readRegister(uint8_t address)
{



uint8_t data;

digitalWrite(ADS1220 CS_PIN,LOW);
SPI.transfer(RREG|(address<<2));

data = SPI.transfer(SPI_MASTER_DUMMY);
digitalWrite(ADS1220_CS_PIN,HIGH);

return data;

¥
void ads122@_SPI_Command(unsigned char data_in, uint8_ t CS)
{
digitalWrite(CS, LOW);
SPI.transfer(data_in);
digitalWrite(CS, HIGH);
}
void ads122@_Start_Conv()
{
while (SPI_available == false){} // Xaem ocBoboxzneHua SPI
SPI_available = false; // 3aiimém SPI
ads1220 SPI_Command(START, ADS1220 _CS_PIN);
SPI_available = true; // OcBo6ogmum SPI
new_adc_data = false;
}
void ads1220_set_TS(int TS)
{
while (SPI_available == false){} // Xaem ocBoboxzneHua SPI
SPI_available = false; // 3aiimém SPI
m_config regl &= ~REG_CONFIG1_TS_MASK;
m_config_regl |= TS;
ads1220 writeRegister(CONFIG_REG1_ADDRESS,m_config regl, ADS1220 CS_PIN);
ads1220_SPI_Command (START, ADS1220 CS_PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBobogum SPI
new_adc_data = false;
}
void ads1220_select_mux_channels(int channels_conf)
{
while (SPI_available == false){} // Xazem ocBoboxaeHua SPI
SPI_available = false; // 3aiimém SPI
m_config_regd &= ~REG_CONFIGO_MUX_MASK;
m_config regd |= channels_conf;
ads1220_writeRegister(CONFIG_REGO_ADDRESS,m_config_regd, ADS1220_CS_PIN);
ads1220_SPI_Command (START, ADS1220 CS_PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBobogum SPI
new_adc_data = false;
}
void ads122@_set_pga_gain(int pgagain)
{
while (SPI_available == false){} // Xazem ocBoboxaeHua SPI
SPI_available = false; // 3aitmém SPI
m_config _regd &= ~REG_CONFIGO_PGA_GAIN_MASK;
m_config regd |= pgagain ;
ads1220_writeRegister(CONFIG_REGO_ADDRESS,m_config_reg®, ADS1220_CS_PIN);
ads1220_SPI_Command (START, ADS1220 CS_PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBobogum SPI
new_adc_data = false;
}
void ads1220_set_vref(int vref)
{

while (SPI_available == false){} // Xazem ocBoboxaeHua SPI

SPI_available = false; // 3aiimém SPI

m_config reg2 &= ~REG_CONFIG2_VREF_MASK;

m_config reg2 |= vref ;
ads1220_writeRegister(CONFIG_REG2_ADDRESS,m_config _reg2, ADS1220 CS_PIN);



ads1220_SPI_Command (START, ADS1220 CS_PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBo6ogum SPI
new_adc_data = false;

}

void ads122@_set_idac(int idac)

{
while (SPI_available == false){} // Xaem ocBoboxzneHua SPI
SPI_available = false; // 3aitmém SPI

// m_config reg2 &= ~REG_CONFIG2_IDAC_MASK;

// m_config_reg2 |= idac ;
ads1220 writeRegister(CONFIG_REG2_ADDRESS,idac, ADS1220_1_CS_PIN);
ads1220_SPI_Command (START, ADS1220 CS_PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBobogum SPI
new_adc_data = false;

}

void ads1220_1_imux(uint8_t nn)
{
while (SPI_available == false){} // Xaem ocBoboxzneHua SPI
SPI_available = false; // 3aiimém SPI
if (nn == 0){
ads1220_writeRegister(CONFIG_REG3_ADDRESS, 0x00, ADS1220 1 CS_PIN);
}
else if (nn == 1){
ads1220_writeRegister(CONFIG_REG3_ADDRESS, 0xB8, ADS1220 1 CS_PIN);
}
else {
ads1220 writeRegister(CONFIG_REG2_ADDRESS,IDAC_10QuA, ADS1220_1 CS_PIN); // Bonbuwe 10 uA
Henb3Aalll
ads1220 writeRegister(CONFIG_REG3_ADDRESS, 0x80, ADS1220 1 CS _PIN);
}
ads1220 SPI_Command(START, ADS1220_CS _PIN); //ReStart continuous conversion mode
SPI_available = true; // OcBobogum SPI
new_adc_data = false;

}

int32_t ads122@_Read_Data()
{
static byte SPI_Buff[3];
int32_t mResult32=0;
long int bit24;

digitalWrite(ADS1220_CS_PIN,LOW); //Take CS low
SPI_Buff[0] = SPI.transfer(SPI_MASTER_DUMMY);
SPI_Buff[1] = SPI.transfer(SPI_MASTER_DUMMY);
SPI_Buff[2] = SPI.transfer(SPI_MASTER_DUMMY);
digitalWrite(ADS12208 _CS_PIN,HIGH); // Clear CS to high

bit24 = SPI_Buff[e];

bit24 = (bit24 << 8) | SPI_Buff[1];

bit24 = (bit24 << 8) | SPI_Buff[2]; // Converting 3 bytes
to a 24 bit int

bit24= ( bit24 << 8 );
mResult32 = ( bit24 >> 8 ); // Converting 24 bit two's complement to
32 bit two's complement

return mResult32;



