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PEAJIIBAIIA CUTHAJIBHOI'O IEPETBOPIOBAYA
YJIBTPA3ZBYKOBUX CEHCOPIB
HA OCHOBI TIPOTPAMOBAHOI CUCTEMHU HA KPUCTAJII

Y emammi posenanymo nioxio 0o 66y0068anoi camooiazHOCMUKU CUSHATbHUX NEPEeMBOPIOBAYIE YIbmpa3ey-
KOBUX N €30€1eKMPUUHUX CEHCOPIE. 3anponoHo8ano 0ONOEHEHHS 6XIOHO20 CUSHANLHO2O MPAKMY CEHCOPHO20
NPUCMPOIO CReYianizo8aHol0 CXemMol aKmueayii 61ACHUX ABMOKONUBAHL N E30€IeKMPUUHO20 Nepemeopio-
saua. Memoo tpyHmyemscs Ha ananizi nepexioHux npoyecie ma KOIUBAHb HA 4ACMOMI 81ACHO20 PE3OHAHCY
npu nepiooudHoOMy RIOKIOUEHHI ceHcopa 00 mpancimnedancHozo niocunosaua (TIA). ¥V pesynomami TIA ¢pop-
MY€ 3amyxaroyi a8MoKOIUSAHHS, A iX YaCMoOma, amMniimyoa ma WeUOKiCmsy 3amyXaHHs GUKOPUCTNOBYIOMbCS
AK 0la2HOCMUYHI napamempu OJis MOHIMOPUH2Y CMADIIbHOCIE MA BUABLEHHS NAPAMEMPUUHOZO Opel).

Onmumizayia pexcumis QyHKyionyeanus 8y3ia Ha ocuosi TIA euxowmama 3a Kpumepiem MAaKCUMATbHOL
epexmusrocmi ghopmysanns ingpopmamuenoeo cuenary. SPICE-molentosanns niomeepouno 3anedxicHicmo
Xapaxkmepucmux 8UXiOHUX IMNYI6Ci6 6i0 enemenmis 360pomuo2o 36 'a3ky (REB, CFB) ma napamempis onepa-
YIHO20 NiOCUNI08aYa, Wo 003801UN0 CHOPMYBAMU 3AKOHOMIDHOCHI OJIsi KOHMPOIO 0e2padayiliHux npoyecis.
Looamkoso noxasano, wjo esedents inmezpyiouoeo konoencamopa CFB suudicye naonuwikosi ucoxouac-
MOMHI KOMROHEeHMU U cmabinizye hopmy iMnynscis, cnpowiyrouu yughposy oopooKy.

Cuenanvuuii mpaxkm 66y0ogarnoi cucmemu peanizosano Ha 6azi PSoC SLP, sxuii 06’ c€onye ananozosuil
@poum-eno (AMUX, OA, PGA, TIA) i3 yugposumu mooynamu (ADC, SC, Timer, UART) y eouniii pexonghizy-
posaniii mixpocxemi. Pospobnenuii 3acmocynox iSound 3abe3neuye xepysanus npoyecamu UMIpio8aibHO20
nepemeoperHs, KOHQieypy8aHHs napamempis i 8i3yanizayito pe3yibmamia y pedibHoM) Ydci.

Excnepumenmanvui 0ocniodicenns niomeepouny i0mMeoprGaAHIcb OlAeHOCMUYHUX CUSHANIE | NPAKMUYHY
peanizosanicmv memody. Ompumani pe3yromamu 0eMoHCMpPYIomb NEPCHEKMUSHICIb 3ACTNOCY8ANHS APXiMeK-
mypu PSoC 0151 cmeopentss Kounakmuux, eHepeoeqh)eKmueHux ma inmenekmyanbHux CeHCOPHUX CUCTHEM HOBO20
nokoniuHa. Taxi cucmemu mMoxicymos OYmu UKOPUCMAHT Y NPOMUCTOBOMY MOHIMOPUHZY, MEOUUHIN OiaeHOCTuYi
Ma AepoKOCMIYHUX 3ACTNOCYBAHHSX, 0 KPUMUYHO BANCIUBUMU € HAOIUHICIb [ CIMAbiIbHICMb pOOOmUL.

Knrouosi cnosa: n’ezoenekmpudtuil ceHcop, camoOiaeHOCMUKA, CUSHANIbHULL NePemeoprosay, 60y008and
cucmema, PSoC, mpaucivmnedancuuii niocuntogay.
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Enexkrponika

[ocTranoBka mpodjemMu. Y cydacHili ceHcop-
Hill eJEeKTPOHIIi CIOCTEPIiracThCsl 1HTEHCUBHUM
PO3BHUTOK TNPHUCTPOIB HA OCHOBI I’ €30€JIEKTPUIHUX
MEePETBOPIOBAYIB  YIBTPa3ByKOBOro Jiamazony [1].
bazoBuMm iH(MDOpPMAaTHBHUM TapamMeTpoM OUTBIIOCTI
ceHcopiB € gac nponboty (ToF, Time-of-Flight) ymb-
TPa3BYKOBUX KOJMBaHb, IO BH3HAYAETHCS IIJISIXOM
BUMIpPIOBaHHSI 3aTPUMKH At MK BUIPOMIHEHHUM Ta
npuitHsTaM imMmynbcamu [4]. Tlpore ¢opmyBaHHS
TaKOTO CUTHAJIy ICTOTHO 3aJICKHUTHh BiJ] CTOPOHHIX
BIUTMBIB, KOMITEHCAIlisl AKMX Yy 0OararboX BHITAJKax
3anumaeThest npobnemarnuno. OcobnrBo cKiIaa-
HUMH € YMOBH EKCIUTyaTalii y cepeJoBUIIax i3 Kop-
ctkumu Bumoramu (harsh environments), 30kpema
B KOCMIYHHUX 3aCTOCYBaHHSX [5, 6].

VY 3B’S3Ky 3 LUM IIOCTA€ 3aBIAaHHS CTBOPEHHS
CUTHAJIBHOTO  TIEPETBOPIOBAYa  YJIBTPA3BYKOBHX
I’ €30€JIEKTPUYHUX CEHCOPIB, SIKUH OM MO€AHYBaB
TOYHICTh BUMIPIOBAJILHOTO TEPETBOPEHHS 3 BOYIO-
BaHOI (DYHKIIIEI0 CaMOJIarHOCTHKH. Take pilIeHHs
JTIO3BOJIUTH 3MIMCHIOBATH MOHITOPUHT CTaOUTBHOCTI
pobOTH CceHcopa Ta CBOEYACHO BMABIATH Iapame-
TPUYHUH petid, Mo MiABUIIUTG HAMIHHICTE poOOTH
CEHCOPHUX CHCTEM y KPUTHYHHUX YMOBaX.

AHani3 ocTaHHiX IocaigkeHb i myOmikauiii.
[Iporpec y po3BUTKY CEHCOPHUX MPHUCTPOIB 3yMOB-
JICHUH SIK TIOSIBOIO HOBITHIX CTPYKTYp, 30KpeMa Ha
6a3i MEMS-rexnonoriti ta PMUT (Piezoelectric
Micromachined Ultrasonic Transducers) [2, 3], Tak
1 po3mMpeHHsIM cdep iX 3acTOCYyBaHHS, BKJIIOYHO
3 enektponikoro [HTeprery peueit (IoT, Internet of
Things) [4]. Po3BHTOK cydacHOT CEHCOPHKH TaKOX
TICHO TIOB’SI3aHUHN 3 IHTENEKTyali3aIliel0 BUMIipIO-
BaJbHUX IIPOIIECIB HA OCHOBI TeOpii HaJJIHUIIKO-
BocTi (redundancy theory) ta ii cygyacHOro po3BUTKY
B iH(popMaTHIli, CECHCOPHILII i BUMIpIOBANbHIHN TEXHiI
[7, 8]. ¥V Takux migxomax BUMIpIOBaJibHA CHUCTEMa
dopmye nmonarkoBi iHGOPMATUBHI CHUTHAIU — KPH-
Tepii cTabimpHOCTI (PYHKIIIOHYBAaHHS CEHCOpa, IO
IPYHTYIOThCS Ha aHaji3i pellakCalliiHhX MPOIECiB
1 epexiJHUX XapaKTePUCTUK Y CIeLiali30BaHUX CHT-
HaJIbHUX TPaKTax.

KnrouoBy poins y 3a0e3nedeHHi TOYHOCTI Ta cTa-
O1TBHOCTI BIZITParOTh MIKPOETIEKTPOHHI KOMITOHEHTH
anajoroBoro (gpont-eany (AFE, Analog Front-End),
SKi peai3yroTh B3a€MOJi0 MK (i3nyHHM (aHAIIO-
TOBMM) Ta HU(QPOBUM CEpPENOBHIIEM. 3 ypaxyBaH-
HSIM TEHJEHIIH PO3BUTKY CEHCOPHHX TEXHOJOTIH
0COOJIMBY aKTyaJbHICTh MarOTh BOYIOBaHI CHUCTEMHU
31 3MimaHuM cUTHaJIBHMM (mixed-signal) meperBo-
penssim [9, 10]. Bucoky edexruBHiCTS TipH iX TIpo-
€KTYBaHHI 3a0e3MeuyoTh NPOTPaMOBaHI CHUCTEMHU
Ha kpucrami (PSoC, Programmable System-on-

Chip), gKi 103BOJNSIOTH IHTETPYBaTH BHMIPIOBAIIbHI,
OOYHCITIOBAIbHI Ta MIarHOCTHYHI (PyHKII B €XWHIN
Mikpocxemi [11]. Peamizamiss Takux cHUCTEM IOTpe-
Oye (YHKIIOHAIFHOTO aHaNi3y Ta IMapamMeTpUYHOI
OIITUMI3alii CHTHaJIbHUX TPAKTIB, IO TOCITaETHCS 32
JIOTIOMOTOF0 MOJINTBHUX JTOCTIJKEHB Y CepeIOBUINAX
SPICE (Simulation Program with Integrated Circuit
Emphasis) [12, 13].

Takum 9rHOM, PO3POOIIEHHS Ta peami3allis CHT-
HAJILHOTO NIEPETBOPIOBaya YJIbTPa3BYKOBUX CEHCOPIB
i3 BOyJJOBaHOIO CaMOJ1iarHOCTUKOI Ha OCHOBI PSoC
€ aKTyaJIbHUM 3aBJaHHsIM, IO MOEIHY€E HAMIHHICTB,
(byHKIIOHANBHICT Ta TMPAKTHYHY NPUAATHICTH 10
BUKOPHCTaHHS B Cy4aCHUX CEHCOPHUX CHCTEMax.

Metor crarTi € pO3poONIeHHS Ta pearizalis
CUTHAJIFHOTO  IIEPETBOPIOBaYa  YJIBTPa3BYKOBUX
I’ €30€JIEKTPUYHUX CEHCOPIB HAa OCHOBI POrpamMoBa-
Hoi cuctemu Ha kpuctam PSoC SLP, skuit nmoeanye
pesynsrata SPICE-mMoznentoBanHs Ta mapaMeTpuaHOL
OTITHMI3aIlii i3 aImapaTHOO peai3aiieio aHaIOTOBOTO
(bpoHT-eHIy Ta MUPPOBUX MOMYJIIB i MPOTPaMHUM
3abe3nedeHHsaM iSound, mo 3abesneyuye miABUIIEHY
CTaOUIBHICTD, HAJIIWHICTh T4 MOXKITUBICTH BOYI0BaHOT
CaMOJIIaTHOCTUKH CCHCOPHHUX CHUCTEM.

Buknan ocHoBHoro Marepiaay. 3amada, 10
pO3IIIAAETECA Y CTarTi, TMOJSATae B peaizamii
CUTHAJIPHOTO  IIE€PETBOPIOBaYa  YJIBTPa3BYKOBUX
I’ €30€JIEKTPUYHUX CEHCOPIB 13 BOYZOBaHOIO (hyHK-
i€t camopiarHoCTUKH. OCHOBHOIO METOI0 € CTBO-
PEHHSI alapaTHO-IPOrPaAMHOTO PIllICHHS, SIKE TIOETHYE
(hyHKIIIT BHUMIpIOBAJIBHOTO TEPETBOPEHHS Ta MOHI-
TOPUHTY CTaOUTFHOCTI POOOTH CEHCOpa Ha €IHMHIN
riatgopmi. st IbOro y CUTHANBHUE TPAKT IHTETPO-
BaHO CIIeI[iai30BaHy CXeMy aKTHBallil BIaCHUX aBTO-
KOJIMBaHb I1"€30€JIEKTPHYHOTO NepeTBoproBaya. CyTh
METOAY TIONATAaE y MOHITOPUHTY MEpeXiTHUX Tpo-
IIeCiB Ta KOJIMBaHb HA YaCTOTI BJIACHOTO PE30HAHCY
P TIEPIOIMYHOMY TiAKIIOYSHHI CEHCOopa JI0 TpaH-
cimnenancHoro migcunoada (TIA, Transimpedance
Amplifier). ¥V Takiii xoudirypauii TIA dopmye
3aTyXaroui aBTOKOJIMBAHHS, a 3a iX YacTOTO, aMIl-
JTYOOI0 Ta MIBUIAKICTIO 3aTyXaHHS 3MiHCHIOETHCS
KOHTPOJIb Jpeidy mapaMeTpiB I €30eIeKTPHIHOTO
MIEPEeTBOPIOBAYA.

Cropomiena cxema BOyJOBaHOI JA1arHOCTHUKH
300paxkeHa Ha puc. 1. TpaHciMIeaHCHE MEPETBO-
pEeHHs peali30BaHO Ha OTepaliifHOMYy MiJCHUITIOBadl
3 pes3ucropoM 3BopoTHOTO 3B’s3ky RFB. Ilepio-
nuaHe nepeMukanHsa ceHcopa CQ mix Bxomom TIA
Ta HYJIbOBHM TMOTEHLIaJoM 3ale3nedye Tporec
3apsay-po3psiay, BHACHIIOK YOro Ha BHUXOAl ¢op-
MyeThes Hanpyra VDG 13 XapakTepHUMH 3aTyXaro-
YUMH KOJMBaHHSIMH.
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Puc. 1. Cnpouena cxema BOy10BaHOI JiarHOCTHKH
NPUITMAJIBHOTO TPAKTY I1’€30€1eKTPUYHUX
nepeTBOPIOBAYiB

VY TpaauuiiinomMy pexumi ceHcop dhopmye iHbop-
maruBHuU curHai VIN, Toxi sk y peskuMi camoiar-
HOCTHKH TTEPEMHUKAETHCS MK IHBEPTYIOUHUM BXOIOM
TIA Ta 3emnero. Takum 9rHOM BiOYBa€ThCS 3apsi
1o piast VREF i moganemmuiit po3psn cencopa, 1o
BIZITBOPIOE €(PEKT penaKcarii.

OTpuMaHi pe3ylnbTaTd MOJICIIOBAHHS  ITiATBEp-
vy, mo ¢Gopma BuxigHoro curnany VDG cyTreBo
3aJICKUATH BiJI MTapaMEeTpPiB KoJia 3BOPOTHOTO 3B’SI3KY
Ta MOXXe OyTH BUKOPHCTaHA JIJI MOHITOPHHTY HecTa-
01pHOCTI pOOOTH CEeHCOopa.

[Nomanpin nociipkeHHs Oyu CIpsIMOBaHI Ha OITH-
Mi3allil0 CXeMH 3a KpUTEpieM e(pEeKTUBHOCTI (GopMy-
BaHHS 1H(QOPMATHBHOTO CUTHATY. BBeneHHs iHTErpy-
rouoro koHaeHcaropa CFB y Koo 3BOpOTHOIO 3B’SI3KY
JIO3BOJTHJIO PETYITIOBATH TMHAMIKY TIEPEXiTHUX TIPOIIECiB

B pesyasrari SPICE-MopnentoBaHHS OTpUMaHO
MOU(iKOBaHYy cXeMy (pHC. 2) siKa MOKa3ye, 110 MOEJ-
HanHs napamerpiB RFB ta CFB no3Bossie 3a0e3re-
YUTH SIK CTIHKICTh, TaK 1 JOCTATHIO iHDOPMATHBHICTh
TMIEPEXiTHAX MPOIIECiB.

Kpim Toro, y nogaibImmx JOCTIKEHHIX BCTAaHOB-
JIeHo BIIMB napametpis ceHcopa (LS, CS) va dopmy
curgainis VOUT 1 VCQ, 30kpema:

— (opma BUXiTHHX IMIYJIBCIB KEPOBAHO 3MiHIO-
ethes 3anexuo Big RFB 1 CFB;

— Benwuki 3HayeHHs1 RFB cnpuuunsiiors Tpusaity
cTadiIizalilo CUTHAIB;

— BBenenuss CFB 3menmye HamaumikoBi BHCO-
KOYAaCTOTHI KOMITOHEHTH Ta CIPOIIY€ MPOTpaMHUIt
aHaJis3;

— TIapaMeTpu CEHCopa BH3HAYAIOTh YacTOTy Ta
XapakTep penakcaiii, mo poOUTh MOKINBHM BimO-
KpEMJICHHSI HeCTablIbHOCTEH y CEHCOpi Ta CHUTHAIIb-
HOMY TPaKTi.

CurHanbHUl TpakT po3poOJeHOT B paMKax
JaHoi poOOTH BOYIOBaHOI CUCTEMH YIBTPa3BYKOBHX
1’ €30€TIEKTPUYHIX CEHCOPIB 3 (YHKII€I0 caMmoiar-
HOCTHKH Peaji3oBaHO 3 BUKOPUCTAHHSIM MPOrpamo-
BaHoi cucremu Ha kpucraini PSoC (Programmable
System on Chip) cepii PSoC 5LP (Cypres, Infineon
Technologies). B ckmag PSoC 5LP BXomsTh MiKpO-
nporecop, OaratodyHKIIOHAIBEHI MO aHalloro-
BOTO Ta HU(PPOBOTO MEPETBOPECHHS CUTHAJIIB, MOAYJ
nam’sTi, iHTepdencu Ta paa HIIUX BAXKIUBUX IS
KOHIICTIIiT TIPOTPaMOBaHO{ CHCTEMH BY3IiB. 3 TOUKH
30py peanizamii 3MINIAHOTO CHUTHAJIBHOTO TIepe-
TBOPEHHSI B CEHCOPHIN TEXHIli MepeBaroro BHIIE3-
raganoro cimeiictea PSoC 5LP e mmpokuii HaOip
MIPOrPaMHO KEPOBaHMX AaHAJOIOBUX KOMIIOHEHTIB,
PEXXUMHU POOOTH SIKUX KOH(ITypyrOThCS TIPH iX 1HIII-
aizalii Ta mporpamMHoO KepyrThCs 3 1omomMorow API
(Application Programming Interface).

AnaparHy peasizalilo CUTHaJbHOTO IEPETBOPIO-
Bava YIBTPa3BYKOBHX CEHCOPIB HAa OCHOBI Mporpa-
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Puc. 2. SPICE-moznens MogugikoBaHol cxeMH JiarHOCTHKH
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U-SOUND FRONT-END WITH IN-SITU CQ DIAGNOSTIC
ON PSoC
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Puc. 3. CurHajibHMii IepeTBOPIOBAY YJILTPA3BYKOBOI0 CEHCOPA: a — CTPYKTYPa;
0 — 300paxeHHsI cCXeMH B pe;kuMi KOHGIirypyBanus 38’s3KiB

MOBAHOI CHCTEMH Ha KpHUCTali 3 (pyHKII€I0 camoIi-
arnoctukn UCQD (U-sound Front-end with in-situ
CQ Diagnostic) BUKOHaHO BiAMIOBIIHO IO CTPYKTYPH
IIPEACTaBIICHOI Ha puc. 3 a.

OyHKITIOHATBHA OpTaHi3alis i€l CHCTEMH OXO-
TUTIOE K1JIbKa B3a€EMOTIOB’ SI3aHUX TPAKTIB.

AHAJOroBHI TPaKT BXiIHOTO CHTHAIY pealli3oBa-
HUI KOMOIHAITI€I0 MYIBTHUIDIEKCOPA aHAIOTOBUX CHT-
HamiB (AMUX), onepamiitHoro mincwmoBada (OA) Ta
MIJICHITIOBaYa 3 MPOrpaMHO KepoBaHUM Koe]illieHTOM
migcunennst (PGA). Taka koudiryparist 3a0e3neuye
BUOIp BXiIHOTO KaHAITY, HOTO TIOYaTKOBE ITiJICHIICHHS Ta
aJIanTaIlito IapaMeTpiB 0 BUMOT ITOTATBITO] 00POOKH.

Tpaxt popmyBaHHs 30y/KYBILHUX Ta IIH(PPOBUX
CUTHAJIIB MICTHTh HU(PPO-aHATIOTOBHI IEPETBOPIOBAY
(VDAC) nnst KepyBaHHSI aKTIOATOPOM, a TaKOX aHa-
noro-tidpoBuii mepersoproBad (ADC) tumy SAR
(Successive Approximation Register), skuii BHKO-
HY€ MEPETBOPEHHS aHAJIOTOBUX CUTHAJIB y IIHU(PPOBY
(hopMy 3 BUCOKOIO LIBHIKOIEIO T4 TOUHICTIO.

YacoBuili BUMIpIOBAIBHAN TPaKT MPHU3HAYCHUN
IUIST BU3HAUCHHS 3aTpUMKHA Al MK BHUIPOMiHEHUM
Ta TPUHHATHM YIBTPa3BYKOBUM IMITYJIbCOM. BiH
peanizoBaHUil 3a JIOMOMOTOI0 CKaHYKUYOr'o KOM-
naparopa (SC), Taiimepa (Timer) Ta niynnbHUKA
(Counter), 10 CIIiTFHO 3a0€3MEUYIOTH PEECTPAITIIO Ta
00poOKy curHamiB AJisi BU3Ha4eHHsT napamerpa ToF
(Time-of-Flight).

Tpakt KepyBaHHSI Ta INEpeAaBaHHSA JAaHUX BKIIIO-
Yyae pericTpy MporpaMHOTo KepyBaHHS (Status Reg,
Control Reg) Ta acuuxponnmii inrepgeiic UART
(Universal Asynchronous Receiver-Transmitter).

i enmementn 3abe3nedyioTh KOH(DIrypyBaHHS
komnoHeHTiB PSoC (puc. 3. 6), iX cuHxpoHizarito Ta
nepeaBaHHs BUMipIOBaJIbHOT iH(opMarlii 10 30BHiII-
HIX cHUCTEM. 30BHIIIHINA BUIVISLA AOCIIAHOIO MakeTa
CHT'HAJIGHOTO NIepEeTBOPIOBaya ITOKA3aHO HA pPHC. 4.

Puc. 4. Burisa nocaignoro Mmakera

KepyBanHs mporecamu BHUMIpIOBAJIBHOTO IIepe-
TBOPEHHS Ta Bi3yalizallii OTPUMAaHHX pEe3yJbTaTiB
3OIMCHIOETBCS TMPOrPpaMHUM  3aCTOCYHKOM iSound
(puc. 5) y BiKHax SIKOrO MPEICTaBISIOTHCS LIMPOKI
MOXIIUBOCTI MPOTPaMHOr0 KOH(DIrypyBaHHS KOMIIO-
HenTiB PSoC (DSIN, SARN, DSC Tomo) ta hopmy-
BaHHS peXuUMiB BuMipioBaHHsa (Mode:#, dt, NxC, ZS
tomro). Jms iMrocTparii THIOBHUX PE3yNbTaTiB BUMi-
PIOBaHHS Ha pUC. 5, a IGMOHCTPYETHCS SMIopa nepe-
X1IHUX TPOLECIiB NpU NEPIOANIHOMY MEepPEMUKAHHI
I’ €30€JIEKTPUYHOTO IEPEeTBOPIOBaYa HAa BXiJ TpaH-
ciMnenancHoro migcuitoBada TIA y BiAMOBIAHOCTI
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Puc. 5. 300paskeHHs nepexiTHUX NMpoLeciB NPU NEePioANYHOMY NepeMHKAHHI
11’€30€JIeKTPHYHOIO NePeTBOPIOBAYA: a — [IJIsl BUCOKOI'0 PiBHSI CHTHAJLY;
0 — ISl HU3BKOTO PiBHA CUTHAJTY

JIO 3aIpOTIOHOBAHOTO METOXy BOymOBaHOI IiarHOC-
TUKH BX1IHAX TPAKTiB YIBTPa3BYKOBUX CEHCOPIB.

MoskHa criocTepiraTi HassBHICTb IEPEXiAHUX MPO-
LECiB, SIKi BHHUKAIOTh Y MOMEHTH BKJIFOUEHHSI Ta BiJ-
KJIIOYCHHSI CEHCOpa, M0 Ja€ MOXKIHUBICTh OTPUMATH
iH(OpMAIIifO TIIO/I0 BIIACTUBOCTEN MaTepiary ceHcopa
Ta (hOpMyBaTH BiAMOBIIHI TapaMETPH, 110 BIIACTHBO
1 BUpimIye 3a1aqy GopMyBaHHS iHPOPMATUBHUX CHUT-
HaTiB BOYIOBaHOI IIarHOCTHKH.

BucnoBku. Y poOoTi peani3oBaHO CHUTHAIBHUM
MepEeTBOPIOBaY YIBTPAa3ByKOBUX CEHCOPIB 13 BOyI0Ba-
HOIO (PYHKITIEIO0 CaMO/IIarHOCTUKX Ha OCHOBI Mporpa-
MoBaHOi cucteMu Ha kpuctain PSoC SLP (Cypress,
Infineon Technologies). ApxiTekrypa TpUCTPOIO

noegHye ananmoroBuii (poHT-eHn (AMUX, OA,
PGA, TIA) 3 uudgpoBuMy MOAYISIMH KEPyBaHHS, 1110
3a0e3neuye iHTErpanilo Ta mporpamHe KOH]Irypy-
BaHHS [TapaMeTpiB.

[NpaxTiune BIpoBa/KEHHS peai3oBaHo 3 BUKOPHC-
TaHHIM 3aCTOCYHKY iSound /17151 KepyBaHHS BUMipIOBaH-
Hsamu, KoHpiryparii PSoC ta Bizyaumizariii pe3ysbTaris.
ExcniepumenTty migrBepanim eheKTUBHICTD MTiIXOAY Ta
BiZITBOPIOBAHICTh JIarHOCTHYHUX CUTHAJIIB.

OTtpuMaHi pe3yJibTaTH J0BOJSATh EPCIIEKTUBHICTD
Bukopuctanass PSoC s CTBOpEHHS KOMITAaKTHHUX,
eHeproeeKTUBHUX Ta PEKOH(DIrypoOBaHHUX CEHCOP-
HHUX CHCTEM, IPUAATHUX Ul POOOTH B yMOBaX BHCO-
KHX BUMOT JI0 Ha{iHHOCTI.
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Barylo H.I., Holyaka R.L., Brych M.V., Shliusar Yu.A., Onutchak T.A. DESIGN AND
DEVELOPMENT OF A SIGNAL CONVERTER FOR ULTRASONIC SENSORS
BASED ON A PROGRAMMABLE SYSTEM-ON-CHIP

This paper presents the design and development of a signal converter for ultrasonic piezoelectric sensors
with an integrated self-diagnostic function, implemented on a programmable system-on-chip (PSoC 5LP,
Cypress, Infineon Technologies). The motivation for this work stems from the growing importance of ultrasonic
sensing in advanced electronic systems, where reliability and stability under varying operating conditions are
crucial. Traditional approaches to signal conversion often face challenges associated with parameter drift
of piezoelectric transducers and the influence of external factors, which significantly complicate accurate
measurement and long-term operation.

The proposed approach addresses these limitations by introducing a novel method of embedded self-
diagnostics. A specialized circuit was designed to activate intrinsic oscillations of the piezoelectric transducer,
achieved through its periodic switching between the inverting input of a transimpedance amplifier (TIA)
and ground potential. As a result, damped self-oscillations are generated, and their key characteristics —
frequency, amplitude, and decay rate — serve as informative diagnostic parameters for evaluating the stability
and identifying possible degradation of the sensor element.

Comprehensive SPICE simulations were conducted to analyze transient responses and the influence of
feedback elements (RFB, CFB) as well as operational amplifier parameters (GBW, SRP, SRN) on the output
waveform. These studies confirmed that predefined patterns of transient and oscillatory behavior can be used
as diagnostic markers for detecting parameter variations. Furthermore, optimization of the TIA operating
modes was performed according to the criterion of maximizing diagnostic signal efficiency, which significantly
simplifies subsequent digital analysis.

The practical realization of the system was carried out on the PSoC 5LP platform, which combines analog
front-end components with digital control and communication modules in a single reconfigurable chip. A
dedicated software application, iSound, was developed to support sensor switching, parameter configuration,
measurement control, and real-time visualization of results. Experimental validation demonstrated consistent
and reproducible diagnostic signals under varying sensor conditions, confirming the robustness of the proposed
approach.

The presented solution not only verifies the feasibility of TIA-based self-diagnostics for ultrasonic
piezoelectric sensors but also highlights the broader potential of PSoC-based architectures. By integrating
modeling, optimization, hardware implementation, and software support into a unified framework, this work
contributes to the development of compact, energy-efficient, and intelligent ultrasonic sensing systems.
Such systems are particularly relevant for applications requiring high reliability and adaptability, including
industrial monitoring, medical diagnostics, and aerospace instrumentation.

Keywords: piezoelectric sensor, self-diagnostics, signal converter, embedded system, PSoC, transimpedance
amplifier.
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