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BukopucTanHs iMIIEIaHCHOT CIIEKTPOCKOMIi J03BOJIsIE BU3HAYATH THUII PEYOBMHH Ta IX
BJIACTUBOCTI, IO MOXe OyTHM BHKOPHCTaHMM Yy 0araTboxX Taily3sX HayKd 1 TeXHIKH: HpH
BUPOOHHUIITBI Ta eKCIUTyarTallii MiTiH-lOHHHX aKyMyJSTOpiB, aHAJi3aToOpiB Ta3iB Ta piOWH, B
OloMeIMYHUX 3aCTOCYBaHHAX. KimacnuHuili MeTon BH3HAYCHHS IMIIEJAHCY PEUOBHHU 0a3yeThCs
Ha BENUKiil KITBKOCTI BUMIpIB 3 BHKOPHCTAHHSAM TapMOHIYHOTO CHUTHANy Pi3HOI 4acTOTH, IO
CTBOPIOE TIEBHI OOMEXKEHHS Y BHKOPHCTaHHI TaKOrO METOAY IMIENAHCHOI CIEKTPOCKOIl Ha
MiKpOKOHTpoJyiepax. BukopucranHs MeroniB 3 I[I-momiOHMM 30ymKEHHSIM 3MOXE JIO3BOJIMTH
BU3HAYATH IMIEIAaHC PEYOBMHU Oe3 BUKOPUCTAHHS TIeHepaTopa TapMOHIYHOTO CHIHANY, IIO
3/ICIIEBIIIOE IMIUIEMEHTAIliI0 METOY Ha MIKPOKOHTpOJIEpax.

Knrouosi crosa: iMnenancHa cekrpockorisi, [1-nogioue 30ymKeHHs, MiKpOKOHTPOJIEPH.

Mertor poOOTH € BU3HAUSHHS MOXJIMBOCTEH BUMIPIOBaHHS IMIIEAaHCHOI CHEKTPOCKOMIT
st cucteM 3 [1-nofiOHUM 30y/KeHHSIM, BUMIpH ISl SIKOI IPOBOJISTHCS 3 BHUKOPUCTAHHIM
reHeparopa ta ocuwiorpada. O4eBHIHO, 110 B peajbHUX 3aCTOCYBaHHSX Lie pillieHHs Oyle
IMIIJIEMEHTOBaHO Ha MIKpOKOHTpoJjepax adbo 10T-aeBaiicax. 3 11bOro BUIUIMBAE, 110 BUMIPH Ha
YCTaHOBII Oa’kaHO MPOBOJUTH Ha MPSIMOKYTHOMY CHTHAJI, SKH MOXHa OyIe OTpUMaTtH i Ha
MIKpOKOHTpOJIepax. B TakoMy BWIIasKy, OCHOBHHUM IapaMeTpPOM SIKMH MOXE BIUIMHYTH Ha
MalOyTHI BUMIpH € 9Yac 3pOCTaHHS (POHTY MIPSIMOKYTHOTO cHUTHaiy. B poGoti Oymo B3sTO
CHUTHAJ 3 XapaKTepUCTHKaMM aHajoriyHuMu Il-mogiOHOMY curHaly MIKpOKOHTpoJepa
xomraHnii Infineon — CY8CKIT-062-WIFI-BT (Puc. 1).

Cxema yCTaHOBKH JJIsl BUMIPIOBAHHS ITOKa3aHa Ha puc. 2. Y Toukax A i B BUMiproroThCs
3Ha4Y€HHs Hampyr BifHocHO 3emii; Ug — cmaj Hampyru Ha MocyauHi 3 pinuHoro. ITorpiOHO

3a3HAYMUTH, 10 y CXEMi ICHYIOTb Il ONOPH NPUETHYBAIBHUX ITPOBOIB i KOHTAKTIB T EMHICTh
CTIHOK ITOCY TMHU/IIYTIIB.

Ha puc. 3 nokazana BuOpaHa eKBiBaJICHTHa CXeMa 3aMIIlEHHS Ui BUMIpIOBaJILHOT
YCTAaHOBKH, 1€ Ry, — Omip s BUMIpioBaHHs Hanpyr, Cyy— CyMapHa €MHICTh IBOX

CTIHOK TIOCYJWHH, Riiquia T Cliquig — 3Ha4eHHS Omopy Ta €MHOCTI IO XapaKTEepPU3yIOTh

BJIACTHUBOCTI PiIiHU B moCy quHi[4].
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~— CY8CKIT-062-WIFI-BT -~ Rigol DG 5102

Puc. 1 Hpukiax [T-noaibHOrO cUrHaty 3usaToro 3 Mikpokourpoiepa CY8CKIT-062-WIFI-BT B
MOPIBHSAHHI 31 CHTHAJIOM 3HSTHM 3 TeHeparopa Rigol DG5102

Puc. 2 Cxema ycTaHOBKH U151 BUMiPIOBaHHS

I N RLiquid

0
0
cWaII :
]
(]

Cliquid

NMocyauHa

I PianHa

Puc. 3 Cxema 3aMillleHHs YCTaHOBKH ISl BUMiPIOBAHHSI.

BuMipsiHi 3HaU€HHST HANIPYTH B TOYKaxX A Ta B aroTh 3MOry BU3HAUUTH 3HAYCHHS CTPYMY
(TiMBKKM MHUTTEBE 3HAYCHHSI, B MOMEHT BHMIpPIOBaHHS, 00 B CXEMi HEMA€e PEXUMY 33 MOCTIHHUM
CTPYMOM g IO MpOTiKae vepe3 MocynuHy 3 piaunor. Ilpu momadi Ha Bxin II-moaiGHOro
CUTHAJTY JUIS BU3HAYEHHS XapaKTEPUCTUK PIAMHI MU MOXXEMO ONMPATHCH JIMIIE HAa epeXiTHUNA
npouec B Koiii. [HIMMU cioBamH, Ha 3MiHy 3Ha4€Hb CTPYMIB Ta HaIlpyr B 4Yaci Ta iHTerpaiy
BiJl CTpyMy TOOTO Ha BEJIMUMHY 3apsay HAKONUUYCHY B JAHWH MOMEHT 4acy €MHOCTSIMH CXEMH.
Tak 4u iHaKIIe HaM TOTPIOHO PO3TIIAAATH MEPEXiTHUI MPOIIEC B KOJIi.
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Binnosinso 10 cxemu 3aMilleHHs, 300pakeHOi Ha puc. 2, 3HAYCHHA R jq,q Ta

CLiquid MO’XHa BU3HAYUTHU Ha OCHOBI BUMIPAHUX HANIPYT HACTYITHUM YHHOM!

Jliist exBiBaIGHTHOI cxeMu 3a 3akoHaMu Kipxroga:

inmput = iCLiquid +iRLiquid ) 1)

ULiquid =Yg ~Ucg,,, - 2

Bxinnnit 3apsn;

Q) = Jy iy (DT = 2 [[(UL(0) ~ Up ()T = CuranUyy- 3)

3 (1) maemo:

Q(t) = _[ICL qid (T)dT+_[|RL qia (997 = CliquidY Liquia T 5—— R IU Liquid ()dT . 4)

Liquid 0

[epemuiiemo (4) 3 BpaxysanusiM (2) 1 (3):

Q) = X (OC g +Y ) )
Liquid

all

e X (t) =Ug (t) - gmft), Y(t)::_[X(r)dr.

t t
3natoun Benuunnu Hanmpyr Ua(t) i Ug(t) Ta imterpanis [U(t)dt i [Ug(t)ydt s
0 0

JIBOX PDI3HMX MOMCHTIB 4Yacy t=t ta t=t,, MOxHa, npu BiIOMHX Ry Ta Cuay

BU3HAYMTH 3HaueHHd Q =Q(t), Q, =Q(ty), X; = X(t), X, =X (1), Y1 =Y (), Yo =Y(ty).
Toni, BuKoprcTOBYIOUH (5), OyAeMO MaTH:

QlYZ — QZYl X1Y2 — X2Yl

+ Riquid = : (6)
XqYo = XoYg HEX1Q, - X

CLiquid =

V npoueci BUMiproBaHHs OyJe BijoMa Hanpyra skuBieHHs U, Ta 3apsag Q BUMIpsSHUIA

32 JIONOMOIOI0 oOnepaliifHoro migcwioBada. BiamosinHo no 3akony Owma, Ha OCHOBI
BUMIPSIHOTO 3apsily Q MOXHA OTPHMATH 3HAYCHHS HANPYTH Ha PE3HCTOPi Ry, minuac

MepexiJIHOro Tpolecy (Harpyra Ha pe3ucTopi HporopuiliHa 3apsay, IO MPOXOJUTH Yepes3
cucremy). OTpuMaHi 3Ha4€HHs BHMKOPHCTOBYIOTHCS IIPH 4YHCEJIbHOMY iHTerpyBauHi (5)
METOJIOM JIIBUX TNPSMOKYTHHKIB. TakuM 4YHHOM, MOXXKHa BHM3HAUUTH IAPAMETPH CXEMH
3aMIIIeHHS - 3HAYCHHS OMOPY Ta €MHOCTI JOCHIKYBaHOI PiIHHH.

HatypHi ekcreprMeHTH MOKa3ajid, IO HU3BKOOMHI DPIAMHH 13 PI3HHM IMII€TaHCOM
JIEMOHCTPYIOTh OJIM3BKY 3aJIEXKHICTE 3apsiy Bij uacy iHTerpyBaHHs (puc. 4).
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Ha pucyHKy IpMBe/IEH] Jani JOCIiKERHS U1l HACTYIHUX CyMirueitl:

1. Cywmim | -cnabkuii pozunn cniupty (10%) B nuTHi# BoOi.
e =771 o = 66.8 mCu\m

2. Cywmim II -cnabkuii po3uns ciiupty (10%) B nuTHIN BOJI 3 0AaBaHHAM COJI.
e~ 771 o = 77.2MmMCu\m

3. Cywim III — cunpHuit po3uun crupty (80%)
€ = 361 o = 75.7 uCu\wm

Crin 3a3Hauute mo cymimn [ ta Il — 3 0AHAKOBOIO MiCIEKTPHUYHOI MPOHUKHICTIO, alie
pizHEMU TpoBinHOCTAMH, a cyMimn II ta Il — 3 mpuOIM3HO OJHAKOBOIO HPOBIIHICTIO Ta

PI3HOIO JTIENEKTPUYHOIO TPOHUKHICTIO.

6(%ane)m-licm 3apsay BiA yacy iHTerpyBaHHA

G 1400 - Piguna | YcepeHeHe 3HaYeHHA
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Puc. 4. 3anexxHicTb 3apsiay Bij 4acy iHTErpyBaHHS A1 HA0Opy ONM3BKHX 3a MapaMeTpaMy CyMillei
(HU3BKOOMHI PiJUHHM).

Ha Hamy nymKy mMoske iCHyBaTu JeKiibKa NPUYWH, 10 HE JAI0Th MOXJIMBICTH IPOBECTH
IAeHTU]IKAIII0 TAKUX CyMiIIei:
e IIpM MaJOMy 3Ha4yeHHI AaKTHBHOTO OIOpPY piIMHM, BIUIMB €MHOCTI pIIUHHM Ha
NIepexiIHUI NpoLiec HECYTTEBUH 1 TaKka METO/IMKa BUMIpIOBaHb Hee(DeKTHBHA,
® DpO3MISHYTa CXeMa 3aMillleHHs MO)Xe He BiANOBiaTH peanbHill (iznuHid Moxmeni y
SKii MOXXYTh OyTH TPHUCYTHI: €JIEKTPOXIMi4Hi peaxuii (IepeHeCeHHs 10HiB, TOIIO),
Mapa3uTHI OIIOPH/€MHOCTI IPOTIB Ta 3’ €THAHB;

! BuMiproBaHHS NpOBOAMJIMCA HA CKISHIH €MHOCTI 3 €JEKTPOJaMH, JUIS LBOTO
BUKOpHUcTOBYBaucs reneparop: Rigol DG5102 ta ocuunorpad Rigol MSO5104. Tlapamerpu
ckistHOT eMHocTi: 150x30x100 mMm, ToBHIMHA CTiHKHA = 3 MM. [lapameTpu MiJHHUX IDIACTHHOK:
150x100 MM, BiacTtanp Mk TuracTuHaMu = 30 MM (6 MM — ckIIO, 24 MM - pimuHa). EMHICTB
JoCTipKyBaHOI piguan = 300 ML
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® MOXIMBO, 3HAYCHHS Ry Ta Gy HE MIAXOMATH Ul BHMIPIOBAHHS HEPEXiTHOIO
TpoIiecy.

{06 BM3HAYUTH 3HAYEHHS Riiquid ™ Cuiquid MOTPiOHO 3HAWTH 3HAYEHHS Rinput T8

Cwan - Lli BenM4uHEY MOKHA BHU3HAYUTH BiHOCHO JIETKO BUXOJAYH i3 3aJ€KHOCTI CTPYMIB Ta

HAarpyr IepexiJHOro MpoIecy B IEBHI MOMEHTH Yacy:

U .
Rinput :io%’ t=0; ip#0 (7)

Cwall :UL’

Cwall

Q= }io (t)dt (8)
0

BinnoBigHO 10 ommcaHOTO CIOCO0y 009HCIeHHs (5) MOCTiINMO 3aJIe)KHOCTI MIEPEXiTHOTO
nporecy Bil mapaMerpiB  Ryyo T8 Gy -

KinpkicTh 3apsiay, SKMH NPOXOIMTh Yepe3 PiAMHY MPONOpLiiiHa 3HAYEHHIO HAIPYTH Ha
Cwan - ToMy, BU3HAuuTH i BiANMOBiAHO ineHTU(IKYBATH PIIMHH 32 3HAUCHHSAMH Riiquia T

Cliquid MOXKHA JIMIIC SKIIO XapakTep 3MiHM HANPYTH Ha Ll €MHOCTI BIAPI3HAETHCS IS

pizHEX pimmH. Cepis rpadikiB, MPOIEMOHCTPOBAHUX Ha pHC.5, MOKa3ye, M0 HEBIANUil BHOIp
0mopy Ry HE a€ 3MOTY PO3UINTH XapaKTEPHCTUKH HU3bKOOMHHUX PiHH.

Ciiquid = 40 n®, Rijquid = 50 OM, Rinput = 8 OM, Ciiguig = 1 MKD

Ciiquid = 40 N®, Rjiguid = 50 OM, Rirput = 80 OM, Ciiguia = 1 MKP
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Ciiquid = 40 N®, Rjiquig = 50 OM, Riput = 800 OM, Ciigyig = 1 MKD

Yac, ¢

Ciiquid = 40 N®, Rjiquig = 50 OM, Rinput = 8000 OM, Ciiquig = 1 MKP
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Puc. 5 ITopiBHSHHS XapakTepy IepexiTHOTOo MpoIecy It ABOX KOMOiHamii RLiquid Ta CLiquid
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Tenep sadikcyemo 3HaueHHs omopy Ry, = 80 Ohm Ta po3risHEMO Ha MOPSIOK

MeHIe/Oinpuie 3HaueHHs Gy, , K HOoKa3aHo Ha Puc. 6.

Ciiquia = 40 N®, Rjiquid = 50 OM, Rjnput = 80 OM, Ciiguig = 0.1 Mk®

Ucuan, B

Ciiquid = 40 n®, Riiguig = 50 OM, Rinpyt = 80 OM, Ciiguig = 10 MKP
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Puc. 6 ITopiBHSHHS XapakTepy IepexiHOTO MpoLecy A ABOX KOMOiHamii RLiquid \CLiquid

s pizamx 3Hauerb Gy

Sk BuaHO 3 puc. 6, 31 3MIHOIO €MHOCTI CTIHKM MPOMOPLIHHO 3MIHIOETHCS SK TPUBAIICTH

TakK 1 XapakTep MepexiJHoro mporecy.

Tomy JnoriyHO 3pOOMTH BHCHOBKHM, HIO JIsl OTPUMAaHHS JOCTATHBO PI3HUX 3HAuYEHb

Hanpyr Ha Rlnput H€O6X1Z[HO MIPOBOAWUTHU BUMIPH IPU MAKCUMAJIbHO MCHIIUX 3HAYCHHAX OIIOPY

Rlnput Ta OHOpiB KOHTAKTIB Ta Ipyu MAaKCUMAJIbHO MOXKIIMBUX 3HAYCHHAX €MHOCTEH CTIHOK

(eeKTPOIiB MPUEHAHMX [0 CTiHOK) OCyAMHU Cyyy, -

BpaxoByroun i JIOCHIDKEHHS, MOXHAQ [OKpAIIUTH iAeHTHdiKalilo piouH 3

BUKOPHCTaHHIM reHeparopa [1 — nopiOHuX cUrHamiB.
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IMPEDANCE SPECTROSCOPY FOR SQUARE WAVES ON INFINEON
MICROCONTROLERS

Ya. Berko?!, A. Tsemko?, M. Muliarchyk?, V. Bihday?, Z. Liubun®

! Radio Physics and Computer Technologies Department,
Ivan Franko National University of Lviv,
107 Tarnavsky St., UA-79017 Lviv, Ukraine

2 Infineon Technologies AG,

Impedance spectroscopy is used to differentiate materials and define their properties.
Impedance spectroscopy can be used in applications for lithium-ion batteries, gas, and liquid
detectors, etc. The classical method of impedance spectroscopy is based on a large number of
measurements of sinusoidal signals with different frequencies. IP for sinusoidal signal generation
and measurement in microcontrollers is more expensive compared to square wave signals. Using
the square wave signal impedance spectroscopy method on the microcontrollers require only one
measurement, then several measurements on different sinusoidal signals. It reduces the number of
calculations on the chip. The fewer calculations provide the ability to use this method for low-
latency and low-energy products. The method of square wave impedance spectroscopy can be
used in inexpensive mass-market applications. The key challenge for square wave impedance
spectroscopy is to determine the correct scheme of the experimental system. The capacitance
value of the container wall should be accurately measured and calculated. The method requires
the constant known value of wall capacitance. For high accuracy measurements, input resistor and
oscilloscope probes should have the least possible values of resistance, and the value of container
wall capacitance should be the highest possible. It can be achieved by increasing the area of
electrodes used on the container walls. After determining the measured curves and calculating the
transition process of the system, it is possible to classify the liquids in the experimental container,
with some limitations. Liquids with low values of conductivity have approximately similar
transient process curves, which makes it more complicated to classify liquids by the transition
curves. One way, to improve measured data is by using different integration times.

Key words: impedance spectroscopy, square wave, microcontrollers.
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