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Introduction System is using the auto-balancing bridge (ABB)
technique for impedance measurement. It contains the

The complex impedance measurement is widely used  direct-digital-synthesis (DDS) based excitation signal
electronics design for ultrasonic systems [1, 2], material  generator and two simultaneous 10 bit analog-to-digit
properties investigation and condition monitoring [3].  converters (ADC) for resulting waveforms collection. The
Impedance spectroscopy is applied in medicine and  data sampling rate can be selected in 1 Ms/s to 100 Ms/s
biology [4], fuel cell characterization [5]. range. The ADC is using two 256 k samples deep memory
The impedance spectroscopy is complicated by  banks. The system control and data collection is performed
acquisition system and test fixture errors. This paper is by the host PC via a high speed USB2 interface. The
analyzing the compensation techniques performance for  device under test (DUT) is connected to nodes H and L.

frequency range up to 20 MHz. The investigation has been The amplitude and phase estimation is done by the
based on automated impedance measurement system [2]  sine wave correlation (SWC) technique [1]. The fitting
developed by authors. function is:

The measurement system u(t) = U, cos(2nft)+ U sin(27f1) + Uy, )

where U, and Uj are the in-quadrature amplitudes, U is the
DC component and f is the excitation frequency. This
method does not require the frequency estimation if
common clock source both for exciting signal generation
and waveform acquisition is used. The measured
impedance Z, can be calculated using Ohm’s law from the

The automated impedance measurement system [2] is
targeted for the impedance measurement application. The
system structure is presented in Fig.1.

Measurement chamber

voltage and current values. The ABB technique employs
gelr?grgtor the inverting topology operational amplifier (Fig. 1). The
current flowing through Z, is mirrored by the resistor R
B current. The potential at the operational amplifier inverting
pin is maintained at zero (sometimes called a “virtual
ground”). Then the Z, current can be calculated using the
voltage at the operational amplifier output:
Zy= ?Zx Rper = ((i]ChZ Rief - @
Zx Chl
ge(r:wfr(:;or cor’:,/eDner The ABB technique has a disadvantage in accuracy at
high frequencies: the “virtual ground” voltage is not
L EAN SN maintained to zero due to the operational amplifier
P Cm\trdi*bus Rzl ; performance limitation at higher frequencies.
N < B R :
Sz — Simulation using P-Spice
- USB g Host
UsB cable |[Ta P(,; In order to evaluate the ABB performance at higher
Bridge |~ frequencies the simulation using P-SPICE has been done.

Two low noise operational amplifiers: AD8099 and

Fig. 1. System employing the auto-balancing bridge structure
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LMH6624 have been used. The schematic diagram used in
AD8099 modeling is presented in Fig. 2.
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Fig. 2. Simulated circuit for AD8099 amplifier

Measurement channels Chl and Ch2 are connected to
ADC using 0.5 meter long coaxial cables RG174/U. Inside
the measurement chamber signal is routed using short
piece of wire. These wires are simulated by additional
inductance. The wire loss resistance is ignored since
connection contains 51 ohm resistors and coaxial cable is
modeled as lossy transmission line. The ADC input stage
is simulated by R and C circuits (Fig. 2). The investigated
circuit is the parallel connection of 51 ohm resistor and
100 pF capacitor. Additional 0.5 pF is used to simulate the
test fixture parasitic capacitance.

The results obtained from P-SPICE simulation are
presented in Fig. 3. Operational amplifier AD8099 has
3.8 GHz gain bandwidth product (GBWP) and LMH6624
has 1.5GHz GBWP. But due to limited open loop gain at
high frequencies (only 40 dB at 20 MHz for LMH6624 and
50 dB for AD8099) the impedance of “virtual ground” is
increasing, so is the voltage Uj.
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Fig. 3. Simulation results: voltage on nodes H (Ucpy) and L (UL)
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Since the equation (2) assumes the voltage Uy to be zero,
the obtained impedance is not correct (Fig. 4 and Fig. 5).
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Fig. 5. Imaginary impedance part obtained from simulation

It can be seen from Fig. 3 that voltage Ucy, is no
longer equal to Uz at higher frequencies. Therefore the
obtained impedance is deviating from theory. It is
interesting to note that two aforementioned amplifiers have
different influence: the LMH6624 has closer to theory
results for real impedance part, while AD8099 has closer
results for imaginary part.

Compensation and calibration techniques

The implementation of the remote measurements
requires the cable application for shielding and signal
routing. The imperfectness of the measurement circuit can
be compensated in two ways:

-hardware compensation using additional electronics [3];
-the software compensation by using the additional
Open/Short measurement results [6];

-the software compensation by using the results from
Open/Short/Load measurement [7].

The hardware compensation should implement the
additional instrumentation amplifiers to measure the Uz,
and Ug.s properly. The modification of the circuit
presented in Fig.1 is suggested in Fig. 6. The software
implementation requires additional measurements to be
taken. It is can also be used in test fixture and acquisition
electronics errors compensation. One measurement is taken
when Z, attachment nodes are shorted (Short measurement



- Z, is obtained), while other is in Open condition (Z, is
obtained).
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Fig. 6. Circuit diagram for node L compensation

Then the DUT measurement data Z,,, is compensated
by using the stored Z; and Z, values to get the true DUT
impedance value Zpyr

me —Zs .
me _Zs
Zo

Zpyr = 3

1-

The Open/Short compensation only assumes that
there is additional impedance placed in series and in
parallel to DUT. The error sources introduced in the rest of
circuitry and in acquisition part are impossible to
compensate. The Open/Short/Load compensation allows
for more exhaustive corrections. In addition to Open and
Short measurements it is using the calibrated (known) load
measurement. The measurement result Zgy, of this
standard device with a known impedance value in addition
to the Open/Short measurement data is used to effectively
solve the problems which cannot be corrected with the
Open/Short compensation technique. Using the theoretical
impedance Zyy of the calibrated load the true impedance
value of DUT is calculated as:

(Zo - Zstdm)' (me - Zs) )
(Zstdm - Zs)' (Zo - me)

While hardware implementation has the advantage of
single measurement, the Open/Short/Load compensation
seems the most attractive one since it is able to account for
the imperfectness of the rest of the system.

Zpur =Zstd Q)
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Fig. 7. Real impedance part compensation for simulated data
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Fig. 8. Imaginary impedance compensation for simulated data

The hardware compensation is in full power when
used in low frequency range. When compensation in high
frequency range is needed the instrumentation amplifier
availability (IA, and IA; in Fig. 6) is limited to a dozen of
MHz. The analysis presented in [8] is analyzing the
hardware introduced errors.

In order to evaluate the software compensation
effectiveness, simulation using P-Spice have been done
using the Open, Short and Load measurements. Open
conditions measurement contained the 0.5 pF and 1 TQ
parallel elements connected to test nodes. The Short
condition has been simulated by 0.5pF and 0.001Q
elements. Load used 300.5 pF and 100 kQ elements. The
simulation results of same (Fig. 2) parallel connection of
51 Q resistor and 100 pF capacitor as DUT impedance
measurement are presented in Fig. 7 and Fig. 8.

The Open/Short only compensation is outperformed
by Open/Short/Load compensation. Next chapter is
presenting the experimental results of the software
Open/Short/Load compensation technique.

Experimental results

Fig. 5 indicates AD8099 has better performance. The
real world experiments and simulation have been carried
out using this amplifier only. Same DUT and conditions
for Open/Short/Load have been used. The obtained results
then were used for software compensation. The experiment
and modeling results of raw data and compensated results
are compared against theory (Fig.9, Fig.10).
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Fig. 9. Real part of the measured impedance
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L. Svilainis, V. Dumbrava. Test Fixture Compensation Techniques in Impedance Analysis / Electronics and Electrical
Engineering. — Kaunas: Technologija, 2008. — No. 7(87). — P. 3740.

The test fixture influence compensation techniques of the complex impedance measurement are analyzed. The auto-balancing bridge
method has been selected for the measurements in 100 kHz to 20 MHz frequency range. The hardware and the software techniques for
the test fixture influence compensation are briefly discussed. The complete simulation of the system using P-Spice has been done. The
simulation results when using the OPA 8099 and the LMH 6694 operational amplifiers in the auto-balancing bridge method are
presented. Three software compensation techniques for the test fixture influence have been analyzed and preliminary simulation and real
world experiment results presented. The Open/Short measurement and Open/Short/Load software compensation techniques application
results compared with theory both for P-spice simulation and experiment. I11.10, bibl. 8 (in English; summaries in English, Russian and
Lithuanian).

JI. Ceunaiinuc, B. Jym6paBa. KomneHcauus BJHSIHMSI YCTPOHCTB MOAKJIOYEHHs] K CHCTeMe 1Jsi U3MepeHHsl KOMIJIEKCHOro
nMneaanca / DeKTpOHUKA U dsiekTpoTexHuka. — Kaynac: Texnonorus, 2008. — Ne 7(87). — C. 37-40.

[TpoBeneH aHANM3 KOMIICHCALMH BIMSHHUS YCTPOMCTBA MOJKIIOUEHHS K CHCTEME I M3MEPEHHs KOMIUIEKCHOTO HMMIIeAaHca.
HccnenoBaH METO aBTOMATHYECKOTO — GaJlaHCOBOTO MOCTa ISl M3MEPEHHsT KOMILIEKCHOTO UMIIeaHca B Juanasone yactot ot 100 k'
10 20 MTI'n. TIpyBeneHa KOpOTKas JUCKYCCHS anmnapaTHBIX W MPOTPaMMHBIX CPEICTB KOMMEHCALMH BIAMSHUSA yCTPOHCTBA ITOAKIFOUYCHHUS
K U3MepUTENbHOM cucTeme. [TpOM3BEACHO KOMILIEKCHOE MOIEIMPOBAHHE CHCTEMBI C MOMOILLIO nporpamMMbl P-Spice. TlpencrasieHs!
Pe3yJILTaThl MOJEIUPOBAHHUS NIPH MCITONBE30BAHMH JIBYX THIIOB onepalMoHHbX yeunuteneit OPA 8099 n LMH 6694. Uccnenosaus: Tpu
MeTO/1a KOMIEHCalMi YCTPOMCTBA MOAKIIOUEHH S, PEACTABNEHBI NPEABAPUTENBHBIE PE3YILTATEl U3MEPEHUH KOMIIICKCHOTO MMIIeAaHca
TIPM HMCTIOE30BAHNM METOAA OTKPBITas LIENb/3aKOPOYEHHAs LIeTlh M METOJIa OTKPhITas LIETb/3aKOPOYEHHAs Lenb/Harpyska. [IpuBeaeHs!
M CPABHEHBI PE3YJIETAThl TEOPETHYECKOTO M IKCIIEPUMEHTAIBHOrO Hccnenosanuit. V.10, 616:1.8. (Ha anrauiickom s3bike; pedeparsl Ha
aHrJIUACKOM, PYCCKOM H JIMTOBCKOM 513.).

L. Svilainis, V. Dumbrava. Prijungimo jrenginio kompensacija impedanso matavimo sistemoje // Elektronika ir elektrotechnika.
— Kaunas: Technologija, 2008 — Nr. 7(87). — P. 37-40.

Analizuojami kompleksinio impedanso matavimo sistemos prijungimo schemos jtakos kompensavimo bidai. Analizei buvo
pasirinktas automatinio balansinio tiltelio metodas kompleksiniam impedansui matuoti dazniy diapazone nuo 100 kHz iki 20 MHz.
Trumpai aptarti aparatiniai ir programiniai kompensavimo budai. Atliktas kompleksinis sistemos modeliavimas programa P-Spice.
Pateikti matavimo sistemos modeliavimo, naudojant operacinius stiprintuvus OPA 8099 ir LMH 6694, rezultatai. ISnagrinéti trys
prijungimo schemos jtakos programinio kompensavimo bidai ir pateikti preliminariis kompleksinio impedanso matavimo, naudojant
atviros grandinés/trumpojo jungimo bei atviros grandinés/trumpojo jungimof/testinés apkrovos rezimus, rezultatai. Tarpusavyje palyginti
teoriniy skaidiavimy, modeliavimo P-Spice ir realaus eksperimento rezultatai. I1.10, bibl.8. (angly kalba; santraukos angly, rusy ir
lietuviy k.).
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