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Abstract—Measurement of transducer impedance in ultra-
sound systems indicates both the performance of a trans-
ducer and the presence of damaged elements and cables. Load
impedance analysis is typically performed with dedicated test
equipment and is a time consuming and thus expensive process,
especially for high channel count systems. This paper proposes
a method for the measurement of channel source impedance
(transducer, coaxial cable and T/R switch) through the use of an
integrated receiver analogue front end with configurable termina-
tion resistance. The proposed method is first demonstrated using
a pitch-catch configuration using a separate source transducer
to excite the transducer under test. Subsequently the method is
demonstrated the Ultrasound Array Research Platform (UARP)
and a linear array transducer in a pulse echo mode where the
transducer impedance is determined through the analysis of two
ultrasound echoes. The proposed method is especially suited
to rapid transducer testing in the field, such as in a hospital,
or where access to the transducer is not possible as in many
industrial processes.

I. INTRODUCTION

Periodic calibration of ultrasound imaging and instrumen-
tation systems is critical to identify transducer condition or
system failure. Performing impedance measurement allows
the monitoring of transducer degradation and identification
of cable failure. Impedance analysis is typically performed
using a dedicated calibrated impedance analyser, however this
process is extremely time consuming and costly for array
transducers with many elements and is thus not practical for
infield use.

A typical impedance analyser, as shown in Fig.1, method-
ically applies a number of excitation voltage signals each a
sinusoidal tone bursts of increasing frequency, Vg through a
series impedance, Z,, causing a voltage, V7, to be measured
across the load or transducer (XDR) impedance, Zx prg.

ViZ
Zxpr =y (1)

In this impedance measurement scenario, the transducer
emits an ultrasound wave when the measurement frequency
is within the transducers bandwidth. Care must be taken such
that these emitted waves are not received by the transducer
causing errors in the measured impedance.

The use of a dedicated impedance analyser and the use of
voltage and current probes is described in ASTME standards

[1] and academic studies [2]. Lopez-Sanchez and Schmerr
proposed a method using a pulse-echo setup and voltage
and current measurements to calculate transducer impedance
in transmit mode and transducer sensitivity by combining
transmit and receive mode current and voltage measurements
[3]. Inferring current by measuring the source voltage and
voltage drop across a reference resistance and transducer has
been demonstrated [4] [5] [6], however this measurement
circuit topology is not typical in ultrasound systems front ends.

This paper proposes a method of concurrent in-situ
impedance measurement of all array elements without addi-
tional circuitry, instrumentation modification or the use of ded-
icated measurement equipment. In-situ impedance is measured
through analysis of two received ultrasound waveforms in an
imaging system with configurable receive mode termination
impedance.
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Fig. 1. Measuring Load Impedance Using Series Resistor

II. PROPOSED IMPEDANCE MEASUREMENT TECHNIQUE

In the proposed method of measuring impedance, rather than
driving the transducer through a reference series resistor, the
transducer is instead excited using an ultrasound wave with
sufficient bandwidth to provide energy over the frequency
range of interest. Additionally the transducer is connected to
a known load impedance, resulting in the circuit shown in
Fig.2a. By considering the transducer as a voltage source with
a series impedance, a simplified equivalent circuit, Fig.2b can
be derived. By comparing this to the original impedance anal-
yser circuit (Fig.1) it can be seen to be equivalent with only
the reference impedance and unknown impedance swapped.
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Fig. 2. Measuring Transducer Impedance Using Load Resistor as Physical
Circuit (a) and Equivalent Circuit (b)

Unlike the method in Fig.1, this proposed method no longer
requires any dedicated circuitry. The series reference resistor
has been replaced with a load resistor which is already found in
most analogue front ends (AFEs) in the form of a termination
resistor, and the voltage measurement device replaced by the
Analogue to Digital Converter (ADC).

As with any impedance measurement it is necessary to
measure over a range of frequencies of interest. As such the
ultrasound signal used to excite the transducer must therefore
have either sufficient bandwidth to test the whole range of
interest (e.g. a chirp signal) or several tests performed using
narrower bandwidth signals. The signal can be produced either
from a different transducer fired directly at the transducer
being measured, or can be an echo signal from a static
reflector. Wide bandwidth ultrasound signals can easily be
produced using transmitter designs utilising 5-Level pulsers
and using methods such as harmonic reduction PWM [7] [8]
[9].

By considering the proposed circuit shown in Fig.2b as a
simple potential divider, the voltage, Vprrs, generated by the
incoming pressure signal, P, can be represented in terms of the
transducer source impedance, the load/termination impedance,
and the voltage measured across the load as shown in equation
2 below.

2

Z
Veres = Vr (1 + X;)R>

The main hurdle in deriving the transducer source
impedance Zxpgr using this method is not knowing the

voltage generated by the ultrasound pressure wave. In the
original impedance measurement approach, this signal was
a known reference voltage, however here it is an unknown
reflection. This problem can in fact be solved by performing
two measurements with two distinct termination resistances
assuming the received echo is the same in both measurements.
If for example during both measurements transducer was to
be driven by the same transmit signal and fired at a static
reflector, the resulting echo response should be the same.

Assuming then that the measured pressure wave is the same,
equation 3 can be derived by equating Vprps of the two
measurements. This can then be rearranged as equation 4 and
finally solved for Zxpr as in equation 5.

ZxXDR ZXDR
VT(l) (1 + ZT(I) ) = VT(2) (1 + ZT(2) > 3)
Vra) Ve
Ve =Z - 4
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Zr2)Vra) — Zr)Vre)
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From equation 5 it can be seen that the transducer
impedance is now entirely derived in terms of quantities which
can be measured by the AFE. In the equations Zr(;) and
Vr(1) represent the impedance of the termination and ADC
voltage during the first measurement respectively, while Zr(3)
and V(o) represent the same but for the second measurement.

III. EXPERIMENTAL VALIDATION
A. Test Bench Proof of Concept

In order to determine the validity of the method for measur-
ing impedance, a test bench proof of concept experiment was
devised using two Olympus NDT V323 2.25 MHz ultrasound
transducers (XDR), a Keysight 33600A Arbitrary Waveform
Generator (AWG), a changeable load resistor and a Keysight
MSOS104A oscilloscope. The experimental setup for this
proof of concept is shown in Fig.3. Using this simplified
test bench setup, the method can be validated by determining
whether or not an accurate impedance measurement can be
made.

For the experiment, the source XDR was driven by the
AWG to produce a wide bandwidth ultrasound chirp signal.
The ultrasound signal was then coupled through to the test
XDR by placing both transducers in a water vessel pointing
directly towards each other. A load resistor was then placed
on the output of the DUT and the resulting voltage waveform
captured using the oscilloscope.

A calibrated Omicrom Bode 100 Vector Network Analyser
(VNA) was used to take a reference measurement of the
impedance of the submerged test XDR while the source
XDR was not being driven. The data from this reference
measurement is shown in blue in Fig.4. Two measurements
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Fig. 3. Experimental Setup for Impedance Measurement of 2.25 MHz Single
Transducer Using External Termination Resistor

were then taken with the oscilloscope using 100 €2 and 50 (2
termination resistors respectively. The impedance was then
calculated using equation 5 and is presented in black in Fig.4.

The two impedance measurements clearly show a strong
correlation over the frequency bandwidth of the transducer.
At the lower end of the frequency range measured the two
measurements start to diverge due to lack of transmit power
within that region. As discussed in section II, for this method
to be successful the ultrasound signal must provide energy
at frequencies of interest explaining why the impedance only
matches over the bandwidth range of the transducer. The
test bench experiment clearly validates the equations derived
for the proposed impedance measurement method and so
warranted further experimentation.
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Fig. 4. Impedance of 2.25 MHz Transducer Measured Using VNA vs.

Proposed Method with External Termination

B. Integrated Front End Validation

Typical ultrasound systems have integrated transmit receive
switches to drive the transducer and receive echo signals. This
circuitry adds additional complexity into the measurement path
as shown in Fig.5. To determine whether the method works
despite the added complexity, a second experimental setup
was made, Fig.6, to measure the impedance of an LT11-4
medical linear array transducer connected to the Ultrasound
Array Research Platform (UARP) developed by the University
of Leeds [10].
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Fig. 5. Structure of a Typical Analogue Front End for an Ultrasound Imaging
System Showing Increased Complexity of Signal Path
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Fig. 6. Experimental Setup for Impedance Measurement of an LT11-4
Transducer Connected to the UARP System Using the Proposed Method

The AFE of the UARP system utilises Texas Instruments
AFES5807 integrated circuitry (IC) for A-D conversion. These
ICs contain active integrated input termination to the first
stage of low noise amplifier (LNA) which have impedances
that are software controlled. The input termination can be
rapidly reconfigured in approximately 2 ps. To match pre-
liminary experiment, values of nominally 100 © and 50 2
were selected as the two termination impedances, Zr(;) and
Zr(2) respectively. The impedance of these terminations was
measured using a vector network analyser to account for
any frequency dependent variation in the calculations. The
impedance of the terminations was measured over several
channels and multiple ICs and found to be fairly consistent
indicating that the measured impedance can reasonably be
used across all channels of the UARP system without the need
for calibration of each individual channel.

The UARP system was used to excite the transducer ele-
ments to produce a wide bandwidth ultrasound signal. A chirp
10 ps duration, 7.5 MHz central frequency and 7 MHz band-
width with Hann windowing was generated using switched 5
level HRPWM [7] [8]. The resulting switched waveforms used
to drive all elements of the LT11-4 transducer in parallel using
MAX14808 ultrasound pulsers with integrated T/R switches.

The system was programmed to transmit and receive an
echo from a cylindrical metallic reflector located approxi-
mately 50 mm from the front face of the transducer. The
system was sequenced to first image with 100 € receive
termination, then 50 (2 receive termination as shown in Fig.7.
Examination of the two received waveforms clearly shows the
effect of the termination impedance on the received signal
magnitudes.

The resulting RF data was processed in Matlab to calculate
the channel impedance as shown in Fig.8. For reference the
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Fig. 7. Echo Signals Recorded by UARP for 50 © and 100 © Termination
Impedances

channel impedance was measured at the RX AFE input using
the Bode 100 VNA of which the impedance is shown in Fig.8
for comparison.

Comparing the frequency dependant impedance measured
using the proposed method with that measured using a VNA
shows an overall good correlation. However, and a drift in
absolute impedance can be observed at the transducers low
frequency bounds, and a drift in phase at the transducers
high frequency bounds. It is believed that this error may
be associated with the DC blocking capacitors present at
the AFEs input. These capacitors were not present when
measuring the active termination impedances of the AFE. It
is believed that the accuracy of the impedance system may
be further improved with development of a system calibration
methodology.
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Fig. 8. Impedance of LT11-4 Transducer Coupled With UARP AFE Measured
Using VNA vs. Proposed Method with Reconfiguration Termination

IV. CONCLUSIONS

A new methodology for the rapid measurement of the com-
bined impedance of a ultrasound imaging systems transducer,
cabling, T/R switches (or multiplexor) and passive filtering
components has been presented.

The proposed methodology is especially suited to the
measurement of receive mode impedance on array imaging
systems where hundreds of channels may be present.

It was demonstrated that the proposed method is applicable
using both single element immersion transducers with discrete
test equipment and using linear array imaging transducers
and the University of Leeds UARP imaging system without
requiring any circuit additions or modifications. Measured
impedances were compared with those obtained with cali-
brated commercial impedance analysers showing good agree-
ment.

The proposed method is suitable for adoption in field tests of
medical ultrasound equipment during periodic system checks
and industrial measurement systems where transducers may be
in the field for extended periods of time such as flow metering
and process monitoring.
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