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Abstract: Versatile system for ultrasound equipment parameters measurement is presented. The system is
based on single direct digital synthesis (DDS) generator which is used for excitation and dual simultaneous
sampling analog-to-digit (ADC) conversion channels. System is dedicated for ultrasound equipment frequency
domain parameters measurement: transduction AC response, insertion loss AC response, harmonic distortion,
noise and electrical impedance can be estimated. Since primary application of the system is the ultrasonic
equipment performance evaluation, operating frequencies range corresponds to most common ultrasound
frequencies. Frequency range 20 kHz to 30 MHz was targeted. Despite being aimed for parameters comparison
and estimation, system is universal: several measurements can be arranged using one excitation and two
reception channels. System structure and setups for the aforementioned measurements are presented. Modular
PC104 form-factor construction allows operating the system in both local and remote PC connectivity mode.
Setup for most common tasks and examples of measurement results obtained are presented.
Copyright © 2013 IFSA.
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1. Introduction

There is a need for ultrasonic equipment
parameters estimation, verification or comparison
[1], while designing or setting the ultrasonic system
for experiment. Usually the variation in frequency
domain is one of the essential parameters being
investigated [2]. Sometimes just single frequency
gain value is enough, but there is a need to adjust
that frequency value. Parameters that are most
frequently evaluated [3] are gain or transmission
AC response, impedance, signal distortion and
noise. Several new parameters can be rectified:
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input referred noise can be obtained from output
noise and gain AC response values [4]; noise figure
[5]; power delivery to load efficiency [6] and
expected noise level [7] can be obtained from
measured ultrasonic transducer impedance. It is
useful to have the frequency domain parameters
monitoring of the device during the design process
iterations or while in service.

Therefore we indicate the need for versatile
measurement system [1], capable to perform the
most common measurement tasks: vector voltage,
impedance, noise power spectral  density,
transmission. We put the versatility of the system in
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front of accuracy and reliability of measurements.
Ultrasonic equipment AC parameter evaluation is
aimed. Therefore frequency range was defined by the
target: 20 kHz to 30 MHz. System should be able to
measure the complex transmission AC response,
signal distortion, noise and impedance of the device
under test (DUT). Measurements should be
collectable on host PC for further processing
and storage.

Three approaches are available here:

i) Collect a set of bench top equipment: network
analyzer, spectrum analyzer, impedance analyzer,
digital storage oscilloscope;

il) Use a commercially available data acquisition
system and design additional modules for impedance
measurement, high impedance input;

iii) Build a dedicated system, capable of all the
aforementioned tasks.

Though i) approach seems most simple and
essential it requires large investment and take
significant place on a bench. Approach iii) is not
attractive since significant effort and expertise has to
be put to make sure no parts are missed. Approach ii)
seems the easiest one. Such systems can be divided
into 2 parts: small, inexpensive units with USB
connectivity to local host or VXI bus architecture or
other standard bus modular systems [8]. While
modular systems are attractive (they can be operated
both remote or locally) they are expensive and also
have large footprint. We decided to use the mixture
of ii) and iii): we build a modular system with
possibility for expansion, flexibility of control host
location and advantage of small size. Instead of using
a commercially available system, we designed our
own system, based on PC104 size and bus.
Requirements for ADC and DDS blocks were
rectified first. Brief presentation of material was
given in [1]. Here we present the expanded version
of research: details on device design and the system
application examples.

2. Voltage Vector Estimation Using Sine
Wave Correlation

We assume that the frequency response at certain
frequency is determined by probing the system input
with a single frequency continuous wave (CW)
signal while measuring the input/output amplitude
ratio and phase difference. By experience we know
that electromagnetic interference or other sources on
noise may exist in measured system due to several
reasons: sensitivity usually is high; measured objects
sometimes are taken out of their corresponding
shielding; out-of-band transmission is sometimes
required; material attenuation can be high etc. Then,
presence of the noise turns the amplitude and phase
estimation into more difficult task. Narrowband
filtering can address the problem. It is interesting to
point out that several advantages are obtained if
filtering is done in software: stability of filter

parameter, ability to control phase response, reduced
demands for dynamic range of the acquisition
channel. Several techniques for vector voltage
estimation exist: sine fitting using the least squares
error techniques [9], Fourier transform, interpolated
discrete Fourier transform, short-time Fourier
Transform [10-12] or wavelet transform [13] are
used for parameter estimation. These techniques are
used if the sine frequency is not known or the
sampling frequency value is not as accurate as would
be expected. The amplitude and phase measurement
can be greatly simplified if excitation frequency is
known: only amplitude and phase estimation is
needed then. We suggest the sine wave correlation
(SWC) to extract the signal amplitude and phase
from the acquired data set [14]. The use of sine-
fitting techniques can largely reduce the influence of
a noise in final results [9]. If we use the same
reference frequency for DDS used to generate the
exciting signal and the acquisition ADC, the more
simple form of sine-fitting can be used. Then the
wave to be fit is defined as:

v(t) =V, cos(27ft)+ V,sin(2afi)+ ¥, (1)

where V7 and Vg are the in-quadrature amplitudes of
the sine wave, V; is the DC component and f is the
excitation frequency used. Fitting this function to the
set of N samples, s1...5y, acquired at a frequency f; at
time instances ...ty is accomplished by seeking the
minimum of approximation error root-mean-square
(RMS) value:

Epms = \/ibﬁ: {Sn - [VI COS(ZW{tn )+ VQ sin(27g’tn)+ VO]}Z

n=1

2

The procedure is simple and iterative, thus
consuming a lot of a computational time. The other
approach could be to use a non-iterative procedure:
closer look at the operations performed indicate the
similarity of the operations performed to a
correlation procedure, inherent in the Fourier
transform. Therefore the procedure can be presented
in a simplified way which is more computational
efficient: as correlation coefficient of sine and cosine
with sampled version of s, windowed by some
window w, and normalized by L1 norm ||, of the
window:

2 [eos(2f, )5, -,

v (f)=—= N ’
2> [sin(2t, )-s, - w, | 5
VQ(f)= = N‘W‘ ’
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Then magnitude and phase of the measured signal
is estimated as:

ANENAREIATE

o(f)= arCtan( IV/%E; ))J | @)

Frequency mismatch induced errors reduction can
be obtained.

If additive white Gaussian noise (AWGN) with
amplitude Virys is present over first Nyquist zone fy
at sampling frequency f; then corresponding noise
voltage density is [14]

VSD = Virus _ VnRMs\/E

\/E_ \/Z ) (5

Application of SWC on signal array of length N
will produce frequency bin f/N wide. The standard
deviation o(V,,) of the amplitude estimated using (3)
and (4) will be [14].

olr,) =" 2 ©)
JN T
The ADC quantization errors can be accounted
using ADC full scale voltage Vs and quantization
bits number K:

V
Vipcnrus = ﬁ ) @)

Then for 10 bit ADC it will correspond to
40 nV/\VHz compared to 1.4 nV/YHz Johnson noise
voltage density of 50 Q2 source [1]. With all noise
sources accounted (6) yields 50 uV expanded
uncertainty [1]. Experiments carried out with the
developed system indicated 78 uV  standard
deviation.

3. System Structure

To ensure system universality, system parameters
have to be chosen to match the measurement tasks
planned [1]. System (Fig.1) is composed from
control part (both local and remote PC can be used),
excitation signal generator and the signals acquisition
units. Modular construction has been chosen.
Industrial standard PC104 is used as form factors and
bus. The excitation channel and the receiving
channels are connected to the device under test
(DUT) via alternative modules according to the
measurement task.

In case of remote host, connectivity and control
is accomplished by separate PCB in a stack, using
the Cypress Semiconductor Corporation’s EZ-
USB FX2LP IC CY7C68013A. It is a highly
integrated, low-power USB2.0 microcontroller,
incorporating the USB2.0 transceiver, serial
interface engine, local semaphore microcontroller
and a programmable peripheral interface (GPIF).
The GPIF is programmed as a bridge to the
PC104 bus.
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Module DDS Gout ADC It ti
i 1 alternatives
' alternatives ! Excitation D.U.T ch2 Acquisition
i i
i bagl:\tgng i {} % ;{} Local
i
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: bridge : Excitation Sync. Acquisition Remote source
' ! bridge bridge bridge
| |
' D : GPIF /LN usB
: High Z,, | bridge \ﬂ/ core &
! preamp ' < PC104 bus > control
|
- ____ |

Fig. 1. Acquisition system structure.

4. Synchronization Bus Structure

System is wusing the direct-digital-synthesis
(DDS) based excitation signal generator and two
simultaneous 10 bit analog-to-digit converters (ADC)
for resulting waveforms collection. The clock
frequency of the excitation and reception channels
has to be derived from the same clock source in order

to allow the SWC wuse. Acquisition timing is
implemented for case when several (more than two)
ADC channels are required, or dedicated arbitrary
waveform generator is used for applications
demanding short dwell time. Full synchronization
structure is presented in Fig. 2.

Acquisition timing is accomplished by 25 MHz
system clock, which is derived from main 100 MHz
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100 ppm 5 ps jitter clock. Acquisition is triggered by
St/Sp signal. The DDS generator is deriving its clock
by multiplication of the system clock by 6.

5. Excitation Channel Structure

The excitation channel consists of three major
components: DDS generator, implemented as
AD9851 from Analog Devices [15], gain block based
on AD8055 and output attenuator (Fig. 3).

The phase accumulator performs an integration
function and generates a linear phase “ramp” in
proportion to the desired frequency. The sine lookup
table converts the linear phase ramp into a sine wave.
Even though the AD9851 contains a 32 bit frequency
control register, a 32 bit (232 memory bits) lookup
table is not required, as it only has a 10 bit DAC
[15]. The output signal after filtering and
amplification can be attenuated by smooth attenuator

and two stages of 20 dB step attenuators connected
in series. The DDS control is accomplished by PC
from PC104 bus accessible via M4A3-64/32 bridge
CPLD from USB interface or by local host PC in
PC104 form factor.

6. Reception Channels Structure

The other most important unit is the receiving
channel (Fig. 4). It consists of the optional blocks
(high impedance preamplifier, impedance
measurement front-end or input attenuator) and the
two channels ADC. The high speed dual channel
data acquisition consists of the two high speeds
ADCs AD9214. The AD9214 is a low power 10 bit
monolithic sampling ADC with an on-chip track-
and-hold and reference circuits. It is operated at
100 MS/s conversion rate.

System clock, 25MHz

»
>

<«— DDS clock J Reference Clock Cc Q—

To multiplier, clock, divider | 25MHz| T | sysSp
DDs x6 100MHz 4 D

To
expansion

<«— Clock 100MHz ] boards
To | divider J PC104 bus PC104 bridge
ADC | :N=1.4 and control

Fig. 2. Synchronization bus structure.
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Fig. 3. Excitation channel structure.
Ch1, || Anti-aliasing >
- SRAMand |1 n| GPIF
> Differential filter e ADC control NV brid
L . ge
amplifier ~ 2
e}
Control state machine S
Anti-aliasing é
Ch2, M e > SRAM and GPIF
, N
Differential flter N ADC control  [N"V]  brid
N N ge
amplifier = >

Fig. 4. Reception channel structure.

To sustain the 100 MS/s data transfer rate the
ADC conversion result is streamed to the high speed
buffer SRAM IS61LV25616 from Integrated Silicon
Solution, Inc. The ISSI IS61LV25616 is a high-
speed (address access time is 8ns), low power,
4 Mbit static RAM organized as 256 k words by
16 bits. All the intermediate latching,

synchronization and control of the fast 100 MHz
clock frequency acquisition state machine is
organized by M4A3-128/64 VC-7 CPLDs. The
CPLD also performs the PC104 bridge functions.
The rest of control is also accomplished via a local
PC104 form-factor host computer or by using the
GPIF bridge delivered via USB interface.

10
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7. Application Examples

Acquisition module PC-104 stack photo is
presented in Fig. 5.

The top PCB is the excitation DDS with optional
RMS detector channel. Middle PCB is the dual
channel ADC card. The bottom card is the USB
interface and PC104 bridge board. Impedance
measurement module, incorporating the auto
balancing bridge (ABB) circuitry is visible in the
lower right corner.

Fig. 5. Acquisition system setup example
for impedance measurement.

It can be expected that the DDS output voltage is
stable over the designed frequency range. But due to
phase rounding inherent to the DDS output, the
signal has a slight variation in amplitude related to
the output frequency. This is only the case at
frequencies close to the half of the reference clock
(100 MHz). Also the cables and output impedance
introduce the discrepancies in the output amplitude at
mismatched loads. These can be accounted as system
insertion losses and stored in a computer memory as
compensation coefficient. Various measurement
tasks can be performed using the system developed.

7.1. Ultrasound Transmission Evaluation

The frequency response of device under test
(DUT) at certain frequency can be determined by
probing the system input with a single frequency sine
signal while measuring the input and the output
signal voltages uy,(f) and uy.(f) the preamplifier
response is given by:

w,(f) K

where k(f) is used for cables and output impedance
influence compensation. All the measurements
presented below did not use this compensation. The

G(f)= ®)

gain AC response of ultrasonic preamplifier is
presented in Fig. 6 a. Ultrasound transmission in
liquids was investigated in similar way (Fig. 7).

Two wideband transducers TF5C6 from
Guangzhou Doppler Electronic Technologies were
used. Transducers were placed on opposite ends of
8 mm diameter and 85 mm long measurement
channel filled with liquid. Water and ethanol were
used for investigation. Harmonic CW excitation
signal was applied on transmitting transducer. Same
signal was routed back to ADC input 1. The opposite
transducer’s output was supplied to ADC input 2.
This way both excitation and reception voltage was
recorded. The transmission response was obtained
using (3) and (8). Obtained magnitude response is
presented in Fig. 6 b.
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Fig. 6. Transmission AC response for: a) ultrasonic
preamplifier and b) ultrasound transmission in liquids.

Investigation indicates that attenuation in ethanol
is up to 30 dB higher than in water. The AC response
ripple was produced by CW signal interference in
measurement channel. Measurement results were
used to predict the signal transmission level in
ultrasonic transit time flow meter design. Such
measurement useful in the ultrasonic transducer
design phase: changes in transmission can be
monitored for coupling layers or backing influence.
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Fig. 7. Transmission AC response measurement a) setup
and b) chamber photo.

7.2. Signal Distortion Measurement

In case of nonlinear or parametric circuit
presence new frequency components appear at the
DUT output. Total Harmonic Distortion (THD) is a
most common measure of an amplifier distortions
specification [16]. It compares the power of
harmonics ¥, to Vy with the total signal power:

K
2V
THD =10log,,| £2— )

>

2V
k=1

Wideband ultrasonic preamplifier output signal
harmonic distortion was analyzed. Analysis was
carried out using the Agilent N9320A spectrum
analyzer (resolution bandwidth 3 kHz) and the
designed acquisition system. CW 1MHz signal from
acquisition system was supplied to preamplifier
input. Gain of preamplifier was set to 45 dB.
Amplifier output was recorded 100 times using
100 MHz sampling and 32 k samples record length.
In order to compare the windowing performance,
rectangular window (no window), Hamming window
and truncation was used on acquired data. Every
record obtained was converted to frequency domain
using FFT. Then results were converted to power
spectrum, averaged power-wise and converted to
RMS value. Same data was used to obtain harmonics
amplitudes using SWC and converted to RMS

(Fig. 8).
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Fig. 8. Harmonics distortion measurement results:
a) 6 harmonics span and b) zoomed first harmonic.

It can be seen that the truncated version has the
best performance in  spectrum  estimation.
Unfortunately, all FFT-based techniques have than
spectrum analyzer higher noise floor due to 10 bits
ADC - approximately 2.2 uV. Spectrum analyzer
data was approximated to fit into limited number of
points per frequency range, therefore spectral
accuracy was lost. It was possible to obtain similar to
SWC results on spectrum analyzer, but only at
significant zoom. SWC data was used to obtain the
total harmonic distortion: TDH = -49dB was
obtained with rectangular window and -50 dB with
truncation.

7.3. Ultrasonic Transducer
Impedance Measurement

The circuit impedance is an important parameter
characterizing the electronic circuits, components,
and the materials. To find the impedance, one needs
to measure at least two values because of its
complexity. = Modern  impedance  measuring
instruments measure the real and the imaginary parts
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of an impedance vector and then convert them into
the desired parameters [17].

A variety of measurement methods for
impedance measurement exists [17]. System is using
the auto-balancing bridge (ABB) technique for
impedance measurement. The measured impedance
Zy can be calculated using Ohm’s law from the
voltage and current values. The ABB technique
employs the inverting topology operational amplifier

(Fig. 9).

ref
| —
node node | S

VChZ VCh1

Fig. 9. Acquisition system setup example
for impedance measurement.

The current flowing through Z, is mirrored by the
resistor R, current. The potential at the operational
amplifier inverting pin is maintained at zero
(sometimes called a “virtual ground”). Then the
output voltage (measured by ADC Chl, V¢y;) of the
operational amplifier is in direct proportion to the
current flowing in Z,. The Z, can be obtained as:

x ref
2
I 7x VChl

:fﬁa_.K%ZR (10)

Results of ultrasonic transducer impedance
measurements carried out using our system and
precision impedance analyzer 65120B from Wayne
Kerr Electronics [18] are presented in Fig. 10.

Fig. 10 results indicate that system has acceptable
performance in impedance evaluation. Thanks to
high SNR obtained system allows to carry out
majority of impedance measurements without the
change of the reference resistor R.s. All the results
presented have been obtained using 2 k() reference
resistor.

A true value is the value of an ideally packaged
circuit component. The effective value takes into
consideration the effects of a component’s parasitic.
The indicated value is the value obtained with the
measurement instrument. It includes the instrument’s
inherent losses and inaccuracies. Indicated values
always contain errors when compared to true or
effective values. They depend on a multitude of
considerations. By comparing how close the
indicated value agrees with the effective value allow
to asses the measurement quality. In other words, the
goal of measurement is to have the indicated value to
be as close as possible to the effective value. The
implementation of the remote measurements requires
the connections for signal routing [19].
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-7000 ! ——/Z/ Our system ||
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-8000 [ T T —
50k 100k 800k
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(b)

Fig. 10. Ultrasonic transducer measurement results: a)
impedance magnitude and b) imaginary part.

The imperfectness of the measurement circuit is
compensated using the software compensation by
application of the additional Open/Short/Load
measurement results [20]:

VA — (Zo _Zstdm)'(me _Zs)
N2 -2)(2,-2,,)

(11

stdm

where Z,, is the measured DUT impedance; Z; and
Z, are the measured impedance values when routing
connections are shorted and open accordingly; Zggn
and Zy, are the measured and theoretical impedance
values of some standard device with a known
impedance  value. Values are stored in
computer memory and later used for succeeding
measurements compensation.

Examples of ultrasonic actuator impedance
monitoring application are presented in Fig. 11.
Here, impedance change with actuator load and
excitation signal value is presented.

In first example, the ultrasonic actuator dedicated
for micro-motor application was examined under
different load conditions: i) no coupling to rotation
shaft and ii) coupling to rotation shaft. Experimental
results of complex impedance measurement are

13
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presented in Fig. 11 a. Another example presents the
influence of the different excitation voltage levels in
obtained impedance. Excitation generator voltages of
40V and 4 V were applied. Experimental results of
complex impedance measurement are presented
in Fig. 11 b.
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Fig. 11. Monitoring of the ultrasonic actuator impedance
change (a) by loading; (b) by excitation voltage.

7.4. Ultrasonic Transducer
Impedance Measurement
for Power Delivery Estimation

Ultrasonic transducer impedance measurement
results can be used to estimate the transducer
excitation efficiency or to calculate the electrical
matching circuits [21, 22]. Power delivery to load is
maximized when load impedance is equal to
generator intrinsic resistance R,. In case of complex
load impedance the imaginary part (Fig. 10) is
reducing the efficiency of the electrical power
conversion the pressure wave. These parameters can
be modified by applying the electrical circuit in
between the ultrasonic transducer and excitation
generator [7,24]. With the measured transducer
impedance available, transducer performance can be
estimated without the need for model derivation.

Example of air coupled transducer evaluation for
matching circuit influence is presented in Fig. 12.

Unmatched transducer was not able to efficiently
operate at 900 kHz. After application of inductor
imaginary part of the impedance at 900 kHz
frequency was reduced. Two circuits were used: with
inductor connected in series and inductor connected
in parallel to transducer contacts. Parallel
compensating inductor value Ly, can be calculated
using measured transducer impedance Zr:

X
par D=0
Lpar =- ) >
2
| [m(z,)
Re(Z;)
X,, =Im(z,)0————— (12)
Im(Z, )
Re(Z;)

Serial compensating inductor value Ly, can be
calculated as:

Lser :—. (13)

More details on ultrasonic transducer matching
circuits can be found in [23].

Graphs in Fig. 12 are of little use since there is no
evident advantage of any matching technique.
Quantitative matching performance evaluation
criteria have been suggested in [24]: i) Power
delivered to load at operation frequency; ii) -3 dB
bandwidth; iii) Effective bandwidth; iv) Power
delivery to load efficiency; v) Power factor and
vi) Total efficiency. Here we only concentrate on
power delivery efficiency.

Measured transducer impedance can be used to
calculate the complex power delivered to it:

eZZin

S = g
" (R, +Z, )R, +2,)

(14)

where e, is the intrinsic generator voltage; Zi, is the
transducer input impedance (if matching circuit is
applied in between) and R, is the generator intrinsic
resistance. Assuming that losses in matching circuit
are negligible then real part Pr of the complex power
St is equal to the power dissipated in transducer. In
case of optimal transducer design it can be further
assumed that this power is in direct proportion to the
acoustic emission of the transducer [25]. Then the
power delivery to load efficiency criteria can be
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established, which establishes the ratio of the real
power conveyed to load and the power available
from generator [24]:

4R, Re(S;) 4R.Z,
=————100%= —100%
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Fig. 12. Ultrasonic transducer impedance matching:
(a) original, (b) after series and parallel
inductance application.

The results of power delivery efficiency
investigation are presented in Fig. 13. Transducer
impedance was measured and “L” matching [26]
circuit application influence on impedance obtained
(Fig. 13 a). Power delivery efficiency was calculated
for two matching circuits: with impedance matching
at 11 MHz and at 5 MHz (Fig. 13 b).

Analysis of the power delivery efficiency graph
above indicates that same matching technique gives
different results: in some case passband is improved
(matching at 11 MHz) but another condition
(different matching frequency, 5 MHz) has much
narrower bandwidth. Availability of impedance for
analysis allows to fine tune the matching circuit for
optimum performance.
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Fig. 13. Ultrasonic transducer impedance “L” matching (a)
influence on power delivery efficiency (b).

7.5 Ultrasonic Transducer
and Preamplifier Combined
Noise Performance Investigation

The preamplifier output noise density can be
obtained by modeling the amplifier intrinsic noise
using voltage source e, and current noise sources i,
and i, [27]. Simplified ultrasonic preamplifier
structure, realized using operation amplifier is
presented in Fig. 14.

Measured transducer impedance Zr can be used
for total output noise estimation:

2

2 = 2 R’ 2+ zi ez+
ntot N t
R+Z, R+Z, ,
2
Z
+ PR G (G-I v+ R
R+,

(16)
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€ eI, O
eZ
In e
- 1

Fig. 14. Combined ultrasonic transducer and preamplifier
noise model circuit.

where e, is the noise spectral density of the input
biasing resistance R, e’ is noise power spectral
density and G is the amplifier gain

e =4kTR, (17)

with =1.380658'10™ J/C - Bolzmann constant, T is
the absolute ambient temperature; e, is the noise
component of the ultrasonic transducer with complex
impedance Zt

e =4kTRe(Z,). (18)
The feedback circuit contributes as
e =4kTR, . e; = 4kTR, (19)

For the input-referred noise it can be simplified
into three main components: source thermal noise e,
amplifier input voltage source noise e, and current
source noise:

VSD? =e? + e +|Z,[ 12, (20)

Then, impedance measurement results can be
used for ultrasonic transducer and preamplifier
combined noise estimation [3-6, 28]. Fig. 15 is used
to compare the noise estimation using the source
impedance measurement and conventional noise
estimation using Agilent N9320A spectrum analyzer.

It is worth to note out that our acquisition system
is capable to record the signals from the DUT with
sufficient record length (32 k or even 256 k samples
long). If DUT output is passed through low noise
amplifier with flat frequency response and known
gain value, these measurements can be used noise
spectral density estimation. Here, FFT can be used
for noise power spectrum estimation. Then multiple
noise power density measurements can be power-
wise averaged C.x times to obtain the statistical
noise estimate.

~ —— I
§ 24 \ ——ADC -> FFT
Tg_ —— Spectrum analyser
§ 2.2n 14— ——Z measurement based
< Tl A\
> HE-
£ 2o [ADC > FFT |=
[}
g 1.8n \ | Spectrum analyser
2 N,
s
S e ANV
3 NN
2 14 v 4 ALY
vy
12n | Z measurement based
1.0n !
500k 1™ 10M 30M

Frequency (Hz)

Fig. 15. Ultrasonic transducer and preamplifier combined
input-referred noise voltage density estimation.

Cp |[N=1 27,0 :
2 s.e N
c=1 |n=0 . (21)
PSD =
f.;CmaxN

Noise level measurement using the Agilent
N9320A spectrum analyzer and the designed system
comparison was carried out. Record length of 32 k
samples is equivalent to 3 kHz resolution bandwidth
of spectrum analyzer: such condition was used in
measurements. Amplifier output noise was recorded
Cmax=1000 times. Every record obtained was
converted to frequency domain using Fourier
transform. Rectangular window was used on
acquired data. Then results were converted to power
spectrum, averaged and power spectral density
obtained (Fig. 14). Then, using quite simple
acquisition system amplifier noise performance can
be estimated both using transducer impedance
measurement results and both multiple records of
output noise and Fourier analysis.

8. Conclusions

Structure and design approach of the versatile
signals acquisition system for ultrasonic equipment
parameters estimation has been presented. The
modular architecture of the system allows for both
local and remote PC connectivity. Setup and results
for system application examples and measurement
results are presented. System allows measuring
multiple frequency domain parameters measurement
using just two ADC channels and DDS generator.
Thanks to the inherent processing gain of the sine
wave correlation technique, large dynamic range of
vector voltage measurement is obtained using just 10
bit ADC. Operation range is 20 kHz to 30 MHz.
Transfer AC response, insertion loss, harmonic
distortions, mnoise and electrical impedance
measurement results indicate that system has
acceptable performance. High SNR and large
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dynamic range allow performing the majority of
ultrasonic transducers impedance measurements
without the need to change the reference resistor.
Comparison with benchtop impedance analyzer
65120B from Wayne Kerr Electronics indicates the
acceptable device performance in impedance
estimation. Availability of impedance for analysis
allows to fine tune the matching circuit for optimum
performance. Ultrasonic equipment noise estimation
can be carried out. Amplifier noise performance can
be estimated both using transducer impedance
measurement results and both multiple records of
output noise and Fourier analysis. Noise
measurement results were compared against results
obtained by Agilent N9320A spectrum analyzer.
Comparison indicated acceptable noise estimation
performance.
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