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Abstract-

This paper presents an integrated electronic preamplifier
design based on discrete components and evaluates its impact
on image performances. The electronic, located close to the
transducer, incorporates all useful functions to ensure
compatible direct connection with most ultrasound scanners
available on the market today. People who has worked on this
subject know that numerous challenges and problems have to
be overcome : high voltage bypass, preamplifier protection
cells, miniaturization, power dissipation, electronic stability
and many other constraints. We will discuss different
unavoidable tradeoffs, starting with electrical performances
and then with practical aspects. Our eectronic solution has
been evaluated with different probe configurations, namely a 5
MHz Phased Array and a 9.5 MHz Linear Array probe.
Images have been acquired and analysis of signal to noiseratio
(SNR) performed to quantify the gain in image quality.

. INTRODUCTION

Nowadays, many efforts are made to improve
performances of transducers to fit with the new
specifications required by recent ultrasound system

For ultrasound probe manufacturers, working on the
acoustic material is the most common way to reddd t
goal. The objectives to fulfill are always challemy
Sensitivity, bandwidth and homogeneity have to be
increased while crosstalk between channels has eo b
lowered.

Improving all these different characteristics beesm
mandatory to increase significantly the image dwadind
depth within a given frequency range.

Currently, the main path of investigations explored
comes essentially from mechanical and materialstljents
around the ultrasound piezoelectric material. Tagbic
adjustments consist in modifying geometric aspect,
piezoelectric substrate composition and arrangenjéht
backing, matching layers and lens.

immediate transducer electrical interface aniis
corresponding electrical path (typically micro ci@dx to

the ultrasound system. One knows [1] well the intgour
energy losses which exist because of large impe&danc
mismatch between a typical 50 ohms coaxial cabtetha
active material. An ideal transducer should preserO
ohms real part impedance on its whole bandwidtbnsure
optimal power transmission. Unfortunately, its highed
nature and its dependence on acoustical chargmligct
prevent us from meeting these requirements. Inrotde
obtain the least bad power transfer between thesdecer
and the cable (hence toward the ultrasound scanner
preamplifier), a tuning network may be used. Thapsést
circuit is an inductor being the complex conjugate
impedance of the input impedance of the transducer
calculated at the resonance frequency. Howeverh suc
passive adjustments may bring some drawbacks inhare
network configurations and components. Tuning negtwo
exhibits the best result at a specific frequenepeagally the
center frequency of the transducer, but its effectess is
reduced as one moves away from this point. Indaateay
also have some homogeneity defaults. Besides, dftén
necessary to take care about board design in caavoid
electromagnetic crosstalk. In other specific cases,can
also notice noise generation or couplings by
magnetostriction effect.

These issues, combined with losses in the micraiaba
cable (typically 2 to 3 dB @ 10 MHz over the calglegth),
contribute to increase distortion, degrade theadigm noise
ratio and consequently reduce the quality of image
especially on far-field.

According to what we discussed previously, it is
obvious that preamplifiers integration closest the t
transducer has to be designed and evaluated irr ¢ode
further advance performances of the imaging sy$tém

Figure 1 shows a functional diagram of a typical

To meet these new requirements, some answers can configuration.

effectively be found by acting directly on each hmeatical
component of the transducer but other significant
improvements may also be made by working on the
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Figure 1 : Functional block diagram of a transdumreamplifier
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I1. DESIGN

Protection circuit is one of the main problems tivat
have to face, given that we need to use the sartetpa
transmit HV pulses above 100V from the ultrasound
scanner, and be able to apply an amplification loa t
returned echoes few hundreds of nanoseconds Mtary
studies [2-4] have been undertaken trying to fiodeatable
tradeoffs between load, recovery time, noise andepo
consumption.

Our first choice has been to focus on a very common
circuit based on diode bridge principle [4]. Howgvior
power dissipation considerations, poor power supply
rejection and many other evident reasons desciibeticle
[5], we chose a protection circuit using high bicakn
voltage (250V) MOSFET transistors connected in a
symmetrical current generator configuration as shaw
Figure 2.
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Figure 2 : Preamplifier and protection circuit for
ultrasound transducer

To further protect the preamplifier, two back tocka

coupled diodes were added to both sides of thempkfzer.

During emission, the expander diodes conduct aad th

power is transferred to the transducer. Then, mgter
receiving mode, expander diodes stop conductings th
allowing weak signals to be driven to the preangliinput.

As previously mentioned, a lot of functionalitieavie

to be dealt with and it may be necessary to prorsotae
features at the expense of others, so that thelbwerdeoff
fits best with our application. During the prearfipli design
the emphasis was put on:

- Power consumption: effective power management
and cooling strategy are important since we can
only dissipate a limited amount of heat within the
probe handle. Operational amplifiers featuring low
power consumption are available but they

unfortunately demonstrated both poor bandwidth
and noise performances.

- Stability: inverting preamplifier configurationas
preferred. This topology prevents from latch up or
oscillation phenomena via HV bypass and ensures
DC stability in comparison with non-inverting
configuration. In the same objective, particular
attention was taken to avoid the use of reactive
components in the preamplifier chain. Furthermore,
this disposition contributes to reduce ringing and
overload phenomena which are major drawbacks
as long as each line should be able to transmit HV
pulses to the transducer and receive faint backed-
echoes immediately after. Finally, experiments
confirm that the choice of the current amplifier
configuration is more suitable than the voltagengai
in presence of parasitic capacitance.

- Space saving: Operational preamplifiers require
less external components than their discrete
counterparts (just one feedback resistor and
mandatory decoupling capacitors).

The best configuration that was defined to chobse t

preamplifier comes with the following charactesti

Main receiving characteristicsfor one cell

Current consumption at 3.45 mA=20mW/Chanel

power supply3V
Gain 20dB (50 Q input/output )
Bandwidtr DC to 41 MHz

(50 Q input/output set-up)
Noise RTF 2nV/sqrt(Hz) (50Q input)

+ LNA 20dB

Input impedance@ 5 MHz | Low, |Z,|=20Q, depends
essentially on MOSFET

RDSon

Output impedance@ 5 MHz | |Z,J=230

-48dB at 1MHz
-40dB at 10MHz

Crosstalk between two
adjacent channéls

Gain dispersioh +0.5dB

Recovery time Less than 1us

Number of discrete 11
components

! Measurement on Agileit E5100A.

2 Noise measurements were done by measuring RMS geoltsith
Tecktronics oscilloscope TDS3024B (input bandtiétited to 20MHz).
A 20dB Low noise preamplifier (OPA847) was insertedbe sure to be
above the instrument’s noise level.

I11.IMPLEMENTATION

For the first implementation, it was decided to kvor
with a base of 32 channels and 16 channels perdboar
respectively of 75x34 and 75x18 mm (Figure 3). Bbard
sizes have been defined large enough to make layout



assembly and testing easier. All 32 preamplifiedl ce
components populate each side of the circuit. 1r@7itch
connectors are used to interface inputs, outputis pawer
supply with the coaxial cables.

To address more than 32 channels, several cardsecan
plugged together to a backplane board located erb#tk
side of the transducer. This board enables bothhamécal
and electrical connections between all the predi@apli
boards. The outputs of the preamplifier are fedthe
receiving stages of the ultrasound system via stahdulk
coaxial cable interface. The Figure 3 illustratdss t
configuration through the use of 128 and 64 chanaehys.

Figure 3 : From left to right picture of 9.5 MHz 128 elemelitear array
(pitch=200pum) and 5 MHz 64 elements phased arrisgh@l50um).

IV. EXPERIMENTSAND RESULTS

A. Electro-Acoustic characterization

Evaluation of the preamplifier SNR improvement with
different configurations of acoustic arrays was enday
using pulse-echo measurements on a flat target isgden
water tank.
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Figure 4 : Experimental elementary time and frequency pulse-
echo responses of PA5 (top) and LA9.5 (bottom) reflected from water
silicon rubber interface without preamplifier (on theleft side) and with
preamplifier (right side) .

To reduce the overall signal to noise ratio of the
element under investigation, a weak reflectivityged
(silicone rubber) was used and positioned in feldfi:
110us for PA5 and 235pus for LA9.5. Measurementrggstt
are as follows : Parametrics® 5072 pulser/receizaergy
= 1; Gain 40 dB without preamplifier and 20 dB with
preamplifier. Qualitatively Figure 4 shows a dfigant
improvement of the SNR which will be confirmed with
mode image analysis.

B. Ultrasound imaging characterization

A quantitative assessment on B-mode ultrasound
images is performed with different probes (piezoposite
linear and phased arrays, CMUTs array). Ultrasound
phantom images are acquired and different algostican
process image assessments with quantitative pagesnet
such as SNR, resolutions or contrast [6].

Transducer's heads are connected with and without
electronics to a clinical ultrasound system. Betwee
ultrasound images, only the variable gain amplifca
(VGA) of the ultrasound system will be objectivalgjusted
to compensate the presence or not of the electrofice
system gain is fixed to have interpretable imagébowut
preamplifiers, thus closely to the maximum limit tife
system. When preamplifiers are inserted, the sysfaim is
decreased until we get comparative images reactiing
same mean intensity level (sum of all squared sitgn
pixels within the image).

The here below graph exhibits SNR behavior as a
function of depth for a typical linear array probéthout
preamplifiers. SNR is shown for different values tok
variable gain amplification (VGA) of the system. diém a
60% VGA value, the image looks too much dark antibvei
useless in a diagnosis stage. Furthermore, theseescu
demonstrate that above 60 % VGA, SNR tends to ataoh
maximum value. It emphasizes that useful signal is
amplified by the gain system, but also electroroisa with
a comparative level.
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Figure 5 : Example of SNR behaviour asa function of image depth for
different values of VGA (linear array probe without electronics).

The depth where SNR falls below 0dB means that no
more distinctions can be done between electronigenand
signal on the ultrasound images. This thresholtllvelused
as the penetration depth parameter and correlattswith
visual sensation. Hence, according to Figure Sreming
system gain doesn't result in any improvement aeith
SNR, nor in penetration depth.
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Figure 6 : Comparisons of SNR with LA 9.5 and PA5.0 probes



The SNR is also presented in Figure 6 for two
investigated probes with and without electronidse PA5.0
probe shows an improvement of the SNR (10-20dBj, an
significant additional depth of penetration (33mm).

The LA9.5 probe exhibits more specifically a relev&NR
enhancement in near-field (20dB) and a penetrafigpth

increase of 12 mm.
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Figure 7: Anechoic targetsfor LA9.5 probe (from left to
right VGA at 100% without electronics & 57% with electronics)

We observed that better SNR results in a deepeztrzion
(Figure 7), allowing the observation of additiostductures
or tissues. Moreover, it gives us a boost in ofheging
performances. For instance, the lateral resolutiBitgure 8)
calculated in near field are significantly enhanedth the
LA9.5 combined with electronics. For the PA5.0, teo
example is presented in Table 1 where the coroslati
coefficients between anechoic targets and perfectenical
targets are found superior, thus demonstrating terbe
sensitivity to high contrast.
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Figure8: Lateral resolutionsresultsfor the LA9.5 probe

PAB.0 Target Diameter without electronics with electronics

4mm 0.70 0.76

3mm 0.58 0.66

Table 1l : Averaged values of the correlation coefficients from anechoic
targets computed for the PA5.0 probe.

V.CONCLUSION
We described a preamplifier topology compatiblehwit
most ultrasound system architectures, able to faignily
increase the SNR (at least 10dB) while maintainarg
improving image resolution characteristics. Thisige has
been qualified with different piezoelectric transdu
configurations (PA5 and LA9.5). Expected improvetsen
terms of penetration depth have been effectively

demonstrated. Moreover, an unexpected gain in dater
resolutions and contrast has also been noticedn@tinis
work, although not presented in this paper, other
investigations on CMUTs (Capacitive Micromachined
Ultrasonic Transducers) were conducted with conigara
improvements in imaging performance.
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