
EP 0104928 B1 Description This invention relates to the non-invasive
examination of soft tissue and body organs and, in particular, to medical
ultrasonic pulse-echo systems for imaging tissue at varying depths in the
body. 5     Ultrasonic diagnostic instruments operate on either a
pulse-echo or Doppler principle. The pulse-echo principle is used primarily
for the imaging of soft body tissue, and involves the transmission of short
bursts of ultrasonic energy into the tissue and the measurement of echoes
received from tissue interfaces. The echo measurements are recorded and
used to create an image of the tissue which reflected the echoes. The
ultrasonic energy used for imaging is produced by a transducer, which
converts electrical energy 10 into acoustic energy for transmission into
the tissue being imaged. The transducer may also serve the second function
of receiving the reflected echoes. The transducer Is typically comprised of
a piezoelectric ceramic material which is pulsed to transmit acoustic
energy, and which detects received echoes by developing electrical signals
in response thereto. The ceramic material may be a single crystal, or may
be segmented into an array of elements of various shapes, such as linear
and annular arrays. 15    In order to create a sharply defined tissue image
of high resolution and to be able to examine tissue at various depths of
field, it is desirable to be able to variably focus the beam of ultrasonic
energy which is directed to the tissue, and to focus the echo energy
returned from the tissue. In an array-type transducer, this is accomplished
by sending time-coordinated bursts of energy from the various elements and
by passing the received echoes from different elements through time delays
of differing lengths before 20 summing the received signals. Typically, a
transmitted beam is directed to one particular range of tissue depths, but
echoes may be received from a variety of depths outside the range, and thus
the transducer should desirably be dynamically focussed as these echoes
return. The transmitted acoustic energy and returning echoes will undergo
attenuation as the ultrasound passes through the tissue. As the depth of
field increases and the round trip from the transducer and back 25 again
becomes longer, the received echoes will exhibit increasing attenuation.
Accordingly, this attenuation is generally compensated for by increasing
the gain of the receiver electronics as increasingly more distant echoes
are received. This technique of dynamically increasing gain is referred to
as time gain control (TGC). Human tissue is responsible for a further
phenomenon during ultrasonic examination. That is the 30 propensity of
lower frequency signals to travel through tissue with lesser attenuation
than higher frequency signals. In accordance with the principles of the
present invention defined in Claim 1, this phenomenon is advantageously
exploited by focussing beams of high frequency acoustic energy in the near
field. As the depth of focus is increased from near field focusing to far
field focussing under operator control, the frequency of the transmitted
ultrasonic energy is automatically reduced correspondingly. Thus, 35 not
only is the ultrasonic beam focussed at a desired tissue depth, but the
beam is also of appropriate frequency for the selected depth, thereby
providing an advantageous compromise of high resolution and good
signal-to-noise ratio in the received echoes and resultant tissue image.
AU-B1-503 347 discloses an ultrasonic diagnostic imaging system comprising:
an annular array transducer of concentric piezoelectric elements for
transmitting ultrasonic energy into tissue to be imaged 40 and for
receiving echoes from said tissue; pulse generator means for exciting
indvidually each element of said transducer; and control means and arranged
to cause the pulse generator means, during each transmission period, to
provide a time sequence of pulsed excitation signals applied to respective
ones of said transducer elements, said sequence being selected so as to
ensure focussing of the energy transmitted by said transducer at a given
focal depth. 45    The present invention relates to a system of the
aforementioned type and is characterised in that the control means
comprises selection means arranged to select the waveform of the pulsed
excitation signals from a plurality of different waveforms effective to
excite the elements at different frequencies, the selected waveform being a
function of the focal depth. In the drawings: 50    Figure 1 illustrates,
partially in block diagram form and partially in schematic diagram form, an
annular array transducer with transmitting and receiving circuitry; Figure
2 illustrates, in block diagram form, an arrangement for dynamically
focussing the ultrasonic echo information received by the arrangement of
Figure 1; Figure 3 illustrates, in block diagram form, an arrangement for
producing transmit control signals 55 constructed in accordance with the
present invention; Figure 4 illustrates, in block diagram form, an
arrangement for producing transducer excitation signals for the arrangement
of Figure 1 in accordance with the present invention; and Figures 5 and 6
illustrate waveforms depicting the operation of the arrangements of Figures
1, 3, and 4. Referring to Figure 1, an annular array transducer 1 is shown
connected to its associated transmit and 60 receive circuitry. The
transducer 1 is shown in cross-section, and comprises a hemispherical
surface of piezoelectric material mounted on a backing 11. The
piezoelectric material is divided into a central disc 10, which is
surrounded by three rings 12, 14, and 16. Each piezoelectric ring is
connected to a respective transmitting circuit, or pulser [err] and to
respective receiving circuits [err] Pulser [err] and receiver Amp, are
shown in schematic detail. Pulsers [err] and receivers Amp2 through [err]
are shown 65 in block diagram form but are constructed in the same manner
as pulser [err] and receiver Amp, 2  



EP 0104 928 B1 Pulser [err] receives an excitation signal, labeled [err]
The [err] signal is applied to one input of a comparator 50, which compares
the signal voltage level to a reference voltage, V ref. When the TRIG,
signal exceeds the V ref voltage, the comparator 50 produces an output
signal. The comparator 50 also serves to electrically isolate the pulser
ground level reference voltage from ground level reference voltage of 5
preceding circuitry. The output of the comparator is coupled to the base of
a transistor 54 by an R-C network 52. The emitter of transistor 54 is
coupled to ground, and its collector is connected to a current source
resistor 56. The collector output of the transistor 54 is coupled to the
input of a power driver 62. The power driver 62 converts the applied signal
to a fifteen volt signal which is applied to the gate of a power FET 64.
The source of FET 64 is connected to ground, and its drain is connected to
a storage capacitor 68, 10 over voltage protection zener diodes 58 and 60,
and a resistor 66. Current is conducted by resistor 66 from a high voltage
source (HV) to charge the capacitor 68 when the FET 64 is not conducting.
The voltage source HV will have a typical range of 100 to 320 volts DC.
When the FET is pulsed by a TRIG signal, the FET turns on, discharging the
capacitor 68 into the center ring 10 of the transducer 1 by way of parallel
coupled isolation diodes 72. The connecting line to the transducer ring may
also include matching series or parallel 15 chokes, as appropriate for the
particular transducer. Echo information signals received by the center ring
10 of the transducer 1 are applied to the receiver Amp, by a coupling
capacitor 80 and a shunt choke 82. The junction of capacitor 80 and choke
82 is connected to series blocking diodes 84 and 86, which protect the
receiver from high voltage pulses developed by pulser [err]. A biasing
network including series connected resistors 90 and 92 is coupled 20
between the joined anodes of diodes 84 and 86 and a +12 volt supply. A
capacitor 94 is coupled between the junction of resistors 90 and 92 and
ground. The cathode of diode 86 is connected to the input winding of a 1:3
step-up transformer 100, and shunt clamping diodes 96 are connected between
the cathode of diode 86 and ground. The secondary winding of transformer
100 is connected by way of a coupling capacitor 102 to the input of a gain
controlled amplifier, [err]. The output of amplifier [err] is coupled to
the input of a 25 second gain controlled amplifier GCA2. Each of these gain
controlled amplifiers has a range of -15db to +15db which is controlled by
a time gain control signal TGC. Thus, the gain of these two amplifiers may
be varied from -30db to +30db as echo signals of decreasing strength are
received in response to a transmitted ultrasonic pulse. The output of
amplifier GCA2 is coupled to the input of an amplifier [err] which provides
an additional 30db of gain. Amplifier [err] produces an output signal
identified as [err]. 30    In a similar manner, excitation signals TRIG2,
TRIG3 and TRIG4 activate pulsers [err] P3, and P4 for the transmission of
ultrasonic energy by respective rings 12, 14 and 16 of the annular array
transducer 1. Echo signals received by these rings are applied to
respective receivers [err]  and [err]  to produce respective output signals
[err] and RF4. A system for dynamically focussing the received echo signals
[err] is shown in Figure 2. The 35 received echo signals are applied to an
analog multiplexer 20, which steers the appropriate echo signals to a
plurality of signal paths including delay lines [err] or through a signal
path [err] containing no delay element. By properly delaying the echo
signals as they are continuously received, echoes from a particular point
in the tissue being imaged arrive simultaneously at a summing network 30.
In the summing network 30, the signals are combined to produce a composite
focussed echo signal at an output. The summed 40 signal is then available
for log compression and video conversion, then digitization and image
display. The analog multiplexer 20 is controlled by control signals
generated in a receiver focus delay control system 40, and applied to the
multiplexer 20 by way of control lines 42. The receiver focus delay control
40 is in turn controlled by information provided on a data bus 210 and an
address bus 212, to be described further in conjunction with Figure 3. 45
Figure 3 shows a portion of an arrangement for controlling ultrasonic
transmission and reception in accordance with the present invention. When
the transducer 1 of Figure 1 is used in a sector scanner, it is desirable
to oscillate the transmitted and received ultrasound beams through a plane
of tissue. This mechanical oscillation is performed under control of a
servocontrol system 202 which controls apparatus to mechanically oscillate
the transducer or a beam reflector such as a mirror. The servocontrol
system 202 50 sends signals to the oscillating apparatus to control the
beam motion, and receives feedback signals from the apparatus which are
indicative of beam location. When the transducer or mirror is oriented to
properly direct the beam, the servo control system generates a START pulse,
which is applied to the clock input C of a data-type flip-flop 126. The
data input D of flip-flop 126 is coupled to a logical one source of supply
voltage. The flip-flop 126 is set by the START 55 signal, causing its Q
output to go high which applies a high signal to the D input of a second
data-type flip-flop 128. A 36 megahertz oscillator 120 generates a
continuous 36 megahertz clock signal, which is applied to the C input of a
further data-type flip-flop 122. Flip-flop 122 divides the 36 megahertz
clock signal by two to produce an 18 megahertz XMT clock signal at its Q
output by reason of the coupling of its Q outputto its D input. The Q
output of flip-flop 122 is coupled tothe C input of flip-flop 128to
setflip-flop 128 60  in synchronism with the 18 megahertz XMT clock signal.
The Q output of flip-flop 128 produces a one cycle COUNT signal. The Q
output of flip-flop 128 is connected to the reset input R of flip-flop 126
to reset flip-flop 126 when the COUNT signal is generated, which drops the
high signal at the D input of flip-flop 128 and terminates the COUNT signal
on the next clock cycle. When the scanning system is initially powered up,
the CPU and memory unit 200 places data and 



65 address information on the data bus 210 and the address bus 212 for the
receiver focus delay control 40. 3    EP 0104928 B1 This information is
tailored specifically for the particular transducer then in use in the
system. In response to a depth of focus signal from an operator-controlled
joystick control 201, the CPU and memory unit 200 also places transmit
control information on the address and data buses. This information is
changed whenever the operator adjusts the joystick control for a
significantly different depth of focus. For transmit 5 control, the data
bus 210 is connected to a data register 206. The address bus 212 is coupled
to an address decoder 204, which responds to the address information by
producing a WRITE signal at its output. The WRITE signal clocks the data
into the data register 206, which then holds six waveform control bits
WFA1-WFA6. The data and control signals generated in the arrangement of
Figure 3 are applied to the transmit 10 control arrangement shown in Figure
4. The 18 megahertz XMT clock signal is applied to the clock inputs of
counters 130 and 132, latches 144 and 146, and the select inputs of
multiplexers 150 and 152. The 36 megahertz clock signal is applied to the
clock input of a latch 160. The waveform address bits WFA1-WFA6 are applied
to address inputs of programmable read only memories (PROM) 140 and 142 to
address selected blocks of memory locations in the PROM's. Using six
waveform address bits, 64 different blocks of 15 memory locations, and
hence 64 different transmit sequences, may be accessed. With the waveform
address bits WFA1-WFA6 addressing a selected block of PROM memory, the
COUNT signal is applied to enable inputs of counters 130 and 132. The COUNT
signal effectively loads zero counts into the counters which then begin
counting in response to the 18 megahertz XMT clock signal. The counters 130
and 132 are cascaded by a carry out signal from counter 130 into the carry
in input of counter 20 132 to permit the counters to count up from 1 to 32.
At the count of 33, logically high signals are present on outputs QA of
counter 130 and [err] of counter 132, which are applied to inputs of NAND
gate 134. At the count of 33, the NAND gate 134 is enabled and produces a
low signal which is applied to the disable inputs of the counters 130 and
132. The counters 130 and 132 are thus disabled at this point. As the
counters are counting, their Q outputs, which are coupled to further
address inputs of PROM's 140 and 142, sequentially 25 address 32 memory
locations in the selected block of memory locations. Thus, the outputs of
the PROM's will produce words from 32 memory locations at an 18 megahertz
rate. Each PROM output word is latched into latches 144 and 146 by the 18
megahertz XMT clock. The outputs of latches 144 and 146 are coupled to
inputs of multiplexers 150 and 152, which alternatively select output words
from latches 144 and 146 and hence data from the PROM's. During one half
cycle of the 18 30 megahertz XMT clock, for instance, the multiplexers 150
and 152 couple the output word from latch 144 to their outputs. During the
next half cycle of the 18 megahertz XMT clock, output word stored by latch
146 is coupled to the outputs of the multiplexers 150, 152. In this way the
18 megahertz rate of the PROM data is increased to a 36 megahertz rate. The
six outputs of multiplexers 150 and 152 produce separate output signals for
six elements or rings 35 of a transducer. The six signals are clocked into
a latch 160 by the 36 megahertz clock to produce six output signals which
are variable each at a 36 megahertz rate. The six output signals are
applied to a buffer 162, which may also provide level translation of the
signals to thereby produce six signals TRIG,-TRIG6 for the pulsers of
Figure 1. Since only a four ring transducer 1 is shown in Figure 1, only
signals [err] are required for the embodiment of Figure 1. 40     The
hemispherically-shaped face of the annular array transducer 1 of Figure 1
causes the transducer 1 to exhibit a given geometric focus. That is, when
all of the rings of the transducer 1 are excited simultaneously, ultrasonic
waves will propagate from the transducer rings and will arrive at the
geometric focus point simultaneously. For example, a 19 mm annular array
transducer 1 may have a geometric focus point located approximately 10
centimeters from the center disc 10. 45     The TRIG signals produced by
the arrangement of Figure 4 and applied to the pulsers [err] of Figure 1
will cause the transmitted ultrasonic waves to be focussed at points beyond
or before the geometric focus point in accordance with the timing of the
excitation signals. In a typical sequence of operation, the transmitted
signals will first be focussed at short focal distances, and the transmit
focus will then be changed to focus the ultrasonic energy at increasing
depths in the tissue being imaged. When it is desired 50 to focus the
energy at a short depth, such as 4 centimeters, the arrangement of Figure 4
will produce TRIG signals as shown in Figure 5, all referenced to the same
horizontal time axis. Since the distance from the outer rings of the
transducer 1 to a focal point short of the geometric focus point are
greater than the distance from the center ring to the short focus point,
the outer rings 16, 14, 12 will be excited prior to center ring 10. 55
Each pulser in Figure 1 is activated by a two-pulse TRIG signal sequence as
shown in Figure 5. Signal TRIG4 activates pulser P4 to excite the outer
ring 16 first (Figure 5d). Approximately 80 nanoseconds later, signal [err]
activates pulser [err] which excites ring 14 (Figure 5c). Approximately 45
nanoseconds later, signal TRIG2 activates pulser P2 to excite ring 12
(Figure 5b). Finally, approximately 75 nanoseconds later, signal [err]
activates pulser [err] to excite the center disc 10 (Figure 5a). In this
manner, the TRIG signals 60 shown in Figure 5 cause the transmitted
ultrasonic waves to be focussed at approximately 4 centimeters from the
center disc 10. 



In accordance with the present invention, the TRIG signals also control the
frequency of the transmitted ultrasonic waves. In Figure 5, each pulse has
a duration of approximately 50 nanoseconds, and the period between each
pair of pulses, shown as [err] is approximately 200 nanoseconds. The 200
nanosecond period 65 between pulses causes the transmitted ultrasonic
energy to have a center frequency of approximately 5 4    EP 0104 928 B1
megahertz, a relatively high frequency. The relatively high frequency is
desirable for near field focussing, since attenuation of the 5 megahertz
signal is relatively small over the short distance and relatively high
resolution images result from the high frequency signal. As the focal
distance of the transducer is changed by the operator, the frequency of the
transmitted 5  signal is also changed correspondingly for improved
attenuation characteristics at these different focal depths. Referring to
Figure 6, TRIG signal waveforms for imaging at approximately 12 centimeters
are shown. Since 12 centimeters is beyond the geometric focus of the
transducer, the distance from the outer rings of the transducer to the 12
centimeter focal point are shorter than the distance from the center disc
to the 12 centimeter focal point. Accordingly, the center disc 10 will be
excited prior to excitation of the outer 10 rings so that the propagated
waves will arrive at the 12 centimeter focal point concurrently. In Figure
6a, signal [err] activates pulser [err] to excite the center transducer
disc 10. Approximately 20 nanoseconds later, signal TRIG2 activates pulser
[err] which excites outer ring 12 (Figure 6b). Signal [err] activates
pulser P3 20 nanoseconds later (Figure 6c), and signal TRIG4 activates
pulser P4 approximately 30 nanoseconds later (Figure 6d) to excite the
outer rings 14 and 16 at these later times, respectively. 15     Since the
transmitted signal is focussed at the relatively greater depth of 12
centimeters, a lower transmitted ultrasonic frequency is desired to reduce
the effects of attenuation. The lower transmitted frequency is provided by
the increased periodicity of the pulse pairs of Figure 6 relative to those
of Figure 5. In Figure 6, the period [err] between pulses in each of the
pulse pairs is approximately 420 nanoseconds, which causes the transmitted
ultrasonic energy to exhibit a center frequency of approximately 2.4 20
megahertz. Discrete focal points and corresponding frequency ranges of
operation are shown for 3.5 megahertz and 5 megahertz transducers in Table
I. TRIG signals for each of these focal points are stored in separate
memory block locations in PROM's 140 and 142 of Figure 4. The nominal 3.5
megahertz transducer may be focussed at distances ranging from 2.0
centimeters to 12.5 centimeters (referenced from the probe exit 25
membrane) with its frequency spectrum changing in a corresponding manner
from 5 megahertz to 2.4 megahertz. Similarly, the nominal 5 megahertz
transducer can be focussed at distances ranging from 2 to 12 centimeters
with its frequency spectrum shifting from 5 megahertz to approximately 3.3
megahertz. The trigger signal for the 5 megahertz transducer is a single
pulse for the near field focal zones, in order to provide a broad band
frequency spectrum for good resolution. Data values for these 16 different
30 combinations of focal distance and frequency may easily be stored in
PROM's 140 and 142, which, as discussed above, can store up to 64 such
combinations for transducers having up to six elements. TABLE I 35
3.5 MHz transducer                   5 MHz transducer Depth, cm.    Freq.,
MHz    Depth, cm.             Freq., MHz 2.0           5              2
Broad band, single pulse 40                  3.0                          3
4.0                          4.0 5.0                          5.0
" 6.5                          6.5             5.0  ,double pulse 8.5
8.0 10.5                         10.0 12.5          2.5            12.0
3.3 Claims 50     1. An ultrasonic diagnostic imaging system comprising: an
annular array transducer (1) of concentric piezoelectric elements (10-16)
for transmitting ultrasonic energy into tissue to be imaged and for
receiving echoes from said tissue; pulse generator means [err] for exciting
individually each element of said transducer (1); and control means
(130-162) arranged to cause the pulse generator means, during each
transmission 55 period, to provide a time sequence of pulsed excitation
signals applied to respective ones of said transducer elements, said
sequence being selected so as to ensure focussing of the energy transmitted
by said transducer at a given focal depth, characterised in that the
control means comprises selection means (200, 201, 204-212, 130-134,
140-146, 150, 152, 160, 162) arranged to select the waveform of the pulsed
excitation signals from a 60 plurality of different waveforms effective to
excite the elements at different frequencies, the selected waveform being a
function of the focal depth. 2. The system of claim 1, wherein the
selection means has an input coupled to a CPU and a memory means (200, 140,
142), for storing activating signals corresponding to a plurality of
different focal depths and corresponding transmission frequencies, and
outputs (TRIG 1 -TRIG 6) coupled to respective ones of 



65  the elements in the transducer (1), for providing said time sequence of
pulsed excitation signals. 5    EP  0104 928  B1 megahertz, a relatively
high frequency. The relatively high frequency is desirable for near field
focussing, since attenuation of the 5 megahertz signal is relatively small
over the short distance and relatively high resolution images result from
the high frequency signal. As the focal distance of the transducer is
changed by the operator, the frequency of the transmitted 5 signal is also
changed correspondingly for improved attenuation characteristics at these
different focal depths. Referring to Figure 6, TRIG signal waveforms for
imaging at approximately 12 centimeters are shown. Since 12 centimeters is
beyond the geometric focus of the transducer, the distance from the outer
rings of the transducer to the 12 centimeter focal point are shorter than
the distance from the center disc to the 12 centimeter focal point.
Accordingly, the center disc 10 will be excited prior to excitation of the
outer 10 rings so that the propagated waves will arrive at the 12
centimeter focal point concurrently. In Figure 6a, signal TRIG, activates
pulser [err] to excite the center transducer disc 10. Approximately 20
nanoseconds later, signal TRIG2 activates pulser [err] which excites outer
ring 12 (Figure 6b). Signal TRIG3 activates pulser P3 20 nanoseconds later
(Figure 6c), and signal TRIG4 activates pulser P4 approximately 30
nanoseconds later (Figure 6d) to excite the outer rings 14 and 16 at these
later times, respectively. 15     Since the transmitted signal is focussed
at the relatively greater depth of 12 centimeters. a lower transmitted
ultrasonic frequency is desired to reduce the effects of attenuation. The
lower transmitted frequency is provided by the increased periodicity of the
pulse pairs of Figure 6 relative to those of Figure 5. In Figure 6, the
period [err] between pulses in each of the pulse pairs is approximately 420
nanoseconds, which causes the transmitted ultrasonic energy to exhibit a
center frequency of approximately 2.4 20 megahertz. Discrete focal points
and corresponding frequency ranges of operation are shown for 3.5 megahertz
and 5 megahertz transducers in Table I. TRIG signals for each of these
focal points are stored in separate memory block locations in PROM's 140
and 142 of Figure 4. The nominal 3.5 megahertz transducer may be focussed
at distances ranging from 2.0 centimeters to 12.5 centimeters (referenced
from the probe exit 25 membrane) with its frequency spectrum changing in a
corresponding manner from 5 megahertz to 2.4 megahertz. Similarly, the
nominal 5 megahertz transducer can be focussed at distances ranging from 2
to 12 centimeters with its frequency spectrum shifting from 5 megahertz to
approximately 3.3 megahertz. The trigger signal for the 5 megahertz
transducer is a single pulse for the near field focal zones, in order to
provide a broad band frequency spectrum for good resolution. Data values
for these 16 different 30 combinations of focal distance and frequency may
easily be stored in PROM's 140 and 142, which, as discussed above, can
store up to 64 such combinations for transducers having up to six elements.
TABLE I 35                 3.5 MHz transducer                    5 MHz
transducer Depth, cm.    Freq., MHz    Depth, cm.              Freq., MHz
2.0           5              2          Broad band, single pulse 40
3.0                           3 4.0                          4.0 5.0
5.0 6.5                          6.5              5.0   , double pulse 8.5
8.0              ' 45                 10.5                          10.0
12.5           2.5           12.0              3.3 Claims 50     1. An
ultrasonic diagnostic imaging system comprising: an annular array
transducer (1) of concentric piezoelectric elements (10-16) for
transmitting ultrasonic energy into tissue to be imaged and for receiving
echoes from said tissue; pulse generator means [err] for exciting
individually each element of said transducer (1); and control means
(130-162) arranged to cause the pulse generator means, during each
transmission 55 period, to provide a time sequence of pulsed excitation
signals applied to respective ones of said transducer elements, said
sequence being selected so as to ensure focussing of the energy transmitted
by said transducer at a given focal depth, characterised in that the
control means comprises selection means (200, 201, 204-212, 130-134,
140-146, 150, 152, 160, 162) arranged to select the waveform of the pulsed
excitation signals from a 60 plurality of different waveforms effective to
excite the elements at different frequencies, the selected waveform being a
function of the focal depth. 2. The system of claim 1, wherein the
selection means has an input coupled to a CPU and a memory means (200, 140,
142), for storing activating signals corresponding to a plurality of
different focal depths and corresponding transmission frequencies, and
outputs (TRIG 1 -TRIG 6) coupled to respective ones of 65 the elements in
the transducer (1), for providing said time sequence of pulsed excitation
signals. 5  



EP 0104928  B1 3. The system of claim 2, wherein said CPU and memory means
includes: a memory (140-142) for storing blocks of data, each block
including a plurality of data sets and each data set comprising a sequence
of one or more pulses which may be read from the memory in a given time
relationship to the other data sets in the same data block; 5     a central
processing unit (CPU) for addressing a given one of said data blocks of
said memory; and wherein the selection means further comprises means (144,
146, 150; 152, 160) for simultaneously reading out said data sets of said
addressed data block to provide the selected activating signals. 4. The
system of claim 3, wherein said memory includes first and second PROMs
(140-142) having outputs coupled to a multiplexer (150-152) for alternately
producing data from said PROMs at the outputs 10 of said multiplexer,
wherein the data sets produced by said multiplexer exhibit a bandwidth
which is twice the bandwidth of the data sets produced by said respective
PROMs. 5. The system of claim 4, further comprising: a first source (120)
of clock signals at a first frequency; a second source (122) of clock
signals at a frequency which is half said first frequency; 15    means
(130-132) for applying said second clock signals to said PROMs and said
multiplexer; a latch stage (160) having inputs coupled to the outputs of
said multiplexer; means (CLK) for applying said first clock signals to said
latch stage; and means (162) for coupling the outputs of said latch stage
to the transducer elements. 6. The system of any one of claims 1 to 5,
wherein said pulse generator means further includes a 20 plurality of
transducer pulsers [err] each having an output coupled to a respective
element of the transducer, for applying said selected activating signals to
said respective ones of the transducer elements. 7. The system of claim 6,
wherein each pulser includes a power FET (64) for driving its respective
transducer element. 8. The system of any one of claims 1 to 7, wherein the
control means further comprises means (201) for 25 selecting the given
focal depth. 9. The system of any one of claims 1 to 8, wherein the
transmission center frequency at the maximum focal depth is lower than the
transmission center frequency at the minimum focal depth. 10. The system of
any one of claims 1 to 8, wherein the elements are excited to produce broad
band ultrasonic energy transmission by said transducer elements when one
depth of focus is selected and to 30 produce narrow band ultrasonic energy
transmission when a different depth of focus is selected. 11. The system of
claim 10, wherein the spectrum of said narrow band transmission is centered
around one of a plurality of different center frequencies. 12. The system
of any one of claims 1 to 11, wherein a single pulse is applied to
respective ones of said transducer elements when near field focusing is
selected and a plurality of pulses is applied to respective 35 ones of said
transducer elements when far field focusing is selected. 13. The system of
claim 12, wherein the center frequencies of the transducer are determined
as a function of said plurality of pulses. 14. The system of any one of
claims 1 to 13, further comprising means (20-30) coupled to said transducer
elements for dynamically focussing the received echo information. 40
Patentanspniche 1. Ultraschallabbildungssystem zur Diagnose mit einer
ringfbrmigen Reihenanordnung eines Wandlers (1) aus konzentrischen,
piezoelektrischen Elementen (10 bis 16) zur Obertragung von 45
Ultraschallenergie in das abzubildende Gewebe und zum Empfang von
Echosignalen aus dem Gewebe, mit Impulsgeneratoren (PI bis P4) zur
individuellen Erregung jedes Elementes des Wandlers (1) und mit einer
Steuerung (130 bis 162), von der die Impulsgeneratoren wahrend jeder
Obertragungsperiode veranlaBt warden, impulsformige Erregungssignale in
einer Zeitfolge jeweiligen Wandlerelementen zuzuleiten, wobei die Folge so
gewAhlt ist, dag eine Fokussierung der von dem Wandler ubertragenen so
Energie auf eine gegebene Brennweitentiefe sichergestellt ist, dadurch
gakennzeichnet, daB in der Steuerung von Wahlhilfsmitteln (200,201, 204 bis
212,130 bis 134, 140 bis 146,150,152,160, 162) aus mehreren
unterschiedlichen Signalverlaufen zur Erregung der Elemente mit
unterschiedlichen Frequenzen der Signalverlauf der impulsformigen
Erregungssignale derart auswahlbar ist, daB der gewAhite Signalverlauf sine
Funktion der Brennweitentiefe ist. s5     2. System des Anspruches 1, bei
dem ein Eingang der Wahlhilfsmittel an einen zentralen Prozessor und an
Speicher (200,140, 142) zur Aufnahme von Aktivierungs- Signalen
entsprechend den unterschiedlichen Brennweitentiefen und den zugeh6rigen
Obertragungsfrequenzen angeschlossen ist und Ausgange (TRIG 1 bis TRIG 6)
mit jeweiligen Elementen des Wandlers (1) zur Leiferung der Zeitfolge
impulsf6rmiger Erregungssignale verbunden sind. 60     3. System des
Anspruches 2, bei dem der zentrale Prozessor und die Speicher einen
Speicher (140 bis 142) zur Aufnahme von Datenblocken, die jeweils mehrere
Datensitze enthalten, die je eine Folge aus einem oder mehreren Impulsen
aufweisen, die aus dem Speicher in einer gegebenen zeitlichen Beziehung zu
den anderen Datensitzen desselben Datenblockes ausgelesen werden k6nnen,
und eine zentrale Prozessoreinheit (CPU) zur Adressierung eines gegebenen
Datenblockes unter den 65 Datenblocken des Speichers enthalten, und wobei
die Wahlhilfsmittel ferner Hilfsmittel (144,146; 150; 152, 



6    EP 0104 928 B1 160) zum gleichzeitigen Auslesen der Datensatze des
adressierten Datenblockes aufweisen, um die gewahiten Aktivierungssignale
vorzusehen. 4. System des Anspruches 3, bei dem der Speicher zwei
programmierbare Speicher (140 bis 142) aufweist, die nur dem Lesen dienen
und mit ihrem Ausgang je an einen Multiplexer (150 bis 152) 5
angeschlossen sind, um abwechselnd die Daten aus den programmierbaren, nur
dem Lesen dienenden Speicher an den AusgAngen des jeweiligen Multiplexers
hervorzubringen, und bei dem die von dem Multiplexer hervorgebrachten
Datensitze eine Bandbreite aufweisen, die zweimal die Bandbreite der
Datensatze ist, die von den jeweiligen programmierbaren, nur dem Lesen
dienenden Speichern hervorgebracht werden. to    5. System des Anspruches
4, das ferner aufweist: eine erste Taktsignalquelle (120) mit einer ersten
Frequenz, eine zweite Taktsignalquelle (122) mit einer Frequenz, die halb
so grog wie die erste Frequenz ist, Hilfsmittel (130 bis 132) zum
Heranbringen der Taktsignale aus der zweiten Taktsignalquelle an die
programmierbaren, nur dem Lesen dienenden Speicher und den Multiplexer, 15
eine Kippstufe (160), deren Eingange mit den Ausgangen des Multiplexers
verbunden sind, Hilfsmittel (CLK) zum Heranbringen der Taktsignale der
ersten Taktsignalquelle an die Kippstufe und Hilfsmittel (162) zum Anlegen
der Ausgange der Kippstufe an die Wandlerelemente. 6. System eines der
AnsprOche 1 bis 5. bei dem die Impulsgeneratoren femer mehrere Impulsgeber
(P1 bis P4) enthalten, deren Ausgang mit je einem Element des Wandlers
verbunden ist, um gewahite 20 Aktivierungssignale an die jeweiligen
Wandlerelemente anzulegen. 7. System des Anspruches 6, bei dem jeder
Impulsgeber eanen Leistungsfeldeffekt-Transistor (64) zum Antrieb seines
jeweiligen Wandlerelementes enthalt. 8. System eines der Anspruache 1 bis
7. bei dem die Steuerung ferner Hilfsmittel (201) zur Wahl der gegebenen
Brennweitentiefe enthilt. 25     9. System eines der Anspruche 1 bis 8, bei
dam die der Obertragung dienende Mittelfrequenz bei der maximalen
Brennweitentiefe geringer als die der Obertragung dienende Mittelfrequenz
bei der minimalen Brennweitentiefe ist. 10. System eines der Anspruche 1
bis 8, bei dem die Elemente zur Obertragung von Ultraschallenergie in einem
breiten Band erregt werden, wenn eine einzige Tiefe des Brennpunktes
gewahit ist, und zur 30 Obertragung von Ultraschallenergie in einem
schmalen Band erregt werden, wenn eine unterschiedliche Tiefe des
Brennpunktes gewahit ist. 11. System des Anspruches 10, bei dem das
Spektrum der Obertragung in einem schmalen Band rund um eine von mehreren
unterschiedlichen Mittelfrequenzen zentriert wird. 12. System eines der
Anspruche 1 bis 11, bei dem ein einzelner Impuls an die jeweiligen 35
Wandlerelemente bei einer Wahl der Nahfeldfokussierung angelegt wird und
mehrere Impulse an die jeweiligen Wandlerelemente bei einer Wahl einer
Weitfeldfokussierung angelegt werden. 13. System des Anspruches 12, bei dem
die Mittelfrequenzen des Wandlers als Funktion mehrerer Impulse festgelegt
warden. 14. System eines der Anspruche 1 bis 13, das ferner Hilfsmittel (20
bis 30) enthalt, die mit den 40 Wandlerelementen  zur dynamischen
Fokussierung  der empfangenen  Echosignal-Informationen verbunden sind.
Revendications 45     1. Un systeme ultrasonique drimagerie de diagnostic
comprenant: un transducteur annulaire (1) A reseau d'elements
piezoelectriques concentriques (10, 16) destine A transmettre l'energie
ultrasonique dans un tissu dont il faut creer Il'image et A recevoir des
echos depuis ledit tissu; des moyens generateur d'impulsions (PI-P4) pour
exciter individuellement chaque element dudit 50 transducteur (1); et des
moyens de commande (130-162) disposes de facon a amener le generateur
d'impulsions, pendant chaque periode de transmission, A fournir une
sequence de temps de signaux d'excitation pulses appliques a des elements
respectifs choisis parmi lesdits transducteurs, ladite sequence etant
choisie de fagon A assurer une focalisation de I'6nergie transmise par
ledit transducteur a une profondeur focale 55 determinee, caracterise en ce
que les moyens de commande comprennent des moyens de choix (200, 201,
204-212, 130-134, 140-146, 150, 152, 160, 162) disposes pour choisir la
forme d'onde des signaux d'excitation pulses parmi plusieurs formes d'ondes
diff6rentes aptes pour exciter les elements A des frequences differentes,
la forme d'onde choisie etant une fonction de la profondeur focale. 60
2. Le systeme selon la revendication 1, dans lequel les moyens de choix
possedent une entree couplee A un moyen d'unite centrale de traitement ou
UCT et de memoire (200, 140, 142) pour memoriser des signaux d'activation
correspondant a plusieurs profondeurs focales differentes et a des
frequences de transmission correspondantes, et des sorties (TRIG 1-TRIG 6)
couplees a certains elements respectifs parmi ceux du transducteur (1) pour
fournir la sequence de temps des signaux pulses d'excitation. 



65     3. Le systeme selon la revendication 2, dans lequel lesdits moyens
d'UCT et de memoire comprennent: 7    EP 0104 928 B1 une m6moire (140-142)
pour m6moriser des blocs de donnees chaque bloc comprenant plusieurs jeux
de donnees et chaque jeu de donn6es comprenant une sequence d'une ou
plusieurs impulsions qui peut etre lue depuis la memoire dans une relation
de temps donn6e aux autres jeux de donn6es dans le meme bloc de donn6es; 6
une unite centrale de traitement ou UCT pour adresser un bloc donne parmi
lesdits blocs de donnees de ladite memoire; et dans lequel les moyens de
choix comprennent de plus des moyens (144, 146; 150; 152,160) pour lire
simultanement lesdits jeux de donnees dudit bloc de donnees adressees pour
fournir les signaux choisis d'activation. 70    4. Le systeme selon la
revendication 3, dans loquel ladite memoire comprend des premiere et
deuxieme memoires mortes programmables ou PROM (140-142) possedant des
sorties couplees a un multiplexeur (150-152) pour fournir en alternance des
donnees depuis lesdites PROM aux sorties dudit multiplexeur, dans lequel
les jeux de donnees produits par ledit multiplexeur presentent une largeur
de bande qui est deux fois la largeur de bande des jeux de donnees produits
par lesdites PROM respectives. J5    5. Le systeme salon la revendication
4, comprenant de plus: une premiere source (120) de signaux d'horloge a une
premiere frequence; une deuxieme source (122) de signaux d'horloge A une
frequence qui est la moitie de ladite premiere frequence; des moyens (130,
132) pour appliquer lesdits deuxiemes signaux d'horloge auxdites PROM et
audit 20 multiplexeur; un Atage de verrouillage (160) possedant des entrees
coupl6es aux sorties dudit multiplexeur; des moyens (HOR) pour appliquer
lesdits premiers signaux d'horloge audit etage de verrouillage; et des
moyens (162) pour coupler les sorties dudit etage de verrouillage aux
elements de transducteur. 6. Le systeme salon l'une quelconque des
revendications 1 A 5, dans lequel ledit moyen generateur 25 d'impulsions
comprend de plus plusiours generateurs d'impulsions du transducteur,
(P1-P4), possedant chacun une sortie coupl6e a un element respectif du
transducteur, pour appliquer lesdits signaux d'activation choisis a
cortains elements respectifs parmi caux du transducteur. 7. Le systeme
selon la revendication 6, dans lequel chaque generateur d'impulsion
comprend un transistor a effet de champ ou TEC de puissance (64) pour
exciter son element transducteur respectif. 30     . Le systeme salon l'une
quelconque des revendications 1 a 7, dans lequel les moyens de commande
comprennent de plus des moyens (201) pour choisir la profondeur focale
donnee. 9. Le systeme selon l'une quelconque des revendications 1 a 8, dans
lequel la frequence de centre de transmission A la profondeur focale
maximale est inferieure a la frequence de centre de transmission A la
profondeur focale minimale. 35    10. Le systbme selon lune quelconque des
revendications 1 A 8, dans lequel les 61ements sont excites pour produire
une transmission d'energie ultrasonique A large bande par lesdits elements
de transducteur lorsqu'une profondeur de focalisation est choisie et pour
produire une transmission d'energie ultrasonique a bande etroite lorsqu'est
choisie une profondeur de focalisation differente. *11. Le systeme salon la
revendication 10, dans lequel le spectre de ladite transmission a bande
6troite JQ est centre autour de l'une des frequences parmi les differentes
frequences de centre. 12. Le systbme salon l'une quelconque des
revendications 1 A 11, dans lequel une impulsion unique eat appliqu6e a des
elements respectifs parmi lesdits elements transducteurs lorsque l'on
choisit une focalisation de champ proche et dans lequel plusieurs
impulsions sont appliquees A des elements respectifs parmi lesdits e6lments
transducteur lorsque l'on choisit une focalisation de champ lointain. 45
13. Le systbme salon la revendication 12 dans lequel les frequences de
centre du transducteur sont determinees en fonction desdites multiples
impulsions. 14. Le systeme salon l'une quelconque des revendications 1 a 13
comprenant de plus des moyens (20-30) couples auxdits elements de
transducteur pour focaliser dynamiquement l'information d'echo recue. 50 55
60 65 8    


