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Abstract
The de sign and con struc tion of a blood flow de tec tor probe for a Con tin u ous Wave (CW) Bidirectional

Dopp ler Ul tra sound sys tem is pre sented. This de vice is based on two pi ezo elec tric ce ram i cs work ing in
con tin u ous mode and us ing quad ra ture phase de mod u la tion for de tect ing the blood flow Dopp ler sig nal. 
The probe gen er ates the I (In phase) and Q (in Quad ra ture) Dopp ler sig nals as au dio. These s ig nals are

fed to the line in on the PC sound board for fur ther pro cess ing. Os cil la tor-transmitter and de tec -
tor-demodulator cir cuits are in te grated into a 1.5 x 9 cm printed cir cuit board (PCB). Pi ezo e lec tric ce -
ram ics are placed and con nected 1 cm apart the PCB, this achieves noise re duc tion and in creases the

probe sen si bil ity.  The cir cuit de sign al lows op er a tion at 4, 5, 8 and 10 MHz de pend ing on the blood
flow de tec tion depth in ar ter ies or su per fi cial ves sels.

Key words:  Ul tra sonic Probe, doppler sig nals, blood flow de tec tor.

Resumen
Se presenta  el diseño y  construcción de una  punta  detectora  de  flujo sanguíneo  para
un sistema  Ultrasónico Doppler Bidireccional de Onda Continua. Este dispositivo se

basa en dos cerámicas  piezoeléctricas operando de modo continuo y utiliza demodu-
lación en cuadratura para  la  detección de la señal Doppler Ultrasónica del  flujo
sanguíneo. La punta detectora proporciona como salida las señales Doppler I (In phase)

y Q (in Quad ra ture) en  rango audible. Estas señales se alimentan a la entrada line in  de la  
tarjeta de sonido en una computadora personal PC para su  procesamiento. Los circuitos  
oscilador-transmisor y detec tor-demodulador, han sido  integrados en una  tablilla  de 

circuito impreso de dimensiones 1.5 x 9 cm. Las cerámicas piezoeléctricas están
situadas y conectadas  a  1 cm  del  circuito, logrando con una reducción del ruido y un
incremento en la  sensibilidad de la punta detectora. El diseño del circuito permite

operar a 4,5,8 y 10 MHz,  dependiendo de la profundidad de la detección del flujo
sanguíneo en arterias o en vasos superficiales.

Descriptores:   Punta ultrasónica, señales doppler, detección de flujo sanguíneo.

Intro duc tion

In med i cal ap pli ca tion, ul tra sound is ex ten sively used 
as a di ag nos tic tool. There is a wide range of med i cal

in stru ments which are used in this field from sim ple
fetal phones to very so phis ti cated imaging sys tems.
The main ad van tage of ul tra sound when ap plied to
di ag nos tic is that it is non-invasive. In Car di ol ogy, the 
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ul tra sonic Dopp ler probe is a very use ful in stru ment
to mon i tor blood flow. 

Blood flow velocity in arteries is periodic in time 
but its frequency spectrum varies during each
cardiac cycle, therefore a blood flow Doppler
signal is considered a cycle-stationary stochastic
Gaussian signal and in short segments (2-20 ms)
is considered a quasi-stationary signal. This signal 
is commonly analyzed using conventional me-
thods such as the fast Fourier transform (Kay et
al., 1981) and also using spectral estimation pa-
rametric methods to obtain a better resolution
(Ruano et al., 1993).

In this paper the design and construction of a
Continuous Wave (CW) blood flow detector probe is
presented. This device detects the blood velocity,
and flow disturbance by measuring the Doppler
frequency shift of an ultrasound beam scattered
from the blood flow, using quadrature phase
demodulation. Processing the I and Q Doppler
signals may provide information about the presence
of stenosis and obstruction in arteries (Fish, 1991)
(Gosling et al., 1975). Stenosis is a disease that affects 
blood flow velocity and pressure producing tur-
bulence, due to this the velocity profile changes
modifying the frequency spectrum of the signal,
these changes determine the stenosis level.

This probe is compact, and includes I,Q qua-
drature blood flow signal as an output. Total circuit 
is integrated in 1.5 x 9 cm printed circuit board. 
This device can operate within 4 to 10 MHz range.

The main advantage of CW systems is that they
measure blood flow high velocities with a high
accuracy. 

Blood Flow Detector Probe 

The simplest blood flow Doppler detector probe is
the one described by Sotomura (1960). At present
this kind of probes are more compact and efficient, 
they are used as diagnostic tools in cardiovascular
diseases more often.

The basic elements that build the probe are
shown in figure 1. This probe is a Continuos Wave
(CW) device with coherent demodulation to obtain
the I (In phase) and Q (in Quadrature) blood flow
Doppler signals.

It is worth to mention that the blood flow Doppler 
signal is actually formed by two components which
are the direct and inverse flow. Therefore it is
necessary to have two signals in quadrature Iout and
Qout  to be able to separate the flow direction, this is
achieved using signal digital processing in the
frequency domain (Evans et al., 2000).

The transmitter produces an ultrasonic signal
that can be defined by the following expression:

T t B t( ) cos( )= ω0  (1)
where;

ωo = 2π fo = angular frequency, and fo =
operation frequency of the ultrasonic transducer.

Considering that the ultrasonic signal received
S(t), it is formed by the carrier and the two
resultant blood flow signals (forward and reverse),
it is possible to express it as:

S t A t A t tf f f( ) cos( ) cos( )= + + + + +0 0 0 0ω φ ω ω φ
A t tr r rcos( )ω ω φ0 − + (2)
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Figure 1. Sche matic diagram of the blood flow detector probe
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where A, ω y φ are the amplitude, angular
frequency and phase of each signal respectively. 0,
f y r  are the carrier, the forward flow signal and the
reverse flow signal respectively. 

With the aim of preserving the real and ima-
ginary components of the Doppler signal, the
signal S(t) is demodulated in quadrature.

This demodulation consists in multiplying by a
signal of the same frequency from the transmitter
Cos(ω0t) and its signal in quadrature Sen (ω0t).

I t S t t( ) ( )cos( )= ω0  (3)

][It A t( ) cos( ) cos( )= + + +
1
2

20 0 0 0φ ω φ

[ ]
1
2

2 0A t t tf f f f fcos( ) cos( )ω φ ω ω φ+ + + +     (4)

filtering high frequency and eliminating the d.c.
components we obtain:

      I t A t A tf f f r r r( )' cos( ) cos( )1
2

1
2

ω φ ω φ+ + −        (5)

similarly the signal in quadrature is obtained, 

Q t S t t( ) ( ) ( )= sen ω0  (6)     

Qt A t A tf f f r r r( )' ( ) ( )= − + + −
1
2

1
2

sen ω φ ω φsen        (7)

then

I out I t= ( )' is the In phase signal and 

Q out Q t= ( )' is the signal in Quadrature.

Descrip tion of the Elements of the
Probe

Trans ducer

The transducer used in the design of this probe as 
it is shown in figure 2, it was constructed using
two piezoelectric discs PZT–5 with D form, one
working as a transmitter and the other as a
receiver. The frequency range depends on the

application, for example for fetal phones 2 MHz,
for blood flow detection in veins and arteries 4–5
MHz and for detection of blood flow in superficial
veins 8–10 MHz. 

Oscilator-transmitter

In this stage an ultrasonic continuous wave at the
operation frequency is generated (4 ,5, 8 or 10
MHz). Also in this stage the signals in quadrature
Cos (ω0t) and Sin (ω0t ) at the same operation
frequency of the transducer are generated. Figure 3 
shows a schematic diagram of the circuit, it is
worth to mention that when designing the
transmitter it is convenient to take into account
some characteristics such as power and matching
impedance and these must fulfill the security levels 
recommended by the American Institute of Ultra-
sound in Medicine (AIUM) (Fish, 1991).

Receiver – Demod u lator in Quad ra ture

The recuperated Doppler signal is very small, therefore 
it is necessary an RF amplification. Figure 4 shows the
schematic diagram of this section. It consists of a RF
transformer tuned to the operation frequency of the
ultrasonic transducer, a FET transistor used as an RF
amplifier in cascode configuration with two bipolar
transistors which function is to mix the received signal
with the signal in quadrature Cos(ω0t) and Sen(ω0t), 
advantage is  taken of the RC components to limit the  
frequencies forming a low-pass filter cutting the high
frequencies (Equation 4) leaving alone the blood flow
Doppler signal. Two miniature trimmers are included
in this section to balance Iout and Qout, compensating
small errors due to the variation of the electronic
components.
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Figure 2. Ultra sonic Transducer
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Figure 4. Sche matic Diagram of the Receiver-Demodulator in Quad ra ture. Compo nents marked with an *, must be tunned 
up at the ultra sonic trans ducer’s frequency

Figure 3. Sche matic Diagram of the Oscilator-transmitter. Compo nents marked with an * are dependant on the frequency
oper a tion of the ultra sonic transducer
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If we consider that the human blood flow velocity
profile has a range of 20-700 mm/s, and the
ultrasonic velocity in tissue is about 1540-1600
m/s (Fish, 1991) (Atkinson, 1975) (Vaitkus et al.,
1988), using ultrasonic transducers within 2–10
MHz we are able to estimate the range of the
recovered blood flow Doppler signal.

The Doppler signal is given by:

Fd v c fo=( / )2 (8)

So the blood flow Doppler signal lies within
200–10,000Hz, that is the audible range and it is
relatively easy to divide the high frequencies from
the signal of the detector.

Exper i ments and Results

To verify the performance of the probe (Figure 5)
the I and Q outputs were connected to an amplifier 
and filter of two channels. The filters used were
fifth order band-pass filters with a cut frequency of
300 and 8000 Hz and an amplification of 40–50 dB
per channel. 

These filters and the probe were designed and
constructed as an integral section of a bi-direc-
tional blood flow Doppler system at DISCA-
IIMAS-UNAM laboratory.

Using MATLAB 6.1 tools, I, Q blood flow signals
coming from the probe were acquired using a PC
Pentium III audio board, these signals were stored
as WAV files. Figure 6 shows these signals.

To verify the frequency spectrum of the acqui-
red I, Q signals, an specific software was developed 
to display the spectogram of the blood flow signal
as shown in figure 7.
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Figure 5. Detector probe with
 printed circuit board, ultra sonic trans ducer (probe), PVC container and connector cable (scale i s in cm)
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Conclu sions

The blood flow Doppler detector probe has a
good performance, having the transmitter and
receiver at a short distance from the piezoelectric
discs and also having a good shield gives to the
probe good sensibility and low noise. The design
of the circuit allows the probe to operate within a
range of 4 to 10 MHz depending on the depth of

the blood flow detection in veins and superficial
blood vessels. Validation of the performance of
the probe has been made acquiring real signals
associated to the blood flow in arteries, and also
processing and displaying these signals as
spectograms. Comparison of these spectograms
with spectograms produced with commercial
equipment has shown the good performance of
the detector probe.
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Figure 6. Segments of a blood flow ultra sonic Doppler signal (I and Q), from a carotid artery acquired using 4 Mhz probe
and a PC audio board with a 22 Khz sample frequency

Figure 7. Spectogram of one of the signals in figure 6. A method based on the Short Time Fourier Trans form (STFT), with 
a 512 points sampling window was used
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