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n Characteristics of Ultrasonic Waves

Ultrasonic waves are sounds which cannot be heard by
humans and are normally, frequencies of above 20kHz.
The basic characterisitics of ultrasonic waves are explained
below.

1. Wavelength and Radiation

Velocity of wave propagation is expressed by multiplication
of frequency and wavelength. The velocity of an electromag-
netic wave is 3X 10Pm/s, but the velocity of sound wave propa-
gation in air is as slow as about 344m/s (at 20°C). At these
slower velocities, wavelengths are short, meaning that high-
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2. Reflection

er resolution of distance and direction can be obtained.
Because of the higher resolution, it is possible to get higher
measurement made large accuracy. The surface dimension
of the ultrasonic device can be easily to obtain accurate radi-
ation.

In order to detect the presence of an object, ultrasonic
waves are reflected on objects.

Because metal, wood, concrete, glass, rubber and paper, etc.
reflect approximately 100% of ultrasonic waves, these objects
can be easily detected.

Cloth, cotton, wool, etc. are difficult to detect because they
ahsorb ultrasonic waves. It may often be difficult, also, to
detect objects having large surface undulation, because of
irregular reflection.

3. Effects of Temperature | .

Velocity of sound wave propagation “c” is expressed by the

following formula.
¢=331.5-+0.607t (m/s) Where.t=temperature °C)

That is as sound velocity varies according to circumferential
temperature, it is necessary to verify the temperature at all
times to measure the distance to the object accurately.

4. Attenuation o , : .

The strength of ultrasonic waves propagated into the air
attenuate proportionally with distance. This is caused by dif-
fusion loss on a spherical surface due to diffraction phenom-
enon and absorption loss, that energy is absorbed by medi-
um.

As shown in Fig.1, the higher the frequency of the ultrason-
ic wave, the bigger the attenuation rate and the shorter the
distance the wave reaches.
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Fig.1 Attenuation Characteristics of Sound Pressure by Distance



E Construction and Operation Principles

When voltage is applied to piezoelectric ceramics, mechani-
cal distortion is generated according to the voltage and fre-
quency.
On the other hand, when vibration is applied to piezoelectric
ceramics, an electric charge is produced.

- By applying this principle, when an electric signal is added to
a vibrator called a bimorph, constructed of 2 sheets of piezo-

As shown in the diagram of an ultrasonic sensor (Fig.2) ,a
multiple vibrator is fixed elastically to the base.

This multiple vibrator is a combination of a resonator and a
bimorph vibrator which is composed of a metal sheet and a
piezoelectric ceramics sheet. The resonator is conical in
order to efficiently radiate the ultrasonic waves generated
by the vibration and also in order to effectively concentrate
the ultrasonic waves at the central part of the vibrator.

Fig.3 shows a finite element method simulation of the vibra-
tion of the multiple vibrators.

1. Open Structure Type Ultrasonic Sensors

electric ceramics or a sheet of piezoelectric ceramics and a
metal sheet, an electric signal is radiated by flexure vibra-
tion. As a reverse effect, when an ultrasonic vibration is
added to the bimorph, an electric signal is produced.
Because of these effects, piezoelectric ceramics are utilized
as ultrasonic sensors.

Horn
Metal Plate

Piezoelectric
Ceramics

Base

Lead Terminal

Fig.2 Construction of Open Structure Type Ultrasonic Sensor
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Fig.3 Simulation of Vibration



Construction and Operation Principles

2. Enclosed type Ultrasonic Sensor , : i

Ultrasonic sensors for outdoors use are sealed to protect
them from dew, rain and dust.

Piezoelectric ceramics are attached to the top inside of the
metal case. The base is then mounted at the entrance of the
case and is then covered with resin. (See Fig.4.)

Piezoelectric
Ceramics

Acoustic Material

Base

Shielding Material

Lead Terminal

L L

Fig.4 Construction of Enclosed Type Ultrasonic Sensor

3. High Frequency Ultrasonic Sensors

For use in industrial robots, accuracy as precise as 1mm and
acute radiation are required. By flexure vibration of the con-
ventional bimorph vibrator, no practical characteristics can
be obtained in frequencies higher than 70kHz and, there-
fore, vertical thickness vibration mode of piezoelectric
ceramics is utilized for detection in high frequency.

In this case, the matching of acoustic impedances of the
piezoelectric ceramics and air becomes important.

Acoustic impedance of piezoelectric ceramics is 2.6 X
10.7kg/m?s, while that of air is 4.3X10.2kg/m?®s.

This difference of 5 powers causes large loss on the vibra-
tion radiating surface of the piezoelectric ceramics.
Matching the acoustic impedances with air is performed by
bonding a special material to the piezoelectric ceramics as
an acoustic matching layer.

This construction enables the ultrasonic sensor to work in
frequencies of up to several hundred kHz.

/ Ultrasonic Radiation Surface

Acoustic Matching
Layer

Piezoelectric
Ceramics

/ Metal Case

Base

Shielding
Material

/ Lead Terminal

Fig.5 Construction of High Frequency Ultrasonic Sensors



B Electrical Characteristics

1. Sound Pressure Characteristics

Sound pressure level (S.P.L.) is unit indicating the volume
of sound and is expressed by the following formula.

S.P.L.:2010g~P—Ir)é (dB)

where “P” is effective sound pressure ( « bar) and “Pre” is
reference sound pressure (2X107* x bar) .
Fig.6 shows a sound pressure measuring circuit.

2. Sencitivity Characteristics

u.s.
S.CM.
Amp.
Input Voltage
F.C.

S.CM. Amp.

U.s.
=)

30cm |

Anechoic Room

: Ultrasonic Sensor

: Standard Capacitor Microphone
: Amplifier

:10Vrms

. Frequency Counter

(Brlel & Kjeer 4135)
(Briiel & Kjeer 2610)

0dB=2X10-4 ybar

Fig.6 Sound Pressure Measuring Circuit

Sensitivity is the unit indicating the sound receiving level
and is expressed by the following formula.

Sensitivity=20log —% (dB)

where “E” is generated voltage (Vrms) and “P” is input
sound pressure ( u bar) .

Fig.7 shows a sensitivity measuring circuit. The 3.9k Q
resistor connected with the electrode terminal of the
sensor is used to avoid the influence of outside noise.

3. Radiation

RL
us.
S.CM.
Amp.
0OsC.
Sp.
F.C.

Sp S.CM. Amp.
Ch
US =
30cm |

Anechoic Room

1 3.9kQ

. Ultrasonic Sensor

. Standard Capacitor Microphone
. Amplifier

. Oscillator

» Tweeter

. Frequency Counter

(Britel & Kjeer 4135)
(Briiel & Kjger 2610)

0dB=1Vrms/ ubar

Fig.7 Sensitivity Measuring Circuit

The ultrasonic sensor is installed on a table. Then, the

relationship between angle and sound pressure (sensitivity) is

measured.

In order to express radiation precisely, the angle in which the
sound pressure (sensitivity) level attenuates by 6dB compared

with the front is called the half attenuation angle with an
expression of 4 2




Electrical Characteristics

4. Ratings ' ‘

The ratings and dimensions of representative types of these

Figs.8 and 9 and their radiation characteristics Figs.10 and

ultrasonic sensors appear in Table 1. Also frequency char- 11.
acteristics of sensitivity and sound pressure are shown in Q,
N MA4OE7R/S MA40S4R/S MA40BBR/S MA40B7 MAJ0ES-7
Construction Water proof type Open structure type Water proof type
Using Method Receiver and Transmitter (Dual use) type Combined use type
Nominal Frequency. (kHz) 40
Overall - - - 45 2 -
Sensitivity (dB)
Sensitivity (dB) ~74 min.. -63%3 -6313 - -82 min.
Sound Pressure (dB) 106 min. 120£3 120+3 - 108 min.
Directivity (deq) 100 80 50 44 75

apac - (pF) 2200+20% 2550+20% 2000£20% 2000+20% 2200420%
?pefaffng e ) —30- +85
Detectable Range (m) 0.2-3 ] 0.2-4 02-6 0.2-4 02-2
Resoluton (mm) 9
Dimension = (mm) 18 ¢ X12h 9.9 4 X7.1h 16 ¢ X12h 16 ¢ X12h 184 X12h
Weight @ 45 0.7 2.0 2.0 45

ey 85 (40kHz) 20 (40kHz) 40 (40kHz) 100 (40kHz) 140
At ot p-p) (40kHz Sine wave)
(Rectaﬁguiar wave) Pulse width  0.4ms Continuous sianal Continuous signal Puise width 0.4ms | Pulse width 0.4ms
gna mnuou Ignal
s Interval 100 ms Interval 100ms | Interval 100ms

Packaging Quanh‘lx (Pcs.) 90 540 150 150 90

* Distance : 30cm, Overall sensitivity : 0dB==10Vpp, Sensitivity : 0dB=1Vrms/ xbar, Sound pressure Level : 0dB=2X10"* ubar1 ubar=0.1Pa
* The sensor can be used in the operating temperature range.

Please refer to the individual specification for the temperature drift of Sensitivity/Sound pressure level or environmental characteristics in that temperature range.
* Directivity, Detectable Range and Resolution is typical value. It can be changed by application circuit and fixing method of the sensor.

- MABOA1 - MA200A1 . MA400AT -
Constmctmn . High frequency type
Using Method =~ Receiver and Transmitter (Dual use) type
Center Frequency  (kHz) 75+5 200%10 40020
i -47 min. -54 min. -74 min.
g"eg;?;.‘my it 0dB=18Vpp 0dB=18Vpp 0dB=18Vpp
: (at 50cm) (at 20cm) (at 10cm)
Directivity (deg) 7
mreﬂange -~ -10 - +60 -30 - +60
Detectable Range (m) 05-5 0.2-1 0.06 - 0.3
Resolution (mm) 4 2 1
Dimension (mm) 47 4 X24.5n 19 ¢ X10.6h 11 4 X10.5h
Weight (g) 93 6 2
Allowable Input 120 (75kHz) 120 (200kHz) 120 (400kHz)
Voltage (Vp-p)| Pulse width 600 us | Pulse width 250 xs | Pulse width 125 us
(Rectangular wave) Interval 50ms | Interval 20ms | Interval 10ms
Packaging Quantity - (Pcs.) 5 90 224

* The sensor can be used in the operating temperature range. Please refer to the individual specification

for the temperature drift of Sensitivity/Sound pressure level or environmental characteristics in that

temperature range.

* Directivity, Detectable Range and Resolution is typical value. It can be changed by application circuit and

fixing method of the sensor.




Electrical Characteristics

Sensitivity (dB)
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Applications

1. Examples of Applications

Ultrasonic sensors are utilized for many purposes such as
measurement applications for communications.

For examples of these applications, please refer to the
examples in Table 2 and the explanations as follows.

Level detection of continuous wave signals (Example 1) is
used for counting machines and approximate switches
due to the simple circuit construction of these devices.
Example 2 is used in devices such as automatic doors where
the environment is very changeable. The system is arranged
so that the instrument may actuate only when a certain
number of reflected pulses is detected. And example 2 is
also used for measuring distance tq an object, such as the
back up sensors of cars.

Example 3 is an application utilizing the phenomenon by
which the Doppler effect produces a modulated signal as an

object moves closer or farther away. This is often used for
intruder alarm systems.

Example 4 is an ultrasonic application for communication
purposes whereby several types of signals can be produced
by changing the oscillating frequency, the transmitting time,
or the amount of transmissions. This type is used for
remote control applications.

Example 5 is an application utilizing the change of sound
velocity according to the density of a gas. Flow speed and
flow rate of gas can be measured by the Doppler effect.
Example 6 is a method used to count the number of Karman
vortex generated against air flow and utilize phenomena that
ultrasonic signals level are reduced as Karman vortex pass-
es into the sensor.

Output Signal

e ; e [S]: transmiitter L
No. i . Function Method Performance Principle (® receiver ) App!&ca‘txons‘
Input Signal
! ; S - Counting instruments
1| 0%® lon of Signal Object Access switches
| level of continuous wave jec
L o E Parking meters
Output Signal
Input Signal

Automatic doors

Level gauges

Automatic change-overs of traffic
signals

Back sonars of automobiles

| Utilization of Doppler

Input Signal

i L—py..
_v@—_ B>@ |
H

Karman vortex

]_FLJ UMY
Output Signal

AP AT
, Object Intruder alarm systems
R 7]
Movement
Output Signal
Input Signal
4 | Transfer of signal %—__ B Remote controls
; o e OutputSngna1
: : Input Signal
3 ) : :1117‘: )
g | Measurement of direct ‘%Hﬁ E:I _,m%_._@__ Densitometers
- | propagation time 1 Flowmeters
: i ' T | Output Signal
: T
Obstacle
Input Signal
s | s JAWAWAN
6 Memsuremerntof — < < VY Flowmeters
ﬁ< 9,9

Table 2 Application Examples




Applications

2. Transmitting and Receiving Circuits

Examples of transmitting and receiving circuits using continuously transmitting ultrasonic waves.
MA40B8R/S are shown in Figs.12 to 14. By changing a part Fig.13 is a pre-amp circuit that amplifies the ultrasonic

of the constants, they can be applied for other purposes. receiving signal.
Fig.12 is a simple circuit using a C-MOS IC and is used for Fig.14 is an ultrasonic pulse transmitting circuit.

Vee=12V
1k 100k

ld=15mA
™

Ultrasonic Sensor
(Receiver]

1000p
0.01 —{ O Output
_5 ' N
=
4 P 1 PD4049BC Uttrasonic Sensor (Transmitter) ,-\,D 1 Gain=32dB
(Vc:ip) (GND:8P) 89K
Freq.=40kHz ’ ’ _ ;E
)

Q
< GND
~

Fig.12 Example of Continuous Wave Transmitting Circuit Fig.13 Example of Receiving Circuit

«@- Vee=12V
Id=15mA

150k 3.3M
5 7 8 Timming Pulse
2 O Out
4
0.01 —{>O‘
L NE555

5 4
f0tu
acamianll
5
2N L (]~
0.01 #J; 10
C{> Ultrasonic Sensor
(Transmitter)

TC4011
1 5 (Ver14p) — T

(GND:7P)
2 4

1 PD4043BC

(Ve:1p)
g % _L 560p (GND:6P) a
= 8 X3 GND

I g
Freq.=40kHz
BENREERY L
40kHz
ims
>
25ms

Fig.14 Example of Pulse Transmitting Circuit




Applications

Fig.15 is an example of circuit using combined use type
ultrasonic sensor (MA40E6-7).

Fig.16 shows wave forms of each part of the circuit when
aluminum board (10cmX10cm) located at 20cm in front of
the ultrasonic sensor is measured.

In the case that a single sensor function as both transmitter
and receiver, reducing ringing time (decay time) of transmit-

ted pulse become critical. This ringing time relate to short-
est distance the sensor can measure. If the ringing time is
too long, reflected sound signal is mixed with the ringing
and they can not be separated.

The typical ringing time of MA40E6-7 in the example of
Fig.15 is about 1ms as shown in Fig.16- (d).

Oscilloscope E]

U.S. Sensor
MA40E6-7

2x185176 A C1

4.7kQ

Function Generator

28A1015

\/ .
10kQ l

C1: Temperature compensating
Capacitor
0.1 uF (Murata P/N : DE111-732ZM202K200)

HP33120A

0.01 uF

4.7kQ

25C1815

{1 g
Ute L2

a '

* Transformer with core

L1 64 uH (42turn)

L2 : 4mH (339 turn)

Qm: 80 or more

Adjust the core to minimize decay-time.
Sumida electric. Type : M8-G

(trial No. 4328-JPS-037)

Fig.15 Example of Circuit Using Combined Use Type Ultrasonic Sensor

[A] 5V/div [B] 1V/div
0.2ms/div 0.2ms/div
(a) Function Generator Output Wave Form (b) Input Signal for Step-up transformer
[ 10V/div [D] 5mV/div
0.2ms/div 0.2ms/div
(c) Output Signal from Step-up transformer (d) Received Signal
(Applied signal for ultrasonic sensor)

Fig.16 Wave Form of Each Part of Circuit

11



Applications

3. Applications for Distance Measurement |

Fig.17 shows the principles of measuring distance and is [ Utrasonic Sensor
called the "pulse reflection method" which makes it possi- ; e (Transmitier)
ble to count the number of reference pulses. Tansrissior O ﬂ
This method is used to measure reflection time up to the Control Ultrasonic Sensor g
. e .. Circuit ; i
object between transmitting pulse and receiving pulse of the et Recsiving (Recelver) ©
ultrasonic wave. Girouit |5 []
The relationship between the distance up to the object L and Reflection Time : T
the reflecting time T is expressed by the following formula : Distance : L
L=C - T/2  where Cis the velocity of sound. p— }
That is, the distance to the object can be ascertained by Circut andacd
measuring the reflection time involved in reaching the (L] Cireuit
object.
Fig.18 shows an example of a distance measuring circuit Fig.17 Principles of Measuring Distance
using MA40B8R/S.
TC4011 120k
(Ve:14p) 7 6 Vee=12V
8 2
—
«©
8 i
FRE
= cm
$ 8 TLR312
.@ . Freq.=40kHz TC4069 v}
4 PD404BC X
(Ve:ip) Timing Pulse x
(GND:8p) —?
ar 2 1514 13 1211 10 9 16
K 100k 7 © TCs022 2
- s 8 4 5 6 3
ooty L T3 NJM2903
G B ”
1000p
001 1 M N Q FEINE ?‘
‘l' a 16 12 13 14 15
2 Q
~—E <3 2 7178 TC8021
MA40BBR <
10 u 0
S‘ .
Transmitting Pulse o

250945

Freq.=172kHz

L—{ 28C94
40kHz 945

=

20Vpp
(9]
4
(w)

Fig.18 Example of Distance Measuring Circuit




Applications

Fig.19 shows the wave forms of each part of a circuit.
This figure is the result of measuring distance to a corrugated

Measuring Point in Fig. 15

board (10cm X 10cm) located 50cm in front of the ultrasonic '
sensor mounted on a PC board with transmitter and receiver
3cm away from each other. TP1
As the ultrasonic sensor has radiation, if the distance between 10V/div
the transmitter and the receiver is too close, the ultrasonic
waves may reach the receiver directly from the transmitter.
As shown in Fig.19 (b), comparison will be made with the % omV/div
comparative voltages that attenuate exponentially with time. P2
Detected reflection wave is shown in Fig.19 (¢).
t 1 1ms/div
Direct Wave  Reflection Wave
(a) Transmit/Receive Wave Form
TP3 TP1
5V/div M 10V/div
10V/div
TP4 TP5
5V/div TSI e

1ms/div

(b) Receive Circuit Output Voltage
and Comparable Voltage Wave form

1ms/div

(c) Comparable Circuit Output Wave Form

Fig.19 Wave Forms of Each Part of Circuit

4. Installation .

Fig.20 is an example of the installation of an ultrasonic sensor.
The housing of the ultrasonic sensor should be protected with
elastic material, such as rubber, sponge, etc., and care should
be taken so that ultrasonic vibration is not transmitted
directly to the receiver from the transmitter.

Ultrasonic Vibration

W +— Holder
W W - P.W. Board

Transmitter Receiver

(a) Bad Example

+—— Holder

] I ] 1 +—— P.W. Board

Elastic material
Transmitter Receiver (Ex. rubber, sponge)

(b) Good Example

Fig. 20 Example of Installation of Ultrasonic Sensor
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Applications

5. Sharpening of Radiation

When there are objects within the sensors field that reflect
ultrasonic waves but when only a specific object should be
detected, more acute radiation of ultrasonic waves is advan-
tageous. radiation is determined by the dimensions of the
ultrasonic radiation surface and the frequency, but it is pos-
sible to make radiation more acute and measuring distance
longer by mounting a horn on the outside of the ultrasonic
sensor.

Regarding this horn, in general, the wider the diameter of
its opening and the longer its total length, the more acute
the radiation.

The relationship between the configuration of the horn
using MA40SR/S and the radiation characteristics is
shown in Figs.21 and 22.

A similar result can be obtained regarding sound pressure
radiation.

£ =40
£=30
00 £=20
vl
300 A RS 30°
(,/7/ L \:‘\\\ <
S ) ' ensor only
N §lao |
60 : l g } 60°
WA Blae N
N\ % E
A i,
Y N
90° s () 90°
¢ | D |6
= (mmj | (mm) | (deg)
e o0
- 20 | 17 | 35
. 30 | 21 28
d=g10 40 | 24 | 18
6=10° 8 1/2 : Half attenuation angle

Fig. 21 Horn Length and Radiation (MA4084R)

6 =30°
6=20°
0° 6=10°
30° T \‘ 33 30°
S /'{/ -10"\ .
L] R Sensor only
;2 \i
il c | i )
607 \ 21 2 : 60°
2 !
g |30 :
<
st X
90° e = 90°
[’} D 61/2
(deg) | (mm) | (deg)
=7 o ‘ 50
= 10 21 28
. 20 [ 32| 16
d= 10 30 | 45 | 12
2=30mm

Fig. 22 Horn Angle and Radiation (MA40S4R)
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| B Other Characteristics

Typical Voltage-S.P.L. characteristics, temperature charac-
teristics and environmental characteristics of MA40B8R/S
as an example are shown in below.

Minput voltage-output S.P.L.

—

MA40B8S
120 Frequency : 40kHz
n=10
)
z
2
3
e
3
2 110+
@
a
°
c
3 Sine wave
@
100
[;“ 1 1 | T T T
1 2 5 10 20 40
Input Voltage (Vpp)
Fig. 23
M Temperature characteristics of sensitivity B Temperature characteristics of S.P.L.
MA40B8R MA40B8S
6 - Frequency : 40kHz 6 - Frequency : 40kHz.Sine wave 10Vrms
o n=20 n=20
2
2 3~ 3
2
2 1 I
T, M oL 1
k]
5
ks
s
>

Variation of sound Pressure Level (dB)

_6 - —-6 e
(— T T T T K T T J !
-30 Q 25 60 85 -30 0 25 ) 85
Temperature (C) Temperature ('C)
Fig. 24 Fig. 25
B Environmental characteristics
No. | - Kind of Test ; __Conditions Judgement
1. | Humidity Resistance 60°C, 90 - 95%RH, 1,000 hours
.| High Temperature Storage | 857C, 1,000 hours
3. | Low Temperature Storage -40°C, 1,000 hours
4 7 erial SHigek - With 'A55°C (30minutes) and +85°C (30minute§) as one cycle, 100 cycles.
G ; (Resistance of 3.9kQ connected between terminais of sensor.) Variation of sensitivity and
5 Vibraﬂon k Maximum Amplitude : 1.5mm  Vibrating frequency : 10 - 55Hz S.P.L is within 3dB.
. : Vibrating cycle : 1minute 3hours in each of 3 directions
6. Shock On concrete floor from 1m height, 3 times
7. | Solder Heart Resistance Dipping in soldering solution at 260°C for 10 seconds
8. kAkging g Frequency 40kHz, Sine 40Vpp, 1000 hours

15



MNotice

(1) Please avoid applying DC-bias by connecting DC blocking
capacitor or some other way because, otherwise, the
component may be damaged.

(2) These sensors are designed for use in air ; do not use
under water. Enclosed type sensors listed are constructed
for use in rain, not complete submersion.

(3) Do not store sensors loosely in bulk as sensors may
damage one another.

(4) Please pay attention to the mounting position as these
sensors have directivity.

(5) When researching usage under special conditions such as
out-of standard frequency, please advise us of service
conditions, circuit, etc. so that we may comply with your
specific requirements.

Please note that specification, application (especially for
critical case ; ex car electronics), washing condition, and
soldering condition which are not mentioned in this
application manual may not be allowed to apply. Before
ordering, Please consult our sales representative or
engineers for details.
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