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not just products... solutions! 





How Does a Capacitive Proximity Switch Work 
 

 

Capacitive proximity sensors can be used to detect metallic and also non metallic targets like paper, 
wood, plastic, glass, wood, powder, liquid..etc without physical contact. The capacitive proximity 
sensor works on the capacitor principle. The main components of the capacitive proximity sensor are 
plate, oscillator, threshold detector and the output circuit. 
The plate inside the sensor acts as one plate of the capacitor and the target acts as another plate and 
the air acts as the dielectric between the plates. 
As the object comes close to the plate of the capacitor the capacitance increases and as the object 
moves away the capacitance decreases. The detector circuit checks the amplitude output from the 
oscillator and based on that the output switches. 
The capacitive sensor can detect any targets whose dielectric constant is more than air 
 
The advantages of capacitive sensor are  
 

� It can detect both metallic and non metallic targets. 
� Good stability 
� High Speed 
� Good Resolution 
� Capacitive sensors are good in terms of power usage 
� Low cost 
� Available in N/O or N/C or both 

 

The disadvantages of capacitive sensors are 
 

� They are affected by temperature and humidity 
� Could be triggered by dust, moisture..etc 
� Sensitive to noise 
� Difficulties in designing 
� Linearity is not good 
� Capacitive proximity sensors are not as accurate compare to inductive sensors. 

 

Wiring types  

�  

�



How does an Inductive Proximity Switch Work 
 

 
The inductive proximity sensor can be used to detect metallic targets only. The main components of 
the inductive proximity sensor are coil, oscillator, detector and the output circuit. 
The coil generates the high frequency magnetic field in front of the face. When the metallic target 
comes in this magnetic field it absorbs some of the energy. Hence the oscillator field is affected. This is 
detected by the detector. if the oscillation amplitude reaches a certain threshold value the output 
switches. 
The inductive proximity sensor works better with ferromagnetic targets as they absorb more energy 
compare to non Ferromagnetic materials. Hence operating distance for sensor is more for 
Ferromagnetic targets. 
 
 
The advantages of inductive proximity sensors are 
 

� They are very accurate compared to other technologies 
� Have high switching rate 
� Can work in harsh environmental conditions 
� Available in N/O or N/C or both 

The disadvantages of inductive proximity sensor are  
 

� It can detect only metallic targets 
� Operating range may be limited 

 
 
 
 

�



Ultrasonic principle - where high performance sounds good 
Ultrasonic sensors have set new standards in automation 

Ultrasonic principle: 

� Ultrasonic sensors emit short, high-frequency sound pulses at regular intervals. These 
propagate in the air at the velocity of sound. If they strike an object, then they are 
reflected back as echo signals to the sensor, which itself computes the distance to the 
target based on the time-span between emitting the signal and receiving the echo. 

� As the distance to an object is determined by measuring the time of flight and not by 
the intensity of the sound, ultrasonic sensors are excellent at suppressing background 
interference.  

� Virtually all materials which reflect sound can be detected, regardless of their colour. 
Even transparent materials or thin foils represent no problem for an ultrasonic sensor.  

� Microsonic ultrasonic sensors are suitable for target distances from 30 mm to 10 m and 
as they measure the time of flight they can ascertain a measurement with pinpoint 
accuracy. Some of our sensors can even resolve the signal to an accuracy of less than 
0.18 mm. 

� Ultrasonic sensors can see through dust-laden air and ink mists. Even thin deposits on 
the sensor membrane do not impair its function.  

� Sensors with a blind zone of just 30 mm and an extremely narrow beam spread are 
finding totally new applications these days: measuring levels in yoghurt pots and test 
tubes as well as scanning small bottles in the packaging sector - no trouble for our 
sensors. Even thin wires are reliably detected. 

 

 

�
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PHOTOELECTRIC SENSORS

INTRODUCTION

Principles of operation
• Photoelectric sensor is a generic name for sensors which
detect an object by using light. The optical signal transmit-
ted from the emitting part of the sensor is modified by
being reflected, transmitted, absorbed, etc., by the sens-
ing object and is then detected by the receiving part of the
sensor to generate a corresponding output signal. Further,
it can also be a sensor which detects light radiated from
the sensing object to generate an output signal.

FEATURES

Non-contact detection
• Detects an object without contact.
Non-contact sensing ensures longer life for the sensor and
absolutely no damage to the object.

Long sensing range
• The thru-beam type with a maximum sensing range of 50 m

164.042 ft (RX-M50), and the diffuse reflective type with a
maximum sensing range of 5 m 16.404 ft (PX-26) are available.
The long sensing range make the sensors suitable for a variety
of applications.

Various objects detectable
• The sensors can detect objects of any material provided
they affect the optical beam.

High-speed response
• The use of an optical beam for detection and complete
electronic circuitry makes the sensors respond so quickly
that they can be easily used on a high-speed production
line.

Thru-beam type

Retroreflective type

Pulse-modulated

Unmodulated

Reflective type

Emitter

Sensing object

Transmitted beam
Reflected beam

The sensing object interrupts the beam Receiver

Emitting
element

Receiving
element

Emitting
         element

Receiving
element

Sensing object

Transmitted beam
Reflected beam

Sensor The sensing object interrupts the beam Reflector

Emitting
         element

Receiving
element

Sensing object

Transmitted beamReflected beam

Sensor The sensing object reflects the beam

Emitting method

• Most of the photoelectric sensors emit a beam which is
pulse-modulated.
In this method, a strong optical signal of fixed width is
emitted at a fixed time interval.
This helps the receiver to distinguish the signal from extra-
neous light and to achieve a long sensing range.

• The high-speed fiber sensor FX2-A3R and the micro pho-
toelectric sensor PM series use an unmodulated beam.
In this method, the beam is emitted constantly at a fixed
intensity.
This enables high-speed response, although the sensors
are a little susceptible to extraneous light as compared to
the sensors using a modulated beam.

Time

Em
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Time
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y

Color identification
• This is a special feature of photoelectric sensors, which
use light for detection.
Since the reflection and the absorption characteristics vary
with the object color for a specified incident optical wave-
length, various colors can be detected as the difference in
optical intensity.

High accuracy detection
• Advanced optical system and electronic circuit technology

have achieved a sensing accuracy of up to 20 !m 0.787 mil
(SH-82R).

m Photoelectric sensors have the drawback that if the lens
surface is covered with dust or dirt and light transmission
is obstructed, detection may not be possible.
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PHOTOELECTRIC SENSORS

TYPES OF SENSORS

Classification methods
• There are various types of photoelectric sensors. Four different methods of classification, depending on the objective con-
sidered, are explained here.

1 Classification by structure
This classification is based on the manner in which the
circuit configuration elements are built-in or separated.
This classification is useful to select sensors in view of
the mounting space, power supply and noise immunity.

2 Classification by sensing mode
This classification is based on how the light is emitted
and received and on the sensor shape. This classifica-
tion is useful to select sensors in view of the sensing
object size and the surrounding conditions.

4 Classification by output circuit
This classification is based on the type of output circuit
and the output voltage.
This classification is useful to select sensors according
to the input conditions of the device or equipment con-
nected to the sensor output.

3 Classification by beam source
This classification is based on the type of beam source
used.
This classification is useful to select sensors in view of
the sensing distance and the color differences of objects.

Amplifier built-in

Power supply built-in
Photoelectric sensor

Amplifier-separated

Fiber type

Infrared beam

Red beam

Photoelectric Green beam
sensor

Blue beam

Three color beam
(Red • Green • Blue)

Photoelectric
sensor

Thru-beam
type

Retroreflective
type

Reflective
type

General purpose

U-shaped

Area

General purpose

With polarizing
filters

Transparent object
detection

Diffuse reflective

Narrow-view
reflective

Convergent
reflective
Adjustable range &
fixed focus

Mark sensing

Non-contact

Photoelectric
sensor

With contact Relay contact

DC 2-wire

NPN open-collector
transistor

PNP open-collector
transistor

NPN transistor
universal

AC non-contact
(Thyristor)

Analog voltage
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PHOTOELECTRIC SENSORS

TYPES OF SENSORS

Classification
1 Classification by structure

Type Outline and Features

Fi
be

r
A

m
pl

ifi
er

-s
ep

ar
at

ed
P

ow
er

 s
up

pl
y 

bu
ilt

-in
A

m
pl

ifi
er

 b
ui

lt-
in Amplifier

+

Receiving
element

Emitting
element

Non-contact output

DC
power
supply

Output
circuit

Emitting
elementPower

supply
circuit

Receiving
element

AC or DC 
power supply

Amplifier
+

Relay contact output

Output
circuit

DC power
supply
Non-contact
output

Amplifier Sensor
head

Receiving element
Emitting element

Amplifier
+

Output
circuit

Receiving element

Emitting
element

DC power
supply

Non-contact
output

Amplifier

FiberAmplifier
+

Output
circuit

(Refer to p.1138)

Since the amplifier is built-in,
just connecting the DC
power supply can provide a
relay drive output.

Since all necessary func-
tions of a photoelectric sen-
sor are incorporated, just
connecting the power supply
(100V / 200V AC) can pro-
vide a relay contact output.

It has supreme environmen-
tal resistance, since the
sensing portion (fiber) con-
tains absolutely no electrical
parts.

g g i g

f g f i

i f i g

i i i i

Feature comparison table

Type

Fe
at

ur
e

S
en
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ze

N
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m
un

ity

Li
fe

tim
e

E
as

e 
of

 u
se

i: Excellent
g: Good
f: Fair

As the sensor head contains
only the emitting and the
receiving elements, its size
can be made small. Further,
the sensitivity adjustment
can be done from a remote
place.
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Detects an object that interrupts the
light beam traveling from the emitter
to the receiver.

The emitter and the receiver are in
one enclosure.

Light curtain is made up of arrayed
emitting and receiving elements.

It enables detection of even a specu-
lar object by attachment of polarizing
filters to the emitting and the receiv-
ing parts. 
(Refer to p.1138)

The specially devised optical system
enables detection of even a transpar-
ent object.

Detects an object that has a reflectiv-
ity smaller than the reflector and
interrupts the light beam traveling
between the sensor and the reflector.

• Long sensing range
• Precise detection
• Small object detectable
• Not affected by shape,

color or material of sensing
objects (opaque)

• Resistant to dirt and dust
on the lens

• No beam alignment needed
• Precise detection
• Small object detectable
• Not affected by shape,

color or material of sensing
objects (opaque)

• Resistant to dirt and dust
on the lens

• Object is detectable as
long as it is anywhere in
the defined sensing area

• Not affected by shape,
color or material of sensing
objects (opaque)

• Resistant to dirt and dust
on the lenses

• Thin objects, such as post-
cards, can be detected 
Cross-beam scanning
type only. Refer to p.1139.

• Easy beam alignment
• Wiring only on one side
• Space saving compared to

thru-beam type sensors
• Not affected by shape,

color or material of sensing
objects (opaque)

• Specular object detection
• Easy beam alignment
• Wiring only on one side
• Space saving compared to

thru-beam type sensors
• Not affected by shape,

color or material of sensing
objects (opaque)

• Transparent object detec-
tion

• Easy beam alignment
• Wiring only on one side
• Space saving compared to

thru-beam type sensors
• Not affected by shape,

color or material of sensing
objects

Effective light beam

Emitter Receiver

Effective
light beam

Sensor

Emitter Receiver

Reflector
Sensor

ReflectorSensor

ReflectorSensor
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PHOTOELECTRIC SENSORS

TYPES OF SENSORS

2 Classification by sensing mode

mCross-beam scanning

Type Outline and Features
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Emits a beam onto the object and
detects the object by receiving the
beam reflected from the object sur-
face.

The sensing area is narrowed by the
optical system.

Detects an object in the area where
the emitt ing and the receiving
envelopes overlap.
A spot-beam type sensor detects an
object at just the point where these
envelopes cross over.

Projects a spot-beam on the target
color, and identifies the color by
sensing the amount of reflected
beam and the relative ratio among
color components.

Emits a spot beam onto an object
and senses the difference in the
reflected beam angle.
(Refer to p.1138)

• No beam alignment needed 
• Space saving
• Wiring only on one side
• Object with fluctuating
position detectable

• Wide sensing area

• Hardly affected by sur-
roundings

• More accurate detection
compared to diffuse re-
flective type sensors

• No beam alignment needed 
• Space saving
• Wiring only on one side

• Less affected by back-
ground and surroundings 

• Precise detection
• No beam alignment needed 
• Space saving
• Wiring only on one side

• Not affected by shape,
color or material of sensing
objects

• Hardly affected by back-
ground and surroundings

• Small object detectable
with high accuracy

• No beam alignment needed 
• Space saving
• Wiring only on one side
• Not susceptible to tem-
perature drift and voltage
fluctuation

• Color identifiable
• Hardly affected by back-
ground and surroundings

• Small object detectable
with high accuracy

• No beam alignment needed 
• Space saving (FZ-10 series)
• Wiring only on one side

Sensing area
Sensor

Sensing area
Sensor

Sensing area
Sensor

Sensor

Amplifier
Fiber

(FZ-10 series)

Emitter Receiver

Sensing
object

( )
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White

Yellow

Orange

Red

Green

Blue

Black

White Yellow Orange Red Green Blue Black

b b gb rgbrgbrgb

b g g rgbrgbrgb

b g gb rgbrgbrgb

gb g gb r rb rb

rgbrgbrgb r b b

rgbrgbrgb rb b b

rgbrgbrgb rb b b

Mark
colorBack-

ground color
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TYPES OF SENSORS

3 Classification by beam source

Type Features

In
fra

re
d 

be
am

R
ed
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 b
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m
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m
(R

ed
•G
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Blu
e)

• Intense beam offers long sensing range
• Unable to expose films

• Suitable for color mark sensing 
• Visible

• Suitable for color mark sensing
• Suitable for minute detection because of a high beam damping
ratio.

• Visible

• Color detected by resolving it into three color components
• Fine color discrimination possible

B
lu

e 
be

am

• Suitable for color mark sensing
• Suitable for minute detection because of a high beam damping
ratio.

• Visible

Color combinations that can be discerned during mark sensing

r: Red LED type g: Green LED type b: Blue LED type
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PHOTOELECTRIC SENSORS

TYPES OF SENSORS

4 Classification by output circuit

Type Outline and Features

W
ith

 c
on

ta
ct

R
el

ay
 c
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ta

ct

• Drives AC load or DC load
• Large switching capacity
• Delayed response compared to non-contact output

Power supply
circuit

Output relay

Internal circuit Users’ circuit

Load

Power

NO

NC

COM.

(Some models do not incorporate it.)Se
ns

or
 c

irc
ui

t

AC / DC
power
supply

AC / DC
power
supply

N
on

-c
on

ta
ct

D
C

 2
-w

ire

• Wire saving
• Low current consumption
• Semi-permanent life
• High-speed response
• Limitation on connectable load

�

�

Tr DC
power
supply

ZD

S
en

so
r c

irc
ui

t

Load

Load

Internal circuit Users’ circuit

Breeder resistance

Symbols ... ZD: Surge absorption zener diode
Tr : PNP output transistor

N
P

N
 o

pe
n-

co
lle

ct
or

 tr
an

si
st

or

• Able to drive a relay, PLC, TTL logic circuit, etc.
• A separate power supply can be used for the load.
• Semi-permanent life
• High-speed response
• Commonly used in North America or Japan

�

�

DZD

Tr

�V

Output

0 VSe
ns

or
 c

irc
ui

t

Load DC
power
supply

Internal circuit Users’ circuit

Symbols ... D: Reverse supply polarity protection diode
ZD: Surge absorption zener diode 

(Its position differs with the model.)
Symbol . . . Tr : NPN output transistor

P
N

P
op

en
-c

ol
le

ct
or

 tr
an
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st

or

• Commonly used output circuit in Europe
• Power supply is not required for the load.
• Semi-permanent life
• High-speed response

�

�
DZD

Tr
�V

Output

0 V
Load

DC
power
supply

Se
ns

or
 c

irc
ui

t

Internal circuit Users’ circuit

Symbols ... D: Reverse supply polarity protection diode 
(Its position differs with model.)

Symbol ... ZD: Surge absorption zener diode 
(Its position differs with the model.)

Symbol ... Tr : PNP output transistor

Type Outline and Features

N
P

N
 tr

an
si

st
or

 u
ni

ve
rs

al

• Able to drive a relay, PLC and logic circuit
• Semi-permanent life
• A separate power supply can be used for the load.

(However, its voltage must be higher than the sensor power supply.)
• High-speed response

�

�
ZDTr

�V

    Output

0 V

D1

D2

Se
ns

or
 c

irc
ui

t

Load DC
power
supply

Internal circuit Users’ circuit

N
on

-c
on

ta
ct

Symbols ... D1: Reverse supply polarity protection diode 
(Its position differs with the model.)

Symbols ... D2: Reverse current prevention diode 
(Its position differs with the model.)

Symbols ... ZD: Surge absorption zener diode
Symbols ... Tr : NPN output transistor

• Able to drive AC load directly
• Semi-permanent life

AC
power
supply

Users’ circuitInternal circuit

S
en

so
r c

irc
ui

t
AC IN

AC IN

Output

Load

Thyristor

• Outputs an analog voltage proportional to the amount of incident
beam

Users’ circuitInternal circuit

S
en

so
r c

irc
ui

t

D1

D2

D3

�V

Analog voltage output

 0 V

�

�

DC
power
supply

�

�

Load

�7 V
47 Ω

2 kΩ or 
more load 
resistance

Symbols ... D1: Reverse supply polarity protection diode
Symbols ... D2,  D3: Surge absorption diode

A
C
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A
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SF4-AH
SF2-A
SF2-N
SF2-EH
SF1-F
NA2-N
NA1-11
NA1-PK5/5
NA1-PK3
M-DW1
FT-K�

FD-L43
FD-L41
SH-72
M

HD-T1
EX-F70/F60 FD-F705
FT-F902
FX-301-F
EX-F1
FD-F4�

FD-F8Y
FT-Z8Y
FD-H30-L32, FD-H18-L31 EZ-10
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Slim body

Picking

Chemical-resistant
Heat-resistant
Waterd
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Individual beam outputs

FX-301
FX-311
FX-11A
FZ-10
CX-400
EX-30
EX-20
EX-10
EQ-30
EX-40
RX

RX-LS200
CY

PX-2
RT-610
PM

PM2
NX5

VF

EQ-500
SU-7/SH
SS-A5

A
m

pl
ifi

er
 b
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lt-

in

Digitalsetting
Manuallyset
Analog output
Color detection

Micro

Powersupply built-in

Amplifier- separated
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1Classification by structure

Thru-beam Retroreflective Reflective

2 Classification by sensing mode
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The minimum object size that the sensor can detect under the
specif ied condit ions. In the thru-beam type and the
retroreflective type, the size of an opaque object is specified. In
the diffuse reflective type, the diameter of a gold wire or a
copper wire is specified. ("xxx mm "xxx in value is expressed)

Retroreflective type

"a mm
"a in

Thru-beam type

Minimum sensing
object

Reflective type

Minimum sensing object

"a mm
"a in

"a mm
"a in

Term Description

Standard
sensing object

Minimum
sensing object

Hysteresis

Repeatability

The difference in the operating position when operation is
repeated under constant conditions.
• Reflective type

For a reflective type sensor, the hysteresis is the differ-
ence between the operation distance, when the output
first turns ON with the standard sensing object approach-
ing along the sensing axis, and the resumption distance,
when the output first turns OFF with the standard sensing
object receding.

Resumption distance

Operation
distance

Hyste-
resis

Repeatability

Approach along 
sensing axis

Approach perpendicular 
to sensing axis

Sensing axis

Re
pe

at
ab

ilit
y

Response time

The time lag between a change in the sensing state and
the turning ON / OFF of the sensing output.

Beam-
received

Beam-
interrupted
ON

OFF
t: Response time

Output
operation

Sensing
condition

t
t

tt

Ambient
illuminance

The maximum ambient light intensity that does not cause
sensor malfunction.
It is expressed as the permissible light intensity at the
light receiving face.

30�

Illuminance meter

Light source

Standard
sensing
object

The standard sensing object for determining the basic speci-
fications of reflective type sensors.
Normally, it is white non-glossy paper, but some particular
sensors use other objects to suit the application. (e.g., glass)

Term Description

Beam envelope
Beam axis

Sensing axis

Sensing range
Distance to
convergent
point

The center axis between the emitted beam axis and the
received beam axis.
For the thru-beam type sensor, it is identical to the beam
axis.

Beam axis:
The center axis of light beam

Beam envelope: 
Beam spread

Received beam axis

Sensing axis

Emitted beam axis

• Thru-beam type
The distance which can be set between the emitter and
the receiver under the stable sensing condition.
(The abbreviation ‘0l’ is set for values starting from 0.)

Emitter Receiver

Sensing range

• Retroreflective type
The distance which can be set between the sensor and
the reflector under the stable sensing condition.
(The abbreviation ‘0l’ is set for values starting from 0.)

Sensor Reflector

Sensing range

• Reflective type
The distance which can be set between the sensor and
the standard sensing object (normally, white non-glossy
paper) under the stable sensing condition.
(The abbreviation ‘0l’ is set for values starting from 0.)

Sensor Standard sensing object

Sensing range

m Distance to convergent point:
With the convergent reflective type sensor or the mark
sensor, sensitivity is not proportional to the setting
distance and the maximum sensitivity point is at an
intermediate posit ion. This point at which the
sensitivity is maximum is called the convergent point
and is specified along with the sensing range.

: Convergent
  reflective type

: Diffuse reflective
  type

Convergent point

Sensing area

Se
ns

iti
vi

ty

Setting distance
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No protection

No harmful effect due to vertically
falling water drops

No harmful effect due to water drops
falling from a range 15° wider than the
vertical
No harmful effect due to water drops
falling from a range 60° wider than the
vertical

No harmful effect due to water
splashes from any direction

No harmful effect due to direct water
jet from any direction

No water penetration due to direct
water jet from any direction

No water penetration due to immersion
in water under specified conditions

Usable during immersion in water at
the specified pressure

No protection

Protection against contact with
internal live parts by a human hand 
("50 mm "1.969 in)
Protection against contact with
internal live parts by a human finger 
("12 mm "0.472 in)
Protection against contact with internal
live parts by a solid object more than
2.5 mm 0.098 in in thickness or diameter
Protection against contact with internal
live parts by a solid object more than
1.0 mm 0.039 in in thickness or diameter

Protection against dust penetration
which can affect operation

Complete protection against dust
penetration

Protective height:
190 mm 7.480 in

Lens"10 mm 0.394 in

"30 mm
"1.181 in

Beam
pitch

Minimum
sensing object

20 mm 0.787 in

Sensing height:
140 mm 5.512 in

Beam pitch

25 mm 0.984 in

20 mm 0.787 in

1133

PHOTOELECTRIC SENSORS

Term Description

Protection

Sensing height
(Protective height)

Degree of protection against water, human body and solid foreign material.
Protection degree is specified as per IEC (International Electrotechnical Commission).

• IEC standard
IP��

Second figure  . . . Protection against water penetration
First figure . . . . . . Protection against human body and solid foreign material

• Protection degree specified by the first figure • Protection degree specified by the second figure

First Descriptionfigure
Second Descriptionfigure

0

1

2

3

4

5

6

0

1

2

3

4

5

6

7

8

"50
"1.969

"12
"0.472

t 2.5
t 0.098

t 1.0
t 0.039

15� 15�

60� 60�

Note: The IEC standard prescribes test procedures for each
protection degree given above. The protection degree
specified in the product specifications has been decided
according to these tests.

Caution
Although the protection degree is specified for the sensor
including the cable, the cable end is not waterproof, and is not
covered by the protection specified. Hence, make sure that
water does not seep in from the cable end.

Water should not 
seep in from here

GLOSSARY

• JEM standards (Standards of the Japan Electrical Manufacturer’s association)
IP67g
This specifies protection against oil in addition to IP67 protection of IEC standards. It specifies that oil drops or bubbles should not enter from
any direction.

This represents the range within which sensing objects can be detected for the light curtain and area sensor. The conventional light curtain
(SF2-EH series) and area sensor has a sensing height (protective height) limited to the height from the bottommost end beam axis to the
topmost end beam axis.

20 mm 0.787 in beam pitch
<SF4-AH series> <Conventional model>
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Term Description

Correlation
between
lightness and
sensing range

Correlation
between color
and sensing
range

Correlation
between
material and
sensing range

Correlation
between setting
distance and
excess gain

N20

Lightness LightDark

N4 N6 N8

Sensing region

N2N1 N3N4N5N6 N7 N8 N9 Di
sta

nc
e t

o c
on

ve
rg

en
t p

oin
t

2 0.079

4 0.157

6 0.236
5 0.197

8 0.315

10 0.394

Se
ns

ing
 ra

ng
e 

L 
(m

m
 in

)

0

M
irr

or
Gl

os
sy

 st
ain

les
s s

te
el

 G
los

sy
 co

pp
er

 p
lat

e
No

n-
glo

ss
y a

lum
inu

m
 p

lat
e

W
hit

e 
no

n-
glo

ss
y p

ap
er

W
hit

e 
ce

ra
m

ic 
cir

cu
it b

oa
rd

Gla
ss 

ep
ox

y P
CB

 (g
ree

n m
as

ke
d s

urf
ac

e)
Bl

ac
k p

ain
te

d 
iro

n 
(n

on
-g

los
sy

)

Gr
ay

 n
on

-g
los

sy
 p

ap
er

 (N
5)

Di
sta

nc
e 

to
 co

nv
er

ge
nt

 p
oin

t

5
0.197

10
0.394

15
0.591

20
0.787

Se
ns

ing
 ra

ng
e 

L 
(m

m
 in

)

These bars indicate the 
sensing range with the 
respective colors when the 
distance adjuster is set at 
the sensing range of 40 mm 
1.575 in, 30 mm 1.181 in
and 20 mm 0.787 in long, 
each, with white color.

���40 mm
1.575 in

���30 mm
1.181 in

���20 mm
0.787 in

W
hi

te
Y

el
lo

w
O

ra
ng

e
R

ed
B

ro
w

n
G

re
en

B
lu

e
G

ra
y

B
la

ck

20
0.787

40
1.575

Se
ns

ing
 ra

ng
e 

L 
(m

m
 in

)

Excess gain is a measurement of the sensing energy falling on the
receiver element of a sensing system over and above the minimum
amount required to operate the sensor.
Excess gain may be used to predict the reliability of any sensing system.
(Note)

This diagram of the convergent or the fixed-focus reflective type
sensor gives the correlation between color and sensing range. 
The graph is useful to determine the sensing distance for which
the sensor can reliably detect an object considering its color.
(Note)

This diagram of the convergent or the fixed-focus reflective type
sensor gives the correlation between object material and sensing
range.
The graph is useful to determine the sensing distance for which
the sensor can reliably detect an object considering its material.
(Note)

EX-13�
EX-17�

EX-11�
EX-15�

0 200
7.874

600
23.622

400
15.748

800
31.496

1,000
39.370

Setting distance L (mm in)

1

10

5

100

E
xc

es
s 

ga
in

50

The sensing region is
represented by oblique
lines in the left figure.
However, the sensitivity
should be set with
enough margin because
of sl ight variation in
products.

Lightness shown on
the left may differ
slightly from the actual
object condition.

( )

The bars in the graph
indicate the sensing
range for the respective
material. However, there
is a slight variation in
the sensing range
depending on the
product. Further, if there
is a reflective object
(conveyor, etc.) in the
background of the
sensing object, since it
affects the sensing,
separate it by more than
twice the sensing range
shown in the left graph.

Term Description

Parallel
deviation

Sensing field

Angular
deviation

Correlation
between
sensing object
size and 
sensing range

Emitter

Receiver

L

Sensor

Reflector

L

• Thru-beam
  type sensor

• Retroreflective
  type sensor

# #

Left RightCenter
Operating point ?(mm in)

400
15.748

200
7.874

0 200
7.874

400
15.748

0

10
32.808

Se
ttin

g 
dis

ta
nc

e 
L 

(m
 ft

)

5
16.404

The parallel deviation diagram of the thru-beam type and the
retroreflective type sensors represents the boundary within which the
receiver will effectively see the emitted light beam. The curves are
plotted as a series of operating points at which the sensor enters the
beam received condition when the emitter or the reflector moves
from the left or the right towards the receiver at different setting
distances (with the sensitivity adjuster at maximum sensitivity).
The graph is useful to determine the tolerance on beam alignment
and the span between adjacently mounted sensors. (Refer to p.1135)
(Note)

10 5 0 5 10
Center

Operating angle$( �  )
Left Right

Emitter

Receiver

L

Receiver
angular
deviation

Emitter
angular
deviation

• Thru-beam type sensor

Sensor angular
deviation

Reflector angular
deviation

Reflector (RF-230)

• Retroreflective type sensor

Sensor

L L

Reflector
(RF-230)

Sensor

$

$

$
0

10
32.808

Se
ttin

g 
dis

ta
nc

e 
L 

(m
 ft

)

5
16.404

Sensor

L

Standard
sensing object

• Reflective type sensor

Left RightCenter
Operating point ?(mm in)

20
0.787

10
0.394

0 10
0.394

20
0.787

0

800
31.496

Se
ttin

g d
ist

an
ce

 L 
(m

m 
in)

400
15.748

The sensing field diagram of the diffuse or the convergent reflective type sensor
represents the boundary within which the sensor will be operated by the reflected
beam from the standard sensing object.
The curves are plotted as a series of operating points at which the sensor enters
the beam received state when the standard sensing object approaches from the
left or the right for different setting distances (with the sensitivity adjuster at
maximum sensitivity).
The graph is useful to determine the mounting position of the sensor with respect
to the sensing object and the span between adjacently mounted sensors. (Refer
to p.1135)
(Note)

The angular deviation diagram of the thru-beam type and the
retroreflective type sensors represents the angular range within
which the receiver will effectively see the emitted light beam.
The curves are plotted as a series of points representing the angle
at which the sensor enters the beam received condition as the
angle is gradually reduced by moving the sensor or the reflector
towards the center axis from the left or the right at different setting
distances (with the sensitivity adjuster at maximum sensitivity). 
The graph is useful to find the tolerable misalignment angle.
(Note)

GLOSSARY

This diagram for the diffuse reflective type sensor gives the
correlation between sensing object size and sensing range.
For sensors having a sensitivity adjuster, the graph is shown for the
condition when the sensitivity adjuster is set such that the standard
sensing object is just detectable at the maximum sensing distance.

The graph is useful to determine the sensing distance for which
the sensor can stably detect an object considering its size.
(Note)

Sensor

L

• Reflective type sensor
a�a mm
a�a in
Sensing
object

800
31.496

Se
ns

ing
 ra

ng
e L

 (m
m 

in)

400
15.748

0 50
1.969

100
3.937

150
5.906

200
7.874

Sensing object side 
length a (mm in)

This diagram of the convergent reflective type sensor gives the
correlation between lightness and sensing range. 
The graph is useful to determine the sensing distance for which
the sensor can reliably detect an object considering its lightness.
(Note)

Note: These are typical graphs, and are subject to slight changes from
model to model.

( )
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• FX-300 • FX-411  • FX-311
• CX-400 (Excluding thru-beam type sensors)
• LS
• EQ-500 • EQ-30
• RX Excluding thru-beam type

sensors and RX-LS200
• NX5 (Excluding thru-beam type sensors)
• SS-A5
• PX-2
• CX (Excluding thru-beam type sensors)
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PRECAUTIONS FOR PROPER USE

Setting distance
Thru-beam type and retroreflective type sensors

Reflective type sensors

• The setting distance must be equal to or less than the
specified sensing range.
The sensors may be operable at a setting distance longer
than the rated sensing range, but reliable operation cannot
be guaranteed.  Further, in a dirty or dusty environment,
the setting should provide margin for beam intensity reduc-
tion.

• The sensing range given in the specifications is for the
standard sensing object.
Since the actual sensing distance differs with the size,
color, surface condition, etc., of the sensing object, set the
sensor giving enough margin for these differences.

• Change of sensing range with sensing object size
The bigger the sensing
object size, the larger the
quantity of light reflected,
which increases the
sensing range. However, if
the sensing object
becomes bigger than the
spread of the light beam or
the field of vision of the
receiver, the sensing range
does not increase any
further.

Standard
sensing
object

Sensing object 
size (area)

Se
ns

ing
 ra

ng
e

• Change of sensing range with sensing object 
(Diffuse reflective type sensors)

850

350
170

100

20

50

0

A B C D E F G H I J K L

100
90

100

40

110

70

170
350

850

28
35 42

Re
lat

ive
 se

ns
ing

ra
ng

e 
(%

)

A : White non-glossy
paper (Standard)

B : Natural color card-
board

C: Plywood
D: Black non-glossy

paper (Lightness: 3)

E : Plywood (glossy)
Bakelite board
(Natural color)
Acrylic board (Black) 
Vinyl leather (Red)

F : Vinyl leather (Gray)
G: Rubber sheet

(Green glossy)

H: Aluminum sheet
I : Reflex reflector
J : "10 mm "0.394 in

rusted steel rod
"5 mm "0.197 in
brass pipe

K: Cloth (Black)
L : Cloth (Dark blue)

The above mentioned relative sensing range for different
sensing objects has been given taking the sensing range
for white non-glossy paper as 100.
The values are given for reference, and would vary slightly
with the type of photoelectric sensor, sensing object size,
etc.

List of photoelectric sensors having interference prevention function

S
er

ie
s 

na
m

e

Automatic interference prevention Interference prevention
(with frequency selection switch)

• FX-11A • SU-7
• SF4-AH • SF2-N
• SF2-EH • SF1-N
• NA40 • SF1-F
• NA2-N • NA1-PK5/5
• NA1-PK3

Notes: 1) For the thru-beam type sensors incorporated with a sensitivity adjuster,
reduce the sensitivity to a level at which the stability indicators just light up.

Notes: 2) When two diffuse reflective type sensors face each other, tilt them down.

$ $

Countermeasure 2: Use interference prevention filters.
Interference prevention filters are available for CX-411�,
NX5-M10RA and NX5-M10RB.
<NX5-M10RA, NX5-M10RB>

Countermeasure 3: Increase the separation distance.
Find out the operating point
?1 on the parallel deviation
diagram or the sensing field
diagram for the setting dis-
tance L1. Separate sensors
by 2�?1 or more.

One set of PF-NX5-H fitted
(Interference prevention filters)

One set of PF-NX5-V fitted
(Interference prevention filters)

L1

#1

Left RightCenter
Operating point?

S
et

tin
g 

di
st

an
ce

 L

Parallel deviation

Emitter Receiver

Emitter Receiver

Emitter Receiver

L1

#1�2 or more

#1�2 or more

( )

Mounting
• Mutual interference

If sensors are mounted adjacently, they may affect each
other’s operation (mutual interference). The following
countermeasures are necessary to prevent it.

Countermeasure 1: Use sensors having interference prevention
function.

When sensors having the interference prevention function are
used, two sensors can be mounted close together.

In case of the PX-2 series: 26 sensors, FX-305: 16 sensors, SF2-
EH series: 12 sensors, SF2-N series: 6 sensors, FX-301/FX-
311/FX-411/LS series: 4 sensors, SF4B/SF4-AH/NA1-PK3 series:
3 sensors can be mounted close together.
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PRECAUTIONS FOR PROPER USE

Countermeasure 4: Place the emitter and the receiver alternately.
(Thru-beam type sensors only)

Countermeasure 1: Increase distance from the mounting
plane.

Countermeasure 1: Tilt the beam axis so that the receiver is not
directly facing the extraneous light source.

Countermeasure 2: Paint the mounting plane in non-glossy
black color.

Countermeasure 1: Increase distance from the mounting
plane.

Countermeasure 2: Place light barriers on the mounting
plane.

Countermeasure 5: Narrow the light beam with a hood or a slit
mask. (Thru-beam type sensors only)

Emitter

Receiver Emitter

Receiver

With this arrangement, if a sensing object comes near the
sensors, the beam reflected from the sensing object may
enter the receiver as shown below. In this case,
countermeasures, such as placing a shield between the
emitter and the receiver are necessary.

If a thru-beam type sensor, or a retroreflective type sensor
is mounted on a flat shiny plane, the emitted beam may
not be interrupted by a sensing object because some
amount of the emitted beam passes through the gap
between the sensing object and the plane, gets reflected
from the plane, and enters the receiver.

• Effect of mounting plane
If a reflective type sensor
is mounted on a rough
plane, scatteredly reflected beam returns to the sensor.
This causes the hysteresis to increase or the sensor to
always remain in the light received condition.

Emitter

EmitterReceiver

Receiver
Sensing object

Placing a shield
Emitter

EmitterReceiver

Receiver
Sensing object

ShieldShield

Emitter hood Receiverhood

• Influence of surroundings
Thru-beam type and retroreflective type sensors

Reflective type sensors

Emitter or
retroreflective type sensor

Receiver or
reflector

Sensing object

Beam axis

Mounting plane

Emitter or
retroreflective type sensor

Receiver or
reflectorSensing object

Mounting plane

Emitter or
retroreflective type sensor

Receiver or
reflector

Sensing object

Beam axis

Mounting plane CBA

Place light barriers at @, b and c to prevent reflection.

Countermeasure 3: Paint the mounting plane in non-glossy
black color.

Note that the sunlight incidence angle varies with the season.

Countermeasure 2: Attach a hood on the receiver.

Sensor

Mounting plane

Sensor

Mounting plane

• Influence of background
If there is a wall, etc., behind the sensing object, the
sensor operation may be affected.

Countermeasures:
• Remove the background.
• Paint the background in
black color.

• Increase the distance
from the background.

• Use a fixed-focus sensor or a
convergent reflective sensor.

• Influence of extraneous light
Most of the sensors use modulated beam highly immune to
sunlight or ordinary fluorescent light. However, intense light or light
from inverter fluorescent lamps may affect the sensor operation.
The CX series is incorporated with an inverter fluores-
cent light resistant circuitry.

Ba
ck

gr
ou

nd

Sensor

( )

Receiver

Emitter

Extraneous light
source

30° or more

EmitterReceiver

Extraneous light
source

Beam alignment (Thru-beam type and retroreflective type sensors)
1 Placing the emitter and the receiver face to face along a

straight line, move the emitter in the up, down, left and right
directions, in order to determine the range of the beam
received condition with the help of the operation indicator.
Then, set the emitter at the center of this range.

2 Similarly, adjust for up, down, left and right angular movement.
3 Further, perform the angular adjustment for the receiver also.
4 Finally check that the stability indicator lights up.

Emitter

Receiver

• Perform the beam alignment with a retroreflective type
sensor, similarly. Normally, the mirror angle can be set
roughly, but the sensor angle must be precisely adjusted.
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PRECAUTIONS FOR PROPER USE

Sensitivity adjustment
• Follow the procedure given below while noticing the
operation indicator.

1 Turn the sensitivity adjuster fully counterclockwise to the
minimum sensitivity position.

2 In the light received condition, turn the sensitivity
adjuster slowly and confirm the point @ where the sen-
sor enters the ‘Light’ state operation.

3 In the dark condition, turn the sensitivity adjuster further
clockwise until the sensor enters the ‘Light’ state opera-
tion and then bring it back to confirm point b where the
sensor just returns to the ‘Dark’ state operation.

If the sensor does not enter the ‘Light’ state operation
even when the sensitivity adjuster is turned fully
clockwise, this extreme position is point b.

4 The position at the middle of points @ and b is the opti-
mum sensing position.

Turn the adjuster with the accessory screwdriver.
The adjuster may be damaged if it is turned beyond
its limit with excessive force.

Other precautions
• Although the protection degree is

specified for the sensor including
the cable, the cable end is not
waterproof and is not covered by
the protection specified. Hence,
make sure that water does not
seep in from the cable end.

• Make sure that the power supply is off while wiring.
• Verify that the supply voltage
variation is within the rating.

• If power is supplied from a
commercial switching regula-
tor, ensure that the frame
ground (F.G.) terminal of the
power supply is connected to
an actual ground.

• In case noise generating equipment (switching regulator,
inverter motor, etc.) is used in the vicinity of this product,
connect the frame ground (F.G.) terminal of the equipment
to an actual ground.

• Do not run the wires together
with high-voltage lines or power
lines or put them in the same
raceway. This can cause
malfunction due to induction.

• Avoid dust, dirt, and steam. 
• Take care that the sensor does

not come in direct contact with
water, oil, grease or organic
solvents, such as, thinner, etc.

• Take care that the sensor is not
directly exposed to fluorescent
lamp from a rapid-starter lamp
or a high frequency lighting
device, as it may affect the
sensing performance.

• These sensors are suitable for indoor use only.
• Make sure that stress is not applied directly to the sensor

cable joint.

• Marks can be sensed with color fiber sensor FZ-10 series, mark
sensor or fiber sensor.
The FZ-10 series uses red, green and blue LEDs to identify a
color by its three color components. Hence, it is able to
discriminate even minute color differences.
For mark sensors and fiber sensors, the color combinations of
the mark and the background which can be discriminated,
depending on the color of the light source, are as given in the
table below.

( )

)(

Optimum sensitivity

OFF in the dark condition

ON in the dark condition

ON in the light received
condition

 Max.Min.

Detectable range

Sensitivity
adjuster

BA

Type Light received condition Dark condition
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Emitter Receiver

Sensing object

Emitter Receiver

Sensing object

Emitter Receiver

Sensor Reflector

Sensing object

ReflectorSensor

Sensing object

Sensor

Sensing object
(Black / Blue / Green)

Sensor

Sensing object
(Black / Blue / Green / Red)

Sensor

Sensing object

Emitter Receiver

ReflectorSensor

ReflectorSensor

Sensing object

Sensor

Sensing object

Sensing object
(White / Yellow / Orange / Red)

Sensor

Sensing object
(White / Yellow / Orange)

Sensor

The FX-300/411 series, FZ-10 series, LS series, LX-100 series
and SU-7 series incorporate an automatic sensitivity setting
function, which allows sensitivity setting just by pressing buttons.
For these series, there is no need to follow the above adjust-
ment procedure.

Water should not 
seep in from here

Ground

Switching
regulator

F.G.

�
�

AC

F.G.terminal

High-voltage line or
power line

Fluorescent
lamp

Color discrimination during mark sensing

White

Yellow

Orange

Red

Green

Blue

Black

White Yellow Orange Red Green Blue Black

b b gb rgbrgbrgb

b g g rgbrgbrgb

b g gb rgbrgbrgb

gb g gb r rb rb

rgbrgbrgb r b b

rgbrgbrgb rb b b

rgbrgbrgb rb b b

Mark
colorBack-

ground color

r: Red LED type g: Green LED type b: Blue LED type
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Type Features

Plastic

Glass

The fiber is made of acrylic.
The cable may consist of a single or multiple fiber
strands of "0.125 "0.005 to "1.5 mm "0.059 in.
It is widely used because of its low price.
The sharp bending fiber is made up of several hundred
"0.075 mm "0.003 in acrylic resin fibers bound together into
a single multi-core fiber, so that it can be bend at right angles
without causing a decrease in light intensity or breaking.

The fiber is made of glass that provides better heat-
resistance and chemical-resistance than plastic. The
cable consists of multiple fiber strands of "0.05 mm
"0.002 in. It is used mainly for special applications
because of its high price.
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Fiber cables

• An optical fiber comprises of a core and a cladding, which
have different refractive indexes.
When light is incident on the core, it propagates in the
core by being totally reflected at the boundary between
the core and the cladding. After traveling through the fiber,
light spreads at an angle of approx. 60° at the cable end
and is directed on the sensing object.

Retroreflective type sensor with polarizing filters

• Opposite types of polarizing filters are placed in front of the
emitting and receiving elements. A horizontal polarizing filter
placed in front of the emitting element passes only horizontally
polarized light and a vertical polarizing filter placed in front of the
receiver ensures that only vertically polarized light is received.
Using this configuration, even specular objects can be reliably
detected.

• 1 Normal unpolarized beam emitted from the LED oscillates in
a random manner. As it passes through the horizontal
polarizing filter, the oscillation is aligned horizontally and the
beam is horizontally polarized.

• 2 When the polarized beam falls on the reflector, its polarization
is destroyed and the reflected beam oscillates in a random
manner. So, the reflected beam can pass through the vertical
polarizing filter and reach the receiving element.

Adjustable range & fixed-focus reflective type photo-
electric sensor
• Employing the optical triangulation method, it reliably
senses an object at a given distance, irrespective of its
reflectivity, by measuring the angle of the received beam.
It contains an emitting lens and a receiving lens. The
beam from the emitting lens falls on the sensing object
and, after being reflected, is guided by the receiving lens
onto a 2-segment diode. Here, the sensing object distance
is determined by taking the position at which the upper
and lower segments of the 2-segment photodiode gener-
ate equal output voltages as the reference.
This method, besides being suitable for long distance, is
also good for high accuracy position alignment. Further,
the equal output voltages are obtained by adjusting the
position of the receiving lens.

However, a specular object does not destroy the polariza-
tion. The reflected beam oscillates horizontally, as before,
and cannot pass through the vertical polarizing filter.

• Fiber sensors are classified broadly into two groups thru-
beam type and reflective type.
The thru-beam type has two fiber cables: the emitting
cable and the receiving cable. The reflective type has one
fiber cable that contains, both, the emitting part and the
receiving part.
The cable can be classified into parallel, coaxial or
partition types, depending on the structural arrangement
of the fiber strands.

LED

Core (higher refractive index)

Cladding
(lower refractive index)

60° approx. 

Optical fiber

Cable structure Description

Generally used for plastic fiber cables.

The center fiber is for beam emission, and the
surrounding fibers are for receiving the beam.
This structure is suitable for high accuracy
measurements since the sensing position does
not change with the travel direction of the
sensing object.

Generally used for glass fiber cable.
It comprises of a number of glass fiber strands
of "0.05 mm "0.002 in, and is divided into the
emitting part and the receiving part.

Parallel

Coaxial

Partition

Horizontal polarizing filter Emitting element

Reflector Vertical polarizing filter 

Receiving
element

Specular object

Vertical polarizing filter

Horizontal polarizing filter

Receiving
element

Emitting element

Distance adjuster

Receiving lens
(Non-spherical lens)

Emitting lens
(Non-spherical lens)

Sensing
object

2-segment
photodiode

Moves up
or down

Infrared LED

Principle of optical fiber Principle

Types of fiber cables and their features

Fiber cable structure
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<Empty pipe><Filled pipe>

The beam is scattered and
not received.

The lens focuses as per the
liquid lens effect and the beam
is received.
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Color sensor
• Three LEDs, red, green and blue, are used as the emitting
elements. Each of them emit in turn to illuminate the sens-
ing object and the color components of the reflected beam
are processed to determine the sensing object color.

Cross-beam scanning
• This is a modified type of light curtain. Although the emitter
and the receiver each consist of an array of elements, only
the emitting elements are scanned and light from one
emitting element is received by all the receiving elements.
If light is not received even by one receiving element, it
results in light interrupted state. Hence, even thin objects,
such as postcards, can also be detected.

Liquid level detection sensor (pipe-mountable type)

• When the pipe is empty, the beam is reflected from the
inner surface of the pipe wall and returns to the beam-
receiving part since the difference in the refractive indexes
of the pipe and air is large.
When there is liquid in the pipe, the beam enters the liquid
through the wall and does not return to the beam-receiving
part as the difference in the refractive indexes of the pipe
and the liquid is small.

• When liquid is present, the lens focuses as per the liquid
lens effect and the beam is received.

Liquid level detection fiber (Contact type)
• When the fiber tip is in the air, as there is a large
difference between the air and the tube refractive indexes,
the tube boundary reflects the emitted beam back to the
receiver. On the other hand, when the fiber t ip is
immersed in a liquid, the emitted beam scatters from the
fiber into the liquid because of the small difference in the
liquid and the tube refractive indexes.Lens

Fiber cables

Red LED
Green LED

Blue LED Half mirrors

Tube

Fiber

In the air

Air

Liquid

Air

Liquid

In liquid

The beam passes through 
the wall into the liquid.

<Empty pipe> <Filled pipe>

The beam reflected from 
the inner surface of the 
pipe wall returns to the 
beam-receiving part.

1
2
3
4
5
6
7
8
9
0
A

1
2
3
4
5
6
7
8
9
0
A

Emitter Receiver
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Emitter Receiver
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1
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5

1

2

3
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NA1-11 General purpose area sensor

Thru-beam type

Reflective type

Leak liquid detection (Leak detection fiber / Leak
detection sensor)
• The unique effect of capillarity enables reliable detection
of small leaks and viscous liquids.

Capillarity effect

New Type of Detection Method

Leakage pan

Liquid

Sensor head

• When a leak occurs, the beam from the beam-emitting
part scatters through the leaked l iquid and is not
transmitted to the beam-receiving part.

When leakage occurs
The beam from the beam-emitting part scatters through the
leaked liquid and is not transmitted to the beam-receiving
part.

Beam-emitting part Beam-receiving part

Leakage pan

Sensing
surface

Leaked
liquid

When there is no leakage
The beam from the beam-emitting part reflects off of the
surface of the sensor and is transmitted to the beam-
receiving part.

Sensing
surface

Beam-emitting part Beam-receiving part

Leakage pan
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External
synchronization
function

Interference
prevention
function

Automatic
sensitivity
setting

Function Description

The timing of sensing can be controlled.

• Time chart (with SU-75)

• Application
Checking orientation of IC

When several photoelectric sensors are mounted close
together, mutual interference can be prevented by
setting different emission frequencies. Interference
prevention function by which the emission frequency can
be changed by a switch or an interference prevention
wire, or, automatic interference prevention function by
which the frequency is automatically changed by the
sensor are available.

• Application

Edge trigger Gate trigger

Sensing
signal
External
sync.
input

Sensing
output

ON
OFF

High
Low

ON
OFF

40ms approx.

ON
OFF

High
Low

ON
OFF

TT

T j 0.6 ms (when the interference prevention function is used, T j 0.8 ms)

Sensing output

Synchronizing
sensor

Notch detection
sensor

External synchronization
signal input

Checking orientation
of workpiece

Detecting IC
pins

Sensitivity setting is done simply by pressing a button.

Press the jog switch with the object in front of the fiber.

Press the jog switch without the object.

The FX-300 series, LS series and LX-100 series feature
a full auto-teaching function by which sensitivity setting
can be done on a moving object without stopping the
assembly line. Further, in case of the FZ-10 series and
SU-7 series, sensitivity setting is done by using a button
switch.

Function Description

Self-diagnosis
function

Light intensity
monitor

The sensor diagnoses the incident light intensity, and if it
is reduced due to dust or dirt, or beam misalignment, a
visual indication and/or an output is generated.

Dirt Beam misalignment

• Time chart

1 The self-diagnosis output transistor stays in the ‘OFF’
state (‘ON’ state in case of SS-A5) during stable sensing.

2 When the sensing output changes, if the incident light
intensity does not reach the stable light received level
or the stable dark level, the self-diagnosis output
becomes ON (OFF in case of SS-A5).
Further, the self-diagnosis output changes state when
the sensing output changes from Light to Dark state.
(It is not affected by the operation mode switch.)

3 In case of insufficient beam interruption, there will be
a time lag before the self-diagnosis output turns ON.

• The SF4-AH series, SF2-A series, SF2-N series, SF2-EH
series, etc., have a self-diagnosis function for the internal
circuitry besides the above mentioned self-diagnosis
function for the beam intensity.

• Since the time chart differs with the sensor model,
please refer to the section ‘PRECAUTIONS FOR
PROPER USE’ of the respective sensor series.

Incident light intensity can be displayed numerically or by an
LED array.

Incident light intensity can be shown on a digital display (4
digit LED).

Using the optional sensor checker CHX-SC2, the incident
light intensity can be checked audio-visually.

Stable light 
received level
Sensing output
threshold level
Stable dark level 

Sensing condition

Sensing output

Stability
indicator

Self-diagnosis
output

ON (Lights up)
OFF (Lights off)
Lights up
Lights off

OFF
ON

Insufficient
beam intensity

Insufficient
beam interruption

(operation indicator)
(in the Light-ON mode)

2 1 31

FX-301

Infrared or red beam type of thru-beam photoelectric sensors

LEVEL

POWER CHX-SC2

Level indicator

Emitter

Sensor checker
CHX-SC2

1140

PHOTOELECTRIC SENSORS

FUNCTIONS



The FX-305 is equipped with an ON-delay / OFF-delay
timer that allows you to use ON-delay and OFF-delay
simultaneously as well as an ON-delay / ONE SHOT
timer enabling a simultaneous ON-delay and ONE SHOT.
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Function Description

Timer function

The width of the output signal is controlled to match the
connected device specifications.

Function: Neglects short output signals.
Application: As only longer signals are extracted, this

function is useful for detecting if a line is
clogged, or for sensing only objects taking a
long time to travel.
(e.g.) Sensing of jamming in an assembly line

Function: Extends the output signal for a fixed period of time.
Application: This function is useful if the output signal is so

short that the connected device cannot respond.

Function: Outputs a fixed width signal upon sensing
Application: This function is useful when the input specifica-

tions of the connected device require a signal of
fixed width. Of course, it is also useful for
extending a short width signal to a desired width.

ON-delay

OFF-delay

ONE SHOT

• Time chart

Sensing
condition

Operation
Light-ON
normal
operation

Light-ON
ON-delay

Light-ON
OFF-delay

Light-ON
ONE SHOT

Dark-ON
normal
operation

Dark-ON
ON-delay

Dark-ON
OFF-delay

Dark-ON
ONE SHOT

ON

OFF

ON

OFF

ON

OFF

OFF

ON

ON

OFF

ON

OFF

Beam-
received
Beam-
interrupted

OFF

ON

OFF

ON

ON

OFF

T

T TT

TTT

T T T

T

T T T

T: Timer period

• In case of the NA2-N series, NA1-PK5/5 series and
NA1-PK3 series, this is the stable incident beam indicator
and lights up when the incident light margin is exceeded.

Stability indicator

The stability indicator (green) lights up when the incident
light intensity has sufficient margin with respect to the
operation level. If the incident light intensity level is such
that the stability indicator lights up, stable sensing can be
done without the light received operation and the light
interrupted operation being affected by a change in
ambient temperature or supply voltage.

Operation of stability indicator

Output operation

Incident
light
margin

Light
interruption
margin

Output
operation
level

0

100

0
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ns

ity
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)

Setting distance

15% approx. 

25% approx. 
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ht

s u
p

Lig
ht r

ece
ive

d o
per

atio
n

Lig
ht

 in
te

rru
pt

ed
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Function Description

Test input
(emission halt input)

Automatic
sensitivity
compensation
function

The emission can be stopped by an external test input.

• Application
Start-up inspection

The sensitivity is reduced if the emitter and the receiver
are brought closer.

The sensitivity is increased in case of dust or dirt.

The sensitivity is adjusted according to the setting dis-
tance to maintain the optimum sensitivity.

When several sensors are arrayed in a line, this function
can also be used for mutual interference prevention by
controlling the beam emission in a cyclic manner.

0V

Test input

PLC, Switch, etc.

• Time chart

High

Low

ON

OFF

Normal Abnormal

Test input
emission halt 
input

Sensing output
  in the Dark-ON 
  mode( )

( )



SF4-AH
SF2-A
SF2-N
SF2-EH
SF1-F
NA2-N
NA1-11
NA1-PK5/5
NA1-PK3
M-DW1
FT-K�

FD-L43
FD-L41
SH-72
M

HD-T1
EX-F70/F60 FD-F705
FT-F902
FX-301-F
EX-F1
FD-F4�

FD-F8Y
FT-Z8Y
FD-H30-L32, FD-H18-L31 EZ-10
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FX-301
FX-311
FX-11A
FZ-10
CX-400
EX-30
EX-20
EX-10
EQ-30
EX-40
RX

RX-LS200
CY

PX-2
RT-610
PM

PM2
NX5

VF

EQ-500
SU-7/SH
SS-A5
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Digitalsetting
Manuallyset
Analog output
Color detection

Powersupply built-in

Micro
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www.carrel-electrade.co.nz

Auckland
Telephone: 09 525 1753

Fax: 09 525 1756
CARREL-ELECTRADE LTD

not just products... solutions! 

Christchurch
Telephone: 03 366 1242

Fax: 03 379 1991


