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TEMIC optoelectronic sensors contain infrared emitting diodes as a radiation source and
phototransistors as detectors.

Typical applications include:

Copying machines * Printers

Video recorders * Object counters
Proximity switch * Industrial control
Vending machines * Facsimile

Special features:

Compact design

Operation range 0 mm to 20 mm
High sensitivity

Low dark current

Minimized crosstalk

Ambient light protected

Cut-off frequency up to 40 kHz
High quality level, ISO 9000
Automated high-volume production

These sensors present the quality of perfected products. The components are based on TEMIC’s
many years experience as one of Europe's largest producers of optoelectronic components.
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Drawings of the sensors
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1. Optoelectronic sensors

In many applications, optoelectronic transmit- nents and their use apply &l sensors of a
ters and receivers are usedpeirs andinked similar design.

together optically. Manufacturers fabricate The reflex sensors TCRT1000, TCRT5000,
them in suitable forms. They are available for a TCRT9000 and CNY70 contaifR-emitting
wide range of applications as ready-to-use diodes as transmitters and phototransistors as
components known as couplers, transmissive receivers. The transmitters emit radiation of a
sensors (or interrupters), reflex couplers and wavelength of 950 nm. The spectral sensitivity
reflex sensors. Increased automationnitus- of the phototransistors amptimized for this

try in particular has heightened the demand for wavelength.

these components and stimulated develop-  There are ndocusing elements ithe sensors

ment of new types. described, though insidéhe TCRT5000 in
both active parts (emitter and detectlemses
1.1 General principles are incorporated. The angular characteristics of

both aredivergent.This isnecessary to realize
The operating principles of reflex sensors are a position-independent function for easy
similar tothese oftransmissive sensors. Basi- practical use with different reflecting objects.
cally, the light emitted by the transmitter is in- In the case of TCRT500@he concentration of
fluenced by an object or medium on its way  the beam pattern to aangle of 16° for the
to the detectorThe change ithe light signal emitter and30° forthe detector, respectively,
caused by the interactiomith the object then  results in operation on an increased range with
produces a change in the electrical signal in the optimized resolution. The emittirend accep-

optoelectronic receiver. tance angles inthe other reflexsensors are
The maindifference between reflex couplers about45°. This is anadvantage in shomis-
andtransmissive sensors istime relativeposi- tance operationThe best local resolution is
tion of the transmitter and detectaith re- with the reflex sensor TCRT9000.

spect to each other. In the case of the trans-The maindifference between the sensor types
missive sensor, the receiver is opposite the is the mechanicabutline (as shown in the
transmitter in thesame optical axisgiving a photos, see page beforegsulting in different
direct light coupling between the two. In the electrical parameters and optical properties. A

case of the reflex sensor, the detectgoasi- specialization for certain applicationsnieces-
tioned next to the transmitteayoiding adirect sary. Measurements and statements on the data
light coupling. of the reflexsensorsare made relative to a

The transmissive sensor is used in most appli- reference surfacwith defined properties and
cations forsmalldistances and narrow objects. precisely known reflecting properties'his
The reflex sensor, however, is used for a wide referencemedium isthe diffusely reflecting
range of distances aeell asfor materials and  Kodak neutral cardalso known as gregard
objects of different shapes.dizes byvirtue of (KODAK neutral test cardKODAK publica-
its open design. tion No. Q-13,CAT 1527654). It is also used
In this article, wewill deal with reflex sensors here as the referenageediumfor all details.
— placing particular emphasis on thgiactical The reflection factor othe white side of the
use. The components TCRT1000, TCRT5000, card is 90% and that of thgrey side is 18%.
TCRT9000and CNY70are used asxamples.  Table 1 showghe measured reflection of a
However, references made to these compo- number of materials whichre important for
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the practical use adensors. The values of the section stands out in table Although all sur-
collector currenigiven are relative and corre- faces appear black to the ‘naked eye’, the
spond tothe reflection of therarious surfaces  black surfaces emit quite different reflections
with regard tahe sensor's receiver. They were at a wavelength of 950 nm. It is particularly
measured at a transmitter current @f important to account fothis fact when using

20 mA and at a distance of theaximum light reflex sensors. The reflection tiie various
coupling. These values appbxactly to the body surfaces in the infrared ranggn deviate
TCRT9000, butare also valid forthe other  significantly from that in the visible range.
reflex sensors. The ‘black on white paper’-

Table 1 Relative collector current (or coupling factor) of the reflex sensor TCRT9000 for reflection on various
materials. Reference is the white side of the Kodak neutral card. The sensor is positioned perpendicular with
respect to the surface. The wavelength is 950 nm.

Kodak neutral card Plastics, glass

White side (reference medium) 100% White PVC 90%
Gray side 20% Gray PVC 11%
Paper Blue, green, yellow, red PVC 40-80%
Typewriting paper 94% White polyethylene 90%
Drawing card, white (Schoeller Durex) 100% White polystyrene 120%
Card, light gray 67% Gray partinax 9%
Envelope (beige) 100% Fiber glass board material

Packing card (light brown) 84% Without copper coating 12-19%
Newspaper paper 97% With copper coating on the reverse side 3070
Pergament paper 30-42% Glass, 1 mm thick 9%
Black on white typewriting paper Plexiglass, 1 mm thick 10%
Drawing ink (Higgins, Pelikan, Rotring) ~ 4-6% Metals

Foil ink (Rotring) 50% Aluminum, bright 110%
Fiber-tip pen (Edding 400) 10% Aluminum, black anodized 60%
Fiber-tip pen, black (Stabilo) 76% Cast aluminum, matt 45%
Photocopy 7% Copper, matt (not oxidized) 110%
Plotter pen Brass, bright 160%
HP fiber-tip pen (0.3 mm) 84% Gold plating, matt 150%
Black 24 needle printer (EPSON LQ-500) 28% Textiles

Ink (Pelikan) 100% White cotton 110%
Pencil, HB 26% Black velvet 1.5%
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2. Parameters and practical use of the reflex sensors

A reflex sensor is used in order to receive a re-
flectedsignal from arobject. This signal gives
information onthe position, movemensize or
condition (e.g. coding) ofhe object in que-
stion. The parametahat describes the func-
tion of the opticalcoupling precisely ishe so-
called optical transfer functio(OT) of the
sensor. It is the ratio of the received to the
emitted radiant power.

or=2
O}

e

Additional parameters athe sensor, such as
operating rangethe resolution of opticabis-
tance of the object, thsensitivity and the
switching point inthe case ofocal changes in
the reflection, arelirectly related to this opti-
cal transfer function.

In the case of reflegensors with phototransis-
tors as receivers, the ratig/lg (the ratio of
collector currentd to the forward currentg)
of thediode emitter is preferred the optical
transfer function. As with optocouplerg/l§ is
generally known athe couplingfactor, k. The
following approximate relationship exists
between k and OT:

k = Id I = [(S x B)/h] x /g

where B is the curreramplification, S = J/®;

( phototransistor's spectral sensitivity), and
h = Ig/®e ( proportionality factor between: |
and®e of the transmitter).

In figure 1 andigure 2,the curves of theadi-
antintensity, k, of the transmitter to the for-
ward current, g, and thesensitivity of the
detector to the irradiance,eEare shown re-
spectively. The gradients of bo#ine equal to
unity slope.

This represents a measure of the deviation of
the curvedrom theideal linearity ofthe para-
meters. There is a good proportionality be-
tween bt and f and betweencland E where
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Figure 1 Radiant intensity + f (I), of the IR
transmitter

the curves are parallel to the unity gradient.
Greater proportionalitymprovesthe relation-
ship between theoupling factor, k, and the
optical transfer function.

2.1 Coupling factor, k

In the case of reflex couplers, the specification
of the couplingfactor isonly useful by a de-
fined reflection and distance. Its valuagisen

as a percentage and refers here to the diffuse
reflection (90%) of thewhite side of Kodak
neutral card at the distance of theximum
light coupling.Apart fromthe transmitter cur-
rent, k, and the temperature, theoupling
factor also depends othe distancérom the
reflecting surface anthe frequency — that is,
the speed of reflection change.

For all reflex sensors, the curve of the glong
factor as a function of the transmitter
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Figure 2 Sensitivity of the reflex sensors' detector

current, f, has a flatmaximum atapproxi-
mately 30 mA (figure 3). As shown in the
figure,the curve of theouplingfactor follows
that of the current amplification, B, of the pho-
totransistor. The influence of temperature on
the coupling factor is relatively small and
changes approximately -10% in th@nge of
-10°C to +70°C (figure 4). This fairly favorable
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Figure 3 Coupling factor k = fl of the reflex sensors
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Figure 4 Change of the coupling factor, k, with
temperature, T

temperature compensation is attributable to the As a consequence, the reflection change is no

opposing temperature coefficient of the IR
diode and the phototransistor.

The maximumspeed of a reflection change
that is detectable by theensor as aignal is
dependent either on tsvitching times or the
threshold frequencyg,fof the component. The
threshold frequency and tisgvitching times of
the reflex sensors TCRT1000, TCRT5000,
TCRT9000and CNY7@are determined by the
slowest component ithe system — in thisase
the phototransistor. As usual, the threshold fre-
quency, § Iis defined as the frequency at
which the value of theoupling factor has
fallen by 3 dB (approximately 30%) of its
initial value. As the frequency increases, > f
the coupling factor decreases.

longer easily identified.

Figure 5 illustrategshe change of the cut-off
frequency at collector emitter voltages of 5, 10
and 20 V and various load resistanddigher
voltages andow load resistances significantly
increase the cut-off frequency.

The cut-off frequencies ofall TEMIC reflex
sensorsare high enough (with 30 kHz to
50 kHz) to recognize extremefgst mechani-
cal events.

In practice, it is not recommended to use a
large load resistance to obtain a lasignal,
dependent on the speed of the reflection
change. Instead, the oppositffect takes
place, sincehe signal amplitude is markedly
reduced by thealecreasing irthe cut-off fre-
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guency. In practice, the better approach is to The working diagrams of all sensors (figure 6)

use thegiven data of theapplication (such as
the type of mechanical movement or the
number of markings on the reflectimeedium).
With thesegiven data, themaximumspeed at
which the reflection changesan be
determined, thusallowing the maximum fre-
guency occurring to be calculated. Timaxi-
mum permissibldoad resistance&an then be
selected for thigrequencyfrom the diagram §

as a function of the load resistance, R

2.2 Working diagram

The dependence dhe phototransistor collec-
tor current on the distance, A, of treflecting
medium is shown in figure é&ndfigure 7 for
the reflexsensors TCRT1008nd TCRT9000
respectively.

Thedata were recordefbr the Kodak neutral
cardwith 90% diffuse reflection serving as the
reflecting surface, arranged perpendicular to
the sensor.The distance, A, was measured
from the surface of the reflex sensor.

The emitter currentg) was held constant dur-
ing the measurement. TherefotBis curve
also showghe course of theoupling factor
and the optical transfer function over distance.
It is called theworking diagram ofthe reflex
sensor.

Issue: 10. 95

show a maximum at aertain distance, A
Here the opticatoupling isthe strongest. For
larger distanceghe collector currerfalls in
accordancewith the squardaw. When the
amplitude, I, has fallen not motkan 50% of

its maximum value, the operation range is at its
optimum.
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Figure 5 Cut-off frequencyg f
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Figure 6 Working diagram of reflex sensors TCRT5000, CNY70, TCRT9000 and TCRT1000

Issue: 10. 95



TEMIC

TELEFUNKEN Semiconductors

2.3 Resolution, trip point

The behavior ofthe sensors withrespect to
abrupt changes in the reflection overdes-
placement path is determined by two
parameters: the resolution and the trip point.

If a reflex sensor is guidedver a reflecting
surface with a reflection surgéhe radiation
reflected back to the detector changeadu-
ally, not abruptlyThis isdepicted irfigure 7a.
The surface, g, segointly by the transmitter
and detector, determines the radiation received
by the sensomDuring the movementhis sur-
face is gradually covered by the dark reflection
range. In accordanceith the curve of the
radiation detected, the change in collector cur-
rent is not abrupt, but undergoes vade,
gradual transition fronthe higher tothe lower
value.

As illustrated in figure 7lthe collector current
falls tothe value dp, which corresponds to the
reflection of the dark range, not at tpeint
Xo, but at thepoints X+Xq/2, displaced by
Xdr2.

The displacement dhe signal corresponds to
an uncertainty when recordirtbe position of
the reflection change, and it determines the
resolution and the trip point of the sensor.

The trip point ighe position at whichithe sen-
sor has completely recordethe light/dark
transition, thats, the range betweethe points
Xo+Xagre and X - Xgr2 around X%. The dis-
placement, ¥, therefore, corresponds to the
width or the tolerance of the trip point. In
practice, the sectiolying between 10% and
90% of the differencecl= lc1 - Ic2 is taken as
Xd. This corresponds tine rise time ofthe ge-
neratedsignal sincethere are bothmovement
and speedAnalogous to switching time, dis-
placement, ¥, is described as a switchiwuigs-
tance.

The resolution ishe sensor's capability toec-
ognize smalktructuresFigure 8 illustrates the

Issue: 10. 95
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example of the curve of the reflection and cur-
rent signal for a black line measuring d in
width on alight background (e.g. on a sheet of
paper). The line has two light/dark transitions —
the switching distance X, is, therefore,
effective twice.

emitter  detector

a)

reflectipn 2 reflection 1

. )

—_—T

direction of motion plane of reflection
c
2 R
Q
g
N
2

R2
4 displacement X
2
5 Iel 90%
o
S
B 10%
8 Ie2
8 Xo

(Xo—=Xd)/2 " (Xo+Xd)/ 2
D A EE—
switching distance
Figure 7 Abrupt reflection change with associaged |

curve

The line is clearly recognized &g as the
line width is d> Xq. If the width is lessthan
X4, the collector current changey F l¢c2, that
is the processablkggnal,becomes increasingly
small and recognitionincreasingly uncertain.
The switchingdistance — or bettets inverse —
can therefore be taken asresolution of the
sensor.

The switchingdistance, ¥, is predominantly
dependent on the mechanical/ optidesign of
the sensor and the distance to tle#lecting
surface. It is also influenced by the relative po-
sition of the transmitter/ detector axis.
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Figure 8 Reflection of a line of width d and corre-
sponding curve of the collector curregt |

Figure 9 showshe dependence of thssvitch-
ing distance, X, on the distance Avith the

sensors placed in two different positions with

respect to the separatitine of the light/ dark

transition.

The curves marked position 1 tine diagrams
correspond to thérst position. The transmit-
ter/ detector axis of the sensor
perpendicular tothe separatiofine of the

transition. In the second positigcurve 2), the

transmitter/ detectoaxis was parallel to the
transition.

was
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ces) than in position 2. The devisleowing the
best resolution is TCRT9000. ¢an recognize
lines smallerthan half amillimeter at a dis-
tance below 0.5 mm.

It should be remarkedhat the diagram of
TCRT5000 is scaled up to 10 cm. It shdvest
resolution between 2 cm and 10 cm.

All sensors showthe peculiaritythat the
maximum resolution isot at thepoint of
maximum light coupling, 4 but at shorter
distances.

In many cases, a reflex sensor is usedetiect

an object thatmoves at a distance in front of a
background, such as a sheet of paper, a band
or a plate. In contrast to thexamples exam-
ined abovethe distances of the object surface
and background from the sensor vary.

Since the radiation received by thensor's de-
tector depends greatly on the distance, the case
may arise whetthe difference between the ra-
diation reflected bythe object on the back-
ground is completely equalized the distance
despite varying reflectance factors. Even if the
sensor has sufficient resolution, will no
longer supply a processaldgnal due to the
low reflection difference. In such applications
it is necessary to examine whether there is a
sufficient contrastThis is performed with the
help ofthe working diagram othe sensor and

In the first position (1) all reflex sensors have a the reflectance factors of the materials.

better resolution (smaller switching distan-

10
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2.4 Sensitivity, dark current
and crosstalk

The lowest photoelectric curretitat can be
processed as a usefignal inthe sensor's de-

TEMIC
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At | = 20mA,the current s is approximately
50 nA for theTCRT9000and 15 nA for the
CNY70, TCRT1000 and TCRT5000.

lex canalso be manifested dynamically. In this
case, theorigin of the crosstalk is electrical
rather than optical.

tector determines the Weakest Usable reﬂection For desigr‘and optica| reasons, the transmitter

and defines theensitivity ofthe reflex sensor.
This is determined by two parameters — the
dark current of the phototransistor and the
crosstalk.

The phototransistor as receiver exhibitsnaall
dark current, ¢eo, of a few nA at 25°C.
However, it is dependent on tlagplied col-
lector-emitter voltage, d, and to a much

and detector are mounted verlpse toeach
other.

Electrical interference signals can be generated
in the detector when the transmitter is operated
with a pulsed or modulatesignal. Thetrans-

fer capability of the interference increases
strongly withthe frequencySteep pulse edges
in the transmitter's current are here particularly

greater extent on the temperature, T (see figureeffective since theypossess a large portion of

10). The crosstalk betwedime transmitter and
detector of the reflex sensorgs/en with the
current, k. lex is the collector current of the

high frequencies. Forll TEMIC sensors, the
ac crosstalk, ckag does not become effective
until frequencies of AMMHz upwards with a

photoelectric transistor measured at normal IR transmission of approximately 3 d@etween

transmitter operating conditions without a re-

104

AL

1075

108

Dark current Iggg

1077

1078

107

o
0 40 B0 120 °C
Junction—Temperature TJ

the transmitter and detector.

The dark current anthe dc- and ac crosstalk
form the overall collector fault currentgl It
must be observed that the dc-crosstalk current,
lexde also containghe dark currentcko, of

the phototransistor.

lcf = lexde + lexac

This current determines thgensitivity of the
reflex sensor. The collector current caused by
a reflection change should always be at least
twice ashigh asthe fault current so that a pro-
cessable signal can be reliably identified by the
sensor.

2.5 Ambient light

Figure 10 Temperature-dependence of the collector dark Ambient light is another feature that can im-

current
flecting medium.
It is ensured that no (ambieright falls onto
the photoelectric transistoiThis determines
how far it ispossible toguaranteeavoiding a

pair the sensitivity and, in some circumstan-
ces, the entire function of the reflex sensor.
However, this isnot an artifact of theom-
ponent, but an application-specifaharacter-
istic.

direct optical connection between the transmit- The effect of ambientlight falling directly on

ter and detector of the sensor.
12

the detector is always very troublesoméak
Issue: 10. 95



TEMIC

TELEFUNKEN Semiconductors

steady light reduces thesensor's sensitivity.
Strongsteadylight can, depending orthe di-
mensioning (R, Vc¢), saturate the photoelectric
transistor. The sensor is ‘blind’ in this
condition. Itcan noonger recognizeany re-
flection change. Chopped ambidight gives
rise to incorrecsignalsand feigns non-exient
reflection changes.

Indirect ambientlight, that is ambient light
falling onto thereflecting objectsmainly re-

ANTO14

values of the irradiance of these sources. The
values apply to a distance of approximately
50 cm,the spectratange to a distance of 850
nm to 1050 nm. The values t@ible 2 areonly
intended agyuidelines for estimatinghe ex-
pected ambient radiation.

In practical applications, it is generaligther
difficult to determine preciselgfhe ambient
light andits effects. Therefore, an attempt to
keepits influence to aminimum ismade from

duces the contrast between the object andthe outset byusing asuitable mechanical de-

background or the feature amgirroundings.
The interference caused by ambidight is
predominantly determined biye various re-
flection properties of the material which in turn
are dependent on the wavelength.

If the ambientight has wavelengths for which

sign and optical filters. The detectors of the
sensorsare equippedvith optical filters to
block suchvisible light. Furthermore, the me-
chanicaldesign ofthese components is such
that it is notpossible for ambienlight to fall
directly or sideways ontthe detector for ob-

the ratio of the reflection factors of the object ject distances of up to 2 mm.

and background is theame orsimilar, its in-
fluence on thesensor's function ismall. Its
effect can begnored for intensitieshat are
not excessivelyarge. Onthe other hand, the

If the ambientlight source isknown and is
relatively weak, in most cases it is enough to
estimate the expected power tbis light on
the irradiatedarea and taconsider theresult

object/ background reflection factors can differ when dimensioning the circuit..

from each other irsuch a way that, for exam-
ple, the background reflects the ambiéght
much more tharnhe object. Irthis case, the

AC operation of the reflesensors offers the
most effective protection against ambibgiat.
Pulsed operation is also helpful in some cases.

contrast disappears and the object cannot be

detected. It isalso possiblethat an uninter-
esting object offeature is detected by the
sensor because it reflects the ambibgit
much more than its surroundings.

In practice, ambientight stems mostfre-
guently from filament, fluorescent or energy-
saving lamps. Table 2 givedew approximate

Compared with dc operatiothe advantages
are greater transmitter power and at shene
time significantly greater protection against
faults. The only disadvantage tke greater
circuit complexity, which is necessary fihis
case. The circuit ifigure 14 is an example of
operation with chopped light.

Table 2 Examples for the irradiance of ambient light sources

Light source (at 50 cm distance) Irradiance Ee (uW/cmz) Frequency
850 nm - 1050 nm (Hz)
Steady light AC light (peak value)
Filament lamp (60 W) 500
Fluorescentlamp OSRAM (65 W) 25 30 100
Economy lamp OSRAM DULUX (11 W) 14 16 100

Issue: 10. 95
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3. Application examples, circuits

The most important characteristics of the
TEMIC reflex sensoraresummarized in table
3. The task of this table is tgive a quick
comparison otlatafor choosinghe right sen-
sor for a given application.

3.1 Application example with
dimensioning

With a simpleapplication example, théimen-
sioning ofthe reflex sensaran beshown in
the basic circuit withthe aid ofthe component
data andconsideringthe boundaryonditions
of the application.

The reflex sensor TCRT9000 is used for speed
control. Analuminum disk with radial strips as
markings fitted to the motor shaft forriee re-
flecting objectand is located approximately
3 mm in front of the sensofhe sensosignal

is sent to a logic gate for further processing.
Dimensioning idased on dc operation, due to
the simplified circuitry.

The optimum transmittecurrent. [, for dc
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operation is between 20 mA and dfA. I =

20 mA is selected in this case.

As shown in figure 3the couplingfactor is at
its maximum. In additionthe degradatiofi.e.
the reduction of the transmitted IR outpuith
aging) is minimum for currents under 40 mA (<
10% for 10000 h) and theelf heating is low

due to the powerloss (approximately
50 mW at 40 mA).
+5V
< TCRT 9000
L—\ ﬁﬂgJ 74HCTXX
Q
[] RS RE
180 15K
GND

Figure 11 Reflex sensor — basic circuit

Table 3

Parameter Symbol Reflex sensor type
CNY70 TCRT1000 TCRT5000 TCRT9000

Distance of optimum AQ 0.3mm 1mm 2mm 1mm
coupling
Distance of best resolution rA 0.2 mm 0.8 mm 1.5mm 0.5 mm
Coupling factor k 5% 5% 6% 3%
Switching distance (min.) o 1.5mm 0.7 mm 1.9mm 0.5 mm
Optimum working distance of 0.2mm-3mm 04mm-22mm 0.2mm-6.5mm 0.4 mm - 3mm
Operating range ér 9mm 8 mm >20 mm 12 mm
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Table 4

Application data

Aluminum disk Diameter 50 mm, distance from the sensor 3 mm, markings printed on the alumingim

Markings 8radial black stripes and 8 spacings, the width of the stripes and spacings in front of the
sensor is approximately = 4 mm (in a diameter of 20 mm)

Motor speed 1000 rpm to 3000 rpm

Temperature range 10°C to 60°C

Ambient light 60 W fluosescent lamp, approximate distance 2 m

Power supply 5\t 5%

Position of the sensor Position 1, sensor/ detector connecting line perpendicular to the strips

Special attention must also be made to the used (typewritingpaper and black-fiber tip
downstreamogic gate. Only components with  pen). The valid value fothese material sur-
a lowinput offset current may be used. In the faces can be found in table 1:

case of the TTL gate and th&-TTL gate, the )

Iy current can be applied the sensor output K1 = 94%x k = 2.63% for typing paper and

in the low condition. At -1.6 mA or -400 pA, ko = 10%>x k = 0.28% for black-tip pen

this is above the signal currenttbé sensor. A (Edding)

transistor or an operational amplifier should be

connected at the output of the sensor when Therefore: $1=0.5x kg x [F =263 pA

TTL or LS-TTL components are used. A gate lcp=0.5% ko X |g = 28pA

from the 74HCTxx family is used.

According tothe data sheetts faultcurrent  Temperature andhging reduce the collector

ILH is approximately 1 pA. o current. Theyare thereforémportant to ¢
The expected collector current for thaini- and are subtracted from it.
mum and maximum reflection is now esti-

Figure 4 shows a&hange in the collector cur-

mated. o o rent of approximately 10% fof0°C. Another
According to thevorking diagram in figure 6C, 109 is deducted fromy for aging
it follows that when A =3 mm

lc1 =263 YA - (20%x 263 pHA) = 210 pA
|C =0.5x% |Cmax
The fault current g (from crosstalk and col-
lector dark current) increases the signal current
and is added tasp. Crosstalk with only a few
nA for the TCRT9000 is ignored. However, the
, dark current can increase up to 1 pA at a
Atlg =20 mA, the typical value temperature of 70°C anghould betakeninto
k = 2.8% account.
In addition, 1pA, the fault current of the
74HCTxx gate, is also added

Icmaxis determined from the coupling factor, k,
for I =20 mA.

lemax= Kk IF

is obtained for k from figure 3.

However, this value applies tbe Kodak neu-
tral card or the reference surface. Toeipling lc2 = 30 HA
factor has a different value for the surfaces
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The effect of the indirect incident ambient light
can most easily be seen bgomparing the
radiant powers produced by the ambibgibt
and thesensor's transmitter on 1 rArof the
reflecting surface. The ambiehght is then
takeninto account as a percentage in accor-
dance with the ratio of the powers.

From table 2:

Ee (0.5 m) = 40 uW/ cih(dc + ac/ 2)
Ee (2 m) = B(0.5 m)x (0.5/ 2§

(Square of the distance law)

Ee (2m) = 2.5 pW/ crd
Dst = 0.025 pW

The radiant powerd§s= 0.025 pW) therefore
falls on 1 mna.

When E =20 mA, the sensor's transmitter has
the radiant intensity:

()

| =—=0.5mW/sr
Q

e

(figure 1)

The solid angle for 1 m#surface at a distance
of 3mmiis

_1mnt

@mm) 9

It therefore follows for the radiant power that:

Pe=lex Q=555 pw

The power of 0.025 uW produced the am-
bient light is therefore negligibly low cgrared
with the corresponding power (approxi-mately
55 pW) of the transmitter.

The currentsdy, Ic2 would result withfull re-
flecting surfacesthatis, if the sensor's visual
field only measures white or black typing pa-
per. However, that is not the ca3ée reflect-
ing surfaces exist in the form of stripes.

The signal can bemarkedly reduced by the
limited resolution ofthe sensor if thetripes
are narrow.The suitable stripe width for a
given distance shouldherefore be selected

16
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from figure 9. In thiscase, thaninimum per-
missiblestripe width is approximately 3.8 mm
for 3 mm distance (position 1, figure 9d). The
markings measuring 4 mm in widtheere ex-
pediently selected in this case. For this width, a
signalreduction of about 20% can Ipermit-
tedwith relatively great certainty, shat 10%

of the difference @1 - Ic2) can be subtracted
from lo1 and added tach.

lc1=210 pA - 18 pA =192 pA
lc2=30 HA + 18 pA = 48 pA

The suitable load resistances, Rt the emitter
of the photo-transistor is then determiriezin
the low and high levels 0.8 V and 2.0 V for the
74HCTxx gate.

Re<0.8V/kzxand RE> 2.0 V/ k1,
i.e., 102R <Re<16.7KQ
12 kQ is selected for R

The corresponding levels for determining R
must be used if a Schmitrigger of the
74HCTxx family is employed.
The frequency limit othe reflex sensor is then
determined with R = 12 KQ and compared
with the maximumoperating frequency in or-
der to check whethesignal damping attribut-
able to the frequency that can occur.
Figure 5 shows$or Vs =5V and R =12 KQ
approximately, for the TCRT9000, § =
1.5 kHz.
Sixteen black/ white stripesppear in front of
the sensor irrachrevolution. This produces a
maximum signalfrequency of approximately
400 Hz for themaximumspeed of 3000 rpm
up to 50 rpsThis is significantly lesshan the
fc of the sensorwhich meanghere is norisk
of signal damping.
In the circuit in figure 11, a resistore,RRan be
used on the collector of the photoelectric tran-
sistor instead of R In this case, an inverted
signal and somewhamodified dimensioning
results. The current{ now determines the low
signallevel andthe currentch the high. The
voltages (\é - 2 V) and (\4 - 0.8 V) and not the
Issue: 10. 95
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high level andlow level 2 Vand 0.8 V, are
now decisive for determininghe resigance,
Re.

3.2 Circuits with reflex
Sensors

The couple factor ofhe reflexsensors is rela-
tively small.Even in the case ajoodreflect-
ing surfaces, it is leshan 10%. Therefore, the
photocurrents are in practice onlytire region

of a fewpA. Asthis isnot enough to process
the signalsany further, an additionamplifier

iS necessary at the sensor outgtigure 12
shows twosimple circuits with sensors and
follow-up operational amplifiers.

The circuit in figure 12b is a transimpedance
which offers in addition tahe amplification
the advantage of a higher cut-off frequency for
the whole layout.

Two similar amplificationcircuits incorporat-
ing transistors are shown in figure 13.

The circuit in figure 14 is a simpkxample for
operating the reflex sensors with chopped light.
It uses a pulse generator constructeith a
timer IC. This pulse generator operategth
the pulse dutyfactor of approximately 1. The
frequency is set to approximately RPiz. On
the receiver side, a conventional LC nesoce
circuit (fo = 22 kHz) filtersthe fundaental
wave out of the receivepulsesand delievers

it to an operational amplifier vidne capacitor,
Ck. The LC resonance circugimutaneously
represents the photo transistor'doad
resistance. For direct currerthe photo tran-
sistor's load resistance is velgw — in this
case approximately 0.2, which meanghat
the photo transistor is practically shorted for dc
ambient light.

At resonance frequencies belowkblz, the
necessary coils and capacitors for diseillator
get unwieldyand expensive. Therefore, active
filters, made up with operationamplifiers or
transistorsare more suitable (figures 15 and
16). It is notpossible to obtairthe quality
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characteristics of passive filters. In addition to
that, theload resistance othe emitter of the
photo transistor has remarkabitigher values
than the dc resistance ofcail. Onthe other
hand, the constructiomvith active filters is
more compact and cheaper. Thmaller the
resonance frequency becomes, the greater the
advantages of active filters cpared to LC
resonant circuits.

In some cases, reflex sensare used to count
steps or objects, while @he same timerec-
ognition of a change in the direction of tata

(= movement direction) is necessary. The
circuit shown in figure 17 is suitable for such
applications. The circuit is composed of two
independent channels with reflex sensors. The
sensorsignals are formed via the Schmitt-
trigger into TTL impulses with step slopes,
which are supplied tothe pulse inputs of the
binary counter 74LS393. The outputs of the
741.S393are coupled to the reseputs. This

is made in such a way that tliest output,
whose condition changes from ‘low’ to ‘high’,
sets the directly connected counter. this
way, the counter of the other channel is de-
leated and blocked. The outputstbé active
counter can be displaced or connectethtwe
electronics for evaluation.

It should be mentionethat such acircuit is
only suited to evenly distributed objects and
constant movements. If this is not the case, the
channels must be close ¢éach other, so that
the movement of botlsensorsare collected
successively. The circuit also works perfectly
if the last mentionedcondition is fulfilled.
Figure 18 shows a pulse circutbombining
analog with digitalcomponents anaffering
the possibility oftemporary storage of theg-

nal delivered bythe reflex sensor. imer IC

is used as the pulse generator.

The negative pulse at the timer's outpugkig
the clockinput ofthe 74HCT74 flip-flop and,

at the same time, the reflex sensor's transmitter
via a driver transistor. The flip-flogan be
positively triggered, so that the condition of the
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datainput at this pointan be received as the riod. During the time of negative impulses,
edge ofthe pulse rises.This then remains electrical and optical interferencese sup-
stored until the next rising edge. pressed. A sampkendhold circuitcanalso be
The reflex sensor is therefomnly active for employed instead othe flip-flop. This is
the duration of the negative pulse arahonly switched on via an analog switchthe sensor
detectreflection changes within this time pe- output as the pulse rises.

a) *10V, b) +10V
I e | F R,
=20 mA | Reflex sensor =20 mA | Reflex sensor o
220K
T A A
7
_\\='/: 2 TLC271 ‘\\‘=./ ] 2 I TLCc271
o6 . - 6] .
S+ Output =1 Output
Rs IR R4 R . <
[] 390 [] E F [] S [] E [] |
e 390 1K
220K 1K
R
ﬁ] e GND GND
Figurel2 Circuits with operational amplifier
a) b)
+10V +10 V
R Re
[17c (] Ry
1K 220 0
Reflex sensor 1K
I JBC1788 L!\\ /KJ R, ouput
N PNP m e 2
-2 | C 220 K
- K
b4 K Reflex sensor Output _ F I | K BC108B
N\ AN 0 R =20 mA 2.2 uF NPN
390 390 1K
GND GND

Figure 13 Circuits with transistor amplifier
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8]82 Vo= +5V
12K

Reflex sensor

DIS R P’ 7
2.7K J_GI:Rﬁ Q5 Ck “ aplTic 2671
25 100nF 5| g Ot
lwonr 1 o e L [FF 4
T T 62 nF §0.86 10K
T mH 1100 GND

Figure 14 AC operation with oscillating circuit to suppress ambient light

+Vg(10 V)
Rs
[] Reflex sensor CF
220 I
Ra "1 nF
(o1 k KJ R, R
B Ja Timer A ck | 33K[asK [
7 < 3 ﬂl - 6
Rs ¢ DIS d 9. 1 pF 3 ~a—s Qutput
51 K THRG oV 5 s + TLC 271
: N
2 Iy IRe R Lo, o (CA3160)
TlOO nF TlOO nF
4 GND - — GND

Timer dimensions:t, (pulse width) = 0.8 RC = 400 us

T (period) =08R +R )x C=1ms
—_— C
Active filter: C= VG x G Q=0.5x .\/??.

fo=1/(6.28x CxR) Vyo= 28 x Q2
E

Figure 15 AC operation with active filter made up of an operational amplifier, circuit and dimensions
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+Vg (10 V)
R
0, [Rc
220 Reflex sensor C
R —F 1K
oA "1.5nF
9.1K R R Ck
Timer J — 1+ +—3—}——
7 e Vi c 5TK| 51K | 1.F
DIS Rpl 3 — 1K V Output
Rg g| 555 @ l K NPN
THRG | g 1pF
51K o oV R
TR [] E i
C 1 18K 33nF
100 nF 100 nF
ARSIY) oo

Timer dimensions.“[p (pulse width) =0.8 RC = 400 ps
T (period) =08([R +R )x C=1ms
—

R C
Active filter: C= VG xG Q=05x -\/—&

fo =U(6.28xCxR) Vo= &5 xQ?
E

Figure 16 AC operation with transistor amplifier as active filter

Left
+5V Display system
Reflex sensor B I I I I
N A e 11|
N - CLR — —
|__ LS393 or report
R 74HCT14 Q RD
E _CtK +5 V
15 K R 3P 33K
GND 1 Reset
+5V —{0 5 b
P ek
-2 RD GND Right
!: Reflex sensor
I:- A I{. A Brar4 Display system
- CLK QA - -
R I4HCT14 L—ICLR § I — I I — I
150 Re (5393 L‘ELK A N
15K . %" - =
LR or report
GND LS393

Figure 17 Circuit for objects count and recognition of movement direction
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Vs
82 Re R, 3.3K
Vv
ik U0 J 5V
: PNP
PNP 4
100 S | JL 2[5 =15
% | P £ e
7 o ) Reflex [ TICk |6
D|555g2Q 3 < sensor *—9RD Q—
6 e L_\ /KJ R, U |7ancT74
2 TR D (&) —LI_ []
1
C 1 100n
I'Gno ‘ ’

Figure 18 Pulse circuit with buffer storage
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