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SEMIC ONDUCT OR OPTOELE CTRONIC SENSORS

by Piotr Dabrowski

Electronic Technology Inst itute at the Semiconductor Scient ific and
Pro duct ion Center , Warsaw .

Abst ract : The types and propert ies of op toe lectronic sensors cons isting

of a light emitting diode and phototransistor are described. The

domestically made CQO7 BP and CQ 08 BP sensors are described with their

basic parameters and the results of some studies. Typical applications

and comments concerning the operational conditions are also given.

The semicon duct ing optoe lectron ic sensors have been used for

several years in control instrumentation . Their advantages are long

life , reliability, non—contact and fast switching and the compatibility

with TTL elements.

In comparison to the opto isolators , in which there is no access

to the light beam , which is the information carrier within the opto—

Is olator , the principle of operation of optoelectronic sensor is based

on such access. Depending on the sensor applications one of the two

designs are used. The first one, Is the sensor with mechanically

• interrupted light beam, and the other, the reflection senbor In which

the output signal changes depending on the amount of light ref lect ing

from different (as far as shape and reflection coefficient are

concerned) surfaces.  The basic design principle of these sensors Is

shown In Fig. la and lb.

The inputs of both sensors are the gallium arsenide light emitting

• ‘ diodes (LED), emitting the near infrared radiation, and the outputs are

the silicon phototransistors without the base connection . Often ,

especially In the reflection sensors In which the optical link is much

- _ _ _ _ _ _ _ _ _ _ _  ----____________________ _ _ _  
.

- 
— —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



—2—

weaker , the output consists of photo—darlington or Schmitt trigger

with a phototransistor . In both sensors , in addition to the basic

ability of mechanical control of the light link , there Is possibility

of setting the output signal level by changing the LED and

phototransistor supply voltage .

The interrupted beam sensors .

The design principle of such a sensor is to place the LED

• opposite to the phototrarisistor in a housing with 2 — 3 mm gap

between these elements.

These devices have a number of applications , eg:

— pos it ion sensors of moving parts in many mechanisms and point

switches; a typical application is the breaker in automotive electronic

ignitions ,

- holes or gap sensors in punche d tapes and cards , also in

magnet ic tapes ,

- code readers on transparent tap ed, LED ,

4 — end—of—tape sensors of cinematographic film

— position sensors of f ibers , wires , threads, flowing liqui ds or

liquid level.

The domestically made sensor of this type shown In Fig. 2, has

the designation CQ 07 BP and is manufactured1) by the Semiconductor

experimental Laboratory at the Electronic Technology Institute of

NPCP. The electrical parameters are given in Table 1. The sensor

contains an epitaxlal GaAs diode sealed with lens—shaped epoxy resin,

and a planar n— p—n silicon phototransistor without base output , sealed

1) Orders can be placed with :

__________________  - _ ____________________________________________________________
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in a metal housing with a flat glass window . The semi—angle of beam

divergence for the LED is over 70°, and the sensi t iv i ty  angle for

phototransistor Is over 800. To obtain good results therefore , the

apertures or slits used with the CQ 07 BP sensor should be larger

than 0.5 mm.

The reflection sensor

• In the sensor of that type the LED and the phototransistor are

p lac ed In the common hous ing in su ch a way that their face plates
r emIssIon and detection ) are on the same side . The housing prevents

direct phototransistor  illumination by the LED , thus , it will respond

only to the radiation reflected from the surface at the front of the

sensor. The optical axes of LED and phototransistor can be parallel

or cross each other. The reflection sensors are used for position

sens ing of large elements with only one access side or moving at

differing distances from the sensor. One of the typical applications

is an universal tachometer head, in which the rotating element has a

surface element with dif ferent light reflect ion propert ies , (e g :

polished or painted segment).

The domestically made reflection sensor CQ 08 BP, and the silicon

phototranslstor , without base connection , encapsulated in the lens

shaped epoxy . The radiation divergence angle is about 70°. The type

and the distance of the reflecting surface from the sensor (Fig. ~
)

has a significant influence on the output signal (Fig. 5). The j
curvature of the reflecting surface has a minimal ef fect , as long as

the curvature radius is larger than 10mm.

-
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Fig. 6 shouw the oscillogram of the output signal obtained

from the sensor close to the rotat ing aluminum wheel , on which

one segment was painted black . The pulses were measured across the

100 ~2 resistor In the phototran sistor col lector , and with the

Ucc = 5V supply voltage . The sensor Input was driven with a

curren t I
~ 

— 90 mA. The picture was taken without the use of

pulse shaper. As it can be seen , t he ob ta ine d resu lt Is satis-

factory , despite the great simplicity of’ the measuring system. If

necessary , one can always use the pulse shaping circuits. The

signal fluctuations between pulses as seen as on the picture , are

caused by the reflections from uneven surface . In practical

applications this effect will always be present , and the circuit

design should provide for the adequate separat ion between signal

and noise.

This article is intended as a collection of practical information

which could be of interest for the designer. If they would inspire

the wide use of CQ 07 BP and CQ 08 BP sensors the author will be

very grateful. p

The author Is grateful to Mr. Adam Liszewski for his careful

measurements which were used here .
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Fi~ 1. J~si~n ptl flCjplb of optoelectronic ~en~ors:

a) w it h  the i n te r r u p t e d  beam , b )  r e f l e c t ion  sensor

Fi~ ~~. The C(~ (.J7 t~
- sensor
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FIg 3. The CQ Gb BP sensor

• .:.
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• Fi~ L • ~~ pend~ nce of the output c’i cna ’ v~ ’ue frorr  ( 0  Gb PP sensor as a

furirtlnn of ~i~ tance from uniform reflecting surf~ce~ . 1 — arbitrary

uni t~~.
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r~ fl~ ct i n ç ~ gu r f ~ c~ . I — arbitrar y units , 2 — po) isn~~. brass , 3 — polished
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8 — ph otu ~~x epn ic .  p ap er  (c~lossy) .
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— ~~~~ a l l ~~w~ o v a l u e s , 2 — F o r w a r d  Diode cu r ren t  I f ’  3 — Reverse ciiocie

vo 1 t~~~ U ~ — Photwtransitoi collector—emitter vo]tage LicE S — photo —

tranb itor ~niission power ~fct ’ 
b — Temperature r~ n ge , 7 — Storace

t~ m ,~~ij t u z~~, ~ — T y pi cal p ar amet er s  I~ t = 25 C , 9 — reverse alode

curz~~nt 1r~’ 11r 3V , lU — Forwar o diode voltage LJ f & I f, = 100 mI~4 , 11 —

phototransistor dark current ‘ceo ~ 
Lice = iSV , 12 — Phototransistor

current 
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1~ — ~ epP r i C~- ~~~r tt’e ~mf~ ect1nq surface ( Fig 4 and 5), 1E~ — i - l t h

pulsed L~ 0 surp~ v, 17 — • t i th Pu lsed  supp~ y cf LFO directl y i l l u m i n a t i n g

thn r”r t ot ~~~r~ 1stor .
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