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CLAIREX has considered the research, de-
velopment and manufacture of high qual-
ity CdS and CdSe photoconductive cells its
sole basis of operation for the last decade.
The corporation acquired the title of oldest
manufacturer of - these cell types as a
birthright; its industry-wide reputation as
the prime producer of reliable light-sensi-
tive components, however, has been earned
through efficient, creative service to the
country’s leading companies. Clairex in-
vites you to its facilities the next time you
visit New York.

If a special photocell is required, Clairex
has over seventeen years experience de-
signing cells to customer specifications.
These have involved many variations on
standard cells in Clairex’ hermetically
sealed packages. Extensive modifications
of cells to obtain a desired conductance at
a particular light level, unusual voltage rat-
ings, and special sensitive area configura-
tions have also been accomplished.

In some special cases it became necessary
to modify the spectral response of the
cells to suit a particular design situation.
This involved the development of a modi-
fied photoconductive material.

Where special cells may be required, con-
sultation is aiways advisable prior to sub-
mission of a detailed cell design for
quotation. Such consultation will help
assure that the design is within the state
of the art.

Occasionally component parts and tooling
will exist which are adaptable to a par-
ticular special requirement. However, the
design engineer would serve his purposes
best by attempting to use standard cells
wherever possible and thus avoid the delay
and expense necessarily involved in any
special manufacturing operation,
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This section will describe the basic operation of photoconductive
cells and provide a step by step objective outline of the design consid-
erations in selecting the appropriate cell for a specific application.
Every effort is made to define the terms and discuss the theory used
so that the designer will be able to extract technical data provided in
this manual and accompanying data and apply this information in

specifying a photoconductive cell.

Photosensors

Today there are {4) basic types of photo-
sensors in use. Photo emissive, photo-
voltaic, photoconductive junction type and
photoconductive bulk effect. The purpose
of this manual is to discuss primarily the
CdS and CdSe bulk effect photoconductors.

The photo emissive type measures light
by the emission in a vacuum of one
electron per photon impinging on a metal
photo cathode. Photo multipliers having
successive stages using secondary emis-
sions are used to amplify the electron
current.

The photovoltaic type generates a volt-
age across a pn junction as a function of
the photons impinging on it. This class is
usually made of Selenium or Silicon and
is the only self-generating type, thus re-
quiring no external power supply.

Photo diodes and photo transistors rep-
resent the “junction type” photoconduc-

tors. The resistance across the semicon-
ductor junction changes as a function of
light falling on it. They are very fast in
response but limited in sensitivity due to
the small area of the junction.
Photoconductive cells bulk effect are
normally made of Cadmium Sulfide (CdS)
or Cadmium Selenide (CdSe). Unlike the
junction types, they have no junction. The
entire layer of material changes in resis-
tance when it is illuminated. In this re-
spect it is analogus to a thermistor except
the heat is replaced by light. The photo-
conductive cell decreases in resistance as
the light level increases and increases in
resistance as the light level decreases. The
absolute value of resistance of a particu-
lar cell at a specific light level depends
on the photosensitive material being used,
cell size, electrode geometry, and on the
spectral composition of the incident light.
Although photoconductors require an



external power supply, a sensitivity 1000
times greater than the photovoltaic class
more than compensates in most applica-
tions. The photoconductor’s sensitivity to
steady light is 1,000,000 times that of the
photo emissive type and equal to that of
the photomultiplier, without the burden-
some necessity of a high voltage power
supply required by the latter. Photo diodes
and transistors have faster response times
than CdS and CdSe photoconductive celis
but their poor sensitivity to light limits

Photocell
Theory

their use to those applications where rela- 100

tively high illumination is available.

Cadmium sulfide (CdS) and cadmium
selenide (CdSe) are the two materials most
widely used in photoconductive ceils.
Clairex specializes in the manufacture of
photoconductive cells using CdS and CdSe
as the base materials. From these two
compounds Clairex has developed a num-
ber of materials in order to provide the
best possible characteristics for a wide
variety of applications.

Design Criteria For Selection
of Photoconductive Cells

The selection of a photoceil for a spe-
cific application requires the determina-
tion of two distinct groups of parameters.
The first of these will allow the designer
to choose the exact photoconductive ma-
terial which is best suited for his appli-
cation. The second group of parameters
will allow for the determination of the
physical configuration of the photocell.
Clairex offers (7) varieties of CdS and
CdSe materials and five different cell con-
figurations. In addition, Clairex provides
a wide choice of power and resistance
ratings.

Design,

anad

SELECTION OF
PHOTOCONDUCTIVE MATERIAL

Spectral Response

The relative sensitivity of a photocon-
ductive cell is dependent on the wave-
length of the incident light.

Each photoconductive material has a
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unique response curve which indicates the
portion of the light spectrum it is sensitive
to. Figure 1 and Figure 2 are typical
spectral response curves for two Clairex
materials.

From these curves it can be seen that
material 2 has its peak spectral response
at 5150 Angstroms and material 3 at 7350
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Angstroms. This indicates that material 2
is most sensitive to light in the blue-
green spectrum and material 3 is most
sensitive to light in the red near IR region.

In designing it is important to choose
a photoconductive material and/or light
source which will provide maximum rela-
tive sensitivity. Relative sensitivity is the
ratio of cell conductance at the light wave-
length being employed to the cell con-
ductance that would be obtainable had the
wavelength of the light source used been
exactly equal to the peak wavelength of
the material. This is expressed in Figure 3.

Color Temperature Response

In most applications, monochromatic
light sources are not used. More commaonly
we find incandescent, neon, or sunlight.
Thus the overall response to a continuous
light source becomes very important. If
the photocell must operate cver a varying
color temperature range, a celi must be
picked which is the least sensitive to vary-
ing color temperature. in other words, it
should have a “flat color temperature re-
sponse.” On page 13 the curves illustrate
this variation with the different materials.
Applications that require the cell to oper-
ate in a high stray light ambient which
differs in color temperature from the signal
light, require celis with non flat response.
An example would be a fluorescent am-
bient with a tungsten signal light. Here a
CdSe celi solves the problem with its much
higher response to the lower color temper-
atures of tungsten lights.

The curves also illustrate the need for
close control of color temperature in all
test fixtures, this can become a major
source of poor correlation in testing resuits.
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Sensitivity

The sensitivity of a photoceli can be
assessed only as related to an application
and circuit.

Most broadly, cell sensitivity is the rela-
tionship between the light intensity im-
pinging upon the sensitive area of the cell
and the signal output of the cell in the
circuit.

In a simple relay circuit (cell, power
supply, and relay all in series), the output
desired is relay current. Thus, a cell is
most sensitive which for a given light leve!
will pass the most current—the cell with
lowest resistance.

Where the cell ‘drives’ a tube grid, the
cell-circuit output desired is a voltage into
an essentially open circuit. Here, a cell
must be capable of withstanding a large
voltage change and dissipation considera-
tions dictate a high resistance cell.

Where the light signal input is a .small
change in illumination, sensitivity is pri-
marily related to the slope of the cell re-
sistance vs. light intensity curve.

The specific photoconductive material
used will determine the resistivity, and the
slope and linearity of the resistance curve.
The actual resistance of a specific cell is
a function of the geometry of the active
area within the cell.

In choosing a photoceil, the application
for which the cell is to be used will
determine which parameter is of prime
importance. For example, where the cell is
to be used in a switching application the
greater the slope of the resistance charac-
teristic (versus light level) the faster will
be the switching action.

Depending on the specific material which
is used the ratio of dark to light resistance
varies in Clairex cells from 100:1 to 10,000
to 1. In determining the resistance ratio
it is necessary to specify at what time
after the light is removed the dark resis-
tance is measured. Clairex specifies five
seconds dark, after exposure to 2 ft-c.

A perfectly linear photoconductive ma-
terial is one in which a given percentage
change in light level will result in the
same percentage change in resistance over
the entire range of illumination. While no
material can be perfectly linear, Clairex
Type 5H material exhibits the most linear
characteristic over the widest light level
range.

In general, CdSe cells are super linear
below 1 ft-c and become sub linear above.
All CdS/CdSe photoconductors become
less linear as the light level is increased,
until in the 10,000 foot-candle range they
are almost asymptotic.



Linearity of resistance with changing
light levels suggests a whole family of ap-
plications in the meter and control areas.

Temperature Coefficients

The temperature coefficients of photo-
conductors are rather unique, as they are
a function of light as well as material.
CdS cells have the lowest coefficient and
in general their resistance changes in-
versely with temperature change. CdSe
cells have considerably higher coefficients
and their resistance varies directly with
temperature. As was stated earlier, the co-
efficient is aiso a function of light in-
tensity. The coefficient varies as an inverse
function of light level. Thus to minimize
temperature problems, it is desirable to
work the photocelis at the highest light
level practical.

Photoceil Resistance

The resistance of a photocell is a func-
tion of the basic material resistivity and
total active area. In general, CdSe mate-
rials are considerably lower in resistance
than CdS materials when used with con-
ventional light sources. An example would
be Clairex Type 4 material which is 33
times lower in resistance than Type 2 ma-
teriai. The second factor is the active area
of the photoconductor, which is deter-
mined by the physical size and the elec-
trode configuration. By todays evaporation
techniques it is possible to deposit elec-
trodes in very fine patterns which allow
exposure of a large area of the cell sur-
face and very close eiectrode gaps. This
technique allows low resistance in small
size cells, however the close spacing re-
quires lower voltage ratings. To obtain low
resistance and high voltage rating, it is
necessary to have a large photocell sub-
strate with big electrode gaps.

On page 11, the basic material resis-
tivity curves are shown with the various
factors for different electrode configura-
tions.

Speed of Response
Speed of response of a photoconductive

cell is the time required for the current to
increase after the cell has been illumi-
nated (rise time) and the time required
for the current to decrease (resistance in-
crease) after light has been removed. (De-
cay Time). In general, in this manual, turn
on time is measured from the beginning
of illumination to the time it takes the
current to reach 63% of its final value.
Response time can be measured over any
specific resistance range which is desired.
All cells exhibit faster response times with
increased illumination, with CdSe cells
being normally faster than CdS.

Light History Effects

In common with all known light sensors,
photo-conductors exhibit a phenomenon
which has been called fatigue, "“hyster-
esis,” ‘“light memory,” “light history ef-
fect,” etc.

The phenomenon takes the following
form: the present or instantaneous con-
ductance of a cell at a specific light level
is a function of the cell’s previous expo-
sure to light and of the duration of this
exposure. The magnitude of the effect
depends on the present light levei, on the
difference between present and previous
light levels, and on the durations of pre-
vious and present exposure. The sense or
direction of the effect depends on whether
the previous level was higher or lower
than the present one.

An example will help clarify this last
statement: a cell kept at the test light
level will attain an equilibrium conduc-
tance. If this cell is kept at a lower light
level or in total darkness for some time
and then checked at the test level; its
conductance will be greater (than the
equilibrium value) and will decay asymp-
totically to the equilibrium value.

Conversely, if the cell is kept at a higher
light level and then checked at the test
level, initial conductance will be lower and
will rise asymptotically to the equilibrium
value. The higher the test level, the more
rapid is the attainment of equilibrium.

The magnitude of the effect is larger

for Cadmium Selenide than for Cadmium
Sulphide; but the selenides tend to reach
equilibrium more rapidly.

Naturally, this phenomenon must be
taken into consideration in applying photo-
conductive cells.

The ‘“light history effect” (preferred
term) is a definite hindrance in the use of
photo-conductive cells for the measure-
ment of light levels. For the continuous
measurement of light levels which may
range in a random manner from darkness
to very high light levels, precision is lim-
ited at any light level to the magnitude of
the *“light history effect” for that level.

For intermittent measurements, the ef-
fect of ‘light history effect’ may be virtu-
ally eliminated by keeping the cell in a
constant light environment between meas-
urements. For best results, a light level
environment within the range of interest
should be chosen.

Photocell Selection

Once the photoconductive material is
chosen it is then necessary to choose the
appropriate physical package. In selecting
a physical package the designer must take
into consideration not only mechanical
requirements but also the electrical ratings
of the cell for appropriate circuit com-
patibility.

Maximum Cell Voltage

In specifying a photocell, care must be
taken to insure that the voltage applied to
the cell does not exceed the maximum
allowable. Due to the fact that the maxi-
mum voltage is normally across a cell
when it is in the dark, the voltage rating
is measured with no illumination on the
cell.

Summary

To properly select the best photocell
for your application, it is important to
understand the previous pages. Then ex-
amine the foilowing charts and graphs to
pick out the photoceil closest to your
design requirements.



PHOTOCONDUCTIVE MATERIALS

Wavelengths In TYPE 2 CdS, peak spectral response 5150 ang-

stroms, bluest response photosensitive material,
An gstroms high stability, lowest temperature error. Can be
used in applications reguiring sharp differentia-
tton in the blue preen spectrum. For use with
either fluorescent or incandescent lamps.
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Variation of Conductance
6500 — With Temperature and Light
Foot Candles 01 | 01 1.0 | 10 | 100
Temperature % Conductance
RED — —25:C 85 | 103 | 106 | 107 | 107
0°C 94 | 100 | 101 | 102 | 104
7000 25°C 100 - 100 | 100 | 100 | 100
50°C 98 96 98 97 97
— . 75°C 86 92 98 | 97 96
INF. RED B Response Time Versus Light
Foot Candles .01 0.1 1.0 10 | 100
7500 Rise (Seconds)* '1.410 |.330 {.066 | .017 |.006
= Decay (Seconds)** 570 | .085 | .022 | .008 ! .005

!
*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.



% SENSITIVITY

TYPE 3 CdSe, peak spectral response 7350 ang-
stroms, fast response, and very high light-to-dark
resistance ratio. Can be used for high speed
switching or counting. Sensitive to near infra red.
For use with incandescent or neon lamps.

ANGSTROMS

Variation of Conductance
With Temperature and Light

Foot Candles 01 | 01| 1.0 | 10| 100
Temperature % Conductance
—25°C 1070 | 320 | 172 | 116 | 109
0°C 500 | 230 | 140 { 110 | 108
25°C 100 | 100 | 100 { 100 | 100
50°C 43 | 30 | 57 1 79| 87
75°C 44 | 20 | 25 | 42| 62

Response Time Versus Light

Foot Candles .01 0.1 1.0 10 100

Rise (Seconds)* .350 |.070 |.020 |.005 | .002

Decay (Seconds)** .045 | .015 | .009 |.006 | .002
e

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.
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SENSITIVITY
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TYPE 4, CdSe peak spectral response 6900 ang-
stroms, lowest resistance photocells available;
Can be used for “on-off" applications when low
resistance is desired. For use with incandescent
or neon lamps.

ANGSTROMS

Variation of Conductance
With Temperature and Light

Foot Candles 01 | 01 1.0 | 10 |100
Temperature % Conductance
—25°C 220 138 114 97 95
0°C 166 118 110 100 99
25°C 100 100 100 100 100
50°C 53 70 83 95 %
75°C 23 30 57 80 85

Response Time Versus Light
Foot Candles .01 0.1 1.0 10 | 100

Rise {(Seconds)* 1.780 |.430 | .088 | .023 | .005
Decay (Seconds)** .160 |.047 | .030 |.015 | .008

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.
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ORDERING INFORMATION

The following photocells represent the current standard types availahle from stock.

CL-500 SERIES

CL-9200 SERIES

CL502 CL504L CL902 CL905N
CL502L CL505 CL902L CL905L
CL503 CL505L CL903 CLSO5HN
CL504 CL507 CLS03A CLSO5HL
CL903N CLS07
CL903L CL907N
- CL904 CL907L
CL-SM SERIES CL904N CLSO7HN
CL5M2 cL5MAL gtgg‘;‘- CL07HL
CL5M2L CL5M5
CL5M3 CL5M5L
CL5M4 CL5M7
OBSOLETE TYPES
CL-G60O00 SERIES TYPE REPLACEMENT
CL402 (S)* CL602
CL602 CL604L CL403 (S)* CL603
CL603 CL605 CL404 (S)* CL604
CL603A CL605L CL405 (S)* CL605
CL603AL CL607 CL407 (S)* CL607
CL604 CL607L CL2P CL602
CL604M CL3 CL603
CL3A CL603A
CL4 CL604
CL-7T0O00 SERIES CL 5D4
CL 5D4L
CL702 CL704L/2 CL 5D5
CL702L CL705 CL 5D5L
CL702L/2 CL705L CL 5D7
CL703 CL705/2 CL 702/2
CL703A CL705L/2 CL 704M
CL703M CL705HL CL 704/2
CL703L CL707 CL 705M
CL703/2 CL707L CL 707M
CL703L/2 CL707H CL 902N
CL704 CL707HM CL 903AN
CL704L CL707HL CL 905H
CL 907H

*Side view cells replaced by either 700 or 900 series.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION

560 South Third Avenue, Mount Vernon, N.Y. 10550 - (914) 664-6602




SENSITIVITY

%

TYPE 5 CdS, peak spectral response 5500 ang-
stroms (closely matches the human eye), most
stable, lowest memory photocell availabhle. Can
be used in light measuring applications and pre-
cision low speed switching. For use with in-
candescent, fluorescent or neon lamps.

4000 6000 8000

ANGSTROMS

Variation of Conductance
With Temperature and Light

Foot Candles 01 | 01 1.0 | 10 | 100
Temperature 9% Conductance
—-25°C 117 | 108 98 95 96
0°C 105 | 102 96 95 97
25°C 106 100 100 100 100
50°C 96 95 101 106 104
75°C 82 81 98 111 110

Response Time Versus Light

Foot Candles 01 0.1 1.0 10 | 100

Rise {Seconds)* | 5.80 .82 | .140 | .035 | .010

' Decay {Seconds)** 2.96 56 | .110 | .043 | .014

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.

SENSITIVITY
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TYPE SH CdS, peak spectral response 5500 ang-
strorns (closely matches the human eye). Com-
hines high speed, stahility, linearity, and uniform
color temperature response. Can be used for high
speed switching or high stability measuring ap-
plications. For use with incandescent, fluorescent
or neon lamps.

ANGSTROMS

Variation of Conductance
With Temperature and Light

.01/ 04| 1.0 10 | 100

Foot Candles

Temperature Conductance
—25°C 80 85 85 88 99
0°C 93 91 91 89 98
25°C 100 | 100 | 100 | 100 | 100
50°C 93 96 | 105 | 112 | 109
75°C 51 81 | 102 | 120 | 125

Response Time Versus Light

=
Foot Candles .01 0.1 1.0 10 | 100
Rise (Seconds)* 1.460 | .116 | .030 | .005 |.002

cay (Seconds)** ,159 | .019 | .004 | .002 |.001

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initia! reading.



SENSITIVITY

%
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TYPE 7 CdS, peak spectral response 6150 ang-
stroms, moderate speed and ratio. Can be used
in general beam breaking applications. For use
with incandescent, neon or fluorescent lamps.

4000 6000 8000 10,000
ANGSTROMS

Variation of Conductance
With Temperature and Light

Foot Candles 01 01 1.0 10 100
Temperature % Conductance
—25°C 114 106 98 92 91
0°C 112 110 | 101 | 97 9
25°C 100 100 | 100 © 100 100
50°C 74 | 84 92 96 @ 100
75°C 37 59 72 | 8 90

Response Time Versus Light
Foot Candles .01 0.1 1.0 10 100
‘B_ise {Seconds)* 790 ' .320 .088 .022 .005
Decay(Seconds‘)*‘ .520 ..093 .041 .016  .007

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.

10

SENSITIVITY

%

TYPE 7H CdS Peak spectral response 6200 ang-
stroms, fast decay time combined with low re-
sistance and high slope. ldeal for fast swilching
between close light levels or where temperature
stability is critical.

4000 6000 8000 10,000
ANGSTROMS

Variation of Conductance
With Temperature and Light

Foot Candles 01 (01 | 1.0 | 10 | 100
Temperature % Conductance
—25°C 175 | 110 97 90 82
[¢] 166 110 99 97 91
25°C 100 100 100 100 100
50°C 55 80 93 98 | 104
75°C 6 42 75 92 103
Response Time Versus Light
Foot Candles .01 0.1 1.0 10 100
Rise (Seconds)* 2,51 53 11 .018  .004
Decay (Seconds)** .40 ' .052 | .006 .0015 .0006 —

*Time to (1-1/e) of final reading after 5 seconds
Dark adaption.

**Time to 1/e of initial reading.




CELL RESISTANCE CURVES
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VARIATION OF CONDUCTANCE

WITH LIGHT HISTORY
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PERCENT RELATIVE RESPONSE TO 2854°K

COLOR TEMPERATURE
AND POWER DERATING CURVES

COLOR TEMPERATURE RESPONSE
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Photometry is a difficult field of precise
measurement. The original standard for
candle power was a candle of special con-
struction which was observed by the human
eye as it burned and then compared to the
unknown source. Thus the spectral quality
of the light and the sensitivity of the
sensor were extremely difficult to repro-
duce accurately, Today a special lamp
has replaced this candle as the primary
reference and the human eye has been
replaced by thermopiles with filters to
simulate eye sensitivity, However, even
with these improvements, light measure-
ments remain difficult to reproduce due
to stray light effects, color temperature
shifts, nonuniform light distribution, drift
of sensors, and other circumstances,

In all photometric operations it is neces-
sary for the lamps to be at a known color
temperature. Since tungsten lamps have
a continuous spectral output their spectral
characteristics must be defined in terms
of color temperature. For normal work,
standard lamps are run at a color tem-
perature of 2854°K.

The secondary standards used today are
tungsten lamps which have been carefully
measured for their candlepower output at
a controlled voltage and current. These
standards are available from the National
Bureau of Standards as well as several
private testing laboratories. Their output
is expressed in HCP or Horizontal Candie
Power. Output is normally measured in a
plane perpendicular to the lamp’s vertical
axis at a height in line with the filament.
Usually the lamp is also marked as to the
front and rear sides. With this calibration
it is possible to reproduce a variety of
illumination levels, by just varying the dis-
tance between the photocell and lamp.
The foot candles falliing on the photocell
will equal the HCP of the lamp divided by
the square of the distance between them.

HCP
D2

= Foot Candles

Whenever possible, it is most desirable to
make all light measurements in terms of
foot candles as the most easily reproduced
unit of light, Whenever foot candle meas-
urements are made, it is important to
keep the lamp as far away from the sensor
as possible to enable it to act as a point
source. A good rule of thumb: maintain a
distance of at least six times the longest
source dimension.

There are occasions when foot candle
measurements are not applicable and
brightness measurements are required. For
example, if light is reflected from a sec-
ondary surface, causing it to be not a
point source but an area source. The
common unit used to express brightness
is the foot lambert. A foot lambert is the
pbrightness of a uniformly diffusing surface
reflecting 100% of the light falling on it
when illuminated with one foot candle.
Therefore, if one foot candle illuminated a
surface which had a reflectance of 80%,
the brightness of the surface would be .8
foot lambert.

A frequent method of simulating bright-
ness sources is to place a sheet of opal
glass between the photocell and lamp.
This glass is available calibrated for a
conversion factor of foot lamberts on one
side of the glass per foot candle illu-
minating the opposite side.

The nomograph to the right solves the
light intensity equation noted previously
for both feet and inches. Results are ob-
tained on similar sets of scales, that is,
either use all A scales for a calculation,
or use the B or C scales as required by
the quantities being calculated. For in-
stance, a 20 candlepower lamp is 5 ft.
from a photocell. What is the light in-
tensity at the photoceli? A line drawn from
20 on the Candlepower scale through the
Distance scale, opposite 5 on scale B,
intersects the Distance scale opposite 0.80
on the B scale.



(Read correspondingly headed columns, iz, A, A, A", etc)

& B A Al B} (2 AL BT
100+ 1000 100 10— —1 .01 .0001
a5 2 F100 1000 10,000
?0- -- 90
71 80
60+ 64 70
50 5 4 60 L 2
40 450
T+ 40 -3
30+ 34 !
= - 4
Unfortunately, most lamps are classified PHOTOMETRY | NOMOGRAPH
according to wattage rather than candle- 204 2 - =5
power. The following approximate relation- L 20 =78
ships are useful: 1 B
1. Depending upon the application for L - 8
which they are designed, lamps are rated - 9
for lifetimes of seconds to near infinite lg' 100 M=t =10 L .00]
life. The shorter the rated life, the higher g g 10 100 1000
the efficiency (cp/w) and the higher the 74 7 9
color temperature of the light. -8
2. If we restrict ourselves to standard 64 & T7
voltage (120v) inside-frosted incandescent 55 5 +6 L 20
tamps rated for 1000 hours, we find that: = L 5 g
45 g © 4 § < v
a = 14 = L 30 =
Efficiency increases with increasing A3=40 £ B = L &
= o o o
wattage. 5 v +3 v L 40 -
A 25w Jamp is near 19 cp, a 60w lamp = 8 L Pﬁ 9
near 60 cp and a 150w lamp is near 2 g 4 1 5 - 50
200 cp. - 2 - 60
Color temperature increases with in- L. 70
creasing wattage. s - 80
Color temperature of a 150w lamp is L 90
near 2900 Kelvin. 14 10 I .1 - 100 i .01
Light output varies at approximately the -9+ 9 b B 100
3% power- of the supply voltage (near -84 8 2 1S I i
9
rated voltage). Ty 7 b g
Lamp life is approximately proportional .67 6 -+ 7
inversely to the 13th power of the 54 5 = b b L 200
supply voltage (near rated voltage).
When Jamps are operated at constant .44 4 - 5
voltage, light output falls with time, 1 1 300
rapidly during the first 50 hours, .34 3 -
more slowly thereafter (this is the [
reason for aging photometer lamps). = 2 - 400
When lamps are operated at constant 24 ¥ 3 L 500
current, light output rises with time,
slowly at first, then accelerating to B d - 600
catastrophic destruction. L 700
: - - 800
L. 900
e | 1 .01 - 1000 I |

A sample line drawn to the right for a
6 candle power lamp shows that at 2.94”
or .245' from the lamp filament we have
an intensity of 100 foot candles. Similarly,
at 29.4” the intensity is 1 foot candle and
at 294", .01 foot candle.




The Schmitt Trigger is a valuable —
control circuit that provides snap action o CcL
control in which trip point and differ-
ential (hysteresis) are both adjustable in- o
dependently of the relay characteristics.

Because of the trigger type switching, ——0
output transistor power dissipation is quite
low even when considerable relay current a1
is drawn,

1!: Relay pulls in when cell is dark-
ened

14: Relay pulls in when cell is illu- R1: KO R5:6.0K0 D: INS!
minated R2:50KQ oLl 01 62:2N1303

. R3: 250, C:.005uF REL.: 5000 9v DC
1''; Both (or ail) ceils must be illu- Ré: 40, BAT : 12V

minated for relay to drop out T -
("AND’ circuit) L e TR

11Y: Either (or any one) cell when i

illuminated will cause relay to '

drop out (‘OR’ circuit) '

. . K\

R: sets operating point n

"a,

Rt

e I 3"

Ré

Rs sets differential

The controls interact and adjustments
should be alternated till both operating S o1
point and differential are within required |
limits. ;.1 A2

Q2 RIO
AT LT T e 4 ;
A simple but accurate relay-servo for 3v P 1AY2)
aperture or illumination control. !
Circuit drives cell resistance (illumina-

tion) to a value preset by R:. Ru controls
dead-band.

When level is correct:, a]l fqur_ transistors o R5-6800 o1, 02 IN 536
are cut off. Power drain is limited to two R2:10KD f5: 2700 RAY1. RY2: 1000 DC. 2v
relatively high resistance dividers permit- R3: 4704 R7:27053 01. 04: 2N 1304

T H H H R4 6800 R&:1.2K00 02.Q3: 2N 1305
ting economical operation with dry cells. RY-12K0 PC: CLAIREX PHOTOCELL

RICNOR TYPE CL705HL

f

€2 Ré QPCJ
I Ny

Low level DC is converted to AC, ampli-
fied, synchronously rectified, and com-
pared to the input for high accuracy inde-
pendent of loop components other than
the feedback resistor R: and R: and the
reading meter.

For non-inverting amplifier, Ne: illu-
minates PC: and PCs; Ne: iluminates PC:
and PC..

For inverting amplifier, Ne: illuminates
PC: and PCi; Ne: jtluminates PC: and PCs.

Gbﬁ’c‘ des Sas @M

R1..IMEG.

A2 IMEG
RS R3:SKO
Ré R4: 47080
R5:1.KL)

+ RE:10K0.
22 RE = BAT. R:KQ

This amplified bridge-type circuit is
adaptable to measurements over an ex-
tremely wide range of cell resistance (light
levels), to narrow range comparison meas-
urements (color balance) and to intensity
ratio measurements (contrast).

With the component values suggested,
and using a CL705HL, light levels of less
than .01 ft ¢ may be measured or com-
pared.

M M:METER 100-0- J00uA F.5.
Qr2N1304
R3 Q2 2N 1305
R7? Bar.: sy
PC: CLAIREX PHOTOCELL
TYPE CLPOSHL




This circruitwréquires no shielded wiring

R!

REMOTE CONTROL

| A
since the control leads are isolated from @_J._l + :
. . . —_—— TO STEREC
the audio .mrcmts. - FROM S,Eﬂﬁo Lar | ANRUE R | a3 BALANCE
Control is smooth and noiseless. Control PREAMPLIFIER I i } |
range is easily adequate for optimum per- A | A |
sonal adjustment almost anywhere in a ,@D | |
room or hall. ah-___.‘f\’,.._‘: d-=ZJ_ _ - L ___ i
Insertion loss needn’t exceed that re- PHM.2
quired for balance. RY; R2: 47K PHM1.PHM2: CLAIREX PHOTOMOD TYPE CLM5012
Unit may be installed between pre- R3: 5000 W ar:12v
amplifier and power amplifier. Ré: S000 4w CLMS012 = { CLTOSL + 12V/40mA Lamp)
Battery drain will not exceed 65 mA. . .
A 6V ‘hot shot’ battery run 6 hours a day
will serve for a month or more. + o—
The output pulse frequency is propor- 24v .
tional to cell conductance which follows _
. . A RI: 10K
the light intensity. A2 70
c: 1OuF
G: 2N489
o PC: CLAIREX PHOTOCELL
o RN E O TS - TYPE CL7SHL
Switching, mixing, and level control are
all performed via isolated ‘cold’ low voitage : =
DC iines. o :
Switching and level adjustments are LR sP

clickless and noiseless.

MiC1 T lPeM T
A lamp at each mike indicates when Eﬂf@fﬁ“ﬂ <
the mike is ‘live'. L@ ! 1 ! R swi |
‘&5 LR ; N
Loa C . -4 | |
For unattended lamps. Lamp goes on L@:}_-L@"‘ %J\ﬁ]—q\“ﬂi
at dusk, off at dawn; day drain is [ess than e R PHM H o B
one percent of night drain. Q.Q - :r\[r';\,-:- | @i —-H*—‘L
Low power transistors can be used even @ { u 5( |
for Y4A lamps since circuit triggers output PHONG == q |
transistor from OFF to saturation. TS e | L-_.. !
C/= i |
: Q. L AL
B [ RCH
i L——_T_ .|
A: 2500 B: 2y
L2y PHM
PHM : CLM 5012 CLM 5012 = ( CL705L » 12V/40mA LAMP)

RI: 0K D: Si diode rated > 20mA
R2: 1KLL Lss
R3:2700 BAT.: 8§V
Ré&: 13000 012N 223
R5:2.76) Q2:2N 525
PC: CLAIREX PHOTOCELL
TYPE CLSMsL




CL-500 SERIES

HERMETICALLY SEALED '2” DIAMETER GLASS CASE

« 8 Types

Maximum Power — Air: Va4 Watt

Maximum Power — Heat Sink: 2 Watt

Resistance Tolerance at 2 ft-c: = 33V3%

5 Photoconductive Materials

Temperature Range: —50°C to +75°C

s Peak Spectral Resistance = A Maximum
TYPE sl\:lm:lt!v? Response @ 2 ftc M;.:" Darx'l:es:::a:nce Voltage Rating Me;slll{:ment
aletia (Angstroms) (Ohms) * sac.ARleratle (Peak A.C.) ollaie
CL502 5150 55K 3.6 Meg 250V 1ov
Tyzpe
CL502L Cds 9K 600K 170V 12v
— .
Type
CL503 3 7350 7.2K 48 Meg 250V 12v
CdSe
CL504 6900 1.5K 400K 250V 1o0v
Type
4
CL504L. Case 25K 67K 170V 1.35V
CL505 5500 9K 600K 250V 12v
Type
cds
CL505L 1.5K 100K 170v 10V
Ty;;e
CL507 oS 6150 7.2K 1.4 Meg 250V 12v

MEASUREMENT DATA e All measurements at 2854°K e Cells light adapted 16 hrs. at 30 ft—c prior to test
o Measurement voltage is D.C. applied voltage for measuang resistance e All readings made at 25°C ambient.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION

560 South Third Avenue, Mount Vernon, N.Y. 10550 - (914) 664-6602




CL-5M SERIES

HERMETICALLY SEALED TO0-8 CASE

8 Types

Maximum Power — Air: 12 Watt

Maximum Power — Heat Sink: 2 Watts

Resistance Tolerance at 2 ft-c: = 33142%

5 Photoconductive Materials

Temperature Range: —50°C to +75°C

¥ Peak Spectral Resistance ; g Maximum

TYPE S':nts ':fvf Response @ 2 ftc M';" Da'kf':”':::m °| Voltage Rating Me\a’stln‘rement
Aleria (Angstroms) (Ohms) sec. After 2 ft-c (Peak A.C.) oltage

CL5M2 5150 55K 3.6 Meg 250V 10v
Type
Cg S

CL5M2L 9K 600K 170V 12v

—_—

ngpe

CL5M3 7350 7.2K 48 Meg 250V 12v
CdSe

CL5M4 6900 1.5K 400K 250V 10v
T!Pe

CL5M4L Cass 25K 67K 170V 1.35V

CL5M5 5500 9K 600K 250V 12v
Tyspe

CLSM5L Sds 1.5K 100K 170V 10v
Type

CL5M7 cgs 6150 7.2K 1.4 Meg 250V 12v

MEASUREMENT DATA e All measurements at 2854°K e Celis light adapted 16 hrs. at 30 ft—c prior to test
e Measurement voltage is D.C. applied voltage for measurilzg resistance e All readings made at 25°C ambient.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION
560 South Third Avenue, Mount Vernon, N.Y. 10550 - (914) 664-6602



CL-G6OO0O SERIES

HERMETICALLY SEALED 'a” DIAMETER GLASS CASE

o 11 Types

Maximum Power: 75mw @ 25°C

Resistance Tolerance at 2 ft-c: = 33153%

5 Photoconductive Materials

Temperature Range: —50°C to +75°C

P Resi
e;tssp%?;eral és';ta;:f: Min. Dark Resistance

(Angstroms) (Ohms) 5 sec. After 2 ft-c

CLE03 7350 880 Meg 300V
CLE03A - 500 Meg 300V
CLE03AL m 23 Meg 170V

CL604M

5

75K
7.5K
1.5K
7
CcL607L CdS 700K 170V

MEASUREMENT DATA e All measurements at 2854°K e Cells light adapted 16 hrs. at 30 ft—c prior to test
o Measurement voitage is D.C. applied voltage for measuring resistance e All readings made at 25°C ambient.

Maximum
Voltage Rating
(Peak A.C.)

Sensitive
Material

Measurement
Voitage

300V

400K 170v

300v

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION
® 560 South Third Avenue, Mount Vernon, N.Y. 10550 - (914) 664-6602



CL-700 SERIES

HERMETICALLY SEALED TO0-5 CASE

» 23 Types

Maximum Power: 125mw @ 25°C

Resistance Tolerance at 2 ft-c: ~ 33%3% 1 — 53

; : DUAL ELEMENT
7 Photoconductive Materials

Temperature Range: —50°C to +75°C

5 Peak Spectral Resistance Maximum
TvPe Waterial | Resome || @2 tto | N | Voltage ating | Megsurement
CL702 5150 1 Meg 66 Meg 300V 60V
CL702L Type : 20K 1.3 Meg 100V 10v
scL7o2L/2 | CdS 46K 3 Meg 100V 10V |
CL703 7350 133K . 880 Meg 300V 50V
©L703A | 67K 440 Meg 300V 50V
‘cL703M | Type 30K 200 Meg 250V 20V
CL703L CdSe 2.7K 18 Meg 100V 10V
*CL703/2 50K 330 Meg 300V 50V
*CL703L/2 ' 6.5K 43 Meg 100V 10v
T CL704 s 6900 30K 8 Meg 300V 20V
CL704L 4 0.6K 160K 100V av
sgL70aLz | cdse 1.5K 400K 100V 10v
CL705 5500 166K 11 Meg 300V 100V
cL7o5L | Tyge 3.3K 220K 100V 10V
*CL705/2 cds 166K 11 Meg 300V 100V
*CL705L/2 | 7.5K 500K 100V 15V
CL705HL Tgﬂe 5500 28K 18.7 Meg 100V 10V
*CL705HL/2 Cds 67.5K 45 Meg 100V 10v
CcL707 Ty_}ae 6150 133K 27 Meg 300V 100V
CL707L cds 2.7K 540K 100V 10V
CLTOTH - % 6200 600K 335 Meg 300V 40v
CL707HM ik 100K 67 Meg 250V 24y
CL707HL Gas 10K 6.7 Meg 100V 8V
*Dual Element Cell
MEASUREMENT DATA e All measurements at 2854°K e Cells light adapted 16 hrs. at 30 ft—c prior to test
e Measurement voltage is D.C. applied voltage for measuring resistance e Al readings made at 25°C ambient.
(Y




CL-900 SERIES

HERMETICALLY SEALED TO-18 CASE

19 Types
Maximum Power: 50mw @ 25°C
Resistance Tolerance at 2 ft-c: =3313%

7 Photoconductive Materials

Temperature Range: —50°C to +75°C

promicll B BT T e i
{Angstroms) (Ohms) ' {Peak A.C.) ke
CL902 Tyzpe 5150 1 Meg 66.7 Meg 250V 60V
CL902L Cds 67K 4.5 Meg 100V 45V
CLS03 7350 133K 880 Meg 250V 30v
CLS03A Ty 67K 450 Meg 250V 30v
CL903N CdSe 66K 440 Meg 100V 30V
CL903L 6K 40 Meg 100V 10v
CL904 6900 30K 8 Meg 250V 10V
CL904N T’fe 15K 4 Meg 100V 10v
CdSe

CL904L 2K 520K 100V 8v
CL905 5500 166K 11 Meg 250V 35v
CL9O5N T;%f: 83K 5.5 Meg 100V 35V
CL905L 10K 670K 100V 10v
CL905HN Tsylge 5500 700K 467 Meg 100V 50V
CL905HL Cds 100K 67 Meg 100V 40V
CL907 6150 133K 27 Meg 250V 30V
CLS07N 27’29 66K 13 Meg 100V 30V
CLI07L 6K 1.2 Meg 100V 10v
CL907HN T%’ﬁe 6200 300K 200 Meg 100V 20V
CLIO7HL Cds 24K 16 Meg 100V 16V

MEASUREMENT DATA « All measurements at 2854°K « (Cells light adapted 16 hrs. at 30 ft—c prior to test
¢ Measurement voltage is D.C. applied voltage for measuring resistance  All readings are made at 25°C ambient.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION
560 South Third Avenue, Mount Vernon; N.Y. 10550 - (914) 664-6602




To order photoconductive cells or obtain technical
information, contact the Clairex Corporation directly
or your nearest Clairex representative. ~

Orders for Clairex standard photoconductive cells listed in
this publication may be telephoned into the main office if
your local distributor does not stock the cells of your choice.

CLAIREX ELECTRONICS

A DIVISION OF CLAIREX® CORPORATION
560 South Third Avenue, Mount Vernon, N. Y. 10550 - (914) 664-6602
10CL1076



