




PHOTOCELL DESIGN,
THEORY

ANDAPPLICATION

This  sec t ion  w i l l  descr ibe  the  bas ic  opera t ion  o f  photoconduct ive
ce l l s  and prov ide  a  s tep  by  s tep  ob jec t ive  ou t l ine  o f  the  des ign  con-
s idera t ions  in  se lec t ing  the  appropr ia te  ce l l  fo r  a  spec i f i c  app l i ca-
t ion. Every effort  is made to def ine the terms and discuss the theory
used so that the designer wi l l  be able to extract technical  data provid-
ed  in  th is  manua l  and accompany ing  da ta  and app ly  th is  in fo rmat ion
in  spec i fy ing  a  photoconduct ive  ce l l .

THEORY AND OPERATION OF PHOTOCONOUCT()RS

Photosensoas
Today there are (4) basic types of.photosen-

sors in use.  Photo emissive,  photovol ta ic,
photoconduct ive. lunct ion type and photocon-

duct ive bulk et fect .  The purpose of  th is
manual  is  to d iscuss pr imar i ly  the CdS and
CdSe bulk ef fect  photoconductors.

The photo emissive type measures l ight  by
the emission in a vacuum of  one electron oer
photon impinging on a metal  photo cathode.
Photo mul t ip l iers having successive stages
using secondary emissions are used to
ampl i fy  the electron curreni .

The photovol ta ic type generates a vol tage
across a pn junct ion as a funct ion of  the
pho tons  imp ing ing  on  i t .  Th i s  c l ass  i s  usua l l y
made of  Selenium or Si l icon and is  the only
sel f -generat ing type,  thus requir ing no exter-
nal  power supply.

Photo diodes and photo transistors repre.
sent  the " iunct ion type" photoconductors.

The resistance across the semiconductor

i unc t i on  changes  as  a  f unc t i on  o f  l i gh t  f a l l i ng
on i t .  They are very fast  in response but  l imi ted
in sensi t iv i ty  due to the smal l  area of  the junc-

t ion.
Photoconduct ive cel ls  bulk ef fecl  are nor-

mal ly  made of  Cadmium Sul f ide (CdS) or  Cad-
m ium Se len ide  (CdSe) .  Un l i ke  t he  j unc t i on

types,  they have no junct ion.  - fhe 
ent i re layer

of  mater ia l  changes in resistance when i t  is  i l -
luminated.  In th is respect  i t  is  analogus to a
thermistor  except the heat  is  replaced by l ight .
The photoconduct ive cel l  decreases in
resistance as the l ight  level  increases and in-
creases in resistance as the l ight  level
decreases. The absolute value of resistance of
a part icular  cel l  at  a speci l ic  l ight  level
depends on the photosensi t ive mater ia l  being
used, cel l  s ize,  e lectrode geometry,  and on the
spectra l  composi t ion of  the incident  l ight .

Although photoconductors require an exter-
nal  power supply,  sensi t iv i ty  1000 t imes
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grealer  than the photovol ta ic c lass more than

compensates in most  appl icat ions.  The
photoconductor 's  sensi t iv i ty  to steady l ight  is

1,000,000 t imes that  of  the photo emissive

type and equal  to that  of  the photomult ip l ier ,

wi thout  the burdensome necessi ty of  a h igh

vol tage power supply required by the lat ter .

Photo diodes and t ransistors have faster

response t imes than CdS and CdSe photocon-

duc t i ve  ce l l s  bu t  t he i r  poo r  sens i t i v i t y  t o  l i gh t
l imi ts their  use to those appl icat ions where

relat ively h igh i l luminat ion is  avai lable.
Cadmium su l f  i de  (CdS)  and  cadm ium

selenide (CdSe) are the two mater ia ls most

widely used in photoconduct ive cel ls .  Cla i rex

specia l izes in the manufacture of  photocon-

duct ive cel ls  using CdS and CdSe as the base
mater ia ls.  From these two compounds Clai rex
has develoDed a number of  mater ia ls in order
to orovide the best  possib le character is t ics for

a wide var iety of  appl icat ions.

Dosign Criteria For Selection
ot Photoconduclive Cells

The select ion of  a photocel l  for  a speci f ic

appl icat ion requires the determinat ion of  two

dist inct  groups of  parameters.  The f i rs t  of

these wi l l  a l low the designer to choose the
exact  ohotoconduct ive mater ia l  which is  best

sui ted for  h is appl icat ion.  The second group

of parameters wi l l  a l low for  the determinat ion

of  the physical  conf igurat ion ot  the photocel l .

Clairex offers (8) varieties of CdS and CdSe

mater ia ls and seven di f ferent  cel l  conf igura-
t ions.  In addi t ion,  Clai rex provides a wide

choice of  power and resistance rat ings.

SELECTION OF
PHOTOCONDUCTIVE MATERIAL

Spectral Responso
The relat ive sensi t iv i ty  of  a photocon-

duct ive cel l  is  dependent on the wavelength ol

t he  i nc i den t  l i gh t .

Each ohotoconduct ive matenal  has a

un ique  response  cu rve  wh i ch  i nd i ca tes  t he
po r t i on  o f  t he  I i gh t  spec t rum i t  i s  sens i t i ve  t o .
Figure 1 and Figure 2 are typlcal  spectra l .
response curves for  two Clai rex maler ia ls.

From these curves i t  can be seen that
mater ia l  2 has i ts  peak spectra l  response al
5150 Angstroms and maler ia l  3 at  7350
Angstroms. This indicates that  mater ia l  2 is
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most sensrt ive to l ight  in the bluegreen spec-
t rum and mater ia l  3 is  most  sensi t ive to l ight  in
the red near lR region.

In designing i t  is  important  to choose a
photoconduct ive mater ia l  and/or  l ight  source
which wi l l  provide maximum relat ive sensi t iv i -
ty .  Relat ive sensi t iv i ty  is  the rat io ot  cel l  con-
ductance at  the l ight  wavelength being
employed to the cel l  conductance that  would

be obtainable had the wavelength of  the l ight

source used been exact ly  equal  to the peak

wavelength of  the mater ia l .  This is  expressed
in  F i gu re  3 .

Color T6mporature Response
In most appl icat ions,  monochromat ic l ight

sources are not  used.  More commonly we t ind
incandescent,  neon, or  sunl ight .  Thus the
overal l  response to a cont inuous l ight  source
becomes very important .  l f  the photocel l  must

operate over a vary ing color  temperature
range, a cel l  must  be picked which is  the least

sensi t ive to vary ing color  temperature.  In other
words,  i t  should have a " f  lat  color  temperature
response."  On page 13 the curves i l lustrate

th is var iat ion wi th the di f ferent  mater ia ls.  Ao-
pl icat ions that  require the cel l  to operate in a
h igh  s t r ay  l i gh t  amb ien t  wh i ch  d i f f e r s  i n  co l o r
temperature f  rom the s ignal  l ight ,  require cel ls

wi th in non f lat  response. An example would

be a f luorescent ambient  wi th a tungsten

signal  l ight .  Here a CdSe cel l  solves the prob-

lem wi th i ts  much higher response to the

lower color  temperatures of  tungsten l ights.

The curves also i l lustrate the need for  c lose

control  of  color  temperature in a l l  test  f ix tures,

th is can become a major  source of  poor cor-
re lat ion in test ing resul ts.
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Sonsi t iv i ty
The sensi t iv i ly  of  a photocel l  can be assess-

ed only as re lated to an appl icat ion and c i rcui t .
Most  broadly,  cel l  sensi t iv i ty  is  the re lat ion-

sh ip  be tween  t he  l i gh t  i n t ens i t y  imp ing ing
upon the sensi t ive area of  the cel l  and the
s igna l  ou tpu t  o f  t he  ce l l  i n  t he  c i r cu i t .

In a s imple re lay c i rcui t  (cel l ,  power supply,
and re lay al l  in  ser ies) ,  the output  desired is
re lay current .  Thus,  a cel l  is  most  sensi t ive
which for  a g iven l ight  level  wi l l  pass the most
current- the cel l  wi th lowest  resistance.

Where the cel l  'dr ives '  a tube gr id,  the cel l -
c i rcui t  output  desired is  a vol tage into an
essent ia l ly  open c i rcui t .  Here,  a cel l  must  be
capable of  wi thstanding a large vol tage
change and diss ipat ion considerat ions dictate
a high resistance cel l .

Where the l ight  s ignal  input  is  a smal l
change in i l luminat ion,  sensi t iv i ty  is  pr imar i ly
re lated to the s lope of  the cel l  resistance vs.
l ight  intensi ty curve.

The speci f ic  photoconduct ive mater ia l  used
wi l l  determine the resist iv i ty ,  and the s lope
and l inear i ty  of  the resistance curve.  The ac-
tual  resistance of  a speci f ic  cel l  is  a funct ion
of  the geometry of  the act ive area wi th in the
ce l l .

In choosing a photocel l ,  the appl icat ion for
which the cel l  is  to be used wi l l  determine
which parameter is  of  pr ime importance.  For
examDle.  where the cel l  is  to be used in a
switching appl icat ion the greater  the s lope of
the resistance character is t ic  (versus l ight
level)  the taster  wi l l  be the swi tching act ion.

Depending on the speci f  ic  mater ia l  which is
used the rat io of  dark to l ight  resistance var ies
in Clai rex cel ls  t rom 100:1 to 10,000 to 1.  In
de te rm in i ng  t he  res i s t ance  ra t i o  i t  i s
necessary to specify at what time after the
l ight  is  removed the dark resistance is
measured.  Clai rex speci f  ies f  ive seconds dark,
after exoosure to 2 ft-c.

A perfect ly  l inear photoconduct ive mater ia l
is  one in which a given percentage change in
l ight  level  wi l l  resul t  in the same percentage

change in resistance over the ent i re range of
i l luminat ion.  Whi le no mater ia l  can be oerfect-
ly  l inear,  Cla i rex Type 5H mater ia l  exhib i ts  the
most l inear character is t ic  over the widest  l ioht
rever range.

In general ,  CdSe cel ls  are super l inear below
1 f fc  and become sub l inear above.  Al l
CdS/CdSe photoconductors become less
l inear as the l ight  level  is  increased, unt i l  in
the 10,000 foot-candle range they are almost
asymptot ic .

L inear i ty  of  resistance wi th changing l ight
levels suggests a whole fami ly of  appl icat ions
in the meter and control areas.
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Temperalure Co€lf icienls
The temperature coef f ic ients of  photocon-

ductors are rather unique,  as they are a func-
t ion of  l ight  as wel l  as mater ia l .  CdS cel ls  have
the lowest  coef f ic ient  and in general  their
r e s i s t a n c e  c h a n g e s  i  n v e r s e l y  w i t h
temperalure change, CdSe cel ls  have con.
s i de rab l y  h i ghe r  coe f f i c i en t s  and  t he i r
resistance varies directly with temperature. As
was stated ear l ier ,  the coef f ic ient  is  a lso a
tunct ion of  l ight  intensi ty.  The coef t ic ient
var ies as an inverse funct ion of  l ight  level .
Thus to minimize temperature problems, i t  is
desirable to work the photocel ls  at  the highest
l ight  level  pract ical .

Pholocell Resislance
The resistance of  a photocel l  is  a funct ion

ot  the basic mater ia l  resist iv i ty  and tota l  act ive
area. In general, CdSe materials are con-
siderably lower in resistance then CdS
mater ia ls when used wi th convent ional  l ight
sources.  An example would be Clai rex Type 4
mater ia l  which is  33 t imes lower in resistance
than Type 2 mater ia l .  The second factor  is  the
act ive area of  the photoconductor ,  which is
determined by the physical  s ize and the elec.
trode configuration. By todays evaporation
techniques i t  is  possib le to deposi t  e lectrodes
in very f  ine pat terns which al low exposure of  a
large area of the cell surlace and very close
electrode gaps.  This technique al lows low
resis lance in smal l  s ize cel ls ,  however the
close spacing requires lower vol tage rat ings.
To obtain low resistance and high vol tage
rating, it is necessary to have a large photocell

substrate wi th b ig e lectrode gaps.

On page 11,  the basic mater ia l  resist iv i ty
curves are shown with the various factors for
di f ferent  e lectrode conf  igurat ions.

Speed of Response
Speed ol  response of  a photoconduct ive

cel l  is  the t ime reouired for  the current  to in-
crease af ter  the cel l  has been i l luminated (r isel

Photocel l  Design,
Theory and Appl icat ion

t ime) and the t ime required for  the current  to
decrease (resislance increase) after light has
been removed (Decay Time).  In general ,  in th is
manual ,  turn on t ime is measured f rom the
beginning of  i l luminat ion to the t ime i t  takes
the current  to reach 63% of  i ts  f inal  value.
Besponse t ime can be measured over any
speci f  ic  resistance range which is  desired.  Al l
cel ls  exhib i t  faster  resoonse t imes wi th in-
creased i l luminat ion,  wi th CdSe cel ls  being
normal ly faster  than CdS.

Light History Etfocts
In common wi th a l l  known l ight  sensors,

photo-conductors exhib i t  a phenomenon

which has been cal led fat igue,  "hysteresis,"
" l ight  memory,"  " l ight  h istory ef fect , "  etc.

The phenomenon takes the fo l lowing form:
the oresent or  instantaneous conductance of
a cel l  at  a speci f ic  l ight  level  is  a funct ion of
the cel l 's  previous exposure to l ight  and ol  the
durat ion of  th is exposure.  The magni tude of
the ef fect  depends on the present l ight  level ,
on the difference between oresent and
previous l ight  levels,  and on the durat ions of
previous and present exposure.  The sense or
di rect ion of  the ef fect  deoends on whether the
previous level  was higher or  lower than the
oresent one.

An example wi l l  help c lar i fy  th is last  state-
ment:  a cel l  kept  at  the test  l ight  level  wi l l  af
ta in an eoui l ibr ium conductance.  l t  th is cel l  is
kept  at  a lower l ight  level  or  in tota l  darkness
for some time and then checked at the test
level ;  i ts  conductance wi l l  be greater  ( than the
equi l ibr ium value) and wi l l  decay asymp-
tot ical ly  to the equi l ibr ium value.

Conversely,  i f  the cel l  is  kept  at  a h igher
l ight  level  and then checked at  the test  level ,
in i t ia l  conductance wi l l  be lower and wi l l  r ise
asymptot ical ly  to the equi l ibr ium value.  The
higher the test  level ,  the more rapid is  the at '
ta inment of  equi l ibr ium.

The magnitude ol the effect is larger lor
Cadmium Se len ide  t han  t o r  Cadm ium

Sulphide;  but  the selenides tend to reach
equi l ibr ium more rapid ly.

Natural ly ,  th is phenomenon must be taken
into considerat ion in apply ing photocon.

duct ive cel ls .
The " l ight  h istory et fect"  (preferred term) is

a def in i te h indrance in the use of  photocon-

duct ive cel ls  for  the measurement of  l ight
levels.  For the cont inuous measurement of
l ight  levels which mayrangein a random man-
ner f rom darkness to very h igh l ight  levels,
precisron is  l imi ted at  any l ight  level  to the
magni tude of  the " l ight  h istory ef fect"  lor  that
level .

For intermit tent  measurements,  the ef fect
o f  ' l i gh t  h i s t o r y  e f f ec t 'may  be  v i r t ua l l y
el iminated by keeping the cel l  in  a constant
l ight  environment between measurements.
For best  resul ts,  a l ight  level  environment
wi th in the range ot  interest  should be chosen.

Photocell 56lection
Once the photoconduct ive mater ia l  is

chosen i t  is  then necessary to choose the ap.
propr iate physical  package. In select ing a
physical  package the designer must take into
cons ide ra t i on  no t  on l y  mechan i ca l  r e -
quirements but  a lso the electr ical  rat ings ot
the cel l  f  or  appropr iate c i rcu i l  compat ib i l i ty .

Maxlmum Cell Vollage
In specifying a photocell, care must be

taken to insure that the voltage applied to the
cel l  does not  exceed the maxlmum al lowable.
Due to the lact that th€ maxlmum voltage is
normally across a cell when it is in the dark,
the vol tage rat ing is  measured wi th no i l -
luminat ion on the cel l .

Summary
To properly select the best photocell for

yourappl icat ion,  i t  is  important  to understand
the previous pages.  Then examine the fo l low-
ing charts and graphs to p ick out  the photocel l

c losest  to your design requirements.
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ANGSTROMS

Variat ion of  Cond uctance
With Temperature and Light

* T i m e  t o  l ' l  -  1 / e )  o f  f  i n a l  r e a d i n g  a f t e r  5  s e c o n d s
D a r k  a d a p t i o n .

* * T i m e  t o  1 / e  o f  i n i t i a l  r e a d i n g .

Variat ion of  Conductance
With Temperature and Light

* T i m e  t o  ( 1  - ' l / e l  o f  f  i n a l  r e a d i n g  a f t e r  5  s e c o n d s
D a r k  a d a p t i o n .

*  * T i m e  t o  1 / e  o f  i n i t i a l  r e a d i n g .

l-oot Candles 01 0.1 1 . O 1 0 100

femperature
8 b  I 1 o 3  [  r o o  J  r o z  I  t o z

o"c 9 4 1 0 0 1 0 1 102 104

1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

50'c 9 8 9 6 9 8 9 7 9 7

75"C 8 6 9 2 9 8 9 7 9 6

Foot  Cand les u r  l u . r  l r . u  I  r u l  r u u
Temperature 7o Conductance

z a w 1  070 320 1 7 2 1 1 6 1 0 9

500 230 140 1 1 0 1 0 8

2 5 L 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
50"c 43 30 5 7 79 a 7

44 2 0 25 42

Response Time Versus Light

Foot Candles .o1 0.1 1 . 0 1 0 100
R i s e ( S e c o n d s )  * 1 . 4 1 0 330 o66 .o17 .o06

( S e c o n d s )  *  * . 570 . 0 8 5 022 .o08 .005

Response Time Versus Light

Foot Candles . 0 1 0 .1 1 . 0 1 0 100
R ise(Seconds)  ' 350 . o 7 0 .020 .o05 .o02
D e c a y ( S e c o n d s )  * 045 . 0 1 5 .009 .006 .o02
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ANGSTROMS

Variat ion of  Conductance
With Temperature and Light

* T i m e  t o  1 1  -  1 / e \  o f  f i n a l  r e a d i n g  a f t e r  5  s e c o n d s
D a r k  a d a p t i o n .

* * T i m e  t o  1 / e  o f  i n i t i a l  r e a d i n g .

ANGSTROMS

Variat ion of  Conductance
With Temperature and Light

* T i m e  t o  ( 1  -  ' l / e )  o f  f  i n a l  r e a d i n g  a f t e r  5 - s e c o n d s
D a r k  a d a p t i o n .

*  * T i m e  t o  1 / e  o J  i n i t i a l  r e a d  i n g .

I

Foot Candles . u l u ,  l t . u t u t v !

Temoerature oZ Conductance
-25-C 1 3 8 1 4 9 7 9 5

o"c t b b
' t  18 1 1 0 1 0 0 9 9

z a w 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0

50"c 5 3 7 0 8 3 9 5 9 6

75"C 5 7 80 8 5

Foot Candles .o1 o . 1 1. ( )
't (, 1U0

Temperature % Conductance
1 1 7 1 0 8 9 8 9 5 v b

0"c 1 0 5 ' t02 9 6 9 5 9 7

25"C 'l oo 1 0 0 1 0 0 1 0 0 1 0 0
50-c 9 6 9 5 1 0 1 1 0 6 'to4

a 2 8 1 9 8 't 't 1 1 1 0

Response Time Versus Light

Foot Candles .01 0 .1 1 . 0 1 0 100
R  i s e ( S e c o n d s ) ' /  d u .uaa . (J23 . U U 5

Decav(  Seconds)  * 1 6 0 .o47 .o30 . o 1 5 .ooa

Response Time Versus Light

Foot Candles .o1 o.1 1 . 0 1 0 100
F  i s e (  S e c  o  n d  s )  * 5 .ao .42 1 4 0 . U J 5 . U  I U

D e c a V ( S e c o  n d s )  * 2 , 9 6 . 5 6 t 1 0 .o43 . o 1 4
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* T i m e  t o  ( 1  -  1 / e )  o f  f  i n a l  r e a d i n g  a f t e r  5  s e c o n d s
D a r k  a d a p t i o n .

*  * T i m e  t o  1 / e  o f  i n i t i a l  r e a d i n g .
D a r k  a d a p t i o n .

*  * T i m e  t o  1 / e  o f  i n i t i a l  r e a d i n g .

Variat ion of  Conductance
wirh and t
Foot  Candles .01 0 .1 1 . 0 1 0 l oo
Temperature % Conductance

- 2 5 - C 8 0 8 5 a 5 B8 9 9

o"c 9 3 9 1 9 1 89 9 B

1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
5 U  L 9 3 9 6 1 0 5 1 1 2 1 0 9

5 1 8 1 102 ' t 20
t z 3

Variat ion of  Conductance
Wrth I  emPerature and t
Foot  Cand les .o1 0 . 1 t . o t o 100
I emperature % Conductance

, 2 5 - C 1 ' l 4 1 0 6 9 8 9 2 9 1

o'c 1 1 2 1 1 0 r o 1 9 7 9 6

1 0 0 r o 0 1 0 0 1 0 0 1 0 0
50"c 7 4 8 4 9 2 9 6 1 0 0
75"C 59 7 2 d c 9 0

Response Time Versus Light

Foot Candles .01 0 .1 1 . 0 1 0 100
R  i s e ( S e c o n d s )  * 1 . 4 6 0 1 1 6 . o30 .oo5 .  o02
D e c a V ( S e c o n d s )  * r 5 9 . o 1 9 .oo4 .oo2 .oo 1
t T i m e  t o  l 1  -  1 / e J  o f  f i n a l  r e a d i n g  a f t e r  5  s e c o n d s

Response Time Versus Light

Foot Candles . 0 1 0 .1 1 . 0 1 0 100
R i s e ( S e c o n d s )  * . 7 9 0 .320 . 0 8 8 . o22 .o05
D e c a y ( S e c o n d s )  * .520 .093 .o4'l . 0 1  6 . oo7
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Variat ion of  Conductance
With Temperature and Light

' T i m e  t o  ( 1  -  1 / e )  o f  f i n a l  r e a d i n g  a f t e r  5  s e c o n d s
D a r k  a d a p t i o n .

*  * T i m e  t o  1 / e  o t  i n i t i a l  r e a d i n g .

* 1  0 -

ANGSTROMS

Variat ion of  Conductance
With Temperature and Light

* T i m e  t o  1 1  -  1 / e l  o f  f i n a l  r e a d i n g  a J t e r  5  s e c o n d s
D a r k  a d a p t i o n .

* ' T i m e  t o  1 / e  o l  i n i t i a l  r e a d i n g .

Foot  cand les . 0 1  | 0 . 1 I 1 , 9 L 1 0 | 1 0 0
Temperature % Conductance

- 2 3  v 1 ( ) 9 7 9 0 8 2

o t b b 1 1 0 99 9 7 9 1

25-C 1 0 0 1 0 0 1 0 0 1 0 0 1 0 0
5 5 8 0 9 3 9a 104

75-C o 42 7 5 9 2 '103

Foot Candles .o1 0.1 1 . O 1 0 100
I  emperature % Conductance

- z c  w 1 ( J 3 1 ( J 4 1 0 4 1(J2 1 0 6

o 9 8 102 loo I U J

25"C 1 0 0 1 0 0 't oo 1 0 0 1 0 0

50"c 9 8 102 I U J 104 99

9 0 1 0 6 1 0 8 109 'to4

Response Time Versus Light

Foot  Cand les . o 1 o . 1 1 . O 1 0 100
H  r s e ( S e c o n d s ) ' z . c  I t l . u  l d . o04
P e c a V ( S e c o n d s ) '  I , 4 U ,u52 oo6 . o o 1 5

Response Time Versus Light

Foot Candles .01 0 .1 1 . 0 1 0 100
u - c . 0 9 5 .o22 . oo5 .o02

D e c a y ( S e c o n d s )  * 1 2 5 .o21 .oo5 .o02 . o01
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VARIATION OF CONDUCTANCE
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SCHMITT TRIGGER
The Schmi l t  Tr igger is  a valuable contro l  c i r -

cui t  that  provides snap act ion contro l  in which
tr ip point  and di f ferent ia l  (hysteresis)  are both
ad ius tab le  i ndependen t l y  o f  t he  re l ay
characteristics.

Because of  the t r igger type swi tching,  out-
put  t ransistor  power d iss ipat ion is  qui te low
even when considerable re lav current  is
drawn.

1 ' :  Re laypu l l s i nwhence l l i sda rkened

1 " :  R e l a y  p u l l s  i n  w h e n  c e l l  i s
i l luminated
Both (or al l)  cel ls must be i l luminated
for relay lo drop out ( 'AND' circuit)
Either (or any onB) cel l  when
il luminated wil l  cause relay to drop
out  ( 'OR'c i rcu i t )

R' sets operating point
Rr sets dif ferential

The controls interact and adjustments
should be alternated t i l l  both operating point
and dif ferential are within reauired l imits.

PH()TO-ELECTRIC SERVO
A simple but accurate relay-servo for aper-

ture or i l lumination control.
Circuit  drives cel l  resistance ( i l lumination)

to a value preset by Rr. Rro controls dead-
band.

When level is correct, all four transistors are
cut off .  Power drain is l imited to two relat ively
h i g h  r e s i s t a n c e  d i v i d e r s  p e r m i t t i n g
economical operation with dry cel ls.

LOW LEVEL VOLTMETER
(PH0T0 CHoPPER)

Low level DC is converted to AC, amplified,
synchronously rectified, and compared lo the
input  for  h igh accuracy independent of  loop
components other than the feedback resistor
Rz and Rr 6nd the reading meter.

For non- invert ing ampl i f ier ,  Ne'  i l luminates
PCr and PCri  Ne,  i l luminates PCr and PCr.

For invert ing ampl i f ier ,  Ner i l luminates PC'
and PCri  Ne,  i l luminates PCz and PCs.

VERSATILE PH()T()METER
CIRCUIT

This ampli f ied bridge-type circuit  is adapt-
able to measurements over an extremely wide
range of cel l  resistance ( l ight levels), to narrow
range comparison measurements (color
balance) and to intensity ratio measurements
(contrast).

With the component values suggested, and
using a CL705HL, l ight levels of less than .01 ft
c may be measured or compared.

SCHMITT TRIGGER

R l: il<tl
R2:!O,kL
F3: EO
tu: amo

R5:6.C t<tl
cL:701,
C:.N5uF

D: l fgl
Ol ; @:2Nltol
REL.:  WOsv DC
E A I :  t 2 v

Ft txo
R2.r0Ki
RJ 170at
Ra 660n

PHOTO.ELECTRIC SERVO

R5:6t0{L Ol, D2 lH 5J6
tl6,210L Rn, Rv2t tOoA Dc 2v
P7:270n Ot.  Oa |  2N t30a
R e r . 2 x o  0 2 . o t  2 N t t 0 5
R9 I2KO PC. CLAIR€X PHO|&,€LL
Rto pn rvE CL705HL

LOW LEVEL VOLTMETER (PHOTO CHOPPER)

I

+'---'n*
J 

'nuac6ocP' q

VERSATILE PHOTOMETER CIRCUIT

Rt .'NEC.
A2 .HEG
R3 jKO

A1: 17U>
R5:t .XO
R6:WO

ilf . Fn: LKn

X'HEIER l(n-o- ,00uA F.S
Ql2NrAX
o;r 2Ntr05
a , . l ) e V
rc: CLIIR€T HUOCE L

IYE CLAF.Ii/

o r-{

*
H

7 l  r"r
a

d- Lj'
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REMOTE C()NTROL UNIT
F()R LEVEL ADJUSTMENT
AND STERE().BALANCE

This circuit  requires no shielded wir ing
since the control leads are isolated from the
audio circuits.

Control is smooth and noiseless. Control
range is easily adequate for optimum personal
adjustment almost anywhere in a room or hall.

Insertion loss needn't exceed that reouired
for balance.

Unit may be instal led between pre-ampli f ier
and powerampli f ier.

Battery drain will not exceed 65 mA. A 6V
'hot shot' battery run 6 hours a day will serve
for a month or more.

A/D CONVERTER:
LIGHT INTENSITY TO P.R.F.:

The output pulse frequency is proport ional
to cel l  conductance which fol lows the l ight
intensity.

MULTTPLEX (REMoTE) CoNSoLE
Switching, mixing, and level control are all

performed via isolated 'cold' low voltage DC
l ines.

Switching and level  adiustments a(e
clickless and noiseless.

A lamp at each mike indicates when the
m ike  i s ' l i ve ' .

BARRIER LAMP CIRCUIT
For unatt€nded lamps. Lamp goes on at

dusk, off at dawn; day drain is less than one
percent of nlght drain.

Low oower transistors can be used even for
%A lamps since circuit triggers output tran-
sistor from OFF to saturation.

REMOTE CONTROL UNIT FOR LEVEL
ADJUSTMENT AND STEREO-BALANCE

Rt PW., FFEotE aoNh

FROM SIER€O

PREAMPLIFIER

to sfEREo I
ANNIFER

I
I

/+EaurEE
I
I
I

_ _ - - - - _ - J

nl, P2: 17X P*tPHN2t CI/IREX PHO|*1OO ffPE CLX50|2
(ts: :'OU\ 4W Uf ' l2V
P(: wn lw clv5ot2 , ( cL?051. r2v/40il Lotd

A/D CONVERTER: LIGHT INTENSITY TO p.R.F.:

J__l_J_
At: ,Or(L
R2: lrd
C: l.0uF
O: 2Nat9
ft: CLAIAE, PHOIoCELL

rYPE CL'O'HL

MULTTPLEX (REMOTE) CONSOLE

R: 2500
L: t2f
PtN: CLx gr2

8: t2Y

CLx g)12 . ( CL?orn . DY/4odA /!,'r,tp )

BARRIER LAMP CIRCUIT

nr:bXO O:Si d,oh tot .d>20m4
E)'LXA L'S1a
R3'27ltL B t . ,6v
il.Nn Ot:2N*t
R5.270 A:2N 525
PC: CLAIR€r PHOTOCELL

lfE cL5t15L
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'^

CL5M2

CL5M2L

CL5M3

CL5M4

CL5M4L

CLsM5

CL5M5L

CL5M7

CL5M9M

MEASUREMENT DATA . Al l  measurements at 2854oK . Cells l ight adapted 16 hrs. at 30 ft-c prior to test
. Measurement voltage is D.C. appl ied voltage lor measuring resistance . Al l  readings made at 25oC ambienl.

r^

Measuremenl
Vollage

1 .35V

10v

12V

12V

10v

12V

10v

12V

10v

Min. Dark Resistance
5 sec.  Af te.2 f l .c



CL603AL

c1604

cL604M

cL604L

c1605

c1607

cL607L

MEASUREMENT DATA . Al l  measurements at 2854oK . Cells l ight adapted 16 hrs. at 30 ft-c prior to test
. Measurement voltage is D.G. appl ied voltage for measuring resistance . Al l  readings made ai 25oC ambient.
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Min. Dark Resistance
5 sec. Alter 2 fl.c

Type 3
CdSe

18.7  Meg

18.7  Meg

*cL

cL702

erm3ili--

*cL

cL704L
'cL704Ll2

c1705
cL705L

'cL705t2
'cL705L/2

CLTOsHL
cL705HL/2
cL707
cL707L
cL707H

CLTOTHL

cL709L

'Dual Element Cell matched to <! 20%

" 
A

I

10v

10v
100v

100v
15V

100v

20v
4V

10v

10v
10v

10v
40v
24V

MEASUREMENT DATA ' All measurements at 2854"K . Cetls l ight adapted 16 hrs. at 30 ft-c prior to test' Measurement voltage is D.C. applied voltage for measuring res-istance o All readings made ai 25oC ambient.

10v

r\
10v



Min. Dark Rosis lanc€
5 soc. Aft€r 2 fl-c

Measurement
Vollage

Type 4
CdSe

10v
8V

50v
35V-
10v
50v
40v
1W-
30v
30v
1ov

CL9O5HN

MEASUREMENT DATA . Al l  measurements at 2854oK r Cells l ight adapted 16 hrs. at 30 f i-c prior to test
o Measurement voltage is D.C. applied voltage for measuring resistance o All readings made at 25"C ambient.



H265+
I  r - l

e

Min. Dark Rosistanc6
5 sec. After 2 lt-c

10v
20v

1.35V
4'0v
8JV

Type 4
CdSe

CLTP5HL.ID

8.0v
16V
16V

4-OV-

CLTPTHL
CL?P'HI.'

CLgPTHL

CL9P7HJ.L
10v
1ov
10v
10v

CL5PgM

CL?P9L

CL9P9L

CLgPgLL

18 .7  Meg

*Dual Element Cell matched to = 20%

MEASUREMENT DATA . All measuremenls at 2854oK . Cells light adapted 16 hrs. at 30 ft-c prior to test
o Measurgment voltage is D.C, applied voliage for measuring resistance . All readings made at 25"C ambient.



LIGHT MEASUREMENT,
ADISCUSSION

Photometry is  a d i l f icul t  t ie ld of  precise

measurement.  The or ig inal  standard for  can-
dle power was a candle of special construc.
tion which was observed by the human eye as
it burned and then compared to the unknown
source.  Thus the spectra l  qual i ty  of  the l ight
and the sensitivity of the sensor were extreme-
ly d i f f icul t  to reproduce accurately.  Today a
specia l  lamp has replaced th is candle as the
primary reference and the human eye has been
replaced by thermopi les wi th l i l ters to
simulate eye sensi t iv i ty .  However,  even wi th
these improvements,  l ight  meausurements re-
main di f t icul t  to reproduce due to stray l ight
ef fects,  color  temperature shi f ts ,  nonuni form
l ight  d ist r ibut ion,  dr i f t  of  sensors,  and other
circumstances.

In a l l  photometr ic  operat ions i t  is  necessary
for the lamps to be at a known color
temperature.  Since tungsten lamps have a
conl inuous spectra l  output  their  spectra l
characleristics must be delined in terms of
color temperature. For normal work, standard
lamps are run at a color temperature 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 stan-
dards are available from the Natlonal Bureau
of Standards as well as several private testing
laboratories. Their output is expressed in HCP
or Horizontal Candle Power. Output is normal-
ly measured in a plane p€rpendicular to the
lamp's vert ical  axis at  a height  in l ine wi th the
tilament. Usually the lamp is also marked as to
the l ront  and rear s ides.  With th is cal ibrat ion i t
is possible to reproduce a variety of illumina-
t ion levels,  by iust  vary ing the distance be.
tween the photocell and lamp. The loot candles
fal l ing on the photocel l  wi l l  equal  the HCP of
the lamp divided by the square ot the distance
between them. unD

Foot Candles
D'

Whenever possib le,  i t  is  most  desirable to
make al l  l ight  measurements in terms of  toot
candles as the most easily reproduced unit of
l ight .  Whenever foot  candle measurements 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 d istance of  at  least  s ix t imes the
longest  source d imension.

There are occasions when foot  candle
measurements are not  appl icable and
brightness measurements are required. For
example,  i f  l ight  is  ref lected f  rom a secondary
surface, causing it to be not a point source but
an area source. The common unit used to ex.
press brightness is the foot lambert. A foot
lambert  is  the br ightness of  a uni lormly d i f fus.
ing surface ret lect ing 100% of  the l ight  fa l l ing
on i t  when i l luminated wi th one foot  candle.
Therefore,  i f  one foot  candle i l luminated a sur-
face which had a reflectance of 80o/o, the
brightness of the surface would be .8 foot
lambert.

A f requent method of  s imulat ing br ightness
sources is to place a sheet of opal glass be-
tween the photocel l  and lamp. This g lass is
available calibrated for a conversion factor of
foot lamberts on one side of the glass per foot
candle i l luminat ing the opposi te s ide.

The nomograph to the r ight  solves the l ight  in-
tensity equation noted previously for both fe€t
and inches.  Resul ts are obtained on s imi lar
sets of scales, that is, either use all A scales
for a calculation, or us€ the B or C scales as re-
quired by the quantities being calculated. For
instance, a 20 candlepower lamp is 5 ft. from a
photocel l .  What is  the l ight  intensi ty at  the
photocell? A line drawn lrom 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.

- 2 2 -



Unfortunately,  most  lamps are c lassi f ied ac-
cording to wal tage ra lher than candlepower.
The fo l lowing approximate re lat ionships arr- .
use fu  l :

1 .  Depend ing  upon  t he  app l i ca t i on  f o r  wh i ch
they are designed, lamps are rated fc, r
l i fet imes of  seconds to near inf  in i te l i fe.  The
shorter  the rated l i fe,  the higher the ef f ic iency
(cp/w) and the higher the color  temperature c, f
t he  l i gh t .

2.  l f  we restr ic t  ourselves to standard vol tage
(120v) ins ide-f rosted Incandescent lamps
rated for '1000 hours,  we f  ind that :

E f f i c i ency  i nc reases  w i t h  i nc reas ing
wailage.

A 25w lamp is near 19 cp,  a 60w lamp near 60
cp and a 1 50w lamp is near 200 cp.

Color  temoerature increases wi th increas-
ing wattage.

Color  temperature of  a 150w lamp is nerrr
2900 Kelv in.

L ight  output  var ies at  approximately the 31/2
power of  the supply vol tage (near rated
vol tage).

Lamp l i te is  approximately proport ional  in-
versely to the 13th power of  the supply
vol tage (near rated vol tage).

When lamps are operated at  constant
vo l t age ,  l i gh t  ou tpu t  f a l l s  w i t h  t ime ,
rapid ly dur ing the f i rs l  50 hours,  more
slowly thereaf ter  ( th is is  the reason f , ) r
aging photometer lamps).

When lamps are operated al  constant  cur-
rent ,  l ight  output  r ises wi th t ime, s lowly at
f i rs t ,  then accelerat ing to catastrophic
destruct ion.

A sample l ine drawn to the r ight  tor  a 6 candle
power lamp shows that al 2.94" o( .245' f(otTt
the lamp f i lament we have an intensi ty of  100
foot  candles.  Simi lar ly ,  at  29.4" the intensi ty is
1 foot  candle and 294",  .01 foot  candle.
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Several uselul d6f initions:
A Foot Candle is  the i l luminat ion produced
when the l ight  f rom one candle fa l ls  nor-
mally on a surface at a distance ol one
foot.

A Lux (commonly used in Europe) is  the i l -
tumination produced when the light from
one candle lalls normally on a surface at a
distance of one meter.
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PHOTOMETRY, NOMOGRAPH

(Read correspondingly headed columns, i.e., A, A', A", etc.)

A A ' B ' C ' A ' '  B ' ' c"

100 1000 10,000

80
70

NOMOGRAPH

0 100 1000

A point  source emit t ing l ight  uni formly in
al l  d i rect ions radiates 4i f  lumens/candle.

A lambert  is  the br ightness of  a perfect ly
di f fus ing surface emit t ing or  ref  lect ing one
lumen per square cent imeter.

A Foot Lambert  equals th candles/sq.  f t .  _23_
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To order photoconductive cells or obfoin technicol
informotion, contoct the Cloirex Corporotion directly

or your neqrest Clqirex representoiive.

Orders for Clairex standard photoconductive cells l isted in
th is  publ icat ion may be te lephoned in to the main of f ice i f

your  local  d is t r ibutor  does not  s tock the ce l ls  o f  your  choice.

CLAIREX ELECTRONICS
A DIVIS,ION OF CLAIREXO @FIPORATION

56(, Eouth Thlrd Avcnu.' tount V.mon, il.Y. lO55O . l9l 41 664-6602


