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THIS Book INCLUDES STAMDARD APPLICATION
CIRCUITS AND CIRCUITS DESIGNED BY THE
AUTHOR. EACH CIRMHT WAS ASSEMBLED AND |
TESTED BY THE AUTHOR AS THE Book WAS
DEVELDPED. AFTER THE Rook WAS COMPLETEDJ
THE AUTHOR REASSEMELED EACH CIRCUIT T©
CWECK FOR ERRORS. wHILE REASONABLE CARE
WAS EXERCISED 1w THE PREPARATION OF THIS
BoOk, VARIATIONS '~ CoMPONENT ToLERANCES
AND  ConSTRUQTION METHODS MAY CAUSE THE
RESULTS  ypu OBTAIN TO DIFFER FROM THOSE
GIVEN HERE, THEREFORE THE AUTHsR AwND
RADID SHACK ASSUME NO RESPONSIEIITY FOR
T™E SUITABILITY OF THIS Book’'S CONTEMNTS
FOR ANY APPLICATION. SINCE  WE HAUE MO
CONTROL OuvER THE LSE TD WHICH THE
INFORMATION N THIS BoOK s F’U'r, WE
ASSUME NO LIABILITY FOR ANY DAHAGES
RESVLTING FRDM TS USE. OF COURSE IT
IS YOUR RESPONSIEILITY D DBETERMINE F
CoOmMmMERCIAL USE, SALtE oR MANUEFLACTURE
OF ARY DEVICE THAT (NCORPORATES [mnFOR=
MATION (n THIS Book NERINCES ANY
PATENTS, COPYRIGHTS OR OTHER RIGHTS.

DUE O THE MANY [WUQUIRIES RECEWED By
RADIO  SHACK AND  THE AUTHOR, T 5 NoT
PossIBLE TC PROVIDE PERSONAL RESPONSES
TD REQUESTS FOR  ADDITIONAL NEORMATION
(LusTom CIRCUIT DESIGN, TECHNICAL ADVICE,
TROUBLESHOOTING  ADUICE, ETC). |F You
wWish  To LEARN  MDORE  ABouT E/_Eemowcs,
SEE  OTHER  Books Im THIS SERIES  AwnD
RADIO  SHACK'S "GETTING STHARTED IN
ELECTRaMC S, © ALSth, READ MAGAZIMNES LIKE
MODEEN EfFaTRonic S AND RADIO-ELECTRONICS.
THE  AUTHROR  WRITES A MONTHLY CoLumal,
"ELECTRONICS NCTEBCOK, FOR MpDERN ELECTRCNICS.
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INTRODUCTION

OPTCELECTROMICS 1S THE TERM FOR THE CCMBINED
TELRNOLOGIES OF OPTICS AND ELECTROMICS.
ELECTRONIC DEVICES THAT EM|T CR DETEQCT
OPTICAL RADIATION ARE CALLED OPTGELECTRONIC
COMPONENTE. OPTOELECTRONIC CIRCUITS HAUVE
WIDESPREAD APPLICATIONS N COMMUN\CATIOMS.
SEMNSING, CONTROL, AND READOUTS. MANY
£INDS  OF SoOLID-STATE OPTOELECTRONIC
COMPONENTS ARE AVAILARLE AT REASOMABLE.
PRICES FROM RADIO SHACK. SO IS "GETTING
STARTED (N ELECTRONICS, A BOOK THAT wiLlL HELP
You ASSEMELE THE CIRCUITS 1M THIS. BOOK.

THE OPTICAL SPECTRUM

Am T NANOMETER ( Lam = ,000 000 001 METER)
M T MICROMETER (L M4 = 000001 METER)
mm = MILLEMETER (L mm = .oal METER)
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OPTICAL COMPONENTS

OPTICAL COMPONENTS CONDVCT, BEND , OR .

CRANGE THE CHARACTERISTICS OF LIGHT.
MANY OPTICAL JOMPONENTS CANM BE FounND
AROCUND THE HOME OCOR OFFICE. OTHERS
MOST BE PURCHASED FRom SCIENCE SuPPLY.
COMPANIES,

SIMPLE LENSES

LENSES MADE OF GLASS OR PLASTIC

ARE AMONG THE MOST IMPORTANT OPTICAL
COMPONENTS.

POS\T\VE. (CONVEX) LENS

FOCUéES
\\/’: PARALLEL
‘ x PoinT
FOCAL
LENGTH FocAL
: POINT
FOoCcAL 5. COLLIMATES
. POINT . SPREADING
%S AT - @ RAYS tmTO
LAMP'S \ ~ A BEAM
~ FILAMENT ' l(__ FOCAL
LENGETH

NEGATIVE (CONCAVE) LENS

EXPRANDS

—_ % (OWERGES)
ﬂ(@ —_— > PARALLEL.
— ‘“‘Q’_ RAYS

FILTERS
o [ 7 |
GREEN
\(ELLOW‘_ Z/:’{C

LIGHT SHIELDS

INCOMING
LIEWTWAVE
PETECTOR SYGNAL

OPTICAL FIRERS

CLADDIN G

QPTICAL FIBERS CONDVET
LIGHT BY INTERMNAL Re-
FLEQCTION , AS  SHoww
HERE, COR &Y CONTINUALY
REFOCUSING INCOMING
RAYS TOWARD <CENTER
OoF THE FIBER.

FILTERS TRANSHIT
A NARROW BAND
OF OPTICAC
WAVELEN GTHE.
USE COLORED
CELLOPRANE FOR
WISIBLE LIGHRT OR
DEVELOPED CoLer
FILM POR INFRARED,

TUBE LIRED wiTh
BLaCk PRPER oOR
COATED WITH FLAT
BLALCK. PAVST

KEEPS ExXTER WAL
LEKRT AWAY

FROM DETECTOR,

GLASS AND SiLLCA
FIRERS ARE THE
MOST TRANSPARENT.
PLASTIC FIBRERS
ARE CHEAPER
AND EASIER
TO USE.

~
o



LIGHT SOURCES

MANY  LIGHT SOURCES ARE AVAILABLE
FOR OPTOELECTRONIC PROJIECTS. THE MOST
IMPORTANT SOURCES 1NCLUDE

INCANDESCENT LAMPS

Ay
AN TRNCANDESCERNT LAMP 1S
MADE. BY ENCLOSING A THIM
TUNG STEN WIRE (THE FILAMENT)
IN AN EVACDATED GLASS
ENVELOPE, AN ELECTRICAL
CURRENT PASSED THROUGH
THE FILAMENT CAUSES 1T
TO BECOME INCANDESCENT (WHITE poT).
THE OPERATING LIFE AND. ARILUANCE OF AN
INCANDESCENT (AMP CAN BE |NCREASED
BY FILLIN G THE EuVELOPE WITR A GAS
Suchn AS  ARGON , NITROGEN ., O0R KRYPTOA.
THE ULTRA-BRIGHT HALO&.EM LAMP Has A
QUARTZ ENVELOPE  FILLED wiTH A HALOGEN
GAS LIKE 10DINE OR BROMINE. THE G6AS (OM-
BINES L\TH TUNGSTEN ON THE B NVELOPE
WALL AND DEPoSITS IT on THE FILAMENT.

GAS-DISCHARGE LAMPS

Snd, TRE SIMPLEST GAS-DISCRARGE
g LAMP,  THE MNEON GLow LAMP,
IS A GLASS EBNVELOPE r—iLLED
WITR NEON GAS. WHEN THE
VOLTAGE ACROSS TwD ELECTRODES
I THE BNUVELOPE EXcEEDS ¢o-
70 VOLTS , THE I|ONIZATION OR
BREAKDOWN VOLTAGE OHF NEON,
AN ELECTRICAL DISCRARGE |8
ESTABLISHED BRETWEEN -THE ELECTRODES,
AND THE NEON EMITS AN ORANGE GLoud
OTHER GAS-DISCRARGE LAMPS ARE THE XENON

FLASH LAMP AND THE MERQURY VAPOR LAMP,
)

TN

\illllr/

TR

LIGHT-EMITTING DIODES

THE LIGHT- EMITTING DIODE /
(LED) 1S A SEMICONDUCTOR

PN TUNCTION  DIOBE  THAT i

EMITS JISIBLE  LIE&HMT OR NEAR-~
LIS FRARED RADIATION \WHEN
FORWARD  BIASED. VISIBLE
LEDs  EmiT  RELATIVELY
NARROW BANDS 0F 4REEN, YELLOW, ORANGE.
OoR RED LIGHT. {NFRARED DIDDES EMIT  IN
ONE  OF STVUERAL  RANDS  JULT BEYOND RED
LIGHT. LEDs suwiTCH OFF AND oN RAPIDLY,
RRE VERY EFFICIENT, HKAVE A VERY LONG
LIFETIME, AND ARE EASY To USE. (LEDs
ARE CURRENT DEPENDENT. SOuRCES, AND
THEIR  LIGKRT OuTPUT 1S ODIRECTLY PROPORTIONAL
TO THE FORWARD CURRENT.

LIGHT SOURCE SPECTRA

Gahs P A\ Ga Ay Ga As S

NEON LED LED LED
Grow (Rep) () ~ @D
Lame (

g inor (ORANGE) - —— Y el e—

N It ST

5 eof N : T

?_ oL BALOGEN ' /-: ! : ! ~—

3 WL LAMP ' L~ !

o sob (whete) e N‘ by

TR AN STANMDARD! 1! !

N - b

| ot . TUNGSTEN] '

a oL e LAMP | 1 41

p ’ I 1

A . (uwite)s 1 f |

zZ 0 1w A SN

ToC Yoo Soo w0 760 8600 900 1000
WAVELENGTH (NANOMETERS)

(e—usiere —=§ §<- m(mz;meo —
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HOW TO USE LEDs SAMPLE LED CIRCUIT

LIGHT- EMITTING DIODES ARE VERY RUGGED, N Iien= 20mA

LONG ~ LIVED CPTICAL SOURCES. THE LIGHT } |
THEY EMIT KHAS AN INTENSITY THAT IS . Rs b b-1.1
LINEAR WITH RESPECT TO THE FORWARD g1 I " Rg = ——— = 215 OKMS
CURRENT THROUGH THE LED. TO PREVENT v - ¥ .02
IRREVERSIBLE DAMAGE, ALWAYS OPERATE AN _T RED LED ' o :
LED WITHIN ITS RATINGS, Viee=1.7V 220 0L 1% CLOSEST
{ AR STANDARD VALUVE.
FLaT ~— EPOXY  ANODE CATRODE LOGIC CIRCUIT LED DRWERS
SPOT T . 4{ ~ + .
SHORT [/I TTL .
LEAD T ™ \\
+ 5V
CATRODE —>» || | ~— ANODE LED SYMEOL
U
Reg=2t00
USE A SERIES RESISTOR (st T0O LIMrT THE. ENABLE (WHEN HIGH) Teep™ 1SnA
CURRERNT THROUGH AN LED Th A SAFE VALUE.
tVin USE THIS FORMULA TO TTL OR CMOS:
DETERMINE THE RESIS TANCE ; .
OF Rs ! : +3V
ks A SiMPle BuT
Vin = Vieo EFFECTIWE LOGIC
Rs = PROBE CAN BE
LED Teoeo MADE EROM THIS Re = 22000
R CIRCOIT, APPLY Qt
L INPUT SiGgN AL N N2
N ’

Tiep 'S THE SPECIFIED FORWARD CURRENT, R

ok
ENABLE (WHEMN wiGH)

Viep 19 THE CED VelTAGE DROP, IT RANGES
“ROM  AgouT 1.3 vouTs (990 nwm INFRARED
EMITTERS) T ABouT 2.5 voiTs (GREEN
EMITTERS). VALUES oF Rs ARe

LFOR. TYAICAL RED LEDs,
10 :

LED: Tiep=15mA

\\

——
-

1



AC/DC POLARITY INDICATOR

y Lev L g, LED

__{>|__ t12
Ry _ ON | ofF
! 4 OFF | Om
_ l AC | on]ow
|

__K]___.

4| <

K, ~LEDZ =
VOLTAGE-LEVEL INDICATOR
+ A
DL 15 A
ZENER
R D1  LED SIObE.

—
—-—

LED wiitl 6LDw WHEN +V EXCEEDS T™=E
BREAKDOWN VOLTAGE oF THE ZENER DlOonE.
NOTE THAT D4 'S REVERSE EBIASED.

LED BRIGHTNESS CONTROL

v :] 7 SELECT Rs:
L__, % AS IF R4

NeT PRESENT,

R1 Rs LED = |

AK (ADIUST To ALTER LED SRIGHTNESS.)

LOGIC PROBE +S

NN
USE  THiS R1i YRSV Vi 2
PRCRE TO N 100K

RZ
220

MOMITOR
THE LDGICAL
STATUS OF
LoaIC GATES. {IMN |LED az .% LED
HisH | om N2 L
Low | ocre \\
12 -

HOW TO USE TRI-COLOR LEDs

TRV -COLeoR LEDs ARE MADE BY IMSTALLING
A RED AND GREEN LED CHIP n THE SAME
PACRAGE. THE TWO CHIPS ARE USQALLY
CONMNECTED |N REVERSE — PARALLEL.

+/- V
Ry = R1 + R2
Ta ‘L T Ic Te = RED LED CURRENT
T6 SGREEN LED CURRENT
\/ COLOR
RED GREEN - RED
Ky — | GREEN
AC | YELLOW
RL
R‘T +4{' V" VR
KT -
RZ oL e
1891
* +/-v- (Ve + Vo)
Ri=
- Is
Va= RED LED FORWARD VOLTAGE CAgovT 2Vv)
Ve= GREEN LED FORWARD VOLTAGE (( ABOUT 2V)
Vp * PL FORWARD voLTAGE (0.6 V).

SAMPLE CALCULATION:
ASSUME +/~v = 5 VOLTS AND TR £Tc= 20 MILLIAMPERES,
5-2 S5-(2+.0)

=150 oHms Ri=———— * 120 oHMS
,O2 O2

Ry =

SELECT STANDARD
R2Z=* Re-R1 = 20 gHmMs RESIETAMNCE VALUES
CLOSEST TO THESE,

13



HOW TO USE FLASHER LEDs

FLASHER LEDs 1NCLUDE N THE LED PACKACE
A MINMIATURE INTEGRATED CIRCUIT THAT <CAUSES
THE LED T© FeAsSH FROM 2 1D G TIMES EACH
SECOND. Can BE USED wWITHOUT A SERIES
RESISTOR.

BASIC LED FLASHERS

+3 TO+T Vv +3 TP +7V
<. NO SERIES o STANDARD
RESISTOR LED
’:" ] AN
~— FLASHER BotH UP TO Lo
"1/ LED LEDS LEDs CAn
_L FLASH BE FLASHED
,)/( BY caxzl
= i FLASHER (5D,
1 ADD 1.09 V
FLASH RATE DECREASES = PER LED 1@
AS FORWARD VOLTAGE INCREASES, SUPALY,
+V +3V
t A
4 FLASHER
FLASHER LED
-—  LED \
b1 §Z 4
S
N
L p1=85.6TO
= oV 1
USE THIS CIRCNT How T DRWE

WHEN VoLtTAGE FLASHER LED FRoM
EXCEEDS SAFE A TTL GATE, THIS
VALUE, DI IS A With WORK WwiITH
ZENER DIODE. RYGH - OuTPUT CMOS,
14

DUAL LED FLASHER

ELASHER tb vV

RZ SUPRLY VOLTAGE
220 1S b VOLTS,
al THE LEDs witt
YASY AN S FLASH ALTER-
4 ' NATELY. THE
STANDARD LED
LED WHLL REMALN
R1 Y.
47 5( SUPPLY VOLTAGE
FALLS RELOW
L e VOoLTS,

LED T
\ WHEN. THE

ON WHEN THE

POWER FLASHER

+9 v
\{\ LED ] RIS CIRCWIT  will PERMIT

“K}____. A LOW-CURRENT LED

FLASHER TO SuwitTcH A

| ., FLASHER RELAY OFF ApnD o,
L, | LED DSE  SEPARATE PowWER
Y |« SUPPLIES FOR RELIABLE
*j/( CPERATION. .
- v
Qg_— ' “ LAMP
Qi
2212 LED 1S
Bl TRCLUBED
BY1l —0SE A eV TO REDE
=G volT DT, + "'" VOLTAGE TO
Eco 1L RELAY. RY1 FLASHER.,

CAUTION: DO peT USE THIS CIRCU!T To FLASH

LINE ~POWERED LAMPS, L0 NoT EXCEED THE

CURRENT RATING OF THE RELAY'S CJONTACTS.
15



SINGLE LED FLASHER

RED LED N +1.5v
A
M
=) L_15 <1 FLASH
S1 . RATE
e LM2a09 OPE N 2 Ha
Tlag 1 CLOSEDI 5.5 W2
47 puF _ J:‘

NOTE THAT TH!S CIRCUIT DRIVES THE LED
SVEN THOVGH THE SUPPLY VOLTABE (S LESS
THAN THE LED FCRWARD VOLTAGE (v 1.7 v).

DUAL LED FLASHER

+3 1O +9 v

4

@1 Qi
IN3906 ZTN3506
¢i
2z mF
+lf THE LEDsS

FLASH

2?.,4F ALTERN ATEL
\1 +

R1 g RY
TLO L look .took Tzodt

iNerenase Q1

Y RED AnD CZ TO RED
b ED SLOW FLASHING. LED o
16 -

INCANDE SCENT LAMP FLASHER

+3TD+ ALY

R1

4K 2n2907

RZ

h

1t L—%'

Q1

locx

NEON

}l / i ~
¢t Lt
LOuE

1 1S A PRLY
OR SimiLAR
MirnVATURE LAMP,
L1 witt FoasHh

o)A 1-2 TIMES PER
2Rz 21 SECOND, fF

L1 STAMS ON,

QA7 wWiLl. DOVER-
HEAT AND RBRE
DESTRCOCYED,

LAMP FLASHER NEON

L, LAame
1= MINIATURE 6.3V 120V /Cﬁ)\
OR 12,4V (CEMTER TRP): 120V N
+ 9y R% E [
A 40K — z
1M
= pL Ry
‘t'lk’ X 1m0 im
555 | CAUTION:
( PO NeT
TOUCH
2 i CUTPUT
. LEAD S
€L [ FRoMm T3
nolf,iF -
—¢L 7~ TL =

.5V wintinG 120V winDING

iv



LIGHT SENSORS

MANMY LIGHAT SERNSORS ARE AVAILABLE
FOR OPTOELECTRONIC PROTECTS. THE MOST
COMMONLY LUsSED SENSORS |NICLUDE *

PHOTORESISTORS

THE ELECTRICAL RESISTANCE
(RIS ot A DARK PHOTORESISTOR S

U ORDINARILY VERY HIGH, UP

THE RESISTANCE MAY FALL

T0 AS LITTLE AS A FEW

HUNDRED OHMS WHEAMN THE
PROTORESISTDOR 1S {LLUMINATED. THE MDOST
COMMON SEMICONDUCTCOR USED TO MAKE
PROTORESISTORS 1S CADMIUM  SULFIDE
(Cd S). IT S PRIMARILY SENSITIVE TO
GREEN LIGHT, PHOTORESISTARS EXHIBIT A

[/ TO L,000, 000 OHMS OR MORE,

"MEMORY EFFECT Y IN THAT THEY MAY REQUVIRE.

A SECOND OR MORE TD RETURAN T THEIR
HIGH-RESISTANCE STATE AFTER. A LIGHT
SCORCE 15 REMOVED. THOUSH THIS SLOWS
THEIR RESPOMSE’ TIME, THEY ARE VERY
SENSITIWE AND EBASY TD UOSE,

SOLAR CELLS

THOUGH SOLAR CELLS ARE
GENERALLY USED IN SOLAR
POWER SUPPLIES, THEY ARE
ALSD ULVSEFLL AS DETECTDRS
OF VISIBLE LIGHT AND MEAR-
INFRARED RADIATION. THEY
ARE AVAILARLE W MANY
DIFFERENT SIZES AND SHAPES,
SINCE A TYPICAL SOLAR CELL RESPOADS 1D
CHANMGES I~ LIGHT INTENSITY WITHIN 20
MECROSECONDS, SOLAR CELS CAN DETECT
VQICE MODULATED LIGHTWAVE SIGAALS.

i8

PHOTOTRANSISTORS

ALL TRANSISTORS ARE LIGHT
SENSITWWE. PHOTO TRANMSISTARS
ARE DESVENED. TD EXPLOIT THIS
PHENOMENON, THOUGH A BIPOLAR
TRANSISTOR HAS THREE LEADS,
A PROTOTRANSISTOR MAY  NOT
HAVE A BASE LEAD. MosT
PHOTO TRAN SISTORS ARE NPN DEVICES WITH
A BASE REGION MUCH LARGER THAAN THAT
OF A STANDARD PN . TRANSISTOR, THEY
HAVE A RESPONSE TIME OF L MILROSECOND
{N SOME CiReu|TS. THE DARLINGTON PROTO-
TRANSI\STOR MCLUDES A SECOMND ON-CHIP
TRANSISTOR TU AMPLIFY THE <SIGNAL GEN-
ERATED BY THE PHOTO TRANSISTOR. IT &IVES
MORE SEMSITIVITY BUT 'S SLOWER.

SENSOR SPECTRAL RESPONSE

CADMIL M MNORMAL TYPICAL

SULFIDE HupM AN SILiconN

(cd ) EVE SOLAR CELL
I
0| TN
80 -~ ’

L / ~ \
0L ’ \ 4

TYPICAL

SILYCON \
PHOTOTRANSISTOR',

NORMALIZED RESPENSE (%)
[
Q
T

300 Yoo 500 LoG 700 BoO &0 1000

WAVELENGTHR (NANOMETERS)
YEtLoOW

A—ULTRAVICLET-SBLUETGRE:NH" RED g-t—-- NEAR 1MFRARED>
- 19



HOW TO USE LIGHT DETECTORS

LIGKT DETECTORS CAN (EE OPERATED N
ONE  ©R MORE ¢OF THESE MODES &

1. PHOTORESICTIVE — THE RE SISTANCE OF
THE ODETEQCTOR VARIES wITH THE LIGHMT LEVEL.

2. PROTOVCLTA ¢ — THE DETECTCOR GENERATES
A CURRENT WRHEN ILLUMINATED.

2. PHOTOCONDUCTIVE— THE DETECTOR AlLows
CURRENT FRopM AN EXTERNAL POWER  SUPPLY
70 FLOW N RESPONSE 10 LIGHT.

PROTORESISTORS

PHOTCRESISTORS ARE  PHOTO-
ELESISTWE DETECTORS., THeEY
CAN OFTEN BE SUBSTITUTED
FOR FIxXeD OR VARIABLE
;9 RESISTORS T©& MARE AN
EXIeT ING CIRCGUIT SENSITWVE
SyYymMeol To LIGRHT.

THE VARIABLE RESISTANCE o A PHoTO-
RESISTOR CAN BE CHARNGED T A VARIABRLE
VOLTAGE BY MEANS oF A SIMPLE VOLTAGE
CWIDER C1RCULT.

Vi Van Ve
A
: t
" g
Veour Tr Veour Vour
R

= R2 = = >
Vour =Vin ( ) LIGHT 1N LICGHT N
20 R1+4R2

Vour

SOLAR CELLS

SOLAR CEWS ARE  PRy-
?":+ MARILY PRHOTOWVCLTALC
— DEWCES, BUT THEY ARE
LOME TIMES USED IN A
- PHOTOCONDUCT \WE MODE.
USE THEM TDO PoOwER A
SYMBOL S CIRCUIT R SEMNSE L 6hT.

¥

OR

SOLAR CELls MAY BE SOPFPLED wiTH 2R
WATHOUT LEADRS, THOUGH  SoLAaR CeLLS ARE
FRAGILE, 1T 15 RELATIVELY EASY TO ScLDER
WIRE LEADS T THEM, USE A LOW-WATTAGE
SOLDERING LRON  AND WRAPPING WIRE FoR
BEST RESULLTS. FIRST WARM THE ELECTRODE
ON THE CELL FOR A CEW SECOWDS. THEAN MELT
A sMALL POUDILE OF SoLDER CoMNTD THE ELilgC-
TRODE. PLACE THE EXPOSED END OF A LENGTH
OF WRAPPING WIRE 1IN THE SpLDER AN D ROLD
1T IN PLACE WNMTIL TME  SCLEER  COOLS,.

PHOTOTRANSISTORS

DPTIOR AL THRE SIMPLEST WAY 1D USE
EASE A PRCTOTRAMNSISTOR 18 71O
LE AD CONMNMECT 1T TO A SERILES
N RESISTOR. T THEN FUNCTIONS
As A PROTOCONDUCTIVE
// DETECTOR.
SYMEOL vV ‘
USE A LARSE VALUE PHOTOLURRENT
(~ 100k TO L M) FoR Rs {(
Ry TD GIvE HIGK
SENSITWITY. JSE A Vour
SMALL VALUE (~10K)
FOR ZAST SIGMALS,. ALWAYS  SHIELD

PHOTOTR AN SISTOR
FROM UNWANTED
LIGHT.

= el

QO



SIMPLE LIGHT METERS

THOUGH VERY SIMPLE, THESE

LIGHT

METER CIRCUWITS ARE VERY SENSITIVE,

PHOTORESISTOR
‘ RL
100K
Cd o +
pPuoTO -
@ RESISTOR
7 Mt
- qv _ =T C-1 wmA
+Mal:
SOLAR CELL
P
1K
o SOLAR MY
-~ CELL T 0-4 nid
PHOTOTRANSISTOR
:I Rt
I
/ UNUSED z/*‘
":f ﬁilﬁ;omawmsm% o.—lh.:nlA
22

Ok TO TRY
CTHER BATTERY
VOLTAGES.
AUVDID RARIC
N CREASE  iN
LiIcH™ THAT
MIGHT HARM
THE METER!

TWO OR MORE
SOLAR CELLS
N PARALLEL
witl SiVvE
HIGHER SEA-~-
SYTIVITY.

THE BASE -
COLLECTOR
TUNCTION
OF Q1
FORMS A
CROTODIOPE
OR MINIATURE
SOLAR CEdL,

ULTRA-SENSITIVE LIGHT METER

'.{ L01 uF FOulLL ScaLs
READINGS
L MAC_ | 1oMm ( SWiTCH 51)
1 - 1oo /HA
——f—— 0T uF 2 1O MA
3 - 1 _/U.A
| AAA 4 LM 4- .1 A
5- .0L A
Sl SA,““ ‘ Z F
(___,_ YAy THIS ClRCUIT
_/Dé___ 1S VERY SEM-
a2 LA~} loog SITWE . ALWAYS
sl SET SwhiTCH S1
To PosiTioN 1
AL 2.2 4F 2EFORE THE
A\ C\RculT 1S
AN LOK SWITCHED oM.
CAREFRULLY
. ADIUST R1 T
. all L 22 .F 3BT METER TO
A T LR D
FAVAVAN 1K SOLAR CELL 15
KEEP BATTERY TOTALLY DARK,
LEADS ~qv YCU MAY HAVE
ShorT ! RL T0 ADIUST R2
\ P2 PR [T 5K TO PROPERLY
| secar 7491 ZERO THE
Zg CELL 3 5 | MetTER.,
* R CAUTION !
1ok -~  EXCESSIWE
4 ) LGURT Wit
I Mi "SLAMY THE
\ 0-1 mA METER'S
= +9y METER NEEDLE .

[F ULTRA-RIGH SENSITIVITY IS NOT REQUIRED,
oM THE UPPER KESISTORS AND UsSE TME
LOWER TwO ©R THREE.
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SCLAR BATTERY CHARGER

AN ARRAY OF SCiAR CELLS wiLtL RECHARGE
ONE OR  MORE NICKEL=- JADMIUM (NiCd)
STORAGE CELLS. FOR EXAMPLE, NINE SCLAR
CELLS (OMNNECTED IN SERIES Wit CHARGE
WO NiCd CEWS CONNECTED N SERIES:

r o
+

o1
1NG LY
T NiCd
- STORAGE
. CeLLs (2)

|- D1 PREVENTS
"HE CELLS FROM
CiraCcHARCGING
TRROJUGH THE
SOLAR CELLS
DJRIN G THES
CE DARKNESS.

A SINGLE SILLCON SOLAR CELL PRODUCES AN
OPEN-CIRCUIT POTENTIAL CF FROM C.45 1D
C.5 VJVoLT. A SINGLE cgll CAN PRCCUCE A
CURRENT OF AN AMPERE oR MORE DEPEND-
ING ON THE AREBA oF THE CEgLL AND THE
SUNLIGHT [NTENSITY. IMPORTANT L THE
SOLAR CEBLL CURRENT MUST NOT EXCEED
THE SAFE CHARGING RATE oF "HE NI dd CELLS,
THE OuTPUT VOLTAGE OF CELLS ‘W SERIES IS
THE SuM OF THE CELL JVOLTAGES. SOLAR
CeLls ARE FRAGIHE. CONNECT THEM WI'TH
?-wRAPPING WHRE, MCUNT WITH SILICONE SEALANT,
t_|

SOLAR-POWERED CIRCUITS
ULTRA-SIMPLE LIGHT RECEIVERS

THRESE THREE RECEWER CIRCUITS REGURE
NO HSCURCE OF POWER REYOND THE LIGHTWAVE
SMeNAL THEY RECEWE. THEY WILL TRANSECRM
AN ALUDIO -~ FREGQUEMNCY MODULATED LIGHT REAM
DIRECTLY INTO S0UND. THEY CAN 2E USED T
CHELK (mFRARED REMOTE CONTROL TRANSMITTERS
AND T RECEIWVE VOICE oR TDMNE LIGHTWAVE
SIGMALS,

RED
hezo +
by Buzzer
ELCEMENT
(Geve To
T | SOLAR CEw) Ay
(. | & 32
BLacCk SPRR

T1L 1S A MINIATURE
Audio - oCeTPUT
TRANSFORMER,
PRI — PRIMARY
SEQ - SECONDARY
THRIS C'ReurT HAS
T1 BLAlK THE LOUDEST DUTPUT.

SUN-POWERED OSCILLATOR

_C LL a R, W 'Y
P iLqu 9 ,@_6}_@
+ - -+ -
N I £SNE 2
1ok RL 8.
1 100 Al SPKR
- ANA, -
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LIGHT-SENSITIVE OSCILLATORS

THESE

CIRCUIT
JUST CEASES
THE CI1RQuUIT

T™ A CAnDLe FLAME P TD

SIMPLE QIRCULITS

WHEN THE
witl BEraT

ARE | SOMETIMES
CALLED AUDIBLE LIGHT FROBES.

SENSOR
CLiewsg

|5 THE

1S ADIVSTED SC THE OSCILLATION

(S DARK,

it RESPONSE
100 FEET AwWAY.

TRANSISTOR
TONE
+tqy AAA, FREQUENCY
RY 1K INCREASES
1 WITH  LIGHT
BeATK—( o Yt RED | INTENSITY.

Ql

R 2M 2907 PiEZO BUZZER THIS ClRCUIT
LK ELEmMENT CAN EASLY
BE INSTALLED
PC /\ i A VERY
\ SMALL PLASTIC
Q2 EMCLOSURE.
: 182222
ANAA o PROTOCELL
Al (PHOTORESISTOR)
L M3909
TONE
+1.5 v FREQUENCY
A INCREAS ES
PC WITH LIGHT
e AAA . INTENSITY,
R1
L B_I5 100
A, 1 ==
Luf [* |Lm3804] 8%
“ SPRR
_L 2 PC -cd s
= PHoTOLELL

(PHOTORESISTOR)

555 (BASIC OSCILLATOR)

+9 v
A
Pc
4 g
R2Z
220
e 7] s55
Ri e s8R
1K SPKR
2 2
CL -
nlﬂF .‘:J‘L-"—\ 1
INCREASE

TONE
FREQUENCY
INCREPSES
WITH LIGHT
INTERSITY,

CIRCui v
CELO W
SHOWS
HOw TO
UsE PIEO-
Buz2ER
OUTPUT.

ci o
N REDUCE FREQUENLCY,

S55 (VOLTAGE-CCNTROLLED OSCILLATOR)

+qy
TWO OPERATING
PIE2ZO BUZ2ER ELEMENT MODES POSSIELE .
N[ res
+ R !
ONEEE:
— T
) 555
BLACK 3
TONE. S
FREQUENCY
INCREASES
WITR LIGHT.
EXCHANGE pC N
R1 AND o

PHOTO CELL TD
REVERSE THiS

CPERATING MODE.,

||E

ADIVST BASE

- FREQUEMCY VIA RZ.
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LIGHT- ACTIVATED  RELAYS
PHOTORESISTOR

+9v
y AususT R1 O
R1L CHAWNGE  SENSITIVITY.
1K PHOTORESISTORS  HAVE
Cd S PHOTO- stow RESPONSE, SO
RESISTOR RELAY WILL REMALN
ACTUATED RRIEFLY AFTER
LIGHT 15 REMODVED.
A\l
P r:ga__o
R RELAY
4K 500 JL
-9 Vv

1

PHOTOTRANSISTOR

+9y
A AosusT RL TO
CHARNGE SENSITIVITY,
Qi THIS CIRCuIT RESPONDS
ProTD ~ MuCcH FASTER THAR
TRANSISTOR THE ONE  ABVE.

A
oA
- SRR
N

‘ Q2
R1 22T ( Z00 SL

100k . b= v

L

NOTE . USE LIGHT SHIELD AT DETECTOR OF EOTH
CIRCUITS TO PREVENT FA(SE TRIGGERING.

28

DARK-ACTIVATED RELAYS
PROTO RESISTOR

t9y
} ADILST RL T
%Y CRANGE SBENSITIVITY.,
100K THE RELAY witl BE
ACTUATED WHERN THE
Gl PHOTORESISTOR S DARK.
wnn@)
L-n—o:
Cd S 1
r PHOTORESLSTOR RELAY
-~ ¢ 500 L
. -9 v
A

—
-

PHOTOTRANSISTOR

+9qv

& ADIUST RL TO

R1i CRANGE SENSITIWVITY.

look WHEN &1 15 DARK
THME RELAY |5

Qi ACTUATED. THIS CIRcWIT

2N RESPORMDS FASTER THARN

THE ORNE ABOVE.

_ =

[ S

QL

e PHOTOTRANSISTOR RELAY
4 q 500 L
. -9 v

L

-
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DARK-ACTIVATED LED FLASHERS

LM24908%
LN LED
Lr<l"} t1.5v
Pe 2 | CED FLASHES
WREN PO
Lpm2804 15 1S DARK.
- +H oot
B 22,.F
UTT g
PHOTCCELL
- (PHOTORESISTOR)
THIS CIRLGUT S j
MORE, SENSITIVE W LED
‘ {Q"I +15vVv
Qi LED FLASHES
] WHEN Q1
) L LM3909 {5 1S DARK.
Tu
A l F Ji' Qi- PROTO-
: 1 TRAMNSISTOR

FLASHER LED

Q1
Nz

N @
' phoro-

TRANSISTOR

TSV

FLAs::R XJZ

LED

LIGHT/DARK ACTIVATED ~ALERTER

+6 1O +4 vV

!

i

7.N2.7.12

i

N

e

WHEN S1 IS AT

PoSiTION (, THE
PlE20 BU22ER 1S
ACTIWATED WHEN.
LIGHT STR\KES

THE PC. WHEN

S1 i3 AT POSITION
D, T™E Buz22ER !5
ACTIWVATED. WHERN
THE PC 15 DARK,.

THIS CIRCUIIT AND
THE ONE BEiowW

CAN BE LSED TD
DETECT OPEM CASH
DRAWERS AND

R1 RED —u REFRIGERATOR DooRS.
LK t
@) PIEZ.O
S1(b) BuzZER
BLACK ¥ .
L s PC. - CAdS PROTOCELL.
D L { PHDTORESISTOR)
.

LIGHT-ACTIVATED TONE

_ . +1.5V ‘
L et '
) + LuF 8 S RZ
' 100 ,_l
R1i | LM3A09 * :
im Ri Gtves . L
Pc RiGH TONE. )
2 ]‘f FREQUENCY. |8
SPKR

PC-Cd S PROTOCELL
CPHOTORESISTOR)

_L *ok 10 omiT RL. :
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LIGHTWAVE COMMUNICATIONS

IT 19 RELAT\VELY EBASY TO TRANSMIT VOICE
OR  SleMALS  BY MEANS OF WSIELE  LIGHT
OR  INFRARED RADIATION. ThHE RADIATION
Can BE SENT DIRECTLY THROUGH THE AR
OR CHANNELED THROUsSH AN COPTICAL FIRER,
THE NFORMATION OM THESE Two PAGES wWitL
ASEIST YDOU IN USING THE LISHTWAVE
COMMUMICATION CIRCUITS TRAT FOLLOW.

SUITABLE COMPONENTS

SMALL INCANDESCENT  LAMPS CAN BE USED

TO SEND Wice AND AJDIO —~FREAUVENCY
SIGNALS. FOR BEST RESULTS, USE HIGH-

POWER , NEAR-INFRARED ~EMITTING DIODES.

SUITABLE DETECTORS INCLUDE PHOTODIODES,
PHOTOTRANSISTORS, AND SOLAR CEUWS.

OPTICAL FIRER LINKS

EXPOSED FIRER USE RAZOR
} KMIFE TO

| m r ¥ - CLEAVE THE
\ FIBER.
}

T
m \ RETAINER

INFRARED-EMITTING DIODE

LEDs ANnD DETECTORS INSTALLED
IN PLASTIC RECEPTACLES LIKE
THESE SIMPLIFY  SHORT-RANGE
FIBER LINKS. LTERNATIWELY,
CONNECT FIBRBER DIRECTLY TO H
LEDs AND DETECTORS wiTH

EPoOxXY AMD HEAT- ‘e
SHRINKABLE TUBING. PROTOTRANSISTOR
27

FREE-SPACE LINKS

BEARM DAVERGES onLY THIS PART CF
(SPREADS) ~ BEAM 1S COLLECTED

LENS 7™ _ __ — ‘—‘—*”4__.&—’_{_5“5

______ [ e

7 7
’_,/‘ ]
=Ty &l
[N [

== )

| —

A H e =
LED \“) - 7 _ ,\y/bg-racroa

—

<" RANGE (R) —>~|

A PAIR oF LENSES ittt GREATLY INCREASE
THE RANGE. USE LENSES FROM MASMIEYING
SLASS OR  ORDER  FROM  SCIENCE SUPPLY EIRM.

FOR  BEST RESULTS SHIELD DETECTOR FEFROM
EXTERNAL LICRT wiTH  HOLLOW TUBE LIMNED
WITH  BLACK  PAPER OR CoATED wWITR FLAT
ELACK PAINT., A PIECE OF DEVELCPED CoLOR
FILM MAKES A GOOD NEAR-INFRARED FILTER,

PRACTICE FOCUSING AN 1~ HALC MAIN
INFRARED LED BY FIRST ! BEAM
LSING A RED LED, Si 1

NOTE THAT RAW BEAM ]7

FROM (LEAR ENCAPSULATED L
LED  Srows BRIGHT ° —
SRUARE (THE CRHIP) (NSIPE -0 -S 5 +5 +10
PIFFOSE KED HALO. THE BEAM DIVERCENCE(?)
HALO IS MNOT EULIMINATED }3
BY AN. EXTERNAL LENS. TYPICAL BEAM

+

FOCusING AND  ALIGNING AN N FRARED
FREE~ SPACE LINK IS TRIOKY. MOuNT THE
TRANMSMITTER ON A TRIPOD For BEST RESULTS.
COUBLING THE DIAMETER OF "THE RECEIVER
CENS  wilL APPROXIMATELY DOUBLE THE
MAXIMUM RANGE. FOR MORE DETAILS, SEE
A PRACTICAL INTRODUCTION TO LISHTWAVE
COMMOUNICATIONS " (FORREST Mims, SAMS , L982).
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LIGHTWAVE TONE TRANSMITTERS

SIMPLE LIGHTWAVE TONE TRANSMITTERS ARE
VERY USEFUL WHEN TESTING LIGHTWAVE RE-
CEWERS AND AS CODE AND REMOTE CONTROL
TRANSMITTERS. THESE CIRcuUITS AND THE ONE. ON
PAGE SN0 CAN BE BuIlLT 1M SMmALL PLASTIC BOXES.

555 TRANSMITTER

Ry +9V
5K A
AN . EL CONTROLLS
PULSE RATE.
4 8 OSE INFRARED-
! R EMITTING
l 220 DIODE FOR
5588 REST RESULTS.
LED
R2 DUTY CYCLE
10K - IS ARouT S0%,
: Epiatin
21 = 1
o1
LNM3309 TRANSMITTER
t18 O 3V
o1 orIT DI IF
5 1841y RED LED USED,
iy o Dl .
LM34049
_ Z | LED
= et [ -
1.?.,UF’E 8 =
Bi 7,..——-0
100K USE 1WFRARED-EMITTING
—J DIODE FOR BEST. RESULTS.
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SIMPLE LIGHTWAVE RECEINERS

CIRCUITS CAPABLE OF RECEIVING MODULATED
LIGHTWRAVE SIGMNALES  ARE BASY 1D BQilb, THREE
ADUANCED RECEWERS ARE SHOWN oN THE FoOL-
LOWING  PAGES. HERE ARE TwWO VERY SIMPLE
RECEIVERS (ALSO SEE& PRAGE 25):

"INSTANT" LIGHTWAVE RECEWER

SCLAR j___,
CELL PORTABLE,
BATTERY
POWERED
4
ol AMPLIGIER ||
. SPKR

COMMECT THE SOLAR CELL DIREBCTLY TD THE 1MPUT
JACY oF THE A MPLIFIER, THE. SPEAKER MAY BE
BUILT-iIN OR EXTERNAL. TS RECEIWER witL DE-
TECT TONE AND VOICE MODULATED SIGNALS,

TWO-TRANSISTOR RECEIVER

+9v

T THIS CIRCUIT CAN BE
BUILT (mTOo A SMALL
PLASTIC Box AND USED
Ri ' TO MORHTOR CLIGHTWAVE
4K TONE OR VolCE TRANS-
Q1 MITTERS, TD
LN JSE AN & L
SPEARER , RE-
PLACE RBuUz2ER
ELEMENT wWI\TH
Q1 / PRIMARY OF

PHOTO - " 11858 Auvbio
TRANSISTOR 1 PiFzo J TRAMNSFORMER.

BUz221£ER COMPNECT SPKR
. ELEMENT ™ 8 L sIDE,
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THE PHOTOPHONE

ON FEBRUARY 19, 1880, ALEXARNDER
GRAHAM BELL AnD SUMNER TRINTER,
PROF., BELL'S LARORATORY ASSISTANT,
RECAME THE EIRST PECPLE TO TRANSMIT
THEIR VOICES OVER A BEAM OF ELECTRO-
MAGRETIC RADIATION. BEw CALLED His
INVENTION THE PHOTOPRONE AND  S5AID
IT WAS FUNDAMERTALLY A GREATER
INVENTION THAN THE TELEPRONE, THE
PHOTOPHOME IS EASILY DURL'CATED.

PHOTOPHONE TRANSMITTER

VOVCE / TAPE

Y

? 5

— S ALUMINUM  FOIL OR

ALUMIMIZED MYLAR
TIN CAN OR { SHINY SIDE OUT)
PRPER TURE

(OPEN AT BOTH ENDS)

THE ALUMINUM  FOIL OR  ALUMINIZED FlMm
SHOLLD BE STRETCRED TIGHT OVER THE
CAN OR TUWBE. ARND HREW In PLACE WwWITH
TAPE OR A RUBBER %anD. BE SURE
THE SHINY SIPE OF THE Fell OR FILM
FACES AUTWARD. TEST THE TRANSMITTER
BY REFLECTING SURLIGHT FROM IT TO A
WALL  SOME DISTANCE  AWAY. THE RE-
CLECTED SuUNLIGHT  SHouLD FORM A DISTINGT
SPoT. IR NOT, THE Folb OR FILM 15 NCT
TIGKRT ENOUVGH. FOR BEST RESULTS, MOUNT
T™ME TRAMSMITTER oN A PHOTOGRAPHRER'S
TRIPOD TD SIMPLIFY AIMING  THE BEAM.

3b ’

PHOTOPHONE .RECE\VE R

BELL'S PHOTOPHONES USED <

A SELENIUM DETECTOR N >
SERIES WITH A BATTERY “
AND TELEPHONE '
RECE\WWVER,

THIS  PROTOPHOME RECERIVER
VSES A SIWICON SOLAR CELL SO
- NO  LENS 1S NECESSARY. To ULSE A
PROTOTRANSISTOR, SEE PAGE 24,

CALTION . BOTR TRANSMITTER AND RECEWER
OPERATORS MUST WEAR DARK SUNGLASSES
AND AvoiD STARING AT REFLECTED SUNLIGHT!

SeLaR [
h E A MF

CL PREVENTS
OSCILLATIO N,

USE um ] ‘

SHIELD 3? 2 +av
+ -

IMPORTARNT: “ THLZ ‘ T

THE SPEAKER
MPRY BEmaT
VERN LoJD
SOLNDS |
THEREFORE
Do noT
PLACE YouR R
EAR CLOSE 10K 380 5
T0 T™E
SPEAKER.

1 e
l.L,MF

RL-GmN
CONT ROL. €3

CK 10 WSE iOO)JF T

AN AOID | R2Z—VOLUME

AMPLIFIER CONMTROL

iy PLACE.

OF ™IS 4 8n
CY\RCNT, =




AM LIGHTWAVE TRANSMITTER

mic® 1 AML AMPLITUDE
1 uF (OR INTENSITY)
AN t1f MODLLATION.
o/ i\ +q v
A
s AV AYAN
R3 R
R RS Re
50k 3 LK é 220
Q1 _
IN2212
R2 cz )
1M 10uF ,
LENS
+1 !g ¥ .
Rls -
*Mac - USE CRYSTAL SOK LED SZ
MIC ROPHONE OR X -
ELECTRET uUpNIT R7 ;
(coNNERT RED LEAD O +4v). 1K LENS
—ts

——

Ri- AN CONTROL -

R— LED BIAS CONTROL. ADJUST Rée FOR BEST
SOUND  QUALITY.

RE- LiMITS CURRENT APPLIED To LED.

THRE 741 AMPLIFIES VOICE SIGMNALS FROM THE
MICROPHRONE AND COUPLES THEM THROUGEH Q2
TO MODULATOR TRANSISTOR Q1. USE A HIGH-
BRIGHTNESS RED ©OR HIGH-POWER INFRARED

LED FfOR BEST RESWLLTS. FOR A FREE-SPAcCE
RANGE OF UP TO 1,000 FEET (AT NIGHT),
USE A LERNS TO CDLL!HAT‘E THE LED

BEAM. OR usE THIS CIRCULIT BAS AN
OPTICAL FIBER TRAMNSMITTER.
3E

AM LIGHTWAVE RECEIVER

THIS RECEWER WORKS BEST (N SURDUED
LIGHT. oR AT M&AT WHEN USED FOR EFREE-—
SPACE COMMUNICATIONS. ALWAYS PLACE A
SHIELD CvER “TE DETECTOR F SUMLIGAT OR
BRIGHT ARTMIFICIAL LIGKT 5 PRESENT. ANy

INFRARED FILTER SKHOuLt BE USED FOR
BEST RESuLTS (DEVELOPED COLOR FiLM WoORKS
WEW) UMLESS THE TRANSMITTER (ED EBMITS
VISIBLE LIGAT,

CAUTION ¢ THIS CIRGNT cAN PROCUCE LOUD

SoUMDS, DO NOT PLACE SPEAKER CLOSE 1O
YOOUR BAR,

R1 c1 CZ PREVENTS
100K g puF OSCILLATION,
KEEP L(EADS

¢ ns TO BATTERY

if
\ SHORT.
/ i{ 2 +qv
+
4

Q1
PROTO-
TRANSISTOR

R3

10K i8¢ 3.
R2- AN 4 +
CoONTROL C3
lOOﬂF
R2~ VOLUME
CONMTROL T
L 8l
- SPKR
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RREAK-BEAM DETECTION SYSTEM RECEIVER

- SHIELD A1l TD0 ELIMIKNATE AMBIENT LIGHT.
TRANSMITTER ADJUST R2 TC SET THRESHOLD. ADJUST RS 70
te vV ACHRIEVE OPTIMUM RELAY OCPERATION. ALWAYS
THIS  SIMPLE 1 TEST ORCUIT N SUBDUED LIGHT TO AVeIG FALSE .
CHRCUVIT GEMNERATES \ TR GGER|ING.
A STREAM OF PicH ouTPuT R R 7 i
POWERFUL, NEAR- INFRARED 1 QL L ¢t
INFRARED PULSES. LEJC} ~a ) PHOTOTRANSISTOR ’I\ .01
/4 3 2
ay OPTIDNAL Ok TO i T RL RT
e O2pF LENS OSE. TWO +av LM gi.ooK
741's N
l PLACE
Hoo msEC OF 1458,
4 R2 g Qi az +av
e 7.1 LN 2907 IN2222 f _ A_
FOR J
i MEORE . 1
l \ 1 RANGE, €
T (L: ok TC USE TWO LO0LLF USE A Q2 ce 7 Ry I
_ CUTPUT PULSE CAPACITORS IN PARALLEL, LENS 02907 A T 4.71K
AT Q1. AAA | =
™ L ¢s
THIS SYSTEM S A VERY SENSITWE BREAK- [ ] : 1O.F
BEAM DETECTOR. IT (AN RE USED TO BETECT ﬂ '
OLTECTS OR FPEDPLE THAT INTERRUPT THE RS
TRANSMITTIER EEAPM., THE TRANSMITTER ANl iM 5855
CENERATES ~ 240 PULSES PER SECOND, EACH Neg . 2 |7 PN 3
HOD mSEC 1x DURATION wWiTH AN AMPLITUDE 4 : Yy
OF YOO mA. THE RECEBWER DETECQTS TE{E. ] 555
NEAR INFRARED FROM THE TRANSMITTER BY }| g
MEANS OF PrROTOTRANSISTOR Q4. THE PHOTO- sl & . {oL
CURRERT FROM Q1 IS AMPLIFIED AND THEN = N 3 —
SErmT TD A THRESHOLD COMPARATOR. THE REAy = f
555 EORMS A MISSING PULSE DETECTOR [MPORTANT 1 5000 ,JD LNALY
THAT ACTUATES THE RELAY AND LIGATS EATTERY MUST BE FRESH, b9V (
THE LED WwHEN THE (NFRARED BEAM 15 IF QIRCU'T OPERATES Rl
INTERRUPTED. RAMGE wiTHovT LERNSES I3 ERRATICALLY,  COMMNELT o LK
AT LEAST SEVERAL FEET. USE LENSES FOR RELAY LEAD AT ARROW !
MUCH GREATER RANGE. TO SEPARATE +9Vv SuPpPLY. ¥y LED
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OPTOELECTRONIC LOGIC

THESE CIRCUITS CAN BE USED IMDEPENDENTLY,
IN CONTUNETION WITH OPTOISOLATORS, oR AS
OPTOELECTRONIC ComMPUTING BLEMENTS.

RUFFERS ('YES" CIRCUITS)

+5y +S vy
[

_ iN ] ouT
R1 L L RA
220 H H 220
_[_L - Cds _(—L —- PHOTO -
- ceLL - TRANSISTOR
I} N
LED = [ LE =L
ouT ouT

INVERTERS ('NOT" CIRCUITS)

*S5V

-

o)
Q

47

+3v
N TouT ‘

R1 L1 H R

210 Wl L 220
C4s PHOTO ~
CELL TRANSIS TOR

LED ED

= = = >
I\ uT I T

AND CIRCUITS

+Sv

R1
H7

2 Al ol

IrTerim

Il

»
v

Cds
CELLS

JL

1]
i

LED > 1]
ouT

——
-

OR CIRCUITS

+SV

v
ouT
L .
£ Ry
‘_‘I 220
IT1l—=
A —m
PHOTO-
TRANSISTDRS
1>
2 —-

nimt

. QuUT

——
e

+5V.

o e e e 3]

.. =
. L
Ri L
210 [\
o
- -
I u
A B
cds
CELLS o> L
OUT




SOURCE /SENSOR PAIRS

SOURCE /SENSOR PAIRS ARE ALSO JALLED  OPTO-
'SCLATORS, OPTOCOUPLERS, PROTO- ISOLATED COUPLERS,
AMD PAOTDN 1SOLATORS. THEY HAVE MANY 1MPORTANT
APPLICATICNS |N EBLECTROMICS. THEY ARE PARTICU-
LARLY |IMPORTANT AT PROVIDING ELECTRICAL [$0LA-
TION BETWEEN TwWO SEPARATE <CIRCUITS., MANY
SOURCE~SEMNSDR 20MBINATIONS CAN BE USED!:

LED —> PHOTOTRANSISTOR OR PUOTCODIODBE
LED —> LIGHT- ACTIVATED SCR OR TRIAC
TUNGSTEN LAMP —>PHEOTORESISTOR

NEON LAMP —> PROTDRESISTOR

CLCSED PAIR
APPLICATICNS
sottD- STATE RELAY

ELCECTRICAL V\SOLATION

SOURCE-’ L"‘:ENSOR LEVEL CONVERSION

TRANSMISSION /SLOT PAIR

a SLoT APPLICATIONS!
ILE » OBIECT DETECTION

LIpT S S ITCH
= ] C =

ROUMNCE -FREE  SWwiTCH
SOURCE—T t—SEMSDR

OPTO-POTENTIOMETER
VIBRATICN DETECQCTOR

REFLECTIVE PAIR

i A= SENSOR APPLICATIONS:
—1% - SBTECYT DETECTION

VAN .1 LIMIT Sw i TOH

REFLECTANCE MONITOR

] Ij_j TACROMETER
ErD-CFE-TAPE DETECTOR
SOURCE oa:a MOVEMENT DETECTOR

44

INTEGRATED SOURCE/SENSORS

MANY  KINDS oF SOURCE /SENSOR PAIRS ARE
AVRAILABLE |IN MINIATURE 1NTEGRATED CIRCUIT
PACKAGES. HERE ARE TWO TYPICAL EXAMPLE S

@EIFI [e] Is] [+]
ksl il

[t [2] B [T CANNE;
LED/ LED/ |

PHOTOTRANSISTIR LléHT-Ac-.rlvA'rEb TRmc

DO-IT-YOURSELF SOURCE/SENSORS

SOURCE /SENSOR PAIRS CAN BE EASILY . MADE
FROM 1NDIVIDUAL COMPONENTS. FOR. EXAMPLE,
HERE (S A SIMPLE LED~PHOTOTRANSISTOR PAIR:.

HEAT - SHRINK ——
TURBING '—_-\_/.-..__f:\ .

N3 [F=<ruor0-

Lep 7 == =/~ &" == rrans(sTOR

THE SOURCE AND SENSCR CAN BE INSTALLED N
WOoOD OR PLASTIC STOCK. HERE ARE. TwO of
MANY PoSSIBILITIES:

woob woolk oR PLASTIC
— 4 DOWEL A
| = = '-:—‘ ¥
——— = S — FOR'V\ = —
- e i =l _/
= == Ne= I MOLES # ===
= s — T = ) 'W|TH —— =
N DRILL. | =

FORM. SLOT HERE FOR .
TRANSMISSION SENSDR REFLECTION SENSCR

mt)



DEMONSTRATION SOURCE/SENSOR

+ AV THIS CLRCUIT WILL HELP You +5 1049V

UNDERSTAND RASICS OF
OPTC-ISOLATION,

R2
1K

Dl

1 T L PRoTo -
220uF TRANSISTOR =

—_—r

LEDZI RED = LED1' H!GH owTPuT RED

ADIusT RL umTiL LEP1 PFLASHES 1-2 TIMES

PER SEcoMD. LED Z  WILL SWITEH OFF WHEN

CLEDL swiTcHES ON.

OPTOCOUPLER RELAY DRIVER

THIS +t5y +Qqy
CIRCLIT
ILLUSTRATES
{SOLATION Rl
AND (EVEL 1k
SHIFTING.

> Qt
U S\Zﬂ- K TNZ2IZL

LUsSE BIGH-DuTPUT
INFRARED OR RED
LED FOR REST
RESutTs. |F
NECESSARY, REDUCE
RL 10 270 L. FOR
HAGHER OUTPUT,

’N + A—“Q
RELAY
RELAY '8 ) S50C0 L
PULLED 1N 41K 1N914 -9 v
WHEN 1NPLOT . i
s Low.. 1

4o

BASIC ISDLATORS /LEVEL SHIFTERS

Ve ik Vee - o Vel ) . Nec2
- fr
RL S RZ.2 VYeel=1+Sv 1K +UJ
1K < 47K Vee2=45 T0 412V SZ-’-

‘[Z:; lﬁ o RZ JL

U ] U H.?Ki ouT
IN 4 N i
TTL—=TTL ISQOLATOR
VCCL UC;IL
TTL
Veel = 45V R1 RZ GATE
Veed = +3V 220 o 4.7K
1k . >O‘-‘*
U ot
GATE §Z"
ik
IN DC __i:

TTL-=CMOS COUPLER /T SOLATOR

Veel Vool
Veel= 45 v R1
Voo l=+51C 22€ 7o
+ 185V 1K

N
L %Z“’B% ik ouT
GATE -~ (TYPICAL)
r
T

N DO ]
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CPTOCCUPLER PLUS ROOSTER LT CASTOR (OLOR  CODE

INVERTED OUTPUT p——) )

Veed Vee? Veel

}
Vee 1= +5V ! IR
Nee2= +S 1o vi2v | | R3 ELA K S
RZ < 47K IRD N S
Rl 3 4K ﬂ ED A eI
210 1o W ORANGE L O A ee e
‘K | ouT YIiLIW “ 4 X 10,000
SREEN S ¢+ 106,000
""K Qi “LUE e e x {002,000
- M2 VICET 7 7% O, 0C0,000
1 CRAY £ 2 x 102,000,000
J -—___f { \'\_L=~'.'E 4 ‘! !_ 1
N

Coukia TARMD IODWATES  TULERAMCE [ALLRACY)L

NON-INVERTED OUTPUT SLDTLE Y SIVERTLIC%  NowE T % 20%
. \}cai VC‘:Q. :‘-‘\P\ E\\'{\‘ S ‘L_A\f\,f/: Vv>TR e VI
Neel =48y ‘::\;'/R = \/I'IER
VecZ = +5 TOo+10V
RZ
R1 4K oL AR =K yIATION =
220 T TN
1K ) A r AMPERE R RS 1LTANGE
- FARAD VosooyocT
> CuRiRE~T W= WATT
YK 1S SR Nx AT
= - A
R3 ouT
IN KooCRILC ) L0l
- RCEES Moo ) o
{rMtere -t T SO oot
CNANGCT) SO SIS T RO
THE R00STER TRANSISTOR (Q1) IN THESE {3¢0-) . soe suo foe co

CIRCUITS PROVIDES MORE POWER-HANDLING
CAPARILITY THAN THE PHCOTOTRANSISTORS (N
MDST COMMERCIAL OPTOCCUPLERS. R3 CAN
BE REPLACED BY A LOAD SucH AS A RELAY.,
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