0 MORE

ACOUT LED  OPERATION —.  HERE = ARE SOME KEY .
RSPECTS oE LED GPER ATION NOL L EH.0OLD KAOW ABOUT. 5.
1. TRE. LIGHT.  EMITIED. . BY. e _
AN, INCANDESCENT LAMP 5 | =GPz [~
CONTAINS. . MAMNY. _ WAUVELEN GTHS. N % f/ N\
TRE LIGHT. EMITIED . RBRY AN S lLamp 1= Ny \
LED . HAS A NABROW. .. MWAVE~ ‘j & , GEEEN RED A
LENGTH . RANGE. (THIS. .. IS S llies [ ceo
BECAUSE.  TRE. . ELECTROMNS.. . .IN S v VAN ) )
UE  LED ARE  ALL EXO(TED 200 40O 508 Lod 700 Boo Yoo
O TRE SAME. . LEVEL.) SWAVELEN GTH. _ (NM)
2. AHEN AN LED  BESINS el 20 %Q;ﬂ//
TO..CONOUCT.,. . THE _VOLTAGE. . . . 5100 | > &%), =
 GRADALLY. ... ~ g0 RPN o
. RRENT.. INCREAS b ol % c. /
W. OO MUCH. CURRENT g 4o el /
WHLL OVERKREAT THE LED % 2D /
AND POsSs | RLY SEPARATE. . THE < 3 ‘1/ i
e e EADS. QR MELT  THE. .SEMiz o e P B
LOMPRCTOR . CHIP, FORMWARD  VOLTAGE
2 THE LIGHT. . EMITTED BY AN - .
LED . 05 DIRECTLY.  PROPORTIONAL . . 3. «Gﬁ
b TR CURRENT. . THROUGH THE _LED......5. e N
THS . MEAMS.  LEGS _ARE iDEAL . B | NSO
FOR __TRANSMITTING INMFORMATION, . s \\é?}\
THE.  LIGMT  OUTPUT.  FRoM AN R
CVERHEATEDR LED WILL . Z00M 4 [ ; I ! A !
RDECREASE THE  LED MAY. EVEN DB LHD o RO 00 120
RBE . DAMAGED, FORWARD. . CURRENT. (MA)
H, THE FORWARD. . VOLTAGE WAVELEMNGTR. (MY LMOLT AGE,
AND  WAVELEMGTH . 0F AN
LED . ARE DIRECTLY. RELATED, 56s.  {GREEN 2.2. 73,0
THEREEORE. _ IT'S.  NOT __ ALWAYS 590 . (YELLOW) 2.2.-2.0
POSSIGLE. TR SUBSTITUTE (1S, (ORANGE) 1.8 =-2.7
DIFEERENT . LEDS  WITHOUT 40 ( RED) 1. ~2.0 )
CRANGING. . THE.  VOLTAGE _AND 30 (RED) . ) 2BmBeO o]
CORRENT. MANY. . DIECERENT BRC. (INFRARED | 20-2.8. 4 .|
SEMICOMDUCTORS ARE USED 900 (INFRARED) . [.1.2-1.0L
T MARE  VARIoUS . LEDS. Q40 (INFRAREDD) | 1.3 -1.7
VISIRLE  LIGHT. EMITTING . LEDS S
EMIT .  UP. IO A MULLWATT . . CR..50. . 0F.  POER., SOME _
INERARED  LEDs (LIKE 880 MM, UNITSY _EMIT 15  OR. .[MORE

MILLIWATTS

CA.  FLASHL\GMT

EMITS 10 0R IMORE  MMLIWATTS.)
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OKINDS OF LEeEDs — SINCE REFLECTOR ] '

THE LED 1S B LIGHT SOURCE, e W 4

\Ts BELPEUL . . TC _KNowL. . WHAT S /é';; & EPoxy.

INSIDE  THE . PLASTIO L OR_METAL 7, /N /

LED. . CASE Shown.. HERE. 1S Ui 1#

A TYPICAL LED. .  THE  HEAVY .

CEARS. . MELR . CONDUCT. HEAT . AWAY LED ,——7& {’ U

EROM.. ... THE CIHIP. . THE REFLE CTOR CHIP l

COLLECTS. LlGHT. .. EMITTEDL.  FROM (‘3wr¥ I

THE  EDGES. _OF THE CHIP. _THE FraT. AN

EPOXY 15 WSAMALLY COLOREDR MAERIK .
WHEN. . THE LED IS A _USIBLE _
LIGHT. . EHATTER.  LIGHT _SCATTERING Yot = -
PARTICLES . ARE . . OETEN.  ADDED. .TO CATHORE I ANODE

TRE. . _EPoxY. THIS. DIFFUSES  THE LEAD LEAD

LIGHT AND CAUSES. ... THE .. . BENL. o ——
OF.  _ THE . LED ..TO APPEAR BRIGHTER. Ao N '

VISIBLE LIGHT . LEDS.,

PN }ﬁ THESE.  INEXPENSIVE.  LEDs ARE._.USED _AS .
I ﬂ,wfy v INDICATOR . LIGHTS. CERTAIN.. RED _LEDs

/i ARE... . LHSED . TO TRAMNSMIT.  INEORMATION.,
i\ MOST. . ARE . ENCAPSULATED 1IN __EPOXY.

JLED  DISPLAYS. .. B o
L MANY.  KINDS  0OF LED _ READOUTS

W CAPABLE _ OF _ DISPLAYING. .. DIiG/TS. _AND
a1l

o, CHARACTERS ARE AVAILLARBIE.. _THEY
WS E

CRYSTAL. ... RIS ELAYS y BOT. . THEY USE

720\ ARJ&NQRQRuﬁémﬁDWTHANA}QUJﬂMWN
(X F A\
T~ Y77 MUCH  MDRE.  CURRENT.

INERARED.  LEDs.

IMNEEARED LED.g SHOLLD EE. ...CALLED

N INERARED EMITTING. .  DIODES s THEY
\&\ iy PSR U P T P i P i ST
= iy - ARE  DSED  TO.  TRANSMIYT. INEORMATION,
WA T THEY. _ARE. . ALSO _USED _IN __INTRUSION
I \1 ALARH%B EEMOTE.  CoMTROL DF!/!CES;
Fro, A SPECIAL KimD OF. INERA-
RED LED 15 THE DhoDbE L BASE Rt
PR PN e

SOME. _ EMAT.  SEVERAL WATTS |
A A ey,

O LED. . SYMEOL. ., . _ .

BOTH._. SYMEOLS ‘ Aq A :
SHoWN. HERE ==={l p | N === A A'@“c
ARE LISED, ANODE S ATHODE
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HOW _LED= ARE USED

LED.s Lanl BE POWERED EY LSOMTIMUOLE CUREREMT. . .OR

JEY BRIEE L PULESES OB LCURREKT, WH E N OPERERATED

CONTANUOLSLY a THE L CURRENT . CAN.  EE MARIED .TO CHANGE
TRE LIGHT. . . OUTPYT.

0 LED  DRVE . CIRCUIT —  BECAUSE SERIES. RESISTOR.(R<)
LEDs  ARE _ QURRENT. _DEPENOEMT., N T
LTS VSUALLY NECESSARY. . TO ( Al
PROTECT  THEM _FROM EXCESSIVE SUPPLY A
CURRENT WITH A SERIES RESISTOR. “ VOLTAGE
SOME.... LED.S INCLUDE A BUILT = A C? xiP o7
SERIES  RESVSTOR.. _MOST. Do .NOT. = >
IT'S  AMPORTANT. . TO . KNOW. __ HOW - LED N IX
D DETERMINE THE REQUIRED . { CURRENT
SERIES RESISTAMNGE (Rs). THE ~ - ¢
FORMULA 15 ° '

R = SUPRY VoTACE = LED VOLTAGE op Re = V- Vi  [R12 >

LED L CURRENT. LLED

LEXBMPLE .  SUPPOSE Yo  MWANT. TO. OPERATE. A L RED LED. AT,

A FORWARD CURBENT.. LT i) QE . 10=MILLIAMPERES FROM A

5= VOLT. . SuPPY. LV VDS Lo VOLTS. CEROM. . DATA  SHEET).
THEREEORE Rs 1S (&8~-2.97/.0.01 . _ 0OR _320- OHMS.
. KA A
OLED  POLARITY . INDICATOR.— I
TWO. REVERSE — PARALLEL =} P [N CMINUS LED
LEDs  FORM A POLARITY e J D ¢ ; -
INDILC ATOR EOTH LEDS GROLMD I ¢ A
GLOW. _ _1F.__ THE._ _TESTED N P PLUS LEDW
VOLTAGE IS _AC.  THE.  SERJES - PR el
RESISTOR . _MUST _ BE UsED. | pite > " ¥ - PROEE =
[J PULSED. LED = . WHEM.  OPERATED COMTIMOOUSLY o AN
NERARED LED  MIGHT.  HAVE Ao MAXIMUM. . CURRENT. . OF. .
100 - MILLIAMPERES WHEM . DRIVEA.  BY.  RBRIEL PULSES. OF

CURREMNT., TRE SAME . LED MAY  SAFELN.  AQCEPT Ruecek 10=-

AMPERE. .. PulSes )

NOTE (7 3 N

A SERIES  RE SISTOR i e A | |
MAY. .. .NoT  BE _REQUIRED PULSE 15 T _

|F. THE. PULSES . DO GENERATOR Ty TS D
NOT. EXCEED . THE L.nnn NI o S
MAXIMUM. . LEVELS il W

SPECIFIED FOR THE LED. PULSED  CUTPUT

.
le126 >
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SEMICONDUCTOR _ LIGHT DETECTORS

ENERGY EMNTERIN G A

SEFICOMDUCTOR CRYE T It CROLE e EXCITED

EXCITES .  ELECTROMNS . TO 5 ELECTRON

RIGHER . LEVELS . LEAVING L
BEMING . HOLES. THESE _ e CRNSTAL

ELECTRONS AND.  ROLES  CAN -

RECOMEBIME . AND _EMIT. PHOTONS, . 7 { A

¥
OR TREY . OAN. MOVE  AWAY. EFROM. .. ELECTRoON BEAT \ PROTON

ONE.  AMOTHER ArD. . FORM A

CURREMT.  THIS Is_ THE EBASIS__ OF  SEMICONDUCTOR LIGMT |

RDEIRCTORS. THERE. . .ARE  TWO . MATOR . CLASSES QF
e PSEMICONDUCTOR  LIGHT PETECTORS ,  THOSE. . WITH _AND. THOLE
WITRHROWLT [EFN) TUNCTIONS.
Al EAGD A
PHOTORESISTIVE LVGHT DETECTORS  J 5
e . I @ J] et
DHOTORESISTORS.  ARE. SEMI- T Y P phorons
CONDLCTOR  LIGHT. DETECTORS N {é? -
WATHOUT o A BN TUMETION . ) @/ﬁ B = N
THEIR  RESISTANCE IS ___VERY o AN y \d
i H CUP IO MILLIONS.. OF OHMS) !Q L PROTCRESISTCOR ff'\
e LWHEN NG LIGHT. IS PRESE NT., @ # CURRENT H
e LB Y MLL)M!NMKT"E.D¢TH EIR g\_ T Y Y der s W 2 =iE )JJ
RESISTAMCE 1S VERY.. _ LOW - +l
- o
CALHUNDREDS  _OF _OHMS).

C) PHOTORESISTOR. . OPERATION. | ELECTRON F== e

¥
€

-
THIS. . PANEL  SHOWS.  HOW._ . A PHOTON L= =c

PHOTON  CREATES A HOLE r.‘,,ELEnﬁCIRQNMW,»Q,zo’ s, N/
PAIR. AN EXTERNAL. VOLTAGE \ roce

LWL EORCE . THE  BOLE. L AND s X aote |ELECTRON

Q}‘rﬂ%
A

ELECTRON .ITID MOVE.. ~ 1."1 Z. 3,

1 |

BUUURIOR 51 o f 9 : {L—-\ SYNeT |

CURRENT 14 N CURREMT ~ LVGHT

,__

T
=% =55 == A e

h i
P i N
SIS < Vi PROVIDES.  THE FORCE

o
B © g Yo 4—;’/.«-};\ v THE . BATIERY

{ DARK, Tl T8 MOVE THE ELECTROMS .

Ji 3

AND  FoRmM A  CURREMNT,
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00 MORE.  ABOUT  PHOTORESISTOR OPERATION — HFERE ARE <SOME

JMPORTANT.  ASPECTS. .. OF PROTORESISTOR . OPERATION

1. PHOTORESISTORS. . MAY. REGUIRE A  FEW MILLISECONDS.  OR

MORE.  TO.  FULLY.  RESPOND _ TO...A CHANGE AN LIGHT

IMTENSITY. . (THAT'S _ PRETTY.  SLOW). . THEY. MAY. REQUIRE

MANY. . MINOUTES . .T0  RETUEN ..TO . THEIR .. .NORMAL . DRARK

_RESISTANCE . WHEN _ LIGAT IS REMOVED ( THE MEMORY
EEFECT),
P W Ny

2. THE  SEMICONDRCTOR.. MOST > /\_ CADMIUM
OETEMN . LBSEDR N PHOTORESISTIDRS E / SULELDE
12 CADMIUM. _SULEIDE . ITS = / PROTORESISTOR
SEMNSITIVATY...T0. . bl oHT 1S VERY @ / \
SIMILAR..TD.. THAT. OF  THE 21 /. \
HOMAN _ EYE!l LEAD  SULEIDE N A
1S USED. __TO. . DETECT. IMERA= 300 4oo 500 boo 700 800 900
RED  (0uT TO 3~ MICROMETERS). WAVELENGTH . ( NM)
L RINDS  0OF  PROTORESISTORS — . MANY. DIEEERENT. _KINDPS
s _ ARE _AVAILABLE ., IN_ MOST _THE
e U 2 W LAGHT.  SENSITIVE . SEMICONDUCTOR. 1S
‘_ i = \\; i COATED  BETWEEN INTERLEAVED  ELECTRODES
|\ " TO. INCREASE . THE . EXPOSED . SURFACE
ﬂ 11 \ AL PLASTIC. OR. _GLASS WIMDOW. MAY
l OR . MAY . NOT RBE  USED.
O PHOTORESISTOR  SYMBOL . | \4} TN NS
BOTH.. . .SY.MBCOLS. . SHOWN _ NV . \
HERE ARG USEQ. oo ... N\~ ) N
NS N
HOW PHOTORESISTORS  ARE USED .
| - [p1a >
PHOTORESISTORS. . ARE _V
USER. AN LGHT. . LON e < POTENTIOMETER . (T0"zERO!
TROLLED. . RELAYS. . AND e A f}ww_wmwﬁm,n,ym%&gmxwmgf.c_2)_
LIGHT.. METERS.
I LGHT.  METER.. e /N
THE ARRANGE MENT . @5 LZJ(-z_—_..—gK/— 7\ T
SHOWN. _ HERE _INDICATES N e Bl
ON. A CURRENT _METER = 1 UQ@ P il
THE . INTENSITY. . OF | CURRENT AR (2
LIGHT  JLLUMINATING Lo METER ) &
A CADMIUM . SULFID E -

PROTORESIS TOR.




PN_OJUNCTION _LIGHT DETECTORS

PN TUNCTION. blaHT. DETECTORS > N
EORM. TRE LARGEST | EAMILY ;—' N
0F. . PROTONIC SEMICONRULCTORS. it / RESBOMSE.
MOST.  ARE. . MADE  FROM_._SILICON % O SILICON
AND. _CAN._ _DETECT  BOTH VISIBLE gl PN TUNCTION
lEHT  AND  NEAR = INERARED. i

oo 500 Loo W0 gad Gpd ioco

WAVELEMNGTR. . (NM)

PHOTODIODES

o

[T = e= 3

ALL PN _TONCTIONS ARE. . LIGHT
e SENSITIVE.. . PROTODIODES. . ARE.PN A o Vi S
ATONCTIONS . SPECIEACALLY. DESIGNED X p | &

EOR.. LIGHT. . DETECTION,.  THEY. __ARE & &

e

P

>

USED. N CAMERAS . INTRUSION. ALARMS, |G co=cD aca.
LIGKTWAVNE  COMMUMICATORS ) ETC., = -

L

0L PROTODIONE . OPERATION . | Sy PHOTon Td  ELECTRONZ. [ELECTRONS 3,

A__PHOTON Wikt CREATE A _Hote- | Y W N _%N NI
ELECTRON _PAIR._AT A _PAN. | Q\Q

TUNCTION.. A CURRENT. WWL Ftow | .| € . W |
DES. OF ) ) AN
1F. THE _ TWO. SIDES. OF __THE 14 ]

UNCTION  ARE. CONMECTED. WO ELECTRON ROLE Hog A7 O
OPERATING MODES ARE POSSIELE:

.._“,,:.LAMéf:\..@:ngy_mx;a,Lc:W,\W.QWEV&,&MM\,Q,N‘A,V,_—,,- HERE  THE  PHOTODIGDE
L RECOMES. .A  CURBEMNY.  SoURCE _WHEN 1T 1S JLLUMINATED.

i - : e, o e, A

ND I e /“”‘“‘\ GURRENT “ //\\

= B
[\,——\\\}fjﬂamv \ f _,_.::\ FLOW L ,ﬁ/@ /

yvl
=

c S AN PR | P30 1B (A
B = Xy )

- -~ \ _ )
BSORTR X _DARK os—] |~ LGHT..

[ N2 PHOTOCONDULTIVE

f 1
N LITTLE  — —. /—l - HIGH_\ f"[L\ e DPERATION — HERE.
CORRENT . f s \ CURREWT f,—-..,f\ THE  PHOTODIODE IS

<> [N A REVERSE = BIASED. A

g o P NP e N W P S Rt
T WA\ Wy, CURRENT  FLOWS. :. WHE n

o . DARK _ e TRE PN TORICTION A5

~Tr ._ = LLumMinATED. CWHEN

-0
Z

CALLED THE DP\RK

&/ P Nl _.DARK ., _A_TINY. CURRENT
W‘

| 1 N ..('r*". . \{‘// %\ CURRE NT. WAL ]
S S———; FLow.) . |

LieHT
/2




LIKINDS. OF  PHOTODIODES .

/_\ WENMDDW

SHOWN.  HERE 1S . A JINPICAL w . -
PHOTODIODE. .. MANY.  _OTHER : 2} I
CASE. . SIYLES. ARE_ . ALSO._USED N T
CPLASTIC.  BOUSING 4. BUILT. = I ‘ -/ a) METAL
LENSES. ... AND EUTERS 4 ETC.). (\))_{L% LGAN
THE __MOST. IMPORTANT . DIS.= S~ -
TieTioN IS TRE SIZE . OF H _
THE SEMICONDUCTOR. . CHIP. ¢ CHLP H*—\ :
SPECINLIZED CHIP DESIGANS ANODE LI CATHODE
MAY BE..USED T EGIME LEAD L EADL
RETTER RESPONSE. ..TD CERT. AN
WAVE L EMGTRS. . OF. LIGHT.

EAMODS. EACT: LEDs . CAN

SMALL

AREA... .PROTORIODE S. BOTH _ EMIT.AND. DETECT. LIGHTI
ﬁzziljj A . THESE _ PHOTODIODES. . WAVE _ VERY. . EAST
> Ll RESPOMSE . TIMES . WHEN. USED _IN. THE
'R | /R REVERSE = BIASED. . PHOTOCONDUC TIVE MODE.
LARGE. . AREA. .PRAOTODIODES.
G2 . THOUGH . SLOWER. .. RESPONDING _THAN. _SMALL
W . AREA__PHOTODIODES ,. THEIR . LARGE _ AREA
l] PROVIDES. . BIGH. . SENSITWITY.
0. PROTODIODE. . SYMBOL .. . N.CATRODE . — g
BOTH. . SYMBOLS. . SHOWN N v Pl
WERE  ARE  USED A —>F—c  A—DH—¢
P N
!ANODE
HOW. _ PHOTODIODES  ARE _USED
PHOTODIODES ... ARE “d
COMMONLY. . USED . TO S By POTENTIOMETER,
DETECT  FAST  PULSES »’gg_.g«,; (TO.  CALVRRATE _THE
OF _NEAR . INFRARED YOS METER) | i
CAS__IN__LIGHTWAVE k%f%-";_?; £ 114 >
COMMUNICATIONS), fini=) 8  Sp—— e
és o !g‘:_:;———___m—wg . /\ R =
O L\GHUT METER. \ . . .
THIS. _ ARRANGE MENT = A sl B
PROVIDES. A RASIC CURRENT. |l=cl @/@’Jﬂ‘
PHOTOCONDUCTIVE  MODE. " METER. ?;';Qf
LIGHT . METER.. _ITS. T o (RN Y
RESPONSE 1S VERY LINEAR, = po




PRHOTOTRANSISTORS
» JEMITTIER ; BASE
ALL. TRANSISTORS.. ARE__LIGHT 1 I~
e JSENSITIVE. . PHOTOTRANSISTORS //ﬂf e
e JARE. . SPECIEACALLY.  DESIGNED P Y e
ITo. _TAKE _ ADVANTAGE. _0F THIS INJ )
IMPORTANT.  PROPERTY.. . LIGHT __P / /
e | SENSATAMVE..... FET s ARE. AVAILABLE, ke N
BUT.  THE. . MOST  COMMON.. PROTO ~ _ T:?coi_z_ac‘roa
TRAMSISTOR .. 1S AN NP TUNMNCTION
TRANSISTOR MwLATH A...LARGE ’L,‘_‘ PROTIONS
EXPOSED  BASE _ REGION. .. PHOTOMS L ]
| EMTERING... THE . BASE._ REPLACE THE QR e e
IBASE ~ EMITTER _ CURRENT. OF | O |e A
e ORRINARY . NPN . TRANSISTORS e =R "é‘:f wf N ELECTROMS
THEREFORE. . A PHOTOTRANSISTOR =N
v ] ARECTEN . AMPLIEIES VARIATIONS NOTE 3 ~—
INLTHE . NUMBER OF PHOTONS., BASE _LEAD 1S OPTIONAL
NN PROTOTRANSISTOR OPERATION — TWo .  TYPES CE
NEN . PROTOTRANSISTORS . ARE . AVAILABLE . _ONE IS AN NPN
TRANSISTOR AS _ SHOMWNMN AROVE THE OTRER INCLWDES
e B SECOMD  NPN  TRANSISTOR. ... TO. PROVIDE  MORE. . AMPUEICATION,
1. NPN___PHOTOTRANSISTOR {K'}S\
1
- ¢ | T ¢ B
I P NO N \/QJ"‘E? PN BAGH,
mmmmmm [f v CURRENT._ [N v B m=ND) CURRENT. | )
. DARKILE > \ A~/ ey S L/'Aﬁ/l
{- +( {-— + .———dJ
\ —
2. PHOTODARLINGTON
TRAMSISTOR e IR
s W ) ' )
venr.. [ = | L’f.“‘f”r PN L
e \ \L_\;",«,__""I;_* ™) L NGH e
THIS . _ARRANGEMENT - — ~— coppent |~ /0
1S YERY.. . SENSITIVE § 1oL — A
BT d T S SEOWER )
THAN: _ORDINARY .. NEA | = |
JPHOTOTRANSISTORS. E
BOTH... TYPES. . MAY OR y s .l;fA__\J;
MAY. NOT _HAVE A _BASE LEAD. o\ \T
74




ALKINDS.. OF.  PHOTOTRANSISTORS..

s . L EPOXY
SHOWN. .. HERE IS A TYPICAL T RN LENS
LOW. _COST NPA . PHOTOTRAMNSISTORE. cmp%’;“'\\\

MANY OTHE R CASE STYLES f/ \\\ FiLAT
ARE . ALsO.  WSEDR . (METAL. . CANS., / MARK,
GLASS. LENSES. . . ELAT. . WINPOWS., b A
ETC. ). IMPORTANT.. . THE . RASE { (15
LEAD. __MAY. OR . MAY . NOT _RE h —T]
PRESENT. MANY. . PHOTCTRANSISTOR S “
CLRCUITS DO..NOT. . USE THE CoLLECTOR EMITIER oo
RASE  CONNECTION. LEAD P LEAD
W (EASE -
= ¥
=9 L) : S P \ e LEAD
LAY @ ] i:_ﬂ—;ﬁ GLASS COPTIONAL)
by LA Y L}
ATHESE  ARE  TYPICAL  PROTOTRAMNSISTORS.
(I PROTOTRANSISTOR . SYMBOLS.
\»}\/ L0 \i\/ >{l d \\‘> e \\.\//j\c
e N W
' I7E [ = =

NPN NPN. (NO _BASE LEAD)

PHOTODARLINGTONS ...

HOW . PHOTOTRANSISTORS. A

RE _USED

PROTOTRANSISTORS.  ARE  OETEN

USER  TO  DETECT.  FLUCTUATING (AC)  PHOTODARLINGTON. ..

LVGAT . SIGANALS. . THIS. ARRANGEMENT TRAMSISTOR. ~.
DSES A STEADRY. . (DPC) P Sy
LAGHT. . TO ENERGIZE 1 _ / |
A RELAX. THE....DIODE " |
PROTECTS. THE 1 !
14 TRANSISTOR... D[ -
¥l |
RELAY e A E FROM VOLTAGE I M —
e 1 PRODUCED . N 0 L ey
< %E THE _RELAY. COlL. | Nl e ..\*‘\N,?\
T 5 —_— — = /] S
e UL oope . © T~ )
< ) S LighT
X\ . EANAY N
FELAY CONTACT LEADS k U 1211‘1>
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1& ~&TTT PUOTON
PROTOTHYRISTORS  oss
PHOTOTHYRILSTORS. . ARE VARIOUS N S’
KINDS.  OF LIGRT=ACTIVATED @A: .. [ A
THYRISTORS.. .. YOU.  CAN. THINK & —O0 o\ \ /
OF. . THEM. . AS. . LIGHT-ACTIVATED
SWITCHES THE MOST  IMPCRTANT
MEMBER. . OF __THE _ FAMILY.. 1S R - . _
THE . LIGAT=ACTIVATED.  SILICON Y N Y s CURRENT
o |CONTROLLED . RECTIFIER. (LASCR), - /w@ /
LIGHT  ACTIVATED. TRIACS. _ARE S S Vv
e IALSO. MADE. _NEITHER. CAN. TSR =o=Ch)
SWITCH. AS._ MUCH  CURRENT. K< ——0——>0—| =Co=(p
AS .  COMVEMTIONAL. . THYRISTORS. ‘ e
LIGHT ACTIVATED  S(CRe (LASCRS)
To _IMPROVE . THEJR . SENSITWVITY. . TO  LiGHT, ANCDE
THE...LASCR 1S MADE . THIMMNER THAN !
STANMDARD SCRs THIS _ LIMITS  THE AMOUNT .
BE.  CURREMT. _ THEY. _ CAN.._ . SWITCH..  FoR NP
HIGH. . CURRENT. . APPLICATIONS .. . A NN
LASCR CAN._BE __USED. . TO.  TRIGGER . . . LIGAKT P
1A COMVENTIONAL . SCR... SEMSITIVE NN
. ARE A
CLKINDS  OF  LASCRs. CATHODE. GATE
== ) MDST LASCRS CAN . SWATSH WP TR AL EEW
.- HUMDRED  VOLTS. . MAXIMUM. _ CURRENT.. 1S ONLY
\é\i\” \: A BEwW.  TENTHRS. ..OF AN . AMPERE. .
HOW LASCR e  ARE USED \
l Vb
I o V1 MoncE  TRAGEERED,
LIGHT o : t : U BUz2ER REM,Afmé
¥ =1\ d GATE ==\ ) ON. INTIG. POWER
{ pme—— 1 2 < Y RESISTOR - S S IMTERRUPTED.
\ \ =1 p \ IP i
. YR Ny
N ] ) PIEZOELECTRIL .
o ‘7 LﬂJ G y( BuzzER ¥ ]?’.115‘,>
OUICK  FLASH b %9
OF  LVGHT THLS.  ARRANGEMEAMT.  ALLOWS
WILL . TRIGGER - i A LASCR .TO .TURN _ON
LASCR. \ N AN _EAR PIERCING. BUZZER.
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SOLAR _CELLS

vy PR CELES e ARE o B ME T A b
JUNLCTLON PROTODIOBES LONTACT.....
WITH AN EXCERPTIONALLY FIMGERS
LARBE.  LIGHT. . SENSITIVE
AREA . A SINGLE  SILICON
SOLAR....CELL. GENERATES
0.5 VOLT AN EBRIGHT . SUNLIGHT.
[ SOLAR _CELL OPERATION
LlGHT % §f 2 5 2CDECH=
DARK > YOS (T ) S N ANA NN 1
o VWY Y- )
("*’! e (\ /7= = UEH /7\
SOLAR. . GELL CURREMT >-\ /[ ﬂ COREEMNT A
T L\ M
e \ =)
i e ey
A CELL \/
TRLS. SIZE L% IN_BRIGHT . = $ ANODE
GENERATES|  SONLLGHT. /. P CONTALT
0.1 AMPERET \
N

SIACON  CELLS.  MAY. . BE. P oM.

I KimMDs.  OF  SOLAR .  CELLS
- TN, = MAKLY DLFFERENTKJNDSQF§1L1CQNSOLAE
Seonlbrs s E Z CELLS . ARE  MADE .,  OFTEMN. INDIWIDUAL CELLS
/ ARE  SONMECTED. AN SERVES., OR...PARALLEL
el SERIES e msm;&g@ i e
CuTPUT VDLTAGE lq'“f QUTPUT. CURRENT
LSS OM O CELL... M 15 SUM. OE
VOLTAGES. » _LELL _CURR E.Ms, o
— , - m——_ e S
2 A P
o [ SOLAR _CELL. _SYMBOL.. v\Er‘ (\L = REMEMBER,. CELLS
J MAY. BE P oM N,
HOW  SOILAR _CELLS  ARE USED A
) wMAL  sun P 115 >
> 0% v i
ARRAYS . OFE. SOLAR CELLS - (ot T
CAMN. CHARGE RECHARGEABLE //f/ ,\Q‘ ﬁ”—lﬁm]
CELLS. . _AND . _RBATTERIES Y \ DIODE

e
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A SERLES. LONNECTED
ASRLAR. CELL.. . ARRAY
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S.INTEGRATED CIRCUITS
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ELECTRONIC CIRCAUITS CAN o e STAMOARD

RE. . IMADE BY SHMULTANEDDSLY [ ~ = N ) COMPOMENTS

EORMING INRIVIDUAL.... TRANMSISTORS, .
DIODE.S AnlD RESISTORS on

A SMALL GRIP . OF _ SILICOAL

THE COMPOMENTS. ARE LOMMECTED

TO . ONE__AMOTHER . WITH . ALUMINUM \

"WIRES"  DEPOSITED. __ON.__ . THE \ M”W ) INTEGRATED

SURFACE. _ OF _THE __CHIP. . THE ~— ~  CIRCUIT

RESDLT. .. 1S AN __ INTEGRATED LCIRCWIT.

e AINTEGRATED . CIRCITS. (OR IC's). . .CAN. .. CONTALN. . AS. . FEML  AS _SEVERAL o]
10, AS.. MANY.  AS._ _ HUNDREDS . OF . THOUSANDS .. OF . TRANSISTORS e |-
THEY. . HAVE . MADRE _POSSIBLE  VIDEO  GAMES., . DIGITAL . WATQHES, _
AEFORDARLE COMPUTERS .. AND. __ MANY OTHER.... . . MERY . S0PHASTICATER o
PRODUCTS. HERE'S A SIMPLIEIED. . AND__ HIGHLY.. . MAGNIFIED VIEW. ot
1OF A . SESTION. .. OF. .. A .. BIPOLAR INYEGRATED.. CIRCUIT.:
. . " /”" <
ALUM{NUM SiLIcoNn  DIOXIDE "\ CONnEQTION LgAd A KA
"WIRING N P ey /,j/ /M/////%

. ‘ﬁ“ P > > ) y 77
Ve N/ NV
(=== === ;—.:,:,:«.::__@r { ===\ 5]
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T
Sleieant

.
SILLCOM . RIOXIRE

15, A GLASS. S

\
N
N

LIkE. JNSILATING

=&

T’I_@-_-LL

SUBSTHMECE

el
__— Kf“‘

TRAMSISTOR ~— A  PAIR

RESISTOR ™ .5  SMALL GLORE. —. A BN

e} SEGTION.OF. B TYPE TUALC.TION OF PN JUNCTIOANS
SILICON.  FoRMS. A FORFS A FORMS AN NPA
RESISTOR DIDDE TRAMNSISTOR
OF __ LOURSE THE _ CONMUBNTIONAL COMPOMEMNTS SHOULA BELOW
THE BiEHLY MAGMNLFIED SELTION Ok THE..  IC ARE
NOT. . DRAWN . Tb  THE SAHE . SCALE FOR EXAMECE., ONE. . EIND
OF EC INCLUDES 202 144  TRANSISTORS . OAN. A .. SiiconN CHIP
ONLY. . ARowT /4 ImcH SRUARE.!
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I EINDS . OF INTEGRATED.  CIRCUITS —

INTEGRATER

CIRLUITS

LNTD TIO MATOR

CATEGORIES. A

ARE GROUPED

1. ANALOG . (OR. . LINEAR) TC's
P e S N e i e e
T MARIABLE VOLTAGES ANALOG

PRODUCE ,
Iels

CAMPLIEY. R . BESPoMD

INCLLIDE

EINDS OF AMPLJF—IFRS"‘ TUIMERS.

LRSS LATOES.

AnD

MANLY
bl e ¥
WOLTAGE

REGULATORS

e B G ATEG COR._LOGIC).  TC's  RESPOND _ TO _OR PRODUCE  SIGNALS
HaviaL.G OMLY... TAO VOLTAGE. . b EYELS DlGiTAL . Te’s LA LUDE
MICROPROCESSORS,. MEMORIES. ., MICROROMPUTERS AND  MAAMY. . EINDS
O SIMPLER CHIPS.

SOME Ills COMBINE. . ANALOG ANID. . DIGITAL. .. EUMCTIOMNS. ... OM. A
SIMGLE CHLP, Ear EXAMPLE. ., A DIGITAL.  CHIP  MAY. INCLUDE
B BAMLT = i ANALOG UDLTAGE REGIMATOR  SELTION. ArD . AN
ANALDG TIMER CHIP . MAY INCLUDE AN ON~CHIP . DlGiT AL
COUMTER . . TO . &IVE MUCH.. . LONGER TIFE DELAYS THAAI
POSSIREE . WLTH THE, TIMEE BLOMNE, '
VOLTAGE P ~ y
INTO . OR N\ / \ /\v/\
OUT. . OF \
CHLE, (NoT 4 N .
POMWER . SUPPLY Time L
VOLTAGE.L) ANALOG .  TO's DIGITAL _Tc's
. KinDs QFE. . INTEGRATED. . CIRCWIT. . PACKAGES — . TC QoRIiPS
ARE SUPPLIED N MARY, DIEEEREMT. . PACKAGES BY. L FAR.THE
MOsT CoMMON ARE .. VARIATIONS 0E THE % N—LIN_E PACK AGE
CoR._RiPY.  THE _DIP. . 1S . MADE. . FROM PLASTIC  (CHEAP) _OR
ceRrAmig. . (MORE. ROBUST). MOST. . DIPs BAVE.... .14 .. 0R 16 __ PINS.,
_ : : BuT THE PIN . SOLALT...  CAN _ RANGE.  EROM
X N4 TO 4d. MERE'S A TYPICAL  DAP:
RS NNy .
N = s W AR Nl YT
P T e e e
/ MAMOEACTURERS ; e _ _
IMBEX. MBERER LOGO (MoToROLAY - LD 2 A M et DATE  cope
@) LN T
CInpICATES. .. £In3) B £2=1983
P numeers —zid B 1e] 19) 18] el Dol e qot ey
AMOTHER IO PACKAGE. IS . THE . T0-5 Z . METAL
METAL .. CAM, THOUGH VELY STUE.DVA;VTT’S rod CAN
BEING.. . REPLACED A MAAMY  CASES BY
CHEAPER __ _PLASTIC . . DIPS .. W~ eaps
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b. DIGlTAL INTEGRATED C\PCU\TS

NO  MATTER B ol COMPLICATED, ALL m(“m’-\f_ INTEGEATED

ICIRCUITS ARE . MADE L LEROM SIM?LE BieDING..  BlLoc KS

ACALLED. . GATES. GATES... ARE.. LIKE  ELECTROMICALLY. . .COM~
TROLLED. SUWTCHES ., . THEY ARE  EITHER ON . OR._.QEE.

A

HOW. DO GATES WORK ?  1ET'C  START. WITH THE BASICS ...

MECHANICAL SWITCH _GATES

JIWHE.  THREEL SIMPIEST GATES CAMN.RE DEMOMSTRATED _WITH

SOME POSHELTTOM. . SWITCHES, A _EBATTEEY AnD A LAMP,

CLswuten T Aane”  cATE. TRE. LAMP  GLOWS. ONLY.  WHEMN

SN ITCHES A AND B ARE  CLOSED.
-t Facy THRE _TBRAE  SUMMARIZES THE .

GATE'S  OPERATION. iT's  CALLED A

%D I E
LA J ) TRUTH _TABGLE

f jé‘“ JL) 3 ~ ‘ A ‘B ou*.r'

= MORMALLY opsm MTW‘("& \ OPEN. SWITCH. = OFF OFF  QFF OFF

Pus;.sp,ur-rors CLOSED SWIATLH.= ON OFF . ON QFF
e SWITCHES LAMP. . oM. OFF OFF
L-._ = =t (CFF) ALL_ POSSIBLE ON__ON ON

ON=OFE COMBINATIONS. 7 T

0. switeH "or!  GATE. THE . LAMP.  GLOMS _ONLY. . WHEN

SWIATCH A QR .SWITCH. B oR  RorH
Pl FaV vy

= MORMALLY. . OPEN . SWITCHES AL _AND B ARE CLOSED.

Eﬁ PUSHBUTTON HERE'S THE  TRUTH.. TABLE.
wp‘ A SWATEHES : .
_ { ﬁ . THE . SWITCHE S A B .1 ouT
rﬁ np B ARE  THE GATE's LQFF. . OFF CFF
@ == 0 e dNPVTS,  THE . LEAD OFF _ON oM
‘ \&M_JL_B'—‘CL W/ ) WITHOUT.. SWITCHES OM | CFF oM
A WAME 1S THE. _COMMORN .. .. ON  ON on

%‘:———“— =2 (OFE). . .. OR. . GROUND. LEAD,. .

iy

OoswiateH. " nNoT” eaTe. THE . LARLL . NORNMALLY.... GLOW S ONLY
: s MLHER THE i SWALTCH o S OPEMED, ik S
e NORMALLY,  CLOSED TRE . LAME.. OFF. N OTHER. . MIORDS.,
.y PUSHBLUTTOM HE. "Net! cate  ReversES. (INVERTS)
w\&Swwcn THE LISAIAY ACTION. .OE A SUITCH.,
7 Al == N HERE's  THE _ TRUTH. TABLE :
1@3 | = | | o
' EAMP. MJ THE. " noT! GnTE IS an oo
- (on) R USUALLY. . CALLED  THE LOFE | _ON
: HVERTER. IR




