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Conrtsnt br ightnB is a feature ot this LED circui t
which us6 a lhermistor to compen$te the tempdatore
coetticient oJ the diode.

LEDs have advantagc as
constant brightness sources

A l ighl  emif i ing diode (LEO) can repl4e the incand€ent lamp and provide constant br ightnqs refsemq lor industr ial

equipment.  The circui t  shown combinF good stabi l i ty and control  with low c6i.  FurihFmore, thtre is no ne€d to r6ort

to opt ical  teedbrck. Control  is at tained ro 1 3% of the diode's br ighlnFs at ambient tmperaturF ovtr  the ranq€ lrom +1Oo

to +5O-C. Also. there,s no need to compensate tor aqing or bl&kening 6 is lhe ce with incandruent lamps.

The circur l  rel i6 on the stabi l i ty inheient in sol id state l ighl  surc6 as wel l  as their  long l i fe.  Unl ike incandreent l iqhts,
l ighr.emit t ing diod6 do have thermal coeff ic ients but they are predictable.

In the circui l  shown, lhe thermistor,  RTl,  pjovid6 the ncff i ry temperature compensat ion. The constant br ighf n6
circui t  is dr iven from a regulated dc supply providing +12 volts.  The lorward current of diode Dl at  ambient temperature
is sel  by rBrslor R3. Five percent iolerance rGistors are sul f ic ient lor the 3 percent control  lh is circui t  provid6.

The temperature character is i ic ol  rhe l ight€mit t ing diode is improved at le6t one order of magnitude by the the.mistor.
The LED temperature coeflicient ii n€gative, and the diode's light outpul dcreffi wilh incre66 in lemptrature. Howwer,
increass in t€mperature also d6rease the thermistor 's rEi . tance thus increasing the ba* dr ive of Ql and, cons€quent ly.
the drode cvrrent.  As a r6ult ,  the diode's l ight output remains conitant over the tempgalu.e range. For fal l ing remperaturF,
the lotuard currenl is lowered by the Increde in the thermistor 's .6istance. In this manntr.  the current through the diode
is reduced as the temperature dsreass, and its light output again remains stable with tempsature chang6.

vcc
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MODULATED IR EEAM CONTROL SYSTEM

R. C. Each

INTRODUCTION

This is a dsr ipr ion ol  an intrared transminer and infrared receiver that uses Monsanto s l rght €mit t ing diodes

and detrctors. This svstem detets and indicat6 the interrupt ion ol  a beam ot rnfrared t ight l t  could counl r lems

on a conveyer belt ,  delrct  an intrudq, aulomal ical ly open d@rs, warn personnel of  high vol tage or high radiarron;

any application that us6 an interrupted beam

O E S I G N

A d6iqn requirement was that the syl tem be di f f icul t  lo jam. Ihe simplest solut ion to thrs problem is a pulsed

l ight system that uss disturbanc6 lor resett ing, rather than traggering. To achreve thrs,  a mrssrng lrght pulse countrnl l

c i rcui t  is used. Another rrcuiremenl is,  ol  course, &onomy.

THE TRANSMITTER

Figure ' l  and f igure 2 i :  the shematic of the rnlrared transmit t ing port ion ol  this svstem The Monsanto ME 5 Infrared ernr lrrnq

diode is pulsed every 16.7 msec to a current magnitude ol  one ampere lor a durat ion ot about I  5 msec Thrs rs

a b o t l t a l O % d u t y c v c l e .  A t t h i s l e v e l i l i s n o t n r c e s s a r y t o u s e a h e a l s i n k o n t h e M E 5  A l s o , a l e n s r s n o t n e c e s s a r y

i f  the dislance the l ighi  is l ransmit led is 30 teet or less.

Monsanto ME 5 Inlrared Emrt irnq Diode

1r5 V.A.C.
60!1 (I,

F IGURE 1  INFRARED TBANSMITTER

I n  l r g u r e  2 ,  p u l s e  w r d t h  b e l w e e n  t h e  l i m r l s  o l  0  5  a n d  5  0  m s e c s  r s  d r r e c t l y  p r o p o ' l r { ) r r J l  l o  l h e  { i a D a c  l d n c r  o l

C 1  P u l 5 e m a g n i t u d e b e l w e e n t h e l i m i t s o f 0 3 a n d 3 0 a m p s r s r n v e r s e l y p r o p o r l r o n a l l o l h . , c s r s l a n . r ' ( ) l R J

PULSE POWER SUPPLY
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Fl Fui. ,  AGC. %, Bus, l ,aA

Tl T..nrform.r,  P6466, Strnco.,6.3 V.,34.

CRI Diod..  1N914. CDC

CR2 LED, ME 5, Monsto

CR3 Diodr. zoner, 1N4t34A. Mororob,5.6 A.

Ol Todit tor,2N3569,F. irchi ld

02 Trrnr ir lor,8-5041,8cndix

Rl R6i ior,compoti t ion,2K,t{W.15%

A2 R6irtor,  compoti t ion,4T ohm. lW., i5t(

R3. F6ir toi .compori t ion.4.5ohm,2t?.,15f

Cl Gprcilor, 0.33 !F, 2m V.

.  2 erh 9.1 ohm, lW,

S E E  F I G U R E  4

FIGURE 2 PULSE POWER SUPPLY
THE RECEIVER

Fiqu16 3 through 7 ,re rhe ehemalica ot the reeiving psrt ol thii sysrm. Tbe Monsanto MO 2 photodiode ihown
in f  igure 4 is the r€eiving dwice lor the puls€d infrared laghr prcduced by rhe ME 5 mit t t r .  Figure 5 *rows the
ampli f  ier (O1) ne6$ry to ampl i fy the signal rEoived and convdr i t  to !  eturared togic aignet (O21. This logic
signal ie used to resl  the lakout center and atter being pule. stretched, {O l ,Cl,AR 1, in f igure 6 I  i .  d irplsv.d by
the two Monsanlo MVI0A vi table red l ight mit t ing diod6 (LEDsl.  The LEDr not onlv indic.rc beam inrerrupt;on
but act as an aid In the inr( ial  t6t  and al ignment of the ivstem. The 6unte. (AR2, in f igure 7l  i i  being dr iven by
the crrcui t  shown in f igure L The basic operat ion i i  th i3:  th€ counter is count ing 60 cycle ( l ine trequencyl puls_
I t a l l o w e d t o c o u n t t o n i n e ( 1 6 . 7 m s * x 9 = 0 . l 5 s e ) i r w i t l  t r i g g e r r h e r e l a y c i r c u i t s h o w n i n t i g u r e 5 .  N o r i c c l h s t
Kl is normal ly energized and not rel f  holding.

TO ALL "+5V."

S E E  F I G U R E  7  S

F IGURE 3  INFRARED RECEIVER

INDICATOR

TNPUT DRTVER

"A '

5 V . 3 4 .
FOWER SUPPLY

L . F .
AMP

INPUT OUTPUI

LOCKOUT
COUNT€R

OUTPUT

60!
D R I V E R



ffif F(L&
1 Bezol,  CP1 I  10P2, JAN Hardware, (see Appendix A)

2 Bezel,CPl l l0P2, JAN Hardware, (*e Appendix A)

3 Lent,  85645, No. 6 Double Convex. Cent.al  Scient i t ic Co.,  {ree Appendix B)

4 CRT shield, S20Of-f ,  JAN Hardware, (se Apgendix C)

5 Mounting plate, rear,  1/8 inch, eluminum

6 Photodiode. MO 2. Monsnto

7 Connegtot,  UG/657/U, Amphenol

N O T E

T h e  s e n s o r  i s  c o n n e c t e d  r o  r h e  L . F .  a m p l i f i e r  b v  a  9 3  o h m  c o a t r a l  c a b l e ,  T e x l r o n i x  I n c
P a r l  n u m b e r  0 1 2  0 0 7 5 , 0 0

FIGURE 4 SENSOR

R 1

R2

R3

R4

or.o2
J I

c1
c2
c3

R6irtor,  compori i ion,5,1 m€9.,  lAW., t5%

R6it to. ,  compo3it ion, t0 k. ,  ,W.. 15%

86it tor,  compori t ion. 510 k.,  y1W., !5%

B6it tor,  compoti t ion, I  k. ,  ]6W-, 15%

Tranrirtor, MPS-6575, Moto.ola

Conn*tor, UG I 657 I U. Amphenol

Capacitor,  di3c,0.01 pF, IOO V.

C.pacito?, dis,  0.02,rF, 10OV.

Capacitor,  dirc.20O pF, 10OO V.

INPUT

FI*JRF 5 GENERAL PURPOSE ' . ' .  O*" ] ' ' ' "
FOR MD 1  TO I .C .  LOGIC  INTERFACE
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R6irto. ,  compoti t ion, l0 k,  %W., 110%

R6it tor,  compori l ion.39 ohm, %W.. 110%

Cap|ciror,  di$,  0.2 frF, 10O V.

LED. MV 1OA, Moosnro

Line D.ivsr, 356A, Signeti$

Trantittof , 2N3569, Fairc-hild

Relay (up ro 40 mA)

R 1

R2

c l

c R  1 ,
cR2

ARl

ol

K 1

F IGURE 6  IND ICATOR-RELAY DRIVER
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Rl R6it tor,  compoti t ion. 
' l0O 

ohm, hW.. !5y"

C1 C.p.citor, dirc. 0.00? Jr F, 1Ofi)V.

A R ' l  N A N D  G a t e ,  T r i p . 3 - i n , 8 4 7 0 4 ,  S i g n e t i c s

ARz O6adeCounter/Storage Element,82804,Signetrcs

FIGURE 7 LOCKOUT COUNTER

T1 Translormer, PiO26, Srancot

CR1 Diode, lN9l4, General  Eletr ic

R 1  R 6 i s i o r , c o m p o l i l i o n , ' l K , i t w . , ! 5 %

R2 Resistor,compoi i t ion,39O,y,W.,!5"/"

Cl Capacitor,  disc,0.05 pF

F IGURE 8  GENERAL  PURPOSE DB IVER FOR I .C .
60 CYCLE LOGIC
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E C O N O M I C S

T h e  e s t r m a l e d  c o s t  o f  t h i s  s y s t e m  i s  b a s e d  o n  t h e  l o l l o w i n g :

a Matei lal  cosl  only l6s Monsanto components

a Components purchased rn smal l  quant i t ies at wholesale pr ices.

a  C o m p o n e n l s  p u r c h a s e d  a r e  o t  i n d u s t r r a l  g r a d e ;  n o t  M I L  o r  J A N

T r a n s m  l t e r  c o 5 l  5 1 0 . 0 0  l l e s s  M o n s a n t o ' s  l \ . 4 D  2  a n d  M V  I O A )

R e c e  v e r  c o s l  S 5 0 . 0 0  ( l e s s  M o n s a n t o ' s  M F  5 )

APPENDIX

T h e  s y s l e m  d r l s . n b e d  h e r e  w a s  d e n ) o n s t r a t e d  r t  W E S C O N  1 9 6 9  b V  M o n s a n l o ' s  E l e c t o n r c  S p e c r a l  P r o d u c t s  q r o r r p

T h e  t r a n s o r l t f f  a n ( j  d e t e ( : t o r  w e r { r  2 5  f f i r l  a p d r t  I n  a  h i q h  a m b i e n t  l r l t h l  S p a n n r n g  d r s t a n c e s  c a n  l ) e  r n ( i r e a s e d  b y

p o s s r b  y  a  d e c a d c  b V  s o m e  o r  a l l  o t  l h e  l o l l o w r n q

.  l n (  r e a s  n q  t h e  r n f r a r { l  o l r l D U t  o f  t h e  l r a n s r n r l l e r  l ) y  p r o v r d r n q  l e n s  t o r  l h e  M F  5  o r  i , y  r i c r e a s i n q  t h e

t ,  l  " ,  r r ' r ,  r l  ' , 1  
" , P  

M F  5

.  l i l ( : r e n s r n q  l h e  s e n s r l r v r t V  o i  t h e  r e c e r v e r  b V  a d d r n q  a  b e t t e r  l e n s  t o  t h e  M E  2  o r  l r V  n r r r o r  r e c i e s r q n  o f

l t q u r e 2 s o  t h a l a p h o t o t r a n s s t o r r n a y l ) e u s e d r n s t e a d o f t h e  M D 2  H o w e v e r . r t r e c e r v e r s e o s l t i v r t y

r s  I n c r e a s e d  a  t r l t e r  t o r  v r s r b l e  l r q h t  m a y  l ) e  r e q u I e d
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PHOTO SCR COUPLED PAIR

R. A. Hunt Sr

INTROOUCTION

The advancements made in th€ last fs years in I ightemit t ing diodes (LED) has opened a new l ie ld in

o p t o e l € l r o n i c s . O n e o l t h e a p p l i c a t i o n s i e l o c o u p l e a L E D t o a p h o t o d e t e c l o r ' [ h e a d v a n r a g e o t a c o u p l e d p a i r i s

t h e  e l ( t r i c a l  i i o l a t i o n  b e l w e e n  t h e  I n p u t  a n d  t h e  o u l p u t .  l s o l a t i o n  b e t w e e n  ' n p u t  a n d  o u t p u l  r s  l O r t  o h m s  w i ( h

2,50O volts breakdown and 3 pico{arad coupl ing capaci lance.

Monsnto Company offers coupled pairs with a photo 16istof IMCRI).  Si  Pin photodrode IMCDl),  phololransrsrot

( [ , l C T l ) ,  a n d  p h o r o  S C R  ( M C S I )  a s  a  d e r c r o r .  I n l o r m a t i o n  o n  t h e  l v l c R ' 1 ,  N 4 C D 1 ,  M C T 1 ,  i s  r e a d i l Y  a v a i l a b l e

The photo SCR (MCSll ,  lhe lat6t addit ion to the l ine, has new and varied aJvantag6. The MCSI coupled parr rs

intended for appl icat ions where complete elrclr ical  isolat ion rs requared between low power crrcuttrv such as

integrated circui ts and AC l ine vol tag6 providing high speed si lching or relay functrons. l ts bi  s lable charactet ist ics

lends i tsel l  for use as a lalching relay In direl  currenl c ircui ts.

B€ause of the high current carrying capabi l i t i6 ol  the MCS1, i t  can dir tr l ly acl ivate solenords, 'notors, lamps, and

other 120 volt  AC loads. l l  can be used as a SPST relay with no contacl  bounce. mrcros&ond response and lolad

state rel iabi l i ly.  With i ts latching propert i6 i t  can be used as an overload or prol f t t roi l  device whtch r€quires inanual

reset.  Some other appl icat ions are: general-purpose switching, phase control ,  logic lunclrons, Fmple and hold

switch6, power dislr ibut ion conlrol ,  medical  instrumental ion, and power supply controls.

CHARACTERIST ICS

T h e p h o t o S C R i s a l a t c h r n g l h o l d i n g ) d e v i c e i n a d r r r c t c u r r e n l g r v r n g i t a b u i l d r n m e m o r y . l l r s a p n p n s w r t c h r n g

dwice where the l ighl  Intensity above the t lggerrng level does not control  the output current In the of l  state lhe

impedance ot lhe SCR rs over 10 megohms. in the on stale i t  rs l6s than 10 ohms
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The cu.renl requird i^ lhe LED lo turn on lhe pholo SCR is rypical ly 4 mA. Figure I  shows the delay be&en the

turn on of (he LED and lhe turn.on of the SCR. The delay t ime can be reduced by increasing the LEO driv ing

current When the LED currf l t  is at  a minimum, the delay is typical ly 50 microseconds- By increasing the LEO

cufient lh is can be reduc€d to 16. than two micrG&onds. The r ise t ime ol  the SCR is typical ly 50 nanoseonds and

does nol change with chang6 in LED driv ing current- The value of n6" determin6 the sensi l iv i iy and holding

c u r r e n r  { r  H  )  o f  t h e  s c R  ( F i g u r 6  2  a n d  3 ) .

FIGURE 1 DELAY TIME BETWEEN INPUT AND OUTPUT PULSE

lhe power dr isrpat ion ratrng rs a maximum of 25O mW at 25", :  ambieot and deratE l ;oearly at 3.30 mW/"C The

marrmum OC load current cannot excd 2m mA at 25"C The maxrmum peak currenl dep€nds on lhe du(v cycte

so as to stay within the avtrage power.at ing of the dqice.
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v1.".-l_
rNPUr o-l

Ia
OUTPUT

R G r

FIGURE 4A NEGATIVE OUTPUT PULSE

CIRCUIT

F IGUBE 48  POSIT IVE  OUTPUT PULSE

T h e  c r r c u a t s  s h o w n  i n  t i g u r e  4  c a n  b e  u s e d  f o r  p u l s r n g  a p p l r c a t r o n s  w h e r e  a  p o s r t r v e  o r  n e q a t r v e  p u l s e  r t  r e q L r r c ( l

W r t h ' t h e S C R " o f l " t h e c a p a c r t o r C t w i l l c h a r g e u p t o r h e a p p l r e d v o l t a g e  T h e ( i h a r g r n q c u r r e n t m u s t b e l e : s l h a n

t h e h o l d ' n g c u r r e n t t o k e e p t h e d e v r c e o f f  W i t h a p u l s e a p p l r e d r o t h e t E D . t h e S C R w r l l r u r n o n a n d r h e c r p d (  r o l

C l  w r l l  c h a r g e  t h r o u g h  B L  T h e  p u l s e  w r d t h  a o d  a m p l ' t u d e  w r l l  b e  c o n t r o l l e ( ,  b y  r h e  v a l r e  o l  R L  a D d  (  r  J h r

m a x r m u m r e p e t i t i o n r a t e r s d e l e r m r n e d b y t h e R r C r l r m e c o n s i a n t  T o i n c r e a s e l h e r e p c l r t r o n r a t e . a l r a n s r 5 l o ' ( i a i l

b e  a d d e d  a s  s h o w n  i n  l i g u r e 5 .  T h e  t r a n s i s t o r  o j  w i l l  s u p p l y  a  l o w  r e s r s t a n c e  p a t h  f o r  C l  i o  c h a r g e  u p  t o  t h e  a p p l r p r l

v o l t a g e .  T h e  S C R  t u r n  o n ,  c  I  d i s c h a r g e ,  a n d  t h e  v o l t a g e  d r o p  a c r o s s  D  I  ,  w r l l  r e v e r s e  b r a s  l h e  b a s e  t o  e m r t t e r  ) u n c t r o n

leavrng only a I  beMeen the SCR and the power supply

Vcc

Ru

OUTPUT

F IGURE 5  H IGH REPET IT ION RATE PULSE GENERATOR
T h e c r r c u r t s h o w n i n f i g u r e 6 u s e s t h e l a t c h i n g p r o p e r t r e s o f t h e S C R  W r t h r h e s r g n a l a p p l r e d r o t h e L E O  t h e S C R

w i l l  l u r n  o n  a n d  d e l i v e r  t o  t h e  l o a d  a n d  w r l l  c o n t r n u e  t o  c o n d u c l  w r l h  n o  s r q n a l  o n  t h e  L E D  T h e  S C R  r s , r r r . ' d  o { l

bv the resl  swrtch.

F

Vcc



C a A s  L I T E

The SCR can be ured wrth AC as wel l  as DC. With AC. ihe device wi l l  b lock during the posit ive cvcle with no signal

appl ied to the L€D. With a signal appl ied, the SCR wrl l  conduct dur ing the posit ive cycle, and wrl l  act as a blocking

drode during the negat ive cvcle. The device wi l l  have lo De ret i lggered belore i t  wi l l  cond((;(  dur inE the next posi t ive

h a l f  c y c l e .

Figures 7A and 7B use an AC source and wi l l  provide hal l  wave rmti l ied DC to the load with an appl ied signal and

n o  o u t p u l  w r t h  n o  s r g n a l  a p p l i e d .

F IGURE 7A  REc r lF l €R  F IGURE 78  RECTIF IER  WITH  INDUCTIVE  LOAD

The diode D, rn f iqure 78 is used with induct ive ldds to al low lhe stored coi l  energy lo circulale current lhrough

the load whale the SCR blcks the negat ive hal l .cycle.

Figure 8 is a circui t  which can del iver power to load numb€, I  with the LED ol l  and can dcl ivg power to lord

number 2 wrth an applred signal.

T I P S  N o .  4
Page 6

?u"
\FEser 

t* ' t " "

- l.'
I*rt";l:

:
F IGURE 6  LATCHING RELAY

INDUCTIVE LOAD
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LOAD #1

:
F I G U R E  8

Figure I  uses a diode br idge lo convert  the AC supplv to lul lwave r€r i f ied DC. The load may be placed In the AC o.

DC leg of rhe br idge.

*le
Rcx

. A

LED SCR r r  I

a^ro6E-r lrr,roor - l-.
I i ', ]z-- 4 Vrx

--l i*cerx995l I IGATE 
I 
CATHOD' 

_I-

F I G U R E  9

ELECTRICAL SYMBOLS



D E F I N I T I O N S

L E D

lF Foruard current
The tomard curreni carried by the LED

ip Peak toNard current
The instantaneous foNard current of the LED

VF LEO on vollage
The lomard voltage d.op acro$ the LED in the "on" condition

G a A s  L I T E  T I P S  N o . 4
prSe g

VR Reverse vol tage

The maximum rwerse voltage that may be appl ied to the LED

lR Reverse current

The maximum revene curtenl that may be appl ied lg the LED

scR

le 
Foryard On Currenr

The forward current f lowing in the SCR from anode to cathode

le Peak.toMard current

The inslantanrcus peak forw.rd current f .om angde to calhode

lax Foeard blocking current

The currenl through the device when i t  is of f  l rom aiode to cathode

VAX Fomard blocking vol tage

The tofrard anode voltage when the dwice rs oft

VAX Anode on voltage

The lorward vol tage drop across lhe SCR from anode to cathode in the on stale

IAX Reverse blocking vol tage

The reverse anode vol laqe when the device is rn the reverse bl@king state

l H  H o l d i n g  c u r r e n t

T h e  m r n i m u m  c u r r e n t  t h r o u g h  I h e  d e v i c e  t o  m a i n t a r n  i t  i n  t h e  o n  s t a t e

RGf Gate bias resistor

The value ol  resistor connected between gate and cathode

t O  D e l a y  t r m e

T h e  l i m e  J n t e r v a l  r e q u i r e d  t o r  t h e  L E D  i n p u i  p u l s e  t o  r e a c h  1 0 %  o f  i t s  m a x i m u m  v a l u e  a n d  t h e  o u t p u l
p u l s e  t o  r e a c h  1 0 %  o t  i t s  m a x i m u m  a m p l i t u d e .

t r  R i s e  t i m e

The t ime required {or a pulse to r ise l rom 1O% to g0% oI maximum value

r ,  F a l l  t i m e

The t ime required for a pulre to tal l  f rom 90% to l0%o of maximum value

r  T u r n  o n  t i m e
- 

The sum ol the delav t tme and i lse t ime.
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PHOTODIODE COUPLED PAIR ISOLATES
DTL FROM A RELAY

W t l l t a m  O t s u k a

M a n y  u n d e s i r a b l e  e f l e c t s  s u c h  a s  g r o u n d  c u r r e n l s  a n d  s p r k e s  c a n  a r r s e  i n  r e l a y  c i r c u r t s .  P h o t o d t o d e

c o u p l e d  p a l r s  e l i m i n a t e  m a n y  o f  t h e s e  n u r s a n c e s .  g r o ! n d  c u r r e n t s  a r e  n o n e x r s t e n t  s r n c e  t h e  r e l a V  n e e o s
n o  g r o u n d .  I n  a d d i t r o n ,  t h e  o p t i c a l  c o u p l i n g  p r o v r d e s  a  h r g h  r s o l a t r o n  r e s r s t a n c e  o f  1 0 0  q r q o h m s  b e t w e e n
t h e  d i o d e - l r a n s t s t o r  i o g i c  a n d  t h e  r e l a y  c r r c u i t  w h r c h  d o e s  a w a y  w r t h  t r o u b l e s o m e  r e l a y  n o r s e  a n d  s p r k e s .

T h e  l i g h r - e m i t t i n g  d i o d e  p o r t i o n  o l  t h e  c o u p l e d  p a r r  r s  d n v e n  b V  a n  I n p u l  s r q n a l  w h r c h  p r o d u c e s  l r a h t

w h o s e  i n t e n s i t y  i s  p r o p o r t r o n a l  1 0  t h e  s t q n a l  c u r r e n l .  T h e  p h o t o n s  a r e  t r a n s m r t t e d  t o  t h e  p h o l o d r o d e

d e t e c t o r  v i a  a  l i g h t  p i p e .  A n y  v a r i a t r o n  r n  t h e  I n p u l  s i g n a l  p r o d u c e s  a  p r o p o r t t o n a l  c h a n q e  a t  t h e  o u r p u l

o f  t h e  p h o t o d i o d e ,  w h r c h  i s  n o r m a l l y  o p e r a t e d  w r t h  r e v e r s c  v o l t a g e  b r a s  l o  p r o v t d e  l h e  r e q u r r e d  v o l l a q e
s  w i n  g .

w h e n  t h e  o u t p u t  s i g n a l  o f  t h e  d i o d e - t r a n s i s t o r  r o g r c  i s  h r g h ,  o 1  r s  r u r n e d  o n ,  a n d  n o  c r r r r e n r  ' | o w s  i n  l h e
l i g h t - e m i r t i n g  d r o d e .  N o  l i g h t  t o  t h e  d e t e c t o r  c a u s e s  t h e  p h o t o d r o d e  t o  b e  a t  r t s  m a x r m u m  r m p e d a n c e  o f
5  g i g o h m s  T h e r e f o r e ,  0 2  c a n n o t  c o n d u c l ,  w h i c h  I n  l u r n  p r o h r b r t s  0 3  l r o m  c o n d u c t r n q .  S r n c e  0 3  p r o v r c i e s

t h e  c u r r e n t  p a t h  f o r  r e l a y  K l ,  t h e  r e l a y  w i l l  n o t  b e  e n e r g l z e d .  W h e n  l h e  o u t p u t  o f  t h e  D T L  q o e s  l o w ,  r n e
c i r c u i t  r e s p o n s e  i s  s o  f a s t  K 1  e n e r g i z e s  r n  a  t r m e  v i r t u a l l y  d e p e n d e n t  o n  t h e  m e c h a n r c a l  r e i a y  r e s p o n s e
a  l o n e .

R  E L A Y  C H A R A C T E R I S T I C S :

COIL  IMPEDANCE / |0OO

A C T U A T I N G  C U R R E N T  -  5 5 m o

Rcp. in rcd  f rom E l * ton ic r ,  Ju ly  21 , '19@
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T h c -  M A N  1  r s  a  s e v e n - s e g m e n t

a l D h a - n u m e r i c  d r s p l a y .  l t  i s  m a d e

J r o m  a  G a l l r u m  A r s e n i d e  P h o s

p h r d e  ( G a A s P )  s e m r c o n d u c l o r  w r  t h

. r  l e a k  e m r s s r o n  w a v e l e n g t h  o f

6 5 0 0  A .  T h e  [ . i A N  t  h a s  a  c o m m o n

MULTIPTEX OPERATION FOR THE 'UAN I

MULTIPLEIING AND INDIVIDUAL ADDRESSING

THE MAN 1 SEVEN-SEGMENT DISPLAY

R.  f  .  Gr l l

a n o d e  c o n s t r u c t r o n  w r t h  a  1 / 4 -

i  n c h  h i g h  c h a r a c t e r  s r  z e  a n d  a

s l a n d a r d  l 4  p r n  d u a l  r n  l r n e

p r n  c o n f r g u r a l r o n .  T h e  d r s p l a y

r S  c o m p a t r b l e  w r t h  r n t e g r a t e d

c i r c u i t s . I

T h r o u q h  m u l t r p l e x r n g  t e c h n i q u e s  o n l y  o n e  d e c o d e r ,  ( , i l v e r  r s  u s e d  t o  d r i v e  u p  t o  1 6  M A N  1  d i s p l a y s .  T h e
n ) u l l r p l e x  s y s t e m  b e c o m e s  m o r e  e c o n o m i c a l  t h a n  t h e  I n d a v i d u a l  a p p r o a c h  l o r  i n s l r u m e n t s  w i t h  m a n y  r e a d o u t

d r ( t  l s  T h e  e c o n o m r c  c r o s s o v e r  p o r n l  r s  6  d i g r t s ,  h o w e v e r  s y s t e m  e c o n o m i c s  i s  d e p e n d e n t  o n  l C  p r r c r n g .

A s  t h t ,  n u m b e r  o {  d r g r l s  I n c r e a s e s .  t h e  m u l t i p l e x  s y s l e m  b e c o m e s  m o r e  e c o n o n i r c a l .

T h e  f o l l o w r n q  d r s c u s s r o n  r s  a  d e l a r l e d  e x p l a n a t r o n  o t  t h e  m u  t r p l e x e d  o p e r a t r o n  f o r  t h e  l , . 4 o n s a n t o  M A N  I
d  s p  a y  T h e  c r r c u r l  s h o w n  w r l l  m u l t r p l e x  8  d r s p l a y s  a n d  c a n  b e  e x p a n d e d  t o  1 6  b y  a d d r n g  a n  a d d t l r o n a l
a ^ o d .  d e c o d e r  d i l v c r .  T h e  m a x r m u m  l o M a r d  v o l l a g e  t o r  t h e  M A N  l ,  w h e n  u s e d  I n  m u l t i p l e x e d  o p e r a l r o n ,
r s  3  4  v o l t s  a t  2 0  m A

T h { r  3 2  t ) r l  s h r l l  r e Q r s l e r  r s  l o a d e d  f r o m  l h e  m a r n  m e n r o r y  w i t h  t h e  c o d e d  n u m b e r s  l o  b e  d r s p l a y e d  b v  e a c h
M A f l l l s e e l r g u r e l )  T h e w i l l e r n f o r m a l r o n r n p u t s e t l o a l o g r c " O  l e v e l l g a l e 2 ) a t L o w s t h e w o r d s r n

l h r r  m a r n  m e m o r y  t o  b e  s h r t t e d  r n l o  t h e  3 2  b t t  r e g r s t e r  A t  t h e  s a m e  t i m e ,  l h e  w l t e  r n l o r m a t t o n  h a s  e n a b l e d

t h ( ? ' 3 2  c o l n l i ) r  a n d  r l  r S  c o u n l r n l l  t h e  m a r n  s y s l e m  c l o c k .  A f t e r  3 2  c o u n t s ,  l h e  d r s p l a y  I n p u t  i s  s e l  t o  l o g r c

O  l a a l e  1 )  I n h r b r t r n g  a n y  l u r l h . r r  c o u n t e r  a d v a n c e m e n t  o r  s h r l l  r e g r s t e r  l o a d i o g  T h t S  a i s o  g a t e s  ( g a l e

3  t h e  I  9  K H 2  o s c r l l a l o r  o n ,  l n u s  c y c i r n g  t h e  3 2  b r t  s h r l t  r e g r s t e r  S r m u l t a n e o u s l y  t h e  d r v l d e  b V  4  c o u n t e r
j s  d c l r v a t e d  A i l e r  e a c h  4 t h  o s c  l l d l o r  c l o c k r n g  p u l s e ,  t h e  d r g r t  w o r d  c o u n l e r  r s  a d v a n c e d  o n e  c o u n l .  l h r s

r n  l u r n  w r l l  a d v a n c e  l h e  a n o d e  d l v e r  l o  t h e  n e x t  n u m e i l c .  T h e  3 2  b r l  s h i f t  r e g r s t e r  r s  c f c u l a t t n g  t h e  8  8 C D

c o d e d  w o r d s  t h a t  a r e  l o  b e  d r s p l a y e i  T h e  8 C D  I n f o r m a t r o n  f r o m  t h e  3 2  b t t  s h t f t  r e g r s t e r  t s  d e c o d e d  b y  t h e

s e g n r e n t d e c o d e r  w h c h d i l v e s l h e c a t h o d e s o t a l l l h e M A N l d r s p l a y s s r m o l t a n e o u s l y r

T h e e r g h l [ , 4 A N 1  d r s p l a y s a r e w r r e d r n p a r a l l e l a n d d e c o d e d b y a s r n g l e . s e v e n s e g m e n t d e c o d e r ( t y p e 7 4 4 8

o r  e q o r v a  e n l 4 )  E d c h  n u m e f c  h a s  r l s  o w n  a n o d e  d r r v e r  l r a n s r s l o r  i 2 N 4 3 5 5  t o l a l  o f  e r g h t l  T h e  t . a n s r s t o r

s  c o n t r o l  e d  b y  t h e  o ! t p u l  o l  t h e  a n o d e  d e c o d e r  i s e e  f r g u r e  2 )  T h e  a n o d e  d n v e r  t r a n s r s t o r s  m u s t  h a n d l e

l h r .  D e a k  d e s r r e d  c u r r e n t  f o r  e a c h  [ , l A N  1  d r s p l a y  A l l  o f  t h e  M A N  1  d r s p l a y  s e g m e n t  c a t h o d e s  a r e  w r r e d  I n

l ) a r i r  e  l h r o u q h  l h e  d r v e  t r a n s r s l o r  t 2 N 3 5 6 9 .  t o t a l  o i  s e v e n ) .  T h e  s e v e n  s e g m e n l  d e c o d e r  a d d r e s s e s  a l l

r ) 1  l h f  I 4 A N  1  d r s l l a y s  s ! m u l t a D e o u s l y .  b i r l  o n l y  o n e  d r g r l  l r g h l s  b e c a u s e  o n l y  o n e  h a s  V c c  a p p l r e d  l h r o u g h

t h p  J n o d e  d e c o d e r  d i l v e r  T h e  s e g m e n l  d t u v e r  l . a n s r s t o r  m u s t  b e  c a p a b l e  o f  h a n d l ' n g  t h e  p e a k  c u r r e n (

d e s ' r e d  f o r  e a c h  s e q m e n t  T h e  c r r c u r t  s h o w n  I n  l r g u r e  2  r s  d e s r g n e d  l o r  a  p e a k  c u r r e n l  o f  8 0  m A  p e r

s  e o m e f  I

l l \ o  I  9  K H z  o s c r l l a l o r  p r o v r d e s  a  6 0  H z  s r g n a l  l o  e a c h  I n d r v r d u a l  M A N  1 .  T h r s  f r e q u e n c y  i s  f a s t  e n o u g h  t o
k e p p  l h e  v  e w e f  f r o m  n o t r c r n g  a n y  t l r c k e r
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INDIVIDUAL OPERATION FOR THE MAN 1

The ind iv idua l  opera t ion  o f  the  MAN 1  d isp lay  is  shown in  f igure  3 .  Th is  c i rcua t  uses  a  decoder /d r iver
Itype7447 or equivalent3) for each numeric. The current through each segment is adjusted by the series
res is to r .  The c i rcu i t  shown w i  l l  l im i t  the  cur ren t  in  each segment  to  20  mA wi th  a  V" "o f  5  vo l ts .  The
s torage e lment  i s  used to  d isp lay  a  d ig i t  fo r  a  spec i f i c  per iod  o t  t ime or  sample  ra te .  lh rs  ra te  i s  con-

t r o l l e d b y t h e s t r o k e i n p u t .  E i n a r y i n f o r m a t i o n a s c o n v e r t e d i n t o 4 l i n e B C D i n t h e d e c a d e c o u n t e r .  T h e 4

lrne 8CD is the required inpul to lhe seven segment decoder/driver. Any one or all of the elements can be

e l rmrnated  i f  thscus tomer 's  app l i ca t ion  requ i res  i t .2

FEATURES OF THE SEVEN SEGTIENT DISPLAY SYSTEM

Because decoding doesn't use all rhe pins of the seven segment decoder/driver package other tunctrons
are  incorpora ted .  Typ ica l l y  these func t ions  are  l in  the  l6 -p in  package)  r ipp le  b lank ing  ou tpu t  (RtsO) ,

npp le  b lank ing  input  (RBl )  and lamp tes t  {LT) .  The add i t iona l  func t ions  a l lows the  des igner  to  add new
features  to  the  d isp lay  sys tem.  The new fea tures  are  zero  suppress ion ,  in tens i ty  modu la t ion  and lamp tes t .

Zero Suppression

Zero  suppress ion  au tomat ica l l y  b lanks  the  lead ing  and lor  t ra i l ing  edge zeroes  in  a  mu l t id ig i t  dec ima l

number .  The resu l t ing  d isp lay  i s  more  eas i l y  read and conforms to  normal  wr i t ing  prac t ice .  A  s ix  d ig i t
ins t rument  w i thout  zero  suppress ion  w i l l  d rsp lay  the  number  007.500,  bo th  the  lead ing  and t ra i l ing  zeroes
are  l rgh ted .  The au tomat ic  b lank ing  fea ture  o f  the  seven segment  decoder /d r iver  w i l l  d isp lay  the  number

as  7  5 ,  b lank ing  the  lead ing  and t ra i l ing  edge zeroes .

A s rx  d ig i t  d t r ima l  number  w i lh  zero  suppress ion  fo r  the  two most  s ign i t i can t  decades and lwo leas t
s ign i f rcen t  decades is  i l l us t ra led ' rn  f igure  4  Thrs  c i rcur t  w i l l  au tomat ica l l y  d isp lay  the  dec ima l
number  In  the  most  readab le  fo rm.  Zero  suppressron  is  accompl rshed by  ground ing  the  RBI  te rmina l  o f  the
most -s ign i t i can t  and leas t -s rgn i f i can t  decode,  and connect ing  the  R8O outpu t  to  the  RBI  input  o l  the
ad iacent  decade Note  tha t  the  RBI  input  o f  the  decades on  e i ther  s ide  o f  the  decrmal  po in t  a re  connec led
d i rec t l y  to  the  source  vo l tage,  inh iba t ing  the  zero  b lank ing  fo r  the  decades neares t  the  dec ima l  po in t .  For
a  movab le  dec ima l  po in t  the  zero  b lank ing  connect ions  must  move w i th  the  rang ing  c i rcu i t ry .

Intensity Control

In tens i ty  cont ro l  rs  accompl ished by  a  var iab le  l requency  or  pu lse  w id th  cont ro l  source  connected
through a  bu f fe r  lo  the  RBO lemina l  l see  f igure  4)  Thus ,  the  MAN ' l  d rsp lay  bnghtness  rs  p ropor i rona l

to  the  modu la t ion  f requency  or  du ly  cyc le .

Lamp Test

Typ ica l l y  the  lamp tes t  w i l l  over r ide  a l l  o ther  inputs  to  the  decoder /d r iver .  a l low ing  you to  check  the
ent r re  d isp lay .  The lamp tes t  c i rcur t  i s  shown in  t rgure  4 .

NOTES
Fot mote detailed spectl ication, reler to the product data sheet.

The integtated circurts used in t^,s discussion are Signettcs 80(N sertes lFatrchild 9O(X settes ol
eeuivalent).

fhe decoder/driver used rn this discussion is type 7447 lFairchild 9317. BCA CDzfu1E or equivalent).

The decoder used in this discussion is type 7448 lFairctuld 93O7 ot equivalent).

I

2.

3.

4
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SILICON PIN PHOTODIOOE
R. A. Huot Sr.

INTRODUCTION

MONSANTO COMPANY now ot lers a Si PIN Photodiode ro go wirh their  l ine ol  LED's. The phorodiode has a peak

spstral  rFponse that matchB the emission chareler is l ica of rhe GaAs L€D. The advantage ot the PIN pholodiode

ir the f6t r,ie lifte. la(ge gain bandwidth p.oduct, low appl,ed voltage, wide spetral r6ponse, ard low noise. The

rise r ime is rypical ly 0.5 nanosKonds wi lh an appl ied vol lage ol  -30 volrs.  The photodiode rBpooie rang6 trom 0.4

to 
' l  

. ' l  microns with 3 gain bandwidth product ol  sweral  hu ndred lv l  H z. Leakag€ current is typical ly 2.5 n A which is

approximately three orders of magnitude lower than a typical  outpul s ignal.

The photodiode is oftered wrth two di l ferent lens, MO1 f lat  l€ns and MD2 round lens, which give an opt ical  gsin ot

two. The *nsi t iv i i ic,  2pAlmW/cm'1 lor MD'l  and ApAlmWlcmz tor MD2, are rypicat at  a wavelength ot 0.9

microns.

Some of the appl icat ions tor this photodiode a.e: l6er detct ing, opt ical  encoding, intrusion alarm or warning,

grces control ,  glar t rackers, and industr ial  control-

PHOTODIODE

A PIN photodiode is dFigned to operale in the rwsse dir4l ion as shown in l igure l .  With no l ight appl ied, the only

current in the circui t  is lhe revers currenl ot  th€ diode {normal ly cal led dark current lo).  This currenl i i  relat ivsly

indlpsdent ol the applied voltage (below br€akdown) and is a .6ult of thermal gweration ot hole.elrctron pairi.

Oark currmt increass exponent ial ly with temperature, approximately doubl 'ng wery lO"C.

FICLIRE ]  D.C. OPERATIONS
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As l ight ol  the proper wavelenglh is appl ied, the rwerse current i rcreasd proportaonalelv to the intensity of the

incident l ight.  The phot@urrent rBults from hole'elctron pairs produced in the iunct ion The sp6tral  r6ponse of

the photodiode is shown in figure 2.

I

f

\

0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0 1.1 1.2

t r (s)
F I C Il R [: 2 s I' f ( :I', R.,t L ft l]st{).\SL ( ) l ' P I I ( )7' ( ) I ) I ( ) t ) l.:

The sensit iv i ly ot  the photodiode is given in !A/mw/cm? The sensrt ivrtV is measured as fol lows

t ,

s = -

W h e r e  t L  i s  t h e  l o a d  c u r r e n t  i n  p A a n d  H  i s  t h e  p o w e r  p e r  u n i l  a r e a  f d l l r n g  o n  t h e  d e t f t t o l  ( r r r a c j r r n . e )  r n g W i c m ?

Figure 3 sho$ photocurrent vs. i r radaat ion of lhe l r .4D 
' l  

Thrs curve shows the sensrtrvr ly ot rhe MD 1 to a lungsten

l a m p o p e r a l e d a t a c o l o r t e m p e r a t u r e o f 2 8 T 5 ' K a n d l o a G a A s s o u r c e  T h e d e t e c t o r i s 2 3 l r r n e s r n o r e s e n s r l t v e t o a

GaAs source than a tungsten source having the same radrairon l lux densrt t
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EOUIVALENT CIRCUIT_

Figure 4 sfrom the equivalent OC current ot a photodiode where rs is the photcu.rent:  to dark currenl;  c i  is the

junct ion capaitance; vo bui l l  in iurct ion polenl ial :  Rs sr i6 rEistance. Figure 5 shws lhe AC equivalenl c ircui t

of rhe dioda where ,s ii the AC compon€nt ol photcur(ent; and rL is the 
' ^omponenl of the output current. Bs

is thc gric and contact r6islarca, and in most cas6 can be regl6led.

FICURE 4 DC EQUIYALENT CIRCUIT

The high t.egulmy cutott tc ii given byi

FICURE 5 AC EQUIYALT)NT CIRCI] IT

I

aq-q

The load r6istor and iuncl ion capacitarce being lhe main l imit ing facior

NOrSE-

lhe noise in a semiconductor can b€ divided into lhre bal ic categori6:  lhetmal noise, shot noise, 1/ l  noise. Al

l requencie ls than lkHz the noise i r  pt€dominant lv ' l l l  
and for f requencid betwen lkHz and 

' lMHz is pr 'mari ly

thermal and rhot noise. The noise equivale^t c ircui l  of  a pholodiode is ihown in f igure 6.

rL

R L

l o

Rs

t
cj

R .

CJ

FICURE 6 NO]SE EQUIYALENT CIRCUIT
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Thermal noise is grven by

and is a r6ult  of  random thermal mol ion ol  carr ier5 within lhe conduct ing mater ial .

Shot noise is given by:

' "  t  =  U  o t o e

and as the r6ult  ot  random passage ol  discrele carr iers &ross a barrrer or discont inui tv such as a semaconductor

iunctron

Thermal and shol noise have a "white" frequency chari l ter istrc and Gaulsian amplrtude distrrbul ion. The lolal  noiae

generated is l

and rr  predominan(lv a lelor ot  bia! ,  temperalure. and bandwtdrh

Two terms are usd lo dFcnbe the perlormance of detf t tors,  NEP (norre equivalenl power) and O' ldE gfar) NEp

is the mrnimum radrant power required lo produce a signal to noise ratto of uni ly and is given by

r€P - l ! -

The typical  value of NEP for the MD'l  and MD2 15 1.7 x l0r a and 0.8 x l0r n rdp€l ivety.  The uni l '  of  NEP are

watrs/tfli-

D'  is used lo compare detf t torg of lhe same mater ial  but ol  di t ferent area5, and is grven by:

^-
Y A

D '  '  -
N E P

T h e r v p a c a l  v a l u e o l D ' f o r i h e M D t a n d [ r D 2 i s 4 . 4 x ' l 0 r 2 a n d 8 . 8 x t O t ' 1 . r * p r c t i v e l y  T h e u n i r s o f  D ' u r " . -

\fiIl*"rrr.

The larger th€ value ol  D'  lhe more sensit ive the detf i tor Knowing NEP you can calculate the minimum detrctabte

outpul 6 tol l06:

S  N E P

wrth a known value of load r6istance the output vol tag€ wi l l  be

4 K T 8
' R s  ' R  

L R s  '  R r
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TYPICAL ELECTRO'OPTICAL CHARACTERISTIC

The chareter ist ic ol  the MDI and lVO2 has been measurd to be l inear within 13% at room temperature This is for

t ight generated currenl t rom 2OOnA to 50!A where the measuremenl error is 13%

The tol lowing curu6 show the tvprcal pe.formance ot the MOI and MO2
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PULSE CIRCUIT

Onr ot thc msin advantegc of tha PIN photodiode is the tst rirc timc. Thc circuil rhown in ligurc I 1 uG ! GaAs

ls to meera th€ ris tim€ ol the ohotodiode.

Fiwrs 12 rhow tho rise l imc

pGible.

=
F ICURE I  I

to be le$ lhan 0.5 nanosrconds. When building the circuit, make all leadr 6 3horl 6

0.2 ns/DlV.
FICURT: 12 PIIOTO DIODE OUTPUT

SYMBOLS

S = Detstor

K = Boltzmann's constant,  1.38 x 102 I  joule/"K

T = Temperature, "K

I = Bandwidth

q = Charge of el6iron, 1.6 x l0r e coulomb

o

o
N

/
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PULSED OPERATION OF THE LED

Rtchard f .  Gt l l

INTRODUCTION

T h i s  G d A s  L r t e  T r p  d e a l s  w r l h  l w o  r m p o r t a n t  f a c e t s  o l  t h e  p u l s e d  o p e r a t r o n  o f  l r g h t  e m t t t r n g  d i o d e s  ( L E D ) .

F r r s l  r s  l h e  u l l r a f a s t  r r s e  a n d  l a l l  l r m e  o t  l h e  L E D ,  w h r c h  r s  s h o w n  i o  b e  a t  l e a s t  2 . 5  n a n o s e c o n d s .  A l s o

a  d r s c u s s r o n  o f  t h e  l y p e s  o f  d e t e c t o r s  u s e d  a l  l h r s  s p e e d  a n d  t h e  s w r l c h r n g  c r r c u r l s  r e q u t r e d  t o  p . o d u c e

n a n o s e c o n d  p e r f o r m a n c e .  T h e  s e c o n d  p a r l  w r l l  d r s c u s s  t h e  q e n e r a l  p u l s e d  m o d e  o f  o p e r a t r o n  o f  t h e  L E D

r e g a r d r n e  t h e  e f f e c l  o t  l r q h t  o u t p u l  d u e  t o  a  c h a n g e  I n  p u l s e  w t d t h ,  d u l v  c y c l e ,  o r  D U l s e  a m p l r t u d e .

I n c l u d e d  r s  a  d r s c u s s r o n  o f  t h e  r e l a l r v e  m c n l s  o l  d e l e c t o r s ,  l h e  e f f e c t s  o f  h r g h  j u n c t r o n  l e m p e r a i u r e  a n d

e x c e s s r v e  c u r r e n l  d e n s r l y ,  g r a p h s  I n d r c a l i n g  l h e  t ) e a k  f o r w a r d  c u r r e n t  v e r s u s  d u t y  c y c l e  a n d  p e a k  f o r w a r d

c u r r e n l  v e r s u s  r a d r a l e d  o o t p u l  p o w e r .

RISE AND FALL TIME

T h e  l r a h t  r r s e  i l m e  (  l r )  o f  a n  L E D  r s  l h e  l r n ) e  r e q u r r e d  f o r  t h e  l e a ( J r n q  . - ' d g p  o l  l r g h t  p u l s e  l o  I n c r e a s e  l r o m

1 0 9 1 ,  t o  9 0 o { ,  o f  r t s  f r n a l  v a l u e .  T h e  l r g h l  f a l l  t r m e  (  t f )  r s  t h e  l r m e  r e q u f e d  f o r  t h e  t r a r l r n q  e d g e  o f  t h e  l r g h t

p u l s e  l o  d e c r e a s e  l r o m  9 0 7 o  t o  1 0 9 "  o l  r t s  r n r t r a l  v a l u e .  J w o  d t f l e r e n t  t y p { t s  o f  d e t e c t o r s  w e r e  u s e d  l o  m e a s -

u r e  l h e  l r q h t  r e s p o n s e  o l  t h e  L E D .  t h e y  a r e  t h e  I ) h o l o m u l l p l , e r  t u b e  a n d  l h e  s r l r c o n  P I N  P h o t o d r o d e .  B o l h

d e l e c t o r s  h a v e  n a n o s e c o n d  r e s p o n s e  t r m e ,  w r t h  l a s l e r  s p e c d s  a c h r e v { ) d  b V  l h e  p h o l o d r o d e  a t  l h e  e x l ) e n s e  o f

l o w e r ' s e n s i l r v r t y .

LEO RISE TIME USING PM TUEE AS A DETECIOR

A  p h o l o m u l t r p l r e r  s y s i e n r  ( E l e c t r o - O p i l c s  P M  1 0 1 )  c o n s i s t r n q  o l  a  P M  T u b e  ( R C A 7 1 0 2 )  a n d  a  h r g h  s p e e d

s o c k e t  w a s  u s e d  l o  m e a s u r e  t h e  l r g h l  n s e  t r m ( , o l  l h e  L E D . I  T h e  p h o l o m u l l r t ) l r e r  s y s l e n r  i l s e  t r m e  r s  4 . 0

n a n o s e c o n d s .  E e c a r r s e  o f  t h e  c o n r p a r d t r v e l y  h r g h  l u n c t r o n  c a p a c r l a n c e  o f  t h , :  L E O ,  a  v o l t a g e  s o u r c e  m u s t

b e  u s e d  t o  a c h r e v e  t h e  m r n r m u m  l r q h l  n s e  t r o r e .  A n  a v a l a n c h e  s w r l c h r n g  c r r c i l r l  ( S e e  F r q u r e  l )  w r t h  a  0 . 5

n a n o s e c o n d  c u r r c n l  r s e  l r m e  w a s  0 s e d  l o  d f l v p  t h e  L E D .

I n  l h i s  m e d s o r e m f n l  l h e  v a l u a  0 1  c o o n c l t o r  C 1  w a s  
' l o p F ,  

t h u s  q r v r n e  l h e  a v a l a n c h e  s w r t c h r n e  c r r c u r l  c u r r e n l

p o  s e  a  f l s e  t r n r e  o l  0 . 5  n a n o s c c o n ( l  a n d  a  ' ) a a k  c ( i r r e n t  o f  0 . 7  a m p .  A n  I n c r e a s e  I n  l h e  v a l u e  o l  c a p a c r t o r

C l  w r  r e s u l l  r n  a n  I n c r e a s e  I n  b o l h  D c a k  c u r r . r n l  a n d  r r s e  l r m e .  A  s u m m a r y  o f  t h e  r e s u l t s  o b t a r n e d  u s i n g

l h e  l o w  r o r p e d a n c e  d r r v r n q  s o r r r c e  s  s h o w n  I n  l a b l e  l .  l t  s h o u l d  b e  n o t e d  t h a t  t h e  E l e c l r o - O p l r c s  P M 1 0 1

s y s r e m  d o e s  n o t  o p t i n r z e  t h e  f a l l  l r o r e  o f  t h r , R C A 7 1 0 2  P i /  T u b e .  T h e r e l o r e  f a l l  t r m e  d a t a  o f  t h e  L E D  c o u l d

n o t  b e  l a k e n  w r l h  l n e  P M  s v s l e n l .
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FIGURE I

Eecause o f  the  genera l  ava i labr l i t y  o f  50O sys tems,  the  l igh t  r i se  t ime was measured us ing  th is  d r iv ing

impedance. A Spencer Kennedy Laboratories pulse generator Model 503A with a nse time of 0.5 nanoseond

Ms used to  pu lse  the  LEO (See Frgure  l l ) .  A  49 .9Oresrs to r  In  senes  wr lh  the  LED was used fo r  impedance

match ing  and to  mon i to r  the  input  cur ren t  pu lse .  Ad ius tmen l  o f  th is  res is to r  may be  necessary  to  op t lmrze

the l ight pulse, as each LED has a small dif(erence in dynamic resistance. A summary of th€ rise ltme dala

obta ined us ing  the  50O rmpedance dnv ing  source  is  shown in  Tab le  l l .  The var iance be tween the  mlnrmum

r ise  t ime va lue  in  the  50O dravrng  sys te tn  and the  ava lanche c i rco i t .  i s  due to  the  d i f fe rence in  tunc t ion

capacitance of the devices tesled. The MVl0A and MV108 had an average tunclron capacitance of 9OpF and

the Ml20C averaged l40pF.

ftcunE il
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mvl0A

tv108

{r20c

lttl 20C

DEVICT TYPE
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PaSe 3

r ,  ( n s )

r ,  ( n s l

' 4 . 1

' 3 . 8

' 4 . 7

" 2 . 5

DETEC]OR

Pll Tubc

Ptt Tube

PM Ilbe

Photodrode

t{vloa 12

tvl08 lil
mf20c 2a

50 O IPEDAIICE SOURCE
' I l pse  va lue6 re t lec l  photomul r rp l ie r  sys tem l rmr la t ron

" l h r s  v a l u e  r e l l e c l s  d n v r n g  c r r c u i l  l r n r ! . l o n s -

LOT ITPEDANCE SOUNCE

IAELE I rABLE II

LED RISE TIME USING PHOIODIODE AS A DETECTOR

T h e  M O N S A N T O  M 0 2  P  N  p h o t o d r o d e  w a s  ! s e d  t o  n r e a s L r e  t h e  l r q h l  r e s p o n s e  o l  t h e  L E O .  T h e  r r s e  t r m e  o f

l h r s  d e l { r c l o r  r s  l c s s  l h a n  3 0 0  p r c o s e c o n d s .  B e c a u s e  o l  t h e  l o w e r  s e n s r t r v r t y  o f  t h e  P I N  p h o t o d r o d e 2 ,

c o n r p a r e d  l o  t h e  l ) h o l o m u l l r l ) l r e r  s y s l e n r ,  t h e  p e a k  c u r r e n l  I n  t h e  a v r l a n c h e  s w r t c h r n g  c r r c u t l  w a s  I n c r e a s e d

t o  2 . 8  a i r ) p s  b y  c h J n q r n g  l h c  v d l u e  o l  C 1  t o 1 $ 0 p F  i S e e  F r g u r e  l l l )  T h e  s y s t e m  n s e  l r n e  w a s  a g a r n  a t t a r n e d

u s r n g  l h e  p h o t o d r o d { - '  a s  l h e  d a r t { t c t o r .  T h e  l r m r t r n q  l r n k  r n  t h e  c h a i n  b e t n q  l h e  c u r r e n l  l s e  t t m c  ( 2 . 5  n . r n o -

s e c o n d s )  o l  l h { r  a v a l , l n c h e  s w r l c h r n g  c r r c u r l  { S o c  T a b l e  l ) .  T h e  w a v e l o r m s  s h o w n  I n  F r e u r e  l V  a r e  l h e  I n p u l

c u r r . { r t  p L r l s e  t o  l h o  L E D  a n ( l  l h e  l r g h t  o u t p u t  t ) u l s { r .  T h e  s r l r c o n  P I N  l ) h o t o d r o d e  w a s  a b l e  l o  d e t e c t  b o t h  t h e

l t e h t  l s e  l r n r ( - ' a n d  t a l l  t r m e  d n d  s h o w s  t h e m  t o  b e  e q u a l .

I h { r  P I N  l ) h o t o d r o ( i { ' w a s  u s e { j  l o  m e a s u r e  l h e  n s e  ! r n ) e  e i l  t h u  L E D  r n  a  5 0 O  r n r p e d a n c r ,  s y s l e n )  ( s e l -  F r q u r e

V ) .  T h e  r e s u l t r n q  f i s e  l r f i r { }  d a l a  w a s  t h e  s a m e  a s  t h a t  o t ) t a r n e d  w | l h  t h e  p h o t o f t r u l l r p l r e r  s y s l e n  ( R e f e r  t o

T a b l c  |  |  ) .

CONCLUSION

l l  h ? s  l ) e t n  s h o w D  l h a l  l h o  l r Q h t  e m r l t r D q  d r o d e  h a s  A  n s e  l r n r e  o l  a l  l c a s l  2 . 5  n a n o s c c o n d s  a s  n r e a s u r e d

b V  t h e  P I N  l ) h o t o d r o d e .  T h r s  v a l u r :  r s  l r m r t e d  b V  l h c  c u r r t r n t  t u s e  l r m e  o f  t h e  a v a l a n c h . ,  s w r l c h r n g  c r r c u r t .

w r l h  l h e  a p p r o p i l a l e  d n v r n g  d n d  d r ) l e c t r n q  s y s t c m .  l - 0  n a n o s e c o n d  o r  l e s s  c a n  c o n c e r v a t ) l y  b c  a c h r e v e d .

T o  l ) r o ( l u c t )  n a n o s c c o n d  l r e h l  p r r l s e s ,  t h ( ,  L E D  n r u s l  b e  d r r v e n  f r o m  a  l o w  I n ) p e d o n c c  g r r n e r a t o r .  l 1  r s

e x t r e m { ) 1 y  r m p o r t a n t  l o  u s a  l d s l  p u l s e  l e c h n r q u e s  w h e n  c o n s t r u c l r n g  t h e  L E O  d n v r n g  c r r c u r t .

-----2-+
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FIGURE IV

-=24

fIGURE V

GENEML PULSED MODE OPERATION

B e c a u s e  o f  t h e  c o m b i n a t t o n  o l  u l t r a  f a s t  l r g h t  r e s p o n s e  t r n r e ,  l a r g e  b a n d w r d t h  a i l d  i l ) c l r a s e d  r a d r a t e d  o u t p u l
p o w e r ,  l h e  L E D  r s  u n t q u e  I n  l e r m s  o f  p u l s e d  o p e r a l t o n  a n d  J  l o p r c  w o r l h  s o o t e  d t s c u s s r o n .  I n c l u d e o  I n  l n r s

d l s c u S S r o n  a r e  t h e  r e l a l t v e  m e i l l s  o l  l h e  d r l f e r e n t  t y p e s  o l  d e t p c l o r s  u s e d  I n  c o i l l r r ) c l t o n  w r l h  l h e  L E D .

DETECTORS

T h e  m o r e  c o m m o n  t y p e s  o f  d e l { r c t o r s  a r e  l h e  p h o t o m u l l p l r c r  l u b e .  p h o t o c l r o d e ,  t ) l ) o t o t r a n s r s t o r .  a n d  t n o  s o r d r
c e l l .  I n  g e n e r a l ,  d e t e c t o r  s e n s t t i v t t y  t s  I n v e r s e l y  p r o p o r l r o n a l  l o  i l s e  t r n t e ,  t h e  o x c c p l r o r )  L , c t n e  l h e  l ) h o l o -
m u l l r p l r e r  t u b e  w h r c h  h a s  b o l h  h i g h  s e n s r l l v t l y  a n d  n a n o s e c o n d  l r q h t  r e s { ) o n s e  l r n r e .  T h e  c l r s a d v a n l a q e s  o l

t h e  P M  l u b e  a r e  r t s  l a r q e  s r z e ,  h r g h  b t a s  v o l t a g e ,  a n d  h r e h  c o s l .  T h e  t ) h o t o d r o d . r  a l s o  h i J s  n J n o s e c o n d
r e s p o n s e  l i m e  b u t  s e v e r a l  o r d e r s  o f  m a q n r t u d e  l e s s  s e n s r l t v r l y  l h d n  t h e  P l r , 4  t u b e . 2  T h I  n r a r n  n d v a n l a q e  o f

l h e  p h o l o d r o d e s  a r e  l a s l c r  r e s p o n s e ,  l o w  c o s t ,  r u g q e d n e s s .  s m a l l  s r z e ,  a n d  l o w  t ) r n s  v o l t a g e  T h t  t ) h o t o -
t r a n s r s l o r  h a s  t y p i c a l l y  1 0 0  t r m e s  l h e  s e n s t t r v r t y  o f  t h e  D h o t o d r o d e  b u t  h a s  d  r  s ( j  l r n r ( , r n  t h e  o r c r o s e c o o d
r a n q e .  T h e  s o l a r  c e l l  r s  m o r e  e f l r c r e n l  t h a n  c r l h e r  t h e  p h o l o d r o d e  o r  l h e  p h o t o t r a n s r s t o r .  l ) u l  h a s  l t l r j
s l o w e s t  r e s p o n s e  t r n l e  o t  a n y  o f  t h e  a b o v e  m e n l r o n e d  d e t e c t o r s .  S t r l l  a n o t h e r  a d v i l I t i r q e  l h a l  a l l  s r  r c o n

d e l e c t o r s  h a v e  r s  t h a t  l h e  D e a k  e m r s s r o n  w a v c l e n g t h  o f  t h e  G a A s  I n l r d r e c l  d r o d p  ( g 0 0 0 i l  n r d r c t r c s  t t r e  n r d x r -

m u m  s e n S r t r v r t y  p o r n t  o f  s r l t c o n .  l h u s  n t a k t n g  t h e  G a A s  d i o d e s  t h e  i d e a l  e n l l t e r s  l o r  s r l r c o r r  d e t e c t o r s .
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GENERAL PULSING

W h e n  I x r l s r n q  t h c  L E D  l h e r e  a r e  l w b  m e c h a n r s m s  t h a t  c a n  c a u s e  p o o r  l r g h t  p e r f o r m a n c e ,  p e r m a n e n t  o e g r a o a .
l r o r r ,  o r  e v e n  c a l a s t r o p h r c  f a r l t r r e .  T l t e  m e c h a n r s m s  a r e  h r g h  i u n c l r o n  l e o l p e r a l u r e  a n d  e x c e s s r v e  c u r r e n l

d u n s r t y .  T h o  g r a p h  s h o w n  r n  F r g u r e  V l  e r v e s  l h e  m a x r m u m  r e c o m m e n d e d  o p e r a l t n g  p a r a m e l e r s  w t t h  r e s p e c l
l o l ) { ) d k c u r r e n t , p u l s e w t d t h a n d d u l y c y c l e .  T h e v a l u e s s h o u l d b e s t f i c t l y f o l l o w e d t o t n s u r e t h a t l h e L E D

r s  d l w d y s  o p e r a t e d  w r t h r n  s a f e  l r m t t s .

A f l { : r  t h u  p . r a k  c u r r e n l  f o r  a  p a r l r c u l a r  p u l s e  w r d l h  a n d  d u t y  c y c l e  h a v e  b e e n  e s t a b l r s h e d ,  t h e  g r a p h  s h o w n  I n

F r q u r o  V l l  w r l l  r n d r c a t e  t h e  p e a k  r a d r a l e d  o u l p u t  p o w e r  f o r  t h a t  p a r l r c u l a r  p e a k  I n p u l  c u r r e n t .  T h e  p e a k

r a d r a l e d  o u l p u l  p o w e r  r s  n o r n J a l r z e d  t o  t h e  v a l u e  r n d r c a t e d  o n  t h e  p r o d u c t  d a t a  s h e e t .

HIGH JUNCTION TEIIIPERAIURE

I h ( ' { r f l e c r s  o f  h r g h  l u n c t r o n  t e m p e r a l u r e  r s  e a s r l y  r c l e n t r f r e d  b y  m o n r l o r n g  t h e  l r q h t  o u t p u t  D u l s e .  A s  r h e

J U n c l r o n  l e n r p c r a l u r e  o l  l h c  d e v r c { t  I n c r e a s c s ,  t h e  l r q h t  c f f r c t e n c y  d e c r e a s c s .  T h r s  w t l l  c a u s e  t h e  l l g h t  o u t -
p t r l  l ) ( i l s c  l o  h d v e  a n  e x p o n o n l r a l  d e c a v  ( S e e  F r q u r e  V l l l ) .

TIGHI OUTPUI PULST
WITH HIGH JUNCIION ITTPTNATUNT

_l__ft_ JYI
NOnlAT LIGH]
OUTPUT PUIST

f IGURT VIII

EXCESSIVE CURRENT DENSITY

T l r i , r , l l ( r r l s  o l  I x c P s s r v |  ( : ! r ( ' n t  ( i ( ' l t s r l y  a r o . t l s o  { r l s t l v  r d e I t t f t ( a i  l ) y  n t o n i f o n n q  t h o  l r g h l  o u t l ) u l  I n r l s e .

E x t : , ' s s r v r ' ( i ( r r r { r r l  ( l ( , r r s r l y  w i l l  c , r u s r , t h r ' L E D  r ' l l r c r r : D c y  l o  ( l o c r p n s e .  T h e r e t o r l r ,  l o r  a  g r v e i l  l ) L r l s ( i  w r ( j t h  a n d

r 1 { r t y  c y ( i l r ) ,  l l ) { .  l r ( J l r l  o u l l ) r l  l ) t r l s ( ' w r l l  n o l  [ ) C r { r a s p  w r l l )  a ( k j r l r O n a l  I n J n r l  C r r r r e n t .  l t  S h O ! l d  b e  n O t e d  t h d l
q e n { ' r a l l v  t h { r  L E D  w r l l  n o l  c a l a s l r o l r l I c , l l l y  1 , r r 1  a r t r l  S h o u l d  a  p r o b l o r r  l ) e  r r o l e ( l  t h o  d e v t c { t  S h o U l C l  b { r  t m m e d r -

n l e l V  l l r r n o ( l  o l l . , l l l o w e ( j  l o  ( : o o , . i l r ( l  c o r r o c t r v ( :  a c l r o n  b c  l a k e n  l o  s o l v e  l h e  l ) r o b l e n t .  A t t e r  t h e  L E O  h a s

s L r l f r t ; r o r r l l y  c o o l e l l  r l  w r l l  r e l u r n  l o  r l s  o r r g l n a l  p e r l o r m a n c e .
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CONCLUSION

W h e n  o p e r a t i n g  t h e  L E D  i n  t h e  g e n e r a l  p u l s e d  m o d e ,  i t  i s  i m p o r r a n r  n o t  t o  e x c e e d  t h e  s D e c i t r e d
o p e r a t | n g  p a r a m e t e r s  w t t h  r e s p e c t  t o  p e a k  c u r r e n t ,  p u l s e  w i d t h ,  a n d  d u t y  c y c l e .  T o  a v o i d  p o s s t b l e
d a m a g e  t o  t h e  L E D  o n e  s h o u l d  r e f e r  t o  t h e  g r a p h  s h o w n  I n  F i g u r e  V l  f o r  c o n d i t r o n s  r e c o m m e n d e d  t o r
p u l s e d  o p e r a t i o n .  A f t e r  t h e  p e a k  i n p u t  c u r r e n t  i s  e s t a b l i s h e d  t h e  g r a p h  r n  F i g u r e  V l l  w i l l  i n d i c a t e
t h e  r e l a t i v e  o u t p u t  p o w e r  w i t h  r e s p e c t  t o  t h e  t y p i c a l  D C  o e r f o r m a n c e .

NOfES:

l. The light ise time was measurcd in the lollowing Monsanto LED:

A. MI?OC GaAs intrared diode
8. tlVlOE3 GaAsP visibte rcd diode
C. UV|)A3 GaAsP visibte rcd diode

For mote detailed spectlication, rclet to the prcduct data sheets-

2. The senstt iv i ty ol  the l ' lons^anto MD2 photodiode ts typtcal ly 41tA/na/cn? bt in lrated rcdtat ion wtn
a wavelength /^) ot g,OOO A and Vp . 20 volts.
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FILM ANNOTATION USING THE LED

Richard T. Gill

By  de t in i t ron ,  annota t ion  means to  make or  fu rn ish  c ra t i ca l  o r  exp lanatory  no les  or  comment .

Convent rona l  methods  o f  f i lm anno la t ion  such as  the  neon lamp,  spark  gap or  gas  d ischarge

s V s t e m s  l e f t  t h e  i n s t r u m e n l a t i o n  e n g i n e e r  w i l h  m u c h  c r i t i c i s m  a n d  l i t t l e

exp lanat ron / rn fo rmat ion  on  h is  t i lm.  The l igh t  emi t t ing  d iode LED wi l l  so lve  lh is  p rob lem

because o{ its many advantages over the tlast rrethods used in talm annotation The most

common use o f  the  LED in  photo  ins t rumenta l ion  is  the  annota l ion  oJ  l ime and/or  event
marks  on  lhe  edge o{  the  f i lm.  Th is  GaAs L i te  T ip  w i l l  d iscuss  the  advantages  o f  the  LED and
the  lvoes  o l  t i lm recommended to r  use  w i th  the  LED.

A D V A N T A G E S  O F  T H E  L E D

The LED has  many advan lagos  over  pas t  me lhods  used lo  annota le  f i lm Exc lud ing  the  LED,
the  most  popu lar  dev ice  usd  to  anno la te  f i lm is  the  neon lamp,  wh ich  su f {e rs  f rom swera l
d i t f  i cu l l ies  when used as  a  l igh t  source  fo r  mak ing  f  i lm.  The s low l igh l  r  i se  and fa l l  I ime o f  the
neon lamp causes  fuzzy  lead ing  and t ra i l ing  edges on  the  annota t ion  mark .  The u l t ra  fas t  r rse

and fa l l  t ime o f  lhe  LED e l im ina les  lh is  p rob lem.  An even la rger  p rob lem is  tha t  the  neon
lamp,  rn  to ta l  darknes ,  becomes er ra t i c  and may requ i re  many vo l ts  rn  excess  o f  s ta t rc  va lues

to  s ta r t  i t .  The l iqh t  ambien t  cond i t ion  is  no t  a  fac to r  in  the  LED per to rmance Add i t iona l
benef r ts  der ived  by  us ing  lhe  LED as  lhe  t i lm mark ing  dev ice  are  the  low vo l tage requ i remenl
( typ ica l l y  1 .65  vo l ts  @ l r  =  50  mA) .  The power  consumpl ion  is  a lso  very  smal l  ( t yp ica l l y  82 .5
mW @ l r  =  50  mA) ,  there{ore  prac l rca l l y  no  hea l  i s  genera led  by  the  LED.  MONSANTO has
p ioneered p lanar  technLr logy  a long w i th  the  meta l i zed  contac t  in  the  LED Th is  a l lows the

LED to  have an  unobst ruc ted .  un i fo rmly  l i te  emi t t ing  area  o f  p rac t ica l l y  any  des i red  shape.
The LED rs  a  h rgh  e f f i c iency  emi t te r  havrng  a  l yp ica l  rad ia ted  ou tpu l  power  o f  50sW ( lF  =  50
mA and X peak  =  6700 A ) .  Becaus o f  the  nar row band (monocromal ic )  emiss ion  o f  the  LED

al l  the  radra(ed  ou tpu t  power  can be  matched lo  the  peak  sens i t i v i t y  DJ  the  f i lm.  The low
vo l tage and power  requr rements  o {  the  LED make i t  compat ib le  to  in tegra ted  c i rcu i ts .  Thrs

c o m p a l i b j l i t y  w i l h  i n t e g r a t e d  c i r c u i t s  s i m p l i f  i e s  t h e  t a s k  o i  m o d u l a t i n g  t h e  L E D  { s e e  F i g u r e  l ) .

L INE DRIVER
FIGURE I
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The ruggedness of the LED makes it impervious to vibration. The LED also has solid state
rel iabi l i ty  ( typical ly  l f f  hours l i fe) .  l ts  smal l  s ize makes the LED very desirable for  the
cramped quarters found in most cameras. The small size combined with planar technology
allows the LED to be made into special arrays according to customer needs.

RECOMMENDED F ILMS COMPATIBLE  TO THE LED

The red visible light emitting diode is recommended for use with black and white iilm that has
extended red spectral response. The following is a list oi Kodak iilm types thal are
recommended for use with the LED 2479,2496,2485, and2475.fhe typical response curve
for  the above f i lm is shown rn Figure l l .  The LED is a monochromat ic (narrow band) l ight
source having a typical spectral line half width of 400 A .

250 a)o 4@ 500 600 ,m 75()
WAVELENGTH (m,4

FIGURE II

Figure l l l  shows the typical spectral response of the LED for use in conjunction wilh lhe
intended red response li lms. To insure that all of the radiated output power approximates the
fi lm's peak sensitivity. the maximum peak wavelength of the LED should be less than 67OO A.
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Any MONSANTO red  v is ib le  d iode can be  used w i th  Kodak h igh  speed In f ra red  f i lm.  The
fo l low ing  equat ion  can be  used to  de termine the  amount  o f  energy  inc ident  to  the  f i lm sur face
f r o m  t h e  L E D .

mA sec
ergvcm' = 

ft i s

where

S is  the  de lec tor  sens i t i v i t y  {used in  p lace  o f  f i lm)
mA rs  cur ren t  ou tpu t  o t  de tec tor
sec  is  leng th  o f  exposure  l ime

In  th is  les t  the  LED shou ld  be  pos i l ioned the  same d is lance f rom the  i i lm as  in  the  f ina l

app l i ca t ion  An aper tu re  shou ld  be  p laced in  f ron t  o f  the  de tec tor  w i th  the  same area  open ing
as  the  annota t ron  mark .

O P E R A T I O N  O F  T H E  L E D

For  normal  DC opera t ion  the  red  v is ib le  LED has  a  fo rward  cur ren t  o f  50  mA and a  fo rward
vo l tage o f  1  65  vo l ts  A  un ique fea ture  o f  lhe  LED is  tha t  the  rad ia ted  ou tpu l  power  i s
propor t iona l  lo  the  input  power .  The LED has  an  ex t remely  fas t  l igh t  r i se  and fa l l  t ime
( typ ica l l y  l4  nsr :c  in  a  50O impe.dance dr iv ing  sys tem wi th  a  bandwid th  o f  5  MHZ a l  the  3  db
po in l ) .  For  more  in fo rmat ion  on  the  pu lsed opera t ion  o f  the  LED re fe r  to  the  Genera l  Pu lsed

Opera t ion  GaAs L i te  T ip  #8

C O N C L U S I O N :

The LED has  many advantages  ovor  the  convent iona l  me lhods  o f  mark ing  f i lm,  among the
more  impor tan t  a re  low power  and vo l tagc  requ i rements ,  h iqh  e l l i c i cncy ,  unobs t ruc ted
e m r t t r n g  a r e a ,  s o l i d  s t a t o  r e l i a b i l i t y ,  a n d  l o n g  I i f e .  l t  i s  c s s e n t i a l  t o  m a t c h  t h e  p e a k  e m i s s i o n  o I
t h e  L E D  i o  t h c  p c a k  f i l r n  s c n s i t i v i t y  t o  i n s u r e  m a x i m u m  f i l m  e x p o s u r e .
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MONOLITHIC SEVEN SEGMENT DISPLAY_MAN-3
E. H. Lim

The Monsanto MAN-3 is a seven segment red alpha numeric display and is a totally solid state
monolithic semiconductor device. This numeric is the third of a series of Monsanto solid-state
displays and part of a family of GaAsP Lite emitting semiconductor devices dweloped by
Monsanto Electronic Special Products.

The MAN-3 brings to the display field all the demonstrated advantages of solid state
technology, compact spacing, reliability, long life, shock resistance, low power requirements,
and compatibility with conventional integrated circuits. The actual light emitting areas are
planar, formed by zinc diffusion into N-type GaAsP wafers, and emits in the range of 63O0A
to700OA ( red ) .Mo re than200 foo t - l ambe r t scanbeob tb i nedw i t hS .SmW(SmA. ' l  . 7vo l t )
power input per segment. Each of the seven segments is made up of five light emitting diodes.
These diodes are interconnected by evaporated aluminum on the $rface of the chips. The
numeric is made with 10' slant from the vertical position for better appearance. The actual
numeric dimensions are 0.116 x 0.067 inch while the package size isO.24O x 0.168 inch. These
dimensions are possible only with the use of a monolithic chip, and allow a packing density of
at least 5 nume ics per inch.

The chip is attached to a frame and cast in clear epoxy to protect the interconnections. Tne
unit has single-plane readout for wide€ngle viewing ( 1 5O" ). lt can pres€nt any numer6l from O
to 9, plus the letters A, C, E, F, H, J, L, P, and U, and hasa separate decimal point.

OPERATIONAL FEATURES

Each of the seven segments can be considered as a light emitting diode with a forward vohage
of 1.7 volts at smA; this will produce a typical brightness of 200 foot-lamberts.

A circuit is shown below:

-l

>a
\

BCD TO SEVEN
SEGM€NT
DECODEN/DRIVER

L
VCC - 5.0v

vo '  t ' lv

lF - 5nA!-2OO{r-L

n-Y99-5 -6"6,.,
I t

I
I
I

MAit-3

_  _ - J

t

j

I
I

CIRCUIT DIAGRAM
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Because the  br igh lness  o{  the  readout  i s  d i rec t l y  p ropor t iona l  to  input  cur ren t ,  one may tune

the  un i ts  b r igh lness  f rom 0  to  typ ica l l y  500 foo t - lamber ts  by  vary ing  the  input  cur ren t  f rom 0

to  a  max imum of  1OmA per  segment .

The package has  nrne  p ins  bent  on  0 .100 jnch  centers .  Pr in ted  c j rcu i t  boards  fo r  ind iv idua l l y

address ing  or  s t rob ing  the  un i t  a re  ava i lab le  ' rom Monsan lo  Company.  In  add i t ion ,  Monsanto

o t f e r s t h e [ / S D ' ] 0 1  B C D t o s e v e n s e g m e n t d e c o d e r / d r i v e r w h i c h w i l l  d i r e c t l y d r i v e t h e M A N 3 .

The anode is  ind iv idua l l y  addressab le  fo r  connect ion  lo  the  cor respond ing  ou tpu tso . f  BCD to

seven segment  decoder /d r iver  hav ing  an  ac l i ve  h igh  leve l  ou tpu t .  The ca thode te rmina l  i s  the

re ference p in ,  and must  be  connected  lo  the  ground.

APPLICATION

Appl ica t ions  inc lude a l l  t ypes  o{  computer  readou l  and/or  ins t rumenta t ion  readout  where  a

v isua l  a lpha-numer ic  i s  requr red .  Other  app l i ca t ions  w i l l  be  in  the  computer ,  indus t r ia l ,  avaon ic
and mi l i ta ry  marke ts  to r  use  as  d ig i ta l .  d isp lays  fo r  desk  ca lcu la to rs ,  por tab le  ins l ruments ,  and

can a lso  be  used rn  annota t ing  { i lm.  Par t i cu la r lV  a t l rac t i ve  a re  those where  smal l  s ize .
compal ib i l i t y  w i lh  in tegra ted  c i rcu i l s ,  w ide  v iewing  ang les ,  and immuni ty  f rom v ib ra l ion

damages are  rmpor tan t .

D ig r ta l  equ ipment  us ing  these numer ics  can be  dramat ica l l y  reduced in  depth  because o f  the

v i r lua l  J la tness  o f  the  drsp lay  sec t ion  and the  e l im ina l ion  o f  the  conven l iona l  power  supp ly .
The s rng le  p lane v iewing  and w ide  v rewing  ang le  e l im ina te  the  para l lax  p rob lems assoc ia led

wi th  co ld  ca lhode d isp lavs .

A malor  app l i ca t rons  advantage o f  the  MAN 3 's  segmented des ign  is  i t s  ab i l i t y  to  opera te  w i th
any  o f  severa l  commerc ia l l y  ava i lab le  decoder /d r ivers .  Th is  approva l  g ives  the  equ ipment
des igner  a  degree o f  { lex ib i l i t y  no t  ava i lab le  w i th  p rev tous  so l id  s la le  numer ic  des igns .  For
ins tance,  many drsp lay  app l i ca t ions  do  no l  requr re  a  decoder /d r tver  fo r  each d ig i t .  ln  some
cases ,  s l rob ing  permi ts  one decoder /d r iver  to  con l ro l  severa l  d ig i ts .  Fur thermore .  separa t ing
the  d ig i t  and i t s  log ic  reduces  the  dev ice 's  complex i ty ,  mak ing  i t  eas ie r  10  des ign  in to  p resent

c i rcur ts .  V iewang fo r  ins l rumen l  readouts  i s  d ramat ica l l y  improved by  us ing  a  segment  o f  c lear
p o l a f l z e d  r e d  l r l t e r  b e t w e e n  t h e  v i e w e r  a n d  t h e  n u m e r ' c  i t s e l f .  T h i s  f i l t e r e l i m i n a l e s n e a r l y a l l
re f lec ted  l igh t .  { rom the  subs t ra te  connectors  o r  . f rom the  lens  i t se l f .
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OPTO-ELECTRON IC TERMS & DEFINITIONS

OPTICAL PARAMETERS UNITS DESCRIPTION

P = radiant f lux W = walt total radiated output power

H = irradiance \tY/cm2 incident radiant Dower
l, = radiant intensity Wstr poinl source intensily in a Oiven direction
L, = radiance Wstr/cm2 area source intensity in a given direction
F = luminous flux lm = lumen total visible radiated tlux
E = i l lumination ft-c = loot candte = lm/ft2 incident visable flux density
l" = luminous intensity C = candela = lm/str point source visible intensity
L, = luminance, brightness ft-c = foot lamberts = area source visible inlensity

lm/str/nft2
).= Wavelength A= angstrom = l0tom

n m = n a n o m e t e r = l O ' m
gm = micron = l0o m

o = solid angle str = steradian = ar€a of
sohere/radius'

0 = angle radians, degrees
SRcEo = colleclor emitter mA/mwcm'

radiation sensitivity
0uty cycle % = 100{pps){putse widrh)

ELECTRICAT PABAMETERS

lr = lomard current {d.c.)

I R = reverse current {d.c.}

VF = fomard voltage (d.c.)

VR = rever$ voltage (d.c.)

rr = fomard dynamic resistance

VcE = collecto. to emitter voltaqe

Vcetsar) = colleclor t0 emitter saturation voltage

0JA = thermal resistance: iuncti0n to ambient

,Jc = thermal tesistance: junction lo case

lD = dark current in photodiode

f" = high lrequency cut-o{l

CJ = junction capacitance

BVEco = emitter to c0llector breakdown voltaqe
with base open

UNITS
l , i = c u r r e n t  A = a m p e t e

V , v = v o l t a g e  V = v o l t

P , p = p o w e r  W = w a t l

R,r = resistance Sl = ohm

C,c= cap ic i tance F  =  fa rad

L- induc tance H =  henry

t = t i m e  s = s e c o n d

f = frequency Hz = hertz = cps

T = temperalure "C = deqree centigrade
"K = deqree Kelvin

PULSE SYMBOTS

tr = rise time
t r  =  ta l l  t ime

ld  =  de lay  t ime
t5 = storage time

ton = turn on time = td + tr
pps = pulses per second

PREFIXES
K = k i l o = 1 0 '

M = m e g a = 1 0 "
g = s i g a = 1 0 "

m = m i l l i  = 1 O '

/ r = m i c r o = l O "
n = n a n o = 1 0 '
p = p i c o = 1 0 ' '

Spec i f i ca t ions  may chanqe L i tho  in  USA C o p y r i g h t  M o n s a n t o  C o m p a n y  l 9 7 O


