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1. Introduction

This paper describes the design and construction of a unique hyb r id

single digit decimal multiplier with the following properties:

1. Almost total immunity to severe electromagneti c interference (EM!)

2. F ilsoft behaviour with degradation proportional to destruction

3. No system clock or resultant speed restrictions

4. Trivial amount of hardware

To obtain these properties , numbers are represented in a unary system as

vectors with tell unordered binary components. Arithmetic processing with

this form of number representation is called bundle processing and will be

detailed in the next section . In addition to using bundle processing,

Optobundle also emp loys optical fibers not only to carry the information of

the components but also to perform the multi plication . While even under

ideal conditions this form of multiplication gives only a single digit

approximation to the product , this product is stable amidst very adverse

electromagnetic conditions which would cause conventional systems to err a

great deal.
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~~~~~~~~~~~~~~~~~~~~~~~~~~ I2. Bundle Processing

Bundle processing is a probabilistic system of number representation

u t i I i z in ~ a finite number of binary data lines grouped in a bundle to

c a r ry  the i n f o r m a t i o n  signals . 1 By de tec t ing the spatial  average of the

number of lines which are active out of a given bundle , the numer ical

informa t ion can be extracted.

Being probabilistic implies that all information must be mapped onto

the closed interval [0,1]. Given any such number X , it can be represented

by the ratio n/N where n is the number of active lines out of a bundle of

N lines. This ratio n/N does not , unlike conventional binary , depend on

which n lines are active . Each line in a bundle has the same weight: 1/N.

The maximum error will be -~- l/2N. Obvious ly , the accuracy of representation

increases with N , the number of lines in the bundle. As in any system , one

rust compromise accuracy for cost.

Bundle processing exhibits some interesting properties. Since any

given line has a weight of i/N , its failure would not severely degrade the

entire system.
3 

The result would be incorrect by at most 1/N for each damaged

line. Another interesting property is the inherent parallelism which is present.

As is becoming more apparent , if one wants to increase system speed , one must

introduce some form of parallel operation . In bundle processing , all arithmetic

operations are done in parallel , exhibiting virtually no delay between input

changes and output responses.

With this in mind , one may note the simp licity of bundle multip lication .
2

If one Input to a two—input AND gate has a probability X
1 
of be ing ac tive and

the other input has a probability X
2 of being active , 

then the output has the

_ _ _  ~~~-- . .~
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probab ility X
1
X
2 

of being act ive , provided of course that the two inputs are

not correlated. Thus the probability of the output is the product of the

probabilities of the inputs.

If two equal sized bundles are to be multiplied , once chooses at

random one line from each bundle and connects the pair to the inputs of an

AND gate.6 If this is repeatedly done until each line is used exactly once ,

N AND gates will have been used. The outputs of these gates from a new

bundle whose value is the product of the values of the two input bundles

as shown in Figure 1. The total delay to form the product is the delay

through the N parallel AND gates There are many more facets of such a

number representation which obviously have not been presented here . For

an in—depth discussion of bundle processing one should consu1t (2) and (3).
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3. Optobundle Machine

3.1 Design of Optobundle Prototype

Considered as a black box , this prototype version of Op tobundle takes

as inpu ts two an alog vol tages and gives as an outpu t a bundle of ten op tical

f ibers , some of which may be lit , some dark. Within the box are two major

sections——the input encoder , and the fibers . The decision to use fibers rather

tha n wires was promp ted by the desire to have a machine survive in a noisy

environment and be lightweight. The input encoder , then, had to be des igned

with this in mind.

3 .2  Inpu t  Encoder

For each input signal , the  encoder converts a voltage to a number of

lit fibers in a bundle  of ten .  The choice of this bundle size is simply fo r

convenience in mapping onto decimal quantities. The input voltage is

essentially applied to a string of ten LEDs each of which is coupled to a

fiber. With the input voltage at its lowest point , all of the LEDs are ON ;

as the voltage increases they go OFF . The choice of counting either the

number of lit or the number of unlit fibers to represent the number is

a r b i t r a ry , bu t  the  n a t u r e  ot  bund l e  process ing  and the f i b e r s  yields ce r ta in

advantages if one chooses a darkness “one” mapping. This will be exp lained

further in the subsection dealing with tile fibers.

Application of each input voltage is done with a 50 ohm potentiometer

onnected between ground and 1OV . This yields a swing from SV , representing

the number 0, to 1OV , representing the number 1 (or 10 if scale factors are

considered in the product). Progressive turning off of the LEDs is accomplished

using a ladder of lN995 germanium diodes. In order to obtain a linear response

&
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in the turning off of the LEDs as the input voltage is raised , these diodes

had to be hand picked for matching turn—on voltages . It was decided , however ,

that th i s  method was easier than generating ten different reference voltages.

Current is limited by identical 1.5K resistors to keep the LEDs at the same

br ightness. Monsanto MV1OB LEDs were used because of their availability

and because their relatively narrow viewing angle allowed them to couple

easily with the optical fibers. A circuit diagram of the encoding scheme

is given in Figure 2.
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3 . 3  Op t i c a l  F i b er  :~r r .~: ment

R eca l l t ha t  i~ bu ndle  p rocess ing  the  m u l t i p l i c a t i o n  of two q u a n t i t i e s

is done by ANDing . :or eLl  pairs of lines , one from each bundle , in some

k i n d of  r a n d c m  ia~~~ion .  If t h e  lines are light  pa ths , as is t he cas e here ,

L o o n  w h a t  is the  eas ies t  w ay to AN t) two pa th s?  We found t h a t  if nega ti ve

!c~c 1c i s .iseu , i . e . ,  darkness on a fiber means 1, l i g h t  mean 0 , then simply

c c a n t~~~~l n c  t w c  li~~~t paths into uae produces the AND f u n c t i o n .  This way onl y

a.irknc~ s on one fibec and d r~~r 1css co the other w i l l  give darkness  a t  the

t nut .

c i  i cr  to cO~ :. cct ~~c l i gh t  pa th s  i n to  one , O p t o b u n d i e  uses 610 mm

nc 1e1 EE K tifurcated glass itee r li ght ~u i d e s  1/ 16 in :h  in d ia m e t e r . These

t j bt~is . a v a i i a b l e  Iron Doia :i-Jenrier Indus tr ie s , allow half of the individual

fiber straad~ in a give:- li ght guide to randomly go to one b i f u r c a t e d  end ,

the the r ha ~ t o~ ~he other e r i i .  One bi: urcated end then coup les to an LED

I rcr~ the X ladder , the other to one from the Y ladder as shown in Figure 3.

What appe ar4 at th~ non—bif tir :ated cod of each h oer then is either

darkn,~~s. h.~ l f  of the str ,inis lit , or all of the strands lit. Since in this

pr otot yp e we ncre lv ‘baerved the eath vis u all y, we found i t  easier to distinguish

between . t : r i p 1~~ t e  Jarkuess and sern e li ght than between some light and more light.

For au~~~m at ~~i response it is ~‘bviouslv a matter of thresholds , and given the

prop er th r~ oh Lds , positive as well as negativ e logic could be used. in

either ~. -;e . b~ ci.ye r , the ope rati ca of ANDing is done with no other components

than he f i rs ttemst I
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b. Fiber c on n e c t  ion S

E’ igur e  .1. Fiber Logic
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3.4 Coup ling of Fibers

Recall from Figure 1 that bundle multiplication assumes two conditions.

The tirst condition is that the choice of which wires are connected to a given

AND gate is a random choice. The second condition is that each wire in a bundle

has the  same p r o b a b i l i t y  of being ON whatever the value of the bundle. That

is tantamount to saving that as the value of the bundle increases , one

c an n o t  predict which wire will he the next to turn ON.

G i ven  th ~ f a c t  t h a t  in t h i s  p r o t o t y p e  the f ibe r s  tu rn  ON in a s tep—

w i se  d~~to r m i n i  St i f a s h  i o n , and not in a random fash ion  at a l l , it became

necos n i r v  t o  choose a c o u ) 1 1 : I g  scheme w h i c h  was not random but  r a t h e r  which

c:ivt t h e  bes t  p e r f o r m a n c e .  Th is  e nt a i l e d  s i m u l a t i n g  the  m u l t i p l i c a t i o n

met  hod and detero i n  i n c  en  t e r  in f o r  c l ioo~ i ng a ‘‘ goo d’’ coup l ing  scheme . Let

u s  c o n s i d e r s i nc l e  d i ~’ i t  intece r m u l t i p l i c a t i o n , d i v i d i n g  the  r e s u l t  by 10 ,

a nd tn en  r ou n d  in c  t o  t h e  I . e  i r e o t  i n t e g e r .  For example , 6 x 6 = 4, 2 x 3 = I

9 x 7 = 6 . I s n e  n u t ~~r u 1  r ’u i n d i n e , in w h i c h  m v  f r a c t i o n  g r e a t e r  than 1/2

is rounded t o  the n e x t  h i  ~‘~i~ r int u cer , l€- t us c o n s i d e r  t h i s  to  he the  idea l

s i n c  I e d I ~ i t  s c h c r ~e

The f i ~’t i r e  t ‘- icr i t  we have chosen is the  t o t a l  squared error , which

is the sum o t  t h e  s q ui r e s  of each deviation between a given scheme and the

ideat S here  at the 100 product points. Note that X times ‘Z may not

n e c e s s a r i ly  eq u a l  Y t i m e s  N for a given coupling scheme . Let C .(X,Y) be

the p r o d u c t  of N and V using the 1
th 

coup ling scheme and let I(X, Y )  = E X ~ Y/ l O ]

be the ideal p r o d u c t , where  
~r 

denotes rounded value. Then the error is

g iven  h~’

10 10 
2

E . = 1 (C . ( X , Y) — I(X,Y))
1 

~~~~~ ~~~~~ 
1

_ —4
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Several coup l ing schenies were  i nves t  i g i u t e d , some O c i  ng  chosen  by

p u i 1  log n u m b e r s  cu t  of  :m h a t  , others by Intuit ion. The schemes  and

their er r o r  va l ue s  are  g iven  in Table 1. We d e c i d e d  t o  use t i e  scheme

w i t h  the l o we st  error v a l u e  f r o m  t h e  i n i t i a l  sot of f i v e  w i t h o u t  i l l  t e m p t —

m u  t o  m d  schemes  vi  t i t  l owe r error vol ucs . While we do i t  k n o w  , nor

dL. we s ea r c h  n n a l v t  icall v for , any l ower bound on F .,  t h e  c ’ I u a t e r i u u

a round  th e  v a l u e  o t  30 should p e r h a p s  i n d i c a t e  we h av e  it  l e a s t  ce l lo  close

t O  .1 I ‘cal m in m um.  In an~’ case , a series of g r ap hs I t ’ p  i r L  In c  t h e  rcsiil t i n~’

p r o d u c t s  a l u g  wi t im the ideal prod uict s and t i m e  t r u e  ann l u g  p r a h l ’ t a i s

~‘ j \ l~~fl in Figure for  t i m e  chosen c o u p l i n g  scheme C 1

3. ~ I P - F i b e r  n t e r f  ace

When  c en s i d e r i i i : t h e  p er f o r m a n c e  1 i n u i t s  of an actual f i b e r  t r a n s m i s s i o n

svate~~, it is n e ce s s a ry  t o  c o n s i d e r  t h e  in p u t  coup l i n g  c l f i c  i . n ’ v . One of

t h e  m a ny  f .m tors wh i h he’ t s s u c h  ef fic iencv is t l i e  c c l  it  ive p o s i t  i oning

of  t h e  f i be r  to t Ii I i r i u t  a u r e e  . As shown in F i guire 5 , t l ie relative li ght

o u t p u t  is a t  m m i x  inur when t h e  1 ig i t  sou r c e  is dir ect l v  in  l i n e  w i t h  t h e

.ix is at  t he ‘ i h e r .  ‘Th i s  u t  pu t  diminishes to  7’.’ no as  one a p p  r u t  hes t h e

l i m i t  of t h e  uc ept n o  angle.

W h e n  o b s e r v i n g  t i m e  emission ‘li,ur a ct e r isi t ic s  of  ti m 1.1 i t s , s ic

ii ’ :” a L t e l y u i s t i c o s  a s im i  l i r i t y . As can  be aeon in  t h e  sp ’cifi ’ations for

t h e  ~i V 1 O i i s , t h e  l i g h t  o u t p u t  is g r e a t e s t  at. t h e  en — a x  is p o i n t  u~
’ t i m e 1 .1 I ) ,

m u d  d in in isht.’s wi tim i i i  a t  a l i c e  am i v  on I m e ax i a

T a k i n c , bo th  d i s t r i b u t ions i n t o  a c c oun t , i t  is  n . I r . l l I u n t  t o  h ive p r ’p e r

ml ignmc ’nt h~ t wi _ en LEDu and m y e r s .  ‘TO u ’ . e  t b ’ .  I i t l i t .  S a l e  ( j i s P l i d

f r o m  the a x i s  by  .m small ar u u ,  ‘ u m i d  ‘‘r ye L u t . i i  t o n  u I i’ . u i ’ S m i s s t o f l

‘st e m o f  nontrivi a l Ie n ’th.

_ _ _ _ _ _ _ _ _  
—4
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Input Direction of Collimated Light



- I -
The LED — t ’ iher interfa ce used in Op t ob u n d l e  was desi gned w i t h  ax i a l

character ist Lo s in  m i n d . A eh a n ne i h a v i ng  the  d i . u m n e t  or  of t i l e  f i b e r  t i p

was d r i l l e d  i n t o  one ‘ i d ’ .’ of a p l e x  i1’ l ass block. This provi ded the support

and s t a b i l i ty  re~l u m i r e d  by time fiber. Directly in line with this , and from

the c u m p o s  i t o  s i d e  , another ch annel was drilled. This was t he  same d i a m e t e r

as t h a t  s t  t he L IP )  m u d  p roe icled t ime  s u p p o r t  mind a l i gnme n t r equ i red t o

e f f e c t  a p r o p e r  i ntertac e . Time c h ann e l  end closer to  t h e  I ib e r  wa s  t h e n

,m p e r e d  t o w a r d  the ‘tx is to guide t h e  o f f — a x i s  I igim t from the LED to the

fiber side of t h e  i n t e r co n n e c t i o n .  Fi gu re  6 i i  lustratcs ti m is c o n n e c t  i o n .

As vi t i m any opt ical connection , crosstalk mus t be minimized. This

was  a c c o m p l i s h e d  by u s i n g  s i l v e r  r e f l e c t  i v .  p a i n t  on t i m e  i n s i d e  of e a c h

LED c h a n ne l .  This  c f f e c t i v e l y  i s o lat e d  each  1 i gi m t  source as well as aided

in  g u i d i n g  the  l i ght  to t ime f i b e r .

Thus t he  des igned  canne c  t o r  so lved  t h r ec  n o  l o u  v’ roi l ems ccmmmcnl y

p r e s e n t  when d e a l i n g  w i t h  o p t i c a l  l i n k s .  N~ gl u i n g. n~u lis i ’m i n c .  or g r i n d i n g

W.15 r e q m m i  r ed .  Cross t a l k  v m s  r e d uce d  t o  an a c c e p t a b l e  I ‘.‘vc I . Li n i l I v

the alignment of f i be r  to l ight source , w h i c h  is  so c r u c i a l  “ i s  r ’ s , l v ’ .’d
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4 . Peformance Observations

The p e r f o r m a n c e  of Opt obun d le  proved to be cons is ten t  w i t h  the desi gn.

Upon encoding the  two i n p u t s , a p roduc t  cons i s t ing  of darkened f i be r s  was

observed from the fiber bundle. As previously mentioned , automated decoding

of the  o u t p u t  would involve a thresholding mechanism. This motivated a

q u a n t i t a t i v e  a n a l y s i s  of t ime o p t i c a l  o u t p u t  to prove the  f e a s i b i l i t y  of

such  an a p p r o a c h .

By p l a c i n g  a li gh t mete r at t he bu nd le o u t p u t , the l ight f l u x  under

v a r i o u s  c o n d i t i o n s  was o b t a i n e d . The f l u x  of a l l  ten f i b e r s  l i t  was measur ed ,

and them divided by ten to ob ta in  the  average f l u x  per f i b e r .  The accumula t ed

da ta  a re shown in T a b l e  2.

In e x a m i n i n g  t he  da ta , several po in t s  need to be made . The d i f f e r e n c e

between t h e  value  of the X l adder  and the  va lue  fo r  the Y ladder  is time

r e s u l t  o~ seve ra l  f a c t o r s .  The phys ica l  p r o p e r t i e s  of the indiv idual  LEDs

and the  f i b e r s  can vary to a small degree. Also  the  l E D — f i b e r  i n t e r f a c e

may v a ry  in e f f i c i e n c y  f rom c o n n e c t i o n  to c o n n e c t i o n .  This  is due to the

f a c t  t h a t  t h i s  is a hand made p r o t o t y p e .

In o rde r  to t e s t  op t o h u n d l e  fo r  immuni ty  to EMI , we mou nted it in the

w o r s t  e n v i r o n m e n t  l o c a l l y  a v a il a b l e , n a m e l y  in the reg ion be twee n t h e

p r i m a r y  and secondary  of a Tesla  t r a n s f o r m e r .  A p h o t o g r a p h of the  a r range—

can he seen in Fi gure 7. The a v i l a hi e  t r a n s f o r m e r  produce 200kv AC. When

the  t r a n s f o r m e r  is t u r n e d  on , i t s  e f f ect  is t o add .05 nW/cm
2 

light flux

o u t p u t  f r o m  each 1 0 — f i b e r  b u n d l e .  Compared to time n o r m a l l y  b r i g h t  bund le s ,

t h i s  r e p r e s e n t s  an i n c re a s e  of O . 6~’ w h i c h  f o r  a l l  p r a c t i c a l  prup oses  is

ne g lie ihle , since even when ‘i given  f i b e r  h i s  o n l y  h a i l  of i t s  s t r ands

l i t  t h e r e  is st i l l  a SNR f 19dB , and o n ly  two— I c vel  decod ing  is r e q u i r e d .

However , an CXI) 1 ann  t t u r n  of t h i s  i i i  c r c ,  m sem i L I Z  ti u t  is in orcie r and to I I ows
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Fl ux x10 9

Test Condition watts/sq. cm.

(X = Y = 1.0) 0.0

X = 0.0 Y = 1.0 7.4

x = O . o  Y = O . o  8 .2

x = O . 0  Y = O . 0  15.3

X = 0.0 Y = 0.0 (With Tesla Coil Active) .1

X — 1.0 Y = 1.0 (With Tesla Coil Active. ) 15.4

N o t e :  An i np u t  a t  the  1.0 position will have all the LEDs

connected to that side of the input encoder off.

Aim input at the 0.0 position will have all the LEDs

connected to that sic of the input encoder on.

Thus when X = Y = 0.0, twenty LEDs will be on.

Table 2 Average Light Flux Per Fiber

L. ~
_
~~~~~— _

~~~~ _~~~~ ‘— ‘~~~~~~~~~~~~~
_
~~~~~~~~~~ _ . -  - ‘~~~~~~~~~~ _



— 19—

I
i

If

SECONDARY ‘—
~~~

IPRIMARY 
. ‘I

t’

1’- - ---— ENCOOING CIRCLj ITRY

-‘ ‘
~~~~ - • - “ LED FIBER INTERFACE

I
EXTERNAL CONTROLS

Figure 7. Mounting of OPTOBUNDLE Inside Tesla Transformer

Il~



5 . Explanation of FIll—induced lig ht output

In order to understand this performance aberration consider the potential

variation across a rever~~ biased p—n junction in an LED. It is such that

time potential of the n side is higher than that of t h e p side , and hence

current would flow only if there were holes in the n region that could

drift to the p region or elcct ror~ in the p region that could drift to

thc n region. Normally there are very few minority carrie~ s In each

region and in fact the depletion region on either side of the junction

c ’nt ~t i~’s ve ry  few free carriers at all. Those that are present are hole—

‘.‘leci ron pairs which are generated thermally.

In the MVl O B data sheet it is stated that the reverse current

ru r u l v  exceeds .3 :A at .V reverse bias. In the field of the Tesla

transformer , however , energy is imparted to the Gallium Arsenide Phosphide

crystal as electromagnetic radiation and serves to generate hole—electron

pairs. The minorit y carriers in each region are accelerated toward and

across the junction by t h i t ’ j un ction potential and timus constitute a reverse

current of somewhat greater magnitude than normal. It is the recombination

of all c~ these hole—electron pairs that causes the added brightness , as

the energy released when an electron falls back from the conduction band

to the valence baud appears in t i m ’ .  f o r m  of  l i ght  in GaAsP and other li ght

emitting crystals.

Under forward bias conditions , the newly generated carriers constitute

a forward current as majority carrier and their recombination again causes

li gh t to he emitted. Under both bias conditions , thoug h , none of the turn—

on thres lmo l l: - , is disturbed and therefore the products remain as before.

L ~~~~ ‘ - “.‘--
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6 . Conclusion

Time f e , m s  i h i l  i t  Y o f ’ an op tical implementati on o f  a b u n d l e  m u l t  ipi  icr

has been shown by t h e  a c t u a l c o n s t r u c t i o n  and t e s t i n g  of such  a dev ice

a t  t ime  I n f o r m a t i o n  Fn g in e e r i n g  L a b o r at o ry  of t Ime D e p a r t m e n t  of C o m p u t e r

S c i e nce , l’ n i v e r s i ty  of I l l i n o i s .  I t  is expec ted  t h a t  the  ‘r i c e  of o p t i c a l

fibers will decrease ov e r  t he next few years as time ir mu se p r o l i f e r a t e s

and such ~m mach ine may ho entirely practical f o r  h a z a r d o u s  and n o i s y

app i [cat  i sis .
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Append ix

Performance data on switching diodes , LEDs, and fibers.

The following data sheets are used by permission of Dolan—Jenner Industries

and Monsanto Corporation.

p
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Performance of the 1N995 Fast Switching Diode

Material Ce

I’iV 15

I
f 10 ma at l.0V forward bias

I 10 ~ja 6.OV reverse biasr

t RR 6 ns max 

. - ‘~~_ _



- ‘ - ~. - - ‘ .. -.~~‘y’. .r . : . - . 0 
~~~~~~~~~~ -

Inst rument /Laboratory ~. BULL ~ +~t4 ft M

GLASS FIBE R~OPTICS I B K , EK ; EEK
FiberOpt ics

ALL DIMENSIONS IN METR I ( ’ SYSTE~ I

G E N E R A L  SPECIFICATIONS

I t e c ~~~ ~~~~~~

~“ m1 a Imd ar ( l  ICIugI  I ts  
amla tmim [room 

609.6, 914.4MM

Other lengths up to  IiIOO ~I M ama i la h ie on s peci al or de r .

TYPES EK , EEK
L

C

-i - - B

r’~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
______________

l)iI TYPE N~~. “I S’i’1)Ch i EN (~THS ) “ 8 ;~~;.. j a:,.

~ ~

“

~~

‘

~~

‘ ‘ ‘ “

~~~ 

___________ — 
I ~ “I , 

ml

I t u m ~~ ~~~l ‘~ ,
I- ;I~:liu 

— 
iti ‘ I i  ‘u ’. : ‘m u . : ;:.‘~ 

‘ : i. ; 
I ~~~ ~

‘ 

—

~u.i. n iMI :~’.siu~.s .~iu: MIl .l.l ~ i l : r I • . Its

TYPE BK
L

I-
- A - ’ ’

_::;:—h
C .

I ) Jl  I~ ’ I’i: ’.u. I. us I t u I h l . l \ t . l l l s  ~ ‘‘u ‘ I  I

j~I~l i  
— 

I .  u l l i  i l l I I ; , : u ’  
~ 

l :’ .7

IlI ~ .mll : - i i i  I l l i  :‘ ~~~~ .~~;: ‘ 
~~.

‘ .7

IIF. - u. i ; I ’ l  m l  .0 ‘ ‘  Y ,

flolan — Je riner Elect ronic Controls
Industries, ~~~~~~~~ 

And Fiber Optics

200 Ing a l ts Court . Metr ose. Massachusetts Telephone LI 7-662~82O0 C ib i ,  OOJEN

Manufacturers Of Glass and Plastic Fiber Op tscs

- - . . —A



BIFURCATED FIBER OPTICS — TYPES EK , EEK
‘T’. f um s I. I~ 4 ! l t ~, m . ’  mmt ’ ; ml ~ c mu l ml l  e’ ) I (’m ’ lmmI’  .l t m I m l ’ ~ll ’ i t l I ( t
un i t , tu r i i , - mi ~ i - ’ r ,  — l ’ ’ ~ t i t : , m  l it ’ . Ill liii ’ murum n tal immul ol fIt)e rs

m u m u u ’ u ~m m u m ’ 0 mm ,,, ml’ f, . mumm’ t t’u ’ I tm , m m mdtc ’
o h tm ’ .- ‘ r . pm ’ f - K  mt, , a m - , , - . ri’ ‘ n h - I  rmuu x , , l  r uum m lomumu,, d I

fr om ,‘am ’Im Iu’~.i I pr i ’ f ’ m m ’ u mm if ,mro m t ms pe r n.im .mm mm muhu n the
‘ I I  I I ” .  “ I ’m  II’ ‘a.if humm mj j . mu ‘a i t  I to ’  . m m m m n m m m r t  m m a jor  -
m l m . u l m i c l m ’ r  I , : I ‘u il m m’s m l ’ m ’ .mmm m l m m m l m m / ( m I  t V f : s im uel ude

‘ f . ’ ’ ’ ’ ’ m ’ I ’i ’ i I  ‘.‘ ~~~~~~ ~
, Im,,’’. m m ’ j ’ ~u’ m i m h , ’ ~~r iul i mum and sm nm u l a r

a If - !  i, a ‘u i’

~~~~~ tx ,., I - Elm t im ,  m ’ . , : m m u m , m m m  l , , m l m , m  . I ’ j : m m u l c r )  l,’~ i s  51111 1 )

t~ ml, i t  mit , liio 1,: , , r : ,  I ’ , ‘ ‘ ‘ I  .‘ ‘ i _ i l  l,iimi(lk mlm , u m m , et ~ m’
‘ I ’ .  p~ ~:EK I s  a m u m . !  :.dml ~m i pt- in um m uiju nc  -

i m i mo ‘ . m , i f i  . ~i::~ Ii’ i t m i m u m m u m a l o l ’  m r  i’ im s i n i p i m -  ‘‘Br’armm splutter ’’ NON — RANDOM RANDOMIZED

LIGHT TRANSMISSION CHARACTERISTICS t ON STR ( ( ‘TU)~.
GI~~S1 1 1011 OPTICS ‘I~~i’ES BK . I-;h. I l ’K

\m lli ( ‘ml t ) i f ( ’ l l t  ‘ . m , i , ! j m . s  c ’i, ’is :.: ‘.I m l , ’ ,-

I’  o p t i c a l  Om ’ ’- ’. Ii fmm ’ i ’ - - ‘.‘. ml, I~~’ u — I i ,  b
c Imms ~’ ‘I , ’ m ’ ~m m i m ’ , s t , j i t m l , — . ‘.t ,’,’l

“ I  .,.m ’ I, ,00, l ’, ’ COO.i” ’OOS ‘ l v i , , ’ - .  Il k I—am ;m m m , t  El- _ I’ a i m ’ m t , ’ ’- m c i m. ’ , t  t m
— — i. i , ’ - ~~~~~~~~~ m u m u u m m u l u a t  f m m u m m m l lm lmg ,  ~~~~ t i . I sI’ , - ; . b t m m i : _ ‘I,’ ,

- , 
‘ . .—~~~~‘. 

_ • . . o,. u m i m I ,- ‘s’,t mm m l  m m l i  rum i t I tm ’s ,  ml, : ’ ’ ,. t ’ ’ ’ ~ ’ - m ‘ i s
- - -- . 

- — ,. .._ , ‘—~~ ~~~~~~~~ , s hemul h i m  \~ u - m m -  a’ .‘ ‘a s i i t !  - ‘ .
~ I I I , m m !

S ~~~~~ — - — “-. ‘ 
“ , 

~~~
‘“ •,  - ‘ ‘ S , r m u ? , ’ t m  ll ’~m ’ . ~ t m a m i m m l  I ,~~ f I l m ’ ., - i ’ t

- ~, 
. \, 1 )_ I l ~,l m , ’r , : m ’, I ( -  m m i , f ’ ~0l ’:,,, m m : , ,  f ’ , ’, ’ , m t i m ’,’

I ’ ,,, , ,.,_ I \ 
~~ Ii tut’r’ u m f ) t i’ .’ — (‘a m m m i, ’ , ’ ,— m m , ’ I’ ’ , ’ ’ S m ii:

\~
/‘ 
~\ ~10 ‘ ‘

,“ ,
l’ - “ ‘ 

/ 
~‘,

\
, 

\, BF:Nl) i\(~ I { . \ i) l I  ~‘m

Bun dle Dia. - MM M i n i r n u l n i
- ‘N ~~~~~~~~~ _ -~ ~~ - ‘ - ‘ 

I - ‘i. - .  l i i  11(51 I’lli Bu’nding Radmu’. ~I M
4 , — ,  4 I

,
,’ ’

.

I 
j m m

4 .1P4 it t rca

Fi gure  I

- . . ~~~.._ _ _ _ _ _ _ _ _ _ _ _ _



VISIBLE MVIOA MVIOB

_ _ _ _ _  

__________ MVIOA3 MVIOB3
~~~~~~~~~~~~~~~~ ~~~~~~ 

;,. ~; ~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~ ~~~~~~~ -~

PRODUCT DESCRIPTION
T h e  me V I  (‘A and m ,’ ,J

~ 0t3 ‘ e m  u’s Ill vm s ,b le I ‘ c j h b  u-m itt  my dmodes are matt e f D it t o s ’  d Gj A s P The A ‘ i ’ m  II’S IS m i ,Ou fltm (I

on 10’ coa~~ma t hicm~ h’I’, -.s’ ’’ I a p m o l e c t m v e  epoxy ter m ’ , ,  The B serme ’ ,  is mounted a m a T018 header w ,lh a p r o Iect ~~m ’
cul lS  v- m s .

PACKAGE DIMENSIONS FEATURES

“ Si ., - .,, i — — — ‘~r • High L t b  m r ’ y’’binA mn, , s , to  p I m l , is r  50 f t -L ,
‘ I I  

, ,~ , a

- :::‘: ,~— • UlOa I’f ’j l m El m m~b I m nes’,--1 vu 1000 l f4,  lw5U n,A

- 
-- • Long . tm e Solid St al e P e l u m t m l ? y

• Low Powe m RequI le I1 Ier l :~ ” l yp .  1 0mW f or  50 ‘1 L

‘ I ” ’ 
‘ , ‘ 

‘ 
U I m I l p , m l b~~’ ~~ I t t I  m : ’ m.’ ; r _ I l m - i l  C , r c u mt ’ , - ’ DTL , R I  L .

- ‘- “, 
5 151 ’ ‘ i

1 ,  —
N
-: . ‘- ~‘ ‘. ‘ , ‘ i  ‘ a ’ .  • Comp ac t , Rugged , Lm g h twemg h t .

MV 1OA MV 1OB
MV 1OA 3 M V 1 OB 3

See note 3

ABSOLUTE MAXIMUM R A T I N G S

M V I O A - M V I  0 A 3  M V I O B - M V 1 0 63

M m ’  l a m  I ’ m ”: ) ‘ ‘ ‘ c p a t m i ,mn “~25’> C ‘ ‘sa’Ib,e: l T e r r m p e m , t l j m e  I’ PIT ’S I l5mrmVm/
Der,ilp L’a’. : r t y hm 001 25 C 2 Omr W C 2 1 ,1mW 15 C

m,, r.I,,, m lmT , l- t m m . m ;’. ‘~ Qpi ’r,:t ‘ I f  T - ‘ ‘ ‘ p. 1101 ’ . -  55 (.10 4 100 ’’C ‘55 C to +1 00 ’’C
‘‘ ‘i ’ - Lead S. - l d, -u 1 m m ,  - ‘ 5( 1 c ‘s’’ . 11 Pm,’ 4 )  1,0 c 7 .0 i

V m~ ~‘‘~ ‘ , n T ’  CIII , ’’’ ’ m i t  Vo ls es Corm ’ m , m , m, , s Forward Current ‘iO,r A lOrm’m A
1 ‘.‘,,i. F um .‘. , m ’  11 51111 ‘m i t ( 1  pseC - ~‘ ISv - , -300 o ps ) ~~

- - ‘s 3 (11’,

Revem se Vol tage 3 . OV

ELECT RO-OPTICAL C H A R A C T E R I S T I C S  (25 °C I so’ A l ,  l e m p e m a t m l m e  Um il e ss Ot tm er wm se Specmf ied )

M V I O A  M V m O U  M V I O A 3 M V I O D ’ I
C HA R A C T E R I S T I C S  MIN T Y P , MAXT1 MIN T Y P  M A X ,  UNITS TEST CONDITIONS

1” , ,  5 11 ’  m y I )  500 1000 f t  L F 5OmA
(.i i m m m : m ’ t  I ’ ’  p P ’  i’ b O l t  L
(‘.ee 1 , 11” 1) 10 5,0 mA

, m ’ i j l  r a c J ,j t ed  p .‘u’ .

( , p (’ , I , l , -  51) 100 p~ 1F ~~~ mA . ~= 6750 A
(“11,55 11 0 ecu,  . m  ‘ ‘ f Ill 300 /01 fl 6300 7000 -\

II I’ If  .S I’ lh I ‘1 10 31(0
I I T ? , 5 ’ II vnl! ..’j ’ - I I

~ 20 1 55 2.0 V l~, 
‘50 mui A

F - ‘ ‘.~s m ’ m t  ‘I s ’ m ,u lmI - m ’ s s t a n c e  2 0 2,0 ~ ~ -.50 mA
1 3 5  135 p F V ‘0

I ~q 1m 1 , , , ,  1 1 0’  , m m id I . , - If 1.0 1,0 mi s
1 ) 3  0 3 pA V 1~ 3,0 V



MVIOA MVIOB MVIOA3 MVIOB3 
— _ _ _ _

TYPICAL  T H E R MA L  C H A R A C T E R I S T I C S

M V  IO A -M V  10A 3 M V  108-MV 1003

Thermal u ec,’, an, i J I l L t m S f l  to F r ’ .v - Air (~~JA )  350 ’ C ~~ .320 W
‘It- ,-.. n’j I Ilm,’’,’stJ I ~‘ Ju ’ s t ar , t~ I ,Si ~~~~ ) 1/0 C ‘/V 155’  C ,V~
Wave lem my th Te mp em a t 5mm e I pe lt , ,  COt (~~,)se temperature) 3.0 A, C 3 0  -\
f - m w  ~d Vi1 m 5m ~~v- TeIT p( ’ rj tu re Co e f f , i , ient - 2.0 mVf ’ C -2.0 s W

T Y P I C A L  ELECTRO-OP T ICAL CHARACTERIST ICS CURVES
-~~~~~~ - 200 T 

-

~~~ 1

I :‘H 
“

I

0 
SO 

~ ~ m m ~~ 
~~~~~~~~~~~~~ 

]

e I Br Jim m ess vs m’ -. ‘ Si Ct,rre,,t Figure 2 b r lC/ - t I i e s s  vs. Tempera u~e d’igurE 3 Forward ,. ,Jrre’m t vi, Forward Vu/rage

2 5 C  Free Air Ter i l pe ralu re Unles s Qtherw ,s e Spe c i f ied)

0 

2 0~ /
~~~~~~~ - : -

. 

~ ~ 
. ‘‘ - , 

~~~~~~~~

o ’  

:

‘ 
— / \ / , i  ~~

I 

/ 
a ~/~ i~~

Fmgure 4 ‘pac s,/ 1.~ sb, t’u,i Figure 5 Spectre! Q’st r ub ur ,on Figure 6 i-’eao Power Ourpur vs.

Pulsed Forward Current

NOTES

1 4s ,rII’,uSl i l , ’ - I n’o~ m a Ptr m t , m  Resea rch 5pectra Spot drighrness Meter with “Spectar ” L-175 lens in the br ig htest
region of t ime’ emitting Si r~a,’”

2. The sm~ .1 em( terndl power a tpi t ima ’ .i s mj r enmen ts  are r r acie with a Centralab 100C solar cell terminated unto a 100
ohm .‘, , , ‘- e j j r r c e

3. The app are,I t  SpOt S . C  i / ’ ,~ i” (’ t p~ 
(nr ti’ ,- MVI O4 , M V I O A3 , and MVIOB , MVI OB3 are 0.025-inch ,,min,mum to

0.048 ,r,,’h r r mj l ,a,r m ,-1 i n n  0 025 ,nch Om,nlnm u,mm to O,066-i,,ch maximum respectively,

4, rhe Ii’ 1’, of thp M E / F O B  and MVI OB3 were r l ’ I . r ’r s , , I  ‘n nmolten solder , heated to 260 ’ C to a poirmt 1 16 m ,mch
11 (1’’’ F i r ,  I’m- i f,. c f  r i - - !‘ , , 

~‘ , a” MIL - s 750 .S. j qe’st i’ i I r m o I f t r I Q  procedures for MV1OA and MV1OA 3 Ia) Use
wet sponge to he’at s ,rmIm -e r m .s when soldering (b) Use co,mth,ctive epoxy (C) Press t im

scm - , r ,  
~~r ION:.  ~~~~~ C HA N ’ .I LITI-4 O IN USA © MONSANTO C O M P A N Y  souc s-u ~s. ~
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