
SPEC IR AL F A

D~ Tt
“ tu b

I 1-79

END

~oc

F
- -



I .C

I . I 
0

_ _  I

11111’ 25 1 4 11111



• - -.

/ 

~

LL~~L’ (‘1::,,’

z
0

I
Technical Document 265

SPECTRAL, FAR-FIELD , AND NEAR-FIELD
MEASUREMENTS OF FIVE LIGHT-

EMITTING DIODES

CR Zeisse

I SA Miller

JULY 1979

~~ ID D C Test and Evaluation: April 1979 — May 1979

,—~ ~~~~

1919 Naval Air Systems C~rnmand

Approved for public release; distribution unlimited

NAVAL OCEAN SYSTEMS CENTER
SAN DIEGO, CALIFORNIA 92152

~ j  09



NAV A L OCEAN SY STEMS CENTER . SAN OIEOO.CA 92152

A N  A C T I V I T Y  O F  T H E  N A V A L  M A T E R I A L  C O M M A N D

SL GUILLE~CAPT , USN HL BLOOD
Cumm .nd., Technical Ou.c(w

M)MINI STRAT IVE INF ORMAT ION

Work ~ .is performed during April  and May I Q7Q und er N( )S(’
(37  2 8N , Z I 050— SL . ET— 15 by the El ectroni c Material Sciences l) ivi sion .
Work was sponsored by Naval Air S stems Command.

• Released by Under Author i t y  of
l i i i  Wieder . Ika d (‘I) Pierson . Jr. .  ikad
Electronic Mat erial  Electronic Engineering and
Sciences Division Sciences l) epart ment

I

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  
- A



UNI ’I AssII:It:fl —

c ECu ’.Tv C L A S S I F I C A T I O N  OF THIS PAGE (W)i m~ bat . Ent.t0~i)

~~E~~
,’n1. ~~~~~~ A TIflbJ ~ ‘

~ E READ INSTRUCTIONS
,~ r~j i~ i U~J~..UM r( I ~~ I IUF~ 1 I3EI~ORE COMPLETING FORM

I R E P O R T  NUMBER 2 GOVT ACCESSIO N NO. 3. R(C IPIENT S C A T A L O G  NUMB ER

N OSC lechnical Docunie nt 2 65 ‘(TI) 265 )
4 TI1’~,E .n. i S~ b(4U.J S . T~~P~~ or REPORT b PERIOD COV ERED

SPF CTRAI, F AR -E lF [.1), AND NEAR .l :IF LD M E A S U R F M I N  ~s UI ’ I ~•~ t ~*IId L’VJILIJII&III

F IVE LIGIIT-FMITTIN( DIODES Aprl Ma~’ ~1)7o)

S PERFORMING ORG. REPORT NUMBER

? AU Tt ,OR( . )  S CONTRACT ON G RANT NUMB ER(S)

( R  ~~~~~~~~~

s..~ ~I~it~ 
/

S PERFORMING O R G A N I Z A T I O N  NAM E AND ADD R ESS 10 PROGRAM ELEMEN T . PROJ EC T , T A S K
AREA S WORK UNIT NUMBERS

Naval Ocean Systems (‘enter 63728N , / 1050—SI.,
San Diego, (‘A ‘) 2l 52 F I — I  ~

I I  C O N T R O L L I N G  OFF I C E  N A M E  A N D  ADDRESS ~~ REPORT D AT E
iuI y 4’)7~

)
I). NUMBER OP P A G E S

45
II MONITORING AGENCY NAME S AD D RESS ( t t  d~ff.,wI from Con(roil lng 0111,-si I!. SECU RITY C L A S S .  (ol tAll r.po?f)

Nava l Air Svsleiiis (‘ninin an d I. I nclassitied
Washington , D(’ 20361 ________________ _________

13., DECLASSIF ICAT ION DOWNGRADING
SCHEDULE

IS D ISTRIBUTION S T A T E M E N T  (of thIs Røpo rt)

Approved (or publ ic re(easc~ distribution unlimited.

I? D ISTRIB UTION STATEMENT (of A. .b.traci .nl.rad In Block 30, II dJII.,..nt from R.port)

IS S U P P L E M E N T A R Y  NOTES

IS KEY WOROS (Contln u. on ~ir,r~ i eld. SI n.c..a Jy mid ld.n6IIy by block numb.r)

Far (jeLl
LAght emitting diodes
Measurement
Near h e ld
Spectrometry

20 A BSTRACT (Contlnu• on , v .r.. .ld. It nec.•aacy mid I d .n ISVy  by block numb.,)

The report presents results of near-field , spectra l, and tj, r-tleld m easure m ents pci tot tned on S light
emitting diodes se lected at random from 45 mamuifactured by Faser Diode L4boratories.

DD I JAN 73 1473 LO1TION OF 1 NOV $1 IS OSSOLE Y E
S’N 0102-LF-014.6601 UN~ LA~~1I’IIiI)

SICURITY CLA ISIfICATION OF THIS PAGE (U~ mi Del. lnl .,.d)

—.

-~~~~-— — ________



CONTENTS :

INTRODUCTION . . - page 3

SPECTRAL MEASUREMENTS ; - 3

FAR-FIELD MEASUREMENTS~ ., 13

• NEAR-FIELD MEASUREMENTS:. ,31

APPENDIX A: GEOMETRY OF THE FAR-FIELD GONIOMETER ~~~. .42

KPPENDIX B: COORDINATE SYSTEM FOR FAR-FIELI) GREY SCALE AND
CONTOUR REPRESENTATIONS . . .44

I’

Access icn F. r

N TI S Gi~~&I
D~~~ TAB
Ui,ann uncod
~~~~~~~~~~~~~~~~~~~

‘ 
Av 1abi ’ L~~~~~~~ .

Av~ 11 ~j i~i/GZ’
D18t . apeclal

f ri

_ _ _ _ _ _  ~ • - • - -.--~~-- - -~~~~~~~~~~ —~~~~~~ •-
. — •~~~~~-~~~~~



INTRODUCTION

During the week of Apri l 16 , 1979 , 45 light-emitting diodes (LEDs) were received
at the Naval Ocean Systems Center (NOSC) from Laser Diode Laboratories , Incorporated.
These diodes were produced under manufacturin g technology contract number NOOl 23—
78—C—05700 for the purpose of improving LEDs for fiber bundle applications. Out of
the diodes received , 5 were selected at random for further evaluation and assigned device
serial numbers as follows:

Naval Ocean Notation for
Laser Diode Systems Center Figures and
Laboratory Device Serial Tables in this

Number 
—_ Number Report

5 D S N I I 8  a
15 D SN I I 9  b

25 DSN 12O c
36 D S N I 2 I  d
40 D SN I22  e

Near-field . spectral , and far-field measurements (in that order) were then performed
on each of the 5 diodes. A thin aperture , 0.045 inch in diameter , was centered on the face
of ’ each diode for the far-field and near-field measurements. During the beginning of the
spectral measurement for DSN 121 , the diode open-circuited while 100 mA of current was
flowing through it. Hence only near-field measurements appear for DSN I 2 1.

The purpose of this report is to present the results of these measurements , which
were completed May 24, 1979. The measurements are presented in the following order:
( I )  spectral , (2) far-field , (3) near-field. A brief paragraph describing the measurement
method and purpose begins each section. To facilitate the visual presentation of the data ,
the figures are not presented in the usual numerical order.

SPECTRAL MEASU REM ENTS

The purpose of these measurements is to determine the relative spectra l radiant
power of the LED. To do this , the diode is driven with direct current and the radiant flux
is focused with mirrors onto the entrance slit of a Jarrell-Ash 0.5-meter grating mono-
chromator. The monochromatic light leaving the exit slit is focused onto an RCA model
30809 silicon photodetector. The optical beam is chopped at 20 Hz by a mechanica l
chopper in front of the entrance slit , and the resulting ac signal in the detector is amplified ,
rectified by a lock-in , digitized , and stored in computer memory as the raw data file for
that particular diode. The raw data file is the n corrected to take into account spectral
variations not associated with the source and to adjust the wavelength marker from its
nominal to true value.

- Figures 1(a), (b), (c), and (e) show the relative spectral radiant flux A(X ) and its
integra l with respect to wavelength for all diodes except (d), the one that developed an
open circuit. The flux has been normalized so that its integral with respect to wavelength
equals unity. Each diode was operated at 100 mA dc and the optical resolution was
always better than 0. 13 nm. Data were taken at 2-nm intervals.

3
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Tables l ( a ) .  (b) . (c) and (e) present the data of figures 1(a) ,  (b ) ,  (c), ( d )  in tabular
form. The peak wavelength is the wavelength at which the spectral f lux is a maximum.
The average wavelength separates the spectrum into two equal areas: half the total f lux
lies at shorter wavelengths , and half the total flux lies at longer wiive length s. The spectral
width is defined as the full width of the peak at half of its maximum value.
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atiti ‘ i t h i  t he  gOtiIOIIh’tel ’ ‘‘ t~n~ a~~l,s 10 ~I I i t i  ~ I i o t I i  / t ’t O ) ,  l I l t ’ .l I ’~t ’l ( l t t ’ I i i l ~ l a l l I n s ’  t ’li l i l t ’

detector  Iys ulieasUl ’ etl ls~ rect ’t ’t l i l ig  I l i t ’ Ia ~ signal i tO ’’ . 0’’ t t ’ tnn t i i t ’ t l t ’tet ’ t t ’I  V I t~I ha ’) % lll~
I llis . l Ilt ’ l i - I )  cur r en t  u s changed to a st~t lare 5% , I % t ’ at I 04 I I ;  (111 .11  is . t h i t ’ I~i.is is t ’hl t ) I’I’ t’al
t’kt’tr iea lhv) j uitl h i t ’ .le stgt i . i l  ir om t i l t ’ t l t ’ te t ’IoI Is le~- t i t l t ’d hi~ ., lot - k - I l l  Iullp l l t lC ’I - t I I e l t I ’ t ’ t I .
antI  stored in ct~u l ip u le r  tiienioi’v is h i t ’ I I I S I  en t l ’~ t ’I t I l t ’ t ’a r - I ’ieltl  I~It t er n . flftO ’ - 

( ‘F ’ 
~. l ilt ’

• gonlolnt ,’ler then  moves ( l i t ’ diode to a ties~ pOlli i l ight ’ ( .~ degt t’t’st in I h is t ’ .Is& ’ .111t h I t ’t ’a’ l Cl ’s
• t I l t ’ second L~n I l \  li l t  ~~~~~ O~

’ ~. t h e  C u t l E t ’ I a r _ t i e h d  pat lel’ i i  ls ,IuIt ’ lll,l l l t ’ a l I \  s~ann ed Ill t i n s
lli.IIitiCll 1w illCt ’t’ii)t’t i til i g lilt’ pt,lai’ .night’ I r on i  (1 to I)ØV

V 

~ 
V, V V SIC ’I’s .11k1 the  a / l l nh l th iV I I

• angle from 0’’ 10 3(,O ” ifl . .~ : steps . l i l t ’ S C I l t ’s i ii  (‘ l i t t les  nn ~) 
- i,’ ) , w h l e l l  CII )  ldet i  ~~ I lie

• f ir st cnt i -v n i (O V . O’’~. t hen  r epu t ’sen ls  h i t ’ I t ’ I . I l l ) t ’ i a d l . I l i l  i i l t t ’ l i s l l ~ t it t h e  t i lo t le  a t C _ i t ) )
posit ion on the hemk pliere .

l:igtIri.s 
~~~ ( I’~_ (t ’L and (e s il t ’ )) .1 sCt ’t I t ’l l l’Iot C 1  I li t ’ I t ’ I . l t l \  C’ I .Itl l .lllI l l l l t ’I iSI I

oh ’ diodes a. Is , c a n d e, I n I hese p lots . I he line t st I l ie C’IiiII t e l  •I \ Is  (0 , = (0 - 0’ Polli t ’ s

~‘ei’ti t ’ahIv i i i’w ,ir d , t) is Ilit _ a sIllet i Ill .1 p t ’s I I l )e st ’ l lst ’ t~ t ’ili t he  t ’ un l t t e i  i s i s  to t h e  dl l t ’ t ’ I I t ’ ll
ot ob serv at ion , alit1 ~ Is iii easiit’ t’d posI l i s t ’ Ill .1 Ct ’ l I l i l t ’l t ’lt ’ t ’ k% ) ise s t ’i i st ’ lt’t ’kuIig . i I t ’nt ~ t I i ~’
.I\ ls in to lilt’ t’niIllt’l l igul Ves ~~~ ~I ’t . ( C  I , a l i t 1  l e t  rt’prt’st ’nl t i l t ’ s, l Ine t i ,0. l  I I )  l i l t ’ I t ’i I l l

t~I ‘ I gI’e~ St’VIlt ’ pk ’t . In t h i s  plot . light .Ilt ’as ,II’ t’ hIgh  liiIt’i1sI I~ tlat’k .Ilt ’.Is .11 C It ’” ) l i i t C ’l lSI l )  -

a,’O l i StVll i l  a i i u i i u l h i  lI l i es ~ lC  i’at li,iI, ati~I c t ’n s Iau l I  pol.il . iuigl t ’ l i n t ’s .i t t ’ t ’ I I  t ’ i i I . I l  • I h I t ’ Ct ’t ’ttIl
n ates l’or the  gt’ t’~ sealt ’ plot a lt ’ gl ) en  lii ,lI’pt~lit Il\ II . I i i t ’ s~ I Igilit ’s put ’) kIt ’ 1 t’t ’litt ’t ll plot
super imposed on I lie gre\ sC. l I t  replest 5 n 1.11 loll . I .k’ll co t i t  t ’t l i  i ept esent s t i l t ’ It ’t ’tl ’s 01 .1

Ievt’l oh co n st au i l  r . i d l . l I l I  i n t t ’nsit~ -

h u e  r e l at iv e  l ’ar — fi e ld  pa t t e rn  ‘V.111 lie conve r t e t l  to an ab solut e t ’f l t ’ i’~ usu t i r  t h i ~’
on— asis ti e measnrt’m enl .  V~~ matt ’l’ assu m ption o t ( 111% t0Il)t~l 5lt )ll Is st ’pai’ . i l ’ i Iu t ~ . li al i i t ’I)
t hat the  spec ltJh radiant inltmsiI~ l~ (0 . ~~~. Xi  ~V SI V I  

~~~~ t ’ . I t l l’t’ ~~i ’ i t t t ’li as tIlt’ i’lt’t lut ’l
ot ’ .m l ’nrelv ang ular t i i t i c t i o i i  &4(t? . ~~ iu i  su — 

- .1 ptii - eI~ spt’t’t ra l l’imnt ’t i t iu i  \ X l i i  ~~ I aul t I
.i singlt’ constant aI~ in W I> , (0 . ~~~, 

,\ I’,~l~�~X - 

~~ - ‘ \~ Xi , I Iii’s fl h’ .lli ’ s t hat

tilt ’ SI’t’ct rt illi is tt ltIt ’I’SetltICliI 01 Ih i t ’ .IIlI’It ’ at W h I c h  it Is t ’ l ’St ’ t )  etl ~ l l i l t ia’t .Issil l ) i l ’ t It ’ll IS

t h a t  at - operation ot ’ (lit’ t litide t ht ’es not ahtt ’i h i t ’ u t’ l.lt I) C radiant l I i t t l i s l t )  1 11 ,1 1 I’ , i t l’s
assiiiiit~th Ih a l  in ( (P , ç~l 111(0’ . () 1 ( 1 U? , a,~ ( ) ( 0 , 0’ ) .  ~~u h h i lh i t ’st’ ,I’ss t i i I lj ’ I  ‘ ‘i l ’ s I I  .11) I h i t ’ui
lit’ s Iio~s-n t hat lilt’ ra diant i t i t t ’ f l s i t V 1(11. ç~ii ‘II’ ai ,tZ Ill 51 l’s (‘I) Cit I’~

IS I hi t ’ I Itll.Ii it h its il l ss . I t l ’ , ‘liit t t ed ?‘~ h i t ’ dit’ttt .

I -~

V - 

-
- - —— - -—-  --  _~~ __  V~~~~~ V_ _ V~~~~~••~~~~~~~~ V
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l(O ,~~) =  1Th~
A
~

Jx
~ ~~~~In this equation , A(X l is  (lie n or mn ali iet h spectra l tins prest’nteth in (lie previous st-ct ioui and

R(X) is the absolute response of t h e  detector in A ciii~ W~ . ‘l’hc fi rs t br acket is h i t ’ to ta l
oh -ax is tIc rat liali t in tens I ty  4’ - t~(O o . 00

). and t h e  second br acket  is th e  re la t ive  at ’ far-
Ii ehtl pat t ern.  The integral over solid aiigle can be p er lormetl  in two stepsj irst  over
a , imuthal  angle ~ anti thieii over polar ati gle 0. ‘th e i ntt ’gra l over ~ determines a tu n c t io n
( (0 I which we havt ’ ca lled the polar radiant  int t ’nsit  y

- 2ir i t i ( 0 , g’l(; (o ’ ) / 1(0 . Ø)tiØ = 4’ (_) (Q
0 Ø’ ) / —-- - —

- o o int O ” . 0” 1

• The meanin g of ’ t h is lunction is tha t  ( ;~ 01 sill  0 dO Is the  anlo un t oh ’ f l ux  cont a ine t l  between
; olar angles 0 antI 0 + dO, l ’hit ’ solid lines in figures 4 a 1. ft 1. ( c) , an t i  ( e)  are plot s ol ’ G(0 1
iii iiiW tkg I

thi t’ i ntegral  oh ’ ( ;~ 0) sin( 0 0% t r  0 tlett’rtn ines t he  I ota l t in s contained wi t  i i in  a cone
of ha lt—angle 0. We have called this integral  Ilit ’ conical rad ian t  f l u x .  I t is shown in m i l i i w a t l s
in tlgures 4(a), (ii ), (c). and (e 1 I’y t h e  s t t ’ing of crosses ,

Tables 2(a) . (b ) . ( c) .  anti t e l  represe nt h i t ’ d ata of ’ t ’igut’ t’s 41 a 1, (h i . c) . and t e l  in
tabular  t’orm. ‘l’iie hemispherical hit ix is t h e  total  tins t’ni i t  h et l  b t lie t l iode in to  t hi t ’ forward
hemisp h ere. The hal t—ti n x angle is t lie hal t _ an gle  ot ’ a cone d i v i d i n g  t he to ta l  t ins in I t ’  two
equal ~‘arts ; half Ihi t ’ ilux lit ’s in sidt ’ t h j s  cone. at id hal t ’ llt ’S O(l t s ld t ’ th is  comic.
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- Figure 2(a) , DSNI l8.FF4 .
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l’ahle (ai , ~ uigular radiant ll) tL’tlsIt\ - Rat t i a ta  hli e I )SN l i S l F 4 ,

~EN ISA~~RIC~~ FLL D( 1 839 PU

p J ~-f~(J~( ~?f’IQ~ I 18-3 DEG

PO1/~ IFsItNSIN cON IC*~~ FLL D(
(DEG) ( ILt/DEG) ( PU’RADI~~~

) ( PU) ( - - )

0.00 442-9119 25.3770 0.0000 0-0000
2.00 436 - 5589 25.0130 0~ 0152 0~ 0083
4.00 429 . 5601 24,6120 0.0604 0.0329
6.00 411 1818 23.5590 0. 1334 0.0725
8.00 380.2372 21.7860 0.2293 0-1247

10.00 347 . 0934 19.8870 0~ 3425 0~ 1863
12.00 317.0214 IS V 1640 0.4687 0.2549
14 V 00 291 .7490 16,7160 . 6051 0.3291
16.00 264.975? 15. 1820 0.7488 0~ 4073
18.00 236.1778 13.6320 0.8948 0~ 4867
20.00 207 . 1879 11 .8710 1 0386 0.5649
22 ‘00 180.9905 10.3700 1 - 1773 0.6403
24 - 00 158.0786 9,0673 1.3094 0.7122
25.00 135.2581 7,7503 1 433(3 0.7794
28 00 108.5175 ~ .2175 1.5432 0.8393
30.00 84.0480 4.8156 1.6362 0~ 8899
3200 62 . 6974 3.5923 1.7115 0.9309
34 , 00 41 . 7744 2~3935 1 V 7680 0~9616
36.00 24 , 0349 1 V 3~’7t I 8055 0 .9820
38.00 13.9120 0.7971. 1 . 8282 0.9943
40,00 7,9973 0, 4682 1.8419 1.0018
42.00 4.2579 0.2440 1 . 84~i~ 1 0061
44.00 2.0672 0.1184 1.8642 1.0085
46 V 00 0.9750 0.0569 1 .8563 1.0096
48. 00 0. 6238 0.0300 1 - 8674 1 .0102
50.00 0.3507 0.0201 1 . 8581 1 - 0106
6200  0 V 2404 0 0138 1 . S585 1 - 0108
54.00 0, 1657 (3,0089 1 . 8689 1 .0110
56 . 00 0.0886 0.0051 1 . 8591 1.0111
58.00 0.0396 0.0(323 1.8592 1.0112
60.00 —0.0259 -0,0015 1,8992 1.0112
62.0(3 —0.0947 -0.0064 1 . 8591 1 .0111
64.00 -0.1716 -0.0098 1.8688 1.0110
66.00 -0.2414 -0.0138 1 .8586 1 -0108
68.00 -0,3119 -0.0179 1.8679 1.0106
70.00 -0.3901 -0.0224 1 .8573 1 .0102
72.00 -0. 4504 -0 . 0258 1.8665 1.0097
74 . 00 -0, 5419 -0 . 0310 1 .8655 1.0092
76.00 —0.6082 —0. 0383 1 . 8644 1 .0086
78.00 -0 . 8445 -0 . 0484 1 8629 1 .0078
80.00 -1.0104 —0,0679 1.8611 1.0068
82.00 -1 .2162 -0. 0697 1 - 8489 1 .0066
84.00 -1.2867 -0.0737 1 .8464 1 V 0042
86.00 -1 2970 —0.0743 1 .8438 1 - 0028
88.00 -1.3104 —0 . 0751 1.8412 1.0014
90.00 -1.3208 -0. 0757 1.8386 1.0000
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I’ah le 2 ( b ) .  Angul ar  radiant  i nt ens i t y .

Rf~ i DATA FILE DSNI 19. FF3

h-€Y1ISPI-ERIC~... FLUX 1 - 839 PU

P-~~ F-FU.X’( ~~~~~ 18.? DEC

P(L~~ ctl(LE POL.~~ INTENSITY COt’1IC~t. FLUX
(DEG) (t.LfrDEG) (PU/RADI~~1) 

(PU) (—— )

0.00 458 . 7420 26 . 2840 0.0000 0.0000
2.00 44-4 - 2558 25. 4640 0.0155 0,0084
4.00 420.2061 24 . 0760 0.0603 0.0328
6.00 388 . 1784 22.2410 0.1302 0.0708
8.00 361 2654 20 , 6990 0,2211 0.1202

10.00 335 .6440 19.2310 0.3286 0. 1793
12.00 309 - 3070 17.7220 0.4522 0~2460
14.00 283.3714 16.2360 0.5861 0.3182
16.00 259 , 0939 14.8450 0,7260 0.3943
18.00 236.4745 13.5490 0.8696 0.4729
20.00 215 - 2862 12.3360 1 - 0162 0.652?
22.00 196.4367 1L2550 1 . 1635 0.6328
24 . 00 176.4527 10.1100 1.3088 0.7118
26.00 162 - 8996 8.7605 1 - 4476 0,7873
28.00 124.2272 7.1177 1 5730 0.8656
30.00 77.0108 4.4 124 1.6698 0,9082
32.00 39.8389 2.2826 1,7294 0.9406
34.00 21.5792 1.2364 1.7626 0.9687
36.00 12,8290 0.7361 1 . 7822 0.9893
38 . 00 8.1699 0.4681 1.7948 0.9762
40.00 5.2938 0.3033 1 8032 0.9807
42 . 00 3.5086 0.2010 1.8089 0.9838
44.00 2.5143 0.1441 1.8130 0.9851
4600  1 . 8398 0.1064 1 - 8161 0.9878
48 .00 1 5723 0.0901 1 8186 0.9891
50.00 1 . 4301 0.0819 1 - 8209 0.9904
52 . 00 1 .3138 0.0753 1 - 8230 0.9915
54 . 00 1.2106 0.0694 1.8250 0.9926
56,00 1. 1223 0.0643 1 8269 0.9936
SR .00 1 - 0392 0.0696 1 .8287 0.9946
60 .00 0,9647 0.0553 1.8305 0.9966
52 00 0.8818 0.0506 1.832 1 0.9965
64.00 0.7992 0.0458 1 . 8336 0.9973
66.00 0.7384 0.0423 1 - 8350 0- 9980
68.00 0.6733 0.0386 1.8363 0.9987
70.00 0.6001 0.0344 1 . 8374 0.9993
72.00 0.5365 0.030? 1 . 8386 0.9999
74.00 0.4659 0.0267 1.8395 1.0005
76.00 0.3765 0.0215 1 . 8403 1 . 0009
78.00 0. 1253 0.0072 1 . 8408 1 .0012
80.00 -0.1036 -0. 0069 1.8408 1.0012
82 . 00 -0.2164 -0-0124 1.8405 1 . 0010
84.00 -0 .2306 -0.0132 1.8400 1.0008
86 . 00 -0.232? -0.0133 1.8386 1.0006
88. 00 —0 .2401 -0.0138 1.8391 1.0003
90 . 00 -0.2350 -0.0135 1.8386 1.0000

22
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CONiCAL FLUX , mW
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r
~ -V~ V--VV=VVV_VV_ V-V_~_~__~-V.VV V ~

__
~ V.,VV.V_V.VV.VV VVV VV, ,SV-~_.VVVV VS~~~V_ V_ ’V .

‘l5ibk’ . ( c ) .  Angu l a r  r ad i an t  in t ens i tv

‘V
. ~~ FILE : DSN12O . FF3

I-€MISPI’€RICAL FLUX t 3.708 MW

HALF-FLUX At’lCLE : 19.2 [)~~

POLAR ~~~~~ POLAR INTEN SITY CONICAL FLUX
( DEG ) ( LLVDEG ) (PU/RADIAN ) (MW ) ( —— )

0.00 785 - 3452 44 .9970 0,0000 0.0000
2.00 776.4143 44.4280 0.0271 0.0073
4.00 754 , 4354 43. 2260 0. 1067 0.0288
6.00 724 6602 41 . 5200 0.2351 0.0634
8.00 689 . 0729 39 . 481(3 0,4068 0.1097

10.00 645 . 4921 36 . 9840 0.6148 0.1658
12.00 601 . 6-496 34 . 4720 0.8519 0.2297
14,00 559.7615 32 . 0720 1.1125 0.3000
16.00 617.3326 29. 6410 1,3905 0.3750
18.00 479 0052 27.4450 1.6811 0.4533
20.00 441.0793 25.2720 1,9800 0.5339
22.00 404.8114 23 . 194(3 2.2825 0.6155
24.00 366 . 3618 20 9910 2.5831 0.6966
26.00 319.0808 18.2820 2,8720 0.7745
28.00 255.0971 14.6160 3.131? 0 8445
30.00 177.7093 10.1820 3.3403 0.9007
32.00 101 . 6776 5.825? 3.4830 0.9392
34.00 46.247? 2.6498 3.5628 0.9607
36.00 21.2668 1.2185 3.6011 0.9711
38 . 00 12.436 3 0.7125 3.62 13 0.9765
40,00 8.4(338 0.4815 3.6343 0.9800
42 . 00 6.0870 0-3488 3.6438 0.9826
44.00 4.8443 0.2776 3.6513 0.9846
46.00 4.1938 0.2403 3.6576 0,9863
4P,00 3.7884 0.2171 3.6635 0.9879
50.00 3.4880 (3.1998 3.6690 0,9894
52.00 3.2652 0.1865 3.6742 0.9908
54.00 3.0367 0.1740 3.6792 0.9921
56.00 2.8421 0.1628 3.6840 0.9934
58.00 2.6816 0.1536 3.6~87 0.9947
60.00 2.5230 0. 1446 3,6931 0.9959
62 .00 2.3312 0.1336 3.6974 0.9970
64.00 2.1266 0.1218 3.7013 0.9981
68.00 1.9181 0.1099 3.7050 0.9991
68 . 00 1 . 6800 0.0963 3.7083 1 - 0000
70 . 00 1.4454 0.0828 3 .7112 1.0008
72.00 1.2565 (3.0719 3.7138 1.0016
74.00 1 . 0489 0.0601 3.7160 1 - 0020
76.00 0.7257 0.0416 3.71?? 1.0026
78.00 0.0678 0.0033 3.7184 1 .~3027
80.00 —0 . 5612 -(3 . 0382 3,7180 1.0026
82.00 -0.9500 -0.0644 3.7165 1 - 0022
84.00 -1 , 0134 —0.0581 3.7145 1.0016
86.00 -1.0168 -0.0583 3.7125 1.0011

- ‘ 88.00 -1 .0339 -0.0592 3.7104 1 .0006
90.00 -1 0366 -0.0594 3.7084 1 - 0000 
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I-ET1I~~’I-ERICAL FLUX 2.819 PU

(4’4f-flJ.~( 
~~~~~ t 20. 1 DEC

P0L~~ ~‘1’1Q..E PO1J~ INTENSIN CONICAL FLUX
(DEG) ( LLVDEG ) ((lJt’RADIAN) (Itt ) ( --‘ )

0.00 S73 - 0261 32 . 8320 0.0000 0.0000
2.00 662.3788 31 - 6490 0.0193 0.0068
4 0 0  617.7341 29.6640 0.074? 0 . 0265
6.00 479.5638 27. 4770 0. 1609 0.067 1
8.00 447 . 9908 26.6680 0 2734 0.0970

10.00 426.7850 24 . 4530 .~ - 4099 0. 1454
12.00 410.9200 23 5440 0 5694 0.2020
14 . 00 395.7880 22 . 6770 0.7506 0.2663
18.00 378.2126 21 - 6700 0.9506 0.3372
18.00 361 - 4749 20 .7110 1 - 1665 0.4138
20 . 00 348.9609 19.9940 1.3976 0.4958
22.00 328.8372 18.3410 1.640 1 0.5818
24 . 00 294 . 0878 16.8500 1. 882~ 0 . 6680
26 00 245 . 6327 14.0680 2. 1102 0 . 7486
28 . 00 193 . 2951 ii .0750 2.3086 0.8190
30.00 136 . 6854 7.8315 2.4676 0.8754
32 . 00 85.8178 4.9170 2.5815 0.9158
34.00 46.6474 2.6727 2.6530 0.9411
36.00 23 . 8691 1 . 3676 2.6931 0.9554
38 . 00 11.8792 0.6806 2 .7145 0.9630
40.00 7. 1639 0.4105 2.7264 0 . 9672
42.00 5.6259 0.3823 2.7348 0.9702
44.00 5.0632 0.2895 2.7420 0.9727
46.00 4.6454 0.2662 2 7439 0. 9752
48 .00 4.3691 0. 2498 2.7555 0.9775
90 . 00 4 .  1176 0 2369 2.7619 0.9798
52.00 3.8966 0.2233 2.7681 0.9820
54 . 00 3. 7003 0.2120 2.7742 0.9841
96 00 3.4640 0.1985 2.7800 0.9862
58. 00 3.2030 0. 1835 2.7866 0 . 9882
60.00 2.9370 0.1683 2.7909 0.9901
62.00 2.6806 0.1536 2.7958 0.9918
64.30 2,4099 0.1381 2.8003 0.9934
66.00 2. 1344 0. 1223 2.8044 0.9949
68.00 1. 9042 0.1091 2.8081 0.9962
70.00 1.6695 0.0957 2.8 115 0.9974
72.00 1.4166 0.0812 2 .8144 0.9984
74 . 00 1.1948 0.0685 2.8169 0.9993
76.00 1 .0160 0.0582 2.8190 1 - 0000
78.00 0.7780 0.0446 2.8208 1. 0007
80.00 0.3807 0.0218 2.8219 1.0011
82.00 —0 . 1043 -0 .0060 2 . 8222 1 . 0012
84 . 00 -0.4262 -0.0244 2.8217 1 . 0010
86.00 —0 . 4693 —0.0269 2.8208 1 - 0007
88.00 -0.4811 -0 . 0276 2 . 8198 1 - 0003
90.00 — 0. 4799 -0.0276 2 8189 1 . 0000

I’~iI~le 2 (e)  - Angu lar rail ian I in t ensi Iv
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NEAR-F IELD MEAS U R EMEN TS
‘l liis series of U) ir ement s consists o1 a microscope scan across Ihe ).Zl.i ~s wuidowof the  diode. I lie diode is nR)unt cd vertically on a pair of tables capable oI’ trans latingth e diode in 0. I —m u steps in the X and Y di rect ions under  computer contro l.  The diod eis excited wi th  a 104 H~ square wave. The optical radiation leaving the  diode is collect eda lOX 0.2 N. A. mIcroscope objective and focused onto an 8-mu aperture in front of asilicon photodiode . defining a tick! of ’ 0.8 mU in diameter at the 1.1-I) window i t s e l f ’. 11wsigna l due to the f l u x  fr ori i  th is  fleld is sensed by a lock— t n ainplit ier . dig it i ied . and storedin computer memory. .fl~ tab les are then stepped t hrough a sequence of po sit ions cau singt he tliotk to move throug h the stationary field. The entir e operatio n is equival ent  to t liescan of ’ an 0.8 —n ih photosensitive spot in the X and Y directions across the  face of f i  diodewindow .

Near-field scans were performed with I .0-mil steps in X and \ covering a 25- ti i i lsq ua r e.

‘l’he dat a Iroin tf i ~ near—field scans are presented from thr ee d i t ier ent points ofview . Figures 5( a )  (e )  are persp ective section plots in which i f l t en s i t~- increases in thevert ic a l  directio n. Figures b (a) t e) arc contour p lots showing lines of equal i f l t e i i s i f ~-superimpose~I upon a gre y scale plot of the near-field data .  Figures 7( a )  ( e )  are graphswhose ord inate is the amount of flux contained wi th i n  a circle centered on the inle nsi l ~~
-centroid and whose abscissa is the diameter of the circle.
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APPENDIX A

GEOMETRY OF THE FAR-FIEL D CON (OM ETER
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