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ABSTRACT

The objective of t his program was to fabricate ~a
fiber-optic-coupled injection-laser array for the wavelength of
8500 A at room temperature . The laser devices used are of the
narrow-beam-angle large-optical-cavity (LOC) type. The array
emitted 84 watts peak optical power from an emission aperture of
15 mils by 20 mils , wit h a peak wavelength of 8420 A and a
half-intensity beamwidth of 380 , wh en driven wi th pulses of 50-amps
peak current , I 50-ns duration, and 5-kHz repetition rate.
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SECTION I
INTRODUCTION

The objective of this  progra m was to fabricate an injection-laser i l lumina tor  array emi t t ing
near-infrared radiation at a room-t emperature wavelength of 8500 A , wi th  the individual  laser
diodes optical ly coupled by fiber-op tic ribbons to a 20-mil by 20-mu emission aperture.

The fundamental  task in any i l lumina tor  system is to direct sufficient power onto a given area ,
usually under the addit ional  requirement to keep the coll i mating optics as small as possible.
Therefore , the property of prime importance for the light source in such a system is radiance ,
measured in wat t  cm 2 steradian I

To increase the total emitted power , laser diodes are assembled into arrays. The array normall y
has the same beam-angle divergence as a single device. The total power may be less than the sum of
the individual diodes because of the temperature rise due to poor he at s inking,  resulting from the
necessity of electrical isolation for series string current driving.  But the  most adverse result of array
fabrication is normally the increase in the area of the effective emission aperture.  Several plans have
been used to arrange laser diodes in proximity for minimum aperture arrays. The best stairst ep
arrays achieve a ratio of emi t t ing  to not-emitt ing area of 1/200 .

The array of this program has the diodes coupled optically b y the optical fiber ribbons. By the
i’ use of l-mi l by I 2-mil optical fiber ribbons , the array-emission area can he reduced by seven t im es

over that  of a stairstep array with the same number of diodes. Because the emission beam angle is
increased by passage through the fibers , the energy emitted into the required 450 solid-cone angle
(f/ I .2) is reduced 30 to 40Y , resulting in a brig h tness increase in the array o f>  6 due to the use
of the fiber optics. Addit ional  ben efits of fiber-optic coupling are better heat s inking due to diode
placement independent of optical considerations and simpler array fabrication methods .

The development of two processes was required : I )  the solution ep i tax ia l  growth of eff icient
GaAlAs injection-laser material for emission at 8500 A with a narrow beam angle , and 2) the
technique of coupling fiber-optic ribbons to injection lasers. Originally,  it had been planned to use
GaAlAs single—heterostructure lasers with sufficient Al in the recombi n ation region to reduce the
emission wavelength from 9100 A (for GaAs) to 8500 A at 300° K. Because such lasers proved
dif f icul t  to reproduce and generall y degraded easi ly, the emp hasis was shifted to the large-optica l
cavity ( LOC ) structure . The LOC is capable of high power efficiency and resistance to degradation.

~ I
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h owever, in reducing the normal 60° emission beam solid-angle to 45° , as required for the array,
these two qua l i t i es  must be compromised. LOC-lasers emi t t ing  0.5 to 1.2 wat ts /m i l  of face t width ,
at a wavelength of 842() A , and 45° beam angle were used in the delivered array. To the best of our
knowledge , this  is the first fiber-opticall y coupled LOC laser array tha t  has been built .

Techni ques were developed for coupling 1-mil by 12- mu optical fiber ribbons to the emi t t ing
facets of LOC injection lasers , wi th  typical ly 70 to 90% coupling efficiency. The ribbons Were
bundled at the output  end so that  the emission aperture was reduced to IS mils by 20 mils.

The delivered array emit ted 84 watts  max imum peak optical power with a peak wavelength of
8-~ 20 .\ (74 A half-intensity ba n dwidth )  and a half- intens ity spatial b eamwidth of 38° ; when driven
with  pulses of 50-amps peak current , I 50-ns duration , and 5-kHz repetition rate.

Figure I is a photograph of a prototype array which includes an optical integrator. The
delivered array is identical  except for th e omission of the integrator. The output  end of the fiber
bundle is held in a similar brass piece part that  has a 23-mil groove.

~~~~~~~~~~~~ ~~~~~~~~ -— . . ~. - - 4
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SECTION II
LARGE OPTICAL CAVITY LASERS

A. CHARACTERISTICS OF LOC LASERS

Large optical-cavity lasers were first repor ted b y II.  Kresse l et al) The device consists of a
four-layer structure (see Figures 2 and 3): Two confining wide band-gap layers , a thin P-layer wi th
optical gain , and a wave guiding N-layer. The purpose of the N-layer is to distribute the guided
optical energy into a larger volume. This reduction of energy de n sity leads to an increase of the
threshold value for catastrophic degradation . Single-heterostructure lasers require a 2-microns-wide
recombination layer. At energy densities of I -watt peak power per mu of emit t ing facet , which
corresponds to 2 X 10 6 W/cm 2 , the laser facets are permanently damaged. For LOC lasers , these
limits were extended . Values greater than 4 watts per inil for LOC lasers with 6-micron optical
cavity have been observed in Ti’s laboratory.

The drawback of early LO(’ lasers was their emission beam angle. They exhibi ted  rabbi t -ear
p atterns and unt i l  recently had half intensity emission cone angles of 60 to 90° (Figure 4) .

The p hysical mechanism which leads to low threshold currents  and hi gh q u a n t u m  efficiencies
is a combination of carrier confinement at the interfaces , with step-like increases of the band gap,
and optical confinement because of the reduced optical index in the material  with an increased
hand gap. Because of the difficulties in formulating a mathematical  model for the carrier
confinement , the LOC structure has so far only been treated in terms of the optical confinement. In
a series of publications ,2 ’3’4’5’6 J. K. Butler applied Maxwell’ s equations to a mu lt is lab structure.
assigning different optical indices to the layers. Only the recon ih inat ion region (thickness d 1 in
Figure 3) has optical gain. The computer calculations lead to plots of modal gain vs. cavit y
dimensions and permit predictions about the order of the mode which will  he e\e i ted first because
of its lowest threshold gain value. Furthermore , the theory permits the calculat ion of the emission
beam pattern.  Good agreement between theory and experiments  was obtained after reasonable
adjustments of the cavity geometric parameters. Despite its comp lexi t y. t h e  theory  provides
guidance for the design of lasers wi th  certain emphasized properties. The theor y is . h owever , not
capable of predicting trade-offs between . e.g., beam angle , t hreshold current , and q u a n t u m
efficiency. One of the major accomp li shments of the t h eory ~ as t he prediction of
narrow-beam-angle LOC lasers. Referring to t h e  def in i t ion  of symbols in Figure 3. the f indings of
this analysis 2 can be summarized as follows: Narrow beam angles on the  order ot 20° a re exh ibited

_ _ _ _  4



Report No. 03-72- 159

~ P-TYPE (DIFFUSED GaAs)

DIFFUSED LASER
N-TVPE (GaAs ) J

b.

—GROWN-P-TYPE GaAIAs

— — 1

/ / / / / ~~~~~ OUT DIFFUSED Zn , P-TYPE SINGLE HETEROSTRUCTURE
GaAs “ CLOSE CONFINEMENT”

— SUBSTRATE

I— GROWN P-TYPE GaAIAs

1— GROWN P.TVPE GaAs

DOUBLE
1— GROWN N-TYPE GaAIAs HETEROSTRUCTURE

LASER

~~~~~ SUBSTRATE

d.

i—GROWN P-TYPE GaA IAs

________________________ 
I—GROW N OR DIFFUSED

P-TYPE GaAs
I-’ GROWN N-TYPE GaAs

LARGE OPTICAL CAVITY

~~~~~GROWN N TVPE GaAIAs (LOC) LASER

~~~~~ SUBSTRATE

C A 3 1  405
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Figure 3. Definition of Symbols for the LOC Structure

t r om structures that have a small index ch ange AN n and an asymmetry factor f .~~~ / A N 1~~ 3. The
structure reported b y But ler and Kressel 2 had: ~~ N 1~ = 0.009 , 1 3. d 1 = 1 . microns and
d-, = 5.8 niicrons.

To relate the changes of the optical index to the Al concentrations , we show in Figure 5 the

index of GaAs vs. the photon energy. 7 ’8 If one assumes that  the addit ion of small amounts of Al do

not change the curve shape . hut  only cause a parallel shift  toward higher energy, one sees tha t , for a

:~ constant photon energy , the optical index is reduced. From the slopes of both p lots ( t ak ing

I o2° cm for the zinc concen trat ion and 300° K for the n-type GaAs ) .  one obtains  roughly an

index change 2~N = 0.8/I eV , imply ing a necessary hand- gap increase of onl y 0 .0 l2~ eV

(cor respondin g to AX ~ 10 0 \ )  at the lower cavity wall to obta in AN 11~- 0.0l . as reco mm e n ded h~
J. K. Butler amid El .  Kres sel .

By adjustment  ot the a l u m i n u m  concentrat ions in layers I . ~ 2 . and # 3, t he ha l f—in tens i ty

emission cone angles of the LOC lasers grown t’or the array of this  report were reduced to

approximatel y 450 , While smaller emission comic angles can he achieved , there is a trade-off in

output  power . Figure 6 is a beam intensi ty  versus angle recording for LOC slice No. 1 4090-20 .

which was used b r  the  arra y.

7
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• Figure 4. Beam Intensity versus Angle Normal to Junction
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Figure 6. Emission Intensity versus Beam Angle
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B. L I QU II ) EPITAXIAL GROWTH

The heter ostructure lasers are grown b y a l iqu id—p hase C l i l t a x i a l  process mn a m u l t i h i m i
sl iding—boat  system. A graphite boat b r  a two—l ayer s t ruc tur e  is shown I i i  I- igure 7 . 1 he boat s

heated , in a quar tz  tube l i l le d w i th  Pd—diffused h y drogen , by a thre e—tone d i t l u s i on  furnace.  The

— protil e is flat , over the length of the boat , w i th in  I .25 ° (’. l )ur ing g i - owt hm . the furnace is cooled h y a
• synchro nous motor turn ing  the temperature control.

The thermocouples are ot p l a t imun / p l a t ine l  Ii , which is as stable as Pt / PtRh , hu t gen erat es a
thermovolt age similar to chron iel / alum el .  A two-hour hydrogen flush was used to sweep t h e  air
trom the tube.

Ga amid GaAs are homogenized at hi gh temperature (e.g.. 950°C) and the other dopants (Al .
Zn , Te) are added to the melts prior to the actual run. For the run of LOC slice No. 1 4090-20 the
furnace with the loaded graphite boat was heated to 900.0° C, then cooled at the rate of
1°C/minute .  The first ep itax i al  layer was grown from 890-887°(’, the second layer from 887-884° C,

- - amid the third layer from 884-876°C.

For the run under discussion , melts oversaturated with GaAs were emp loy ed . m e . .  2.5 g
Ga1~s/ I 5 g Ga at growth temperatures between 890°C and 850° C.

- 

- 
The melt composition and performance of narrow-beam-a ngle LOC slice No . I 4090-2() are

shown in Table I. The half—intensity bea m width  is a 1/ 2 -  The th icknes s  of the grown second layer is

Table 1. Composition and Performance of LOC Slice No. 14090-20

Melt Compositions Ga in Melt 15gm

Al-Concentration Zinc , Ta Geometry
GaAs 3/2/i Layer 2 Layer d1, d2 ~1f2 1th ‘isI

(9) (mg ) (mg) (~) (degree) (kA) (A) (WA —1 )

- 
- 2.5 15/4.55/5.75 200, 2 1 , 5.5 45 25 8420 0.5

d 1 + d ,. During the growth of the third layer . t ine  d i ft ’uses in to  the second layer thus torm n in g the
recornb inatiom i layer (d I~-

C. CHIP FABRI CATION

The fabrication of laser devices is a strai ghtforward process. The 1100 1 oriented slice wi th  the
deposited epitaxial  structure is lapped from the N-side to ap pr oximi ia te ly  4 mils in t hLkn ess:  both

sides are metall ized , using a p lated Au layer , and are then alloyed . Lase r facets are formed by

II
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ckavim ig along the 1100 1 p lane. Lateral lasing modes are suppressed by roughening the sides before
soldering the chip to a header. To apply a mirror coatin g, a sandwich of SiO-Cr-Au-Cr-Si() is

evaporated onto the cleaved facet opposite the emission lacet.
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• SECTION I ll
FABRICATION TECHNIQUES

A. FIBER-COUPLED-D I ODE ASSEMBLY

Individual  fiber-optic-coupled laser-diode assemblies are constructed as shown in Figur e 8. This
assembly is fabricated by first soldering (wi th  60/40 solder) the laser diode chip (P-side down )  to
th e coppe r piece part. The chip is 10 mils b y 10 mils in area. The N-contact is then covered with
KMER and a mirror coating is evaporated on the back side of the chip. The mirror coating is a
sandwich of SiO-Cr-Au-Cr-SiO. The K ME R is then removed ami d the H-film strip is soldered to the
copper piece part using 60/40 solder. The copper tab on the H-film which extends beyond the
insulation , is then soldered to the laser chi p N-com itact using 1 17° C solder.

The clearance groove in the copper piece part allows the fiber-optic ribbon to he aligned
directly against the front of the laser chip with no interference from excess solder.

H-FILM N CONTACT (Au ON Cu)

/ FIBER-OPTIC RIBBON

-T T
~~

. 
~~~~~~~~~~ 

- -

/ / L COPPER P I ECE PAR T

/ / C L E A R A N C E  GRO OVE

L. LA SE R DI ODE CH I P

MYLAR INSULAT ION

CAJ 269

Figure 8. Fiber-Optic-Coupled Laser Diode Assembly
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The fiber-optic ribbon (see the Appendix)  is attached in a special jig which allows the diode to
be electrically pulsed while the fiber is aligned in three dimensions for opt imum lig h t transmission .
Before ali gnm ii ent , a drop of clear , epoxy cement couples the rih h om m optical ly to the laser facet.
Wh em i the fiber r ibbon has been positioned for m axi miiu n i l ight ou tput . a drop of Vigor cement
(alp ha cyam l oacrylate ) is applied between the copper piece part and the glass ribbon. This bond
hardens in about two minutes.  An addi t ional  quan t i t y  of clear epoxy is added to increase
mechanical strength , amid the completed assembl y is set aside to cure. Figure 9 shows four views of
omie such laser-diode assembly. The discoloration of the copper piece part is due to the mirroring
process.

B. MODULE ASSEMBLY

The array consists of two modules of 9 diodes each. Each module is constructed as show n in

Figure 10.

To assemble the module , nine laser-diode assemblies were stacked as shown in Figure 10 , but
on a flat table surface. The stack of diodes was pressed together between two pieces of brass
wei ghing about one pound each. Epoxy was then spread over the sides of the diode assemblies and
allowed to cure in place. The cemented-together nine-diode group was then bonded to the
anodized-aluminum support bracket by thermal  conductive epoxy (Enierson and Cuming
Stycast 2850FT).

The very critical bundling of the nine loose optical-fiber-ribbon output ends was accomplished

in the following manner: The ends of the nine ribbons were constrained to lie in one plane by
supporting the ends of a glass slide (see Figure 1 I ) .  Two brass blocks were used to push the ribbons
together and to hold them in approximate al i gnment as needed for assembly into the array. A third
brass block with a section of glass slide attached was used to push against the ends of t h e  ribbons so
that  the end of the bundle was flat. With all three dimem i sions thus fixed , a drop of cement was
applied at position “x ” (Figure I I , top view ) amid allowed to cure.

Two modules with ribbons pre-bundled as described were secured by a screw to an anodized
aluminum frame as shown in Figure 12.  The two bundles of ribbons were fitted into a 23-mil wide
by 20-mil deep groove cut in a brass block. Originally, a 20-mil by 20-mil by 400-mil flint-glass

-: optical integrator was placed in the same groove , and coupled to the ou tput  end of the fiber bundle
with clear epoxy. But it was found tha t  the emission pattern obtained whl ’n the optical integrator
was used was unacceptable , so the integrator was omitted.  Section V contains more details on the
integrator emission. The delivered array has the end of the fiber bundle extending about 1/ 16 inch
beyond tile end of the groove in the brass block. The emission aperture is 15 mil s by 20 n i i l s .

16
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Figure I I .  Optical Fiber Ribbon Bundling
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FIBER OPTIC RIBB ONS
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Figure 12. Injection-Laser Illumimiator Array for 8500 A Emission
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SECTION IV
ELECTRO -OPTIC EVALUATION

A. EQUIPMENT

The arra y  was electr ical l y driv em i by a Ve lonex Model 380 ll i gh Power Pulser. The peak current
~~as n iomi itored by the terr i te—toroi d t ransformer circ u mit  of Figure (3.  Using a precision .
low-im idu ctance I-ohm resistor for current  sampling,  the transformer has been calibrated at
60 n lV/ am il p.

All waveforms are disp layed on a Tektronix Type 546 oscilloscope. Voltage readings are made
using the Tektronix  lOX probe.

Al l optical  power miieasurements were made with an ITT F4000 (S-I ) photodiode. calibrated at

0.95 mA/watt in the 8400 to 8500 A spectral region.
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Wi~el engt h was measured b y a Jarr e l l-Ash Model 82-020 grat im i g spectrometer  w i t h
the rmoek ’ct r ica l ly  cooled Type—7 102 photon iul t i p lier .

B. PERFORMANCE DATA

Because the Ve lonex pulse r was unable to drive the  ent i r e  array,  all measurements were made
on one mod u le  at a t imne .  The modules are c a l l e i l ” l ”  and “2” as indicated in Figure I 2.

For the mntem i si ty versus wavele n gtl l  p lot of Fi gure 14 , each module was driven wi th  IS O-us
wide pu lses , wi th  a rise time ot < 10 us amid a fall t ime of < 20 ns , - peak current of 50 amp . and a
Pulse repeti t ion rate of 500 lIz. T h e  center wavelength is 8420 A at half- intensi ty .

Peak power emitted , P0. was measured as a function of peak current. The pulse wid th  wa s
IS O ns and the frequency 100 l Iz .  The result is presented in Figure 15. At 50-amps peak dri ~e -

current , module No. I emit ted 57 watts  peak . and modu le No. 2 emit ted 48 watts.

For power measurements , the width of the electrical pulse is very important .  The beginning of
the opt i ca l pul se lags th e elect ri cal pulse b y abo u t 40 n s, and the optical pulse has a long rise ti m e. -

~

For a pu lsewidth less than I 25 us . the optical output  does not reach its peak value.  For an
electrical pul sewidth greater than 200 m i s . t he l)eak optical power wil l  decrease due to heat im i g
dur ing the pulse. This is i l lus t ra ted  by the idealized waveforms of Figure 16. For tile delivered array.
the op t imum li  electrical pulse w i d th  is app rox im atel y 150 u s .

The outputs  of the two modules were summed ar ithmet ica l ly  to y iel d the power versus current
plot of Figure 17 . At  I OU LI z ,  the sum is 105 wat t s  at 50 amps and 131 wat t s  at (~7 amps. AT 5 k Hz
frequency, ti le tota l power is 84 wat ts  at 50 amps . measured in less than  5 seconds , so t h a t
long-term heat ing was not involved.

Because the injection lasers used in this array are ot tile large-optical-cavity s t ruc t u re .  the
emission-beam angle and spatial  in tens i ty  pattern of the outpu t  beam are of part icular  importance.
The tar-fie ld in tens i ty  pat terns  for each mod u le separately , and both modules Ir iven together , at
45 amps . I k Hz , 150-us p uml s ewidth .  were im ivestigate u l b y pr ol ect ing the beam on a sheet of graph
pape r a t tached to a glass p lat e . and scanning th e in tens i ty  pattern with a I — m m  diameter silicon
photovolta ic detector. The beam pat terns are simi lar in gross features to the pat tern of a single
LOC-laser diode (as in Figure 6) , hut  som il eW ilat smoother.

The p lots of Figure 18 show the spatial  d i s t r i h u t i o m i  ot the  in tens i ty  m a x i m a (lobes of the LOC
emission ),  dc ot cd b y “x’’, the re la t ive  m i n i m a  points  of i n t e n s i t y  equal to one—half  tile m a x i m u m .
de n ote d by “.“. In each case, the highest i n t e n s i t y  point  in the field pat tern was located and
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Figure 16. Optical Pulse Peak Amplitude Dependence on Electrica l Pulse Width

normalized to an amp lifier reading of I .  All other points were then referenced to that  peak , so that
in the case of Module No. I , the other lobe has am i intensity of .9 , and the intensity of t u e  central
relative min imum is 0.75. The beam angle at hal f -maximum intens i ty  km the plane of greatest spread
(perpendicular to t h e  plane of t h e  P-N junct ions)  was calculated from the geometry shown im i the
imise t of Figure 18.

The original array design re qumired a 20-mi l b y 20-mil by 400-mil glass cell to he fixed to the
output end of the optical fiber to provide mixing or integration of the multiple emission beams, so
that  the far—field pat tern would lie more uniform. Sumc h ami integrator was optically (epoxy ) coup led
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Fi gure 17. Sum of Peak Powers Emitted by Modules 1 and 2

to the prototype array (Figure 12L hut the in tens i ty  pat tern , rather tham i being smoothed , became.
on a screen perpendicular to the beam axis, a two-dimensional array of roughly rectangular  bright
spots with a “line” structure and arm overall imitensity diminishing with the radius. Figure 19 is an
approximate drawing of the observed intensity distr ibumtion on a white card held about two inches

from the emission aperture.

The same pattern was obse rved whether the total array was lasing or spontaneously emitting,
and wilen one diode only was ei ther  lasing or spontaneously emit t in g .
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Figure 19. “Integrator ” Emission Intensity Pattern

The effect is apparently due only to the geometry and reflectivity of the integrator and optical
fiber system; however, the phenomenon is not understood in detail. Due to this phenomenon . tile

optical integrator was omitted from the delivered array. The integrator reduced the total peak

power available from the optical fiber bundle by about 1 0%.

The peak power emitted by each module was measured at 100 Hz , I kHz , and 5 kHz. The
read ings were taken in less than ten second s each , so that hea ting was limited. At 50-amps peak
drive current , the sum of the peak power emitted from the two modules is 106 watts at 100 Hz ,
while at 5 kHz the sum is 84 watts. The power versus frequency plot , Figure 20. shows an increase
in power for Module No. I when the frequency increases from 100 Hz to I kHz. Whether or not
this is a measurement error is not known . hut the same phenomenon was observed in another laser
array measurement. 9

With a peak current of 50 amps , a pulsewidth of 150 ns, and the frequency at 5 kHz , each
module wa s operated separa tely for two minutes , and the peak power was measured as a functiomi of

time (Figure 2 I). At the end of two minutes, the power was very nearly stable , wi th the power
falling from 57 watts to 39 watts  for Module No. I ,  and from 28.5 watts to 23 watts for Mod umle
No. 2. At the end of the two minutes , the drive current was removed and the modules were allowed
to cool for 30 seconds . The output  of Module No. I increased to 47.5 watts and that of Module
No. 2 increased to 25 watts.

28

ha ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~
-

~
- - -.-~~~~~~---- ~~~~~~~~~~~~~~ ..~~~~~~~~ 

___



Report No. 03-72-159

70

60 - 
— — — — —

50 —

— 40 —

C/I

30

~~MODULE 1
20 —

0 MODULE 2
Ip~~50 AMP

10 — 

lSO ns c

I I I _1._ I I I ~ l I I I i i i~~~~~i

100 1000 3K  5K 10,000
PULSE REPETITION RATE (Hz) (150 nsec PULSE)

C A 3Z O SI

Figure 20. Power versus Frequency

Th.. frequency response ot the array was adversely affected by t he rather  higil series resis tan c e.
As shown in Figure 22 , the series resistance of Module No. I is 1.1 OlIn i s . or 0 . 1 2 ohm/diode ,  and
for Module No. 2 the resistance is I .6 ohms , or 0. 178 ohm/ diode. The reasoll for this  is t ha t  no
P-type GaAs layer was grown on the material from which the diode s were fabricated . This e\ t ! J

- :- layer has been found necessary to facilitate ohmic contacts to GaAIAs. Due to the hi gh series

resistance , the power efficiency (based on tile formula i~1~ P~ /l 11V 11) for the total array at 50-amps
drive current at 100 l-Iz is 1.5’ ~~.
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Fig ure 21.  Power versus Operating Time

A summary of measured performance is shown below :

Spectral peak wavelength 8420 A

: Spectral half-width 75 A
Peak power at 100 Hz . 150 ns , 67 amp 132 W
Peak power at 100 Hz , ISO (is , 50 amp 106 W
Peak power at 5 kH z , 150 ns , 50 amp 4 W

(short-term operation)

Peak power at 5 ki lz , IS O m i s , 50 an~p (32 W

(after 2 -mm operation )
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Figure 22. Peak Voltage versus Peak Curr ent

Half-intensity bea m soli d -amigle 
-

Power conversion efficiency at 50 amps , IS O ns . 100 El i 
Power conversion efficienc y at SO amps . 150 ns , 5 kIt ’ I .25 -

Emiii ssion aperture I S mils Nv 20 mil s
Number  of diodes 18
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SECTION V
SUMMARY

During this technical effort it was demonstrated that  mi arrow- h eamii-a n gle large-optical-cavity
8500--\ wavelength injection lasers can he combined into an i l luminator  array and coupled optical l y
to a smila ll emission are a using opti cal-fiher-r ibhon ligh t wavegmiides. Eighteen LOC laser diodes were
coiiiiected in series electrically and coupled optically to an emission aperture of I S mils b y 20 nii ls .

The delivered array emitted 84 wat ts  peak optical power at turn-o n , or 62 watts after  2-minute
operation , with a peak wavelength of 8420 A , when driven by pulses of 50-amps peak current .
l5O-ns pulse width , amid 5-kHz repetition rate.
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APPENDIX
OPTICAL F IBERS*

The fiher-optic rih h om i s used are composed of I 2 l -by- l-mi l -squarc fibers fused together in
p arallel Figure A- I  ) to mi iatc il tile i im i e soumrce laser output .

Each f iber  consists of a glass core of refractive index I . 57 , surrounded Nv a glass c la ddmn g o!

imi dex 1 .48. Optical fibers trami sm i t  l ight  by th e phem omiienon of total in ternal  re f lectiomi . Lig ht  ra y s
which strike the core/ sheath i n te r f ace  at angles greater than the critica l angle O~ are re fl ected hack
llit () the core amid travel to t u e  o ther  end of the fiber by a zigzag path of successive ref iectlon s . **

ilie glass cladding is necessary to pr otect the core surface froni c on t arn im i at iOil .

*The fibers used for th is program ‘Ac re purdtase d f rom :  I3en di~ m-:Iectro -optics Divis ion , Galiteo Park , Sturbridge . ~Ia ss . 015t 8 .

**h S. Kapany, I- Th-r Opti t~- : i ~- qth -~ am! .-1pp IIcati~ Ci3 , pp . m -30, New York , Academic Press , m 967 .
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Figure A-I . Fiber-Opti c Ribbon (Individual , Square , Glass Fibers Fused Together I
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For miie ri ul iom i~i l ray s . i .e., those tiiat intersect the optical axis , Snell ’ s law may he u sed to del in e

a q~.ma n t i t ~ called tile num i lerical  aper ture , or NA , of the optical fiber. Tile NA m s a mea sure of the
ma x i n i u m m i l  ct~ hle angl e  ot lig ht which ti le fiber can t ransmit .  Figure A-2 silows the ray geometry.

NA n 3 sin 0 max = (n 1
2 — n 2

2 ) 1’2

acceptance angle = 2 0max ’

i -or  t ih er  of indices 1.57 and 1.48 ,

NA = 0.52

T u e  f/number  of the fiber is given by

f/number = I / (2NA) ~ I .

A 2
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Figure A-2. Diagram of Ray Passage Along an Optical Fiber (Rays In cidem i t at the
Fiber Wall at an Ang le Greater tham i the Critical Ang le are Trapped within the Fiber)
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