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Figure 1 shows the transmission spectrum of the 
XeCI laser plasma with He buffer gas at the moment 
t = 20 nsec after initiation of the discharge. Some 
absorption lines used for determining the concen
trations are labeled. 

The concentration of cI- ions was measured from 
the absorption data in the region of the electron 
photodetachment threshold for cI- (335-345 
nm). 

Dye laser absorption probing in the 330-610-nm 
spectral range and gain measurements at 308 nm 
allow us to determine time dependences of absolute 
concentrations for xe•, He•, Ne•, xe+•, xet, Cl, 
and XecI• in the discharge.1 

Figure 2 shows the time dependences of the 
concentrations of cI- ions (curve 1) and XeCI • 
molecules (curve 2) in the discharge for He- and 
Ne-based gas mixtures. Curve 3 (arbitrary units) 
represents the lasing pulse. 

The formation of cI- ions for both gas mixtures 
begins ~15 nsec after the discharge initiation, 
whereas the creation of XecI• excimers starts 
practically from the moment of discharge initiation. 
One can suppose, therefore, that at the beginning 
stage of the discharge (a in Fig. 2) the formation of 
xeeI• molecules is caused by a harpooning reaction 
between xe• atoms and HCl(v) molecules. Region 
b in Fig. 2 corresponds to the predominant XeCI • 
formation by the ion-ion recombination of xe+ and 
cI- ions, the main reaction for our conditions. 

We used XeCI • and cI- concentration curves and 
the condition of plasma neutrality for determining the 
rate constants for an ion-ion recombination reaction. 
The constants obtained were k = (1.3 ± 0.4) X 10-1 

cm3 sec- 1 and k = (1.4 ± 0.4) X 10-5 cm3 sec- 1 

for He and Ne buffer gases, respectively, being in 
good agreement with those obtained theoretically 
by Flannery's formula.2-3 

cI- is the major absorber at 308 nm in the laser 
medium. As the rate constant of the ion-ion re
combination reaction of XecI• formation for a Ne
based gas mixture is much larger than that for He, 
the dynamic equilibrium concentration of cI- ions 
and absorption losses are lower for a Ne-based gas 
mixture. It leads to an increase of optical extraction 
efficiency and pulse duration in Ne buffer gas mix
tures. (Poster paper) 
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Phased arrays of diode lasers can produce sin
gle-lobed diffraction-limited beams directed normal 
to the array facet only if they oscillate in the funda
mental supermode. 1·2 However, most phased arrays 
demonstrated thus far exhibited double-lobed beams 
because of their tendency to operate in the higher
order supermodes. Recently, we have shown theo
retically that efficient supermode control can be 
achieved by employing chirped array structures in 
which the channel phase velocities vary across the 
array. 3 The present work describes the lasing 
characteristics of inverted-V chirped arrays of 
GaAs/GaAIAs lasers, which exhibit single-lobed 
diffraction-limited beams directed normal to the 
array facet. 

The schematic cross section of the inverted-V 
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chirped array is shown in Fig. 1. The arrays were 
fabricated from multiple-quantum-well GaAs/GaAIAs 
wafers grown by molecular-beam epitaxy (MBE). The 
seven laser stripes in each array were defined by 
shallow proton implantation. The stripe widths varied 
from 7 µm at the central channel to 4 µm at the 
outermost channels symmetrically in steps of 1 µm. 
The channel spacing was 2 µm. 

The channel width variations in the chirped arrays 
result in variations in the (complex) propagation 
constants of the guided channel modes. This in turn 
modifies the near-field patterns of the array super
modes compared with those in a uniform array. In 
the inverted-V chirped array, the power of the fun
damental supermode is concentrated in the central 
wider channels where the gain is larger,4 whereas 
the higher-order supermodes are more localized in 
the outermost channels. This results in the prefer
ence of the fundamental supermode, The use of MBE 
grown wafers is particularly effective in the case of 
chirped arrays because of the wafer uniformity 
which helps to produce the desired variation in the 
channel propagation constants in a controlled 
fashion. 

Figure 2 shows the far-field pattern of an inver
ted-V chirped array measured in the junction plane 
under pulsed operation. The far-field pattern con
sisted of a single lobe up to more than 1.5 X ftt, with 
a FWHM of <3° at 1.1 X ftt,. The beam was directed 
normal to the array facet unlike the deflected beams 
exhibited by linearly chirped arrays of gain-guided 
lasers.4 

Photographs of the spectrally resolved near field 
of the chirped array are shown in Fig. 3(a). Near 
threshold, the array lased in a single longitudinal 
mode as well as in the fundamental supermode, 
which is consistent with the narrow single-lobed 
far-field pattern in Fig. 2. At higher currents, 
higher-order supermodes could be identified in the 
spectrally resolved near field. The excitation of these 
higher-order supermodes was accompanied by the 
increase in the beam divergence shown in Fig. 2. 
Figure 3(b) shows the measured near-field distri
butions of four supermodes that were observed at 
I= 1.8 X ftt,. These patterns qualitatively agree with 
those derived from a basic optical model of the 
chirped array. 

Design considerations of chirped arrays, aiming 
at better supermode discrimination and smaller 
beam divergence, will be discussed. 

(Poster paper) 
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Modeling of the optical field in phase-locked diode 
laser arrays is becoming increasingly important in 
interpreting the behavior of these devices. Radiation 
patterns emitted by experimental arrays are often 
complex 1 and do not agree with a simple grating 
analysis of the near-field pattern. However, contri
butions to the far-field profile from amplitude and 
phase nonuniformities among the emitters are not 
well understood and need clarification. In addition, 
certain characteristics of an array's radiation pattern 
can be enhanced by proper geometrical design,2 and 
it is useful to simulate these new structures to 

evaluate their relative performance and susceptibility 
to perturbations. Furthermore, modeling may 
suggest new designs for improved beam charac
teristics. 

In general, the far-field intensity pattern of an array 
of N phase-locked lasers is given by the following 
expression 1: 

~0) a: cos20 If dy 

X exp(-ikoytan0)Er(y)l 2, (1) 

where O is the observation angle and Er(y) = ~An
En(Y - Yn)- An and En(y) are the amplitude and 
modal function of the nth emitter centered at Yn. For 
the special case of identical emitters shifted by a 
constant distance along they axis, Eq. (1) simpli
fies, 1 but for arrays in which the modal functions of 
the emitters are not identical Eq. (1) must be evalu
ated numerically. 

We used the above expressions to calculate near
and far-field patterns for a model of a phase-locked 
diode laser array in which the individual emitters are 
optical waveguides whose complex dielectric con
stants follow a cosh-2 relation with fully adjustable 
parameters. Such an optical model is known3 to 
represent the waveguide of a gain-guided emitter 
with index antiguiding but can also simulate arrays 
of index-guided lasers by appropriate choice of 
parameters. The amplitudes, optical field distribu
tions, relative phases, emitter spacings, and widths 
can all be independently varied to study the resulting 
radiation pattern. The radiation pattern for each 
selection of laser parameters is evaluated numeri
cally by computer with a fast Fourier transform 
routine. 

The model has been successfully used to analyze 
experimentally observed far fields to extract the 
waveguide parameters of individual emitters. For 
example, the solid line in Fig. 1 shows the far-field 
profile calculated for eleven identical waveguides 
each with an effective gain width of 6 µm and an 
antiguiding factor of -1.64. To simulate the exper
imental conditions of the array chosen for analysis, 
the fields of the emitters are taken to be locked in
phase with amplitudes which vary sinusoidally over 
seven emitters and are null over the remainder. The 
experimental points in this figure are taken from the 
far-field pattern emitted by a phase-locked array 
operating in a fundamental array mode with a similar 
amplitude and phase distribution.4 A fundamental 
mode with three maxima in its radiation pattern re
sults from the antiguiding of individual emitters in this 
structure. Emitters in this array were 4-µm stripes 
on 10-µm centers defined by protons implanted 
slightly deeper than usual. The calculated profile is 
evidently quite a good fit , which demonstrates the 
reasonableness of the model. The calculated profile 
is found to be quite sensitive to changes in the 
waveguide parameters as will be illustrated fur
ther. 

Figures 2 and 3 show the calculated intensity 
patterns in the near and far fields, respectively, for 
two patterns of eleven identical waveguides with 
sinusoidal amplitude distributions and center-to
center spacings of 10 and 6 µm. An interesting 
characteristic of.the near-field profiles is the pres
ence of intensity peaks between the active stripes 
for the 10-µm spacing. Such structure was first 
recognized5 by Kapon et al. to be due to interference 
between the optical waves in adjacent emitters. This 
interpretation is confirmed in our cal~ulation by the 
disappearance of the interstripe peaks when the 
waveguide parameters are chosen to produce op
tical modes with plane wave fronts. Comparison of 
these figures illustrates an anomalous reduction of 
apparent lasing spots which occurs with decreasing 
emitter spacing as a result of the interference be
tween optical fields of adjacent emitters. 

Additional effects of nonuniformities in the am
plitude and/or phase, emitter spacing and/or emitter 

WM32 Fig. 1. Schematic cross section of the 
inverted-V chirped array. 
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WM31 Fig. 1. Transmission spectrum of XeCl laser plasma at 
t = 20 nsec (He:Xe:HCI). 
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WM31 Fig. 2. Time dependences of the con
centrations of c1- ions (curve 1) and excimer mol
ecules XeCJ• (curve 2) in XeCI laser plasma for gas 
mixtures He:Xe:HCI and Ne:Xe:HCI. Curve 3 (arbi

trary units), the lasing pulse. 
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WM33 Fig. 1. Far-field radiation pattern (solid 
line) calculated for best fit of the intensity pattern 
(open circles) emitted by a phase-locked array of 
eleven gain-guided emitters. 
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arrays of eleven gain-guided emitters with center
to-center spacing of 10 (top) and 6 µm (bottom). The 
fields of the emitters are taken to be locked inphase 
with amplitudes which vary sinusoidally across the 
array. 

(a) 

I= 1.3 Ith 

I = 1.5 11h 

I = 1.8 Ith 

( b) 

___,20.,_,,,,,_ 

__,20.,.,,,,,_.. 

__L 
201\ 

T 

-fol\ 
-i20µm r--

-. -
-• ·""" - l - - 201\ . •- ·-

T 

li!:.J 

l , 

(XI 5) ~ v : 4 

"(x5) ~ v=3 

_j\]\;v\_ 
____/\___ 
I wzal rum ,km, rzzk. wzzla l'l'lZl'l lwa 

-30 -20 -10 0 10 20 30 

LATERAL DIMENSION (µm) 

v=2 

v = I 

WM32 Fig. 3. (a) Spectrally resolved near-fielc 
photographs of an inverted-V chirped array at vari
ous array currents. The wavelength is 0.87 µm. (b) 
Near-field patterns of the four resolved supermodes 
observed at I = 1.8/tt,. The crosshatched regions 
indicate location of the laser stripes. 

WM32 Fig. 2. Far-field patterns (in the junction 
plane) of an inverted-V chirped array for various 
array currents. The threshold current was lit, = 250 
mA. 
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Figure 1 shows the transmission spectrum of the 
XeCI laser plasma with He buffer gas at the moment 
t = 20 nsec after initiation of the discharge. Some 
absorption lines used for determining the concen

trations are labeled. 
The concentration of cI- ions was measured from 

the absorption data in the region of the electron 
photodetachment threshold for cI- (335-345 

nm). 
Dye laser absorption probing in the 330-610-nm 

spectral range and gain measurements at 308 nm 
allow us to determine time dependences of absolute 
concentrations for xe•, He• , Ne•, xe+•, Xe!, Cl, 

and XeCI • in the discharge. 1 

Figure 2 shows the time dependences of the 
concentrations of cI- ions (curve 1) and XecI• 
molecules (curve 2) in the discharge for He- and 
Ne-based gas mixtures. Curve 3 (arbitrary units) 

represents the lasing pulse. 
The formation of cI- ions for both gas mixtures 

begins ~15 nsec after the discharge initiation, 
whereas the creation of XecI• excimers starts 
practically from the moment of discharge initiation. 
One can suppose, therefore, that at the beginning 
stage of the discharge (a in Fig. 2) the formation of 
xeeI• molecules is caused by a harpooning reaction 
between xe• atoms and HCl(v) molecules. Region 
b in Fig. 2 corresponds to the predominant XeCI • 
formation by the ion-ion recombination of xe+ and 
cI- ions, the main reaction for our conditions. 

We used XeCI • and cI- concentration curves and 
the condition of plasma neutrality for determining the 
rate constants for an ion-ion recombination reaction. 
The constants obtained were k = (1.3 ± 0.4) X 10-1 

cm3 sec- 1 and k = (1.4 ± 0.4) X 10-6 cm3 sec- 1 

for He and Ne buffer gases, respectively , being in 
good agreement with those obtained theoretically 
by Flannery's formula.2,3 

cI- is the major absorber at 308 nm in the laser 
medium. As the rate constant of the ion-ion re
combination reaction of XeCI • formation for a Ne
based gas mixture is much larger than that for He, 
the dynamic equilibrium concentration of cI- ions 

and absorption losses are lower for a Ne-based gas 
mixture. It leads to an increase of optical extraction 
efficiency and pulse duration in Ne buffer gas mix
tures. (Poster paper) 
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in Kvantovaya Elektron. Moscow 11 (1985) [Sov. 
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Phased arrays of diode lasers can produce sin

gle-lobed diffraction-limited beams directed normal 
to the array facet only if they oscillate in the funda
mental supermode. 1·2 However, most phased arrays 
demonstrated thus far exhibited double-lobed beams 
because of their tendency to operate in the higher
order supermodes. Recently , we have shown theo
retically that efficient supermode control can be 
achieved by employing chirped array structures in 
which the channel phase velocities vary across the 
array. 3 The present work describes the lasing 
characteristics of inverted-V chirped arrays of 
GaAs/GaAIAs lasers, which exhibit single-lobed 
diffraction-limited beams directed normal to the 
array facet. 

The schematic cross section of the inverted-V 
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chirped array is shown in Fig. 1. The arrays were 
fabricated from multiple-quantum-well GaAs/GaAIAs 
wafers grown by molecular-beam epitaxy (MBE). The 
seven laser stripes in each array were defined by 
shallow proton implantation. The stripe widths varied 
from 7 µm at the central channel to 4 µm at the 
outermost channels symmetrically in steps of 1 µm. 
The channel spacing was 2 µm. 

The channel width variations in the chirped arrays 
result in variations in the (complex) propagation 
constants of the guided channel modes. This in turn 
modifies the near-field patterns of the array super
modes compared with those in a uniform array. In 
the inverted-V chirped array, the power of the fun
damental supermode is concentrated in the central 
wider channels where the gain is larger,4 whereas 
the higher-order supermodes are more localized in 
the outermost channels. This results in the prefer
ence of the fundamental supermode.- The use of MBE 
grown wafers is particularly effective in the case of 
chirped arrays because of the wafer uniformity 
which helps to produce the desired variation in the 
channel propagation constants in a controlled 

fashion. 
Figure 2 shows the far-field pattern of an inver

ted-V chirped array measured in the junction plane 
under pulsed operation. The far-field pattern con
sisted of a single lobe up to more than 1.5 X ltt, with 
a FWHM of <3° at 1.1 X ltt,. The beam was directed 
normal to the array facet unlike the deflected beams 
exhibited by linearly chirped arrays of gain-guided 

lasers.4 

Photographs of the spectrally resolved near field 
of the chirped array are shown in Fig. 3(a). Near 
threshold, the array lased in a single longitudinal 
mode as well as in the fundamental supermode, 
which is consistent with the narrow single-lobed 
far-field pattern in Fig. 2. At higher currents, 
higher-order supermodes could be identified in the 
spectrally resolved near field. The excitation of these 

higher-order supermodes was accompanied by the 
increase in the beam divergence shown in Fig. 2. 
Figure 3(b) shows the measured near-field distri
butions of four supermodes that were observed at 
I= 1.8 X ltt,. These patterns qualitatively agree with 
those derived from a basic optical model of the 

chirped array. 
Design considerations of chirped arrays, aiming 

at better supermode discrimination and smaller 

beam divergence, will be discussed. 
(Poster paper) 
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Modeling of the optical field in phase-locked diode 
laser arrays is becoming increasingly important in 

interpreting the behavior of these devices. Radiation 
patterns emitted by experimental arrays are often 
complex 1 and do not agree with a simple grating 
analysis of the near-field pattern. However, contri
butions to the far-field profile from amplitude and 
phase nonuniformities among the emitters are not 
well understood and need clarification. In addition, 
certain characteristics of an array's radiation pattern 
can be enhanced by proper geometrical design,2 and 
it is useful to simulate these new structures to 

evaluate their relative performance and susceptibility 
to perturbations. Furthermore, modeling may 
suggest new designs for improved beam charac
teristics. 

In general, the far-field intensity pattern of an array 
of N phase-locked lasers is given by the following 
expression 1: 

1(0) a: cos20 If dy 

X exp(-ik0ytan0)£7{y)l2, (1) 

where 0 is the observation angle and Er{y) = ~ An
En(Y - Yn)- An and En(y) are the amplitude and 
modal function of the nth emitter centered at Yn- For 
the special case of identical emitters shifted by a 
constant distance along the y axis, Eq. ( 1) simpli
fies, 1 but for arrays in which the modal functions of 
the emitters are not identical Eq. (1) must be evalu
ated numerically. 

We used the above expressions to calculate near
and far-field patterns for a model of a phase-locked 
diode laser array in which the individual emitters are 
optical waveguides whose complex dielectric con
stants follow a cosh-2 relation with fully adjustable 
parameters. Such an optical model is known3 to 
represent the waveguide of a gain-guided emitter 
with index antiguiding but can also simulate arrays 
of index-guided lasers by appropriate choice of 
parameters. The amplitudes, optical field distribu
tions, relative phases, emitter spacings, and widths 
can all be independently varied to study the resulting 
radiation pattern. The radiation pattern for each 

selection of laser parameters is evaluated numeri
cally by computer with a fast Fourier transform 

routine. 
The model has been successfully used to analyze 

experimentally observed far fields to extract the 
waveguide parameters of individual emitters. For 
example, the solid line in Fig. 1 shows the far-field 
profile calculated for eleven identical waveguides 
each with an effective gain width of 6 µm and an 
antiguiding factor of -1.64. To simulate the exper
imental conditions of the array chosen for analysis, 
the fields of the emitters are taken to be locked in
phase with amplitudes which vary sinusoidally over 
seven emitters and are null over the remainder. The 
experimental points in this figure are taken from the 

far-field pattern emitted by a phase-locked array 
operating in a fundamental array mode with a similar 
amplitude and phase distribution.4 A fundamental 
mode with three maxima in its radiation pattern re
sults from the antiguiding of individual emitters in this 

structure. Emitters in this array were 4-µm stripes 
on 10-µm centers defined by protons implanted 
slightly deeper than usual. The calculated profile is 
evidently quite a good fit, which demonstrates the 
reasonableness of the model. The calculated profile 
is found to be qoite sensitive to changes in the 
waveguide parameters as will be illustrated fur

ther. 
Figures 2 and 3 show the calculated intensity 

patterns in the near and far fields, respectively, for 
two patterns of eleven identical waveguides with 
sinusoidal amplitude distributions and center-to
center spacings of Hi and 6 µm. An interesting 
characteristic of the near-field profiles is the pres
ence of intensity peaks between the active stripes 
for the 10-µm spacing. Such structure was first 
recognized5 by Kapon et al. to be due to interference 
between the optical waves in adjacent emitters. This 
interpretation is confirmed in our calculation by the 
disappearance of the interstripe pe~ks when the 
waveguide parameters are chosen to produce op
tical modes with plane wave fronts. Comparison of 
these figures illustrates an anomalous reduction of 
apparent lasing spots which occurs with decreasing 
emitter spacing as a result of the interference be
tween optical fields of adjacent emitters. 

Additional effects of nonuniformities in the am
plitude and/or phase, emitter spacing and/or emitter 

WM32 Fig. 1. Schematic cross section of the 
inverted-V chirped array. 
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WM31 Fig. 1. Transmission spectrum of XeCI laser plasma at 
t = 20 nsec (He:Xe:HCI). 
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WM31 Fig. 2. Time dependences of the con
centrations of cI- ions (curve 1) and excimer mol
ecules XecI• (curve 2) in XeCI laser plasma for gas 
mixtures He:Xe:HCI and Ne:Xe:HCI. Curve 3 (arbi

trary units), the lasing pulse. 

> 
t-
in z 
w 
I-
~ 
C 
..J 
w ... 
a: 
<t ... 

0 10 

ANGLE (DEGREES) 

WM33 Fig. 1. Far-field radiation pattern (solid 
line) calculated for best fit of the intensity pattern 
(open circles) emitted by a phase-locked array of 
eleven gain-guided emitters. 
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to-center spacing of 10 (top) and 6 µm (bottom). The 
fields of the emitters are taken to be locked inphase 
with amplitudes which vary sinusoidally across the 
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WM32 Fig. 3. (a) Spectrally resolved near-fielc 
photographs of an inverted-V chirped array at vari
ous array currents. The wavelength is 0.87 µm. (b) 
Near-field patterns of the four resolved supermodes 
observed at I = 1.8/tt,. The crosshatched regions 
indicate location of the laser stripes. 

WM32 Fig. 2. Far-field patterns (in the junction 
plane) of an inverted-V chirped array for various 

array currents. The threshold current was ltt, = 250 
mA. 
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WM33 Fig. 3. Comparison of the far-field in
tensity profiles for the same conditions as Fig. 2. 
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width, and antiguiding on the radiation patterns will 

be discussed. ( Poster paper) 

1. D. R. Scifres, W. Streifer, and R. D. Burnham, 
IEEE J . Quantum Electron. QE-15, 917 (1979). 

2. C. P. Lindsey el al. in Postdeadline Papers, 
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WM34 Laser resonators with nonuniform gain 

MARTIN E. SMITHERS, U.S. Army Missile Labora
tory, 1538 Four Mile Post Rd., Huntsville, Ala. 

35802. 

The geometrical optics theory of unstable reso
nators has recently been broadened to include 
nonuniform magnification.1 An important possible 
application of such resonators is for lasers with 
nonuniform gain profiles. Here a simple saturable 
gain model is used to analyze the effect of nonuni
form gain profiles on the geometric modes of un
stable resonators including those with nonuniform 
magnification. Thus a comparison of the predicted 
performance of both uniform and nonuniform mag
nification resonators is made, such comparison 
serving as a guide in selecting the most advanta
geous resonator design for a given gain profile. 

In the general case, the resonator magnification 

~r) is a function of the transverse coordinate r in 
the output plane. As found previously, 1 the magni
fication function ~I} determines the output intensity 
l(r} in the bare-cavity case. To treat the effect of 
gain, a single gain sheet located in the output plane 
is assumed. In the steady state, conservation of 

energy after a round trip through the resonator yields 
the condition 

rea.rll(r}rdr= l[r~r}]r~r}d[r~r)] (1) 

in the axisymmetric case. Here r is the linear 
round-trip loss, and 61:1} is the saturated gain. In the 
case of uniform unsaturated gain Go and magnifi
cation, Eq. (1) has the usual solution of uniform in
tensity. However, for nonuniform Go(!}, a uniform 
intensity solution may also be obtained by requiring 
the magnification to be a function of r specified by 

the equation 

[r~,})2 = 2r i 'eG..rlrdr. (2) 

This relation [Eq. (2)) is readily integrated in the case 

of Go(!} which is a quadratic (or linear) function of r. 
This, if it is considered desirable to maintain a uni
form intensity profile, may be accomplished even 
in the case of a nonuniform gain profile by the 
suitable choice of magnification function . 

A general approach to solving Eq. ( 1) for the in
tensity is carried out for several example cases . 
First, the case of a quadratic gain function is treated, 
and the intensity profile for uniform magnification is 
calculated. This is compared with the nonuniform 
magnification case for uniform intensity calculated 
from Eq. (2). The result is that, for quadratically in
creasing gain, the intensity also rises quadratically, 
while for quadratically decreasing gain the intensity 
decreased very slowly over the range considered. 
For uniform intensity, the magnification function 

increases with increasing gain and decreases with 
decreasing gain, as might be expected. As a final 
case, a uniform gain profile is considered but with 
a linearly increasing magnification function. The 
resulting intensity profile falls off exponentially with 

ncunc~u~, ~u~1cn 

increasing distance. From the plots of intensity, the 
output power for given size output aperture is esti
mated and compared for different magnification 
functions. (Poster paper) 

1. T. R. Ferguson and M. E. Smithers, J . Opt. Soc. 
Am. A 1, 653 (1984). 

WM35 Numerical optimization study of a self
filtering unstable resonator for high-power, solld
state, and gas lasers 

P. G. GOBBI, U. Pavia, Dipartimento di Elettronica, 
Sezione di Fisica Applicata, 27100 Pavia, Italy; and 
G. C. REALI, North Texas State U., Physics Depart
ment, Center for Applied Quantum Electronics, 

Denton, Tex. 76203. 

A self-filtering unstable resonator (SFUR) is a 
negative-branch confocal unstable resonator in 
which the field-limiting aperture, set at the common 
focal plane of the mirrors, acts as a filter to shape 
a very smooth spatial beam profile and to cool the 
hot focal point inside the cavity down to nondamage 
limits. In Refs. 1 and 2 we demonstrated both theo
retically and experimentally that this kind of reso
nator is highly effective in producing large-volume 
smooth-profiled beams with an increase in oscillator 

efficiency and excellent energy transport and fo

cusability. 
We repor1 the results of a numerical optimization 

study carried out to exploit the conditions for the best 
SFUR operation. We show the results of the eigen
values and eigenmodes computations. One main 
result is the extreme high selectivity operated by the 
intracavity filter which rules out the possibility of 

multiple-transverse-mode operation [(-y0/-y 1)2 > 
100). Furthermore, among the class of (Neq = co) 
resonators we find that the SFUR has the lowest 
losses with feedback intensity almost twice as high 
as the geometrical predicted value of 1 / M2. 

An interesting feature of the eigenvalues is their 
oscillatory behavior when plotted vs the aperture 
size, and we uncovered that, in the (Neq = co ) con

dition, this behavior is regulated by the reduced 
Fresnel number N1 relative to the shorter focal 

length mirror of the cavity. 
It is interesting to study in which conditions of 

mismatched aperture size and positioning the beam 
quality remains good with an almost Gaussian
shaped profile. We found that a variation of the ap
erture size of ±10% or a displacement of ±20% 
its distance from the shorter focal length mirror 
produces no appreciable change of the mode 
structure. This has also been verified experimen

tally. 
Also reported is the study of the rate of conver

gence to the steady state of the cavity modes and the 
results of the simulations of the beam propagation 
in different conditions of cavity loading and output 
beam extraction. ( Poster paper) 

1. P. G. Gobbi and G. C. Reali, "A Novel Unstable 
Resonator Configuration with a Self-Filtering 
Aperture," to appear in Opt. Commun. 

2. P. G. Gobbi, S. Morosi, G. C. Reali, and A. S. 
Zarkasi, " Novel Unstable Resonator Configura
tion with a Self-Filtering Aperture: Experimental 
Characterization of the Nd:YAG Loaded Cavity," 
Appl . Opt. 24, 26 (1985). 

WM36 Monolithic resonator single crystal fiber 
laser 

J . L. NIGHTINGALE and ROBERT L. BYER, Stanford 
U., Applied Physics Department, Stanford, Calif. 
94305. 

We report the first monolithic resonator crystal 
fiber optical device, a liquid nitrogen-cooled ruby 
fiber laser. The laser resonator structure is simply 
formed by the fiber waveguide and the polished fiber 

endfaces. The fiber oscillator was 15 mm long with 
a mean diameter of 60 µ.m. The lowest-Order optical 
mode for such a fiber has a beam waist approxi
mately one-third the fiber diameter or 20 µ.m, 
implying a Rayleigh length in ruby of 3.2 mm. The 
15-mm long fiber laser is thus approximately five 
Rayleigh lengths long and may be considered a 
guided wave device. In these fibers the waveguiding 
interface is the ruby liquid nitrogen boundary at the 
fiber periphery. The large refractive-index difference 
between these materials coupled with fiber diameter 
variations of ~2 % leads to substantial waveguide 
losses. The high gain of 77 K ruby allows laser op
eration despite these losses. 

The ruby fiber used was grown by the miniature 
pedestal growth technique 1•2 using an apparatus 
developed in our laboratory. 3 The fiber endfaces 
were fabricated by mounting the fibers in a slotted 
sapphire block. Unfortunately, the very light fiber 
(~0.1 mg) had a tendency to bend and wander within 
the slot. This led to the endfaces being skewed with 
respect to the fiber axis as well as a loss of endface 
parallelism. After removal from the polishing fixture 
an optically thick reflective aluminum coating was 
vapor deposited on one fiber endface. A photograph 
of a polished fiber endface is shown in Fig. 1(a). 
Figure 1(b) shows the fiber mounted in the aluminum 
holder which supports the fiber during laser tests. 

The overall system for ruby laser operation is 
shown in Fig. 2. We found that laser oscillation could 
be obtained even with the aluminum mirror removed 
from the rear fiber endface. The difference in the 
laser thresholds for the uncoated and aluminum
coated rear endface allows us to estimate the res
onator losses. The results indicate a lossy cavity with 
a round-trip loss of 98.5 % . The loss stems about 
equally from waveguide imperfections and endface 

misalignment. 
The cw laser output was quasi-steady state with 

power variations of only ± 10 % . A maximum laser 
output power of 2.0 mW was observed with 750 mW 
of 514.5-nm pump radiation. No large-scale spiking 
was seen due to the high cavity losses and highly 
multimode transverse beam profile. The laser beam 
divergence was approximately ten times the dif

fraction limit. 
The experience gained in this initial device 

demonstration will be used to develop a monolithic 
resonator guided wave Nd:Y AG laser system. 
Progress in this area will be reported. 

( Poster paper) 

1. C. A. Burrus and J. Stone, J. Appl. Phys. 49, 3118 

(1978). 
2. J . Stone and C. A. Burrus, Fiber Integrated Opt. 

2, 19 (1979). 
3. M. M. Fejer, J . L. Nightingale, G. M. Magel , and 

R. L. Byer, to be published in Rev. Sci. lnstrum. 

(Nov. 1984). 

WM37 Ampllfled spontaneous emission and 
parasitic oscillations In slab lasers . 

DAVID C. BROWN, General Electric Research & 
Development Center, Schenectady, N.Y. 12301 ; and 
KOTIK K. LEE, General Electric Co., Armament and 
Electronic Systems Division, Binghamton, N.Y. 
13902. . 

Recently1 we reported experimental evidence of 
the deleterious effect of amplified spontaneous 
emission on the performance of a highly doped 
Nd:glass slab laser. It was shown that the !3pproxi
mate gain-length product value of ""1.85 should not 
be exceeded if good laser efficiency is desired. 
While this rule is generally applicable to unloaded 
lasers it was nevertheless found to be applicable 
even In normal mode operation. We have investi
gated this question by calculating the ratio 'Y of 
straight-across (surface) gain in a slab laser to that 

i---- 50 µ. m ----a,j 

( a) 

( b) 

WM36 Fig. 1. (a) Cross section of a polished 
( 1100) axis ruby fiber typical of those used in the 
laser tests. The minor axis corresponds to the 
( 0001 ) direction. (b) Single crystal ruby fiber 

mounted In its fiber holder. The holder supports the 
fiber during laser tests. 
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WM36 Fig. 2. Experimental setup used in the cw 
monolithic resonator ruby fiber laser tests. The fiber 
is end pumped using focused 514.5-nm radiation 
from an Ar-ion laser. 
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'J FOREWORD ..._, 
Welcome to CLEO 85, the Fifth IEEE/OSA Conference 

on Lasers and Electro-Optics. CLEO, which has become 
the major annual conference of its kind, provides a forum 
for timely communications related to lasers, quantum 
electronics, and electro-optic devices and systems, with 
emphasis extending from basic scientific research to 
engineering applications. This broad range of coverage 
has drawn a record number of high quality contributed 
papers to the conference this year; this, along with an 
outstanding selection of invited talks, promises an ex
ceptionally strong technical program. 

1985 is a special year for CLEO; it marks the twenty
fifth anniversary of the first observation of laser action by 
Theodore H. Maiman. Maiman's first laser, a ruby laser, 
was followed by an exciting succession of new discov
eries that have spawned a growing technology, which is 
a billion-dollar industry today. It is interesting to note that, 
even today, the ruby laser remains a commercial product 
filling a definite niche in several applications areas. 

To commemorate the twenty-fifth anniversary of the 
first laser, CLEO 85 features three special events: A 
plenary session will open the conference on Tuesday 
morning 21 May with talks by Nobel Laureates N. G. 
Basov, N. Bloembergen, W. E. Lamb, A. M. Prokhorov, A. 
L. Schawlow, and C. H. Townes. Each speaker will re
count experiences during the early days of lasers and their 
subsequent development and applications to science. On 
Wednesday, 22 May, a special symposium will be held 
at which five speakers will describe the development of 
specific types of laser: W. R. Bennett, Jr., on the he
lium-neon laser, R. N. Hall on the semiconductor laser, 
C. K. N. Patel on the carbon-dioxide laser, W. B. Bridges 
on the argon-ion laser, and F. P. Schafer on the dye laser. 
In addition, a special exhibit of early laser devices will be 
on display during the conference. This exhibit is being 
prepared by the Smithsonian Institution and, subsequent 
to its first appearance at CLEO 85, will travel throughout 
the country during 1985-87 being displayed at many 
science museums. It will have in it many of the original 
lasers and associated components and will be displayed 
with related background information. 

1985 
CLEO ORGANIZING COMMITTEE 

General Chairman 
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Preceding the conference reception on Wednesday, 
22 May, there will be a special awards ceremony at which 
several presentations will be made. These include the 
presentation of the 1985 Charles Hard Townes Award to 
Stephen E. Harris, the 1985 Jack A. Morton Award to 
William Streifer, Robert D. Burnham, and Donald R. 
Scifres, as well as the 1985 Quantum Electronics Award. 
Presentations of IEEE and OSA fellow certificates will also 
be made. The awards ceremony will culminate with the 
presentation of the R. V. Pole Memorial Lecture, The 
Evolution of Holography, by Emmett N. Leith. The Con
ference Reception, which will be accompanied by a laser 
light show (produced by Audio Visual lmagineering, Inc.) 
will immediately follow. 

Other highlights of CLEO 85 are an industrial sympo
sium organized by Gary C. Bjorklund and E. David Hinkley 
featuring three talks on the commercialization of lasers 
and electro-optics. There will be two poster sessions and 
a postdeadline session featuring new results. Selected 
short courses for review and professional advancement 
will be held on the day preceding the start of the confer
ence, Monday, 20 May. These courses, which were se
lected with the help of Michael G. Littman, are offered by 
the Laser Institute of America. 

Complementing the outstanding technical program will 
be an exceptional technical exhibition of the latest 
available instruments, components, systems, and ser
vices. Virtually every company directly and indirectly in
volved in lasers and electro-optics will be represented by 
personnel capable of discussing techical requirements. 
We are grateful for the efforts of Exhibits Chairman, Tony 
Hsu, and of Carole Benoit for organizing this unparalleled 
exhibit. 

A conference of this magnitude requires an enormous 
amount of preparation involving the combined efforts of 
a large group of people. This year's outstanding technical 
program is the result of many months of dedication 
and hard work on the part of Program Cochairmen 
David H. Auston and Ralph R. Jacobs and their program 
committee. Putting together a high-quality well-balanced 
program is difficult and time-consuming. Minimizing 
conflict in a conference with six parallel sessions is a 
great challenge; we applaud their accomplishments. 
Special thanks also go to Orazio Svelto, Naoya Uchida, 
E. P. Velikhov, and Zhi-Jiang Wang and their respective 
subcommittee (Europe, Japan, U.S.S.R., and China) for 
their valuable efforts to ensure international participa
tion. 

The true challenge of managing a conference of this 
magnitude and complexity is met by the OSA meetings 
department staff whose attention to vital details is nothing 
short of exceptional. The talents and dedication of Joan 
Carlisle, Barbara Hicks, Mary Ellen Malzone, and Jarus 
Quinn are major contributions to the success of CLEO. 
Thanks also to Tierno von Zweck for his expert assistance 
as Comptroller in the management of the financial 
affairs and to John Roy, Publicity Chairman, for his skillful 
efforts that insured diverse and well-timed publicity 
coverage. 

We thank you for participating in CLEO 85; your at
tendance will ensure another successful meeting. We look 
forward to next year's CLEO at the Moscone Center in San 
Francisco under the chairmanship of Gary C. Bjorklund 
and E. David Hinkley. 
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