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Tunable pulse dye laser technology has undergone rapid 
development since its introduction.1- 15 Lisboa et al. 11 have 
recently reported that insertion of a lens in the cavity of a 
grazing-incidence pulsed dye laser12- 15 results in output pulses 
of higher power and narrower spectral width. They did not, 
however, indicate the extent to which the lens should improve 
dye laser performance or present systematic measurements 
of actual observed improvement. We present here results of 
an analytical and experimental study of this problem. 

We restrict our attention to the dye laser configuration of 
Fig. l(a), in which the cavity end mirror serves as the output 
coupler. Output taken through the end mirror has the ad
vantage of being relatively free of broadband spectral back
ground at the expense of being relatively low in power13 when 
compared to laser output taken from the zeroth order of the 
grating. 

Generally speaking, the linewidth of a dye laser is given by 
an expression of the form 

{1) 

where ~'A is the linewidth in centimeters, () is the angle be
tween the grating normal and light incident from the dye 
cell, 

d0 2 

d>.. a cosfJ 

is the angular dispersion of the light returning from the grating 
when the grating operates in first order, 16 a is the groove 
spacing on the grating, and <PR is the effective angular spread 
of light returning from the grating which is amplified in the 
dye cell. We discuss limiting expressions for <PR with and 
without an intracavity lens. 

Consider the case in which there is no intracavity lens. 
When the grating is not filled with light, a single spectral 
component of the light incident on the grating with divergence 
¢1 [see Fig. l(b)] returns toward the dye cell with its diver
gence essentially unchanged, i.e., 

(l cosfJ > w2), (2a) 

Here w2 is the beam diameter just before the grating. In the 
opposite limit, in which the grating acts as the limiting aper
ture (i.e., if l cos() ;$ -J w1w2, where w1 is the beam diameter 
at the dye cell), the divergence of an isochromatic beam re
turning toward the dye cell will increase so that 
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Fig. 1. (a) Schematic of the grazing-incidence dye laser studied. (b) 
Amplified broadband end window reflection propagating toward the 
grating and the path (dashed lines) of a single returning frequency 
component. (c) Same as (b) except that the intracavity lens is in 
place. Light at a frequency which does not pass through the dye cell 
is shown for clarity. The lens is positioned approximately one focal · 

length from the dye cell and as close to the grating as possible. 

<PR ~ X/l cos(J (lcos8::5 ~. (2b) 

Here and throughout this analysis we assume that the grat
ing-tuning mirror distance can be neglected. 

Now consider the case in which an intracavity lens is 
present. Assuming that the light propagating toward the 
grating from the dye cell is diffraction limited, the lens (lo
cated one focal length from the dye cell) reduces the diver
gence of the beam by the factor w1/w 2 [see Fig. l(c)]. If the 
grating is not filled, we have 

(3a) 

When the grating is the limiting aperture of the system (l cosO 
;$ w2), we have 

'PR ~ X/l cosO (l cosO ;S wz) . (3b) 

We see that grating-limited linewidths of ~'A = (a'A)/(2l) 
[Eq. 2(b) or 3(b) in Eq. (1)] are in principle obtainable with 



or without the intracavity lens. Note, however, that this 
limiting linewidth is obtained at smaller angles of incidence 
when the intracavity lens is present. This result is important 
since grating efficiencies fall off dramatically as 0 approaches 
90°. In fact, as described below, our dye laser would not even 
lase at large enough angles for the grating to become the lim
iting aperture. When the grating is not a limiting aperture, 
the dye laser linewidth with the lens Cl.A' is given by 

(4) 

where Cl.A is the dye laser linewidth without the lens. 
The intracavity lens is useful in another way.11 As shown 

in Fig. l(b), without an intracavity lens, light returning to the 
dye cell has a large spatial extent. Spreading occurs in both 
vertical and horizontal directions, and hence only a fraction 
of the returning light is amplified. With the lens [see Fig. l(c)] 
essentially all the available light within the effective accep
tance angle <PR is concentrated into the dye amplification re
gion. This refocusing effect leads to higher dye laser output 
powers. 

We have studied the effect of an intracavity lens on the 
output power and spectral linewidth of a home-built graz
ing-incidence dye laser. The laser consisted of [see Fig. l(a)] 
of a 4% reflectivity wedge output coupler EW, a flow-through 
dye cell DC, an l = 5-cm holographic grating G with 2400 
lines/mm, and a plane front-surface tuning mirror M. Two 
intracavity lenses having focal lengths of 8 and 15 cm were 
successively studied. Each lens was placed approximately 
one focal length from the dye cell and as close as possible to 
the grating. Only the distance between the dye cell and lens 
was varied as the lenses were interchanged; i.e., other com
ponent separations were held fixed. Excimer laser pulses of 
rv5-nsec duration, rv5-mJ energy, and 308-nm wavelength 
were used to excite a 1.4 X 10-3-M solution of rhodamine B 
dye in ethanol. The dye laser output pulses, tuned to the peak 
of the dye gain profile ( rv600 nm), had a duration of rv2 nsec. 
The depth of the excited region in the dye was measured to 
be 250-300 µm. 

The results of our relative power measurements are shown 
in Fig. 2. We plot hllNL, where hUNd is the dye laser in
tensity with (without) the intracavity lens as a function of 0. 
As expected his >INL for all 0. It is significant to note that 
[NL itself decreased by the large factor of rvl03 as 0 increased 
from 87 to 89°. 

Our linewidth results are in close agreement with the simple 
model presented earlier. Using w1 = 300 µm and assuming 
'PI is diffraction limited, we expect w2 ~ l.5w1 (w2 ~ 2w1) in 
the case of the 8-cm (15-cm) focal length lens. In our con
figuration, the grating becomes the limiting aperture at angles 
somewhat larger than 89°. Consequently, we expect, at least 
for lower values of 0, that the lenses should reduce the dye 
laser linewidth [see Eq. (4)] by rv30 and 50% in the case of the 
8- and 15-cm lenses, respectively. These estimates are nec
essarily crude because of the complex beam profiles that ac
tually exist in the dye laser. In practice only the 15-cm lens 
consistently narrowed the laser's linewidth (see Fig. 3), in 
which case we observed linewidth reductions of 20-40%. At 
0 = 89°, the 15-cm lens still narrows the laser linewidth despite 
the fact that it has essentially reached our crude estimate of 
the grating-limited minimum linewidth. The observed re
duction at 0 = 89° is in agreement, however, with our expec
tation that the grating is not yet the limiting aperture. The 
dye laser would not lase, and we were hence unable to make 
linewidth measurements in the grating-limited high-0 regime. 
Two experimental drawbacks associated with the intracavity 
lens were the long-cavity lengths required for linewidth re-
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Fig. 2. Relative dye laser output power as a function of grating angle 
0. 
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Fig. 3. Dye laser linewidth as a function of grating angle 0. 

duction at excitation depths of 300 µm and the complication 
of an additional lens mount in the cavity. Stray reflections 
off the lens did not cause noticeable problems. 

In summary, we note that a dye laser's linewidth is mini
mized by minimizing (dA/d0)¢R, The basic Littman laser 
design minimizes (dA/dO) by working at large grating angles 
but has no provision for minimizing <f>R, This approach works 
well except that gratings tend to be very inefficient at the 
extremely large angles of incidence necessary to achieve 
grating-limited linewidths. The basic Hansch design mini
mizes <PR by using a high-quality high-magnification telescope 
but works at grating angles where efficiency and (dA/d0) are 
relatively large. Grating-limited performance is reached only 
when expensive quality telescopes are employed. In the 
present modified Littman design, addition of the simple in
tracavity lens provides a small reduction in <PR so that some
what smaller more efficient grating angles can be used. 
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Until now, guided-wave techniques have been used at 
10.6-µm wavelength primarily for modulator purposes, power 
transmission,2-5 or laser construction.6•7 It has been noted 
in Ref. 1 that guided-wave structures (especially modulators) 
could be important in coherent laser radars. In particular, 
the high voltages required for electrooptical modulators at 10.6 
µm could be significantly reduced by using guided-wave 
techniques. Relevant examples are cross-sectional reduction 
and sensitive structures like directional couplers, thin-film 
splitters,8 or TE-TM mode converters.9 

In view of possible applications of guided-wave techniques 
to the coherent laser radars presently developed at DREV, we 
have studied a nine-layer slab geometry (Fig. 1) that can be 
reduced t.o the particular waveguide geometries listed in Fig. 
2. We present .here a set of useful equations for waveguide 
tuning applications or coupling length calculations. Some 
of these relations we.re derived in previous works.10•11 Finally, 
we give calculated results for a directional coupler. 
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Fig. 1. Symmetrical structure with nine regions. 
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Fig. 2. Parttcular cases of Fig. 1: (a) isolated guide; {b) clad wave
guide; (c) guide coupler; (d) tuning of a waveguide; (e) W-type 

waveguide. 
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Fig. 3. L(N) and b(N) for c = 1, 3, 5, and 10 µm. 


