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FOR EXCIMER LASER PUMPING, THREE POSSIBLE REASONS FOR THE FLUCTUATIOK IN THE DFDL
OUTPUT PULSE ENERGY WERE STUDIED: THE FLUCTUATION IN THE VISIBILITY OF THE AMPLITUDE—
—PHASE GRATING IN THE DYE SOLUTION, THE CHANGE IN THE PUMP PULSE SHAPE OK THE 100 ps —
4 ns TIME SCALE, AND THE CHANGE IN THE PUMP BEAM INTENSITY DISTRIBUTION ALONG THE EXCI—
TED VOLUHE. : ‘

Introduction

Distributed feedback dye lasers (DFDLs) are simple sources of transform—limited
picosecond pulses [1]. Both the pulse duration and the stability of the output pulse
energy are relevant properties of DFDLs. The stability of a DFDL pumped by a low—
pressure Ny or an excimer laser has been measured and calculated [2,3]. The fluctua—
tion in the exciting beam intensity was presumed to cause the fluctuation in the
DFDL pulse energy. This energy fluctuation was determined from the fluctuation in
the pumping laser energy and the slope of the calculated output—input energy charac—
teristic of the DFDL. For low—pressure Ny laser pumping, the calculations gave good
agreement with the measurements [2]. However, for both TEA Nj and excimer laser

pumping, the measured fluctuation in the output energy was significantly larger than
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the calculated one. TEA N, and excimer lasers differ from low—pressure N, lasers in
man); properties:

a) The bandwidths of TEA Nj; lasers and excimer lasers are much larger than
those of low—pressure Ng lasers. The spatial coherences of TEA N and excimer lasers
are small. These two differences can cause a significant fluctuation in the visibility of
the amplitude—phase grating in the DFDL.

b) There are a few streaks on the cross—section of the TEA N; laser beam, so the
intensity of the pumping varies along the excited volume of the DFDL, and therefore
the amplification is modulated in space. The positions of the streaks change from shot
to shot. Such a streaky structure can not be seen in the beam of a low—pressure Ny
laser.

c) Exciting pulses from excimer lasers usually have a modulation in time [3], some
peaks can be observed in the pulse shape. The phase of this modulation can change
from shot to shot without changing the pulse energy.

The effects of these properties on the stability of the DFDL are studied in this
paper by using a time—space—dependent differential equation system to describe the

lasing of the DFDL.

Theoretical model

The behaviour of the DFDL can be described by the following system of equations
(4]):
t t 1
- Rlx | 2Ry L Uen(x,t)[RO+R(x,t)+"\2—IS(x,t)]— Lor(x,0), (1)

Bxt) 2 BE) _ ] 5 n(x) [so+3(x,t)+¥n(x,t)]— 205(x,t), (2)
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o ’t‘t = 1(xt) o [N—n(x,t)] —p‘%‘ﬂ - gﬁ%’l[lRIQHSP]H(X»tl (3)

The meanings of the symbols are as follows:

x: the distance along the excited volume [cm]

N: the total concentration of dye molecules [9-1018 cm-3]

n(x,t): the concentration of molecules in the S, excited state [cm™3

T the fluorescence lifetime of the S, state [4 ns]

T the refractive index of the dye solution [1.32]

c the speed of light in vacuum [3-108 m.s"i]

V: the visibility of the amplitude—phase grating in the excited volume [0.4]
op! the absorption cross—section of the dye molecules at the 308 nm

pump wavelength [1.15-10-17 cm?]

e the emission cross—section of the dye molecules at the DFDL
wavelength [1.1.10°16 cm?

R(x,t): the electric field of the DFDL light propagating in the —x direction
[V.m]

S(x,t): the electric field of the DFDL light propagating in the +x direction
[V.m1]

€ the permittivity of the dye solution [5? 8.854-10-12 AsV-im-1]

the wavelength of the DFDL [555 nm] _

the height of the excited volume [0.25 mm]

Planck’s constant [6.616-10-34 Js]

I A S ot

the length of the pumped volume [3 mm]

P the non—saturable loss of DFDL energy in the excited volume [~1 c¢m-]
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a= [N ap]—"l, 1s the penetration depth of the pump light into the dye solution

[* 0.1 mm]

Ro = S0 = aTJT}D , describes the spontaneous emission.

The system of equations (1}<3) was solved on an IBM AT computer, using a
numerical method. Typical excimer laser parameters were used for the calculations.

The output energy of the DFDL was calculated from the formula:

E= J‘CE”ala(L,t)p dt (4)

Results of calculations

a) The exciting beam is split into two beams by a holographic grating in the
DFDL arrangement. These two beams are reflected on the surfaces of a quartz
parallelepiped. After reflection, these two beams interact in the dye solution, creating
an amplitude—phase grating. In this pattern, the surfaces of the constant phase and
amplitude are planes. These are perpendicular to the surface of the dye cell. For the
ideal case, the visibility of the interference pattern is 1 everywhere in the excited
volume. In reality, the visibility is smaller than 1. The reason for this, the bandwidth
and the divergence of the excimer laser beam are not infinitely small. Therefore, the
time and spatial colierence length of the exciting laser are small:

where AX = 0.3 nm and © = 0.01 for the excimer laser. The depth of the excited
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PRI
Ltime = KX~ 300 pm _ (5

spatial = % % 30 pm (6)
volume is ® 100 pm, which is significantly larger than the spatial coherence length.
Therefore, the visibility is smaller than 1 and it can differ from point to point in the
excited volume. A visibility value of % 0.4 was estimated from the measurement of the
amplified spontaneous emission background of the excimer laser pumped DFDL [5).
The visibility of the amplitude—phase grating can also change from shot to shot.

As an about #10% fluctuation of the visibility seems rea.listié, the calculations
were carried out with visibility values between 0.36 and 0.44. The results of calcu—
lations are shown in Figures 1 and 2. The output energy of the DFDL is represented
as a function of pump intensity in Fig. 1. This Figure indicates that the threshold
pump intensity for V. = 0.4 is I = 3.29-1028 cm2s-!. For an 8% higher intensity of
this threshold, the output energy is represented as a function of the visibility (see Fig. |
2). (According to Fig. 3 in [5], th;a DFDL creates a single pulse only H the pump
intensity does not exceed the threshold intensity by more than 8%.) As it can be seen
in Fig.2 a#10% fluctuation of the visibility results a#14.3% fluctuation in the DFDL
pulse energy. Therefore, the fluctuation in the visibility can be fhe reason for the
fluctuation in the DFDL output energy.

b) The cross—section of the TEA Nj laser beam has a streaked structure; the
intensity of the beam is modulated in space. This beam is focused by a cylindrical
lens into a line. Because of the streaked structure of the beam, the intensity changes
along the line and therefore the amplification is modulated in space. To investigate
the effect of this, we described the pump intensity as a function of and time variables

with the following formula:
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Figure I: Single—pulse energy of the DFDL as a function of the pump intensity
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Figure 2 Single—pulse energy of the DFDL as a function of the visibility
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Ip(x,t) =1y [1+}1 sin [Q—LE x+<p]]exp [—-4 In(2) [%‘P]Z] )
where
tp: the po;ition in time of the maximum of the exciting pulse
T: the duiration' of the exciting pulse [9 ns]
u the dei)th of the spatial modulation [0.5]
: — Inay—Inin
; v = Imax+Imin ) (8)
n: the number of streaks in the excited volume.

Usually, a small ipart of the focused beam is used to illuminate the dye cell, and
therefore there are on;ly a few streaks in the excited volume. The cases n = 1 and
n = 2 were studied m our calculations. The results of the calculations are shown in
Figures 3 and 4. The output energy is seen’ to depend only slightly on the spatial
modulation of the p;ump intensity.” This dependence is more significant for larger
losses. : |

¢) The exciting piulse may have a mc;dulation in time. Such an exciting pulse was

described as

L(x,t) = Io [1+u sin [,%f t+so]]exp [—-4 11;1(2) [t—T——tp]z] - 9
where Ty is the perioéd of the modulation.
We chose u = 0.5. E;The calculations (see Fig. 5) revealed that the output energy
depends on the phase; of the modulation. This phase was changed by g. The exciting

intensity was chosen Q:o be 8% higher than the threshold intensity. The measured fluc—

11
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Figure & Single—pulse energy of the DFDL as a function of the pump intensity

for different . The number of streaks is 1

tuation in the exciting pulse intensity was #1%. This value was used in the calcula—
tions. For T, = 400 ps, the results of the calculations are depicted in Fig. 5 for a few
values of the phase of the modulation. It can be seen from this Figure that there is a
situation (for the used parameter—set at =909) such that the energy of the DFDL
fluctuates to a larger extent than 8%, even if the phase of the modulation of the

pump -pulse is-constant and -the fluctvation in the pump-intensity is only +1%. This

12
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Figure 4 . Single—pulse energy of the DFDL as a function of the pump. intensity

. for different ¢. The number of streaks is 2.

470

460

450

£
)

o
aed
o

410

L3

o

o
[

© 390 T YT T T T T T T T T Y T T T T T T T T T YT T T T T T T

3.563 3.54 3.55 3.58 3.57 3.58 3.58

I, (10%ent?s') _ '

Figure & Fluctuation in the single—pulse energy of the DFDL at different

phase .
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sensitivity for the fluctuation in the pump intensity is about twice as large as in the
case of unmodulated pumping. On the other hand, with constant pump intensity, the
DFDL energy can change considerably if the phase of the modulation of the pump
intensity changes from shot to shot.

Figure 6 shows the dependence of the DFDL energy fluctuation on the value ofthe
modulation period. It can be seen that the fluctuation is significant if Ty is larger
than 300 ps. The fluctuation is larger than 25% for T}, values between 1.4 and 2 ns.
For a period time (Ty) of the modulation larger than 1 ns, the fluctuation does not
decrease below 15%. Therefore, the calculations indicate that the time modulation of

the pump pulse can be the reason for the fluctuation in the output energy.
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Figure 6 DFDL pulse energy fluctuation as a function of the period of the pump

pulse modulation in time.
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Conclusion
For TEA Nj and excimer laser pumping, we have studied the reasons for the
fluctuation in the output energy of a DFDL by using a simple model. The calculations
showed that the fluctuation in the exciting pulse in time and the fluctuation in the
visibiiity can explain the measured fluctuation. However, the fluctuation in the spatial
distribution of the exciting intensity does not cause a significant fluctuation, at least

for a non—saturable loss value p = 1 cm-L
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