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The influence of different parameters in the reflectlon co-
efficient of a three-mirror reflector is calculated. It is demonstrated
that such e reflector can be applied for frequency selection in high
gain lasers. In an experiment single-mode operation of a flash-lamp pum-

ped Rhodamine 6G-laser was obtained.

A influéncia de diferentes parametros sobre o coeficiente de
reflexdo de un refletor de trés espelhos é calculada. Demonstra-se que
tal refletor pode ser aplicado na selecdo de freqiéncia en lasers de al-
to ganho. Hn uma experiéncia obteve-se a operacdo de un 6G-laser de Rho-

damine com bombeamento através de uma lampada-flash.

1. INTRODUCTION

A three-mirror reflector is equivalent to a Fabry-Perot eta-
lon with the front mirror replaced by an interference filter. The re-
flectivity of the arrangement shows narrow maxima in dependence of its

length, which is opposite to the behaviour of a Fabry-Perot etalon. Fre-
quency selection and single-mode operation using a three-mirror reflec~
tor has been investigated previously only for low gain lasers, especial-

ly for the He/Ne-tasersls»2»3,
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In this paper a computer study is presented yielding parame-
ters for three-mirror reflectors suitable for high gain lasers. An expe-
riment is described applying a reflector of this type for frequency se-
lection in a dye laser yielding singlte-mode operation in combination

with other intracavity pre-selection elements (Fig.4).

The three-mirror reflector can be compared with other inter-

4355657

ferometric systems for frequency selection , e.g. the Fabry-Perot

etalon and the Fox-Smith-interferometer. Fabry-Perot etalons have to be
tilted with respect to the laser axis. This produces losses due to beam

walk-off and 1imits the length and bandwidth. These restrictions do not
exist for the three-mirror reflector. A Fox-Smith interferometer repla-
cing one laser mirror has frequency selective properties similar to a
three-mirror reflector. However, the optical components and the mechani-
cal design are quite different. Probably, the mechanical construction
and the adjustment of a three-mirror reflector are easier in many cases

beeause all components have a common optical axis.

2. THEORY

In the three-mirror reflector (TMR see Fig.’*) the mirrors 2
and 3 are separated by a A/2-layer with the transmission coefficient To'
The mirrors 3 and b represent a resonator with the length LR=>\(k1r+B/2)/21r,
where Kk is an integer, X is the wavelength, and 8 the phase shift. The
amplitude reflection and the power transmission coefficients of the mir-
ror ¢ are r, and Tz" Ref.2 gives an expression for the amplitude reflec-
tion r;‘ of the three-rnirror reflector which may be simplified for the
case of an exact A/2 layer between mirror 2 and 3 to

ToT,(|rs] (exp(-ig) - legl 12u]) = T5le])

ry=-r |+ )
2 (exp(-18) - |r3[ ‘1”“[)(1‘710{1”2”1”3[) +T0Talr2Hru[

. * * . . *
The half-width sv of R, = |r,{2 is given by

* The half-width is defined with an additional factor 2 in ref.2.
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The dispersion range of the system is
v, = c/ZLR . (3)
According to Eq.(1) the reflection coefficient R; = [l,,;lz
can be calculated. For the cases interesting here a maximum for B = 0

and a minimum for B = v results (Fig.1).

3. CALCULATIONS

A maximum reflection coefficient R;(B=0) near 100%, a small
minimum reflection coefficient R;(B=1r), and a narrow band-width Av are
required for mode selection in high gain lasers. The narrow band- width
can be obtained by a small 83 or a large length LR of the resonator. The
conditions for low gain lasers are less restrictive because a larger mi-

nimum reflection coefficient is permissible.

In what follows calculations are discussed which lead to a

system suitable for high gain lasers.

In Fig. 1 (a) and (b) the calculated maximum R;(B=0) and mi-
nimum Rj(g=n) and B, are shown in dependence of R, and Ry with Ty as pa-
rameter.The other physical data used for the calculation accordingto Eq.
(1) and (2) are determined by the following conditions: The reflection
coefficient R, of the mirror 4 should be as high as possible and the ab-
sorption coefficients By =1 = Ry = Tp and 43 =1 = R3 = T3 of the mir-
rors 2 and 3 should be very small. Using typical dielectric mirrors of
InS and Na,Al F, the following data were used in Fig. 1 Rk =99.8% (13
layers) and 4, =4, = 01%.
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Fig.1(a) - %wﬁmus and K3{(8=n) in dependence of R, and R3 with ¥, as pa-
rameter. wwﬂmucv is nearly independent of 7 and R3(B=n) of R,. The data
Ay = A3 = 0.1% and Ry = 99.8% were used. 1(b) - Dependence of By on R,

and ww with so as parameter.
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Fig.1(a) demonsrrates that the maximum R;(B=O) is approxima-
tely independent of T, and the minimum R;(B=1r) is independent of R3 for

the parameters choosen. R;(B=1r) shows a zero minimum at
l2o] = 7oV = 49 ([rg] + | [(1 - 49)) 700 + frglln,D), (4)

which depends strongly on Ty. In Fig. 1(a) R;(B=0) is a nearly linear
function of R, yielding values of R;(B=0) = 99.9% for R, = 99.9%. The
values of R’;(B=0) which decreasewith increasing R3 are given in Fig. 1
(a) in brackets for R, = 95%.

in Tig.1(b) By is given using a similar representation as
for R; in Fig. l1(a). The dependence of B; on R and R, is shown for T,
= 97% and 100%. For intermediate T, additional values of B8, are given
for R, = 100%. For application of a three-mirror reflector only cases
with B, € n/2 are of interest because for 8, » w/2 the system has the
propertied of a Fabry-Perot etalon which has broad reflectivity maxima.

The limiting case of SO =n/2 is given by
= m2 - 2
Ry = Ty R,(1-4;) (5)

It may be concluded from Figs. 1(a) and {(b) that three-mirror reflectors
with high R3(g=0) and low R%(8=w) and 8, can be constructed especiallyin
the region R, > 99%, B3 > 99%, and T, near 100%. The optimum choice of
Rz' Rs’ and T0 depends on the laser type and gain and other experimental
conditions. As two examples from Figs. I1{a) and (b) three-mirror reflec-

tors can be constructed with

(1) B, =Ry =995% , Ty = 99.9% yielding

R3(8=0) = 99.6% , Fy(8=r) = 0.0%, B, = 0.93 or

0

(2) R ,= 99.7%

oY
w
I
w0
o
e
]
I

y Tg = 97%yielding

Ry(B=0) = 97.1% , R,(8=r) =28.3%, g =0.05 .

.k *
Example (1) shows that values of R,(8=0)=100% and R,(g=r)=0%
can be achieved only if a large bandwidth parameter 80 is allowed. Accor~

ding to Refs.(2,3) a value of R¥(g=0) = 100%and a small 8, is possible
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it the minimum reflectivity R;(B:H) is high, e.g. 90%. This type ofthree
-mirror reflector is suitable for frequency selection in low gain lasers.
Example (2) shows that for high gain lasers a compromise can be found

yielding large R3(8=0), small R¥(8=) and small By -

In Figs.2 and 3 the dependence of the properties of the three
-mirror reflector on 7, and T, is investigated for example (1) with Ry =
= Ry = 99.5%. The other non-varied data are the same as in Fig.l: R, =

= 99.8% and 45 = 0.1% (Fig.2) or 4, = 0.1% (Fig.3).
T, =95%-99,9%

a) 100 R;(B=0)
T, =95% R3(B=n)
97% "
boso
(¢}
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Fig.2(a) - B}(8=0) and R¥(8=m) in dependence of 75 or 4, with Ty as pa~
rarneter. The data R, = Ry = 99.5%, Ry = 99.8%, and 42 = 0.1% were used.

2(b) - Dependence of By on T, or A4, with Ty as pararneter.
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Tn=95%-99.9%
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Fig.3(a) - R;(s=0) and R¥(B=m) in dependence of T, or, A, With T as pa-

rarneter. The data Ry = R = 99.5%. is5 = 99.8%, and 4, = 0.1% were used.

3(b) - Dependence of By on T3 or 4, with 7 as pararneter.

It may be concluded from Fig. 2 (a) and (b) that the absorp-
tion coefficient 4, should be very srnall. For the case Ty = 99.9% a zero
minimum of R2(8=Tr) arises at Ap= 0.1%. The same minimum appears for A3
= 0.1% in Fig. 3 (a) and in Fig. 1 (a) which was calculated for 4, = 4,
= 0.1%. In conclusion the procedure proposed at the beginning of this
section seems reasonable: The absorption coefficients of the mirrors 2
and 3 are choosen as small as possible (e.qg. 0.1%), and the optimization
of the three-mirror reflector is done according to Fig. 1 by a suitable

choice of Ry, R3 , and Ty.

In the computer study also the properties of the three-mirror
reflector were investigated varying Ru' A reduction of Ry results in a
decrease of Rz(s=0) and in a increase of 8,. Thus as mentioned above the

optimum choice of the reflection coefficient of mirror 4 is R = 100%.
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4. EXPERIMENT

For testing the three-mirror reflector in a high gain laser
mode~selection in a dye laser was studied in experiment. A three- mirror
2= By ®
= 39.5%, R = 99.8%, 7, = 99.9%, T, = T3 = 0.4%. According to Egs. (1)

-(3) or to Fig.l the maximum and minimum reflection coefficients are cal-

reflector TMR (Fig.h) with the following data was available: R

culated to 99.9% and 0.0% and By 0.93 (see example (1) in last section).
With LR = 4.3 am the bandwidth is Av =10 GHz, and the dispersion range
Av, = 35 GHz. By a small variation of the parameters three -mirror re-

flgctors with a smaller bandwidth can be obtained. The reflection coef-
ficient depends critically on the separation between the mirrors 2 and 3.
Therefore mirrors 2 and 3 have been fabricated on a common substrate, se-
parated by a A/2-layer made of LaFg. The interference filter consisting
of mirrors 2 and 3 had a measured power transmission coefficient of 0.2
and a halfwidth of 2 nm as shown in Fig.5. The wavelength for which peak

transmission occured varied for different positions of the filter indica-

TMR
1 FPE IF ‘2\3 4

ting that the A/2-layer was wedge-shaped.
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Fig.4 - Dye-laser configuration with three-mirror reflector TMR consist-
ing of mirrors 2, 3, 4, Fabry-Perot etalon FPE, and interference filter
IF. r,, rs, r, are the ahplitude reflection coefficiants of the mirrors
2, 9%, 4. 7'0 is the power transmission coefficient of the A/2-layer sepa-

rating mirrors 2 and 3. » is the amplitude reflection coefficient of

3/2
the combination of mirrors 2 and 3 which can be considered as an additi-

onal interference filter.
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Fig.5 = Transmission coefficient versus wavelength } of the interference

filter consisting of mirrors 2, 3 measured for different positions of the

probing beam. The mirror diameter was 3 cm, the position of the probing

beam is indicated by a point.

The laser and the mode selective elements are shown in Fig.
4. Rhodamine 6G in a Brewster angled dye cell was pumped by a flashlamp.
The laser length was Iy = 52 om. The mirror 1 has a reflection coeffi-
cient of B; = 70% and the mirror radii were o, = 3m Py, =0, =P o,

Narrowing the bandwidth of the laser emission from 12 nm to 8.005 hnﬁ (4
GHz) was achieved by an interference filter IF (not to be mixed up wlith
the interference filter built up by mirrors 2 and 3) and a Fabry-Perot
etalon FPE using a plane mirror instead of the three-mirror reflector. A
schematic: representation of the laser spectrum is given in Fig.6. After
insertion of the IF and FPE the laser oscillated in the fundamental
transversal mode TEM;,. Substituting the three-mirror reflector TMR for
the plane mirror yielded single longitudinal mode operation. The action
of the TR on the laser spectrum is represe'nted in Fig. 6.

The single mode power amounted to about 1 kW, the energy was
-1 mJ. Without frequency selection the laser produced an output energy
of 50 mJ. The main power loss was due to the interference filter IF and
the Fabry-Perot etalon FPE which have been used for preselection of the
frequency. 1t has not been tried to optimize these components because
the aim of the experiment was only to test the performance of the three-

-mirror reflector. This produced only a power reduction of 25%.

The laser spectrum was analyzed with an external Fabry-Perot

interferometer (plate separation 60 mi . Photographs taken for single-
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Fig.6 = Laser spectrum with preselection by an interference filter |Fand
a Fabry-Perot etalon FPE and reflection coefficient R;‘ of the three-mir-
ror reflector TMR.

7,

Fig.7 - Two-mode and singie-mode output interferogram.

and two mode operation are shown in Fig.7. In order to test the tuning

range of the single mode laser both the IF and FPE have to be tilted.
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Simultaneously the distance of the mirrors 2 and 3 had to be tuned to be
equal to the half of the selected laser wavelength. This was accompli-
shed by using the wedge-shaped A/2-layer between the mirror layers and
displacing the interference filter consisting of mirrors 2 and 3 perpen-
dicular to the laser axis. Because only a slight wedge was available

the tuning range was limited from 607 nm to 615 nm.

In conclusion it is demonstrated that a three-mirror reflec-
tor can be used for frequency selection in a dye laser which has a much
larger gain than the He-Ne-laser investigated previously3. Thus, the
three-mirror reflector represents an alternative interferometric method

for single-mode operation of high gain lasers.

Acknowledgements are due to Mrs. 1. Ostwaldt for fabrication
of the mirrors and interference filters and to Dr. J. Weber for advice

during the construction of the dye laser.
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