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Abstract

 

—It is proposed to apply a reflective interferometer in measurements of the spectral dependence of
the phase of reflection of mirrors based on multilayer semiconductor nanostructures. The interferometer has
been tested on the semiconductor mirror initiating the self-locking mode of a Nd
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: KGd(WO

 

4

 

)

 

2

 

 laser. The tech-
nique proposed can be applied in a wide wavelength range and has a higher sensitivity for measuring the phase
characteristics in comparison with the conventional two-beam interferometers.
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INTRODUCTION

Compact lasers operating in the ultrashort-pulse
mode are of great interest. A necessary condition for
implementing this mode is the compensation of posi-
tive group-delay dispersion of the laser optical ele-
ments. Currently, this problem is successfully solved
using special mirrors with peculiar spectral characteris-
tics (for example, mirrors based on a Gires–Tournois
interferometer [1, 2]) or the so-called mirrors with
chirp [3] or double chirp [4]. In fabrication of such ele-
ments, it is necessary to carefully control the phase and
amplitude mirror characteristics. The conventional
approach uses two-beam instruments (Michelson, Sag-
nac, or Mach–Zehnder interferometers) [5]. This
approach is implemented in various techniques: white-
light interferometers with subsequent Fourier transfor-
mation [6] or direct measurement of phase shifts at dif-
ferent wavelengths [7] (this technique provides the best
measurement accuracy).

In this study, a new technique is proposed, which is
based on multipath interferometry. It can be used for a
wide class of laser optical elements and provides a sig-
nificant increase in the spectral resolution and accuracy
in measurements of phase characteristics. This method
uses the concept of reflective interferometer [8], which
has already found application in some original devices.

DESIGN OF A REFLECTIVE INTERFEROMETER

Figure 1 shows a reflective interferometer formed
by a sample studied (rear mirror) and a thin metal layer
on the substrate (front mirror). Both mirrors are fixed at
piezoelectric cells. A modulating voltage, providing a
shift by a tenth of the intermodal distance, is applied to
the piezoelectric cell of the front mirror. The second

piezoelectric cell is made of bimorphic piezoelectric
ceramic. It provides linear displacement of the sample.
An element without hysteresis in the range of voltages
from 0 to 100 V and with a sensitivity 
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 is used.

The reflective interferometer is characterized by the
wavelength dependence of its reflectivity. Figure 2
shows good agreement between the experimental data
(circles) for a simple sample (nickel film) and the
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Fig. 1.

 

 Design of the reflective interferometer: (

 

1

 

) piezo-
electric ceramic modulating the interferometer base,
(

 

2

 

) piezoelectric ceramic controlling the position of the
(

 

3

 

) sample, (

 

4

 

) front mirror of the interferometer, (

 

5

 

) light
source, (

 

6

 

) monochromator, (

 

7

 

) photodetector, (

 

8

 

) self-tun-
ing unit, and (

 

9

 

) digital voltmeter.
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results of calculation (filled squares) of the interferom-
eter reflectivity. The minima of the reflectivity near zero
correspond to the case of phase matching [8], which is
experimentally realized with the use of a sample in the
form of a Ni film with a thickness of 5 nm, deposited on
a quartz substrate; the film parameters are 

 

n

 

 = 2.872

 

 and

 

κ

 

 = 5.152 [9]. The interferometer base is 26.405 

 

µ

 

m and
the mirror is a deposited aluminum film with a reflec-
tivity of 0.95. The finess of this reflective interferome-
ter turned out to be much higher than that for two-beam
interferometers. This fact guarantees more exact tuning
of the radiation wavelength into a certain part of the
spectral reflective curve of the interferometer. Further
increase in the spectral resolution can be obtained by
increasing the mirror reflectivity with the use of a com-
bination of a metal film with a dielectric coating.

MEASUREMENT RESULTS

The essence of the measuring procedure is succes-
sive determination of the values of voltage correspond-
ing to the reflectivity peaks for the reflective interfer-
ometer, according with the tuning of the monochroma-
tor to the next wavelength. The reflective interferometer
phase can be written as 
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πν
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 + 4

 

π

 

 + 
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) = 2

 

π

 

m

 

, where

 

ν

 

 = 1/

 

λ

 

 and 

 

m

 

 is the interference order. To determine the
absolute phase, it is necessary to know the values 

 

l

 

0

 

 (the
interferometer base at zero voltage) and 

 

m

 

. The value of

 

l

 

0

 

 can be found from the voltage across the piezoelectric
cell when the mirrors of the reflective interferometer
are in contact; however, this procedure requires ideal
planarity of mirrors, which cannot be obtained in our
case. The values of 

 

l

 

0

 

 and 

 

m

 

 were found from short-
wavelength measurements (

 

λ

 

 

 

≈

 

 (0.6–0.7) 

 

µ

 

m), corre-
sponding to the transitions far from the GaAs absorp-
tion edge, where 

 

Φ

 

 = 

 

π

 

; in this case, the operating inter-
ference order was determined from the known value of

 

m

 

 in this short-wavelength spectral region. In the mea-
surements reported here, 

 

m

 

 = 33

 

 and 

 

l

 

0

 

 = 16.0 

 

µ

 

m.

A laser mirror of specific design, intended for simul-
taneous compensation of the group-delay dispersion
and operation as a saturating absorber was an object of
study. Layers of the Gires–Tournois interferometer type
with negative group-delay dispersion and a saturating
absorber based on two 
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 quan-
tum wells were used in the mirror design. Thus, a com-
bined (so-called “all in one” [10]) element has been
designed. The mirror was MBE-grown; it proved to be
able to implement the self-locking mode for a

 

Nd
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KGd(WO

 

4

 

)

 

2

 

 laser. The spectral dependences of the
reflectivity and phase were calculated for this combined
mirror. The refractive and extinction indices were taken
from [11]; the dispersions of both values were also
taken into account. The absorption by quantum wells
was calculated as in [12]; the refractive index of the
quantum-well material was taken to be 3.55.

The measured spectral dependences of the phase
(triangles) and reflectivity (circles) of the mirror stud-

ied (Fig. 3) exhibit some deviations from the calcula-
tion results. Taking into account the quadratic chirp in
the refractive index 

 

n

 

 and the layer thickness 

 

h

 

, we find
that, even near the substrate, the values of 

 

n

 

 and 

 

h

 

 differ
significantly from those assumed in the initial design:

 

n

 

(AlAs) = 3.02, 

 

n

 

(GaAs) = 3.343,

 

 h

 

(AlAs) = 0.185, and

 

h

 

(GaAs) = 0.0656. This fact is reflected in the calcu-
lated curves in Fig. 3. A possible cause of this deviation
is the interdiffusion contribution.

Thus, a new method has been proposed for measur-
ing the phase characteristics of laser mirrors providing
the ultrashort-pulse mode in compact lasers. This tech-
nique was checked and tested on a combined, com-
pletely semiconductor mirror. Comparison of the calcu-
lated and measured characteristics indicates a signifi-
cant contribution of interdiffusion in the layers.
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Fig. 2.

 

 Wavelength dependence of the reflectivity: (filled
squares) calculated and experimental (circles) data for a
nickel film sample. Good correspondence between the the-
ory and experiment and high sharpness of the interferome-
ter can be seen.

 

Fig. 3.

 

 Comparison of the calculated amplitude and phase
characteristics with the measured ones for a completely
semiconductor laser mirror of the all-in-one type. The dis-
crepancy between the theory and experiment is related to
the interdiffusion processes in the nanostructures.
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