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Diode laser using narrow bandwidth interference filter at 852 nm and
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We demonstrate an 852-nm external cavity diode laser (ECDL) system whose wavelength is mainly determined by
an interference filter instead of other wavelength selective elements. The Lorentzian linewidth measured by the heterodyne
beating between two identical lasers is 28.3 kHz. Moreover, we test the application of the ECDL in the Faraday atomic filter.
Besides saturated absorption spectrum, the transmission spectrum of the Faraday atomic filter at 852 nm is measured by
using the ECDL. This interference filter ECDL method can also be extended to other wavelengths and widen the application

range of diode laser.
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1. Introduction

An external cavity diode laser (ECDL) is widely used in
various fields such as atomic physics, metrology, and telecom-
munication due to its compactness and reliability. The ECDL
is usually designed to use a diffraction grating for wavelength
discriminator.!’-?) The second solution is to use a Fabry—
Perot etalon instead of a diffraction grating for wavelength
discriminator.>*! However, the two designs mentioned above
make laser frequency of the ECDL sensitive to the ambient
pressure and to optical misalignment caused by mechanical
vibration and noise environment.

The third solution is to use a Faraday anomalous dis-
persion optical filter (FADOF) as the wavelength selective
device.’>~71 The laser wavelength is stably limited at the high-
est transmission peak of FADOF and nearly immune to the
fluctuations of injection current and temperature. However,
compared with the traditional ECDL, this ECDL needs an ex-
tra FADOF, which greatly increases the cost, the size, and the
complexity of the system.

Another solution is to use an interference filter as
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wavelength-selective element to build the ECDL.!
formance is similar to those of other designs, but it is cheap
and easy to build. This ECDL with the interference filter is
insensitive to misalignment induced by mechanical vibration
and thermal noise.

In this work, we use the interference filter with a passband
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width of 0.45 nm and peak transmission of 92.9% as wave-
length selective element to build the ECDL at 852 nm. Then,
compared with saturated absorption spectrum, the transmis-
sion spectrum of FADOF at 852 nm is measured by using the
ECDL.

2. Diode laser using narrow bandwidth interfer-
ence filter at 852 nm

By changing the filter incidence angle relative to the op-
tical axis, the laser wavelength can be coarsely adjusted. Fig-
ure 1 shows the transmission of the interference filter as a func-
tion of laser wavelength at incidence angle of 6° by changing
an ECDL probe laser. It can be seen that the transmission
of laser wavelength of 852.358 nm achieves a maximum of
92.9%. The passband width of the interference filter is 0.45 nm
according to the Lorentzian fit.

The energy level diagram of Cs and the experimen-
tal setup of the external cavity diode laser are shown in
Figs. 2 and 3, respectively. L1 and L2 are two identical
lenses (C280TME-B, THORLABS) each with a focal length
of 18.4 mm and a numeric aperture of 0.15. L1 is the lens
forming a “cat eye” and L2 is the lens providing a collimated
output beam. The interference filter with a passband width of
0.45 nm and transmission of 92.9%, which is inserted between
two lenses, is used as an intra-cavity wavelength discrimina-
tor. The out-coupler is glued onto a piezoelectric transducer
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(PZT). The inner surface of the out-coupler is coated with the
partially reflective material and its outer surface is coated with
an anti-reflective material. The overall length of the external
cavity formed by the out-coupler and the back facet of the
diode is 73 mm. The position of the out-coupler is adjusted
by PZT in order to change the cavity length. The out-coupler
injects the feedback laser beam into the diode. After being col-
limated by collimating lens (LC C330TME-B, THORLABS)
with a focal length of 3.1 mm and a numeric aperture of 0.68,
light from laser diode (EYP-RWE-0860-06010-1500-SOT02-
0000, EAGLEYARD) arrives at the interference filter. Then,
the out-coupled light is collimated by a second identical lens
(L2). The advantage of this setup is that the wavelength dis-
crimination and the optical feedback are implemented by two
independent elements, i.e., the interference filter and the out-

coupler.
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Fig. 1. (color online) Transmission of the interference filter as a func-
tion of laser wavelength at an incidence angle of 6°.
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Fig. 2. Energy level diagram of Cs.

Figure 4 shows the laser output wavelength as a func-
tion of diode temperature. When the diode temperature is less
than 21.95 °C, the value of the output wavelength is almost
within 852.3268 nm. Then, the output wavelength increases
with the diode temperature increasing and their relationship is
almost proportional. This is because the higher the tempera-
ture, the longer the cavity length is. The relation between the

cavity length and wavelength can be expressed using the for-
mula L = n(A/2), where L is the cavity length, A is the laser
output wavelength, and 7 is the number of wavelength. When
the diode temperature is more than 22.85 °C, the value of the
output wavelength almost remains unchanged at 852.3657 nm.
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Fig. 3. (color online) (a) Experimental setup of the external cavity diode
laser. LD: laser diode; LC: collimating lens; IF: interference filter; L: lens;
OC: out-coupler whose transmission is 60%; PZT: piezoelectric transducer.
(b) Photograph of the external cavity diode laser.

852.37

852.36

852.35

A/nm

852.34

852.33

T3 T T R E——

T/°C
Fig. 4. Laser output wavelength as a function of diode temperature.

Figure 5 shows the laser output wavelength as a function
of PZT voltage. The output wavelength decreases with the
PZT voltage increasing. When the PZT voltage is between
0 V and 100 V, their relationship is almost inversely propor-
tional. This is because the larger the PZT voltage, the shorter
the cavity length is.
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Fig. 5. Laser output wavelength as a function of PZT voltage.
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Figure 6 shows that the threshold current is 33 mA and
the diode current shifts the laser output power by 0.58 W/mA.
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Fig. 6. Laser output power as a function of diode current at 23 °C.

To measure the linewidth of the external cavity diode
laser, a heterodyne beating experiment is carried out by using
two identical lasers. The result of the heterodyne measure-
ment is shown in Fig. 7. The FWHM of the Lorentzian fit and
the Gaussian fit are 40 kHz and 48.9 kHz, respectively. The
laser linewidth is 1/ ﬁ of the FWHM of the beat note. There-
fore, the Lorentzian linewidth of each laser is calculated to be
28.3 kHz, and the Gaussian linewidth is 34.6 kHz based on the
above fits.
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Fig. 7. (color online) Beat signal between two identical external cavity
lasers. The sweep time of spectrum analyzer is 10 ms, the resolution
bandwidth is 30 kHz, and the video bandwidth is 30 kHz. The FWHM
of Lorentzian fit is 40 kHz, and the Gaussian fit is 48.9 kHz. The inset
shows the magnified Gaussian fits curve.

3. Application of diode laser in Faraday anoma-
lous dispersion optical filter

Figure 8 shows experimental schematic of FADOF and
saturated absorption spectroscopy (SAS). The laser beam from
ECDL is split into two parts by BS1. One of them is used for
saturated absorption spectrum which is measured by PD2. The
other is used for transmission spectrum of FADOF, which is
measured by PD1. Two PDs are made in our laboratory. The
transmissions of BS1 and BS3 are both 50% and the transmis-
sion of BS2 is 20%. G1 and G2 are a pair of crossed polarizers

with an extinction ratio of 1x 107> and their transmissions are
both 85%. Both Cs cells are 5-cm long and their transmis-
sions are both 82%. The magnetic field is produced by a pair
of permanent magnets. The laser wavelength is measured by a
wavelength meter (model 621-A-VIS laser wavelength meter
from Bristol instruments), which has a resolution of 0.1 pm
and an accuracy of £0.2x ppm. In our experiment, the mag-
netic field is 12 G (1 Gs=10"* T). The inhomogeneity of the
magnetic field is less than 10% and can be ignored. We make
use of a magnetic shield to reduce the influence of the external
magnetic field.
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Fig. 8. (color online) Experimental schematics of FADOF and satu-
rated absorption spectroscopy (SAS). ECDL: 852-nm external cavity
diode laser using an interference filter; BS: beam splitter; G: Glan—
Taylor prism; R: high reflection mirror for 852 nm; PD: photodetector;
Wavelength meter, model 621-A-VIS.
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Fig. 9. Saturated absorption spectrum (SAS) at 852 nm corresponding
to crossover transition 62S1/2, F=3— 62P3/2, F'=273.4.

The experimental data above indicate that the laser with
using the interference filter for wavelength selective element
is insensitive to the ambient pressure and to optical misalign-
ment induced by mechanical or thermal deformation. ! To fur-
ther check its performance, the laser is used to measure SAS
and the transmission spectrum of Cs FADOF. Figures 9 and 10
show the SASs corresponding to crossover transitions 6%S; /2
F=34— 62P3/2, F' =2,3,4,5 at 852 nm. These data of
SASs indicate that the laser output frequency realized here is
stabilized at 852 nm. Figure 11 shows experimental results of
FADOF with using the 852 nm ECDL in Fig. 8. The upper
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line represents the SAS at 852 nm crossover transition 623, /25
F=4— 62P3/2, F' = 3,4,5 which is used for frequency ref-
erence. The lower line refers to the transmission spectrum of
Cs FADOF. The transmission achieves 52.9% when the tem-
perature of Cs cell is 23 °C and the magnetic field is 12 Gs,
indicating that the laser achieved here can be used in Faraday
anomalous dispersion optical filter.
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Fig. 10. Saturated absorption spectrum (SAS) at 852 nm corresponding
to crossover transition 6281/2, F=4— 62P3/2, F' =3,4,5.
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Fig. 11. (color online) Upper line represents the SAS at 852 nm corre-
sponding to crossover transition 6251/2, F=4— 62P3/2, F' =3,4,5.
The lower line refers to the transmission spectrum of Cs FADOF. The
magnetic field is 12 Gs and the cell temperature is 23 °C.

4. Conclusions

In this work, we use the interference filter as a
wavelength-selective element instead of diffraction grating to
build an external cavity diode laser at 852 nm. A heterodyne
beating experiment is made by using two identical lasers. The
Lorentzian linewidth of the laser is 28.3 kHz. In Ref. [15],
Ruan er al. used the interference filter at 852 nm to build

a laser with high frequency which has been used in atomic
clock.[%17 The laser has a linewidth of 72 kHz. In compari-
son, the laser realized here has a lesser linewidth of 28.3 kHz,
which can be used in Faraday anomalous dispersion optical fil-
ter, and the experimental results of FADOF are obtained. Our
laser can be used not only in an atomic clock, but also as the

pump laser in active Faraday optical clock> '8 and four-level

19-

active optical clock.[19-221 At the same time, we demonstrate a

Cs FADOF operating at 852 nm by using the laser realized by
us. The transmission will increase further if the cell temper-
ature and the magnetic field are optimized. This method can
also be extended to other wavelengths and widen the applica-
tion range of laser.
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