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The polarization properties of an internal-mirror 1523 nm He–Ne laser under an axial magnetic field were investigated.
When the axial magnetic field was around 12 mT, the laser operated in single mode with two opposite circularly polarized
components near the center of gain profile. In addition, due to the competition between these two opposite circularly polarized
components, each mode had only one circularly polarized component survived when the laser operated in the two-mode region.
We could stabilize the laser frequency at either the center of gain profile or the symmetric two-mode taking advantage of the
power difference between the two circularly polarized components of the laser output, and the stability achieved was better than
1 MHz.
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1. Introduction

A survey of the industrial and regulatory requirements for
frequency standards for optical communications concluded
that frequency standards for 1500 and 1300 nm bands is
needed for wavelength division multiplexing (WDM) fiber-
optical communication systems, and an accuracy of order 1
part in 109 is desired for national laboratory use, with one or-
der of magnitude less for a transfer standard, and one more
order less for the field applications.1) In 1500 nm band the
1523 nm He–Ne laser, diode laser, and Er-doped fiber laser
are suitable for this purpose. The internal-mirror 1523 nm
He–Ne laser has some advantages over diode and Er-doped
fiber lasers in high spectral purity and narrow linewidth.2) The
study of frequency stabilization of internal-mirror 1523 nm
He–Ne laser is valuable for the fiber optical communication
applications.3)

For 1523 nm He–Ne laser transition (2s2→ 2p1, J = 1→
J = 0), the theory of Polder and Van Haeringen4) predicts
that the laser output has no preference of polarization for sin-
gle mode operation. However, the experiment of De Lang
and Bouwhuis5) showed that the laser output has a small but
definite tendency of circular polarization, which can be at-
tributed to the difference between the relaxation rates of the
quadrupole moment and the angular momentum in the degen-
eratedJ = 1 level.6) For two-mode operation, due to mode
interaction, theory predicts either elliptical or circular oppo-
sitely polarized modes.7,8)

Tomlison and Fork have studied the polarization proper-
ties of single mode internal-mirror 1523 nm He–Ne lasers in
a weak axial magnetic field (51.6 mT).9,10) The laser out-
put showed strong coupling between the two opposite circu-
larly polarized components of the single cavity mode. Us-
ing the power difference between the two components, they
were able to stabilize the laser to a stability of 400 kHz.11)

One should note that their lasers were very different from the
commercial internal-mirror lasers in structure and had very
small cavity anisotropy.

The mode properties and frequency stabilization of a com-
mercial internal-mirror 1523 nm He–Ne laser have been stud-
ied by Junttila and Stahlberg.12) The output modes showed op-

He–Ne laser in axial magnetic field from 2 mT to 30 mT. Un-
der a proper axial magnetic field, we could stabilize the laser
frequency at either the center of gain profile or the symmetric
two-mode using the power difference between the two circu-
larly polarized components of the laser output, and the stabil-
ity was better than 1 MHz.

2. Polarization Properties

The laser tube studied was a Melles Griot 05-LIR-150
1523 nm internal-mirror He–Ne laser tube that has been used
in our previous investigations.13) The laser operates at two or
three modes and has an output of 0.85 mW and a mode spac-
ing of 441 MHz (corresponding to cavity length of 34 cm). An
axial electromagnet about 17 cm long (half the cavity length)
which could produce an axial magnetic field of up to 30 mT
was used in this study. The longitudinal modes were moni-
tored by sending the rear laser beam into a 7.5 GHz FSR scan-
ning confocal Fabry-Perot interferometer. A linear polarizer
and a quarter-wave plate were used to identify the polarization
of each longitudinal mode.

positely elliptical or circular polarization, which agreed with
the theoretical predications of Lenstra and Herman.7,8) Using
the ratio of the intensities of the two modes as the error signal,
they were able to stabilize the laser frequency within 10 MHz
on one hand, and the total output power within 1% on the
other. However, due to strong mode competition, the mode
configuration for stabilization is quite restricted.

We have studied the mode properties of a commercial
internal-mirror 1523 nm He–Ne laser. This laser showed dif-
ferent polarization properties as Junttila and Stahlberg’s ob-
servations. In free running, the laser operates at two or three
modes, and each mode contains two orthogonal linearly po-
larized components. The reason is that the cavity anisotropy
of our laser is stronger than theirs. However as we applied a
small transverse magnetic field (2.5 mT), the output had two
orthogonal linearly polarized modes over a wide range, and
it could be easily stabilized within 1 MHz using the modified
two-mode method. The detail results can be found in our pre-
vious publication.13)

In this paper, we will present our studies on the polarization
properties of the same commercial internal-mirror 1523 nm



For an internal-mirror He–Ne laser the polarization prop-
erties usually depend on the cavity anisotropy as the applied
magnetic field is weak.14) Under an axial magnetic field, if the
magnetic field is small, the polarization properties of our laser
are the same as the free running operation. When the mag-
netic field was higher than 2 mT due to the magnetic-field-
induced anisotropy in the active medium, each mode will be
split into left-hand and right-hand circularly polarized com-
ponents (denoted asσ− andσ+) by the Zeeman effect. The
polarization and power of the modes were investigated as a
function of their frequencies. The emission profile of the
laser output was recorded by using an oscilloscope camera.
Figure 1(a) shows a sketch that recorded output power ver-
sus frequency of the laser under an axial magnetic field of
6 mT. The width of total emission profile is approximately
twice the mode spacing of the laser. In Fig. 1(a), there were
two dips on the both sides of the center of gain profile. To
recognize the phenomenon, we can refer to Fig. 1(b), which
shows the sketch ofσ− andσ+ emission profile. Whenσ−
of the mode operated at the power maximum, its power could
suddenly drop as the mode move to higher frequency. At this
moment, the two opposite circularly polarized components of
the mode changed their power, appeared as polarization flip.
The same result happened as the mode move to lower fre-
quency. The major cause of cross saturation was the other
polarized component comes into lasing. However, the phe-
nomenon would disappear as axial magnetic field increased
up to 10 mT. In additions, theσ− andσ+ emission profile all
have a region of about 200 MHz where the power ofσ− or
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Fig. 2. The Zeeman splitting of the 2s2 and 2p1 levels in Ne for theJ = 1
to J = 0 1523 nm lasing transition.
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Fig. 1. (a) A sketch of the oscilloscope camera recorded emission profile
of the laser in an axial magnetic field of 6 mT. (b) The sketch of the ob-
servedσ− andσ+ emission profile, solid and dotted line corresponds to
theσ− andσ+ emission profile respectively. (P: relative mode power;f :
emission frequency)

σ+ component equals to zero. Each mode has only one circu-
larly polarized component in this region. By Fig. 1(a), we can
find this region around the symmetric two-mode operation,
and the higher frequency mode should haveσ+ polarization.
The reason is that the upper level of the 1523 nm laser transi-
tion is 2s2, while the lower level is 2p1. Since the transition
is J = 1 → J = 0 type, under axial magnetic field, the
Zeeman splitting is shown in Fig. 2. Theg value of the up-
per 2s2 is not measured and a reasonable assumption is that it
is approximately 1.3. The gain profile of a 1523 nm He–Ne
laser in an axial magnetic field splits into a gain doublet for
the two allowed transitionsσ− andσ+ with a separation of
36.4 MHz/mT approximately.15) Furthermore theσ− andσ+
transitions share the same lower level, there exits coupling
between the two opposite circularly polarized components of
the mode.

For the field strength above 6 mT, our laser was possible
to achieve single mode operation as one mode was near the
center of gain profile. When we applied an axial magnetic
field from 16 mT to 30 mT, the Zeeman splitting was larger
than mode spacing. In such a case the width of gain pro-
file allowed two or three modes operation. The center mode
contained two opposite circularly polarized components, and
two side modes had only one circular polarization. When the
magnetic field was up to 30 mT, theσ− andσ+ emission pro-
file could be completely separated, each mode would has only
one circular polarization, and theσ− andσ+ polarized modes
behaved more or less independently.

For observing the above situation, the power difference be-
tween these two opposite circularly polarized components of
the modes were detected by two Ge photodiodes using the
output from the rear mirror of the laser through a quarter
wave plate and a polarizing beam splitter. The difference in
the output voltages of the photodiodes is thus proportional to
the power difference two opposite circularly polarized com-
ponents. The power difference recorded under the influence
from 2 mT to 26 mT axial field strength is shown in Fig. 3.
Every section corresponds to the power difference as the laser
frequency scanned over the whole gain profile. The positive
slope and smooth part was known as the two-mode region
of the section when the field was from 2 mT to 14 mT, while
crossing zero point corresponded to symmetric two-mode op-
eration. The negative slope part was three-mode region of the
section as the field was less than 6 mT and the single mode re-
gion as the field was from 6 mT to 14 mT. In this region there



laser tube due to thermal expansion. In Fig. 4 the zero cross-
ing point with positive slope corresponds to symmetric two-
mode operation and the zero with negative slope corresponds
to single mode at the center of gain profile. The peak to bot-
tom value of the error signal corresponds to the frequency
range that the laser tube scans through half a mode spacing
(i.e. 220 MHz). In this case the laser was locked at the center
of gain profile, where the frequency difference between the
two circular polarized components was about 400 kHz. The
frequency stability can be estimated from the fluctuation in
the power difference as the feedback loop is on. Figure 4
shows the frequency stability achieved is better than 1 MHz
(1 f/ f = ±3 × 10−9). If we change the signal of+- and
−-terminal of differential amplifier, our laser can lock at sym-
metric two-mode position. The frequency stability is the same
as the laser lock at single mode operation.

4. Conclusions

For most of the applications, a frequency stabilized
internal-mirror two-mode He–Ne laser is oscillating in two
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exists more than two transitions except in the field larger than
10 mT due to the polarization flip of opposite circularly polar-
ized components. When the magnetic field was greater than
16 mT, the laser operated at two to three modes, the positive
slope and the negative slope part corresponded to three-mode
region and the two-mode region respectively.

Because of the fact that the polarization flip of opposite cir-
cularly polarized components exist as the field strength is less
than 10 mT, the laser is not suitably stabilized at the single
mode region. However, if we select the axial magnetic field
around 12 mT, the laser can be stabilized at either the cen-
ter of gain profile or symmetric two-mode position. In addi-
tion, when the gain profile splitting is larger than the width of
the mode spacing under strong axial magnetic field, the laser
would lead to poor frequency stability.

3. Frequency Stabilization

For frequency stabilization of our longitudinal Zeeman
laser, the laser tube was placed in the center of a cylindrical
permanent magnet of 2.4 cm in thickness that produced lon-
gitudinal magnetic field strength of 40 mT at its center. The
polarization properties were similar to the field strength of
14 mT with axial electromagnet.

When the laser was turned on, the rear beam passed
through a quarter wave plate, and the two linearly and orthog-
onally polarized components were separated by a polarizing
beam splitter and detected by two Ge photodiodes. The differ-
ence in the output voltages of the photodiodes was obtained
by using a differential amplifier and adopted as error signal.
The output of differential amplifier was connected to a feed-
back loop that controlled the current through a self-adhesive
noninductive foil heater wound on the center of laser tube.
The feedback circuit was similar to that designed by Mio and
Tsubono.16)

A typical recorder trace of the error signal before and after
starting the feedback loop is shown in Fig. 4. Before start-
ing the feedback loop, the major cause of frequency and am-
plitude fluctuations is the change in the cavity length of the
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Fig. 3. The power difference recorded under the influence of several axial magnetic field strengths. Every section corresponds to the
power difference as the laser frequency scanned over the whole gain profile.

Fig. 4. Typical result for frequency stabilization of longitudinal Zeeman
laser. The laser tube scans through half a mode spacing as the error signal
changes from maximum to minimum.
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orthogonally polarized modes, and the modes are symmet-
rical with respect to the center of the gain profile. In
previous reports, under free running operation or a small
transverse magnetic field, the commercial internal-mirror
1523 nm He–Ne laser was stabilized by the modified two-
mode method. One of the modes was tuned closer to the cen-
ter of the gain profile and the other mode on the wing.12,13)

However, under an axial magnetic field from 2 mT to 26 mT,
the laser frequency can be locked at symmetric two-mode lo-
cation by simple two-mode method. In fact, this stability is
better than the method using transverse magnetic field which
we reported previously.13) Since the laser can be locked to
symmetric two-mode, the lock point will not shift due to laser
power variation.

When we applied an axial magnetic field around 12 mT, the
laser frequency can stabilize at not only symmetric two-mode
but also the center of gain profile. The output of the stabi-
lized longitudinal Zeeman laser can obtain that single mode
contains two opposite circularly polarized components at the
center of gain profile or two orthogonally and circularly po-
larized modes locate at the symmetric two-mode position.


