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Frequency Stabilization of a He-Ne Laser by
Means of Magnetic Modulation
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Polarization directions of a 2-modes internal-mirror He-Ne laser are modulated by a weak

axial AC magnetic fieid.

By means of this magnetic modulation, the laser frequency was

stabilized at a point where each mode had an equal intensity together. From the error estima-
tion, it was shown that frequency stability was not affected by the drift of the electric circuit

and/or the photodetector with this method.

Indeed, a high repeatability of about 500 kHz

(1x10-°) was confirmed by using an Iz-stabilized He-Ne laser as a frequency standard.
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Fig. 1 A schematic diagram of the magnetic
modulation method. B, AC magnetic field; P,
polarizer ; PD, photodetector ; PSD, phase sensi-
tive detector.
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Fig. 2 Polarization directions of a 2-modes
internal-mirror He-Ne laser under the magnetic
modulation. @o, the angle between the polariza-
tion direction of a mode and the polarizer when
there is no magnetic field ; b » Bo, the amplitude
of polarization modulation.
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Fig. 3 A schematic diagram of 2-modes meth-
od. PBS, polarizing beam splitter ; PD, photo-
detector ; DA, differential amplifier.
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Fig. 4 A diagram of the frequency stabilized

He-Ne laser by means of the magnetic modulation.

PD, photodetector ; P, polarizer ; PSD, phase sensitive detector® ; SCF, switched capacitor filter.
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Fig. 5 The error signal A of the stabilizer.
L, the length of the laser tube.

~+

Fig. 6 The error signal when the servo loop
is open and is closed. a, the servo loop is
closed; b, the sensitivity of the recorder is
changed to %X50; §A., the fluctuation of the
error signal when the servo loop is closed.
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Iz; —e—, Ir-the magnetic modulation method ;
--------- , Iz-2-modes method (thin film heater)'®;
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Io-transverse Zeeman method!? ; —-—-—, Ix-longi-
tudinal Zeeman modulation method.!?
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Table 1 Repeatability of the absolute frequency.

No. Date (vmm — va)/MHz* do
1 86 10/31 255. 36
2 10/31 255. 48 /4
3 11/07 255. 05
4 11/08 255. 56
5 11/20 257.69
6 87 2/24 258. 08 o [4¥*
7 2/24 257.86

* ymM, The frequency of the laser stabilized
by means of magnetic modulation; v4, The
frequency of the laser stabilized at d-line
of I..

** Intensity difference between two light beams
obtained by the polarizing beam splitter is
used as the input of the phase sensitive
detector.
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