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Abstract. Continuous single-frequency solid-state lasers with intracavity frequency doubling 
Nd+3/YVO/KTP, whose frequency is stabilized along the absorption lines of molecular iodine, 
are currently widely used in laser interferometers. The paper describes a small-sized laser with 
frequency instability at the level of 10-12 with an averaging time of 1 second. It has been 
shown that this level of stability is limited by the amplitude noise of the laser, which in turn are 
determined by fluctuations in the laser pumping. Reducing the amplitude noise and increasing 
the signal-to-noise ratio in the stabilization system made it possible to further increase the 
frequency stability of laser radiation.
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Аннотация. Непрерывные одночастотные твердотельные лазеры с внутрирезонансным 
удвоением частоты Nd+3/YVO/KTP, частота которых стабилизирована по линиям 
поглощения молекулярного йода, в настоящее время широко используется в лазерных 
интерферометрах. В работе описан малогабаритный лазер с нестабильностью частоты 
на уровне 10–12 при времени усреднения в 1 секунду. Было показано, что это уровень 
стабильности ограничивается амплитудными шумами лазера, которые в свою очередь 
определяются флуктуациями лазерной накачки. Уменьшение амплитудных шумов и 
повышение отношения сигнал/шум в системе стабилизации позволило дополнительно 
повысить частотную стабильность лазерного излучения
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Introduction
In modern science and technology, optical measurements are increasingly being used to solve 

various tasks [1–5]. A special place among them is occupied by measurements using various lasers 
[7–10]. An iodine-stabilized diode-pumped solid-state laser (DPSS laser) with a wavelength of 
532 nm is not only a good secondary frequency standard but is also a good laser source with a 
wavelength (frequency) for implementing a meter using laser interferometry. 

Many of the lasers usually described in all references are quite large (all the optical parts of 
the laser systems were arranged on a 45 cm × 45 cm breadboard) [11–13]. The compactness and 
low weight of the laser (the dimensions of the laser head, which includes an iodine spectroscopy 
scheme, are 80 mm × 116 mm × 130 mm with a mass of about 1.5 kg) can be critical parameters 
for use in laser displacement interferometry, for example, in industrial laser interferometers and 
in absolute ballistic gravimeters.

The paper describes a small-sized laser with frequency instability at the level of 10–12 with an 
averaging time of 1 second.

It has been shown that this level of stability is limited by the amplitude noise of the laser, which 
in turn are determined by fluctuations in the laser pumping. Reducing the amplitude noise and 
increasing the signal-to-noise ratio in the stabilization system made it possible to further increase 
the frequency stability of laser radiation.

Solid-state laser design

Fig. 1 shows the optical scheme of the devel-
oped laser resonator. 

This linear resonator consists of a laser diode 
LD with a wavelength of 808 nm, a plate of the 
active medium Nd: YVO4 AM, a Brewster plate 
B, a nonlinear crystal KTP (KTiOPO4) with 
frequency doubling and a mirror of the output 
coupler M mounted on a piezoelectric disk PZT 
(lead zirconate titanate). The active medium 
Nd: YVO4, illuminated by a laser diode, gen-
erates radiation with a wavelength of 1064 nm. 
The Single-Frequency TO-Can Laser Diode is 
based on quantum well epitaxial layer growth 
and a highly reliable ridge waveguide structure 
with external volume holographic grating (VHG) 

feedback. This single-transverse mode laser diode features high optical output power and produces 
a wavelength stabilized spectrum with a single frequency narrow linewidth (0.8 pm) over the 
operating power range of approximately 400 to 500 mW (SMSR 42.5 dB). The intracavitary KTP 
crystal doubles the frequency of this radiation. PD is a photodetector.

The optical length of the linear resonator is about 17 mm, which corresponds to an intermode 
frequency interval of about 10 GHz. Single-mode generation at a single frequency is provided 
in the range of about 400 GHz (along the luminescence line) by a birefringent interference Lyot 
filter formed by a birefringent KTP crystal and a Brewster plate.

Fig. 1. Optical scheme of Nd+3/YVO/KTP/I2 
iodine stabilized laser resonator 
with a wavelength of 532 nm
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The temperatures of the active medium plate, the KTP crystal, the laser diode and the resona-
tor are regulated with instability within 2 mK. The frequency tuning range with the KTP tempera-
ture is about 100 GHz (at twice the frequency, which corresponds to a wavelength of 532 nm).

The dimensions of the laser head, which includes an iodine spectroscopy scheme, are 
80 mm × 116 mm × 130 mm with a mass of about 1.5 kg.

The third harmonic method [14, 15] with a modulation frequency of 3.3 kHz is used to stabi-
lize the frequency. An electronic unit for the power supply, five temperature control systems for 
laser elements and an iodine cell element, as well as servo electronics for frequency stabilization. 

Amplitude noise

Several such type lasers were developed [11–13]. But in general, it was a laboratory installa-
tion, mounted on optical tables which are difficult for transportation.

To stabilize the frequency of the output radiation in these lasers, the binding of the output 
radiation to the absorption lines of molecular iodine is used. For the stable operation of the servo 
system, it is necessary to ensure a sufficient signal-to-noise ratio. In stationary installations, the 
length of the iodine cell is increased for these purposes. The best results were achieved with a 2m 
iodine cell (BIPM). 

In our case, the length of the iodine cell is limited by the size of the transported radiator and 
is 10 cm. On such a cell, it was possible to stabilize the laser frequency at the level of 10-12 with an 
averaging time of 1 s. The frequency stability of the compact laser was measured using a stationary 
Nd:YAG/MgO:LiNbO3/I2 BIPM laser at 532 nm. 

The Allan deviations of the compact Nd:YVO4/KTP/I2 laser, stationary BIPM laser and 
He-Ne/I2 WEO 131 laser at 633 nm (manufactured by Winters Electro-Optics, Inc.) are shown 
in Fig. 2.

As studies have shown, the main contribution to the amplitude noise of the laser, which limits 
the SNR ratio, is the parasitic modulation of optical pumping in DPSS lasers.

Typically, DPSS lasers use multimode LDs with a power of 0.5 – 2 W for pumping. The gen-
eration spectrum of these diodes is wider than the absorption line of the active medium of 0.1 nm. 
Several LD modes are placed in the absorption line.

In these lasers, the phenomenon of mode competition is observed, which leads to a change in 
the amplitude of individual longitudinal modes. At the same time, the total intensity of the LD 
radiation remains constant and is determined by the pump current. 

To observe this phenomenon and the selection of LD, an installation was assembled in which 
the level and modulation of the power absorbed in the active medium can be recorded and 
recorded. It has been shown that the relative parasitic modulation of radiation in the pump radia-
tion increases greatly after passing through the active medium. The level of this modulation differs 
for different LD batches. In Fig. 3, the spectrum of parasitic modulation of the pumping power 
of a typical multimode LD is shown.

Fig. 2. Allan deviations of Nd:YVO4/KTP/I2 compact laser at 532 nm
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In addition, it should be noted that SS lasers are characterized by the presence of relaxation 
oscillations caused by Q-factor modulation of the resonator or pumping. The frequency of the 
peak of relaxation oscillations is determined by the laser parameters. The presence of these oscil-
lations causes additional amplification of parasitic modulation, which at its peak can reach several 
orders of magnitude. 

All this can negatively affect the operation of the servo system, which stabilizes the frequency 
by a signal of 1 and 3 harmonics at a modulation frequency of 10 kHz.

 Recently, single-frequency LDs with a power of 0.5 watts have appeared. To ensure the selec-
tion of longitudinal modes, a volumetric Bragg lattice is used. In Fig. 4, the spectrum of parasitic 
modulation of the pumping power for a single-frequency LD is shown. They are significantly 
lower than those of conventional LDs.

 Conclusion
A compact solid-state Nd: YVO4/KTP/I2 diode-pumped, iodine-stabilized laser at a wave-

length of 532 nm was developed and investigated. Metrological (frequency stability and repro-
ducibility) and technical (laser power, size and weight of laser blocks) characteristics suggest that 
such lasers will find wide application in laser displacement interferometry, including laser inter-
ferometers for absolute ballistic gravimeters, as well as portable secondary frequency standards in 
the visible optical frequency range.

Fig. 3. Spectrum of parasitic modulation of the pumping power of typical multimode LD

Fig. 3. Spectrum of parasitic modulation of pumping power for single-frequency LD
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