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Development of Frequency Stabilized Laser System for Long-lived Isotope Analysis
(1) Development of Littrow Configuration Extended Cavity Diode Laser

Masabumi MIYABE, Kouichi ODA" , Masaki OBA, Masaaki KATO, Ikuo WAKAIDA and
Kazuo WATANABE

Department of Environmental Sciences
Tokai Research Establishment
Japan Atomic Energy Research Institute
Tokai-mura, Naka-gun, Ibaraki-ken

(Received September 17, 2004)

In nuclear waste materials there are various radionuclides to which standard analytical techniques are difficult to be
applied. The analysis of such nuclides is expected to be of more importance in near future considering that the
clearance system permitting the recycling of the waste materials without regulatory control will be adopted in Japan.
We are developing an analytical technique where such nuclides are ionized and mass-analyzed using multi-step
* resonance ionization mass spectrometry.

We have developed an external cavity diode laser applicable to the analysis. The wavelength and output power
dependence on injection current and temperature were investigated for various types of laser diodes. In addition, the
diffraction efficiency of grating and the degree of injection current compensation were optimized. Based on the data,
we have obtained a suitable condition to operate the ECDL in stable single-mode oscillation. As a result, the
continuous wavelength scanning range without mode-hop as large as about 100 GHz was realized for infrared, red
and violet laser diodes. To demonstrate the applicability of the ECDL, we performed various Doppler-free
spectroscopy of Ne, Rb and Ca atoms using the ECDL as a light source. The linewidth of the measured Doppler-free
features was used to evaluate the bandwidth of the developed ECDL. Also, the reasonable agreement of the measured
isotope shift and HFS splitting with the reported values demonstrated that the developed ECDL is much applicable to
a highly precise laser spectroscopy as well as a laser trace analysis.

Keywords: Diode Laser, ECDL, Trace Analysis, Optogalvanic Spectroscopy, Saturated Absorption

Spectroscopy, Resonance lonization Mass Spectrometry

* Nagaoka University of Technology
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Comparison of various sub-doppler spectra

L§ v L] v ] M | M v

(a) Saturated Absorption

Absorption (arb.)

IMLIF (log)

Fluorecsence (log)

-500 0 500 1000 1500

Frequency (MHz)

K20 HN 7 ADA22nmILERRDOE AT kv

54 $itk 1= ECDL OiREEME L SHROEE

Ky 75 —7 U —4p GRS - SHRROBEIL, 776 LD T 50MHz, #+4}, 5 LD Tid 20MHz
Tholz, ThHIIFBEBD FEMOBHRBICHEARTHRENI L5 b, BRIBOREIIISWEEX
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