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Abstract

In this work an efficient system generating blue light (at 423nm) is reported. A high power,
broadband, diode laser isinjected by a single-mode diode laser, generating up to 300mwW of useful
power at 846nm. Using a 1cm long Potassium Niobate (KNbOs) crystal, the frequency of the laser
is doubled generating up to 54mW of useful power of blue light a t423nm. The crystal is placed in
an external bow-type ring cavity that enhances the fundamental power increasing the efficiency of
the doubling process. The doubled laser can be used to cool and trap neutral Calcium atoms as
well as for spectroscopy of these atoms.

1 - Introduction

High resolution atomic and molecular spedroscopy requires sngle-mode and tunable lasers. Diode lasers,
particularly attracive because of their low cost and long lifetime, generally do not fit this requirement, but can
be forced to oscill ate single-mode when used in extended cavity configurations. Although their tuning range is
acceptable for most applications, they are available only in certain wavelength regions. In particular, laser
coaling and trapping of alkaline-eath atoms, as Calcium, is one example that requires tens of miliwatts of
single-mode laser power in blue-violet region.

Calciumisaparticularly interesting element becaise of avery narrow opticad transition, which makes it
a candidate to a unified frequency-time-length standard [1]. Certainly, one of the biggest technicd challengesin
buil ding a diode-based magneto ogticd trap (MOT) for Caisthe generation of single-frequency radiation at
423mm [2]. Sincethere ae no suitable 423rm semiconductor source yet avail able, the better choiceto generate
enough cw power is frequency doubling of alaser diode in an external build-up cavity. This lution requires a
powerful single-mode laser source d the fundamental wavelength (846 mm). Injedion lockingis a useful
technique for amplifying the output power of atunable external cavity diode laser. The injedion-locked output
retains the spedral properties of the injeded signal while offering high powers.

2 - Experimental Setup and Results

It can be seen in the figure 1 the experimental setup of our system. The master laser, a single mode extended
cavity diode laser (SDL 54222H,), injeds the salve laser, a high power diode laser (SDL — 8630, which can
delivery up to 300mW of useful infrared light.

The master laser is used in an alternative extended cavity configuration [3]. The cavity is made of athin
glass plate placed 16cm away from the llimating lens. Between the lens and the thin plate aprismis placel to
disperse spatidly the light. The glass plate @n be tilted tuning the wavelength of the master laser.
Approximately 18mW is injeded in the dlave laser. After the isolators, the total power of the master laser is
300mW at 846rm. The light of both lasers can be analyzed by a Fabry-Perot (F.P.) cavity which guarantees that
the lasers are single mode. Besides the Fabry-Perot cavity we can analyze the spedrum of the lasers with an
Opticd Spedrum Analyzer.

The light emitted from the slave laser enters in the doubling cavity where it is placad the nonlinea
KNbO; crystal. The ring cavity consists of two plane mirrors (the first with atransmission of T = 2.3% at 846 nm
and the seoond to have arefledion R = 99,8% at 846 nm) and two curved with radius curvature of 10 cm each
(the output mirror have arefledion R = 99,3% at 846 nm and a transmission at blue light R = 55%). The free
spedra range of the cavity is 470 MHz. The fundamental power is enhanced by the cvity, which build-up
fador is 70 times. When the blue light is generated this fador is reduced to 14 times for the second harmonic
generation creaes loses to the fundamental harmonic. The noncriticd type-l phase-matching is achieved by
varying the aystal temperature up to -12°C. The doubling cavity is kept resonant with the laser frequency
eledronicdly. The stabili zation is made using the Hansch-Coulliaud technique [2].

The singe pass efficiency of the 1cm long KNbO; is given by the foll owing expresson

P(2w) =nP*(w)
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where n=-0.01W™. A maximum of Py, = 54 mW of blue light emisson (unidiredional) was generated with
Puir = 245mW of incident pump power, an optica conversion efficiency of 22%.
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Figure 1: Experimental setup. The extended cavity master laser injeds the high power slave laser. O.1. are the
opticd isolators. F.P is the Fabry-Perot analysis cavity. The stabili zation of the doubling cavity is made
eledronicdly by actingin the “piez0”. The eror signal is generating by the quarter wave plate and the
Wolastron prism (W.P.).

In figure 2 one can seethe spedra of the master and the dave lasers. Not only the power of the salve laser is

increased with the injedion but the emitting laser starts to oscill ate single-mode. The mode in which the dave
emitsis the same of the master laser, as shows the figure 2 (b).
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Figure 2: (a) Spectrum of the slave laser been injected by the master laser (blue line) and without injection
(black line). (b) Spectrum of the master laser (red line) and the dave laser injected (blue line).

In the figure 3 the effects of the optical injection in the slave laser can be seen. The output power of the slave
laser as afunction of the injecting power of the master laser is shown by (a). Meanwhile the output power of the
dave laser as a function of the injecting current for two cases (injected and without injection) can be seen in (b).
The slave oscillation threshold is reduced when the injection takes place.
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Figure 3: (a) Slave output power as a function of the master injeding power. (b) Slave output power as function
of theinjedion current. The blad line refers to the cae when the laser in not been injeded by the master and the
red lineisthe ase with injedion.

Conclusions

In conclusion, we have shown that the salve laser start to oscill ate single mode & the master laser. The high-
power injedion-locked diode laser was used in conjunction with resonant enhancement cavity to significantly
increase the second-harmonic power and conversion efficiency. A maximum of 54 m of useful cw blue light
radiation was measured.
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