Notes on Dual Wavelength laser M843460/M741300 (DRAFT)
Description

Layout of the laser is shown in the Fig.1. Laser cavity is stable and formed by four mirrors M1-M4. Optical pump generated by the DQ-527 laser is controlled by mechanical shutter S1 and focused through mirror M2 by lens L1 into a gain medium, which is a Titanium doped sapphire crystal C1 located approximately in the middle of the cavity. Cavity also contains two frequency doublers SHG1 and SHG2 placed between M1 and M2, one of the optical filter sets “440 nm” or “500 nm” selected by computer controlled linear stage LS, laser polarizer P1, electro-optical modulator QS and a broadband quarterwave plate W1.  Output of the laser is frequency doubled radiation transmitted through mirror M2. It is orthogonally polarized with respect both to pump and fundamental intracavity radiation, thus it can be separated from both the pump reflection from M2 and fundamental leakage through M2 by using polarizer P2. Laser output can be continuously attenuated by computer controlled motorized waveplate followed by polarizer P3. Dichroic mirrors M5-M8 split the output approx. 98:1(?) forming two beams coupled by lenses L2 and L3 into multimode optical fibers (not shown in the picture)
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Fig. 1  Layout of the laser.

Alignment procedure .

1. Switch control box into manual mode and select “440 nm” filter set.

2. Remove the end plate faced toward the pump beam and polarizer P1.

3. Use He-Ne laser to mark optical axis. Preliminary position SHG1, SHG2 and QS. It is important to make sure that the He-Ne beam is centered at these elements which have relatively small clear aperture and very limited translational adjustments. Temporally remove QS and W1 from the cavity and align end mirrors M1 and M4 using He-Ne laser. Do not disturb He-Ne beam from now on, which is now marking optical axis of the laser. Danger  Do not proceed further without proper protective laser goggles. 

4. Turn the pump laser on as described in its manual. Set up pump  level just above threshold of the pump laser and manually rotate the  “440 nm” filter set so that the flat chamfer of the filter is at the very bottom. Adjust the rotation of the filter by minimizing intensity of the pump reflection from the surface of the filter. At this position filter is not wavelength selective and laser generates broadband spectrum limited by cavity coatings and Ti:S gain curve. Close shutter, switch to “500 nm”, open shutter and repeat the procedure to rotate the ”500 nm” filter set. Warning. in the manual mode, do not forget to close the shutter before switching between the “440 nm” and “500 nm “ regions. In the computer-controlled mode, the same precaution should be implemented in the code.

5. Set pump level to ~9.5-10 A and switch to “440 nm. If the end mirrors M1 and M4 are properly aligned lasing at ~ 870 nm should appear. It can be easily detected with either IR viewer or CCD camera. Make sure that the fundamental beam generated by the laser and He-Ne beam coincide. Adjust pump beam direction and focal position if necessary. Warning. Pumping of the laser well above the threshold until SHG1 and SHG2 are properly set for maximum output is dangerous for the intracavity optics. Use caution.

6. Disconnect optical fibers and remove lenses L2 and L3. By aligning mirrors M4-M8 center both output beams on the fiber sockets as best as possible. Also, make sure that the optical paths are perpendicular to the end plate. 

7. Use leakage of the fundamental radiation through the end mirror M1 to set up laser diagnostic equipment – spectrograph and power meter or fast (<1ns) photodiode. Only fundamental radiation can be monitored at this position.  

8. Observe broadband spectrum in the 880 nm region, similar to one shown in Fig.2.  If spectrum exhibits modulation try to adjust rotation of the optical filter set in order to eliminate the modulation. If spectral modulation persists a small rotation of the Ti:sapphire around optical axis may be also needed. Make sure that the He-Ne beam coincides with the fundamental radiation. Write down pump  level required to reach the threshold.

9. Switch to “500 nm” region. Increase pump level to ~?? A. If no laser generation is observed adjust rotation of the long pass filter LP mounted next to the optical filter set “500 nm” Observe broadband spectrum in 1000 nm region, similar to one shown in Fig.3. Write down pump level required to reach the threshold.

10. Switch to “440 nm” region, and set up pump level at the value just above the value measured at step #10. Do not open shutter yet. Set up SHG1 and center it. Open shutter. Laser should continue to generate broadband radiation. If spectrum of the laser is modulated rotate SHG1 around its axis. Close shutter, set up SHG2 and center it. Open shutter again. While monitoring laser spectrum, rotate SHG2, if necessary to maintain bell-shaped unmodulated spectrum. At this point neither SHG1 and SHG2 are not set for maximum conversion efficiency yet, so it is important not to exceed the threshold substantially, as mentioned in step #5.

11. Set up laser Glan polariser P1. Rotate it to transmit horizontally polarized E-field. If necessary, adjust end mirror M4 slightly. Measure and write down the pump levels required to achieve thresholds both in “440 nm” and “500 nm” region. 

12. Observe spectra in each of the regions. Presence of the P1 inside the laser cavity substantially modulates laser spectrum. Typical spectra for “440 nm” and “500 nm” regions are shown in Fig. 4 and Fig. 5 respectively. If necessary, positions of the peaks in spectrum can be tuned by manual rotation of the P1 along the vertical. Write down the wavelengths of the to be selected by the optical filters as primary ( “440  nm“ range) and secondary (“500 nm” range) operation wavelengths. Note. (A) Due to mechanical limitation angular tuning ranges of the SHG1 and SHG2 are 865-895 nm and 985-1015 nm respectively, thus chosen wavelengths should be within these ranges. (B) Output pulse duration and jitter may be worse than specified if the intensities of the chosen wavelengths are smaller than 30-40% of the central peak intensity. 

13. Close the shutter and set up waveplate W1. Open shutter and increase pump  level to maximum observing laser cavity via IR-viewer. Laser should not generate up to pump current ~ 27 A. If laser does generate adjust rotation of the waveplate W1. Decrease the  level to the threshold value measured at step 17. Switch to the region “440 nm” and repeat this check in the other wavelength region. Remove waveplate W1 from the cavity. Do not change its position after.

14. Switch laser to the region “440 nm” while keeping pump  level just above threshold. Select primary wavelength chosen at the previous step by rotating the filter set within angular range (45 +/- 7) degrees from the original position. Fine-tuning can be done my minimizing laser buildup time using fast photodiode.  Switch laser to the region “500 nm” and select secondary wavelength by rotating the other filter set within the same angular range (45 +/- 7) degrees from the original position. It is important for the normal operation of the laser to choose angular positions of both optical filter sets close to 45 degrees. Determine and write down respective threshold pump levels.

15. Adjust angle of the SHG1 in vertical plane for maximum output at the primary wavelength. Switch laser to the region “500 nm” while keeping pump pump level just above threshold. Adjust angle of the SHG2 in vertical plane for maximum output at the secondary wavelength. 

16. Make sure that He-Ne beam still marks the optical axis of the laser. Switch to “440 nm” region. Close shutter and insert electro-optic modulator QS in the holder oriented as shown in Fig. 6. Do not connect high voltage yet. Align modulator as described in its manual using He-Ne beam and a pair of crossed thin polarizers. Make sure that the beam is centered at the QS aperture. Use screws located on the modulator mount to adjust position and angular alignment of the QS. 

17. Adjust angular alignment of the QS for maximum intracavity intensity and fastest pulse buildup measured by the photodiode. Switch to secondary wavelength and readjust angular position of the modulator if necessary. It may be necessary to adjust the end mirror M4 slightly, since QS may have a little wedge angle. After alignment, write down pump level required to reach the threshold.

18. Reinsert waveplate W1 prealigned earlier. Repeat hold-off check as described in step #12. 

19. Connect high voltage wires to the modulator, as shown in Fig. 6. Make sure that the wires are properly secured and are at least 2 mm away from any conducting surfaces. 

20. Danger: High voltage up to 10 kV is applied to the modulator. Use caution. Turn high voltage  power supply on.  If trigger pulse timing is properly adjusted laser generation must be observed when trigger pulse is on and no generation must be observed when trigger pulse is off. Adjust trigger pulse timing using controls located on the digital delay generator shipped with the laser. Using small screwdriver adjust high voltage potentiometer located on the face panel of the high voltage power supply to obtain maximum intensity and fastest build-up of the laser output.

21. Place polarizer P2. Rotate it to maximize transmission of the light with vertical E-field (frequency doubled laser output) and minimize transmission of the leakage at the fundamental frequency through mirror M2. Adjust rotation of the polarizer P4 located in the pump beam to minimize reflection of the pump from the same mirror. 

22. Select either wavelength. Decrease pump closer to threshold value. Connect tubes with lenses L2 and L3 to the end plate. Adjust mirrors M5-M8 so that both auxiliary and main beams do not clip at the corresponding fiber sockets. 

23. Set up photodiode (1 ns resolution or better) in the auxiliary beam. Attenuate the beam with neutral density filters if necessary. Place a power meter at the main output. Manually adjust position of the waveplate W2 so that its default ‘home’ position corresponds to minimum transmission through P2.

24. Using ‘Intensity’ knob adjust motorized waveplate W2 for maximum transmission. Select primary wavelength (“440 nm” region). Increase pump while monitoring output power, pulse duration and jitter at the output of the photodiode. Write down pump level corresponding to maximum energy. Above this pump level gain in the medium becomes so high that the optical filter is unable to maintain single-wavelength performance, as can be seen in the spectrum observed by the spectrograph. It may be necessary to exceed this pump level slightly in order to make  pulse duration and jitter meet the specification. Power decrease in this case should not be more than 20-25%. This is normal for this modification of the laser. However, an attempt to force shorter pulse duration by increasing pump level further is dangerous for the intracavity optics. If necessary, make sure that the step #14 is completed properly.

25. Switch to the secondary  wavelength (“500 nm” region). Slowly increase pump level until output is ~ 0.5 mJ. It may be necessary to make a fine adjustment of the angular alignment of both modulator QS and frequency doubler SHG2 to achieve as short pulse duration as possible. Adjustment of the SHG2 may result in smaller conversion efficiency, however, the drop of output power should not be more than 25%. Make sure that laser output does not fall below this level, since low conversion efficiency may result in damage of intracavity optics. Increase pump to reach desirable power level and pulse duration.

26. Close the shutter of the pump laser. Install the end plate. Decrease pump to minimum. Open the shutter of the pump laser and make sure that the pump beam is not clipping anywhere and is focused into the same spot of the Ti:sapphire crystal as before. Make minor changes of the pump direction if necessary to restore laser performance.

27. Connect optical fibers. Increase pump just above laser threshold. Use mirrors M5-M8 to maximize coupling into the optical fibers. Coupling is typically above 85%. 

28. Place U-shaped cover and Plexiglas  protective enclosure .

