Instrumentation Ti:Sapp Operation

Standard Operating Procedures

Laser system: Ti:sapphire laser oscillator and amplifier.

A. Laser Oscillator

Laser specification - oscillator

Pump laser: Class 4, diode-pumped solid-state laser, 7 Watt, cw, 532 nm.

Output: Class 4, mode-locked Ti:sapphire solid-state laser, 400 mW, 100 MHz, 800 nm, 100 fs. 
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Laser system configuration - oscillator

Figure 1. Ti:sapphire laser oscillator

Laser operation - oscillator

The system consisting of the Argon ion pump laser and the Ti:sapphire laser oscillator, is fully enclosed in a metal case. The oscillator consists of an argon ion pump laser and a passive Ti:sapphire laser cavity. A manual flip panel from the top of the enclosure is available for alignment and routine laser start up of the laser oscillator. A laser shutter indicated in Figure 1 normally blocks the laser output. Laser shutter is in fail-safe mode - in the close position on power fail condition. Upon uncontrolled entrance to the laser controlled area, interlock will break and the laser shutter will close to block the output. 

The laser oscillator operation procedures are:

1. Wear correct laser safety goggle.

2. Ensure the flip panel of the laser enclosure is completely closed. 

3. Enable the Ti:sapphire oscillator on the laser selection switch box, laser controlled area is interlocked. 

4. Turn Argon laser on – enable main power supply of the argon ion laser, turn the water circulation on, and enable the argon ion laser from the control panel of the power supply.

5. After laser warm-up (~45 minutes), mode-lock the Ti:sapphire laser by manually flipping open the top laser enclosure, and translating the prism, P1 in Figure 1. 

6. Close the top flip panel.

7. The mode-locked operation is monitored by the spectrometer and/or the autocorrelator outputs displayed on the computer monitor. 

The laser oscillator is ready for experiments.

Laser alignment – oscillator

Laser oscillator beam alignment is not a routine operation. It should only be done by qualified and trained laser operators.

The procedures for the normal laser alignment are:

1. Wear correct laser safety laser goggle. No beam should be viewed directly. 

2. Ensure the laser-controlled area is secured and interlocked.

3. Place an optical power meter at the output aperture

4. Lower the power of the argon ion pump laser to below 10 mW 

5. Flip open the top panel of the laser enclosure.

6. Send the pump beam through the iris I1 and I2 by manipulating mirror M1.

7. Send the pump beam through mirror M5 to the laser crystal by manipulating mirrors M2 and M3. The pump beam path can be observed with the laser safety goggle using a green fluorescence card.

8. Increase the pump power to the normal operating power of 4 Watt.

9. With the aid of an IR fluorescence card, send the laser fluorescence from mirror M4 to prisms P2 and P1. Using mirror M6 to retroreflect the dispersed fluorescence light back to the laser crystal. 

10. With the aid of an IR fluorescence card, send the laser fluorescence from mirror M5 to the output coupler M7. Then retroreflect the fluorescence light from M7 back to the laser crystal. 

11. The oscillator cavity should be lasing and NIR optical power should be registered on the power meter.

The laser oscillator cavity alignment is done.

Laser service – oscillator

The only service on the oscillator is the argon ion pump laser. Servicing and replacing the argon ion tube are done by the manufacturer. Optics in the argon ion laser cavity is occasionally cleaned. 

Follow the cleaning procedures detailed in the manual of the argon ion laser. 

B. Laser Amplifier

Laser specification - amplifier

Pump laser: Class 4, diode-pumped solid-state Nd:YLF laser, 6 mJ/pulse, max PRF 1 kHz, 532 nm.

Output: Class 4, 1 mJ/pulse, 1 kHz, 800 nm, 200 fs. 

Laser system configuration - amplifier

Figure 2 – Ti:sapphire laser amplifier



Laser operation - amplifier

The complete amplifier system, Nd:YLF pump laser and the Ti:sapphire regen amplifier, pulse stretcher, and pulse compressor, are (will be) completely enclosed in a metal enclosure. A manually flip panel from the top of the enclosure is available for alignment and routine laser start up of the laser amplifier. A laser shutter, indicated in Figure 2, normally blocks the light output. Laser shutter is in power fail-safe mode--in the close position on power fail condition. Upon uncontrolled entrance to the laser controlled area, interlock will break, the pump laser power will be deactivated by an intra-cavity shutter internal to the Nd:YLF laser, simultaneously, the beam shutter to the amplified Ti:sapphire laser is also closed.  

The laser amplifier operation procedures are:

1. Wear correct laser safety goggle.

2. Ensure the flip panel of the laser enclosure is completely closed. 

3. Enable Ti:sapphire amplifier on the laser selection switch box, laser controlled area is interlocked.

4. Flip open the top panel and place a calibrated energy meter at the output of the amplifier to monitor the optical power. 

5. Open the manual aperture on the oscillator enclosure to allow the propagation of the stretched seed beam to the regen amplifier. 

6. Turn Nd:YLF pump laser on – enable the close-cycle chiller unit and then enable the Nd:YLF laser when the temperature readout of the chiller dropped below 20 degrees C.

7. After laser warm-up (~45 minutes), turn on the Pockels cell to switch out the amplified pulse.

8. Remove the energy meter and close the top panel.

The laser amplifier is ready for experiments.

Laser alignment – amplifier

Laser amplifier beam alignment is not a routine operation. It should only be done by qualified and trained laser operators.

The procedures for the normal laser alignment are:

1. Wear correct laser safety laser goggle. No beam should be viewed directly.

2. Ensure the laser-controlled area is secured and interlocked.

3. Flip open the top panel of the laser enclosure.

4. Lower the energy of the Nd:YLF pump laser to below 0.1 mJ/pulse at 100 Hz repetition rate.

5. Redirect the pump beam to the laser crystal through mirror M15 by manipulating mirror M19.

9. Remove the quarter-wave plate in the amplifier beam cavity.

10. Increase the energy of pump beam to about 4 mJ/pulse. 

11. With the aid of an IR fluorescence card and an infrared viewfinder, locate the florescence of the laser crystal and send the fluorescence light from mirrors M15 and M16 back to the laser crystal.

12. A self-lasing beam will be emitted from the regen amplifier to mirror M14, through the optical isolator and the polarizer to the output beam aperture.

6. Place an optical energy meter at the desired position to monitor the amplified output energy.

13. Open the manual aperture of the oscillator enclosure to allow the propagation of the stretched seed beam to the regen amplifier. 

7. Insert the quarter-wave plate in the amplifier beam cavity.

8. Enable the Pockels cell to switch out the amplified pulse. The energy meter should read the correct amplified pulse energy.

The laser amplifier alignment is done.

Laser service – amplifier

The only service on the amplifier is the Nd:YLF pump laser. The manufacturer does servicing and replacing the pump laser diode. Optics of the amplifier are routinely cleaned using optical cleaning solutions when no lasers are energized. 

C.  Optical Beam Transport

The safety goggles provide primary protection to the user in the vicinity of the laser, and hence appropriate goggles should be worn at all times. Never view a laser beam directly. The alignment procedures applied to all classes of lasers, including Class 4.

1. Prior to transport an optical beam to an experimental setup, plan a lay out of the transport and the procedure to be followed to implement the transport. 

2. Identify locations that could cause stray reflections or scattering from elements such as lens, windows or any other reflective surface. 

3. A Class 2/3A alignment laser shall be used to establish the desired optical beam transport path and to locate the position of the desired optics. The beam path should be established by placing two or more iris along the beam path. 

4. Block any scattered beams. Set up equipment, such as fluorescent card, camera, and energy/power meter to view the target indirectly. 

5. Reduce the power/energy of the desired optical beam to be transported to below the maximum permissible optical power/energy of the goggles recommended for that laser.

6. Align the desired optical beam to the alignment beam path using the already positioned alignment iris. Align the optical beam to be collinear with the alignment laser.

7. View the alignment to the target indirectly to confirm the alignment. 

8. The beam transport is done. Confirm the scattered beams are blocked at various locations.

The beam transport line is ready to transport the full beam intensity of the desired optical beam to the target.
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