FTIR HeNe Laser Replacement Procedure & Notes
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Thermo service ticket numbers:  304415, 334824, 339700
Assisting technicians:


Jim (jim.weiland@thermo.com)

Jason (jason.shrecengost@thermo.com)

New FTIR support number:  1-800-642-6538

Brief description of the problem/symptoms:

The instrument would initialize correctly but at the end of initialization the “mirror stopped” light would come on and the instrument would give a variety of error messages in the software window: “Error getting FSM status,” “Error: Bad ID to appMsgBox,” “Unable to locate a signal with any significant voltage.  Please check source and detector.”  The IR source was visibly emitting energy and appeared stable, but the HeNe laser beam appeared to be fluctuating in intensity.  Thermo technician Jason immediately identified these symptoms as 90% of the time indicating a bad laser, and added that 10 years is an above-average lifetime for the HeNe laser.  There is a small chance that the laser’s power supply will go bad first and cause this problem, but most of the time it’s the laser and not the supply.

A replacement laser with power supply aligned in mounting brackets from Thermo was quoted at $1353.52; the laser alone unaligned without supply was $727.66.  The laser itself was available directly from its producer, Melles Griot, for $512.  Please note that this does not include the mounting bracket or power source, and so ordering the unit directly requires a full in situ alignment procedure as outlined in this document.  The laser was ordered from Melles Griot and arrived promptly.
1. Unplugged instrument.

2. Opened instrument.

a. Unlocked bolts (3 mm hex) on top of outer case, above laser compartment with 90° CCW turn.

b. Unlocked bolts on bottom front of case with 90° CCW turn.

c. Unclipped and removed grey LED light connector from case.

d. Removed outer case by lifting straight up.

e. Removed 3 knurled nuts securing transparent plastic desiccator case.

f. Removed desiccator case by lifting straight up.

3. Unmounted old laser.
a. Loosened all mounting screws with 360° CCW turns except for front right screw since it’s inaccessible without removal of the circuit board obscuring it.
b. Removed white plastic C-shaped bushings from each mounting ring.

c. Pushed laser up until it had cleared rear ring, then angled rear end up and pulled it out of the front ring.

d. Disconnected laser from white power connector.

4. Mounted new laser.

a. Positioned laser inside mounting rings by first sliding front end into front ring and then backing rear end into rear ring, being mindful that power cord was positioned such that it would fit through the slot in the rear ring.

b. Refit plastic bushings onto laser and slid them into place underneath the mounting screws.

c. Tightened all mounting screws (except for front right) with 360° CW turns.

d. Confirmed that laser was set securely in place.

5. Manually aligned new laser.  Note: When Thermo replaces the laser themselves they pre-align it in the metal frame using an external tool with two 1mm slits spaced 1m apart.  When they install the laser into the instrument it’s already been aligned roughly, and fine adjustments are all that’s needed to optimize the laser signals.  Aligning the laser from start to finish in the instrument is considerably more difficult and there are no deliberate targeting aids present to facilitate the process.  The set of steps below was provided by a Thermo technician as a rough guide to setting up the laser, and is not an official alignment procedure.
a. (Please refer to page 1-17 of the FTIR User’s Manual for optical component names.)
b. Center the laser beam on first directing mirror (4x4mm square mirror, first component in laser path).  This is a rough guide, and the laser need not remain centered on this mirror for proper operation.
c. Adjust the laser so the beam can pass unobstructed through the cutout in the black frame following the first directing mirror.

d. Adjust the laser so that it is hitting the second directing mirror (4x4mm square mirror suspended in front of the beam splitters).  It should not be hitting the edges of this mirror.  You can observe the reflected beam from this mirror by holding a piece of paper between it and the beam splitter; at this point the beam should be as intense as it is initially.

e. The beam splitter allows half of the light to pass through to the moving corner cube mirror, and the other half is reflected to the fixed corner cube mirror.  Confirm that these two beams are being produced.  An interference pattern is expected due to the layered composition of the beam splitter.  Also, confirm that the beam directed towards the fixed corner cube mirror passes through the circular quarter-wave retardation plate.  The interference pattern should be visible on the surface of this plate, and the beam should not be hitting the edge.
f. The split laser beams should hit the corner cube mirrors near the outer edge of each face; the easiest way to determine this is by looking at the bottom plate in each cube from a top-down perspective.  If the laser is hitting the edge of the cube or missing the cube entirely, adjust it to hit a face.
g. The corner cube mirrors will redirect their respective beams into the lower portion of the beamsplitter; they should hit approx. 1/8” from the bottom edge, and the two most intense spots (one from each interference pattern, each generated by a corner cube mirror) should overlap as much as possible.
h. The corner cube mirrors direct the split laser beams into two fiber optic collectors which compare signals to determine moving mirror status.  The most important step of physical laser alignment is to aim the most intense spot of the interference pattern into the collectors.  Obviously this must be done while maintaining the beam’s position on all previous optical components, and it will take a bit of trial and error.

i. Once all previous alignment steps have been successfully completed, laser alignment with the moving mirror’s axis of movement must be confirmed.  Turn the instrument on and allow it to run through its initialization cycle; the moving mirror should traverse its full range and if alignment has been successful it will then enter a repeating oscillation pattern.  Observe the point where the beam strikes the lower face of the moving corner cube mirror, and look for movement of the most intense spot on the face.  If it moves when the mirror moves, this indicates that the laser is not parallel; sideways movement of the beam means the laser must be aligned left-right, and vertical movement of the beam means the laser must be aligned up-down.
j. Tip:  The frame and 6 pins used to align the laser is clumsy and difficult to adjust precisely.  I had most success by first backing out all 6 pins completely and then moving the laser using both hands, one at each ring, to observe the effects of various alignments on the beam path.  Once a ‘region’ of alignment was determined most effective I slowly moved the pins in on the front ring to restrict the freedom of the laser until it was nearly snug; I then repeated the process with the rear ring, and finally tightened all pins to set the laser in place.  Fine adjustments were made afterwards by moving pins in/out.
6. Manually tuned laser signals using the procedure provided by Jim @ Thermo (“Checking Laser Signals on Infinity Spectrometers” Word doc).

a. TP1 signal was only 1V peak-to-peak, while TP4 was nearly 4V.  Neither signal was clipping.  Signal phases appeared correctly aligned.
b. The fixed corner cube mirror motor in the front right of the interferometer setup was adjusted by manually rotating the adjusting motor with a 5/64” hex key until the laser signals were of equal intensity with approx. 3V peak-to-peak amplitude.  TP4 decreased while TP1 increased during adjustment.  This is part of the “manual tune process” described in the users manual pg. 5-37.  There is a second adjusting motor which controls the second dimension of movement for the mirror, but this was not located or adjusted.
c. The potential gains were not adjusted on the laser interface board.  For future tuning this may be a better option than manual adjustment of the fixed corner cube mirror motors.

d. The instrument was reassembled and initialized.  The method was set to “standard default;” 64 scans, 4 resolution, gain at 1 (non-automatic), forward/backward mirror rates of 10KHz, iris at 25.  10KHz mirror rates are “native” for the instrument according to Jim.  Gain should be set at 1 with “auto” off for purposes of measuring incoming signal levels in the software diagnostics page.
e. The rotating mirror at the detectors was checked to confirm that it was fully rotated to one stop or the other (facing down or horizontally towards the back of the instrument) and therefore directing incoming energy properly to one of the two detectors.

f. An air background was run; emissivity was very low compared to the spectrum taken in 2004, especially at high wavenumbers.  When an air sample was run using the air background there was very high noise (10-15% transmittance) in the 3000-4000 cm-1 range.  According to Jim this indicates that the interferometer is poorly aligned, although it could indicate that the IR source needs to be replaced as well.  A polystyrene film sample produced a spectrum very similar to a 2003 acquisition, but increased noise in the high-wavenumber region again indicated that the interferometer was not perfectly aligned.
g. Started “Winfirst” control software and from the main control window opened diagnostics > Manual Tune.  Observed the interferogram generated in the graph window; amplitude of “largest lobe” in positive and negative directions is used to judge quality of signal.  Largest lobes were approx. 0.3V with the gain at 1, which indicated misalignment of interferometer.  For a new IR source properly aligned, lobes should extend to +/-4V and for an older IR source +/-2-3V is acceptable.  Anything below 2V indicates lack of signal intensity attributable to either a misaligned interferometer or a burned-out source.
h. Opened diagnostics > autoalign; the autoalign procedure begins when this window is opened.  Tuning is accomplished by making small movements to the two dimensions of the fixed corner cube mirror to optimize IR signal at detector, and can take anywhere from 5 minutes to a few hours depending on how far the instrument must move the mirror.  In this case optimization took about 10 minutes and when complete the largest lobes of the interferogram had increased to +4V and -3V, or 10x intensity improvement!  One dimension had been adjusted very little (most likely the motor that had been manually tuned) while the other was moved quite a bit (the motor that had not been located).
i. Spectra were re-acquired (air background, air spectrum with air background, polystyrene spectrum with air background) using the default method setup; air emissivity values were much closer to those observed on the 2003 spectrum, and noise in the high-wavenumber region decreased significantly.  This is indicative that alignment is now acceptable.  Jim recommended nonetheless to check the laser signals with the oscilloscope once more just to be sure that they’re above threshold (2V).

7. Misc. Notes

a. This procedure took approx. 2.5 days of labor total, but could probably be done much faster now that the information is at-hand.

b. A good target humidity level for the instrument is 30-40%.  Damage to hygroscopic elements (mainly beam splitters) will occur at or above 50%.

c. A window in the port facing the sample chamber in the transparent interferometer case is not necessary on our instrument because we have a replaceable window in the outer instrument case which seals the opening.

d. It is normal to hear the detector mirror motor hitting its stop loudly during initialization.  This does not damage the instrument.

e. The IR source contains a ceramic element which will slowly lose intensity as segments burn out with use.  It typically is outlasted by the HeNe laser, which is expected to last less than 10 years.

f. Replacements for both the HeNe laser and the IR source can be ordered from Thermo; these will come pre-aligned in their mountings and the extensive alignment procedure will not be necessary.  Part numbers are:
i. IR Source (mounted): MI7003-1702-00

ii. HeNe Laser (mounted): MI7003-1681-00

iii. HeNe Laser (unmounted): MI0480-0003-00

