MBARI’s Laser Raman Spectrometer

General Information

We acquired a laser Raman spectroscopy system from Kaiser Optical Systems, Inc. (KOSI), which consisted of a Kaiser HoloSpec f/1.8i spectrometer with an Andor Technology 2048 x 512 CCD camera (front illuminated); a Coherent® DPSS 532 (Nd:YAG) green laser; and a Kaiser Mark II holographic filtered probe head with both a 2.5” stand-off optic, and a 10” immersion optic.  The system was packaged into pressure housings for use in the deep-ocean and deployed by MBARI’s two remotely operated vehicles – Tiburon and Ventana.

Pressure packaging

In order to be operated in the deep ocean (up to 4000 m depth), the entire system plus a single-board computer was packaged into three pressure housings.  The electronics housing (a 40 inch long, 10 inch diameter fiberglass pressure cylinder) holds the exciting laser, a 48 VDC to 110 VAC power inverter, and a single board computer with the camera controller card and flash memory.  The spectrometer housing (a 30 inch long, 12.750 inch diameter aluminum pressure vessel) holds the spectrometer, CCD camera, and associated electronics.  Because the CCD camera is at a 90 degree angle to the spectrometer, an 8 inch long, 7 inch diameter cylinder protrudes from the body of the housing to contain the camera.  The probe head housing is a 12 inch long, 5.5 inch diameter titanium pressure cylinder that contains only the probe head.  The 2.5” stand-off optic is used behind a ~0.5 inch thick dome window.  When the immersion optic is used, the dome window is replaced with a flat titanium endcap with a Conax Buffalo Technologies packing gland to seal on the 0.5 inch diameter immersion optic tube.  This housing is small enough for the ROV manipulator to easily deploy the probe head to study the target of interest.

Once electrical cable connects the electronics housing to the remotely operated vehicle (ROV) to provide power to the LRS and for communications through the ROV to the surface via Ethernet protocol.  Two electrical cables connect the electronics housing to the spectrometer housing – one connects the CCD camera to its controller card on the single-board computer, the second provides power and other communications.  The probe head is connected to both the laser in the electronics housing and the spectrometer via fiber optic cables.  The excitation fiber is 62.5 microns, and the collection fiber is 100 microns.  The electrical cables use standard Seacon Mini-Con™ underwater connectors.  Penetrators for the pressure-jacketed fiber optic cables (to prevent losses associated with fiber optic connectors) were designed and built at MBARI.  

Power and Control

Power is provided to the LRS from the remotely operated vehicles.  However, power availability is different on each vehicle.  On Ventana, 110 VAC is provided directly to the instrument.  On Tiburon, 48VDC is provided which is converted to 110 VAC by the power inverter in the electronics pressure housing.  

Both ROVs provide communications via the Ethernet protocol.  The Kaiser LRS is run with the HoloGrams software program.  For our application, Kaiser and MBARI software engineers developed a remote protocol for controlling the instrument on the seafloor via a computer in the shipboard control room.  

Other modifications

In addition to the high pressures, instruments deployed in the deep ocean are also subject to cold temperatures and a corrosive seawater environment.  This created additional problems that needed to be addressed.  Seawater leaks into a pressure housing are a distinct danger in deep ocean deployment, and do great damage to the instrument within.  Temperature, humidity, and water sensors were installed in the electronics housing and the spectrometer housing to alert the user to leaks before serious damage is done.  The change in temperature can affect the calibration of the instrument.  Thus, knowing the temperature in the housings and being able to see how the instrument is affected are very important for properly analyzing the data.  A diamond plate was installed in the beam path in the probe head.  The sharp diamond peak at 1332 ∆cm-1 provide an important reference point for observing any temperature-related wavelength shifts.

Unlike in a laboratory environment, seagoing instruments are often subjected to significant jostling and vibrations.  The instrument must also be removed from the pressure housings and taken apart often for inspection, repair and cleaning.  For this reason, a few parts had to be removed and replaced with more robust components.  These parts included the laser injector, and the slit optimization mechanism.  In the case of the slit optimization mechanism, if the slit position changed when the instrument was in its pressure housing, nothing could be done to re-optimize it.  Therefore, a motorized single-axis stage was installed such that slit optimization could be performed remotely.  Prior to its installation, many measurements were made with the slit removed completely.

