
PSF/HOSERLab Facilities and Equipment Descriptions Page 1 

 

The University of Winnipeg’s Planetary Spectrophotometer Facility (aka HOSERLab): 

Facilities and Equipment Descriptions 

 

February 2015 

 

 

1. Introduction: 

 

The University of Winnipeg’s Planetary Spectrophotometer Facility (PSF; aka HOSERLab) 

was established in 2003 with the goal of supporting planetary exploration efforts via 

dedicated laboratory facilities. The PSF has grown over the years in terms of facilities and 

capabilities, and here we provide an overview of our current major facilities and capabilities. 

 

 

2. Spectroscopic facilities and capabilities: 

 

The PSF has always had as its main focus the development of spectroscopic capabilities to 

support planetary exploration. Below we describe our major spectroscopic instruments and 

their capabilities. 

 

 

2.1.  Bruker Vertex 70 FTIR and Hyperion microscope 

 

The PSF is equipped with a Bruker Vertex 70 model FTIR spectrometer coupled to a 

Hyperion model 2000 microscope spectrometer system.  
 

Vertex 70: The Vertex 70 and 

Hyperion systems have been custom-

configured to allow operation to as 

low as 400 nm (25,000 cm-1). The 

accessible wavelength range of the 

Vertex 70 system is 400 nm to 50000 

nm (25,000 - 200 cm-1) through 

various combinations of 

interchangeable and fixed detectors, 

beamsplitters and windows. Spectral 

resolution can be varied and can be 

set as low as 0.5 cm-1. Improvements 

in signal to noise are possible by 

varying scan speeds (integration 

time) and number of spectra acquired. 
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As with most FTIR instruments, the Vertex 70 was designed primarily to enable transmission 

spectroscopic measurements. We have adapted the sample compartment to enable 

bidirectional/biconical reflectance measurements in a controlled atmosphere using two 

accessories: 

 

2.1.1. A Specac bidirectional reflectancee accessory that allows for independent setting of both 

incidence and emission angles. 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

2.1.2. A Pike EasiDiff reflectance accessory that provides fixed 30°/30° viewing geometry.  
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Hyperion microscope: The 

Hyperion 2000 micro-

spectroscopy accessory 

provides wavelength 

coverage from 400 nm to 

22,000 nm (25,000 - 454 cm-

1). It is equipped with various 

accessories and add-ons that 

enable acquisition of 

transmission or reflectance 

data, fluorescence, 

polarization, and attenuated 

total reflectance (using a 

germanium crystal). An 

interfaced video camera 

allows for sample viewing 

and image documentation. 

The Hyperion is also 

equipped with a motorized 

XYZ stage that enables 

hyperspectral sample 

mapping (the Hyperion uses a 

single element detector for 

acquiring point spectra, and 

the programmable XYZ stage 

allows for two-dimensional 

spectral mapping). 
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2.2. Buck M5000 infrared spectrometer 

 

The PSF is equipped with a Buck M5000 infrared spectrometer. The M5000 is a 

grating-scanning instrument. This unit provides wavelength coverage from 2500 nm to 

16,666 nm (4000 - 600 cm-1) with spectral resolution as high as 2 cm-1. The spectrometer 

can accommodate reflectance accessories for acquisition of high resolution reflectance 

spectra. The instrument is programmable in terms of scan speed and spectral resolution to 

enable improvements in signal to noise.  

 

 

 
 

___________________________________________________________________________ 
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2.3. ASD FieldSpec Pro HR spectrometer 
 

The Analytical Spectral 

Devices (ASD) FieldSpecPro 

HR spectrometer is a fibre 

optic-equipped field-portable 

unit capable of spectral 

acquisitions from 350 to 2500 

nm utilizing a silicon array 

detector (350-1000 nm) and 

two Peltier-cooled graded 

index InGaAs photodiodes 

(SWIR1: 1000-1830 nm, 

SWIR2: 1830-2500 nm).  

Spectral resolution ranges 

between 3 and 7 nm and the 

instrument has a step size of 

1.4 nm, but the data are 

internally resampled by the 

instrument to ultimately output 

the data at 1 nm intervals. 

 

Interchangeable fibre optic options include a fibre bundle for near-normal simultaneous 

illumination and reflectance measurements or with use with a stand-alone light source. 

The instrument is capable of acquiring reflectance, fluorescence and transmittance 

spectra. A range of additional ASD accessories are also available for different types of 

reflectance measurements. 
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2.4. Designs & Prototypes 102F FTIR spectrometer 

 

The Designs & Prototypes 102F field-

portable FTIR spectrometer provides 

spectral coverage from 2000 to 16,666 nm 

(5000-600 cm-1) with 6 cm-1 spectral 

resolution. It uses fixed but pointable 

optics for reflectance/emission 

measurements. It is field-portable and can 

operate using battery power. It is also 

equipped with an integratable black body 

source. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2.5. Ocean Optics Maya200 Pro spectrometer 

  

The Ocean Optics Maya2000 Pro is a 

miniaturized spectrometer covering the 

wavelength range of 200 – 1100 nm. 

Equipped with an HC-1 grating and a 50 μm 

slit, the effective spectral resolution is ~1.85 

nm, and spectral sampling interval  ranges 

between 0.48 nm at 200 nm and 0.46 nm at 

400 – 1100 nm. The detector is a 2D back-

thinned linear CCD-array. The Ocean 

Optics instrument can be fitted with a 

variety of fiber optic bundles that allow for 

near-normal incidence and illumination 

(using bifurcated fiber optic bundles) or 

bidirectional measurements using two 

separate fiber optic cables. It can also be 

used in conjunction with various ASD reflectance accessories. 
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2.6. Ocean Optics S2000 spectrometer 
 

The Ocean Optics S2000 

spectrometer consists of two 

spectrometer-grating 

combinations that provide 

wavelength coverage from 200 

to 856 nm and 521 to 1175 nm, 

with a spectral resolution on 

the order of 0.3 - 0.5 nm. The 

instrument is equipped with an 

Hg-Ar light source that is used 

largely for wavelength 

calibration, and a 6 watt R-LS-1 quartz-tungsten-halogen light source for sample 

illumination. The spectrometer light sources are augmented by an Analytical Instrument 

Systems Inc. (AIS) Model Mini-DTA 30 watt deuterium light source. This source allows 

for the acquisition of reflectance spectra to as low as 200 nm and can be used in 

conjunction with other instruments or as a stand-alone UV light source or illuminator. 

 

The Ocean Optics instrument can be fitted with a variety of fiber optic bundles that allow 

for near-normal incidence and illumination (using bifurcated fiber optic bundles) or 

bidirectional measurements using two separate fiber optic cables. 

____________________________________________________________________________ 

 

2.7. Delta Nu Rockhound Raman spectrometer 

 
The Delta Nu Rockhound 

spectrometer is intended for 

acquisition of point Raman spectra in 

the laboratory or in the field 

(operating on battery power). This 

instrument uses a thermoelectrically 

cooled (0°C) CCD detector coupled 

with an excitation of 100mW at 785 

nm provided by a solid-state diode 

laser filtered by a long pass OD6 

notch. Laser power is adjustable 

within the software to low, medium, 

high settings. Its spectral range is 

2000 - 200 cm-1, with spectral 

resolution adjustable to as low as 8 cm-1. Spectrometer operation is controlled by a 

notebook computer, allowing for full off-site operation. A variety of accessories allow for 

data acquisition in a number of different of configurations. 
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2.8. BWTek iRaman Raman spectrometer 

The B&W Tek i-

Raman® is a 532 

nm high resolution 

field-portable 

Raman 

spectrometer with 

an interfaceable 

microscope and 

video camera for 

micro-Raman 

spectroscopy. It 

combines laser 

stabilization and 

narrow linewidth. 

The instrument 

houses a thermal 

electrically cooled 

(14°C) 2048 pixel CCD linear array detector. The effective resolution of the instrument is ~4cm-

1 at 614 nm. It utilizes a stabilized 532 nm laser excitation source at ~ 50 mW. The detection 

range is 175 - 4000 cm-1. 

___________________________________________________________________________ 

2.9. Hyperspectral imagers 

The PSF is equipped with three hyperspectral imagers, each covering a specific 

wavelength range. All three units are field portable and can be tripod-mounted but 

requires a 120 V power source. The SWIR imager can also be mounted on a custom-built 

copystand. A variety of light sources and reflectance standards are available for spectral 

imaging. 

 

 

2.9.1. Visible hyperspectral imager (VIS imager) 

 

The first unit (VIS imager) consists of a 

Cambridge Research Instruments (CRI) 

liquid crystal tunable filter providing 

wavelength coverage from 420 to 740 

nanometres at a standard 10 nanometer 

spectral resolution, with 5 nanometer 

intervals possible.  The sensor consists of a 

Retiga Model 1300 model scientific grade 

digital camera. The detector is a 1.3-Megapixel (1284 x 1024 pixels) Peltier-cooled unit, 

with 12 bit quantization. 
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2.9.2. Near-infrared hyperspectral imager (NIR imager) 

 

The second imager (NIR 

imager) consists of a CRI 

tunable filter providing 

wavelength coverage from 

650 to 1100 nanometers at 

10 nanometer spectral 

resolution, with 5 nanometer 

intervals possible. The 

sensor consists of a Retiga 

Model 1300 model 

scientific grade digital 

camera. The detector is a 

1.3-Megapixel (1284 x 1024 

pixels) Peltier-cooled unit, 

with 12 bit quantization. 

 

 

_____________________________________________________________________________ 

 

2.9.3. Short wavelength infrared imager (SWIR imager) 

 

The third imager (SWIR imager) 

consists of a CRI Varispec XNIR tunable 

filter assembly providing wavelength 

coverage from 1200 to 2450 

nanometers at 10 nanometer spectral 

resolution, with 5 nanometer intervals 

possible. The sensing unit consists of a 

FLIR Systems Merlin InSb camera (320 

x 256 pixels), with 12 bit quantization 

and Stirling cooling. 
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3. Environment chambers, vacuum ovens, glove boxes, and Parr bombs 

 

As many materials may change compositional, structurally and/or spectrally when 

exposed to different planetary surface conditions, the PSF has devoted efforts to the 

construction of environment chambers that allow samples to be exposed to different types 

of planetary surface environments along with the capability to measure reflectance 

spectra of samples in situ through various kinds of windows. To date the focus has been 

on developing chambers that simulate current Mars surface conditions. To this end, the 

PSF has constructed two Mars Environment (ME) chambers. At present, the chamber 

environment can be controlled for temperature, atmospheric composition and pressure, 

and allowing for UV sample irradiation. 

 

3.1. Mini-ME and Big-ME 

 

The smaller chamber (Mini-ME) 

can accommodate samples up to 

40 mm in diameter and 10 mm 

thickness. Sample cooling is 

provided by a cooling tube that is 

in thermal contact with the 

sample(s) in the chamber. 

 

 

 

 

 

 

The larger chamber (Big-ME) 

measures 90 60 x 60 cm and is 

equipped with viewing ports 

allowing unobstructed viewing 

of any part of the chamber. 

Sample cooling will be 

provided by a “race track” type 

cooling system allowing 

simultaneous multi-sample 

cooling. 

 

  

 

 

Both Big-ME and mini-ME are fitted with 50 mm diameter window holders for spectral 

acquisition while the samples are held in the controlled environment. Available window 

materials include sapphire, polycarbonate, and zinc selenide. Collectively these windows provide 

high transparency (>99%) from 0.2 to ~16 microns and selective transmission at longer 

wavelength intervals. 
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3.2. Multipath cell (“the coffin”) 

 

The PSF has a Neoplas 

Control Q-Macs 

Multipass cell that can 

be interfaced with the 

Bruker Vertex 70 FTIR 

spectrometer (fitting 

into the sample 

compartment). It 

provides an adjustable 

path length ranging 

from 3 to 36 m.  A 

series of aluminum 

mirrors and KBr 

windows allow the 

incident light beam to 

enter the cell, which is a 

sealed chamber with 

purging abilities and can 

have up to 24 reflections 

along the length of the 

cell before being 

directed to the detector.  

This capability is 

intended for 

transmission 

measurements of 

suspended dust and 

aerosols.  

 

 

 

 

__________________________________________________________________________ 
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 3.3. Vacuum ovens 

The PSF is equipped with three vacuum ovens that can be used for sample synthesis or to 

subject samples to low atmospheric pressure ± variable atmospheric compositions ± 

elevated temperatures to assess factors such as mineral stability. 

 

 

3.3.1. VBF-1200X-H8.  

One of the vacuum ovens, the 

VBF-1200X-H8, is a 30 segment 

programmable instrument capable 

of attaining temperatures up to 

1200°C under various gas 

atmospheres. Water-cooled 

stainless steel vacuum flanges with 

valves are employed to achieve 

vacuum pressures of 10-2 - 10-5 torr 

through a mechanical or molecular 

vacuum pump. Samples are housed 

in the horizontal quartz tube 

chamber which measures 19 cm ID 

x 34 cm.    
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3.3.2. EQ-DZF-6020-HT500P.  

A second oven, the EQ-

DZF-6020-HT500P, is a 

30 segment 

programmable vacuum 

oven capable of obtaining 

temperatures up to 500°C 

under various gas 

atmospheres.  The 30 X 

30 X 28 cm chamber is 

constructed of stainless 

steel (1Cr18Ni9Ti) and 

uses a water-cooled 

silicone door gasket as a 

vacuum seal and can 

achieve pressures down to 

2 torr. 

 

              

3.3.3. VWR 1410. The third 

oven, the VWR 1410, is a 

vacuum oven capable of 

obtaining temperatures up 

to 250°C under various 

gas atmospheres.  The 

20.5 X 22 X 27.5 cm 

chamber is constructed of 

stainless steel and uses a 

silicone door gasket. 

Modifications have been 

made to the unit to enable 

operation of an internally-

installed deuterium UV 

light source while the 

chamber is under vacuum 

but not being heated. 

____________________________________________________________________________ 
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3.4. Glove boxes 

The PSF facilities include both a single-user glove box (815-PGB, Plas-Labs) and a dual-

user glove box (818-GBB, Plas-Labs) ideal for working in tandem, and large enough to 

house many of our instruments to manipulate and acquire data for air-sensitive materials. 

Both chambers have electrical pass-throughs to power the equipment inside, an evacuable 

transfer chamber, and ground key cock valves to allow introduction of gas and purging.  

The interior of the single-user glove box measures 80 X 65 X 55 cm, whereas the larger 

dual-user glove box has inner dimensions of 152 X 97 X 79 cm.  
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3.5.Parr bombs 

 

The PSF has a number 

of Parr Acid Digestion 

bombs (model 4749) 

that can subject samples 

to pressures of 124 bar 

at temperatures up to 

250°C to examine high 

pressure ± temperature 

sample alteration. The 

Parr bombs are lined 

with Teflon inserts to 

minimize sample 

interactions with the 

pressure vessel. 
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4. Goniometers, sample holders, and light sources 

4.1.  Goniometers 

 

The PSF is equipped with three 

goniometers that can be interfaced with 

a variety of the PSF’s spectrometers and 

light sources, and allow for in-plane 

bidirectional measurements across a 

wide range of angles. The goniometers 

can be used in conjunction with light 

boxes to isolate the samples from all 

ambient light. We have also developed 

methodologies and accessory units that 

allow for off-axis (out of plane) 

bidirectional measurements of any 

combination of incidence and emission 

angles and azimuth. 

 

We have also developed a capability to 

allow for acquisition of reflectance-like 

spectra of single mineral grains using an 

aluminum sample holder with small-

diameter wells that interfaces with 

standard 8 mm diameter fiber optic 

probes.  
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4.2. Light Sources 

The PSF is equipped with a number of in-house 

light sources for various applications. The main 

light source consists of a changeable Quartz-

Tungsten-Halogen (QTH) bulb housed in an 

integrating sphere that consists of two connected 

aluminum reflectors and a hollow-core light pipe 

that allows light to be directed onto a sample with 

a spot size of a few millimeters to few 

centimeters, depending on distance from the 

sample.  Fiber optic cables can also be integrated 

with the light source for various types of 

illumination. Stabilized DC power is provided via 

BK Precision model 1621a and 1666 DC 

regulated power supplies (depending on required 

power levels). A variety of QTH bulbs are 

available for different applications in the lab: 11 

W fiber optic light, 20, 50, 100, 150 W fiber optic 

light or light pipe, and a 500 W QTH spot light. 

 

 

Broadband ultraviolet 

illumination is available 

with an Analytical 

Instrument Systems 

Inc. (AIS) Model 

Mini-DTA 30 watt 

deuterium light 

source. This source 

allows for the 

acquisition of 

reflectance spectra to as 

low as 200 nm and can 

be used in conjunction 

with other instruments 

or as a stand-alone UV 

light source or 

illuminator. 

 

Other light sources available at the PSF include an IR 12k glow bar built into an 

aluminum housing, a UV three-wavelength light bar (252, 306, 365 nm), as well as 365 

nm spot lights, and 405 nm and 532 nm lasers. 
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5. Other non-spectroscopic analytical capabilities 

 

5.1. Light element analyzer 

 

The PSF has a (Thermo) Carlo Erba 

model EA1110 CHNS/O combustion 

elemental analyzer system for destructive 

analysis determinations of light element 

abundances in organic and inorganic 

samples. The unit is also equipped with a 

50-sample autoloader for larger sample 

runs. Samples are placed in tin cups and 

through the use of an autosampler, dropped 

into a furnace (900-1000° C) where, with 

the aid of O2, they are combusted. The 

evolved gas is passed through a separation 

GC column and TCD detector to determine 

the concentrations of each element. This 

unit is able to accommodate both organic 

and inorganic samples with a high level of 

accuracy and precision in a short period of 

time. 
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5.2. Palintest Photometer 7500 

 

The Palintest 

Photometer 7500 is a 

portable comprehensive 

multi-parameter water 

testing kit.  The battery 

powered photometer is 

pre-programmed with 

many test parameters 

offering a complete test 

solution for diverse 

applications. Reagent 

tablets are available for 

nearly 50 water 

parameters.  

 

____________________________________________________________________________ 

 

 

5.3. Portable XRD/XRF (Terra) 

The InXitu Terra Mobile 

XRD is a high performing, 

self-contained, battery 

operated, closed-beam 

portable x-ray diffraction 

system.  With a sample 

compartment small 

enough for approximately 

15 mg of sample, it 

provides a full phase 

identification of the major, 

minor and trace 

components, coupled with 

a qualitative x-ray 

fluorescence scan from Ca 

to U.   It was originally designed for performing chemical and mineralogical testing for 

NASA’s CheMin instrument aboard the Mars Science Laboratory (Curiosity) rover. The 

system utilizes a 1024 x 256 pixels – 2D Peltier-cooled CCD detector providing 

continuous scans from 5 to 55° 2θ collecting at an increment of 0.05° for XRD, and 

energy range of 3 to 25 keV for XRF.  The Cu source X-ray tube is operated at 30kV 

offering 10 W of power. 



PSF/HOSERLab Facilities and Equipment Descriptions Page 20 

 

 

5.4. Laboratory X-ray diffractometer: Bruker D8 Advance 

The Bruker D8 Advance is a powder x-ray 

diffractometer that can provide a full continuous 

scan up to ~140 º 2θ with any combination of step 

size and integration time.  The system uses a 

Bragg-Brentano goniometer with a theta-theta 

setup with a 2.5º incident Soller slit, 1.0 mm 

divergence slit, a 2.0 mm scatter slit, a variety of 

receiving slits, a curved secondary graphite 

monochromator, and a scintillation counter. The 

line focus Co X-ray tube is operated at 40 kV 

offering 1600 W of power. 
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_____________________________________________________________________________ 

5.5.Field-portable X-ray fluorescence spectrometer 

 

The Oxford 

Instruments X-

Met3000TX is a 

portable handheld 

x-ray fluorescence 

elemental analyzer 

capable of 

providing 

standardless 

(qualitative) 

analyses from Ti to 

U.  Detection of 

lighter elements, Al 

– Ca, is possible 

with the addition of 

the Oxford 

Instruments vacuum 

system. The X-

Met3000TX utilizes an Ag excitation source operated at 40kV and the probe contains a 

high resolution Peltier cooled Si-PIN diode detector. 

 

++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++++ 

END 


