
UV/Visible Compact Spectrometers

Novel spectrometer developments for small air quality and climate monitoring missions in the UV and visible.

 
Measurement of atmospheric compounds with climate change or air quality implications is a key driver for the ground and
space-based Earth Observation communities. Techniques using UV/VIS spectroscopy such as differential optical
absorption spectroscopy (DOAS) provide measurements of ozone profiles, aerosol optical depth, certain Volatile Organic
Compounds, halogenated species, and key air quality parameters including tropospheric nitrogen dioxide. Compact
instruments providing the necessary optical performance and spectral resolution are a key enabling technology. Using
designs from Surrey Satellite Technology Ltd (SSTL) [4], a breadboard demonstrator of a novel UV/VIS spectrometer has
been developed. The Compact Air Quality Spectrometer (CompAQS) demonstrator has been constructed and tested at
the University of Leicester&rsquo;s Space Research Centre, significantly improving the maturity of this technique. The
spectrometer provides an exceptionally compact instrument for DOAS applications from LEO, GEO, HAP or ground-
based platforms. The spectrometer features a concentric arrangement of a spherical meniscus lens, a concave spherical
mirror and a curved diffraction grating. This compact design provides efficiency and performance benefits over traditional
concepts, improving the precision and spatial resolution available from space borne instruments with limited weight and
size budgets. The spectrometer offers high throughput with a spectral range from 300 to 450 nm at 0.5nm resolution,
suitable for DOAS applications. The concentric design is capable of handling high relative apertures, owing to spherical
aberration and coma being near zero at all surfaces. The design also provides correction for transverse chromatic
aberration and distortion, in addition to correcting for the distortion called &lsquo;smile&rsquo; &ndash; the curvature of
the slit image formed at each wavelength. These properties render this design capable of superior spectral and spatial
performance with size and weight budgets significantly lower than standard configurations. Following successful
specification, design, procurement, and build phases, the instrument was characterised at the University of Leicester,
with the following key conclusions:1. The required gratings for concentric spectrometers can be manufactured
effectively.2. The stray light characteristics of such gratings are exceptionally good, with the grating made for this project
exhibiting stray light ranging from 0.14% at 300 nm to 0.06% at 450 nm. 3. With highly-polished optics (eg surface
roughness of 0.1 nm), the stray light within the CompAQS instrument, based on measurements of grating stray light by
the grating manufacturer, could be in the region of 0.16% at 300 nm, and 0.072% at 450 nm. 4. The target spectral
resolution of 0.5nm has been achieved, with a spectral resolution of 0.3 nm also measured using a narrower entrance
slit. 5. A Gaussian line shape has been measured along the entrance slit with an R2 value in the range 0.996 to 0.999 6.
The spatial resolution has been measured as 0.1 mm on the entrance slit, giving over 500 resolved elements over the
52mm entrance slit. 7. The &ldquo;smile&rdquo; of the system has been measured as being less than half a pixel (13
&mu;m) over the 13 mm of the focal plane sampled by the CCD detector. 8. An atmospheric spectrum has been
measured using the CompAQS spectrometer which demonstrates the potential of this spectrometer for DOAS
applications when coupled with appropriate entrance optics. The CompAQS project has brought together a very
successful academic and industrial team, strengthening the UK capability in UV/Visible spectroscopy. A complex and
novel optical system has been designed, built and tested to budget and within timescales. This operational breadboard
demonstrator significantly enhances the maturity of this approach for future space missions and for potential terrestrial
applications. This project has been very successful to date, with continuing activities under CEOI between the partners to
further increase the maturity and demonstrated potential of the CompAQS concept.The work is led by Dr Roland Leigh,
University of Leicester with SSTL and Astrium 

 

For further information see http://www.leos.le.ac.uk/research/CEOI/index.htm
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