








ATTACHMENT B

Technical Specifications for TIRS Engineering Model Infrared Filters
Background

The bandpass filters described below are a critical component of the TIRS sensor. They provide the instrument with the only ability to select the two wavelengths of interest, and therefore, must meet stringent bandpass performance requirements. The TIRS telescope is a highly telecentric design, with a speed of f/1.64. The largest chief ray angle at the edge of the field of view is 0.4 degrees away from the prime ray. The focal plane of TIRS consists of three separate detectors, and each detector will require a filter assembly that provides two spatially separated areas for the 10.8 μm channel and the 12.0 μm channel, as defined below. 

The vendor will provide nine (9) pairs of filters, where a pair is one (1) 10.8 μm filter and one (1) 12.0 μm filter, as described below. The vendor will also provide two (2) 1” diameter x 1.5 mm thick germanium witness samples for each filter band, with the witness samples being coated in the same deposition run as the delivered filters.

Physical dimensions
Each filter consists of a single rectangular piece of single-crystal germanium, 1.5 ((0.025) mm wide by 1.5 ((0.025) mm thick by 17 ((0.1) mm long. The top 1.5 mm x 17 mm surface is to be coated with the filter film stack. The bottom side of the filter needs to have an antireflection coating that reduces reflection at that surface to <1.5% in the filter band (10.3-11.3 um for the 10.8 um band or 11.5-12.5 um for the 12.0 um band) for on-axis light and minimizes reflection within the f/1.64 light cone.

Filter Transmission

The two filter bands have shapes that are tailored such that the total system response (detector QE, filter transmission, lens system transmission, etc.) is approximately flat over the regions of interest. As such, the filters must match the relative transmittance shown in Tables 1 and 2 with an allowed variation of (5%, except in a (0.1 μm region around the 0.5 relative transmission points of each curve. 
Table 1: 10.8 (m Filter transmittance characteristics

	Wavelength (μm)
	Filter Relative Transmittance 

	10.3
	0.43

	10.4
	0.61

	10.5
	0.81

	10.6
	0.93

	10.7
	0.97

	10.8
	1

	10.9
	0.98

	11.0
	0.97

	11.1
	0.85

	11.2
	0.65

	11.3
	0.46


Table 2: 12.0 (m Filter transmittance characteristics

	Wavelength (μm)
	Filter Relative Transmittance 

	11.5
	0.45

	11.6
	0.64

	11.7
	0.82

	11.8
	0.92

	11.9
	0.92

	12.0
	0.93

	12.1
	0.96

	12.2
	1.0

	12.3
	0.94

	12.4
	0.76

	12.5
	0.57


In addition to the above relative transmission characteristics, the filters must also meet the following requirements.

1. Filters must have an average absolute transmittance ≥ 0.6 within the region defined by the 0.5 relative transmission points.
2. For the 10.8 μm channel, the relative filter transmittance shall be less than 0.01 by 11.7 μm, and the relative transmittance shall be equal to or less than the value obtained by linear interpolation (±0.1) between 11.3 and 11.7 μm. For the 10.8 μm channel, the relative filter transmittance shall be less than 0.01 by 9.9 μm, and the relative transmittance shall be equal to or less than the value obtained by linear interpolation (±0.1) between 10.3 and 9.9 μm.
3. For the 10.8 μm channel, the average relative filter transmittance shall be less than 0.01 for wavelengths between 11.7 μm and 16 μm. For the 10.8 μm channel, the average relative filter transmittance shall be less than 0.01 for wavelengths between 9.9 μm and 5.5 μm.
4. For the 12 μm channel, the relative filter transmittance shall be less than 0.01 by 12.9 μm, and the relative transmittance shall be equal to or less than the value obtained by linear interpolation (±0.1) between 12.5 and 12.9 μm. For the 12 μm channel, the relative filter transmittance shall be less than 0.01 by 11.1 μm, and the relative transmittance shall be equal to or less than the value obtained by linear interpolation (±0.1) between 11.5 and 11.1 μm.
5. For the 12 μm channel, the average relative filter transmittance shall be less than 0.01 for wavelengths between 12.9 μm and 16 μm. For the 12 μm channel, the average relative filter transmittance shall be less than 0.01 for wavelengths between 11.1 μm and 5.5 μm
6. For both channels, the relative filter transmittance at any wavelength shall not change by more than ± 10% of its original value over 3 years and a total radiation dosage of 25 krad.
7. For each band the measured FWHM bandwidths shall be within ±5% of the measured mean FWHM bandwidth over the entire extent of the filter.  Within a band the measured center wavelengths for each detector shall be within ± 50 nm of the measured mean center wavelengths over the entire extent of the filter.
Environment

1. The filters will be mounted in an Invar filter holder that is heat-sinked to a baseplate held at 43 K during testing. As such, the filters will need to be designed such that they provide the required bandpass while in a temperature range of 43 (+20, -5) K. 

2. Filters must be insensitive to atmospheric water vapor levels (50%-65% relative humidity) over a 3-year period.

3. Filters (and assemblies) must be of capable of being temperature cycled from room temperature to 40 K at least 5 times without degradation in performance.

Metrology and delivery

The contractor is required to perform all necessary measurements to verify that filter meet all specifications. A report including the required quality assurance data and documenting the various measurements and their analysis will be included with each delivery, including separate serial numbers and a certification log for each filter. Filters shall be delivered to GSFC in shipping / storage containers that are suitable for long-term storage of critical optical components.
Delivery of all filters and witness samples is required by 6/01/2009 at the latest. 
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