
    
      Table 1 

      NISP final LED types and parameters.

      
        


	Channel
	Manufacturer
	Model
	λpeak (nm)
	FWHM (nm)
	Output Power
	Material





	A
	Epigap
	EOLC-970-17
	970
	70
	2 mW at 20 mA CW
	GaAs



	B
	Epigap
	EOLC-1200-17-1
	1200
	70
	3.5 mW at 100 mA CW
	InGaAsP/InP



	C
	Epigap
	EOLC-1550-17-1
	1550
	130
	2.5 mW at 100 mA CW
	InGaAsP/InP



	D
	LMSNT
	LMS18LED-C
	1845
	100–200
	0.7–1.1 mW at 200 mA Quasi-CW
	GaInAsSb/AlGaAsSb



	E
	LMSNT
	LMS20LED-C
	2045
	150–250
	0.8–1.2 mW at 200 mA Quasi-CW
	GaInAsSb/AlGaAsSb





      

      
Notes. Wavelength, width, and power output are given here for room temperature. Resulting values at cold operating temperatures are given in Table 2. Output power are representative values provided by the manufacturer at 100% ‘continuous wave’ duty cycle for the Epigap LEDs, and 50% duty cycle for LEDs D and E. LED A is made from a single material, LEDs B–E from two-material heterostructures.




    

  
    
      Fig. 2 
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        Closeup of finished LED: wire-bonded semiconductor die (centre), inside gold-coated housing, behind hermetically sealed glass (image courtesy von Hoerner & Sulger).

      

    

  
    
      Table 2 

      NISP final LED parameters at 135 K.

      
        


	Channel
	λpeak (nm)
	FWHM (nm)
	Wavelength shift (nm K−1)
	Forward voltage (V) at 100 mA, 50%





	A
	939
	24
	0.12
	2.23



	B
	1157
	46
	0.14
	1.09



	C
	1467
	82
	0.14
	0.96



	D
	1735
	129
	0.57
	1.68



	E
	1873
	92
	0.58
	0.93





      

      
Notes. For each LED channel the peak wavelength and width are listed, as well as the shift in central wavelength with temperature in the regime around 135 K. The last column contains the characteristic forward voltage at 100 mA drive current and 50% PWM that can be used as a direct diagnostic of LED brightness, and that defines the maximal power consumption.




    

  
    
      Fig. 3 
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        Final NI-CU design. Left: Outer view of housing, bipod interface to NISP, and harness locations. Centre: Cross-section of the NI-CU main body with illumination-critical components. The LEDs are pointing downward, illuminating the reflector patch with tilted surface (enlarged on the right). A number of baffles inside NI-CU shapes the beam to just illuminate the detector array, while minimising straylight.

      

    

  
    
      Fig. 5 
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        Illustration of reaching a homogeneous illumination despite an off-centre position of NI-CU and a tilt angle between optical axis and FPA. Shown are the optical beam (green arrow), the slightly tilted FPA (yellow box), as well as NI-CU and the intensity of its illumination as colours and contours. The centre of the NI-CU emission coil is marked as a dashed line, the actual shaped beam is shown in blue. Left: flat reflector patch; the beam centre has the same orientation as the centre of the Lambertian reflection cone and is creating a substantial gradient across the tilted FPA. Right. 30° tilted reflector patch; the effect of 30° rotation along the cosine component of the reflection cone matches the angle of NI-CU relative to the FPA, creating a near-homogeneous illumination.

      

    

  
    
      Fig. 7 
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        NI-CU structural and thermal model before assembly, showing the inner structure and baffle cascade. For the flight model these components are painted with black PNC coating.

      

    

  
    
      Fig. 10 
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        Spectra of the five NI-CU channels (lines) at operating temperature (135 K) in comparison to the NISP instrument filter (shaded areas) and grism passbands (hatched areas). Channel A data has been extrapolated below 900 nm16.

      

    

  
    
      Fig. 11 
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        Mean LED fluence at operating temperature (135 K) expressed in photons per second per detector pixel, as function of driving parameters current and pulse-width-modulation duty cycle (PWM). The points are measurements, the surfaces approximating parameterised functions as listed in Table 4. We note that the flux axes have different scales.

      

    

  
    
      Table 4 

      Functional approximation of NI-CU fluence.

      
        


	Channel
	v
	w
	x
	y
	ɀ





	A
	–0.6124
	0.3972
	0.6266
	0
	0



	B
	–0.4845
	0.1185
	0.4277
	0
	0



	C
	–0.5032
	0.4013
	0.5918
	0
	0



	D
	–3.2184
	–6.2664
	3.1285
	0
	0



	E
	–4.6130
	–0.8297
	0.8376
	–0.00055
	0.02771





      

      
Notes. Functional approximation of the measured NI-CU fluence, as function of current (I in mA) and pulse-width-modulation duty cycle (PWM in %) for all five LED channels. The fluence is the prediction per average NISP pixel and per photons per second. These ad-hoc models are of the form ƒ(v × I + w × PWM + x × I × PWM + y × I3 + ɀ × I2 × PWM), where v, w, x, y, and ɀ are fit parameters across the central part of the I and PWM parameter space. The last two terms are non-zero only for LED E. The resulting relations are shown in Fig. 11.
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