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1 Revision History

	Version
	Document Date
	Authors
	Change Description

	1.1
	12 Nov 03
	ali.benmoussa@oma.be
	Initial Draft

	1.2
	20 Nov 03
	hochedez@oma.be 
	2nd draft, abstract added, document revised

	2.0
	03 Feb. 04
	ali.benmoussa@oma.be
	Updated 

	3.0
	25 Feb. 04
	ali.benmoussa@oma.be
	3rd draft,  abstract changed, Open channel and MgF2 filter deleted, PIN PTB results added,... 

	4.0
	01 Oct. 04
	ali.benmoussa@oma.be
	PTB data 2nd calibration

	
	
	
	


2 Applicable documents

· LYRA proposal

· LYRA Calibration Plan V1.6 of 2004-02-03
· RadiometricModel_R1V3.0
· LYRA-DetectorSelection_ChannelDefinition-V1I2-20040916-ROB
3 General philosophy

The goals of this analysis are to determine:

- The anticipated photocurrents under solar illumination as a function of filter choices,

- The spectral cleanliness (purity) through all optical elements of a LYRA channel (Aperture + Filter + Detector),

- The spectral specifications for filters,

- The spectral specifications for detectors.

4 Abstract

A draft radiometric model based on solar spectral irradiance, filter transmittances (commercial and sought), and detector responsivity (PiN and MSM), is used to determine the photocurrents and their related purity in the original LYRA channels (Lyman-alpha at 121.6 nm, Herzberg continuum [200-220 nm], Aluminium filter channel [17-70nm] and Zirconium filter channel [1-20nm]). 

The accuracy of this draft model calculation is not well determined; some approximations such as the wavelength extrapolation of the absolute transmittance of filters or of the detector responsivity to EUV-VUV were used (Generic model). Improved models will then be established.

As an outcome of the first model (radiometric model Version 2), we noted a strong redundancy between three of the considered channels, namely the 210nm interference filter, the OPEN channel, and the MgF2 channel. Theses 3 channels would unfortunately deliver rather similar time-series, mainly useful to address the evolution of the MgF2 window and the 210 nm interference filter. This situation was not foreseen at the proposal stage, when we anticipated the detector to be able to reject the solar spectrum down to 200 nm and further. Now, with our current knowledge on the NUV behavior of detectors, the tail of the continuum (in-between 160-240nm) swamps the Open and MgF2 channels, making their linear combinations imprecise (difference of large similar values). The original type of solar-blindness is still a goal, but backup solutions must be prepared. We study the following improved configuration for LYRA channels:
1
Lyman alpha Acton Research XN122 interference filters,

2 
Herzberg 200-220 nm Interference filter,

3
Aluminum filter (membrane on grid: 157,9nm) from e.g. LUXEL corp,

4
Zirconium filter (membrane on grid : 141,3nm) from e.g. LUXEL corp,

In parallel, the back up solution can be :
· Porous diffraction filter from Russia,
· AXUV 100-G photodiode from IRD.

5 Reminder

	Radiometric Quantity
	Symbol
	Units

	Radiant Energy
	Q
	J

	Radiant Flux (power)
	 Φ 
	W

	Irradiance
	E
	W/m2

	Radiance
	L
	W/(m2 sr)

	Radiant Intensity
	I
	W/sr


J=joule,   W=watt,   m=meter,   sr=steradian.
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6 Solar Irradiance


[image: image2.wmf]0

50

100

150

200

250

300

350

400

450

500

1E-7

1E-6

1E-5

1E-4

1E-3

0,01

0,1

1

0

100

200

300

400

500

1

10

 E

max

 / E

min

 

 

0.005% [1-150nm]

(0.009% Solar Max)

99.995% [150-500nm]

(99.991% Solar Max)

 Solar Maximum Emax

 Solar Minimum Emin



 

 

Solar Irradiance (W.m

-2

.nm

-1

)

Wavelength (nm)

Figure 1: Solar Spectral Irradiance
 at maximum (Emax) and minimum (Emin) Solar activity conditions vs wavelength (from 0.5nm up to 500.5nm). The inset shows Emax/Emin in linear scale.

7  Filters 

7.1 Filters specifications 

 

	Specification
	Filter Ly-α
	Filter 210
	Al Filter
	Zr Filter

	Wavelength
	121.6nm
	[200-220]nm
	[17-70] nm
	[1-20] nm

	FWHM
	15nm
	20nm*
	/
	/

	Minimum Transmission
	>30% at 121.6nm
	>25% at 210nm
	>50%
	>50%

	Rejection
	- 10-3 [110 nm] 

- 10-4 [200-400nm]
	- 10-4 [100-150nm]

- 10-4 [300-500nm]
	10-4 at 100nm
	10-4 at 100nm

	Expected total current
	> 1nA
	> 1 nA
	> 1 nA 
	> 1 nA

	Spectral purity 
at Solar Min
	>80% 
[120.5-123.5] 
	>80% 
[200-220]
	> 40% TBC
for HeII [30.4nm]
	> 80% 

	Material
	TBW
	TBW
	Al(150nm)+mesh 
	Zr(150nm)+mesh 


Table 1: Filter specification
Remark : 
· Filter must survive temperatures between -20C and +100C
· *For Filter 210, we can use a filter with a larger band pass towards high λ because the FWHM will be reduced thanks to the detector cutoff (220-230 nm).

7.2 Interference Filters for Lyman-α and Herzberg continuum
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Figure 2: Absolute Transmittance vs wavelength (nm) of the two interferences Acton Research filters.
Remark: 

The filters data are standard from Acton Research (AcR). As of February 2004, the spectral parameters in the EUV (1-100nm) and UV to IR (500-850nm) are either estimated or extrapolated.
 

	Acton filter
	Max Transmission
	Rejection

	Filter XN122
	6.79% at 120nm
	- 1E-3 [110 nm]

- 5E-5 [200nm]

	Filter 210-B 
	34.19% at 215nm


	- 8E-4 [160nm]

- 8E-3 [300]


7.3 Aluminum Filter (17-70nm)
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Figure 3: Absolute Transmittance
,
 vs wavelength (nm) of Aluminum filter. The inset shows a close view.
Remark: Expected Transmission 

The spectral transmittance of the aluminium filter was calculated using CXRO (from 1-123nm) and the LPLI (Metz) software (from 246-826nm).

7.4 Zirconium Filter 

This filter rejects strongly 30.4, 58.4, and 121.5.
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Figure 4 : Absolute Transmittance
 vs wavelength (nm) of Zirconium filter. The inset shows a close view.
Remark: Expected Transmission 

The uncertainties in the Aluminum and Zirconium thicknesses are not evaluated (may be 5-10 nm).The oxides (Al2O3 and ZrO2) are not taking into account (5-10%).  The 70 lines per inch nickel mesh that is currently available transmit about 82%. The loss of 18% transmittance is significant. Al and Zr filters are manufactured by Luxel Corporation.

8 Photodetectors

8.1 PiN detector

These devices are intended for the Herzberg channel (200-220nm) because they promise maximal solar blindness, which is essential when measuring the total UV intensity in the specified ranges but may perhaps be used in the XUV (Zr channel 1-20nm).
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Figure 5: Spectral Responsivity of the PiN3 diamond photodetector.
8.2 MSM detector

Due to their higher response (as compared to PiNs) these devices are baselined for the Lyman-alpha (121.6 nm), the Al (17-70 nm) and the Zr channels (1-20nm). 

The PTB at the electron storage ring BESSY II, Berlin Germany has evaluated almost all detectors in the EUV-VUV range, and some detectors in the XUV range. IMO has evaluated the solar-blindness (NUV-NIR) of nearly all detectors. Consequently, it is possible to plot a representative “median” responsivity graph.
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Figure 6: Spectral Responsivity of the Generic MSM diamond photodetector.
It is thereafter possible to plug this generic response into the LRM (Lyra radiometric model), in order to have a first idea of the expectable signal currents and spectral purity.
8.3 Lyman-α channel
The results based on the generic MSM and PIN devices anticipate a serious lack of signal with this channel (<100pA). 

	Lyman-( Channel
	Solar Max
	Solar Min

	MSM generic + 122 XN filter
	55.411pA
	36.971pA

	Purity (( 2.5nm)
	73.6%
	63.3%


8.4  Back up for Lyman-α channel

A Backup option could be the implementation of a porous filter transmitting Ly-a (20%), leading to a channel highly dominated by Ly-a, perhaps as good as the baselined interference filter. 
Another backup consists in using an AXUV Si diode. However, a spectral purity above 65% necessitates a second interference filter, leading again to low signal levels and to difficult thermal issues in addition. Using a nitride detector is under evaluation, but the time is probably short to procure such FM detectors.

	Lyman-( Channel
	Worst
	Best
	Median
3mm hole
5V
	Purity

(( 2nm)

	MSM + 1 filter (122XN) 
	25pA
	100pA
	47 pA
	65%

	AXUV IRD + 1 filter (122XN)
	-
	-
	1.3 nA
	22%

	AXUV IRD + 2 filters  (122XN) in series
	-
	-
	20 pA
	87%

	AXUV IRD + 1XN +1N filters
	-
	-
	73 pA
	84%


8.5  Herzberg channel
There is no special difficulty with this channel thanks to the relatively large signal expected (> nA). However this must be moderated by the little fluctuation expected (<2 %), and hence the need for high precision measurement. Further, it is a scientific goal of LYRA to also improve the absolute accuracy of the measurement (Goal 5%); therefore the need for a very good calibration at Herzberg.
	Herzberg Channel
(solar min)
	Worst
	Best
	Median

	MSM
	25nA
	82nA
	40nA

	PIN
	7nA
	13nA
	12nA


8.6 Aluminum channel 

The results based on the generic MSM anticipate a moderate lack of signal with this channel (350pA solmin to 1.4nA solmax). Luckily the above is alleviated by the relatively large fluctuation expected. It is a scientific goal of LYRA to also improve the absolute accuracy of the measurement; therefore a need for a good calibration for Al.

	Al Channel
	Solar Max
	Solar Min

	MSM generic
	1.4 nA 
	355 pA

	HeII 30.5nm

 (( 2.5nm)
	53.5%
	56.2%


8.7  Back up for Al channel

A Backup option could be the implementation of a porous filter NOT letting Ly-a through, leading to a channel highly dominated by HeII at 30,4nm (20%), perhaps as good as the baselined metallic filter. Another backup consists in using an AXUV-IRD diode.

	PF 90nm Channel
	Solar Max
	Solar Min

	MSM generic
	888 pA 
	258 pA

	AXUV IRD
	259.6nA
	256.9 nA


8.8  Zirconium channel
The results based on the generic MSM devices anticipate a lack of signal with this channel. Luckily the above is alleviated by the rather large fluctuation expected. 

	Zr Channel
	Solar Max
	Solar Min

	MSM generic
	671.3 pA
	135 pA

	Purity (0-20nm)
	99.4%
	99.4%


8.9  Back up for Zr channel

A Backup option could be the implementation of a porous filter NOT letting Ly-a through, leading to a channel highly dominated by HeII at 30,4nm, perhaps as good as the metallic filter baseline. Another backup consists in using an AXUV-IRD diode.

	Zr Channel
	Solar Max
	Solar Min

	AXUV IRD
	2,88nA
	580.5 pA

	Purity (0-20nm)
	99.3%
	99.2%


8.10  Porous filter – Open channel
Porous filters specially designed and manufactured for LYRA are available. They have a very high porosity (>20%) making them very transmittive in the XUV-EUV. A special effort was made to decrease the size of the pore in order to better reject the NUV. The final transmittance is unfortunately still to be measured in the laboratory, preventing a positive decision on porous filter LYRA channel. Despite the fact that such filters have space heritage, there is a question on their flight qualification. A qualification plan is under discussion.

Although it has appeared appealing earlier, Open channel is no more an option due to the uncontrollable amount of signal originating from photoemission.

	MSM generic
	Solar Max
	Solar Min

	PF with Ly-( (130nm)
	1042.47 pA

	351.9 pA


	PF w/o Ly-( (90nm)
	888.2 pA

	257.9 pA


	Open Channel
	152.475 nA
	149.022 nA



8.11  Summary  

	MSM generic
	Ly-α channel
	Herzberg channel
	Al 
channel
	Zr

channel

	I for Solar Max

(Purity)
	55.411pA 

(73.6%)
	39.744nA
(84.7%)
	1427.27pA 

(53.5%)
	671.351pA 

(99.4%)

	I for Solar Min

(Purity)
	36.971pA 

(63.3%)
	39.744nA

(84.7%)
	354.901pA 

(56.2%)
	135.07pA 

(99.4%)


	PIN
	Ly-α channel
	Herzberg channel
	Al 
channel
	Zr

channel

	I for Solar Max

(Purity)
	N/A
	 12.159nA

(87%)
	454.4pA 

(N/A)
	798.8pA 

(100%)

	I for Solar Min

(Purity)
	N/A
	12.159nA

(87%)
	91.33pA 

(N/A)
	160.6pA 

(100%)


All data can be found at:

http://lyra-swap.oma.be/lyra/radiometric_model/allresults/res.php
The foreseen actions consist in 

1. Increasing the precision aperture to the max. Unfortunately, 3mm is already very close to the limit imposed by the minimum FOV.
2. Increasing the applied voltage to the max (from 5V to 14.5V or 7V). Although this was several times discussed, no real study (SNR, linearity) was carried out. All calibrations were made at 5V. Today, departing from 5V would induce costs and delays at PMOD, and additional calibrations.

3. Using the highest sensitive & stable MSM devices

8.12 Spectral coverage on LYRA 
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a) Ly-( Channel



      b) Herzberg Channel
Figure 7: a- Ly-( Channel , b-Herzberg channel

(top to down : Filter transmittance; MSM generic response; solar max spectrum; expected photocurrent distribution) 
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c) Al Channel




 d) Zr Channel
Figure 8: c- Al Channel , d-Zr channel

(top to down : Filter transmittance; MSM generic response; solar max spectrum; expected photocurrent distribution) 

ANNEXE I

For this discussion the diffraction effect can be ignored (aperture is large compared to the wavelength of light being used) and the detector has a diameter sufficient to intercept all the radiation exiting through aperture A1.


[image: image10]
Figure 6: Diagram illustrating the basic geometry (not to scale) of Lyra channel. The aperture A1 (no inclination) determines the amount of optical power incident upon the detector from the Sun. 
We can write the spectral radiant flux (power) in the plane of aperture A1 as:
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The accuracy of the photocurrent determination is directly related to the accuracy of the determination of geometric quantities, the spectral irradiance, the filter absolute transmittance and the detector spectral responsivity. The photocurrent is: 
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is the spectral radiant flux in plane of aperture, 
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the spectral absolute transmittance of the filter and
[image: image16.wmf])

(

l

D

the spectral detector responsivity. 

ANNEXE II
Table 2: shows the expected current Imin [A] for solar Min and Imax [A] for solar Max through the aperture (3mm diam) and  the filter (Detector response = 1). 

	
	Imin   
	Imax   

	Zr (1-20nm)
	2,441 nA
	12.117 nA

	Al (1-100nm)
	7,863 nA
	28,436 nA

	Lyman-α 
	11.293 nA
	13.522 nA

	Herzberg 200-220nm
	7.408 mA
	7.408 mA

	Open channel
	6.693 mA
	6.693 mA











E(λ)*A1





Circular Aperture A1 (d=3mm)
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Solar irradiance * Aperture * Abs. Transmittance Filter * Responsivity Detec. = Expected Photocurrent 


  Eλ (W.m-2)          *   A1 (m2)  *              Fλ (-)                    *       Dλ (A.W-1)          =                Δi (A)
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E(λ)*A1*F*D= Δi








Filter-Detector system











� Tobiska, W.K, T. Woods, F. Eparvier, R. Viereck, L. Floyd, D. Bouwer, G. Rottman, and O.R. White, “The SOLAR2000 empirical solar irradiance model and forecast tool,” J. Atm. Solar Terr. Phys., 62, 1233 250 ,2000.


� The Center for X-Ray Optics (CXRO) at the � HYPERLINK "http://www.lbl.gov/" �Lawrence Berkeley National Laboratory (LBNL)� (1-123nm)


� LPLI simulation (246-826nm), Metz University.  


� The Center for X-Ray Optics (CXRO) at the � HYPERLINK "http://www.lbl.gov/" �Lawrence Berkeley National Laboratory (LBNL)� 


http://www-cxro.lbl.gov/





PAGE  
	[image: image17.png]
	Doc
: LYRA Radiometric Model

	
	File
: RadiometricModel_V1I4

	
	Version
: version 1 Issue 4


	
	Nb Pages  : - 1 -of 21



[image: image20.png]


_1138800246.bin

_1139299550.bin

_1157195284.bin

_1139066878.unknown

_1138783645.bin

_1138797713.unknown

_1138797774.unknown

_1138792858.bin

_1130240181.unknown

_1130840581.unknown

_1129551973.unknown

