GRATING FOR NEXUS, A NORMAL-INCIDENCE EXTREME-UV SPECTROMETER

                         TECHNICAL SPECIFICATIONS

1.  INTRODUCTION

The Solar Physics Branch of Goddard Space Flight Center (GSFC) is involved in

the development of a Normal-incidence EXtreme-Uv Spectrometer (NEXUS), as a 

potential scientific payload to be flown on future space satellite missions. 

This instrument would perform spectroscopic studies of the outer atmosphere of

the Sun at EUV wavelengths.  It uses a concave stigmatic grating at near-normal

incidence, which provides spectral imaging over an extended wavelength interval

and spatial field-of-view with only a single reflecting surface.

The optical design of the NEXUS spectrograph requires a grating with varied 

line space rulings of the Kita/Harada type, ruled onto a concave toroidal 

substrate.  It simultaneously covers the 3 spectral bandpasses of 45.7-52.5,

56.6-63.1, and 74.3-80.0 nm, with a fixed operating angle of Alpha=1.061 deg.

This specification is directed towards the procurement of one (1) copy of

the required NEXUS spectrograph grating.  This grating will then be evaluated to

select the supplier for possible flight-grating orders in the future.  The government may make up to two awards.

2.  REQUIREMENTS

  2.1 General

  The NEXUS grating will be a diffraction grating ruled onto a concave surface. 

  The central area of the surface will contain the rulings for the experiment,  

  which may be produced mechanically or holographically.  To achieve the  

  desired blaze, they should be ion-etched if ruled holographically.  The 

  optical design given below involves varied line-space rulings of the type

  described by Kita and Harada in Applied Optics 22, 819-825, 1983.  However,

  instead of the spherical substrate that they discuss, the NEXUS rulings are

  to be made onto a toroidal surface.

  2.2 Grating Blank

  The grating blank shall be machined to the dimensions and tolerances 

  shown on Figure 1, with all edges beveled.  

      Width of Blank:                    23.0 mm +/- 0.5 mm

      Height of Blank:                   27.0 mm +/- 0.5 mm

      Thickness of Blank (at center):     5.0 mm + / - 0.5 mm

  2.3 Grating Dimensions

  The dimensions for the ruled area of the grating, as shown in Figure 1, 

  are listed below.

      Width of Ruled Area in Dispersion Direction:   21.0 mm (minimum)

      Length of Ruling Stroke:                       25.0 mm (minimum)

      Ruling Stroke Direction:   Parallel to one reference side +/- 0.5 deg

      Margin on each edge of Ruled Area:              1.0 mm (maximum)

  2.4 Optical Geometry and Materials

  The optical specifications listed below apply to the optical surface area

  indicated on Figure 1 as the "Ruled Area".  For that area, the optical 

  characteristics and materials of the grating shall be as follows:

      Material:            Low thermal expansion substrate

      Central Ruling Freq: 3400 mm-1 +/- 6 mm-1  ( T_o = 1/S_o , see below )

      Optical Surface:     Toroidal

      Cross Radius:        377.041 mm (ref)

      Dispersion Radius:   375.000 mm (ref)       ( R_d , see below )

      Average Radius:      376.02 mm +/- 0.40 mm

      Radius Ratio:         1.00544 +/- 0.00010

      RMS Slope Error:      No more than 1 arcsec RMS

      Micro-roughness:     Goal of 5 A RMS (spatial periods 10 - 1000 nm)

      Grating Blaze:        4.90 deg +/- 0.30 deg (or equivalent Laminar performance)

      Blaze Direction:     Facet tilt towards the +Y direction

      Coating Material:    Gold

  2.5 Varied Line-Space Parameters

  Kita and Harada (Appl.Opt.22,819,1983) define the varied groove spacing S 

  as a function of groove position Y in the direction of grating width:

      S = S_o/[ 1 + 2*b2*(Y/R_d) + 3*b3*(Y/R_d)^2 + 4*b4*(Y/R_d)^3 ] ,

  where S_o is the nominal groove spacing and is equal to the groove spacing

  at the grating center (Y=0), R_d is the radius of curvature of the grating

  in the dispersion plane, and b2, b3, and b4 are ruling parameters.

  In terms of these parameters, and the nominal values of S_o and R_d given

  above, the NEXUS design requires:

      b2 = 0.0537  (ref , see below)

      b3 = 0.0486  (ref , see below)

      b4 = 0.3390  (ref , see below)

  An equivalent alternative formulation for the varied groove frequency T is 

  given in the Zemax Optical Design Program User's Guide (Version 10.0) on

  page 192.  If T_o is the central ruling frequency in units of groove/micron, 

  and grating Y positions are in units of mm, this expression is:

      1/T = 1/T_o + Alpha*Y + Beta*Y^2 + Gamma*Y^3

  In terms of these parameters, the NEXUS design requires:

      T_o = 3.400 groove/micron +/- 0.006 groove/micron

      Alpha = -8.427x10^-5  (ref , see below)

      Beta  = -2.808 x 10^-7 (ref , see below)

      Gamma = -7.396 x 10^-9  (ref , see below)

  In either case, the ruling spacing is not symmetric around the center of

  the grating (Y=0), so that it becomes critical to place the blaze in the 

  correct direction relative to the asymmetric ruling pattern for proper

  operation.  As noted above, blazed facets should tilt towards the +Y axis.

  The best ruling parameters b2, b3, and b4 (or Alpha, Beta, Gamma) depend

  slightly on the actual, as made, toroidal radii of curvature within the 

  above tolerances of the grating blank.  Thus, we require the vendor to

  provide measured values for those radii after final polishing, so that 

  fully optimized parameters for the varied line-space rulings can be used.

3 MARKINGS

  The delivered grating shall have an arrow permanently inscribed into its back 

  surface indicating the direction of blaze.

4 SHIPPING CONTAINERS

  The vendor shall provide a design of a shipping/storage container for the 

  deliverable optical component.  GSFC will review and approve the design 

  of the shipping/storage container.  The optical component shall be 

  delivered to GSFC in the approved shipping/storage container.  The

  shipping container shall be marked in large bold letters:  

         To be opened by the Goddard Technical Officer only.

5 TEST REPORTS

  Prior to ruling the grating, the vendor is required to

  provide measured values for the toroidal radii after final polishing.  The grating 

  parameters will be optimized for the varied line-space rulings and the optimized

  parameters will be sent back to the vendor to be used in ruling the grating. The 

  vendor is required to perform all necessary measurements to verify 

  that the optical component meets all specifications and interfaces.  The 

  characterization shall include but is not limited to mechanical measurements 

  for dimensions and alignments, and optical measurements for surface figure,

  micro-roughness, and radii of curvature.  The final evaluations of image 

  quality, spectral resolution, EUV reflectance, and scattering will be 

  provided by GSFC using the GSFC Diffraction Grating Evaluation Facility 

  (DGEF) or the Synchrotron Ultraviolet Radiation Facility (SURF-III) at the 

  National Institute of Standards and Technology, as appropriate.  A report 

  shall be generated by the vendor for the optical component that includes 

  the results of all measurements and tests. 

6 DELIVERABLE LIST AND SCHEDULE

                                                         Government Proposed

                                                            Delivery

   Item    Description                            Schedule       Quantity
    1      EUV Grating


6 months ARO        1

    2      Shipping Container                 6 months ARO        1

    3      Test Report


6 months ARO         1

*After receipt of order (ARO)

7.  EVALUATION CRITERIA

  The bids will be evaluated based on the ability to meet specification, cost and length of delivery schedule.
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