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Grating and Filter Specifications 
 
In order to perform as an all-purpose spectrograph, IMPALAS will have a complement of 5 
volume-phase holographic (VPH) gratings, and one transmission grating.  The gratings are 
chosen to provide spectroscopic capability over the entire wavelength range of the detector 
(3000-9000Ǻ) and resolutions from R=500 to R=6500.   
 
A schematic of the grating and camera configuration is shown in Figure 1. An angle of ε=3.67 
deg with respect to the optical axis corresponds to an angular displacement of 3 arcminutes on 
the sky.   The detector subtends an angle of 18 degrees as seen from the grating.  The camera is 
capable of articulation angles from θ=0 to θ=90 degrees. 
 
Gratings are subject to a few restrictions.  Extremely low angles of incidence (α) are not 
permitted because the resulting camera articulation angle (θ) would be so low that the 0th order 
image would contaminate portions of the detector.  Practically speaking, θ<6 degrees is not 
permitted so as to avoid 0th order contamination.   Angles of incidence above 45 degrees are not 
permitted due to physical limits on the articulating 
camera.

 
Table 1 below lists the physical characteristics of the 5 VPH gratings and 1 transmission grating 
selected for use in IMPALAS. See Appendix A for detailed manufacturing specifications. 
Figure 2 shows how this complement of gratings covers the wavelength-resolution parameter 
space in which IMPALAS will operate.  The grating line densities were first chosen to provide 
the most complete coverage of the resolution parameter space shown in Figure 2.  Next, the 
grating thickness and refractive index modulation, ∆n, were chosen to maximize the bandwidth 
and efficiency at the desired wavelength of operation.    All gratings should be 150 mm (cross 

Figure 1�A schematic showing the grating and articulating camera orientation. 



dispersion) x 230 mm (dispersion direction) in size to allow for operation at angles of incidence 
up to α=45 degrees.   
                                            Table 1: Grating List 
l/mm λ at Peak eff Type Thickness (υm) ∆n 
350 500 Transmission TBD NA 
780 630 VPH 3.6 0.1 
1400 690 VPH 3.6 0.1 
1800 460 VPH 2.5 0.1 
2400 430 VPH 2.4 0.1 
3150 380 VPH 2.0 0.1 
 
 
                   

 
Figure 2: Wavelength versus resolution space for the complement of 5 VPH and 1 transmission 
grating proposed for IMPALAS.   Contours show the modeled 50%, 70%, and 90% 
transmissivity for each grating.  Dotted lines show the range of wavelengths, at constant 
resolution, which fall on the detector for a given grating tilt.  Other solid lines indicate the 
wavelengths of astrophysically interesting lines. 
 
 



 
The 350 l/mm grating:  The 350 line grating is primarily a survey grating designed to allow 
large wavelength coverage (factor of 2) over a 6� diameter field of view when used with 
slitmasks.   A traditional transmission grating is chosen over a VPH grating for this regime due 
to the extremely large blaze shift and poor efficiency at large off-axis angles for VPH gratings.  
If 350 l/mm gratings are not available, then 300 l/mm should be used.  The dispersion with a 400 
l/mm grating is too large to allow full wavelength coverage over the entire 6� field.  The peak 
efficiency for this grating is expected to be around 70% based on similar gratings in use in 
instruments such as the Keck LRIS-B. 
 
The 780 l/mm grating:  Figure 3 (upper left panel) shows the efficiency as a function of 
wavelength for 9 different angles of incidence, α, for the 780 l/mm grating.  The heavy solid line 
shows the superblaze efficiency.  Text notations give the nominal spectral resolution at the blaze 
wavelength for each tilt when using a 0.9� slit.  This grating covers the entire operational 
wavelength range of IMPALAS with low spectral resolution.  The groove density was chosen so 
that the simultaneous wavelength coverage is a factor of two for an on-axis target, e.g., 370-740 
nm.  The three additional panels of Figure 3 show the wavelength coverage and efficiency for an 
on-axis object (solid line) and two off-axis objects displaced by ±2� in the dispersion direction 
(dashed and dash-dot lines).  Each panel shows a different central grating tilt, α, and camera 
articulation angle, θ.  Not only does the wavelength coverage vary for off-axis object (as it does 
in any multi-object spectrograph) but the blaze of the VPH gratings shifts as well, resulting in 
markedly different sensitivities.  Coverage is approximately 250 nm for objects separated by 4�. 

 



 
 
 
The 1400 l/mm grating:  This grating serves users interested in relatively high resolution 
(R=3000-5000) observations out to the red limit of the spectrograph (900 nm).  The upper left 
panel shows the efficiency at each of 9 grating tilts.  Text indicates the nominal spectral 
resolutions at the blaze wavelength of each tilt when using a 0.9� slit. The superblaze peaks near 
690 nm.  This grating was designed to allow the highest possible spectral resolution with 
excellent sensitivity in the red end of the spectrum for work on redshifted Hα or Ca II absorption 
between night sky airglow bands.  The three additional panels show the sensitivity and 
simultaneous wavelength coverage at 3 particular grating tilts for objects on axis (solid line) and 
objects ±2� off axis (dashed and dash-dot lines).  Simultaneous wavelength coverage is 
approximately 150 nm for objects separated by 4� in the dispersion direction. 
 

 
 

 
 
 
Figure 4 
 
 
 
 
 
 



 
 
 
The 1800 l/mm grating:  This grating serves users interested in relatively high resolution 
(R=3000-5000) observations in the blue end of the spectral range.  The upper left panel shows 
the efficiency at each of 9 grating tilts.  Text indicates the nominal spectral resolutions at the 
blaze wavelength of each tilt when using a 0.9� slit.  The superblaze peaks near 460 nm.  This 
grating was designed to allow the highest possible spectral resolution with excellent sensitivity in 
the blue end of the spectrum while maintaining modest wavelength coverage..  The three 
additional panels show the sensitivity and simultaneous wavelength coverage at 3 particular 
grating tilts for objects on axis (solid line) and objects ±2� off axis (dashed and dash-dot lines).  
Simultaneous wavelength coverage is approximately 100 nm for objects separated by 4� in the 
dispersion direction. 
 
 
 

 
 
 
Figure 5 
 
 
 
 



 
The 2400 l/mm grating:  This grating serves users interested in high resolution (R=4000-6000) 
observations in the blue end of the spectral range.  The upper left panel shows the efficiency at 
each of 9 grating tilts.  Text indicates the nominal spectral resolutions at the blaze wavelength of 
each tilt when using a 0.9� slit.  The superblaze peaks near 430 nm.    The three additional panels 
show the sensitivity and simultaneous wavelength coverage at 3 particular grating tilts for 
objects on axis (solid line) and objects ±2� off axis (dashed and dash-dot lines).  Simultaneous 
wavelength coverage is approximately 80 nm for objects separated by 4� in the dispersion 
direction. 
 
 
 

 
 
Figure 6 
 
 
 
 
 
 
 
 
 



 
The 3150 l/mm grating:  This grating provides the highest possible resolution (R=4000-6000) 
observations in the blue end of the spectral range.  The upper left panel shows the efficiency at 
each of 9 grating tilts.  Text indicates the nominal spectral resolutions at the blaze wavelength of 
each tilt when using a 0.9� slit.  The superblaze peaks near 380 nm.    The three additional panels 
show the sensitivity and simultaneous wavelength coverage at 3 particular grating tilts for 
objects on axis (solid line) and objects ±2� off axis (dashed and dash-dot lines).  Simultaneous 
wavelength coverage is approximately 100 nm for objects separated by 4� in the dispersion 
direction. 
 

 
 
 
Figure 7 
 
 
 
 
 
 
 
 
 
 



 
Filters:  Four standard Schott glass long-pass filters will be provided for suppression of second 
order contamination during observations with large spectral coverage.  Transmission curves for 
the four filters are shown in Figure 8.  Filters should be 8 mm thick and 140 mm x 80 mm. 
 

                      
Figure 8 
 
                                    Table 2: Filter List 
Name Type Thickness 
Clear Clear 8 mm 
GG375 Long pass 8 mm 
GG400 Long pass 8 mm 
GG420 Long pass 8 mm 
GG455 Long pass 8 mm 
 
 
Overall risks & tradeoffs 
 
The requested VPH gratings fall within the parameters which are presently considered state-of-
the-art.  The transmission grating of 350 l./mm may be prohibitively costly if grating masters do 
not exist at this groove density.  A 300 l/mm grating may be substituted.  
 
The filter thickness of 8 mm and size (140 mm x 80 nn) may be non standard, even though the 4 
filters are standard Schott items (typically 3-4 mm).  Incremental cost of having 8mm thick 
filters specially made is not known.  
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Description:

Fabrication of  5 volume holographic elements on customer-supplied substrate with the
following specifications:

For all gratings:
1 Substrate dimensions 170 x 230 mm
2 Clear aperture 155 x 217 mm
3 6 mm or smaller border for capping.
4 Fringe tilt 0 (normal to surface) 
5 Fringes oriented along short (155 mm) dimension of grating, so that dispersion is

parallel to long axis.
6 Capped with customer supplied fused silica using Epotek 301-2 epoxy, cured slowly

to minimize shrinkage.

Gratin g # lines/mm holograph
thickness (:m)

wavelength of highest
efficiency (nm)

1 780 3.6 630

2 1400 3.6 690

3 1800 2.5 460

4 2400 2.4 430

5 3150 2.0 380

Notes:
Customer supplied substrates:
Ten  (10)  fused silica plates, 170 x 230 x 10 mm, polished flat to 1/4 wave at 630 nm,
and anti-reflection coated on one side


