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Principle of an immersion grating:  (Fraunhofer 1823) 

!x ! !"= (2#n/$)!x 

Infrared immersion gratings are an enabling 
 technology because they can shrink instrument 
 volumes by about an order of magnitude. 



*Cutting angle depends on 
desired blaze angle ! 

A. Immersion Grating  

- Groove Shape 

Blaze angle: 63.4° 

Blaze angle: 6.16° 

By cutting the crystalline silicon at the right angle, we determine 
 the blaze. 



The perfect shape and low roughness of etched grooves means  
low scattered light levels. 

The high placement precision leads to  
 high efficiency and spectral purity. 
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FORCAST grating G3 (
mid/near IR camera for 
NASA’s SOFIA airborne 
observatory) 

JWST NIRCam 
grism A6-F 

iShell grating G1 for  
NASA Infrared Telescope  
Facility 

6.16o, 15.36µ
m 63.4o, 80µ

m 

32.6o, 87µm 
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Views of the CA1 (IGRINS Grating  
Completed Surface) 
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Immersion Grating CA1, After Coating, August 2011 

View of the AR 
 coated entrance 
 face 
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Front-Surface Interferogram of CA1 



Measured efficiency in immersion: 

Measured efficiency at 1.523 (close to the 
 blaze but not on it) is 79 +/-6% 
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A.  Immersion Grating 
- Fabrication Techniques 

Reactive ion etching 

UT JPL 

KOH etching 

Shaping, polishing,      metallization and AR coating      
UT 

Entrance face Bottom Mask 
Photoresist 
Silicon nitride 
FZ Silicon 
Slit 
Aluminum 

University of Texas immersion grating process and development 
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Figure 3: Efficiency of CA1a as a function of wavelength. The measurements for 1500−2300 nm cover orders
120 to 78. The peak on-blaze efficiency is typically about 75% of an aluminum reference mirror, as shown
by the horizontal dotted line at 75%. The vertical dashed lines at 1450 and 1900 nm demarcate the designed
wavelength range of IGRINS H−band channel. Similarly, the vertical dash triple-dotted lines demarcate the
K−band channel. The faint gray line in the background is the atmospheric transmission over Kitt Peak.5

Measurements at λ > 2300 nm we not performed at the time of writing. The slightly suppressed efficiency at
1500 nm may result from visible light leakage in the reference mirror measurement from our 1450 nm low pass
filter operated in uncollimated light, or perhaps from real polarization sensitive effects. See the notes on the next
figure’s caption regarding the difference in measurements shortward and longward of 1870 nm.

except for order 120 which has a peak efficiency of merely 68%. CA1a was measured with an out of plane angle,4

γ ∼ 9◦. This angle is comparable to the out of plane angle in the IGRINS design, γ = X
◦. We only coarsely

controlled the incidence angle α in our efficiency measurement, with α ∼ δ to within about 2◦. Accordingly, we
measured some angularly dependent diffraction loss that one would expect if orders diffracted into the grating
sidewalls. It is best to have α > δ so that the blaze envelope is centered at β < δ.

There are a few potential loss mechanisms which lead to the observed efficiency:

1. Fresnel loss from entrance through the front vacuum/Si interface

2. Loss from microscopic groove and entrance face surface roughness that goes into scattered light

3. Loss at the Si/Al interface due to dielectric effects



Long wave: (2.7-5.4 microns): 80 micron period 
Short wave: (1.15-2.5 microns) 48.5 micron perid 

Both are R3 with a 30.5x35 mm entrance face. 

The plan is to fabricate the long wavelength grating using 
 contact lithography (a la CA1) but to fabricate the short 
 wavelength grating using e-beam lithography with the 
 JEOL writer at JPL.  

ISHELL Requires two immersion gratings: 



ISHELL JHK Part:   E-beam trial SEM images after etching 

Residue is from undercut of nitride mask; part has not been 
cleaned yet. 

Left-right asymmetry due to slight tilt on SEM. 



Interferogram of E03 30mm thick piece for 
ISHELL L&M 
 grating.  This is a 30mm diameter aperture at 
 633 nm.  This is about lamda/3 p to v in 
 immersion at 4 microns on a 25mm aperture. 



ISHELL possible grating 
Same piece (G03) at a slightly different position. This 
 realization would be lambda/4 over a 30mm aperture 
 but note that the entrance face cannot be that perfect 
 all the way to the edge. 



Status and plans: 

L&M:  We have a marginally acceptable surface now.  We are 
 making tests now to our setup to understand the origin of the  
 large-scale errors.  This will involve sacrificing a 30mm thick 
 part.  After that, we should be able to re-make the part. 

JHK:  Has been in recovery from the destruction of a 100 hour 
 write ISHELL part last year.  We now understand the process 
 issues that caused this and the groove samples you see  
 demonstrate that we can safely write a thick part.  The one  
 issue remaining is to test this sample for ghosts. 

Expect to write both types of parts in the next 2-3 months. 


