
GMTNIRS and the Promise of 
High Resolution 
Spectroscopy in the Infrared: 
Part 1 

 
 
 

Dan Jaffe 
The University of Texas at Austin 









ν Δν Ω ε ν



2.2 5.7 9.2 13 16 20 23

OH Night sky in the H band  
(Chan Park et al.) 
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First-generation high resolution 
 spectrographs for the IR 
 
Small wavelength coverage: 
CSHELL:  λ/200 
Phoenix: λ/100 
CRIRES: λ/70 
 
Small coverage means lots of 
 moving parts. 
 
Many surfaces. 
Hard to get decent slit sizes at  
 high resolution. 
Instruments already quite large 
  and so not too stiff. 
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In immersion, the internal wavelength 
 shrinks by a factor of n, the  
 refractive index 
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Resolving power is equal to phase delay across the beam measured in wavelengths  
divided by the ratio of the angular size of the slit to the diffraction limited angular scale. 
 
  R= λ/Δλ =  (2Lsinδ)/λ  • θdiff/θslit 
 
Where L is the grating length and δ is the grating angle. 



The invention of the immersion grating by Dan Jaffe 
 
1. The eureka moment -  Spring 1992 
   If you illuminate a grating from inside a transparent  
  medium, the density of the medium leads the light to 
  see the grating as longer , that is, bigger by a factor 
 of the refractive index, n, which is 3.4 for silicon 



The invention of the immersion grating by Dan Jaffe 
 
2.The oh   moment – 
 discovering a US  
patent from 1984 



The invention of the immersion grating by Dan Jaffe 
 
3.The hah  moment- finding an article from Nature, 1954 



The invention of the immersion grating by Dan Jaffe 
 
4. The duh  moment:  Gegenseitige Einwirkung der im 
      Wasser und anderen brechenden Mitteln gebeugten 
      Strahlen  Joseph Fraunhofer 1823 

Fraunhofer immersed his gratings in 
 water, linseed oil, and turpentine. 
We immerse ours in solid silicon but 
 the physics is the same.  

The interaction of diffracted radiation in water 
  and other refractive media. 



The thick substrates require a completely independent process 
 chain from what wafers require. 



 

 

 

 











Contact Lithography 
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Degree of difficulty: 
[(n-1) sinδ]/λ for grisms and with 
[2nsinδ]/λ for immersion gratings. 
Scales with length of grating divided by 
width of slit in units of diffraction limited 
width. 
 
Forcast grism 1: δ=11o λ= 30 μm, DD=1  
Other Forcast grisms:  DD=1-10 
JWST grisms: DD= 9 
IG for IGRINS: DD=120 
IG for GMTNIRS: DD= 250  





• 
• 

• 

• 

• 



JWST NIRCam Grisms λ/100 rms grating surface 

105 dynamic range Flight Part 



IGRINS Immersion Grating- Complete 2011 

Surface is λ/6 peak to valley.  Efficiency ~80% 





IGRINS (UT and KASI) 
covers all of 1.4-2.45 μμm  
in one exposure at R=45,000 
with no gaps! 



 

IGRINS on McDonald 2.7m 
2014-2016, no cold moving parts, 
 warm calibration system with  
 moving mirrors 

IGRINS on 4.3m DCT 2016- and 
McDonald 2.7m 2017-  
No moving parts, sky emission and  
 absorption lines, white spot  



IGRINS Spectrum of a star, not corrected for telluric absorption 

Region covered by the Phoenix spectrograph 






