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 ABSTRACT   

The slitless spectrometer plays an important role in the WFIRST mission for the survey of emission-line galaxies.  This 
will be an unprecedented very wide field, HST quality 3D survey of emission line galaxies1. The concept of the 
compound grism as a slitless spectrometer has been presented previously.  The presentation briefly discusses the 
challenges and solutions of the optical design, and recent specification updates, as well as a brief comparison between 
the prototype and the latest design.  However, the emphasis of this paper is the progress of the grism prototype: the 
fabrication and test of the complicated diffractive optical elements and powered prism, as well as grism assembly 
alignment and testing.  Especially how to use different tools and methods, such as IR phase shift and wavelength shift 
interferometry, to complete the element and assembly tests.  The paper also presents very encouraging results from 
recent element tests to assembly tests.  Finally we briefly touch the path forward plan to test the spectral characteristic, 
such as spectral resolution and response.  
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1. INTRODUCTION 
The Wide-Field Infrared Survey Telescope (WFIRST) is a NASA observatory designed to perform wide-field imaging 
and slitless spectroscopic surveys of the near infrared (NIR) sky for the community2.  The current WFIRST design of the 
mission makes use of an existing 2.4m diameter telescope to enhance sensitivity and imaging performance.  The 
WFIRST payload includes two main instruments: a wide field instrument and a coronagraph instrument.  The wide field 
instrument provides the wide-field imaging and slitless spectroscopy capability required to perform the dark energy, 
exoplanet microlensing, and NIR surveys.  A compound grism design is selected as the slitless spectroscopy.  More 
specifically, the slitless spectroscopy is going to survey the emission-line galaxies to cover red-shift 1 < z < 6 (Figure 1).  
However, the emphasis of this paper is to address how to design and build the slitless spectrometer as the part of the risk 
reduction of WFIRST pre-phase A study. 
 
What distinguishes WFIRST from other previous and existing space telescopes is its large FOV, higher spectral 
resolution, and a faster beam. All these bring new challenges to grism optical design and fabrication.  The detailed 
comparison, challenges, solutions, and prototype development are the discussion through this paper. 
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Figure 3. Diffraction patterns of Elements #1 and #3 diffractive surfaces.  (a) is for Element #1 which is made by grey scale 
process and (b) is for Element #2 by multi-step overlay process. 
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Figure 4. Diffraction limited performance for the entire FOV and entire wavelength range. 

 

3.2 Optical Design of Cycle 6 
The cycle 6 optical design is similar to the prototype in principle.  There are two major differences.  The first is the wider 
wavelength range.  In cycle 6 the wavelength range has extended to 1.0 µm to 1.9 µm compared to 1.35 µm to 1.95 µm 
in prototype.  The second one is that a dichroic beam splitter is added before the grism to provide a non-dispersive image 
for fine guidance sensor.  This dichroic has to be tilted enough to avoid the reflected beam from interfering with the 
incoming beam and the structures in the payload.  As a result, the rest of the grism elements have to be tilted too to 
minimize the aberration.  Figure 5 shows the cycle 6 optical design and its dual functions in the WFIRST instrument. 
 
The function of the three grism elements are similar to the prototype design.  The added dichroic beam splitter reflects 
the visible light onto the silicon detector array to provide fine guidance for the grism assembly.  The image quality of 
this design is similar to the cycle 5 design measured by spot size.  But the wavelength range shifts to shorter wavelength, 
and the diffraction limited performance is scaled to wavelength, so it is not completed diffraction limited for the entire 
wavelength range.   
 



 
 

 

    
 
 

Figure 5. Cycle 6 grism optical design.  On the left is the grism layout.  On the right is the grism with the beam splitter to 
direct the visible light to guidance detectors. Ray trace from M3 is not shown for visibility. 

4. CHALLENGES AND SOLUTION FOR PROTOTYPE 
There are many challenges in the process of building the prototype.  In this section, we discuss each challenge and how 
the challenge was solved. 
 
4.1 Diffraction efficiency of the DOE (Diffractive Optical Element) surfaces 
The two DOE surfaces in the design greatly improve the spectrometer performance.  However, it requires high 
diffraction efficiency for each DOE surface in order to obtain the high throughput and reduce the ghosts from unwanted 
orders.  To solve this problem, microlithography and reactive plasma etch (dry etch) technology was selected to make 
the DOE surfaces.  In the optical design phase, this problem had already been considered.  So fused silica material was 
selected for the elements with DOE surfaces.  Fused silica is a dry-etch friendly material.  The MEMS companies have 
accumulated extensive experience for dry-etching the patterns into the fused silica substrate with high efficiency close to 
100% at the selected peak wavelength.   
 
It is worth to mention that we have tried two different dry etch technologies: gray scale and multi-step overlay.  For the 
low density frequency, < 5 grooves / mm, either technology works.  However, for the higher density, multi-step overlay 
yields much higher diffraction efficiency.  This is because the gray scale is not able to get very sharp tops and bottoms.  
This is also because the slope of the gray scale is not as steep as multi-step overlay.  This is also why the mechanically 
ruled gratings can only provide a peak efficiency of about 80%. 
 
4.2  Dry-etch diffractive pattern onto a substrate with a wedged convex back surface 
  
Most of the dry etch equipment is made for semi-conductor industry to etch flat wafers.  Our substrates are not only too 
thick (as shown in Figure 2) but also wedged with a curved back surface.  We have tried two ways to solve this problem.  
For element #1 with a coarse groove density, we found a vendor having a gray scale lithography equipment that can 


























