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ABSTRACT

We present the development of a spectral dispersion device for wideband spectroscopy for which the

primary scientific objective is the characterization of transiting exoplanets. The principle of the disperser

is simple: a grating is fabricated on the surface of a prism. The direction of the spectral dispersion power

of the prism is crossed with the grating. Thus, the prism separates the spectrum into individual orders

while the grating produces a spectrum for each order. In this work, ZnS was selected as the material for

the cross disperser, which was designed to cover the wavelength region, λ = 0.6–13µm, with a spectral

resolving power, R ≥ 50. A disperser was fabricated, and an evaluation of its surface was conducted. Two

spectrometer designs, one adopting ZnS (λ = 0.6–13µm, R ≥ 300) and the other adopting CdZnTe (λ

= 1–23µm, R ≥ 250), are presented. The spectrometers, each of which has no moving mechanical parts,

consist simply of a disperser, a focusing mirror, and a detector.
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Figure 1. Fabricated ZnS disperser.

1. SCIENCE OBJECTIVE

Research dedicated to the characterization of exoplan-

ets and the challenge of detecting biomarkers in the

atmospheres of such planets are important issues for

space science. One promising method for character-

izing exoplanets involves making temporal differential

http://pkas.kas.org

observations, including monitoring the transit and sec-

ondary eclipses of exoplanets. There are many molecu-

lar absorption features in exoplanet atmospheres cover-

ing a wide wavelength region spread through the visible,

near infrared, and mid infrared (Tinetti et al., 2012),

e.g., CH4 (0.48–7.7µm), H2O (0.51–6.2µm), NH3 (0.55–

10.5µm), CO2 (1.21–15.0µm), O2 (0.58–1.27µm), and

O3 (4.7–14.3µm). Stability of the observations is es-

sential for temporal differential observations of exo-

planets. Thus, a spectrometer optimized for simulta-

neous measurements with wideband wavelength cover-

age, high stability, and high efficiency, equipped for

space-borne telescopes is important. Considering these

points, some infrared spectrometers already launched

(e.g., SPITZER/IRS) and other spectrometers under de-

velopment for JWST (MIRI, NIRSPEC) are not fully

optimized for exoplanet science. While the spectral dis-

perser in JWST/NIRISS has very wide coverage in the

343



344 K. ENYA & N. FUJISHIRO

Figure 2. Roughness of the surface of the ZnS disperser with-

out a grating (a) and a profile of the grating fabricated on

the surface (b)

near-infrared (Doyon et al., 2012), it is installed with a

moving mechanism and does not cover the mid-infrared.

We have been developing a wideband, simple, com-

pact spectrometer which has no moving mechanical

parts, for which the primary scientific objective is the

characterization of exoplanets [e.g., Enya & Fujishiro

(2014); Enya et al. (2011)]. In this paper, a wideband

spectral disperser manufactured using ZnS is presented.

2. FABRICATION AND TESTS

The principle of the disperser is simple: a grating is

fabricated on the surface of a prism. The direction of

the spectral dispersion power of the prism is crossed

with that of the grating. Thus, the prism separates

the spectrum into individual orders while the grating

produces a spectrum for each order. Consequently, the

disperser enables cross dispersion covering a much wider

wavelength region than an octave. Various materials are

useful for fabricating the dispersers as shown in Enya &

Fujishiro (2014).

In this work, ZnS was selected because of its spec-

tral coverage, ease of fabrication, availability, and cost.

A ZnS disperser was successfully fabricated as shown

in Figure 1. The disperser was designed to cover the

range λ = 0.6–13µm with spectral resolving power, R ≥
50. More details of the design of these devices, includ-

ing drawings and an echellogram, are given in Enya &

Fujishiro (2014). Evaluation of the devices is ongoing.

Figure 3. Examples of designs for wideband spectrometers

with a ZnS disperser (a) and a CdZnTe disperser (b).

Figure 2 shows a profile of the grating and the surface

roughness of the ZnS disperser obtained experimentally.

It is encouraging that the grating is of good quality and

that the surface roughness, 14 nm rms, is much smaller

than the observation wavelength.

3. DISCUSSION

We are planning further experiments that include mea-

surements of the diffraction efficiency, a demonstration

of the wideband cross dispersion and its stability. Based

on the concept of cross dispersion, two examples of

the design of a spectrometer, one adopting ZnS (λ =

0.6–13µm) and the other CdZnTe (λ = 1–23µm), are

shown in Figure 3, together with some specific parame-

ters and their spectral formats. Each spectrometer con-

sists of a disperser, a free-formed mirror, and a detec-

tor, and in each case there are no moving mechanical

parts. As a result, the spectrometer, which is simple,

compact, lightweight, highly efficient, and highly stable,

can be used for simultaneous measurements with wide-

band wavelength coverage.

As shown in Figure 4, a space-borne telescope for our

scientific objectives does not require dedicated cryogen-

ics with active cooling (e.g. SPICA). Passive cooling

is sufficient (e.g. JWST). The extremely fine wavefront

which is needed for coronagraphic observations of exo-
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Figure 4. Concept of a passively-cooled space telescope for

exoplanet science and other important scientific objectives.

planets is also not necessary. Thus, we consider that

spectrometers combined with space-borne telescopes on

future missions will be one promising way that will

eventually enable detailed studies of exoplanetary at-

mospheres.
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