
 
Abstract—Future astronomical space missions in the far-

infrared will utilize compact and wideband grating spectrometers. 
These grating spectrometers are inherently sensitive to a single 
polarization, enabling an efficient bandsplitting scheme, without 
spectral gaps, providing a large continuous wavelength coverage. 
The key component required is a broadband half-waveplate. In 
this paper we present our results of a broadband resonant 
halfwave plate, which satisfies the needs for such spectometers. 

I. INTRODUCTION 
 HE next generation of far-infrared space instruments for 
astrophysics will most likely take advantage of wide-band 
background limited large-format detector arrays and 

deeply cooled telescopes. The primary tool for addressing the 
key science questions will be spectroscopy, and a very 
compelling science case concerns the study of the evolution of 
galaxies over cosmic time. Instruments proposed to answer 
questions in this field of astronomy will be based on low-
resolution (R~few hundred) grating spectrometers with long 
slits providing mapping spectroscopy[1]. 

To cover a large instantaneous wavelength band with as 
many pixels as possible, the design of such instruments for 
space is extremely challenging. Broadband, and at the same 
time very compact, grating spectrometers push the optical 
design into a limit where the angles of incidence become 
relatively large, and the grating efficiency becomes dominated 
by only one polarization. However, this opens up the possibility 
to use detectors sensitive to single polarization, for example 
Kinetic Inductance Detectors (KID’s) [2], and split the full 
wavelength range into one octave grating modules by using 
polarizing grids and dichroics in a continuous fashion, without 
spectral gaps. Such grating spectrometer architecture does 
require however a broadband device, which rotates the 
polarization by 90 deg, without rotating the slit or field image. 

In this paper we present the design, fabrication method, and 
preliminary experimental results of a broadband resonant half-
waveplate enabling this instrument concept. Our design is 
inspired by a paper of Zhou et al [3], where our design takes the 
leap from their X-band microwave demonstration into the far-
infrared and THz regime. We will describe our simulation 
results and optimization of the design, the selection of suitable 
dielectric materials, their characterization by THz-TDS and 
DFTS techniques, the fabrication method of our THz device, 
and experiments towards a proof-of-principle. 

II. RESULTS 
The figure below shows the simulation performance of our 

design. The design gives a phase difference between the 
horizontal and vertical polarization components of about p over 
almost one octave of bandwidth, with a residual phase error less 
than l/40. 

 
 

We recently fabricated a demonstrator, which is shown 
below. The design is based on deposition of Au strips, 
sandwiched in between spin-coated polyimide, terminated by 
an Au groundplane. In our paper we will present details of our 
design, measurement of the dielectric films, and initial 
measurement results of the demonstrator. 

 

 
 

REFERENCES 
[1] Charles M. Bradford, et al, "Origins Survey Spectrometer: revealing the 
hearts of distant galaxies and forming planetary systems with far-IR 
spectroscopy," J. Astron. Telesc. Instrum. Syst. 7(1), 011017, (11 March 2021). 
[2] J. J. A. Baselmans, et al,.“A kilo-pixel imaging system for future space based 
far-infrared observatories using microwave kinetic inductance detectors”, 
A&A, Volume 601, A89 (May 2017) 
[3] Zhou, G., Zhu, B., Zhao, J. et al. A broadband reflective-type half-wave 
plate employing optical feedbacks. Sci Rep 7, 9103 (2017). 

Willem Jellema1,2, Marcel Ridder3, Martin Eggens1, Casper Farret Jentink2.4, Job Formsma2, Mariana 
Alfaro-Gomez5, Gilberto Gutiérrez-Tadeo5 

1SRON Netherlands Institute for Space Research, P.O. Box 800, 9700 AV, Groningen, NL 
2Kapteyn Astronomical Institute, University of Groningen, P.O. Box 800, 9700 AV, Groningen, NL 

3SRON Netherlands Institute for Space Research, Niels Bohrweg 4, 2333 CA, Leiden, NL 
4Université de Genève, 24 rue du Général-Dufour, 1211 1211 Genève 4, Switzerland 

5Universidad Autónoma de Aguascalientes, Matemathics and Physics Department, Mexico 
 

 

A Broadband Resonant Half-Waveplate for Compact Far-Infrared 
Grating Spectrometers with Continuous Wavelength Band Division 

T 

978-1-7281-9427-1/22/$31.00 ©2022 IEEE

20
22

 4
7t

h 
In

te
rn

at
io

na
l C

on
fe

re
nc

e 
on

 In
fr

ar
ed

, M
ill

im
et

er
 a

nd
 T

er
ah

er
tz

 W
av

es
 (I

R
M

M
W

-T
H

z)
 | 

97
8-

1-
72

81
-9

42
7-

1/
22

/$
31

.0
0 

©
20

22
 IE

EE
 | 

D
O

I: 
10

.1
10

9/
IR

M
M

W
-T

H
z5

09
27

.2
02

2.
98

95
96

7

Authorized licensed use limited to: Universite de Geneve. Downloaded on April 24,2025 at 08:09:34 UTC from IEEE Xplore.  Restrictions apply. 


