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Abstract—Square metal grids embedded in low-loss dielectrics 
have been studied and used extensively as quasi-optical (i.e. 
multi-mode and coupled to free space) low pass filters in ground 
and space-based astronomical instrumentation applications. 
Multilayer designs incorporating grids separated by dielectric 
spacers have been modeled as capacitive shunts or open circuit 
resonant stubs separated by ideal transmission lines.  Typical 
low pass filter designs with quarter wavelength transmission 
line spacing to transform alternating capacitive shunts into 
inductive shunts at the cutoff frequency have been found to 
have leaks at approximately twice the stub’s resonance 
frequency. Stepped impedance structures manufactured using 
multilayer dielectric films are one of the most commonly 
encountered structures for optical wavelengths [1]-[3] and also 
for microwave filters. In this poster, we describe the design of 
stepped impedance metal mesh quasi-optical filters using 
artificial dielectrics for THz frequencies.  

Keywords—Stepped Impedance filters, Metal-Mesh filters, 
Terahertz. 

I. INTRODUCTION  
In this poster, we discuss a prototype design for a stepped 
impedance low-pass filter with a wide passband. Stepped 
impedance filter designs are the most prevalent designs for 
filters implemented in microstrip where wideband 
performance is required. Here we demonstrate the simulated 
performance a low-pass filter where the stepped impedance 
sections are designed as artificial dielectric layers using 
square metal grids embedded in polypropylene that virtually 
behave like an ideal transmission line section with a specific 
impedance and phase length. The impedance of an array of 
square metal grids can be calculated as [4] 
 

𝑋𝑋𝑐𝑐
𝑍𝑍

=
1
𝑛𝑛2
�
4𝑔𝑔
𝜆𝜆

ln �𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐𝑐 �
𝜋𝜋𝜋𝜋
𝑔𝑔
���

−1

 

 
Where 𝑛𝑛 is the refractive index of the artificial dielectric 
material, a is the gap between two adjacent metal grids and 
g is the period of the adjacent metal grids. The impedance of 
capacitive metal grid is completely described by the 
refractive index, geometrical ratio (a/g) and the wavelength 
of interest [4]. The effective impedance of the grid can be 
calculated as, 
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Fig.2 shows the simulated performance of the prototype 
stepped impedance low-pass filter. 
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II. RESULTS 
 
The prototype stepped impedance low-pass filter was 
designed to have a pass-band cutoff at 175 GHz. The stop-
band response seen below from the simulated design does 
not have leakages at twice the desired center frequency.  

 

       
Fig.1 : Simulated Transmission and Reflection Performance of the 

prototype stepped imedance filter design 

The use of a low refractive index anti-reflection coating on 
the outer sections of the filter is found to further improve the 
matching and suppress reflections in the passband. 
 
As the next step, this prototype design is planned to be 
fabricated by spin coating layers of dielectric with embedded 
square metal grids as opposed to hot-pressing of sections of 
dielectric. The fabricated filter structure would subsequently 
be measured to validate the simulated results presented here 
and would be presented in a future article. 

REFERENCES 
[1] Massaro, Alessandro & Pierantoni, Luca & Ciandrini, C. & 
Rozzi, Tullio. (2005). Analysis of Sensitivity for Low-Pass 
Multilayer Optical Filters. 
 
[2] Takashi Sato, Takashi Sasaki, Kanji Tsuchida, Kazuo Shiraishi, 
and Shojiro Kawakami, "Scattering mechanism and reduction of 
insertion losses in a laminated polarization splitter," Appl. Opt. 33, 
6925-6934 (1994). 
 
[3] Rong-Chung Tyan, Pang-Chen Sun, Axel Scherer, and 
Yeshayahu Fainman, "Polarizing beam splitter based on the 
anisotropic spectral reflectivity characteristic of form-birefringent 
multilayer gratings," Opt. Lett. 21, 761-763 (1996). 
 
[4] R. Ulrich, Far-infrared properties of metallic mesh and its 
complementary structure, Infrared Physics, Volume 7, Issue 1, 
1967, Pages 37-55, ISSN 0020-0891, https://doi.org/10.1016/0020-
0891(67)90028-0. 

 

50 100 150 200 250 300 3500 400

-80

-60

-40

-20

-100

0

freq, GHz

dB
(S

(1
,1

))
dB

(S
(2

,1
))

 Stepped Impedance Metal-Mesh Filters for Terahertz Frequencies 

Adhitya B. Sriram1,2, Cassandra Whitton1, Yiran Cui2, Christopher Groppi1, Georgios 
Trichopoulos2 and Philip Mauskopf1 

https://doi.org/10.1016/0020-0891(67)90028-0
https://doi.org/10.1016/0020-0891(67)90028-0

	ProceedingsBook_10152023_v3_Part1
	History

	REG_0044_ISSTT2022_Drakinskiy
	REG_0110_ISSTT2022_Thuroczy_02
	REG-0002_ISSTT2022_Pavolotsky
	I. Introduction
	II. Results
	III. Conclusion
	IV. Acknowledgement
	References

	REG-0003_ISSTT2022_Whitton
	REG-0004_ISSTT2022_Kotiranta
	I. Introduction
	II. SWI Optics
	III. Testbed Design
	IV. Measurement Methods
	A. Beam Coalignment Measurements
	B. Side Band Measurements

	V. Results
	VI. Conclusions
	Acknowledgments
	References

	REG-0008_ISSTT2022_Alibakhshikenari
	REG-0009_ISSTT2022_Thomas
	REG-0010_ISSTT2022_Thomas
	REG-0011_ISSTT2022_Sakai
	I. Introduction
	II. Permittivity extraction
	A. Measurement Setup
	B. Preprocessing
	C. Data Analysis

	III. experimental Results
	IV. conclusion
	References

	REG-0012_ISSTT2022_Auriacombe
	REG-0014_ISSTT2022_Chattopadhyay
	REG-0015_ISSTT2022_Shan
	REG-0016_ISSTT2022_Karasik
	I. Introduction
	II. MgB2 HEB Mixer
	III. THz Quantum Cascade VECSEL
	IV. THz Heterodyne Receiver

	REG-0018_ISSTT2022_Horton
	REG-0019_ISSTT2022_Montofre
	I. Introduction
	II. Design, simulations, and characterization
	III. Conclusion
	IV. References

	REG-0020_ISSTT2022_Rothbart
	REG-0021_ISSTT2022_Lopez-Fernandez
	REG-0022_ISSTT2022_Ballew
	REG-0023_ISSTT2022_Tan
	REG-0024_ISSTT2022_Meledin
	I. Introduction
	II. Receiver Design
	III. Characterization of the receiver at the telescope
	IV. Conclusion
	V. References

	REG-0026_ISSTT2022_Tuerk
	REG-0027_ISSTT2022_Realini
	I. Introduction
	II. RF waveguide structure
	III. Results
	References

	REG-0029_ISSTT2022_Driessen
	REG-0030_ISSTT2022_Mahieu
	REG-0031_ISSTT2022_Gao
	REG-0032_ISSTT2022_Albers
	REG-0033_ISSTT2022_Belitsky
	REG-0034_ISSTT2022_Barkhof
	I. Introduction
	/
	References

	REG-0035_ISSTT2022_Yates
	REG-0036_ISSTT2022_Salem
	REG-0037_ISSTT2022_Gibson
	REG-0038_ISSTT2022_Hesper
	REG-0039_ISSTT2022_Groppi
	REG-0040_ISSTT2022_Monje
	REG-0041_ISSTT2022_Veenendaal
	REG-0042_ISSTT2022_Reck
	REG-0043_ISSTT2022_Gonzalez
	REG-0046_ISSTT2022_Mondal
	REG-0049_ISSTT2022_Henke
	REG-0051_ISSTT2022_Zhu
	REG-0052_ISSTT2022_Moseley
	I. Introduction
	II. Test Facility architecture
	III. Future capabilities and opportunities
	References

	REG-0053_ISSTT2022_Moro
	REG-0054_ISSTT2022_Lambert
	REG-0055_ISSTT2022_Mahdizadeh
	REG-0056_ISSTT2022_Thuroczy
	REG-0057_ISSTT2022_Kaneko
	References

	REG-0058_ISSTT2022_Lain-Rubio
	REG-0059_ISSTT2022_Ren
	REG-0060_ISSTT2022_Ezawa
	I. Introduction
	II. Developments
	References

	REG-0061_ISSTT2022_Shurakov
	REG-0062_ISSTT2022_Wang
	REG-0063_ISSTT2022_Richter
	I. Introduction
	References

	REG-0064_ISSTT2022_Treuttel
	REG-0066_ISSTT2022_Crowe
	REG-0067_ISSTT2022_Hartogh
	REG-0068_ISSTT2022_Serres
	REG-0069_ISSTT2022_Janssen
	REG-0070_ISSTT2022_Valentin
	REG-0071_ISSTT2022_Wiedner
	REG-0072_ISSTT2022_Saeid
	REG-0073_ISSTT2022_Reyes
	REG-0074_ISSTT2022_Murk
	I. Introduction
	References

	REG-0075_ISSTT2022_Lampin
	REG-0076_ISSTT2022_Baryshev
	I. Introduction

	REG-0077_ISSTT2022_Nerik
	REG-0078_ISSTT2022_Linden
	REG-0079_ISSTT2022_Kawamura
	I. The Asthros Receiver

	REG-0080_ISSTT2022_Matsuo
	I. Introduction
	II. Preparation of Lab. Experiments
	III. Cryogenic Readout Electronics
	IV. Optical Setup of Interferometer Experiment
	V. Toward Antarctic Intensity Interferometry
	Acknowledgments
	References

	REG-0081_ISSTT2022_Baryshev
	I. Extended Rationale

	REG-0082_ISSTT2022_Mirzaei
	REG-0083_ISSTT2022_Orfao
	REG-0084_ISSTT2022_Kojima
	REG-0085_ISSTT2022_Fernandez
	REG-0086_ISSTT2022_Mirzaei
	REG-0087_ISSTT2022_Jaafar
	REG-0088_ISSTT2022_Khalatpour
	REG-0089_ISSTT2022_Barrueto
	REG-0090_ISSTT2022_Watkins
	REG-0091_ISSTT2022_Wienold
	References

	REG-0092_ISSTT2022_Cesar
	REG-0094_ISSTT2022_Khan
	REG-0095_ISSTT2022_Imada
	REG-0096_ISSTT2022_Siles
	I. Introduction
	II. Architecture Overview

	REG-0097_ISSTT2022_Sinclair
	REG-0098_ISSTT2022_Boehm
	REG-0099_ISSTT2022_Maestrini
	REG-0100_ISSTT2022_Lima
	I. Introduction (Heading 1)
	II. Results
	References

	REG-0101_ISSTT2022_Maestrini
	REG-0102_ISSTT2022_Khanal
	REG-0102_ISSTT2022_Treuttel_2
	REG-0103_ISSTT2022_Siles
	I. Introduction
	II. Approach and Preliminary Results

	REG-0105_ISSTT2022_Khudchenko
	REG-107_ISSTT2022_Walker
	REG-0109_ISSTT2022_Curwen
	REG-0111_ISSTT2022_Sriram
	II. Results
	I. Introduction
	References

	REG-0115_ISST22_Spencer
	STD-0003_ISSTT2022_Wenninger
	STD-0006_ISSTT2022_Yamasaki
	STD-0007_ISSTT2022_Masui
	STD-0009_ISSTT2022_Massingill
	STD-0010_ISSTT2022_Yoo
	STD-0011_ISSTT2022_Hoh
	STD-0012_ISSTT2022_Sirsi
	STD-0013_ISSTT2022_Longden
	STD-0014_ISSTT2022_Lopez
	STD-0015_ISSTT2022_Navarro_Montilla
	STD-0017_ISSTT2022_Monasterio
	STD-0018_ISSTT2022_Mebarki
	STD-0019_ISSTT2022_Cardenas
	STD-0020_ISSTT2022_Carrasco
	STD-0021_ISSTT2022_Benson
	STD-0022_ISSTT2022_Scott
	STD-0024_ISSTT2022_Shin
	STD-0025_ISSTT2022_Jayasankar
	STD-0026_ISSTT2022_Elmaleh
	STD-0027_ISSTT2022_MartinezGil
	STD-0028_ISSTT2022_Grutzeck
	STD-0029_ISSTT2022_Alqaraghuli
	STD-0030_ISSTT2022_Niwa
	STD-0031_ISSTT2022_Silva
	ProceedingsBook_10152023_v3_Part3



