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Introduction

Microwave and Terahertz Frequencies
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THz
1 THz ± 1 Decade

100 GHz ≤ f ≤ 10 THz

0.1                                       1                                          10

Frequency (THz)

Typical microwave waveguides

TEM and quasi-TEM lines

coaxial

microstrip, coplanar

metallic hollow w/g

ordinary rectangular (WR)

circular (WC)

elliptical

double-ridge rect. (WRD)

Basic literature: [A], [B], and [C] 

Typical terahertz waveguides

TEM and quasi-TEM lines

coaxial

coplanar

metallic hollow w/g

ordinary rectangular

circular

dielectric w/g

quasioptical beam w/g



Introduction

Standardization Bodies
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IEC

International 

Electrotechnical 

Commission

IEEE

Institute of Electrical 

and Electronics 

Engineers

EIA

Electronic Components 

Industry Association, USA

MIL

Department of Defense, USA



Systematics [1]

THz Waveguides
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THz waveguides

“Basic guiding structure 

consists of dielectric”

“Basic guiding structure 

consists of metal”

“Gaussian free space beam 

without guiding structure”

Definitions:

quasioptic beamdielectricmetallic



Systematics [1]

THz Metallic Waveguides
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metallic waveguides
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circular

(IEC, EIA, …)

single-conductordual-conductor

“Basic guiding structure consists of metal”

multi-conductor
p
a
ra

lle
l 
p
la

te
s

m
ic

ro
s
tr

ip

c
o
a
x
ia

l

p
a
ra

lle
l 
w

ir
e
s

(L
e
c
h
e
r)

c
o
p
la

n
a
r

ord. rectangular.

(IEC, IEEE, EIA, ..)

rigid lines

(IEC, IEEE, MIL, ..)

c
o
p
la

n
a
r 

s
lo

t



Examples

THz Coaxial and Coplanar Lines and Connectors
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0.8 mm coaxial connector and 

coplanar connector on a PCB 

adapter for DC to 167 GHz 

(SPINNER GmbH, Munich, 

Germany).



Examples

THz Hollow Metallic Waveguides and Interfaces
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R 900 (WR 10) for 75 to 110 GHz: PCB adaptor, brazed 

w/g section, milled w/g section, λ/4-shim (SPINNER 

GmbH, Munich, Germany)

R 2.2k (WR 4.3) on a 

frequency tripler for 

170 to 260 GHz 

(Virginia Diodes Inc., 

Charlottesville, VA, 

USA)

R 5k (WR 1.9) on a frequency doubler for 

400 to 600 GHz (Virginia Diodes Inc., 

Charlottesville, VA, USA)

WC 6.7 (approx. C 1.27k) on a rotary joint for 110 GHz to 

210 GHz, a w/g straight, and a λ/4-shim (SPINNER GmbH, 

Munich, Germany)



Standardization

THz Metallic Waveguides and Interfaces
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Standardization

THz Coaxial Lines and Connectors
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topic std, available std project note

semi-rigid cables factory stds only no IEEE or IEC 

projects

modified MIL-DTL-17 

type cables, mostly with 

low-density PTFE 

dielectrics 

1.0 mm connector IEC 61169-31:1999 [2] - almost up to date

IEEE 287.1-2021 Annex L [4] - up to date

0.8 mm connector IEC 61169-64:2019 (ED1) [3] P-IEC 61169-64 ED2 → CC; publ. 2026

IEEE 287.1-2021 Annex M [4] - up to date

0.5 mm connector factory std only no IEEE or IEC 

project

std not foreseeable



Standardization

THz Hollow Metallic Waveguides and Interfaces
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topic std, available std project note

w/g, ordinary 

rectangular, family

IEC 60153-2:2016 (ED3) [2] P-IEC 60153-2 ED4 → FDIS; publ. 2026

IEEE 1785.1-2012 [2] IEEE P1785.1 → balloting; publ. ?

w/g, circular, family IEC 60153-4:2022 (ED4) [2] - up to date

i/f for ordinary 

rectangular w/g

IEC 60154-2:2016 (ED4) [2] - to be revised

IEEE 1785.2-2016 [2] IEEE P1785.2 just started

universal i/f for w/g

*

- IEEE P3136 requirements compl.; 

project halted for 

alignment with P1785.2

* New interface family shall

• accept hollow metallic w/g of any cross-section (size, shape)

• accept dielectric w/g with metallic shielding

• small cross section

• truly suitable for frequencies above 1 THz

IEEE P3136 

Interface Requirements_C

topic std, available std project note

w/g, ordinary 

rectangular, family

IEC 60153-2:2016 (ED3) [5] P-IEC 60153-2 ED4 → FDIS; publ. 2026

IEEE 1785.1-2012 [6] IEEE P1785.1 → balloting; publ. ?

w/g, circular, family IEC 60153-4:2022 (ED4) [7] - up to date

i/f for ordinary 

rectangular w/g

IEC 60154-2:2016 (ED4) [8] - to be revised

IEEE 1785.2-2016 [9] IEEE P1785.2 just started

universal i/f for w/g

*

- IEEE P3136 requirements compl.; 

project halted for 

alignment with P1785.2



Examples

THz Hollow Metallic Waveguides with Corrugated Walls
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Highly over-moded w/g for 

high-power transmission 

at various mm-wave 

frequencies (General 

Atomics, San Diego, CA, 

USA)

Moderately over-moded

w/g adapter for 500 to 

750 GHz (SWISSto12

SA, Lausanne, 

Switzerland)

Highly over-moded w/g 

(88.9 mm) for 110 GHz on 

a high-power vacuum miter 

bend with water-cooled 

remote-controlled polarizer 

(General Atomics, San 

Diego, CA, USA)

Moderately over-moded w/g 

line run for 500 to 750 GHz 

(SWISSto12 SA, 

Lausanne, Switzerland)

http://www.ga.com/websites/ga/images/products/other/fusiontech/bend2.jpg

Propagation: fundamental 

HE11 mode in a 

multi-mode 

regime

Features: weak dispersion, 

medium-banded 

(fo/fu  2), low-

loss, tightly 

confined

Standards: none

http://www.ga.com/websites/ga/images/products/other/fusiontech/bend2.jpg


Systematics [1]

THz Dielectric Waveguides
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dielectric waveguides
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“Basic guiding structure consists of dielectric”
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Examples

THz Hollow-Core Waveguides

2025-05-07 330. PTB-Seminar, Braunschweig SPIClass: PUBLIC | 14

Propagation: low-order mode in a 

moderately over-moded

regime

Features: weak dispersion, narrow-

banded, low-loss, tightly or 

moderately confined

Standards: none
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Examples

THz Solid-Core Waveguides
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Propagation: low-order mode in a 

moderately over-moded

regime

Features: moderately dispersive, 

medium-banded, lossy, 

weakly confined

Standards: none
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Examples

THz Porous-Core Waveguides
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Propagation: low-order mode in a 

moderately over-moded

regime

Features: weak dispersion, medium-

banded, moderately lossy, 

weakly confined

Standards: none
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Examples

THz Solid-Core Waveguide with Air Cladding
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Flexible dielectric w/g with 

integrated transitions to 

R 900 (WR 10) metallic w/g 

(60 cm, 75 to 110 GHz, 

SPINNER GmbH, Munich, 

Germany, [10])

Propagation: fundamental HE11 mode in a 

moderately over-moded regime

Features: weak dispersion, medium-banded 

(fo/fu  2), low-loss, weakly confined

Standards: none Rectangular HDPE ribbon (40) centered within a segmented protective 

polymer tube (20) by thin polymer strings (41, 42) (SPINNER GmbH, 

Munich, Germany, [10])



Systematics [1]

THz Quasioptical Beam Waveguides
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quasioptical

beam waveguides

“Gaussian free space beam without guiding structure”

Basic literature: [F]

focused by transmission optics

(dielectric lenses)

focused by reflection optics

(metallic mirrors)



Examples

THz Quasioptical Beam Waveguides for Low Power

2025-05-07 330. PTB-Seminar, Braunschweig SPIClass: PUBLIC | 19

Typical quasioptical mirror lines 

in low power test set-ups

Propagation: fundamental Gaussian TEM00 mode in a 

multi-mode regime

Features: non-dispersive, wide-banded (fo/fu > 10 

achievable), low-loss

Standards: none



Examples

THz Quasioptical Beam Waveguides for High Power
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Quasioptical beam output on a 1 MW gyrotron 

oscillator at 140 GHz (Stellarator W7-X, Max-

Planck-Institut für Plasmaphysik, Greifswald, 

Germany)

Quasioptical multi-beam w/g for 140 GHz at a plasma fusion experiment (7 beams per 1 MW, 

Stellarator W7-X, Max-Planck-Institut für Plasmaphysik, Greifswald, Germany)

Propagation: fundamental Gaussian TEM00 mode in a multi-mode regime

Features: non-dispersive, wide-banded (fo/fu > 10), low-loss

Standard: none
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