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Abstract— A metallic structure is introduced into the vicinity of 

a mm-wave dielectric rod waveguide in order to accelerate the 
propagating mode and effect a phase change. When in close 
proximity, a maximum phase change of 770° phase change is 
observed at 77 GHz, and there is less than 5 dB of transmission 
loss over the range of 73-110 GHz. This indicates promise as a 
solution for phase shifter in the mm-wave and THz region. The 
mechanical translation range of the phase shifter is less than 1 mm, 
making it compatible with very small form-factor piezoelectric 
precision motors. In this way, we can get can avoid complicated 
electronic or optoelectronic tuning mechanisms that increase loss, 
reduce bandwidth, and raise system cost. 

Keywords— mm-wave, THz, dielectric rod waveguide, 
contactless, reconfigurable 

I. INTRODUCTION 
In the context of waveguiding platforms for terahertz and 

millimetres waves, intrinsic silicon dielectric waveguides are a 
promising candidate due to their high efficiency, versatility, and 
broad bandwidth [1], [2]. As the waveguide is unshielded, 
evanescent fields exist in the space surrounding the core, which 
can be exploited for applications such as sensing, and 
spectroscopy in the THz and mm-wave range [3]. The presence 
of these fields allows for contactless near-field interaction [1]. 
Despite their many benefits, there is one critical limitation: a 
lack of viable broadband phase shifters. It is well-known that 
dynamic beam-scanning is a key requirement for the majority 
of wireless applications of terahertz waves [4]. One important 
and well-known method for beam steering, is based on 
electronically controlled phased array antennas. However, there 
is a lack of phase shifters that can directly regulate the relative 
phase of these antennas in the mm-wave and THz ranges, which 
restricts their use in the THz domain [4]. 

Phase-shift may be effected in the optical [5], and 
microwave ranges [6], via adjustment to the in-medium phase 
velocity over a given interaction length. There are also several 
techniques available in the mm-wave range, but they all suffer 
from certain critical drawbacks. For example, plasma injection 
using p-i-n diodes can produce phase shifting, but they suffer 
from excessive heat loss [7], it is also possible with micro-
electro-mechanical system [8], capacitive loading to slow wave 
down, but they suffer from high transmission loss at high 
frequencies and [9], or with liquid crystal, which has been used 
in a variety of ways, including hollow waveguide phase shifters 

[10], which have good performance but have difficulty 
reconfigurable and biasing at higher frequencies.  

In light of the shortcomings of previous mm-wave phase 
shifters, we provide in this paper a straightforward, contactless 
phase-shifting approach that does not require modification to 
the waveguide itself. This is facilitated by evanescent fields that 
extend into the surrounding space and may be exploited to 
influence the phase velocity of propagating waves. We take 
advantage of this by loading the dielectric rod waveguide 
(DRW) from above using a metallic block in order to delocalize 
tangentially-polarized fields out of the waveguide core. As a 
result, we obtain a phase shifter with a maximum angle of 770° 
at 77 GHz, is tuneable, and is broadband. The fact that this 
phase shifter is contactless also makes it possible for it to 
retrofit it to pre-existing system and it is also highly likely that 
the simple structure can be adapted to terahertz-range operation. 

II. PRINCIPLE OF OPERATION 
The physical structure of the phase shifter is illustrated in 

Fig 1. A metal structure is positioned parallel and in close 
proximity to the waveguide. The waveguide is made of intrinsic 
silicon, with a thickness of 525 μm, width of 1 mm, and a length 
of 60 mm, including tapered couplers on both ends. The 
waveguide is supported by a low-index polycarbonate board. 
As the movable metal structure is brought closer to the 
waveguide, the tangentially-polarized E-fields are displaced 
away from the surface by the metal, resulting in their 
delocalization into the lower-index polycarbonate board. This 
leads to an increase in the phase velocity of propagating waves. 
When the metal structure is removed, the modal fields return to 
their original position. 

 

 
Fig 1. Broadband phase-shifter conceptual diagram. 
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Fig 2. Field distribution of TE-polarized fundamental mode (a) without metal, and (b) with metal in contact with the waveguide. 
 

 
In order to gain insight into the impact of the metal on 

propagating waves, we employ the commercially available 
simulation package CST Studio Suite to perform modal 
analysis. The modal field distribution is shown in Fig 2, both 
with and without the metal. It can be seen that the presence of 
the metal block causes the field to be delocalized, as evidenced 
by a reduction in confinement factor, Γ. The delocalization of 
tangentially-polarized E-fields into the lower index 
polycarbonate board causes a change in modal index that is 
dependent upon separation, as shown in Fig 3. From these 
results, we can observe that the lower frequency has lower 
modal index and stronger field de-localization, resulting in 
higher phase shift. We observe in the simulation that the index 
contrast over the range of 75-85 GHz has the value of “Δn = 
~0.4”. Lower frequency loss is caused by the drop in the modal 
index below the light-line of the polycarbonate board, leading 
to leakage from the waveguide. The amount of leakage loss 
increases as the modal index falls further below the dashed line. 

 

 
 Fig 3. Change in Modal index of waveguide with respect to separation between 

the waveguide and metal block. 
 

The metal structure is curved for a progressive transition, to 
minimize reflections. The longitudinal length of the metal 
structure is comparable to the waveguide section in order to 
maximize interaction length. 

 

III.  EXPERIMENT 

A.  Experimental setup  
A waveguide is fabricated using the deep reactive ion 

etching of a high-resistivity intrinsic silicon wafer. In Fig 4, a 
picture of the experimental setup is shown. In order to achieve 
successful coupling, the guide is terminated at both ends with 
an 8 mm linear tapered that is directly positioned in the middle 
of a tapered slot antenna (TSA) for broadband coupling [11]. A 
mm-wave vector network analyzer is linked to these TSAs by a 
coaxial W1 connection. This arrangement offers convenient 
evanescent interaction with the exposed top-surface of the 
guide, which has previously been exploited for broadband 
liquid sensing [3]. Here, the same setup serves to investigate the 
phase-shifting principle that is the main subject of this work. 
We use a high-precision linear translation stage to introduce the 
bulk metal structure into the vicinity of the guide. Although a 
bulk metal structure was utilized for a proof-of-concept 
demonstration, only the underside surface of the metal exhibits 
interaction with the silicon waveguide. As a result, a significant 
portion of the metal structure can be easily removed to achieve 
a lighter and more compact design. We utilized calibrations of 
the translation stage to accurately regulate the distance between 
DRW and metal structure. In order to isolate the impact of metal 
structure, measured transmission is normalized against the 
response obtained when the metal structure is removed.  

B. Results 
Broadband measured response is presented in Fig 5. 

According to Fig 5(a), the magnitude of transmission response 
is significantly inhibited for frequencies below 72 GHz because 
of the modal index becomes lower than the bulk index of the 
polycarbonate board, causing spontaneous leakage into the 
board and reducing the transmission power, and this result is 
consistent with the modal analysis presented in Fig. 3. The 
phase response in Fig 5(b), shows that the phase shift shifts to 
its maximum phase angle of 770° at 77 GHz when it is in close 
proximity to the DRW. The maximum phase shift observed 
here is limited by the interaction length of the waveguide and 
metal structure. As the distance between the movable phase 
shifter and DRW increases, the phase diminishes, and after a 
few hundred micrometers, the phase returns to what it was in 

. 

(a) (b) 
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Fig 4. Experimental setup of broadband phase-shifters. 
 

 

(a) 

 

(b) 
 

Fig 5. The measurement response (a) amplitude, (b) phase shift 
 

 
just the DRW. The E-field confinement in lower frequencies is 
less due to the lower field confinement, and due to this, we  

 
Fig 6. Phase shift with respect to separation. 

 
experience higher phase shift in lower frequency compared to 
the higher frequency. 

In Fig 6, the phase shift is plotted as a function of the 
separation between DRW and the curved metal for a single 
frequency to observe the behavior of the phase shifter for a 
specific frequency. The phase shift at 85 GHz over the 
separation interval from 100 - 600 μm is found to be 1.3° / μm. 

IV. CONCLUSION 
We have shown that an unshielded dielectric waveguide's 

phase velocity may be altered by contactless, evanescent 
interaction with a metal block. The guided mode is accelerated 
due to field delocalization, and the transmitted wave 
experiences a phase change as a result. The observed minimum 
of 360° phase shift with minimum separation is observed over 
the broad range of 65-100 GHz, this attribute confirms the 
ability to function as a broadband phase shifter. The phase-
shifting technique that we have pioneered presents several 
distinct advantages Firstly, the simplicity of the structure makes 
for straightforward implementation, and for innate 
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compatibility with a broad range of devices and systems. 
Secondly, its non-resonant behaviour is broadband, reduces 
loss. It is a wholly passive system, with no doped 
semiconductors of any kind, which become lossy in the 
terahertz range. Finally, if we scale this structure to 1-THz 
operation, then the required translation range will become about 
100 μm, which is compatible with contemporary MEMS-based 
linear translation actuators [12]. Compared to a high-impedance 
surface, the proposed design has a longer interaction length and 
greater index contrast, resulting in a higher degree of phase shift 
[13]. Thus, the proof-of-concept that we have demonstrated 
here, presents a pathway towards fully integrated terahertz-
range phase shifters. For these reasons, this concept holds 
promising phase shifter in mm-wave and terahertz range 
towards much-needed viable terahertz phased array antennas.  
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