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Abstract — This paper deals with the design of Substrate 

Integrated Waveguide (SIW) bandpass filter for D-band 

(140 GHz) and terahertz (280 GHz and 420 GHz) applications. 

The filters are implemented in High Resistivity (HR) Silicon 

interposer technology provided by IHP foundry using Through 

Silicon Vias (TSV). Filters with 3 dB relative bandwidth of 5% 

and 10% are designed.  A comparison of the filters performance 

is made for the different frequency range. It evidences the 

interest of SIW technology in sub-millimeter wave domain 

towards the resonator quality factor increase and, therefore, 

insertion loss reduction for filters.  
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I. INTRODUCTION 

The use of the electromagnetic spectrum below 30 GHz 
has been highly developed for many industrial applications in 
recent years. However, the spreading of radio resources is 
progressing due to the proliferation of various terminals and 
diversification needs in these frequency ranges. In addition, 
we are getting into a new communication era with the future 
arrival of the 5G standards and the emergence of new 
applications such as the Internet of Things (IoT). Within this 
context, wireless communications will continue to play an 
increasingly important role. It is essential to develop wireless 
technologies capable to increase their capacity and speed of 
communication and, therefore, increased bandwidth is 
required. Thus, it is necessary to consider new radio resources. 
In recent studies data transmissions between fixed network 
base stations (backhaul network) are considered in D-band at 
120 GHz and 140 GHz. 

Terahertz waves are still underutilized, especially because 
of the atmospheric absorption that strongly reduces 
transmission distances. It exists a frequency range in G-band 
between 195 GHz and 315 GHz for which atmospheric 
absorption is weak [1] (Fig. 1). The frequency band above 
275 GHz has not been allocated yet [2]-[3] but its use is 
envisaged in the international organizations for future 
standards [4], in particular for broadband communications 
(> 100 Gb/s) [5] (Figure 2) to address high data rate 
applications such as, machine to machine (M2M) wireless 
network for communication between data centres, short range 
fixed wireless access or kiosk downloading [6] for instance. 
Within this telecommunication context, the filtering aspect is 
primary. However, the design of narrow-band planar filters 
appears as one of the most critical point. In view of the 
required selectivity levels, designers are, indeed, faced with 

problems related to control in the design, i.e., modelling 
accuracy, as well as the high insertion-loss levels inherent in 
such devices. Moreover, according to the low electrical 
lengths involved in millimetre and sub-millimetre wave, 
technological dispersion has to be as low as possible. This is 
especially important when the frequency range tends to THz 
domain. Planar filters have already been designed in D-bands 
(110 GHz-180 GHz) and at beyond. Considering the mm-
wave domain as well as the constraints on the insertion loss of 
the filter, most of them were implemented in III-V planar 
technologies [7]-[10]. However, given the improved 
performance of the integrated active components and their low 
production cost, silicon technologies have become attractive 
and essential for the realization of system on chips. 

 

Fig. 1. Atmospheric loss [1] and band allocation [2]-[3] for millimetre-wave 
applications in G-band. 

 
Fig. 2. Possible band allocation above 275 GHz. 



 

 

The main drawbacks of silicon technologies concerns 
dielectric loss which limits their use for narrow-band bandpass 
filters. Si-based filters are therefore implemented on 
technologies that annihilate loss effects due to silicon, either 
Silicon-on-Insulator technologies [11]-[12], above IC 
technologies such as Si-BCB [13]-[15] or in the back-end-of-
line (BEOL) of Bi-CMOS technologies [16]. Thereby, 
Silicon-based technologies have attained performance 
equivalent to those of III-V technologies. Nevertheless, the 
low quality factors associated with planar technologies limit 
the improvement in the device performance. 

The use of substrate integrated waveguide (SIW) allows 
increasing the quality factor of the filter resonators, and 
therefore its insertion loss [17]. In addition, it overcomes the 
limitations associated with transmission line dimensions due 
to short wavelengths, and therefore the frequency limitation of 
integrated passive devices (IPD). The use of SIW technologies 
have already been proposed in G-band using LTCC 
technologies [18]-[19] or air-filled SIW on silicon [20]-[21]. 
However, the use of low dielectric constant led to bulky filters 
which are not compatible with system integration. 

The filters designed in this paper were developed in SIW 
technology implemented in high resistivity silicon interposer 
using Through Silicon Vias (TSV) technology proposed by 
IHP. The filters were designed at three operating frequencies 
140 GHz, 280 GHz and 420 GHz with 5%- and 10%-relative-
bandwidth.   

II. DESIGN OF SIW FILTER 

A. Interposer Technology 

The filters were implemented in rectangular SIW 
embedded in thin Silicon substrate (70 µm). The main 
difficulty when designing rectangular waveguides concerns 
the implementation of the metallized via-holes needed for 
lateral electrical walls or septum definition. Indeed, 
considering the very high frequency range, the required shape 
factor must be as high as possible while ensuring a good 
control of their position and dimension. Thereby, through 
Silicon Vias (TSVs) technology provided by IHP was used. It 
allows defining TSVs with fixed dimensions of 3 µm wide for 
50 µm long and 70 µm of height. This technology allows 
implementing planar metal in any layer of the silicon oxide 
BEOL. In the present work only 2 µm-thick metal layer (TM1) 
was addressed (Fig. 3-a). The TSVs are composed of 70 µm 
Tungsten and 300 nm silicon oxide for substrate isolation 
layer. The minimum dimension between two TSVs is set to 
5 µm. TSVs orientation can be vertical, horizontal or both. 

B. Filter topology and synthesis 

The SIW filters designed hereafter are 4th-order with three 
operating frequencies 140 GHz, 280 GHz and 420 GHz. A 
20 dB in-band return loss is considered. Two relative 
bandwidths of 5% and 10% were investigated except for 
140 GHz. Indeed, considering the large bulk at low frequency 
range, the filter with 140 GHz central frequency was only 
designed with 10% bandwidth.  

 

(a) 

 

(b) 

Fig. 3. Technological description of TSVs technology provided by IHP: 
technological benchmark (a), TSVs dimensioning (b). 

The design technique used is based on the synthesis 
method proposed in [22]. It consists on defining a normalized 
coupling matrix between the filter resonators. The aim of this 
work is a proof of feasibility of the implementation of SIW 
filter on Silicon interposer technology. Therefore, a very 
simple coupling scheme was considered, without any cross 
coupling.  The normalized values of the folded coupling 
matrix are given in (1). 

 

 

Fig.4. 4th-order filter coupling scheme. 
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The denormalized coupling coefficient values, function of the 

relative bandwidth ∆ are given by (2): 
 ��� � ��� ∙ ∆    (2) 

 
The filters are implemented in rectangular waveguide 

technology. In the design of a SIW transmission line to 
operate at a given frequency, there are three main design 
parameters that need to be considered. There are namely, the 
width of the SIW, the diameter of the metallic via-holes and 
the pitch between the metallic via-holes. Considering the 
technology used, the length of the TSVs are long compared to 



 

 

the wavelength. Thus, the SIW transmission line is effectively 
reduced to a dielectric filled rectangular waveguide, without 
electromagnetic energies leaking or radiating out between the 
metallic posts.  

The width (a) of the waveguide governs the cut-off 
frequencies of the propagating mode in the transmission line. 
It was fixed to promote single-mode (TE10) propagation in the 
SIW using equation (3). Moreover, so as to minimize the 
waveguide attenuation, the operating frequency f0 is set in the 

middle of the single-mode band, i.e. ����� , ���" #. The length 

(L) of the cavity is chosen to obtain a resonant frequency at f0 
for the dominant mode TE101, given by (5). 

���� � $ %&√()    (3) 

 ���" � $ &√()    (4) 
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Coupling coefficients in (1) are positive; it corresponds to 

a magnetic coupling. It was made using inductive irises which 
dimensions were calculated using electromagnetic simulations 
performed with Ansys-HFSS. The method consists in 
simulating two coupled cavities and extracting the two 

resonant frequencies �& and �. (�.>�&) as a function of the iris 
width [23]. The coupling coefficient is then evaluated using 
the following equation:  

�&. � /0"1/2"
/0"3/2"    (6) 

 
The simulation results (Figs. 5-7) show the interest of the 

SIW technology for the implementation of THz functions. 
Indeed, in addition to the substantial reduction in the size of 
the filters, a sharp increase in the quality coefficient is 
observed. Thus, for a bandwidth of 10%, the insertion losses 
simulated with HFSS are 3.5 dB, 2.7 dB and 2 dB respectively 
for central frequencies of 140 GHz, 280 GHz and 420 GHz. 
For a relative bandwidth of 5% the insertion loss goes from 
4.5 dB to 2.5 dB respectively for central frequencies of 
280 GHz and 420 GHz. 

III. RESULTS 

The filters were fabricated on the three bands concerned; 
only the measurements at 140 GHz and 280 GHz were carried 
out. Indeed, as the 420 GHz measurements require a particular 
measurement procedure, the measurements have not been 
made yet. Nevertheless, regardless the results obtained for the 
other frequency bands (Figures 5-6) which are in very good 
agreement with the simulations, experiment results at 
420 GHz should meet the simulation results. Indeed, whatever 
the filters and the frequency range, a frequency shift of less 
than 1 % is observed regardless of the operating frequency. A 
post-simulation has been carried out, it evidenced that the 
frequency shift can be explained by an underestimation of the 
thickness of the Si + SiO2 layer. One should have considered 

73 µm substrate thickness instead of 70 µm. However 
insertion loss levels are generally conserved. Thus, measured 
losses are 3.9 dB and 2.5 dB respectively at 140 GHz and 
280 GHz for filters with 10% relative bandwidth and 4.5 dB 
for the 280 GHz filter with 5% bandwidth. 

  

 
(a) 

 
(b) 

Fig.5. 140 GHz 4th-order SIW filter with 10% relative-bandwidth: (a) 
photography and (b) simulated (HFSS) and measured results. 

  
(a) 

 
(b) 

Fig.6. Simulation (HFSS) and measurement results of the 280 GHz 4th-order 
SIW filter with: (a) 10%- and (b) 5%-relative bandwidth. 



 

 

 
Fig.7. Simulation (HFSS) results of the 420 GHz 4th-order SIW filter with: 
10%- and 5%-relative bandwidth. 

The electrical performance of the different filters is 
summarized in Table 1. It highlights the interest of SIW 
technologies for implementation of bandpass filters in the THz 
domain. Indeed, the estimated quality factor Q increases with 
the frequency and, consequently, the insertion loss of the filter 
decreases. Moreover, contrary to low frequency range, the 
difference between insertion loss of narrowband and medium-
band bandpass filters fade as the frequency increases. 
Henceforth, this allows considering the implementation of 
narrowband filter while limiting the impact on insertion 
losses. 

 
Table 1 . Comparison of 4th-order SIW filters electrical performance 

 

Fractional  
Bandwidth 

45 � �
5 789 
Measured 

45 � �:5 789 
Measured 

45 � 
�5 789 
Simulated 

10% 

;� � 	. < => 

 ? ≅ :< 

;� � �. A => 

 ? ≅ �	< 

;� � �. < => 

 ? ≅ �:	 

5% 

B 

 B 

;� � 
. A => 

 ? ≅ ��< 

;� � �. � => 

 ? ≅ ��A 

IV. CONCLUSION 

D-band (140 GHz) and THz (280 GHz, 420 GHz) filters 
were developed in SIW technology on a high resistivity 
silicon substrate using IHP's TSV techniques. The 
performances obtained proved the interest of these topologies 
to address THz bands especially for the improvement of 
insertion loss levels. The excellent agreement obtained with 
the simulations attests to the quality of the technological 
process developed by IHP as well as the design method used. 
According to these promising results, more complex filters 
can be investigated using cross-coupled resonators for out-of-
band response improvement, as well as multiplexer 
implementation. 
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