
 
 

Abstract—We demonstrate a broadband terahertz coupling between InP-based coplanar waveguide and silicon 
dielectric rod waveguide for hybrid integration. A coupling efficiency of around -2 dB has been experimentally achieved in 
frequency range between 70-120 GHz. Numerical simulations reveal an operational 3dB-bandwidth >100 GHz. 

I. INTRODUCTION 

roadband operation in the THz frequency range has been demanded for many applications, such as THz 

spectroscopy, radar, and communication [1]. Photomixing using a uni-traveling-carrier photodiode (UTC-PD) [2] is 

one of the most promising candidates for ultra-wideband THz sources because the operation frequency can simply be 

tuned by changing the differential frequency from a dual laser source. To utilize the broadband feature of photomixers, 

we need a wideband input/output interface that can be monolithically integrated with state-of-the-art InP based THz 

UTC-PDs [2-4]. In this respect, a dielectric rod waveguide (DRW) made of high-permittivity material such as high-

resistivity silicon (Si) has attracted increased attention due to its low loss and ultra-broadband operational bandwidth 

[5]. 

This paper presents a THz coupler for interconnecting the coplanar waveguide (CPW) output of THz UTC-PDs to a 

Si-based DRW. The coupler consists of an InP-based tapered-slot mode converter. Broadband coupling between the 

InP-based planar waveguide and the Si rod waveguide is demonstrated from numerical and experimental results. 

II. DEVICE DESIGN AND FABRICATION 

   Figure 1 shows the concept of the THz coupler between the InP-based planar CPW and the Si rod waveguide. 

The coupler mainly consists of a transition from a coplanar waveguide to a coplanar stripline (CPS) followed by a 12-

mm long tapered-slot mode converter on the 100-µm thick InP substrate and the Si rod waveguide with a thickness of 

500 µm. The CPW input allows the integration with active components like THz UTC-PDs. The idea of the mode 

converter comes from a previous hybrid integration reported [6]. The signal fed from the source goes through the CPW-

to-CPS transition and reaches the tapered-slot mode converter, which transfers the planar CPS mode to the 

fundamental mode of the 8-mm long taper of DRW. The DRW has the same 8-mm long taper on the other side to allow 

the low-loss coupling to various hollow waveguides, which is helpful for characterization within different THz frequency 
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Fig. 1. Schematic concept of THz coupler for interconnecting InP-based 
coplanar waveguide (CPW) ports and Si rod waveguides featuring tapered 

structures at both ends. The InP chip is mounted on a THz foam, ROHACELL® 

with a dielectric constant ~1. (a) Top view and (b) 3-D view of the studies THz 
coupler showing also the Si rod waveguide which is aligned in the center of the 

tapered-slot mode converter.  
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bands and valuable for system integration at any frequency band.  

For fabrication, the mode converter and the transition were metalized on the InP substrate and bonded to a foam 

with an extremely low dielectric constant (𝜀r ~1), ROHACELL® HF in the THz domain, as shown in Fig, 2. As a bonding 

layer, a Benzocyclobutene polymer (BCB) was used. The dielectric constants of the foam (~1) and of the BCB (2.65) 

are both lower than that of InP (12.4), which is required to keep the effective thickness of the substrate thin to suppress 

the substrate modes and reduce the dielectric loss of the coupler. The DRW was fabricated from a 500-µm thick Si 

wafer using a deep reactive ion etching (DRIE) process. 

III. EXPERIMENTAL RESULTS AND SIMULATIONS 

To evaluate the coupling efficiency of the fabricated coupler, we measured the S-parameters (S21) of the coupler 

using a vector network analyzer (VNA) from 60 to 90 GHz, as shown in Fig. 3 (a). The mode converter is excited by a 

ground-signal-ground (GSG) probe, and the output from the Si taper is detected by another THz coupler (V-coupler) 

[7], fabricated on a commercial substrate. First, we measured the response of the V-coupler in a back-to-back 

configuration for reference. Afterward, the coupling efficiency from the InP-based CPW port to the DRW (see green 

lines in Fig. 4) was experimentally determined. For the coupling efficiency from 90 to 120 GHz, a UTC-PD featuring a 

rectangular hollow waveguide output was used as the THz source instead of the VNA (Fig. 3(b)). The mode converter 

was excited by a hollow waveguide to the GSG probe, and the output from the Si taper was detected by a power meter 

(Erickson PM5). After the photodiode's response was measured for reference, the insertion loss of the fabricated THz 

coupler was measured and evaluated (see red line in Fig. 4). The overall results show a decent coupling efficiency of 

around -2 dB, starting from the lower cut-off frequency at around 65 GHz. From Fig. 4, some fluctuations can be 

 
Fig. 2. Photograph of the fabricated InP-based tapered-slot mode convertor with 
100-µm thickness on the foam (ROHACELL®). The InP chip was bonded on 

the foam with Benzocyclobutene polymer (BCB) (yellow-colored).  

 
Fig. 3. Experimental setups for measuring the coupling efficiency of the 
fabricated coupler using (a) the Vector Network Analyzer (VNA) within 60-90 

GHz and (b) a UTC-PD and a THz power meter for 90-120 GHz. (GSG: 

Ground-signal-ground, EDFA: Erbium-doped fiber amplifier) 
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observed, which are traced back to an imperfect probe contact and remaining standing waves between multiple 

components in the setup. 

Comparing the measurements to the simulated results using the full-wave electromagnetic-wave simulation tool CST 

Studio Suite 2021, the better coupling efficiency is observed at around 75 GHz. This is expected to be caused by the 

non-perfect GSG probe calibration, which causes the error when de-embedding the probe's losses for determining the 

coupling efficiency from the measurements. Despite that, the cut-off frequency around 65 GHz agrees very well 

between the simulation and the measurement. The simulated results show a minimum coupling loss of about -1.5 dB 

at 108 GHz and indicate the fabricated THz coupler has an operational 3dB-bandwidth above 100 GHz. 

IV. SUMMARY 

We proposed a broadband THz interconnect using an InP-based tapered-slot mode converter for transferring the 
planar waveguide mode into the fundamental mode of a Si dielectric rod waveguide. The use of a Si rod taper enables 
a low-loss connection to any rectangular-waveguide-based components. Experimentally, a coupling loss of only -2 dB 
has been achieved. According to CST simulations, the operational 3dB-bandwidth of the proposed THz coupler is 
expected to be over 100 GHz. The proposed approach allows monolithic integration of THz UTC-PDs to a broadband 
coupling interface. 
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Fig. 4. Measured coupling efficiency of the fabricated coupler between 60 to 

90 GHz (green) and between 90 to 120 GHz (red). The black line represents the 

simulated coupling efficiency using CST Studio Suite. According to 

simulations, the 3dB-bandwidth exceeds 100 GHz. 
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