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Abstract—In this paper, we present a broadband THz CMOS 

on-chip antenna. The bandwidth of the on-chip antenna is 

improved by stacking four resonators on the top of a standard 

patch antenna. The proposed antenna was fabricated using 65-nm 

CMOS process, and the performance was verified by simulation 

and measurement. The simulation and measurement results show 

that the antenna can exhibit the fractional bandwidth for 10-dB 

return loss greater than 10%, and radiation efficiency greater 

than 15% at 300 GHz.  
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I. INTRODUCTION  

Recently, various THz monolithic integrated circuits 
(TMICs) have been reported in CMOS or InP HEMT 
technologies [1][2]. Besides the active circuits, THz antenna can 
also be integrated on-chip, which can reduce the production cost 
and minimize the performance degradation by the bonding wires 
which are needed to connect the active ICs and antenna.  

However, most of the THz on-chip antennas have problems 
of low radiation efficiency and narrow bandwidth, which are 
caused by increased losses from substrate and conductors and 
very thin thickness of substrate between antenna and ground 
plane. Standard rectangular CMOS on-chip patch antennas have 
shown fractional bandwidth and radiation efficiency less than 10% 
[3]. 

This paper presents a broadband THz CMOS on-chip 
antenna with relatively high radiation efficiency. The antenna 
performances are improved by stacking four additional 
resonators on top of the patch antenna. The performance of the 
proposed antenna is verified by the simulation and measurement. 

II. DESIGN OF THE PROPOSED ANTENNA 

A. Structure of the Proposed Antenna 

Fig. 1 shows the structure of the proposed THz on-chip 
antenna. It is composed of feeding patch antenna and four top 
resonators. The four resonators on the same layer are stacked on 
top of the feeding patch antenna as shown in Fig. 1. They are 
coupled to the feeding patch, and are designed to have a different 
resonance frequency from a feeding patch. The multiple 
resonances of feeding patch and stacked resonators lead to the 
enhancement of bandwidth and radiation efficiency. The 
proposed antenna can be optimized by adjusting size of the 
stacked resonators (WSR, LSR) and feeding patch (WF, LF) and 
the spacing between the stacked resonators (GSR). The dielectric 
constant and thickness of the substrate is 4.3 and 4.5 μm, 

 
Fig. 1. Structure of the proposed THz CMOS on-chip antenna. 
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Fig. 2. Simulated return loss of the proposed antenna according to (a) WSR, 
(b) WF, and (c) GSR. 
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respectively, and the distance between feeding patch and top 
resonators is 1.4 μm.  

B. Simulation and Optimization 

The proposed antenna was simulated and designed using full 
3-D electromagnetic (EM) structure simulator (Ansoft HFSS). 
The simulation results of the proposed antenna according to the 
design variables are shown in Fig. 2. As shown in Fig. 2 (a), the 
resonant frequency decreases as the size of top resonator (WSR) 

increases. The effects of the feeding patch size  (WF) and spacing 
between stacked resonators (GSR) on the return loss are plotted 
in Fig. 2 (b) and (c), respectively. When WF is 155 μm and GSR 
is 5 μm, the maximum bandwidth of return loss can be achieved. 
From these simulation results, the optimum dimensions are 
determined as follows: WSR = 230 μm, LSR = 240 μm, WF = LF 
= 155 μm. 

Fig. 3 shows the comparison of return loss and radiation 
efficiency between the proposed antenna and the standard 
rectangular patch antenna. The radiation efficiency and 
fractional bandwidth of 10-dB return loss of the proposed 
antenna are 18.7% and 12.3%, while those of the standard 
rectangular patch are 11.3% and 4%, respectively.  

III. FABRICATION AND MEASUREMENT RESULTS 

The designed antenna has been fabricated using a 65-nm 
CMOS technology. Fig. 4 (a) shows the photograph of the 
fabricated antenna. The return loss was measured at H-band by 
on-wafer probing. The radiation characteristics such as beam 
pattern and antenna gain were measured using the measurement 
setup shown in Fig. 4 (b). The output signal of WR-03 power 
source is injected into the antenna through WR-03 waveguide 
and GSG RF probe. Then, the radiated power of the designed 
antenna is received by a zero-bias detector with WR-03 standard 
horn antenna. The horn antenna can be moved along the semi-
circular arm to measure the radiation pattern and 3-dB beam 
width of the antenna in the E- and H-planes. The gain of the 
antenna is measured based on gain comparison method. The 
efficiency of the antenna, then, is  calculated the measured gain 
and 3-dB beam width.  

Fig. 5 shows the measured return loss of the designed 
antenna which is greater than 9.5 dB from 256 to 328 GHz, 
which corresponds to the fractional bandwidth of 24%. The 
maximum radiation efficiency of 16.9% was measured at 295 

GHz. The resonant frequency difference between simulation and 
measurement seems to be caused by the parasitic capacitance of 
RF pad and dummy metals.  

IV. CONCLUSION 

In this paper, we proposed a broadband and high efficiency 
THz CMOS on-chip antenna. The proposed on-chip antenna 
employed four rectangular resonators on top of the microstrip 
patch antenna. It was designed and fabricated using 65-nm 
CMOS technology. Its simulation and measurement results 
showed a fractional bandwidth for 10-dB return loss greater than 
10% and a radiation efficiency greater than 15.0% at 300 GHz. 
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Fig. 4. (a) Fabricated on-chip antenna and (b) antenna measurement setup.  
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Fig. 5. Measured and simulated return loss of fabricated on-chip antenna 
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Fig. 3. Simulation results of the antennas (solid: the proposed antenna, 

dashed: standard rectangular patch antenna). 
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