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Abstract—On-chip antennas present an excellent solution for 

higher integration levels with the lower number of off-chip 

components and lower cost, however, their efficiencies are much 

lower due to lossy Si substrates. In this paper, we present a novel 

combination of Artificial Magnetic Conductor (AMC) surface and 

a package which acts as a superstrate as well to enhance the on-

chip antenna efficiency.  Designed in standard 0.18 μm CMOS 

technology at 77GHz frequency band, the CPW-fed on-chip 

monopole antenna is a good candidate for automotive radar 

systems. Since the package of the chip acts a superstrate, it is not 

a mere protector of the chip but also provides functionality, 

qualifying this design as System-on-Package (SoP). The 

combination of the optimized AMC surface and superstrate 

package enhance the radiation efficiency of the antenna to 54.37% 

and the gain to 2.4dBi, achieving 22.1% efficiency enhancement 

and 9.1 dB gain enhancement as compared to the standalone on-

chip antenna. 
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I. INTRODUCTION  

Recently, as the Advanced Driver Assistance System 
(ADAS) is getting widely used, there is a growing demand for 
77GHz mm-wave automotive transceiver systems. The 
integration of digital module, RF module, and antenna in one 
chip is the best solution for low-cost 77GHz radar systems, 
however, the primary barrier for a single chip transceiver is the 
design of high-efficiency on-chip antenna. Though the antenna 
size is small enough to fit on a chip, the antenna’s radiation 
performance is significantly deteriorated, because Silicon 
substrate has low resistivity (ρ=10-15 Ω·m) which causes the 
substrate absorbs most RF power instead of being radiated by 
antenna, and the high relative permittivity (εr=11.9) of Silicon 
substrate leads to more surface wave loss [1]. 

Some methods have been researched for increasing the gain 
and efficiency of the on-chip antenna. The micro-matching and 
proton implantation have been applied for reducing Silicon 
substrate loss [2]. AMC structure is proposed to change the wave 
propagation characteristic at operating frequency [3]. Quartz 
superstrate is investigated to increase the radiation performance 
[4]. Unfortunately, for the most on-chip antenna research, the 
chip package’s influence on the radiation performance isn’t 
taken into consideration. This paper studies the radiation 
performance enhancement of a 77GHz on-chip monopole 
antenna by combining AMC structure and superstrate with 

TSMC standard 0.18um technology. In this paper, the 
superstrate is designed and optimized as part of the chip 
package. 

II. DESIGN OF AMC STRUCTURE 

In standard semiconductor technology, the distance between 
antenna and ground plane is only 5-15um, which suggests the 
reflected wave would cancel with the incident wave when PEC, 
having 180° phase shift reflection, is used as a ground plane. 
However, the AMC surface, also known as high impedance 
surface (HIS), possesses the reflection coefficient of Γ=+1, 
which indicates 0° reflection phase shift at operating frequency. 
In this case, the radiation at positive direction is enhanced and 
the radiation performance is improved. 

The AMC structure is usually realized by placing periodic 
AMC unit cells over the ground plane. The operating bandwidth 
of an AMC surface is defined by +/-45° of the reflection 
coefficient in this work.  The square patch is chosen as the AMC 
unit cell which is placed on the M1 layer with substrate backside 
ground because the square patch has the large bandwidth and 
low reflection loss [5]. 

     
Fig. 1. HFSS simulation model of an AMC cell. (a) The geometry and the 

wave-port excitation. (b) Perfect-E and (c) Perfect-H symmetry planes. 

 

Fig. 2. Reflection phase of the proposed AMC surface 



Fig. 1. shows the square patch AMC unit cell simulation 
model. In order to simulate infinite AMC surface, two PEC 
boundary walls and two PMC boundary walls are assigned in 
parallel, respectively. The wave-port is placed on the top, λ/4 
away from the square patch. Then, the wave-port is de-
embedded at the square patch surface to eliminate the additional 
transmission phase shift. As shown in Fig. 2, the proposed AMC 
surface exhibits a reflection phase of 0° at 77GHz and the +/-45° 
bandwidth of the reflection phase is  8.8GHz varying from 72.5 
to 81.3GHz. 

III. ANTENNA WITH AMC AND SUPERSTRATE PACKAGE 

In order to improve the radiation performance furthermore 
and take the package influence into account, superstrate is 
investigated and integrated with the AMC-based antenna as the 
chip package. The superstrate behaves as an impedance 
transformer between chip and air, increasing the coupling to the 
air [4]. As a result, the radiation at positive direction is improved 
effectively. In addition, the superstrate also acts as part of the 
chip package, qualifying this design as System-on-Package 
(SoP). 

 

Fig. 3. 3D model of the on-chip antenna with superstrate, AMC, and 
package. 

 

Fig. 4. Radiation efficiency vs. superstrate thickness 

As shown in Fig. 3, a CPW-fed monopole antenna is chosen 
in this design. The chip package material is Vero, which has a 
dielectric constant of εr=2.8 and loss tangent of δ=0.02. 
According to the simulation results in HFSS shown in Fig. 4, the 
maximum radiation efficiency is achieved when superstrate 
thickness hs=500 μm which is around the quarter wavelength.  

The reflection coefficients and the radiation patterns of the 
standalone antenna, antenna with AMC, antenna with both 

AMC and superstrate package are shown in Fig. 5. A good 
impedance matching at 77GHz is observed in all the three cases. 
As shown in Table I, the on-chip monopole antenna with both 
AMC surface and superstrate package achieves the gain of 2.4 
dBi and radiation efficiency of 54.37%, which has 9.1 dB gain 
enhancement and 22.1% efficiency enhancement compared with 
that of the standalone on-chip antenna. Besides, according to the 
simulation results of the antenna with AMC, the AMC surface 
contributes 10.25% efficiency enhancement and 8.4 dB gain 
enhancement. 

 

Fig. 5. S11 and Radiation Pattern of the proposed on-chip antenna 

TABLE I.  THE COMPARISON OF RADIATION PERFORMANCE 

 
On-chip Monopole Antenna 

Standalone AMC surface 
AMC &Superstrate 

Package 

Gain -6.7 dBi 1.7 dBi 2.4dBi 

Efficiency 32.27% 42.52% 54.37% 

IV. CONCLUSION 

A System-on-Package (SoP) implementation of CPW-fed 
on-chip monopole antenna with high radiation efficiency is 
presented for 77GHz automotive radar systems. The AMC 
structure and superstrate are investigated and combined together 
to improve the radiation performance for the first time. The 
AMC structure could be fabricated with the integrated circuits 
by the standard CMOS technology, which is a low-cost 
approach. The superstrate as part of the package provides both 
efficiency enhancement and protection of the chip. 
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