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Abstract—System-on-Chip has become an excellent solution 

for the high-level integration of systems. However, the primary 

barrier is the insufficient radiation from the on-chip antenna due 

to the lossy silicon substrate. In this paper, an ultra-thin artificial 

magnetic conductor (AMC) surface is proposed whose ground 

plane is on the top of the substrate to isolate it completely, and the 

thickness is reduced to house AMC within the oxide layer of the 

standard CMOS process by employing metal vias in the stack-up. 

The AMC structure is implanted for a 94 GHz on-chip monopole 

antenna and shows gain enhancement by 4.5 dBi with a radiation 

efficiency of 23%. 

 

Index Terms—Artificial magnetic conductors, metallic posts, 

on-chip antenna, thickness reduction, vias. 

I. INTRODUCTION 

With the assistance of advanced integration technology, such 
as the Complementary Metal-Oxide Semiconductor (CMOS) 
process, and the application tendency towards the higher 
millimeter-wave frequencies, the system-on-chip realization of 
wireless modules has sparked the interest of electrical engineers 
significantly [1].  However, the Antenna-on-Chip (AoC) suffers 
from poor radiation performance due to the presence of lossy 
silicon substrate. 

Silicon substrate, commonly used in the CMOS fabrication 
process as a base wafer, plays a negative role in realizing an 
efficient on-chip antenna. Firstly, the low resistivity (ρ = 10 Ω-
cm) of the substrate causes undesired traveling of the 
electromagnetic (EM) energy through the substrate. Secondly, 
the high permittivity of silicon (εr = 11.9) forms the energy-
storage characteristic of the substrate and makes a large 
proportion of EM energy confined rather than radiated into the 
free space. Besides, the electrically large thickness (300-700 
μm) causes the excitation of higher-order surface waves and 
distorted antenna radiation patterns.  

Many gain-enhancement techniques for AoC have been 
reported. Off-chip components, such as microwave lenses 
[2]and superstrate [3], have been introduced to boost the 
boresight radiation performance. The micromachining [4] and 
proton implantation [5] have been used to alleviate the substrate 
losses. However, such techniques bring mechanical uncertainty 
issues due to complex post-fabrication steps and increasing the 

overall cost significantly.  

The implementation of the Artificial Magnetic Conductor 
(AMC) is a decent solution, as AMC can be built with the 
existed CMOS fabrication process without involving any 
complex post-fabrication step [6, 7]. In addition, placing the 
AMC ground plane on the top of the silicon substrate can isolate 
AoC better than placing it underneath the substrate; however, 
this results in a thicker oxide layer than a typical CMOS process. 
For example, in [8],  the ground plane of the 94 GHz AMC was 
located above the silicon substrate while the total silicon dioxide 
(εr_SiO2 = 4) layer was engineered to be 40 μm. 

This paper studies the gain enhancement of a 94 GHz AoC 
backed by an ultra-thin AMC with the ground plane on the top 
of the substrate. In this work, the vias available in the stack-up 
of CMOS processes are smartly used as metallic posts to reduce 
the AMC thickness. 

II. DESIGN OF AMC STRUCTURE 

A. Conventional AMC 

AMC’s are usually consist of periodic structures and a 
grounded dielectric slab. In this work, the square patch is 
selected to form the periodic pattern layer, as it exhibits low 
return loss and wide operating bandwidth [9].  

Fig. 1 shows the square patch-based AMC unit cell. By 
defining PEC and PMC walls on opposite sides of the unit cell, 
the simulation can be equivalent to an infinite AMC surface. 
The parameters are listed in Table I. As shown in Fig.2, the 
reflection phase response of the conventional AMC is zero at 
94 GHz, while the AMC thickness is 29 μm. 
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Fig. 1. Patch based AMC unit cell: (a) Top view, (b) Cross view. 

 

 

Fig. 2. Reflection phase of square patch based AMC unit cell. 

Table I. PARAMETERS OF THE PATCH AMC UNIT CELL (μm) 

Lu 600 

D 590 

T 0.5 

TAMC 29 

TS 500 

 

B. AMC with metallic posts 

In standard CMOS processes, it is challenging to embed the 
conventional AMC structures completely within the oxide layer 
(~10-15 μm) [10]. To reduce the AMC thickness, two vias 
originate from the ground plane and form metallic posts, as 
shown in Fig. 3 are introduced. Here, the dimensions of the 
substrate and the two metal layers are the same as conventional 
AMC. The metallic posts have a height Hp=10.5 μm, size Lp= 
6.7 μm and the distance Gp =73 μm away from the unit side 
edge. Fig. 4 shows that the AMC with metallic posts resonates 
at 94 GHz, while the AMC thickness is only 13 μm. 
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Fig. 3. AMC with metallic posts connecting to the ground plane (a) Top view, 

(b) Front view. 

 

 

Fig. 4. Reflection phase of square patch based AMC unit cell with metallic 

posts. 

III. ON-CHIP ANTENNA WITH ULTRA-THIN AMC 

As Fig. 5 shows, a planar monopole antenna fed by coplanar 
waveguide is placed 1.5 μm above the 4x4 finite AMC with 
proposed metallic posts and located at the center of the top 
surface of the chip. Table II gives the geometrical parameters 
of the on-chip antenna with AMC and metallic posts. According 
to the simulation results in HFSS, as shown in Fig. 6, it is 
evident that the antenna is well matched at 94 GHz with a return 
loss of 51 dB, and radiates in the boresight direction with a gain 
of 1.2 dBi. 

As shown in Table III, the ultra-thin AMC improves the 
AoC’s gain by 4.5 dBi and contributes 8.2% efficiency 
enhancement, compared to a standalone on-chip antenna. 
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Fig. 5. Monopole antenna backed by 4x4 finite thin AMC employing the 

proposed metallic posts. 



TABLE II. PARAMETERS OF THE ANTENNA WITH AMC AND METALLIC 

POSTS (μm) 

Lu 600 

D 590 

T 0.5 

TAMC 18 

TS 500 

Lp 2 

Gp 60 

Hp 1 

La 200 

Lf 181 

Wa 20 

Wf 50 

Wgnd 200 

Ha 1.5 

G 15 

 

 
                      (a)                                           (b) 

Fig. 6. Simulation results of the monopole antenna backed by the thin AMC 

with metallic posts: (a) S11, (b) Normalized radiation pattern in E-plane and H-

plane. 

TABLE III. COMPARISON OF RADIATION PERFORMANCE 

On-chip Monopole  Gain Efficiency 

Standalone  -3.3 dBi 14.8% 

AMC with Metallic Posts 1.2 dBi 23% 

 

IV. CONCLUSION 

An ultra-thin AMC is employed for the realization of a true 
on-chip antenna in the mm-wave (94 GHz) spectrum. 
Embedded novel metallic posts have reduced the AMC 
thickness from 29 μm to 13 μm and also increases the gain on 
a monopole antenna (backed with finite 4x4 thin AMC unit 
cells) by 4.5 dBi. The proposed AMC structure has a ground 
plane at the top surface of the silicon substrate and metallic 
posts rooting in the ground plane. So, it could be achieved with 
the metal layers and vias available in the stack-up of standard 
CMOS processes. The ultra-thin AMC not only improves the 
AoC’s radiation but also shields the lossy substrate from the 
antenna efficiently. 
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