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Abstract 

The increasing popularity of compact, chip-based devices has spurred interest in developing on-chip antennas 

(OCAs). However, OCAs suffer from low gain and poor radiation efficiency due to the silicon substrate’s low 

resistivity and high permittivity, influencing antenna performance. To avert these challenges, this study aims to 

enhance an OCA’s gain and radiation efficiency by incorporating a partially reflective surface (PRS) into the antenna 

structure. The antenna is simulated using 3D CST software, and its performance is evaluated. To validate the 

simulation, an antenna prototype is fabricated using sputtering and chemical vapor deposition (CVD) technologies. 

The prototype demonstrates a peak gain of 2.14 dB and radiation efficiency of 72.2%, showing a 24.3% gain increase 

and a 16.25% efficiency increase compared to the design without PRS. Additionally, it achieves an impedance 

bandwidth of 0.63 GHz, making it suitable for WiMAX, RFIC, and Wi-Fi 6 applications. 
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1. Introduction 

In recent years, the demand for compact and integrated devices has risen due to the emergence of new applications. This 

increased demand has necessitated the development of integrated antennas, specifically on-chip antenna (OCA) technology. 

OCA is a noteworthy chip-based antenna that can be integrated into a silicon chip alongside other proximity radio frequency 

(RF) front-end components [1]. It is potentially integrated into Internet-of-things (IoT) based devices, energy harvesting, 

emerging wireless systems, and similar devices. Its applications span various devices such as mobile phones, transceivers, and 

IoT devices [2]; as a result, the need for communication channels that are low-power, secured, and high-speed has become 

essential. This facilitates the seamless integration of OCAs into compact transceivers in lower and higher applications [3-6].  

Numerous studies highlight the potential and significance of integrated antennas in expansive settings. The prevalent 

approach involves either single-chip modules (SCM) or multi-chip modules (MCM) [7-9]. However, silicon as a substrate 

poses significant challenges due to its low resistivity and high permittivity [10-11]. These drawbacks adversely impact the 

antenna performance and distort its radiation and signal integrity [12-13]. To overcome these limitations, alternative 

approaches incorporating the use of an artificial magnetic conductor (AMC), substrate thinning technology, low back-etching 

(LBE), dielectric resonator antenna (DRA), inductor-capacitor loading, ion implantation, artificial dielectric layer (ADL), 

partial shield layers (PSL) and similar techniques have been demonstrated in the literature. The most adopted techniques are 

AMC, inductor-capacitor loading, PSL, and partially reflective surface (PRS) due to their cost-effectiveness and simple design 

configuration compared to the few mentioned. 
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Bean and Venkataraman [13] employed, an AMC to improve a gain of 60 GHz Yagi-Uda integrated OCA designed for 

short-range inter-chip communication. In the design, units of Jerusalem cross AMC were configured to achieve an increased 

gain of 11% and radiation efficiency of 12%. A study progressively demonstrated this technique, where AMC techniques have 

increased wideband, circular ring monopole integrated OCA performance [14]. The design considerably increased the 

operational gain, impedance bandwidth, and radiation efficiency. Similarly, the study employing AMC changes the 

performance of folded-dipole OCA by improving the antenna gain by 8 dB compared to the antenna without AMC [15]. 

Furthermore, inductance-capacitance loading [16] and PSL [17] represent another potential technique for enhancing OCA 

performance. These layers share similar characteristics with an AMC and PRS, and they equally aid in antenna miniaturization. 

For instance, a PSL was embedded within SiO2 of 11 GHz meandered loop OCA, which yielded an increased gain of 4 dB, 

which is considered remarkable in OCA design [17]. 

However, an alternative technique for enhancing gain and radiation characteristics involves DRA loading, wherein a high-

resistivity substrate would be added to the antenna, thereby mitigating losses associated with the lossy substrate. This method 

reduces surface wave generation and radiation loss by directing electromagnetic (EM) through a dielectric resonator before 

releasing them into the surrounding medium. Several studies have suggested using a DRA as an alternative approach. For 

example, Kong et al. [18] proposed a high gain, wide impedance bandwidth by incorporating a DRA into a low-profile OCA. 

The constructed prototype was tested, resulting in a radiation efficiency of 44% and an absolute gain of 8.6 dB. This method 

significantly performs as it reduces surface waves and loss attributed to metallization; besides, it faces integration challenges 

and incompatibility with modern complementary metal-oxide-semiconductor (CMOS) processes. 

This study employs a PRS to enhance OCA performance, particularly the gain and radiation characteristics. PRS similarly 

behaves like AMC as it exhibits high impedance characteristics, where the magnitude of the surface impedance is based on 

the number of unit cells and the reactance parameters of the periodic structure [19]. The fundamental concept of artificially 

created surface or material is to achieve a high impedance surface (HIS) that acts as a whole or partial shield to the striking 

incidence wave on their surface, where both the PRS and AMC have such characteristics and consist of an array of unit cell or 

patch arranged periodically. They exhibit high-impedance properties and are engineered to reflect incoming waves with zero-

phase shifts. However, while the PRS partially reflects incoming waves, directing them toward the lossy substrate, the AMC 

achieves high reflection. Its inclusion significantly improves the antenna gain and radiation efficiency over non-PRS-inspired 

designs. PRS enables partial reflection of incidence wave from confining into the lossy Si-substrate [20]. However, complete 

restriction of EM is not achievable as the CMOS metallization rule process limits the metal density usage to around 20-80% 

in both layers [3]. 

As OCA integration can be achieved by standard CMOS, Bi-CMOS process with metal-insulator-metal (MIM) 

configuration, or using SiO2 on Si-wafer commonly using 250 µm, 500 µm, or 525µm based on metal-insulator-semiconductor 

(MIS) using CMOS design procedures. In this design, an MIS structure was used instead of standard CMOS process 0.18 µm 

or 0.13 µm technology due to the notable antenna performance, despite the significant feature of CMOS process 0.18 µm in 

chip design. To justify the importance of the adopted technology, the following reasons are enlisted based on the following 

parameters; 

(1) Technology: In CMOS 0.18 µm technology, multiple layers of MIM are utilized to create an OCA, contrasting with just 

five layers of MIS used previously. This approach significantly enhances antenna performance compared to existing 

literature on 0.18 µm technology. 

(2) Performance: Increasing the number of MIM layers in the configuration causes mutual coupling within the chip, which 

creates parasitic capacitance across the structure. This capacitance impacts the antenna’s radiation resistance, pattern, and 

gain. 
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(3) Optimization: The CMOS technology fabricated using the standard 0.18 µm process is inherently inflexible compared to 

those built on 525 µm Si-wafers, which provide greater design flexibility and are easier to optimize at a lower fabrication 

cost, independent of manufacturer specifications. 

(4) Cost: The 0.18 µm standard technology incorporates numerous reactive components and multiple metal layers, some 

dedicated to antenna design and others to different integration purposes. However, several layers remain unused, adding 

to power consumption and costs. 

PRS offers distinct advantages over other mentioned techniques. For example, substrate loading and DRA incur additional 

integration costs and are incompatible with silicon substrates, while AMC increases metal density, leading to larger chip sizes 

and greater design complexity. On the other hand, substrate thinning and LBE require post-processing, resulting in high 

fabrication costs. PRS stands out with benefits such as low integration costs, the ability to enable multiple layer configurations 

within a small area, and a compact OCA design compared to other methods. However, PRS also has drawbacks, including 

partial reflection characteristics and susceptibility to significant changes in reflection and transmission coefficients, especially 

in high-frequency designs. 

This paper is arranged as follows: the design and configuration of the proposed antenna, the periodic structure PRS design, 

and its characteristics are discussed in Section 2. In Section 3, the results and analysis of the simulated and corresponding 

measured parameters were discussed and presented. Thus, the results summary is concluded in Section 4. 

2. Antenna Design and Analysis 

This section covers the design and analysis of the proposed antenna and its configurations, including the geometric 

dimensions, materials, and tools used in the design process. Generally, the antenna features a multi-layered stacked structure 

with top metal as a radiator. The following section will provide a detailed presentation of the antenna parameters. 

2.1.   Antenna geometry and configuration 

The proposed antenna geometrically follows the typical principles of CMOS design, wherein a six-layer MIS consists of 

SiO2 layers, a ground conductor, PRS, a radiating element, and a silicon substrate [21-22]. The host material used was a 

processed silicon wafer of dielectric constant (εr) of 11.7-11.9 [6], a resistivity of 1-20 Ω-cm, and a thickness of 525 μm [6] 

coplanar waveguide (CPW) port is used as a feeding port due to its low profile, low dispersion, and integration simplicity [23], 

which is coupled to the monopole antenna (M1) on the top metal layer of the chip as depicted in Fig. 1. 

  

(a) Top view (b) Layered view 

Fig. 1 Geometry of the proposed antenna 

The design incorporates a PRS as a high-impedance surface (HIS). The radiator optimized to a dimension of 0.26 λ × 

0.34 λ mm2 fitted to be integrated as the OCA. Fig. 2(a) illustrates the stacked antenna structure showing two SiO2 layers of 

2.5 µm each, a thin film of silver material, and M1 of 1.7 µm were configured as insulators and the radiating conductor. The 
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second metallization (M2) is used as the PRS and embedded within the layers of SiO2 as a reflective surface, which acts as a 

shield to the confining EM wave migrating from the radiating element into the lossy Si-substrate. The third metallization (M3) 

is the ground plane of the chip. An optimized dimension of the radiating element is shown in Table 1.  

Table 1 Optimized parameters of the proposed antenna 

Parameter Value (mm) Parameter Value (mm) 

Le 1.0 Wf 2.0 

Ws 5.45 Lp 17.62 

Lx 5.62 La 4.12 

Wq 5.45 Lr 5.7 

Wp 13.91 Lf 15.4 

tm 0.001 hs 0.002 

hsi 0.525 g 0.505 

2.2.   Design of partially reflective surface 

 

(a) Isometric stacked-up view 

 

(b) Periodic PRS structure 

Fig. 2 Staked up layers of the proposed design 
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PRS is the arrangement of regular metal film designed to be HIS embedded between the layers of SiO2. It has working 

features similar to an AMC. PRS acts to obstruct migrated incidence power from the radiating element to the lossy Si-substrate. 

It can be designed to plump the magnitude of the reflected signal and control the antenna’s resonance [19]. For example, in 

CMOS process design, embedding a high impedance periodic structure within the layers of SiO2 restricts a reflected incidence 

wave emanating from the radiator toward the Si-substrate [24], thereby minimizing the power losses of the OCA. In this design, 

a periodic aperture of 4 × 4 unit cells of metal thickness, tm = 1 μm, a length and width of a = 2 mm each configured as an 

aperture of HIS.  The structure is embedded into the thin SiO2 layers shown in Fig. 2(b). 

2.3.   Characteristics of PRS structure 

A single unit of the PRS was configured and positioned within the waveguide ports with boundary conditions set at the 

x-plane and y-plane and simulated using a frequency domain solver. Consequently, in Fig. 3(a), the reflection and transmission 

coefficients of the structure are depicted, while Fig. 3(b) showcases the reflection phase at 5.804 GHz. The characteristic 

response of Fig. 3(a) indicates that the peak reflection coefficient occurred below -0.19 dB and the reflection coefficient at -

24.1 dB across a bandwidth of 5.68-5.92 GHz. 

Similarly, Fig. 3(b) illustrates a zero-degree reflection phase at 5.88 GHz with a slight shift in the center frequency of 5.8 

GHz. This indicates that the incident wave was hindered due to the high impedance generated by the PRS. Moreover, it resulted 

in an insertion loss of about 3 dB at the transmission phase from 5.62 GHz at the lower side frequency and 6.16 GHz at the 

upper side frequency with 5.804 GHz as the center frequency. 

2.4.   Effect of PRS patch separation distance on the reflection phase 

The characteristics of the PRS indicate that the reflection phase magnitude is influenced by the number of unit cells or 

patches, the spacing between the patches, and their thickness. This section examined the PRS’s effectiveness based on the 

separation gap, s, between adjacent patches, which indirectly reduces the length and width of the patch. The optimized PRS 

patch size and gap are 2 mm and 0.2 mm, respectively. Consequently, a parametric analysis of the separation, s, was conducted 

from 1.5 mm to 3 mm in 0.5 mm intervals. 

Fig. 3(c) illustrates the impact of the gap between PRS patches on the reflection phase magnitude. The plots reveal that 

the magnitude of the reflection phase decreases as the separation gap increases. This is due to the additional change in 

capacitance between adjacent patches, as the capacitance between two adjoining patches is inversely proportional to the 

separation distance. This change in capacitance significantly affects the reflection phase antenna’s performance. 

 

(a) Reflection and transmission 

Fig. 3 The simulated coefficients and the reflection phase of PRS at 5.8 GHz 
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(b) Reflection phase 

 

(c) Effect of SiO2 thickness on the antenna gain 

Fig. 3 The simulated coefficients and the reflection phase of PRS at 5.8 GHz (continued) 

3. Measured Results and Analysis 

Measurement is a crucial phase for evaluating the simulation results. It outlines the comprehensive analysis of the results 

obtained, as well as the procedures and graphical presentation of the results. In this design, detailed measurements of the 

fabrication process, measurement procedures, and equipment are included. The primary measured parameters include the 

return loss, gain, radiation efficiency, radiation pattern, and antenna impedance bandwidth. 

3.1.   Antenna fabrication process 

Prototype development of the design was realized based on the CMOS compatibility procedure, where direct current (DC) 

sputtering and chemical vapor deposition (CVD) technologies were employed. A processed standard Si-substrate, p-type, 100 

orientations, 525 μm thick, and resistivity of 1-20 Ω-cm was selected to accomplish the process. The stacked structure consists 

of thin layers of SiO2, top metal (M1), PRS (M2), and ground conductor (M3), all stacked on the substrate to form a single 

structure.  

Step 1, a thin layer of 1 μm of silver (Ag) material was deposited at the bottom of the Si-substrate, which acts as a ground 

conductor. 

Step 2, a CVD process was used to deposit a 2.5 µm SiO2 layer on top of the Si-substrate as an insulation segment. The Step 

1 was repeated for depositing PRS (M2) of 1 μm thickness. Similarly, the second SiO2 layer was deposited on top of the PRS 

layer utilizing the same process as Step 2. 
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Finally, the monopole planar radiator (M1) of 1 µm was deposited on the top metal layer on the upper layer. Fig. 4(a) and 4(b) 

show the fabrication process and final fabricated prototype, while Fig. 4(c) depicts the measurement set-up. 

 

(a) Fabrication process 

  

(b) Fabricated prototype (c) Measurement set-up 

Fig. 4 Fabrication and measurement set-up of the proposed antenna 

3.2.   Impedance, radiation characteristics, gain and efficiency 

  

(a) Simulated and measured return loss (b) Gain and Efficiency 

Fig. 5 Simulated and measured parameters of the proposed at 5.8 GHz 
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Following the fabrication process, this section presents the measured performance of the proposed antenna, introducing 

the reflective surface, PRS, which significantly enhanced the antenna’s gain and radiation efficiency. Specifically, compared 

to the antenna without PRS, the antenna achieved a notable increase in gain of 24.3% and efficiency of 16.25%. Notably, a 

significant agreement is observed between the simulated and measured parameters. The fabricated prototype was measured 

and realized a maximum gain of 2.14 dB with a radiation efficiency of 72.2%, as shown in Fig. 5. Although minor discrepancies 

in antenna parameters were noted, likely due to mismatches and fabrication tolerances. 

 

(a) Magnitude of S11 (dB) 

  

(b) Gain (dB) (c) Efficiency (%) 

Fig. 6 The comparison S11, gain and efficiency of an antenna with and without PRS 

Moreover, efficiency is measured based on the gain and directivity derived from characteristic measurements. Initially, 

these values were determined by setting an Agilent signal generator 83640B to 0 dBm and an operating frequency of 5.8 GHz. 

The output power was recorded using a network signal analyzer N9030A, which was connected to a receiver antenna positioned 

at a distance S from the transmitter antenna, as illustrated in Fig. 6. A broadband horn antenna (LB-20200-SF) with a gain of 

20 dB and a frequency range of 2-20 GHz served as the transmitter antenna. Measurements were repeated at various values of 

S until the maximum gain was identified. A link budget based on Friis’s transmission formula below was employed to calculate 

the maximum gain in dB. Consequently, peak gains of 1.587 dB and 2.138 dB were achieved for the antenna under test (AUT) 

with and without PRS, respectively. 
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where, �� and ��  are the transmitted power by the transmitter and received power by the receiver (dBm), �� and ��  are the gain 

of the transmitter antenna, and the receiver antenna’s gain (dB). ���  and �� are cable loss (dBm) and the loss due to free space. 

Hence, �� can be determined as: 
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The performance of the antenna with and without the PRS was compared in terms of S11, gain, and efficiency, as 

illustrated in Fig. 6. The 2D radiation characteristic of the model in the E-plane and H-plane were plotted as shown in Fig. 7, 

where s is the distance between the transmitter and receiver antenna, d is the diameter of the horn antenna, λ is the wavelength, 

and f is the operating frequency in (MHz). 

  

(a) E-plane (b) H-plane 

Fig. 7 Simulated and measured 2D radiation pattern at 5.8 GHz 

In a similar procedure, the directivity of the AUT was assessed based on the measured radiation pattern, where the gain 

and the corresponding theta (degree) for the E-plane and H-plane were plotted on a polar graph, and the equivalent half-power 

beam width (HPBW) angle denoted as 	
  and 	� were measured. The directivity was then determined as:  

32400

θ θ
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η =
G

D  
(8) 

Subsequently, Eqs. (7) and (8) were used to measure the radiation efficiency of the antenna. However, the result for Eq. (8) 

was finally chosen for accuracy, considering the relationship between gain, directivity, and losses incurred by antenna 

components such as dielectric and conductor tied to antenna design material. This equation also aligns with IEEE standards 

for calculating radiation efficiency. 

To assess the notable impact of the similarity in pattern between the simulated and measured characteristics. However, 

some variation exists ascribed to unavoidable path loss, conductor loss, interference, and stacking tolerance due to the metallic 

layers. This positive implementation underscores the efficacy of the design modifications in improving antenna performance. 
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However, the impact of the PRS on the reflection coefficient was noted by positioning it at various separation distances (d) 

from the upper antenna element. This led to a frequency shift caused by induced mutual coupling and parasitic capacitance 

across the region, as depicted in Fig. 8. Equally, significant values for the gain, radiation efficiency, and bandwidth below a 

return loss below -10 dB were achieved. The simulation outcomes indicated an impedance bandwidth of 0.72 GHz, which is 

5.56% greater than the measured bandwidth of 0.68 GHz. Consequently, this bandwidth aligns well with the requirements of 

Wi-Fi, WiMAX, and RFIC applications at 5.8 GHz [25]. 

  

(a) Surface current distribution (b) E-field 

Fig. 8 Simulated surface and E-field at 5.8 GHz 

3.3.   Surface current distribution and E-field vector 

Due to the varied characteristics of the antenna radiation pattern, the antenna’s surface current distribution and electric 

field (E-field) were also analyzed. Figs. 8(a) and 8(b) illustrate the E-field strength and surface current distribution at 5.8 GHz. 

As shown in Fig. 8(a), the E-field concentration is highest at the excitation port and along the entire signal conductor, while it 

is lower at the antenna’s curvature. Similarly, the surface current distribution is most significant around the excitation point 

and along the center conductor, with less distribution observed in other parts of the antenna. The increased surface current 

distribution along the metallic path enhances the antenna’s radiation characteristics, indicating that the strength of the current 

distribution effectively transforms the transverse electromagnetic (TEM) mode near the port into a parallel plate mode. 

3.4.   Effect of PRS separation distance on the reflection coefficient 

  

(a) Frequency vs. reflection coefficient (b) Antenna-PRS model 

Fig. 9 Effect of PRS separation on the reflection coefficient 
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This section investigated the effect of the separation distance between the PRS and the top antenna element. The antenna 

is positioned above the PRS structure, and the impact of the separation distance between the antenna and PRS, denoted as d, 

is investigated. Distances d from 1 µm to 3 μm at 0.5 µm intervals are considered. A SiO2 with a permittivity of 3.8 is utilized 

between the PRS and the antenna. Fig. 9 shows the simulation outcomes, revealing a noticeable shift in resonance frequency 

as the separation distance increases, where d equals 2.5 μm and 3 μm corresponds to the target frequency of 5.8 GHz. This 

shift is attributed to the mutual coupling between the PRS and the top radiating element, leading to the induction of parasitic 

capacitance across the separation. Thus, it is evident that altering the capacitance values, whether increasing or decreasing 

them, significantly affects the resonance frequency as it is inversely proportional to the equivalent capacitance. Which can be 

expressed as; 

1
α

R

eq

F
C

 

(9) 

where ��  is an equivalent capacitance between the separation, and the FR is the antenna’s resonant frequency. However, To 

achieve PRS’s height optimization, the following factors should be considered: ensuring that the reflected phase is within -90° 

to +90°. This means that the PRS’s operating frequency should equal the desired frequency. 

= −c mdevf f f
 

(10) 

= −max minbandf f f
 

(11) 

Secondly, the bandwidth of the structure is as wide as possible in such a deviation in frequency, fdev is minimized, and band 

frequency, fband is maximized as expressed in: 

( ) ( ), =  band devf maximize f minimize f
 

(12) 

Secondly, when optimizing the PRS height, it’s crucial to account for the distance between the PRS and the radiating conductor 

to prevent the incidence and reflected waves from overlapping in time, as given in: 

( ) ( ) ( )
4π

ϕ ϕ ϕ= − +PRS r inc

fd
f f f

v  
(13) 

where f is the frequency (Hz), ������� is the PRS shift in the reflection phase, ����� is the reflected wave phase, ������� is 

the incidence wave phase, d denotes the distance between the PRS and the top antenna, and v is the speed of the medium. 

However, �� is the center frequency at 0° reflection phase, �� is the medium frequency obtained at 0° reflection phase, and 

���� and ���� are bandwidth minimum and maximum frequency. 

 

Fig. 10 Parametric studies on the effect of SiO2 on the antenna gain 
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3.5.   A parametric analysis of the effect of PRS geometry on the reflection phase 

In the OCA structure, comprising SiO2, metal layers, and a lossy Si-substrate, previous studies and this research highlight 

the critical role of the insulation layer, SiO2, in shaping antenna performance. Minor changes in SiO2 thickness significantly 

impact both gain and radiation resistance by providing insulation between the metallization layers and the Si-substrate. The 

parametric analysis shows that increasing SiO2 thickness widens the separation between the PRS and the Si-substrate and 

between the PRS and the top antenna element. This results in a notable gain enhancement. Fig. 10 illustrates the effect of 

varying SiO2 on antenna gain. 

3.6.   Comparative analysis of the proposed antenna and the performance of published work 

Table 2 compares the proposed design’s performance and other OCAs, focusing on gain, radiation efficiency, bandwidth, 

and technology. This work utilized MIS components following the metallization rule of the CMOS process, employing only 

three metal layers to reduce the fabrication and material cost. Despite the few metal layers, the proposed antenna achieved a 

gain of 2.14 dB and a radiation efficiency of 72.2%. This improvement is attributed to the reduced dielectric losses and 

magnetic coupling across the layers. In contrast, previous work utilized standard CMOS technology 0.18 μm and 0.13 μm. 

Although OCA design using these technologies is notably compact, facilitating integration into smaller chip sizes. However, 

this results in a low gain and radiation efficiency, significantly reducing the antenna’s performance. The proposed OCA 

facilitates a physical connection to the coaxial port of 50 Ω and simplifies real-time measurement as no micrograph technology 

is required. Thus, integration into the transceiver is achievable by replacing the port and utilizing the CPW pad to enable 

connection to the front-end circuit. 

Table 2 Comparison of the proposed antenna with previous literature 

Ref 
Antenna 

type 

Freq 

(GHz) 
Size (��) Max gain (dB) 

Rad. Eff 

(%) 

Return loss 

(dB) 
Technology 

[17] 
Monopole 

meandered 
9.45 0.063 × 0.066 -29.2 21.07 13.2 0.18 μm CMOS 

[22] 
Meander 

loop 
5.8 0.12 × 0.01 -40 25 NM 0.13 μm CMOS 

[25] Loop 5.8 0.027 × 0.027 -48.93 NM 48.09 0.18 μm CMOS 

[26] 
Meander 

dipole 
2.4 0.032 × 0.032 

-23.8 (in Air) 

-25.9 (in skin) 
60 <-10 0.18 μm CMOS 

[27] Loop 5.8 0.020 × 0.016 -23.7 NM - 0.18 µm CMOS 

[28] 
Folded 

dipole 
5.8 0.079 × 0.77 2.1 68.7 -23 MIS-Si-wafer 

[29] Folded loop 2.4 0.012 × 0.012 -20.8 31.2 NM UMC 0.18 µm 

This work 
Monopole 

planar 
5.8 0.26 × 0.34 2.14 72.2 14.99 0.525μm Si wafer + SiO2 

4. Conclusion 

This article introduces a monopole planar OCA with improved gain and radiation performance. A six-layer MIS stacked 

structure was configured as the OCA. The design incorporates a PRS aperture as the gain and radiation enhancement technique. 

A DC magnetron sputtering and CVD technologies were employed for the prototype development. The prototype was 

measured and obtained an increased gain of 24.3%, elevating it from 1.59 dB to 2.14 dB, yielding a peak radiation efficiency 

of 72.2%. This broadened the measured impedance bandwidth of the antenna to 0.63 GHz, covering the range from 5.56 GHz 

to 6.24 GHz. 

The radiation characteristics of the prototype were assessed, revealing a similar radiation pattern in both absolute 

measured and simulated plots. This indicates a consistent alignment between the simulated and measured patterns. However, 

minor discrepancies and irregularities were noted in the measured radiation patterns, attributed to fabrication tolerances and 
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reactance generated across layers due to utilizing multiple components with varying dielectric properties. Despite these 

variations, the prototype exhibited desirable bandwidth, gain, and efficiency, enabling its integration with RF front-end 

circuitry, RFIC, and WiMax at 5.8 GHz despite the larger wavelength at a lower frequency. 
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