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Abstract: System on Chip (SoC) is an emerging technology for 

semiconductor devices that aims for better compaction with 

reduced interconnects, RC delay, noise, and power consumption. 

Wired connections between chips, ICs or SoC’s lead to increased 

heat dissipation, which is undesirable. Hence, mechanisms have 

been developed for making communication between the chips 

wireless and use of miniaturized RF antenna is inevitable. In this 

paper, to analyse the performance of wireless communication 

over millimeter range, millimeter scale RF antennas operating at 

frequencies of 20 GHz to 70 GHz are considered. Using ANSYS 

HFSS software, the scenario for intra and inter chip wireless 

communication  is established using the bowtie antenna 

operating around 50 GHz and their performance evaluation is 

done considering the various parameters. An intrachip system of 

four bowtie antennas is simulated around 50GHz and the 

S-parameters are plotted and analysed. 

 
Index Terms: Channel Model, On-Chip Antenna, 

System-on-Chip, Wireless Channel.  

I. INTRODUCTION 

  Communication between chips can occur through 

conventional, RF, optical and 3D interconnects. Metal wires 

are used to interconnect blocks in SoC’s and other chips 

which not only increase heat dissipation but also create 

restriction for signals, noise and interference. Wireless 

communication between two blocks having same substrate 

requires on chip antenna. Usage of Giga Hertz frequency 

results in millimeter antenna of very small size. Transceivers 

use electromagnetic waves at radio frequencies. Various 

types of antennas are used for different purposes and antenna 

on-chip is one configuration among them [1]-[4]. 

      Due to fast growth in short range high speed wireless 

communications, the spectrum at 60 GHz frequency region 

has gained much more attention in last few years. The 

implementation of compact, low cost 60-GHz system in SoC 

is to integrate antennas on the chip with necessary additional 

circuits so that the complete system can be made in one step 

with foundry fabrication. For compact RF system, the 

miniaturization of antenna is also necessary with their 
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effective performance [4]. On- chip antennas are the one 

which are fabricated on Silicon wafer by CMOS processes 

[5]. On-chip antennas are mainly used as wireless 

interconnects for the purpose of inter-chip/intra-chip 

communications. Generally, interconnect is a physical or 

logical connection between two electronic devices or 

networks. Connections between chips are mainly categorised 

as conventional, RF, Optical and 3D interconnects. 

Conventional interconnects are the low frequency metal 

wired connections. Since these ICs require high signal speed 

requirements, the wired interconnect structures are becoming 

the bottleneck for delay and noise in chips, making them an 

obstacle for increasing IC speed and performance. This is 

because resistance-capacitance (RC) delay is a characteristic 

of interconnects that increases sharply with increase in 

resistance. Hence, there is a need for better compaction using 

microwave and millimetre components. To make these 

antennas feasible with other components, they are usually 

designed on a millimetre scale at higher frequencies of 

around 10GHz (up to 60 GHz). However, communication 

range is limited. For frequencies lower than 10GHz, near 

field or inductive coupling is being used [6]-[8]. 

II. OVERVIEW OF RELATED WORK 

On-chip antennas are fabricated on a Silicon wafer by 

CMOS processes to operate at high frequencies of around 10 

GHz to 70 GHz. They are mainly used as wireless 

interconnects for inter-chip/intra-chip communications. 

Latest research in the field mainly focuses on shapes, usages 

of antenna for interconnect applications and the propagation 

of radio waves through different material layers, mainly 

Silicon. On-chip antennas are mainly used for faster 

communications and RF sensor applications. Congestion 

related to signal transmission between ICs can be decreased 

[1]. Bow-tie antennas are widely used for Ground 

Penetrating Radar System applications, as they possess a set 

of stringent antenna performances such as a low frequency of 

operation, ultra-wideband performances, minimal ringing, 

compaction, planar structure and light weight [12],[13]. 

Planar log periodic antenna was first introduced in wideband 

antenna design. It is used in radio signal detection 

application as it can achieve high directivity [5], [6]. On-chip 

wireless interconnects have emerged as a promising 

alternative to conventional wired interconnects in on-chip 

fabrics for multicore systems. They reduce network 

congestions and enhance bandwidth and energy efficiency 

but have very low per bit energy [14].  
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Bow-tie antenna has moderate gain and a wide bandwidth. 

[9]. Main advantage of planar log periodic antenna is that it 

exhibits constant characteristics over a desired frequency 

range of operation [5]. Wireless interconnects are noisy 

wireless channels as interferences will be there in the 

channel. It has higher probability of link failures when 

compared to optical and the 3D interconnects [1].  Bow-tie is 

not sensitive to small parameter variations; that is whenever 

there is a small change in parametric analysis, it will not give 

accurate results. It also uses a limited bandwidth. Planar log 

periodic antenna [PLPA] has lesser gain than the Yagi 

antenna of the same size and VSWR performance is not very 

good. [5], [6]. Table-I shows the performance comparison of 

different antennas designed by different researchers for mm 

range applications. 

III. WORKDONE AND RESULTS 

Work considered in this paper is to construct an antenna 

and establish communication for mm range communication. 

ANSYS HFSS [10] simulation tool is used to develop the 

antennas and the frequency of operation considered up to 

70GHz. To accommodate this frequency range, the 

following dimensions are used to construct Bow tie antenna 

in HFSS.  

The silicon layer has 0.832 mm x 0.72 mm x 0.35 mm 

dimensions. The SiO2 layer has 0.832 mm x 0.72 mm x 0.15 

mm dimensions. The bow has a length of  0.275 mm and 

width of  0.35 mm. The Microstrip feedline is  0.637 mm 

long. The lumped ports are assigned a 50 Ohm impedance by 

default for antenna design. Fig. 1 shows the bow-tie antenna 

with the above specifications.Fig. 2(a) shows Bow tie 

antenna structure enclosed in SiO2 layer of 0.1mm thickness 

and Fig. 2(b) shows its radiation pattern. The bowtie 

simulation results showed that the SiO2 layer shifts the 

resonant frequency to the right. The far field parameters have 

an increase of 3 dB in both gain and efficiency. When an 

additional SiO2 layer is added on top of the existing SiO2 

layer for the bowtie, the resonance frequency shifts to the 

left, due to inhibition of the antenna’s radiating capacity. 

Matching circuit [11] for Bow tie antenna structure enclosed 

in SiO2 layer of 0.1mm thickness is shown in Fig. 3. 

 
 

 
 

Fig. 1. Specifications For Bowtie Antenna 

 

 

Table-I.  Performance Comparison Of Different Mm Range Antennas Reported In Literature 

 

Year Antenna Type Frequency (GHz) Gain (dB) VSWR Efficiency (%) 
Return Loss 

(dB) 

2005 Quasi Yagi 55-65 -10.6 < 2.0 10 - 

2008 
Meander Line 

Inverted F antenna 
60 -15.7 < 2.0 10.2 -10 

2012 Tab Monopole 60 0.11 < 1.5 39 - 

2014 PLPA 60 - - - - 

2017 Bow-Tie 60 -6 - 10 -40 

2017 
On chip antenna with 

InP substrate 
140 -5.3 - - -10 
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Fig. 2(a)                                                             

 
                                Fig. 2(b)

 

Fig. 2(A). Bow Tie Antenna Structure Enclosed In Sio2 Layer (0.1mm Thickness) And Fig. 2(B) Its Radiation Pattern 

 

 
 

Fig. 3. Mactching Circuit For Bow Tie Antenna Structure Enclosed In Sio2 Layer (0.1mm Thickness) 

  

As we know S- parameters are the most commonly used 

measuring parameters for high frequency. In this section, the 

obtained results of simulated bow tie antenna transmitter- 

receiver system, followed by mixed Transmitter-Receiver of 

Bowtie and PLPA system’s s-parameters are tabulated and 

analysed. 

 
Fig. 4.  S11 Bow-Tie Antenna 
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Fig. 5. VSWR For Bow-Tie Antenna 

 

 

Fig. 6.  Gain For Bow-Tie Antenna 

 

Fig. 4, Fig. 5 and Fig. 6 shows plots for S11, VSWR and 

gain Vs frequency for the Bow tie antenna developed using 

HFSS and it is evident that all three parameters fall within the 

specified range considered. 

Another antenna into consideration is PLPA antenna 

which is frequency independent and the resonant frequency 

depends on the size of the antenna. The PLPA antenna with 

matching elements, originally designed to operate at around 

60 GHz and simulated. As shown in Fig. 7, a 0.1 mm layer of 

SiO2 is added below the antenna structure. This reduces the 

effective dielectric permittivity value of the substrate. Hence, 

the dielectric losses are reduced. There is an increase in the 

far field simulation values by almost 75% (7dB). The 

variations of S11 and gain of the antenna are shown in Fig. 8 

and Fig. 9.  

 
Fig. 7. PLPA with SiO2 (0.1mm thickness) 

 
 

Fig. 8. S11 for PLPA 

 
 

 
 

Fig. 9. Gain for PLPA 
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    Next work is to analyze the propagation mechanism of 

radio waves over inter-chip using bow tie transceiver 

antennas. The propagation of radio waves considered in 

frequency domain is from 30 GHz to 70GHz. Here the 

expectation is to get transmission coefficient S21 of at least 

-30dB for 1mm transmission distance. Fig. 10 shows 

transceiver antenna system and obtained S21 between the 

transceivers is tabulated in Table-II. 
 

 
 

Fig. 10. Bowtie Antenna Transmitter-Receiver System 

with Matching 

 

Table-II:  S(2,1) Between Transceivers Of Fig. 10 

Distance(mm) S(2,1) in dB 

0.2 -9.6 

1.2 -32 

2.2 -34 

3.2 -35 

4.2 -39.2 

 

 

For the Bow-tie antenna transmitter-receiver system, it is 

seen from the Table-II that the received signal strength 

decreases with increase in distance. The received signal 

strength is maximum when the separation between 

transmitter and receiver antennas is 0.2 mm. Fig. 11 shows 

variation of S21 with frequency for various distances. The 

received signal is maximum at the resonant frequency of the 

antenna that is 49 GHz. When two antennas are placed inside 

a same radiation box for perfect isolation, the forward 

transmission coefficient, S21 has a value of -30dB which can 

be considered as the acceptable value for the proper 

reception. Hence, it can be assumed that the received signal 

power is low when the S21 value is below -30dB. The 

antennas can radiate effectively when the separations are less 

than 1 mm. 

If we consider two different antenna types for the 

transmitter and receiver system i.e., PLPA and Bow-tie 

antenna, the performance variations of S12 and S21 is 

tabulated in Table-III. Fig. 12 shows Mixed Bowtie and 

PLPA Transmitter-Receiver system. Fig. 13 and Fig. 14 

shows S11 of PLPA and S22 of Bow-tie antenna. S21 for 

mixed Transmitter-Receiver System at various distances can 

be seen in Fig. 15. 

 

 
 

Fig. 12.  Mixed Transmitter-Receiver System: Bowtie 

And PLPA Transmitter-Receiver System 

 

 

 
 

Fig. 11.  S21 for Bowtie Antenna Transmitter-Receiver System at various distances 
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Fig. 13.  S11 For Mixed Transmitter-Receiver System 

(PLPA Antenna) 

 

 

 
 

Fig. 14.  S22 For Mixed Transmitter-Receiver System 

(Bow Tie Antenna) 

 

 

 
 

Fig. 15. S21 For Mixed Transmitter-Receiver System 

At Various Distances 

 

The PLPA operating at a resonant frequency of 64 GHz is 

scaled by 110% of its original size. This aids the design of a 

transmitter receiver system, where the PLPA resonates at the 

same resonance of Bow Tie antenna, 50 GHz. It can be 

assumed that the received signal power is low when the S21 

value is below -30dB. The antennas can radiate effectively 

when the separations are less than 3.5 mm. It can also be seen 

that the two antennas radiate at 49.4 GHz and 50 GHz 

respectively.  

 

 
 

Table-III.  Parametric Analysis of Bow-Tie & PLPA 

Transmitter Receiver System 
 
 

Distance (mm) S(2,1) in dB S(1,2) in dB 

0.5 -12 -11 

1.5 -22 -23 

2.5 -27 -26 

3.5 -31.25 -28 

4.5 -34 -32 

5.5 -37 -36 

6.5 -39 -38 

7.5 -41.25 -41.5 

8.5 -45 -43 

9.5 -47 -46 

10.5 -51 -50.5 

 

A. Intra-chip Bowtie Antenna Transmitter-Receiver 

System 

To analyse the performance of intra chip, a setup of four 

bow-tie antenna are placed in four corners with the distances 

as shown in the Fig. 16. The reception of the signal and 

S-parameter analysis is shown in Table-IV. Fig. 17, Fig. 18, 

Fig.19 and Fig. 20 shows the received signal strengths of the 

intra-chip antenna. During simulation, one antenna acts as the 

transmitter, while three other antennas behave as receivers. 

 
Fig. 16.  Intra-Chip Arrangement For Bowtie Antennas 

On Sio2 Substrate 
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Fig. 17.  S Parameters For Intra-Chip System With 1st Antenna As Receiver 

 

 
  

Fig. 18.  S Parameters For Intra-Chip System With 2nd Antenna As Receiver 

 
 

 
 

Fig. 19.  S Parameters For Intra-Chip System With 3rd Antenna As Receiver 
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Fig. 20. S Parameters For Intra-Chip System With 4th Antenna As Receiver 

Due to the doughnut shaped radiation pattern of bowtie, 

the received signal strength obtained by the receivers vary. 

The received signals along the sides of the bowtie are 

relatively low when compared to the receiver placed right 

opposite the transmitter. As observed in Table-IV, the 

strength of the received signal varies for each antenna based 

on orientation and placement of antenna. Antenna 1 to/from 

antenna 3 and antenna 4 have better reception compared to 

antenna 2 from antenna 1 or vice versa.  

 

Table-IV. S Parameters Of Bow-Tie Intra-Chip 

Structure 

 

Received 

signal 

strength 

in dB 

Antenna

1 

Antenna 

2 

Antenna 

3 

Antenna 

4 

Antenna 

1 
- -45.89 -29.63 -29.63 

Antenna 

2 
-45.89 - -30.04 -33.02 

Antenna 

3 
-29.63 -30.04 - -34.67 

Antenna 

4 
-29.63 -33.02 -34.67 - 

 

IV. CONCLUSION 

The analysis of intra/inter chip communication is done in 

this work, using various scenarios considering the bowtie 

antenna, log periodic antenna simulations based on their 

return loss, gain, efficiency and radiation pattern. The 

frequency independent PLPA antenna has a resonant 

frequency that depends on the size of the antenna.  The PLPA 

scaled down by 20% shows results with increased losses and 

lower efficiency. Therefore, antennas at higher frequencies 

should not be scaled down. The addition of SiO2 layer 

reduces dielectric losses and increases frequency and gain. 

For interchip communication systems, the received signal 

strength decreases with increase in the distance. In intrachip 

communication with one antenna as transmitter and other 

three antennas as receivers, one of the receiving antenna 

receives more signal strength compared to other two due to 

the configuration and structure of antennas. To improve the 

results further, active layers of metals like Silver and Gold 

can be added and substrates of semiconductor materials like 

GaAs, GaN, InP, InAs and Graphene can be used. The overall 

analysis is done using S-Parameters. 
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