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Abstract—The performance of large multi-core chips have
been limited by high power dissipation and latency problems
associated with conventional interconnect topologies. On-chip
wireless interconnect architectures with associated on-chip an-
tennas have been recently investigated as a possible alternative
to wired interconnects. In this paper, we propose the design for
an on-chip planar log-periodic antenna with wide bandwidth
and end-fire directivity at millimeter and/or microwave range of
frequencies to improve the signal transmission characteristics of
wireless interconnects. A two-port antenna network is simulated
for 60GHz in HFSS and the radiation pattern and the scattering
matrix parameters are presented.

I. INTRODUCTION

Tens to hundreds of cores are integrated on a single die

in modern multi-core chips. With the continuous decrease in

device size and increase in number of cores, conventional

interconnect lines are limited by associated high power dissipa-

tion issues, latency [1] and problems due to clock distribution

networks [2]. This has led to research and development of

alternate interconnect systems such as optical, 3D and/or RF

[3] - [4], systems. These interconnects face limitations such

as materials and process available for Optical Interconnect

fabrication [5]. In recent years, microwave and millimeter

wave wireless on-chip interconnection architectures have been

investigated [6] - [9]. These wireless interconnects are CMOS

compatible and do not require any new manufacturing tech-

nology. As a result, on-chip wireless interconnects looks

most promising solution to be accepted by industry in near

future among all other emerging interconnects. Several on-

chip antenna designs such as loop, zig-zag, meander, linear

etc [6] have been investigated. However, these antennas have

omnidirectional radiation characteristics along the azimuth

which result in poor utilization of the available frequency band.

This also restricts the choice of network topologies that can

be designed with on-chip wireless interconnects. This paper

proposes to implement wireless interconnects with wide-band,

end-fire directive antennas. These antennas allow the reuse of

channel space and efficient utilization of wireless medium that

were otherwise not possible with an omnidirectional antenna

[10], [11].

Over several decades, planar log periodic antennas have

been investigated for their ease of manufacture and for their

wide-band properties [12]. However, to the best of the knowl-

edge of the authors, these antennas have not been implemented

on silicon substrates for wireless interconnects. In section

II of this paper, we present a planar log-periodic on-chip

antenna design that can be integrated with wireless intercon-

nect architectures. The generalized design parameters allow

the flexibility towards designing the antennas for specified

frequencies. The antenna characteristics are simulated with

finite element techniques on HFSS for 60GHz. The antenna

shows 10% bandwidth and an end-fire directivity of 12.3 dB.

In section III, we present different antenna characteristics such

as return loss, azimuthal and elevation radiation pattern and

transmission parameters in comparison with those of an on-

chip patch antenna operating at same frequency.

II. ANTENNA DESIGN

The main objective of this paper is to present a planar log-

periodic antenna (PLPA) that can be integrated with wireless

interconnection architectures at any specified frequency. Figure

1. shows the design of the antenna with eight teeth (marked

1 to 8) attached to an internal feed. The size of the teeth

increase in a logarithmic manner as shown in table I. The

TABLE I
DIMENSIONS OF THE ANTENNA

Dimension Length (mm)

L1 0.11000

L2 0.14019

L3 0.17867

L4 0.22772

L5 0.29023

L6 0.36990

L7 0.47144

L8 0.60085

L9 0.05500

W1 0.11000

W2 0.16500

Substrate Height 0.385

dimensions that are mentioned in the table are specifically

for 60GHz. These dimensions can be scaled appropriately for

The 8th European Conference on Antennas and Propagation (EuCAP 2014)

978-88-907018-4-9/14/$31.00 ©2014 IEEE 1007

Authorized licensed use limited to: Indraprastha Institute of Information Technology. Downloaded on July 20,2021 at 21:15:45 UTC from IEEE Xplore.  Restrictions apply. 



Fig. 1. On chip planar log-periodic antenna

any desired frequency of operation within the micro-wave and

millimeter range. The longest dimension of the antenna is

1.1825 mm which is comparable to the wavelength of the

signal in the dielectric medium, λg = λ/
√
εr = 1.14m. Here, λ

is the wavelength in free space and εr is the dielectric constant

of a 10-20 Ω-cm silicon substrate which is commonly used

in CMOS and BiCMOS technologies. The feasibility of this

substrate has been previously studied by [13] - [15]. In the

case of a 60 GHz antenna, the height of the silicon substrate

is 0.385 mm and a layer of SiO2 of thickness 0.0123 mm is

placed over the substrate to provide some insulation between

the antenna and the ground plane. The antenna which is of

0.055 mm thick conducting metal is placed on the SiO2

layer as shown in Figure 2. A wireless interconnect can be

Fig. 2. Cross section of the antenna on the silicon substrate

implemented by establishing a communication link between

antennas on the same substrate with one antenna in the end-

fire region of another.

III. SIMULATION RESULTS

The 60GHz on-chip PLPA described in Section II is sim-

ulated using FEM based HFSS software and the results are

presented in this section. The return loss of the antenna i.e.

S11 parameter is shown in Figure 3. The figure indicates that

this antenna can be operated as a dual-band antenna at 44

GHz and 60 GHz with a bandwidth of 10% at 60GHz. The

wide-band nature of the antenna can be attributed to the log-

periodicity in the antenna design.

Fig. 3. Return loss of the on-chip planar log-periodic antenna

Figure 4, the radiation pattern of the antenna in the azimuth

plane, clearly demonstrates the end-fire directivity of the

antenna. The half-power beamwidth of the on-chip PLPA

is 33 ◦ along the end-fire when compared to 100◦ of the

patch antenna along the broad-side. Similarly, the half-power

Fig. 4. Radiation pattern along the azimuthal plane

beamwidth along the elevation, shown in Figure 5, is 30 ◦

when compared to 108 ◦ corresponding to the patch antenna.

Note the presence of large grating lobes which is characteristic

of end-fire operations of linear arrays.

Next, we simulated the transmission characteristics of the

two PLPAs integrated on the same substrate separated by

a distance of 20mm. The antennas are aligned such that

maximum signal can be coupled between the antennas. In

other words, one antenna is oriented along the end-fire region

of the second antenna. The transmission gain between the

antennas is computed according to (1), where S11 = S22 since
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Fig. 5. Radiation pattern along the elevation plane

the we have same antenna on transmitting and receiving end.

Ga =
|S21|2

(1− |S11|2)(1− |S22|2) (1)

The results are presented in Figure 6. At 60GHz, the gain is

-38.65dB which is strong compared to the results reported in

[6]. The improved performance is due to the increased end-

fire directivity of the on-chip PLPAs. When the simulations

were repeated for patch antennas on a similar substrate, the

gain was very low and limited by the quantization error of the

simulation.

Fig. 6. Transmission gain between two on-chip antennas integrated on a
common silicon substrate

IV. CONCLUSION

A planar log-periodic antenna on a silicon substrate has been

proposed for on-chip wireless interconnects at millimeter wave

frequencies. The antenna has a wide bandwidth of 10% and

high end-fire directivity of 12.3 dB which makes it suitable

for transmission of large data on a chip. However, the antenna

is associated with large grating lobes typical of many end-fire

antenna array configurations.
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