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Abstract-In this page, a miniaturized absorber with ultrawide
absorption band is designed and applied for radiation leakage
suppression in the chip package. The proposed unit is a double-
layer structure with two patterned resistive films of ITO etched
on top of the dielectric substrate. The patterned layer is
composed of a meandering square ring and a centric circular
patch which enhances the coupling within the unit and facilitates
the miniaturization of the structure. The size of the unit is
0.08X X 0.08X\y (N\y is the wavelength in the free space of the
lowest absorption frequency). When the periodic boundary
condition is set in the simulation, it shows a broad absorption
band (S;; <—10dB) covering 23.8-40 GHz. This unit is then
used as a square ring structure for radiation suppression in chip
package which demonstrates a -10dB bandwidth within 25.5-39.5
GHz.

Index Terms-Miniaturization, microwave absorber, radiation
suppression, chip package

L INTRODUCTION

The miniaturization of integrated circuits has significantly
improved the quality of people’s life. Yet, at the same time,
the problem of electromagnetic interference has become more
serious, which can deteriorate the performance of electronic
instruments and even do harm to human health. Thus, the
research of radiation suppression in the chip package has
become a topic of substantial importance.

The absorber is a device pervasively applied for the EMI
problem. Generally speaking, absorbers can be divided into
coating absorbing materials and metamaterial absorbers
according to their absorbing principle and form of
composition [1]. Coating absorbing materials is the traditional
absorber, it achieves electromagnetic absorption by designing
the material itself to achieve an ideal balance between
impedance matching and electromagnetic losses [2]. This type

of absorbers is limited by the properties of natural materials
and has less freedom of design.

Metamaterial absorber is a kind of device that incorporates
the artificial electromagnetic structure. The earliest artificial
absorber called Salisbury Screen achieves a phase difference
of 180° at the ground plane based on the transmission line
theory for perfect absorption [3]. However, it suffers from
fixed thickness and narrow bands. Some absorbers are based
on traditional Frequency Selective Surfaces (FSS) [4]. In order
to enhance the design flexibility, absorbers based on 3-D and
2.5-D Frequency Selective Surface (FSS) has been proposed
[51,[6]. Besides FSS, other artificial electromagnetic structures
like SSPP has also been applied in the absorbers [7].
Nevertheless, the absorptive capacity offered by metal-based
electromagnetic structures is inherently limited. A great deal
of work has been put into solving these problems and the
concept of circuit analog (CA) was developed [8]-[11]. This
CA absorber is constructed from a periodic resistive-
conductive design etched on dielectric substrates, which is
frequently ended by a ground plane. In order to obtain greater
ohmic loss, we need to seek to increase the impedance of the
resistive-conductive layer and two methods were proposed.
One of the methods is to mount lumped resistors in the
metallic pattern layer [8], [9]. This method is expensive in the
fabrication process and not suitable for miniaturization due to
the size of lumped resistors. The other way is to replace the
original metal of the pattern layer with resistive films [10],
[11]. Owing to its high precision, simplicity in manufacturing,
and low cost, this technology can be considered a viable
option.

In this paper, a low-profile miniaturized absorber and used
for radiation suppression in the chip package. The suggested
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Abstract—In this paper, a low profile absorber for
suppressing the electromagnetic radiation in the chip packages
is proposed. The incorporation of porosity reduces the dielectric
constant of the absorbing material which makes it easier to meet
the impedance matching condition. Additionally, the porosity
causes incident electromagnetic waves to undergo multiple
reflections within the pores, effectively lengthening their
propagation path within the absorber and enhancing the
absorption capability. The simulated results in the chip-package
model demonstrate an effective absorption of -14 dB within
20.3-29.8 GHz by adding the proposed absorber into the
package. The detailed working mechanism of this structure is
explained through the effective medium theory. Finally, the
porous absorber is fabricated and experimental measured
within a real chip-package inside a reverberation chamber,
where the measured results bring out a -12 dB absorption effect
covering 20-30 GHz.

Keywords—Absorber, chip-package, effective medium theory,
electromagnetic radiation.

L. INTRODUCTION

The increment of the chips’ operating frequency not only
enhances the information processing speed of chips but also
poses greater challenges to the electromagnetic compatibility
of the entire electronic system. For example, if the
electromagnetic radiation generated by the device is not
effectively suppressed, it may affect the operation of other
devices, and even endanger people's health. Therefore, the
research of electromagnetic radiation suppression for chip-
packages especially for high frequency chips is of great
importance.

In order to mitigate EMC challenges in chip-packages, the
common solution is to attach an absorber to the bottom of the
heat sink to absorb electromagnetic radiation emitted from the
chip packaging. Microwave absorbers are widely used in both
military and civilian fields, such as stealth technology,
antenna radomes, and more. Generally speaking, absorbers
can be categorized into metamaterial absorbers, typically
represented by FSS (Frequency Selective Surfaces), and
conventional coating absorbing materials. The metamaterial
absorber is a device that integrates an artificial
electromagnetic structure. In the design of metamaterial
absorbers, the most critical aspect is the design of the FSS
structure, for which there has already been considerable work
aimed at enhancing FSS performance[1]-[2]. However, the
electromagnetic losses introduced are insufficient when FSS
structures are directly applied to absorbers, to enhance Ohmic
losses, strategies such as incorporating lumped resistors into
the structure and replacing metal patterns with resistive films
have been proposed[3]-[5]. Besides FSS-based absorber, other
electromagnetic absorptive structures, such as SSPP-based
absorbing structures have also been applied to the package
scenarios[6]. However, these structures typically have larger
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dimensions, and their absorption bandwidth is inadequate,
making them limited for applications in chip packaging
scenarios. The coating-absorbing materials  absorb
electromagnetic waves through the magnetic loss or dielectric
loss based on the inherent properties of the materials[7]. In
order to enhance the absorption performance of traditional
absorbing materials, one method is to improve impedance
matching conditions by attaching a layer of dielectric with a
lower dielectric constant onto the surface of absorbing
materials with a higher dielectric constant[8]. Nevertheless,
the absorption depth of the coating materials is still not ideal
enough.

In order to further improve the radiation suppression in the
chip-packages, in the following sections, the specific structure
of a porous absorber is firstly discussed in detail, which is
followed by a comprehensive analysis of the working
mechanism of this structure, employing the effective medium
theory combined with attenuation coefficient and impedance
matching conditions. Finally, the absorber is placed within a
chip-package model for simulation and experimental
verification. The measured results demonstrate that the
absorber can achieve a -12 dB absorption band in the 20-30
GHz range within the chip-package model.

II.  ABSORBER DESIGN

A. Structure Design Details

Metal

Magnetic absorbing material

(a) (b)
Fig. 1. The proposed absorber: (a) 3D view; (b) side view

TABLE I
PARAMETERS OF THE ABSORBER UNIT
Parameters p T h hb
Values (mm,) 2.33 0.5 1.3 0.2
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