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Power Absorption of 3D Printed Layers on a Microstrip Line

Chung-Yen Hsu and Lih-Shan Chen”

Abstract—Power-absorbing layers on a microstrip line prepared by 3D printing are investigated in this
study. Polylactic acid (PLA) with added carbon is used in the 3D printing process for the preparation
of the power-absorbing layers. The S-parameters of the 3D-printed layers are measured using a vector
network analyzer. The effect of the layer thicknesses on the power absorption which enables high-
frequency devices to function correctly is discussed. As the layer thickness increases, the magnitude of
S11 increases while the magnitude of S5 decreases accordingly. The experimental results show that the
power absorption is within 80-95% (sheet resistance: 75.1€/(0-823.76 2/0J), in the frequency range of
2-6 GHz. In addition, simulated S-parameter analysis was performed using a high-frequency structure
simulator. The simulation results are in good agreement with the experimental results.

1. INTRODUCTION

High-frequency unwanted electromagnetic interference (EMI) from signal transmission lines or
electromagnetic waves affects the performance of electronic systems. EMI comprises conducted emission
(CE) and radiated emission (RE), while electromagnetic susceptibility (EMS) includes conducted
susceptibility (CS) and radiated susceptibility (RS) [1]. Many types of magnetic or non-magnetic
films on a microstrip line have been proposed [2-5] for power absorption. Various techniques such
as RF magnetron co-sputtering, metal-organic chemical vapor deposition, and pulsed laser deposition
have been used to fabricate power absorption films. Other methods for power absorption include
the use of shield gaskets [6] and filters [7,8] for absorbing the power from RF. In recent years,
3D printing technology has experienced significant progress and is now available in various fields.
The fused deposition modeling (FDM) printing technique is used with commercial materials like
acrylonitrile butadiene styrene (ABS) or polylactic acid (PLA) for realizing different thicknesses,
patterns and composite materials. An internal mesh layer with a varying conductive polymer volume
content fabricated using the 3D printing process was prepared for EMI shielding structures [9]. The
electromagnetic shielding performance of the 3D-printed polymer composites in the C-band of the
electromagnetic spectrum (3.5-7.0 GHz) was investigated [10]. In [11] PLA-based composite materials
were adopted as microwave circuit-analog (CA) absorbers. Prototype absorbers with approximately
a 0.1)\¢ thickness exhibited 20dB of absorption at the resonant frequencies. In [12], polylactic acid
was used as a dielectric material and a conductive pattern was realized by applying silver paste to the
3-D printed dielectric structure and preparing miniaturized metamaterial absorbers. Noise suppression
at gigahertz high frequency is required in printed circuit board and in an RF transmission line. In
our previous study the power absorption characteristics of films on a microstrip line prepared by spin
coating and screen printing were investigated [13,14]. In this work, 3D printing process was used to
prepare the power absorption layers on a microstrip line. The absorption of power by 3D printed
technology was evaluated and the S-parameters and ratio of power loss (Pjss) to input power (FPj,)
are discussed. In addition, the experimental results are compared with the simulation results obtained
using a high-frequency structure simulator (HFSS).
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2. FABRICATION

The 3D printing material used to create layers on an FR4 substrate is commercially available electrically
conductive PLA CDP11701 (manufactured by Proto-Pasta) [15]. CDP11701 is a composite of a carbon
black conductive fiber and a polylactide resin, which has the advantages of good adhesion and a high
melt flow rate. The 3D printing equipment ANET A6 is employed for pouring PLA over the layers in
different thicknesses. The parameter settings for 3D printing are listed in Table 1.

Table 1. Anet-A6 3d printing parameter settings.

No. Parameter Level
1 Print temperature (°C) 180
2 Height of deposition (mm) 0.1
3 Printing speed (mm/s) 60
4 Travel speed (mm/s) 120
5  Heated bed temperature (°C) 60

The 3D printed power-absorbing layer is located in the central part of the transmission line (40 mm
x 3mm) on an FR4 substrate. The FR4 substrate has a thickness of 1.6 mm, a dielectric constant
gr of 4.4 and a loss tangent of 0.02. The power-absorbing layer has dimensions of 40 mm x 30 mm
and different thicknesses ranging from 0.2 to 2mm, as shown in Figure 1. In this study, Mitutoyo
Digimatic micrometers with a range of 25.4 mm and a resolution of 0.001 mm are employed for measuring
the thicknesses of the 3D printed layers. A vector network analyzer, E5080B VNA (KEYSIGHT),
is employed for S-parameter (return loss and insertion loss) measurements, and full two-port SOLT
calibration is used to perform 85052D 3.5 mm mechanical calibration. Simulated S-parameter analysis
of the microstrip line with or without 3D printed layers was performed using an HFSS (Ver. 11.1.3,
Ansoft Co.).

3. RESULTS AND DISCUSSION

The sheet resistances of 3D-printed layers with different thicknesses are listed in Table 2. The expected
thickness of 3D printed layers is chosen to obtain an extensive range of sheet resistances. The expected
thickness ranges from 0.2 mm to 2 mm while the measured thickness ranges from 0.182 mm to 1.981 mm,
as listed in Table 2. The value of the electrical conductivity of the 3D-printed material (PLA CDP11701)
which is 6.67S/m is used in the calculation of the sheet resistance. The sheet resistance (Rs) of
the 3D-printed specimens is inversely proportional to the layer thickness (¢) and is calculated using
Rs = 1/(o*t), where o is the conductivity. The sheet resistance decreases from 823.76/0 to 75.71 /0
with an increase in the thickness from 0.182 mm to 1.981 mm, as listed in Table 2.

Table 2. Sheet resistance of 3D printed specimens with different thicknesses.

Expected Thickness (mm) 0.2 0.5 1 2
Measured Thickness (mm) 0.182 0470 0.986 1.981
Conductivity (S/m) 6.67 6.67 6.67  6.67
Rs (2/0) 823.76  318.98 152.05 75.71

The injected microwave power includes the reflected, transmitted, and absorbed powers. The
reflected and transmitted powers are calculated from S;; and Sa; given in Egs. (1) and (2), respectively.
The absorbed power is defined by the ratio of the power loss (Pss) to the input power (F;,) of the
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Figure 1. Structure of 3D-printed layer on microstrip line. (a) Power absorbing layer on microstrip
line, (b) using vector network analyzer S parameters.

layers on the microstrip line, as represented in Eq. (3).

511 = 2010g|F| (1)
Sp1 = 20log|T| (2)
Pioss/Pim = 1 —|S11]> — |Sa1|* (3)

The magnitude of Sy; for specimens without a 3D-printed layer is rather small, indicating less
reflection in the microstrip line, as shown in Figure 2. However, the attachment of a 3D-printed layer
onto the microstrip line changes the characteristic impedance of the transmission line. As the layer
thickness grows from 0.182mm to 1.981 mm, the magnitude of Si; increases and moves towards the
value of 0 dB. An increase in the layer thickness results in a higher wave reflection in the microstrip line
due to an increased impedance mismatch at the boundary of the power absorption layer.

Figure 3 shows the frequency dependence of S9; for 3D-printed specimens with an increasing
thickness from 0.182mm to 1.981 mm. The magnitude of So; for specimens without a 3D printed
layer decreases slightly with the frequency from a value of 0dB which shows highly transmitting
characteristics. With an increase in the 3D printed layer thickness, the magnitude of Sy; decreases.
The transmission signal attenuation at a frequency of 6 GHz shifts from —8dB to —19dB while the
layer thickness increases from 0.182mm to 1.981 mm, as shown in Figure 3. In comparison with the
values in Figure 2 and Figure 3, the magnitude of S;; increases with an increase in the layer thickness,
while the magnitude of S; decreases accordingly.

As there is a small gap between the microstrip line and the 3D printed layer, a strong capacitance
is formed, and a current is induced in the 3D printed layer by an electrical field from the microstrip
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Figure 2. Frequency dependence of S1; for 3D Figure 3. Frequency dependence of S3; for the
printed layers with different thicknesses. 3D-printed layers with different thicknesses.

line. When the electromagnetic wave signal reaches the 3D printed layer on the microstrip line, the
power loss mechanism consists of ohmic loss through the electric field around the microstrip line. Power
absorption by ohmic loss is expressed by Eq. (4) [2]

1 t+T
P=_ o | FE*dvdt (4)
T J AV

where T' is the time of one cycle, o the electrical conductivity, E the electric field strength, and V' the
volume of the 3D printed layer. According to Eq. (4), at a given electrical conductivity, the ohmic power
loss is proportional to the layer thickness. Therefore, when the 3D printed layer thickness is increased,
ohmic power loss increases and the magnitude of So; decreases, as shown in Figure 3.

Different 3D printed layer thicknesses result in different power absorptions (Pjyss/Pin), as shown in
Figure 4. The Py,ss/ Pi,, value increases as the measured frequency increases. In addition, the Pyss/Pin
value of the thicker layer (lower sheet resistance) is higher than that of the thinner layer (higher sheet
resistance) measured at the same frequency. We observed that the specimens with a 0.470 mm layer
thickness (corresponding to 318.982/0J) exhibited a power absorption (Pss/Pin) of 80% at 2 GHz.
Simulation and experimental results of Py,ss/ P, for 3D-printed layers with thicknesses of 0.182mm,

0.470 mm, and 0.986 mm are shown in Figure 5. The simulation results agree well with the experimental
results.
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Figure 4. Frequency dependence of Ps/P;,  Figure 5. Simulation and experimental results
for 3D-printed layers with different measured  of P/ P, for 3D-printed layers with different
thicknesses. thicknesses.
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Table 3. Comparisons of films in terms of high-frequency power absorption.

Reference Film Process Pioss/Pin, (70% up)  Cost
2] ITO Sputtering 1.5 GHz High
B] Co-Al-O Sputtering 2 GHz High
[4] Fe3Oy Sputtering 0.75 GHz High
[5] Co-Pd-Al-O Sputtering 3 GHz High
[14] Carbon Black Screen Printing 3GHz Low
Proposed PLA + Carbon Black 3D-Printing 1.2GHz Low

Table 3 presents the power absorption characteristics of the 3D printed layer in this work in
comparison with those reported in [2-5, 14]. In contrast to sputtering process, the proposed 3D printing
process for the preparation of a power absorbing layer has the advantages of lower manufacturing cost
and an easier process. In addition, the power absorption characteristics Pyss/ Py, is greater than 70%
measured at 1.2 GHz and is within the range of 80-95% measured in the frequency range of 2-6 GHz.

4. CONCLUSION

In this study, 3D printed PLA+carbon black-based layers are proposed for high-frequency power
absorption on a microstrip line. The experimental results show that the absorption power is within
the range of 80-95% in the frequency range of 2-6 GHz. The simulation results agree well with the
experimental results. The 3D-printing technology enables the fast, economical, and environment friendly
fabrication of power absorption layers. The results of this study can be applied to suppress noise that
conducts through conductors in printed circuit board and in an RF transmission line.
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