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(A Suppression of the Undesired Radiation on the
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Abstract

The defected ground structure (DGS) for microstrip structure can be used to protect analog/RF
signal from SSN interference of digital circuits on PCB with common ground. However, the basic
DGS gives rise to undesired emissions that may interfere with nearby circuitry due to the ground
discontinuity. In this paper, we have proposed the modified structure, Corrugated DGS and the
method to reduce the radiation by adding the lumped resistor on the proposed Corrugated DGS.

Keywords : DGS, SSN, EMI/EMC

I. Introduction

Recently, the digital and analog/RF circuits have
been packaged on single Printed Circuit Board (PCB)

with common ground for the several reasons in meny
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digital communications. However, since the high
speed digital circuits using CMOS tend to produce
significant simultaneous switching noise (SSN) levels
and generally digital signal contains several spurious
harmonic frequencies, they may interfere with main
signal of analog or RF circuits when the common
ground 1S used”. The high frequency harmonic and
non-harmonic components are seldom specified on the
assumption that they can be eliminated using
conventional EMC techniques such as filtering,
grounding and isolating. The high frequency radiation
and interference problems due to ground resonance
are often discovered during the system EMC and
crosstalk measurement.
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The ground resonance issues must be addressed at
early design stages. Otherwise, expensive and time-
consuming design iterations are necessary to solve
this problem. The method for this problem to split
their ground by slot on ground plane was proposedm.
It makes isolation for AC bhetween digital and
analog/RE circuits while leaving only a small DC
connection to maintain a common reference potential.
In this paper, we propose the Defected Ground
Structure (DGS™ as a solution to protect the main
signals of analog or RF from SSN
interference of digital circuits due to common ground.
Even if the basic DGS can be a good solution for

SSN problems, it gives rse to undesired emissions

circuits

that may interfere with nearby circuitry. Therefore,
we propose a modified structure, Corrugated DGS, to
reduce radiation of the undesired Electromagnetic field
in high frequency range while maintaining good
isolation between the digital and analog/RF circuitry.
It can reduce the radiation due to third harmonic
frequency more than the fundamental frequency. Also,
suppressed the radiation due to the
fundamental frequency by adding the tumped resistor
on the proposed Corrugated DGS. The results of this
paper can be applied to the design of Printed Circuit
Board using the high speed mixed signals to improve
the EMI characteristic.

we have

. Modelling and Characteristic

Fig. 1 shows the three dimensional schematic of
the basic DGS for microstrip structure. The
equivalent modelling for DGS is represented in Fig. 2,
and transmission charactenstic, 521, of the hasic DGS
is like as Fig. 3.

From the parallel RLC network in Fig. 2, Sa is as
following'.

LS 1 2m L LRI = w! LC)* + w’L?)
2 4 2R~ W' LO + wLXR+2Z,)" @

The resistance, R can be obtained from S2 at the

] yie—

[T ]
] /m

Stotin hS Groung Plane
Ground Piane

Drelectdic,
Substrate

22 1. 712 DGS9 FERE
Fig. 1. 3-D view of basic DGS.
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Fig. 2. Lumped Equivalent Model.
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Fig. 3. Characteristics of Transmission.

resonance frequency as

- 1
RV2ZD( 15211 1)|w=w° (2)
The capacitance, C can also be by choosing the

bandwidth ( w; — w1} with Sy =a at W= w,= wy,

_ VA (R+22)'— 42}

¢ 2 Z,RV 1-a* (wy— w)) 3

Then the inductance, L will be calculated by
substituting C into the following eguation,

(629)
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M. Measured and Simulated Results

All structures in this paper are fabricated on a

45mm by 30mm substrate with €, of 233, a
thickness of 3lmil and the microstrip line on the slot
has 50chm characteristic impedance at 5GHz. The
simulated results are obtained by using the three
dimensional EM simudator, HFSS of Ansoft, and the
measured results are obtained from an Agilent 8510C
network analyzer. Fig. 4(a) shows the structure of
the basic DGS and Fig. 4(b) shows one for the
Corrugated DGS that are simulated and measured in
this study. Fig. 5
transmission  characteristic  between  slotted  ground
structure and Corrugated DGS.

When signals are transmitted from portl to port 2

shows the comparison of
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Fig. 5. The Characteristics of structures in Fig. 4.
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Fig. 4. The structures used in this paper.

on microstrip line in the Slotted ground structure, the
fundamental frequency at half effective wavelength
equals to the slot length and its odd harmonics pass
through the slot and radiate. The transmission

characteristic, S21 is represented in Fig. 5(a). The
structure isolates the left side and the right side of
slot. In Fig. 5(a), fundamental
frequency is 17.58dB at 442GHz and isolation for the
third harmonic is 14.18dB at 13.16GHz. The isolation

characteristic for the fundamental frequency can be

isolation for the

used to increase isolation between digital circuit and
analog/RF circuit, but odd mode harmonics give rise
to radiation of unwanted electromagnetic field that
may be EMI source. We modified the structure of
slot to eliminate the third harmonic of frequency as
Fig. 4(b), and we obtained an isolation of 24.52dB at
the fundamental frequency 3.28GHz and could
eliminate the harmonics as shown in Fig. 5(M). In this
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structure, the frequency of isolation was shifted lower
because the effective inductance was increased. The
structure in Fig. 4(a), Corrugated DGS has good
isolation at the fundamental frequency. However, it
also radiates EMI through the slot. It is necessary to
control the isolation characteristic depending on the
levels of digital signal. If the isolation is too much,
the radiation gets higher at the lower frequency
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Fig. 6. Corrugated DGS with Resistor.
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Fig. 7. Calculated Electric Field Strength(dBuV/m).

range. We can control the isolation characteristic
using the lumped resistor on the slot as shown in
Fig. 6. The near field strength for the slotted line
structure, Corrugated DGS without a resistor and
with a 100ohm resistor are compared by simulation
using EM simulator in Fig. 7.

IV. Conclusion

The Slotted ground structure of Fig. 4(a) can be
used to protect analog or RF signals from SSN
interference of digital circuit, but it gives rise to
undesired radiation. The electric field strength was
about a 66 dBuV/m at 44GHz due to the fundamental
frequency and about a 55 dBuV/m at frequency of
132GHz due to the third harmonic frequency as
shown in Fig. 7. The proposed Corrugated DGS in
Fig. 4(b) have reduced the radiation at the high
frequency range compared with result of the basic
DGS, but the electric field strength for low frequency
range does not changed above a 65 dBuV/m. We
have suppressed radiation above 30 dBuV/m for low
frequency range using the 100ohm lumped resistor on
the slot of the Corrugated DGS. The results of this
paper can be applied to the design of Printed Circuit
Board that contain digital and analog /RF circuit in
order to suppress the EMI and to have good isolation
between circuits. Also, we can apply this approach to
design of the wvariable attenuators for specific
frequencies by using the result of Fig. 6.
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