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Abstract—Unintentional as well as intentional 
electromagnetic interference can cause improper 
functionality of microwave circuits or systems. In this 
paper, our attention is focused on transient response 
characterization of microwave MESFET amplifiers, which 
are used widely in the integration of communication 
circuits and systems, under the impact of an intentional 
electromagnetic interference(IEMI) source  but with 
different waveforms, respectively.  The mathematical 
treatment is based on two-port lumped networks FDTD 
method. Parametric studies are carried out to shows 
effects of the EMI waveforms, its magnitudes on the 
transient coupled voltages on the input-output of the 
microwave MESFET amplifiers, with sufficient 
information obtained for understanding the interaction 
between the IEMI source and the microwave MESFET 
amplifier. 
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I.  INTRODUCTION 
Intentional electromagnetic interference (IEMI) refers to 

“intentional malicious generation of electromagnetic energy 
introducing noise or signals into electrical and electronic 
systems, thus disrupting, confusing, or damaging these 
systems for terrorist or criminal purposes”[1]. Such an IEMI 
can be generated by a high-power microwave source, such as a 
pulse antenna. On the other hand, it is known that the trend of 
microwave circuits is being moved  towards highly hybrid 
integrated system, such as monolithic microwave integrated 
circuits (MMIC), etc. Physically, a microwave amplifier with 
active devices can be easily disturbed by a EMI source, such 
as an ultra-wideband EMP. 

Generally speaking, there are two major approaches for 
incorporating passive and active lumped devices into finite-
difference time-domain (FDTD) method to analyze the hybrid 
microwave circuit [2]. One approach is to use the S-
parameters to represent the devices [3] and the other is to use 
an equivalent SPICE model to account for the devices [4]. In 
this paper, our attention is focused on using the two-port 
lumped-network FDTD (TP-LN FDTD) method to investigate 

transient responses of a microwave MESFET amplifier 
illuminated by an external EMI. 

 

II． FROMULATION 
To incorporate the two-port lumped network (TP-LN) 

into the FDTD method, two electrical nodes are used to 
interface the FDTD mesh with two-port lumped networks. The 
two symmetric electrical 1xE and 2xE  are used to interface 
with the lumped networks, as shown in Fig. 1(a), and the 
Ampere’s equation, at nodes 1xE and 2xE , is then 
complemented by adding current density term 1xJ and 2xJ to 
take the lumped networks into account [4], respectively. This 
term is discretized by using a time average, so we can obtain 
the following equations: 
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The two-port networks are defined in terms of its 

admittance matrix in the Laplace domain as follows: 
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where pI and , 1, 2pV p = are the port terminal current and 
voltage, respectively.  

In the Laplace domain, the V-I relation of a two-port 
lumped-network can be expressed as  
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where the admittance ( )pqY s  is a rational function for 
one-port and a matrix consisting of rational functions for 
multi-port cases, respectively. Therefore, we have  
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where ( , )p q
ma and ( , )p q

nb are real-valued coefficients, 

pqM and pqN  are the order numbers of the model, respectively. 
We can change the ( )Y s  into the Z-domain using the bilinear 
transform [5]. In the Z-domain, (5) is turned into  
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where the coefficients ( , )p q

mp and ( , )p q
nq  are obtained from 

( , )p q
ma and ( , )p q

nb , and this discretization procedure preserves the 
second-order accuracy of the conventional FDTD. 
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Fig. 1. The configuration of a MESFET microwave circuit. (a) The TP-LN 
connected to two FDTD cells, (b) three-dimensional structure, (c) Top and 

lateral view of the hybrid circuit, and (d) the equivalent circuit for MESFET. 

 
To transfer (4) into the Z-domain, we have 
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where n n
q xqV E x≈ ∆  and 1 1

2 2n n
p xpI J y z+ +≈ ∆ ∆ , then we can obtain 

from above equations that 
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Therefore, this equation allows a two-port lumped-

network to be incorporated into the FDTD, but still preserving 
the explicit nature of the Yee’s scheme. 

 

III． NUMERICAL RESULTS AND DISCUSSIONS 
 
We consider the equivalent circuit of the linear model of 

a general MESFET microwave amplifier [4]. The MESFET 
device is placed at the microstrip gap, as shown in Figs. 1(b) 
and 1(c), respectively. The scattering parameters of the hybrid 
circuits are captured by the TPLN-FDTD algorithm. It spans 
several FDTD cells, which corresponds to the length of the 
microstrip gap. The four ideal wire of single cell are used to 
connect the MESFET device to the strips and to the ground. 
The microstrip substrate has dielectric constant 2.17rε =  and 
a thickness 0.254H mm= . The line width is 0.79w mm= , 
which corresponds to an impedance of approximately 
50 Ω .The microwave amplifier is illuminated by an external 
EMP, and it is described by a triple-exponential function as 
follows: 
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To check the accuracy of our two-port lumped-network 

FDTD code, we at first to calculate the S-parameters of the 
microwave MESFET amplifier, with no external EMI source 
implemented. The S-parameters are obtained using the Fourier 
transform at the end of FDTD iteration. The input and output 
voltages at points 1 and 2 are shown in Fig. 2, respectively. 
Fig. 3 shows the simulated S-parameters of the microwave 
amplifier, as compared with the ADS results given in [4]. It is 
obvious that excellent agreements are obtained between them.  

Then, we pay our attention to the transient response of 
the microwave MESFET amplifier, illuminated by an external 
high-power EMP. The incident EMP direction is set to be 

135oϕ = and 90oθ = , with a polarization angle of 
90o assumed. In our simulation, the output and input ports are 
terminated by a 50Ω matched load, respectively, when the 



amplifier is illuminated by an external EMI source. The 
induced voltages at the input/output ports of Fig.1 (c) and the 
two terminals of the MESFET device in Fig.1(d) are plotted in 
Fig. 4 for 0 58 /E kV m= . It is found that the external high-
power wideband EMP can induce as high as 11.09 V and 2.1 
V voltages at the output/input ports, and even as high as 
16.98V and 1.48V at the two device terminals, respectively.  
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Fig. 2. The reflected and total voltage at input/output ports, respectively. 
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Fig. 3. Comparisons of S-parameters in the TPLN-FDTD and ADS. 
 

We now change the magnitude 0E of the incident 
intentional EMI source, and set it to be 2.9 /kV m , 
and 5.8 /kV m , respectively. For practical case, the amplifier 
will be shielded by a metallic enclosure. Under such 
circumstances, the inner input EMI signal magnitude will be 
much smaller than that of the external source.  

In Fig. 5, it is shown that as the magnitude of the incident 
EMP decreases, low voltage signals are induced at two output 
ports, as compared with those in Fig. 4(a), respectively. 
Therefore, it is important to design the some packaging 
enclosure to further suppress the EMI signal impact on the 
amplifier. 
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Fig. 4. (a)The induced voltages at the input/output ports of the amplifier, 
respectively; and (b) the induced voltages at the device terminals. 
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Fig. 5. The induced voltages of the amplifier for different magnitudes of the 
incident EMP recorded at (a) at input port (b) at output port. 



IV. CONCLUSION 
The FDTD method is implemented to characterize EMI 

effects on the microwave MESFET amplifier caused by an 
external IEMI source. According to our simulation, the effects 
of different geometrical and physical parameters of the devices 
as well as the waveform parameters of the IEMI source on the 
interfere responses at both input and output ports can be 
predicted. Of course, certain protection method can be further 
implemented so as to suppress the IEMI impact on the 
wideband communication circuits and systems. 
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