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Abstract 
The resonance effect issue is regularly found in EMC 
engineering. Different experimental methods were 
proposed to alleviate this EMC issue. This paper 
describes an original method of negative group delay 
(NGD) equalization of electromagnetic (EM) cavity 
effect. The bandpass (BP) NGD design as an unfamiliar 
engineering is analytically formulated. The proposed 
method feasibility is shown with 42×28×3.8 cm-size 
cavity simulation by using RLC-series network-based 
BP-NGD active circuit. By means of about -4 ns NGD 
value at 0.644 MHz centre frequency, resonance effect 
reduction with 1-dB flatness is discussed. The 
comparison between the NGD and time-reversal 
methods is under study. 

1 Introduction 
Time reversal (TR) was popularly used as a method for 
acoustic and EM signal processing [1-3]. It is reversing 
in time (t→-t) system's response signals. TR was 
efficiently exploited as EMC solutions to treat and to 
localize disturbances and resonance of EM effect [2-3]. 
But TR requires expensive and time cost 1-D, 2-D and 
3-D full wave simulations. The NGD engineering seems 
a prominent solution against the EMC and signal 
integrity (SI) issues. We would like to develop an 
alternative method of opposite delay based on 
bandpass (BP) type NGD-equalization [4-6]. Reduction 
of resonant cavity effect remains a hot topic for EMC 
engineers [7-9]. In the present paper, by means of 
group delay (GD) opposite, an equalization of EM cavity 
resonant perturbation is introduced. 
2 EM cavity resonance equalization NGD-method 
Fig. 1 illustrates the scenario of EM cavity NGD-
equalization under study.  

 
Fig. 1: Configuration of NGD equalized EM cavity. 

This rectangular enclosure can be modelled by RcLcCc-
resonant network with eigen mode resonance 
frequency:  
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with light speed c and (m,n,p) are mode indexes [7-9]. 
We recall that for 2-port circuit having reference 
impedance R0=50 Ω, modelled by ω=2πf frequency 
dependent S-parameters: 

 


 

 
=  
 

11 12

21 22

( ) ( )
[ ( )]

( ) ( )

c c

c

c c

S j S j
S j

S j S j
  (2) 

 the GD is defined by: 

   = − ( ) ( ) /c cGD     (3) 

where   = 21( ) arg[ ( )]c cS j  is the transmission phase 

with GD. To reduce the resonance effect, we proceed 
from the opposite of signal delay induced by the cavity 
GD given by: 

= +110 0 0( ) 2 / ( 2 )c c c cGD f R R C R R  (4) 

We remark that this delay is naturally positive. The NGD 
equalization principle is analytically formulated by 

  21 21( ) ( ) 1c nS j S j  by denoting the NGD circuit 

transmission coefficient 21 ( )nS j . For this reason, the 

NGD active circuit is designed with low-noise amplifier 
(LNA) cascaded to the EM cavity as depicted in Fig. 1 to 
generate the opposite delay. 
3 NGD specifications and synthesis equations 
Thanks to the analogy between GD and magnitude 
behaviors, an innovative theory stating different types of 
NGD circuits [10]. The BP-NGD specifications as center 
frequency fn, cut-off frequencies f1,2 and values 
tn=GD(fn)<0 which must be negative are based on 
magnitude and GD diagrams as illustrated by Figs. 2. 
Similar to classical RF ones, the NGD circuits are also 
characterized by insertion and reflections losses as 
S11n(fn)=A and S22n(fn)=B. 

 
Fig. 2: NGD ideal specifications: (a) GD and (b) S-

parameters. 

The BP-NGD equalizer design methodology is 
organized by following steps: 
❑ Step 1: Definition of EM cavity resonance effect 

(center frequency, bandwidth, peak of magnitude) 
❑ Step 2: EM cavity delay modelling [7-9] 
❑ Step 3: BP-NGD topology identification [10] 



❑ Step 4: Formulation of BP-NGD equalizer synthesis 
equation by considering the opposite delay 
represented by NGD value tn=-GDc(f110) and return 
loss A: 

= −02 / (1 )R R A A    (5) 
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To get overall transmission coefficients close to unity, 
we can choose the amplifier gain by the equation: 

 −21 110( ) / (1 )cg S f A    (8) 

It is noteworthy that for EM cavity and NGD equalizer 
matching, a LNA with neglected return and isolation loss 
is considered. 
❑  Step 5: Proof of concept (POC) design and design 

of BP-NGD circuit parameters 
❑  Step 6: Validation 
As POC for further understanding, a resonant RLC 
model perturbation is described in the next section. 
3 EM cavity NGD-equalized results 
As POC, we consider the EM cavity with size 
Lx×Ly×Lz×=42×28×3.8 cm. The equivalent model (Rc=47 
kΩ, Lc=930 pH, Cc=65 pF, Ca1=180 fF, Ca2=280 fF, 
n1=1, n2=0.7) [9] including the NGD-equalizer designed 
in ADS® schematic environment is sketched by Fig. 3.  

 
Fig. 3: ADS® design of NGD equalized EM cavity. 
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Fig. 4: (a) Magnitudes, (b) GD and (c) phases of cavity, 

NGD and equalized structures. 

The considered EM cavity resonance frequency is about 
f110≈0.644 GHz. By means of formulas (2)-(5) and by 
targeting reflection coefficient A=-10 dB and further 
optimization, two-cell NGD circuit was designed with 
parameters R=46.3 Ω, L=454 pH, C=133 pF and g=7 
dB. Figs. 4 represent the EM cavity (red dashed “Cav.” 
line), NGD (blue dotted “NGD” line) and equalized 
(black solid “Eq.” line) structures transmission 
coefficient magnitudes, GDs and phases simulated from 
0.5 to 0.8 GHz. The opposite delay can be seen with 
GD diagram of Fig. 4(b) with flat GD≈-4.6 ns under 0.5 
ns variation from fa=0.639 GHz to fb=0.657 GHz. As 
expected, significant resonance reduction effect is found 
from fa to fb showing reduction of EM cavity GD from 4 
ns to less than 1 ns and also magnitude flatness 0.3 dB 
variation. Moreover, the equalized structure operates 
with flat transmission phase as illustrated by Fig. 4(c). 
4 Conclusion 
An original method of EM cavity NGD equalization for 
EMC application is studied. The BP-NGD circuit design 
is introduced. The method feasibility is discussed with 
interesting simulation results. Comparison of the NGD-
equalization effectiveness and TR method is expected 
in the future of the present research work. 
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