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ABSTRACT This paper investigates on the rarely studied negative group delay (NGD) RF circuit with 
innovative stop-band (SB) behavior. In difference with the classical filter, the SB-NGD function is 
identified in function of frequency bands where the group delay (GD) presents negative sign. The ideal 
diagram specifying the SB-NGD function is introduced by indicating all the appropriate parameters. The S-
parameter analytical model of the circuit is established. The SB-NGD analysis is developed. The main 
specifications of the SB-NGD circuit are expressed in function of its constituting components. Then, the 
design synthesis equations enabling to determine the SB-NGD circuit in function of the desired 
specifications as the center frequency and GD are built up. To illustrate concretely the feasibility of the SB-
NGD function, a circuit proof-of-concept composed of LC-series network is theoretically analyzed. A 
parametric analysis on the SB circuit elements is accomplished to appraise the influence of each element on 
the SB-NGD specifications. To validate the unfamiliar SB-NGD theory, a prototype is fabricated and 
tested. The GD measured response of the considered circuit is compared by simulations and analytical 
calculations. SB-NGD responses showing a good agreement between the calculation and simulation are 
obtained with a 15 MHz center frequency, 44 ns GD and 3 MHz bandwidth. 

INDEX TERMS Circuit theory, negative group delay (NGD) topology, RLC-network, Stop-band (SB) 
NGD analysis, SB-NGD synthesis, SB-NGD design, S-matrix modelling. 

I. INTRODUCTION 
HE negative group delay (NGD) theory and design is 
one of most intriguing and unfamiliar research topics in 

RF engineering nowadays. Tentative of tremendous 
applications of NGD circuits notably in the area of radio 
frequency (RF) and microwave engineering [1-13]. However, 
compared to other electronic and communication functions as 
antenna, filter, amplifier, modulator, mixer, phase shifter and 
oscillator, the NGD function requires more research works 
especially in academic area to be familiar to all electronic 
engineers. A review synthesis of some NGD applications is 
reported in [1]. Thanks to the NGD function, different 
applications as: 
• An efficient technique of group delay (GD) 

compensation by considering the algebraic addition of 

positive and negative delays was developed [2-4]. 
• The technique was also exploited to the RF and 

microwave signal integrity especially for the 
improvement of distortion [5, 6]. 

• The combination of positive GD and NGD circuits was 
an innovative technique for designing RF and 
microwave phase shifters [7, 8]. 

• A very promising future application of NGD circuit for 
the phase array antenna in order to reduce the delay 
effect was proposed in [9, 10]. 

• An innovative application of NGD circuit to realize 
non-Foster reactive elements was also proposed [11]. 
Based on this technique, a design technique of negative 
capacitance was introduced [12]. 

• And very recent research about the application of tri-
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band NGD circuit for wireless system was presented 
[13].  

Nevertheless, many of RF, microwave and electronics 
engineers have further questions because of non-familiarity 
to NGD function. Therefore, a state of the art about the 
most fundamental NGD circuit theory is necessary. Thanks 
to the natural analytical relation between the refractive 
index and group velocity, it was also investigated that the 
negative group index optical media are equivalent to the 
possibility or propagate pulse waves under negative group 
velocity [14-15]. By taking into account the physical length 
of the media, the possibility of pulse signal propagating 
with NGD within a coaxial photonic crystal was 
demonstrated [16]. The concept of negative refractive index 
was democratized in early 2000s thanks to the revolution of 
metamaterials [17-19]. These artificial materials are 
expected to exhibit both negative permittivity and negative 
permeability [17-19]. The metamaterial passive structures 
are also known to operate with left-handed properties [19] 
which is the inverse of well-know and familiar right-handed 
property associated to electromagnetic (EM) wave 
propagation in natural media as transmission line (TL). 
Thanks to the use of particular structures as split ring 
resonator (SRR) [18], RF and microwave NGD passive 
circuits were designed. It was also found that there is a 
possibility to design NGD circuits with resistive lossy left-
handed TLs [19]. Nonetheless, most of metamaterial 
circuits operate with NGD effect under significant losses. 
Therefore, new research direction was open to design low-
loss and compact NGD passive circuits [21-26]. The best 
solution of low-loss and compact effects is the design of 
distributed NGD passive circuits with TLs [21-24]. Then, 
evolutive design of NGD circuits with tunable center 
frequency property was successfully developed [22]. To 
avoid loss effect, active NGD circuit was also proposed 
[27]. It can be understood at this state of bibliographic 
study that the NGD circuits can be designed with different 
structures. Reaching this phase of NGD design 
understanding, many questions are still open especially 
about the fundamental NGD circuit. To answer to the 
curious question, a state of the art about the most 
fundamental NGD circuit theory is described in the follow 
paragraph. 

Based on the consideration of transfer function 
magnitude and GD, it was underlined that there is an 
analogy between the filter theory and NGD theory [28-29]. 
The concept of low-pass (LP) [28-31], high-pass (HP) [28-
29, 32-33], and even bandpass (BP) [28-29, 34-35], NGD 
functions are innovatively initiated. It is worth to emphasize 
that because of the NGD intriguing properties and our 
familiarity to the filter terminologies, we may confuse LP-
filter and LP-NGD [28-31], HP-filter and HP-NGD [28-29, 
32-33], and BP-filter and BP-NGD [28-29, 34-35] 
functions. The identification of these different types of 
NGD functions enables to classify in the simplest ways, all 

the NGD circuits. But at this stage, we may wonder about 
the main fundamental differences between the filter and 
NGD theory. As answer to that curious query, the filter 
circuit theory is based on the transmittance magnitude 
diagram, and however the NGD circuit response analysis is 
based on the GD diagram. Keeping this difference in mind, 
unfamiliar LP-NGD circuits with GD negative from 0 to the 
NGD cut-off frequencies were designed [28, 29-31]. Then, 
less familiar NGD circuits with HP-NGD behavior were 
designed [28-29, 32-33]. So far, the most of RF and 
microwave NGD circuits [32,34] were designed to operate 
as BP-NGD function. 

The NGD circuit theory inspired from the filter one opens 
a huge research work in order to be familiarized with the 
specialist. We can emphasize that the majority of papers 
published about the NGD circuit engineering [1-27] are 
focused on either LP- or BP- type NGD functions. So far, 
many curious questions rising from NGD researchers about 
the design method of stop-band (SB) type NGD circuits. 
For example, we may curiously ask about the feasibility of 
SB-NGD circuit design. This curious query motivates us to 
study the SB-NGD circuit design method in this paper 
whose outline will be presented in the next subsection. 

Despite the progress of research work on the NGD circuit 
design [1-31], so far, few investigations are available in the 
literature on the design of the class of SB NGD circuits [32, 
36-37]. The present study is addressing the first SB-NGD 
circuit design by considering an LC-series network circuit. 
The paper is organized in the five main sections as follows: 
• Section II describes the topological representation and 

S-matrix modelling of the SB-NGD circuit under 
study. 

• Section III introduces the SB-NGD circuit theoretical 
analysis. 

• Section IV investigates on the parametric analysis of 
SB-NGD circuit proof of concept (POC).  

• Section V presents the prototyping and experimental 
validation results of the SB-NGD circuit.  

• Then, Section VI is the final conclusion.  
 
II. TOPOLOGICAL STUDY NECESSARY TO IDENTIFY 
THE SB-NGD CIRCUIT 
The present section examines the S-matrix representation of 
two-port topology. The SB-NGD function specifications are 
defined. 
 
A. S-MATRIX REPRESENTATION 
Similar to most of RF and microwave circuits, the 
modelling of the SB-NGD ones is based on the 
consideration of the equivalent S-matrix. Fig. 1 represents 
the general block diagram of a two-port circuit. 
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FIGURE 1. Two-port S-parameters black box. 
 
By considering the angular frequency variable , the S-
parameter model can be analytically defined by the 2-D 
matrix: 

                                   (1) 

In the case of a symmetrical passive circuit, this S-matrix 
can be reduced thanks to the following 

equality  and . Taking 
into account these equations, we can follow the frequency 
responses necessary for the SB-NGD analysis in the 
following subsection. 
 
B. RECALL ON FREQUENCY RESPONSE 
PARAMETERS NECESSARY FOR THE SB-NGD STUDY 
The main quantities necessary for the NGD analysis of RF 
and microwave circuits are the magnitude, phase and 
essentially the GD. The reflection and transmission 
magnitude coefficients are respectively defined by 

 and . The phase 

represents the argument of the transmission coefficient 
. And the NGD analysis must be 

obviously preceded by the GD expression which is defined 
by: 

.    (2) 

We emphasize that the GD represents the delay of 
propagation signal envelopes which can be physically 
understood from the group velocity. 
 
C. SB-NGD FUNCTION SPECIFICATIONS 
Similar to the filter theory, the NGD response is defined in 
function of the existence of frequency band where the GD 
previously expressed in equation (2) becomes negative 

. Figs. 2 show the ideal graphical diagrams of 
the SB-NGD specifications, meanly the GD, the 
transmission and reflection coefficients. According to Fig. 
2(a), the SB-NGD analysis is fundamentally linked to the 
determination of the circuit specifications as: 

• i) The NGD cut-off frequencies   

and  which are the roots of the GD: 

   (3) 

• ii) The NGD center frequency ,   
• iii) The NGD bandwidth  

and the NGD value: 

.     (4) 
 

 
FIGURE 2. Ideal frequency responses of (a) GD, (b) reflection and (c) 
transmission coefficients of SB-NGD function. 

 
Reflection and transmission coefficients can be respectively 
defined as: 

     (5) 

.     (6) 
 
D. DIFFERENCES BETWEEN THE CLASSICAL AND SB-
NGD FUNCTION 
It is worth to note that according to the regular filter theory, 
the VTF is essentially specified from the magnitude. 
However, the SB-NGD function is based on the exploration 
of GD. Table I summarizes the main differences between 
the SB-NGD and filter functions. The SB-NGD 
characteristics which will be explored in the remainder part 
of the paper can be understood from this table. 
 
TABLE I. COMPARISON BETWEEN CLASSICAL BP FILTER AND SB-NGD 
FUNCTIONS 
Parameters Classic BP filter SB-NGD function 
Fundamental 

basis  Transmission coefficient magnitude GD 

Cut-off 
frequency  Equation (3)  

Center 
frequency  Equation (4) 

 
Knowing the basic definition, the SB-NGD analysis of the 
LC-series network-based topology under study is 
theoretically investigated in the following section. 
 
III. SB-NGD CIRCUIT ANALYSIS 
The fundamental analysis of SB-NGD circuit is elaborated 
in the present section. 
 
A. S-PARAMETER MODELING 
Fig. 3 depicts the topology of the two-port passive and 
symmetric circuit under study. The considered topology is 
composed of series impedance constituted by a resistance in 
parallel with an LC-series network. We can denote the LC-

jw

[ ] 11 12

21 22

( ) ( )
( )

( ) ( )
S j S j

S j
S j S j
é ù

= ê ú
ë û

w w
w

w w

11 22( ) ( )S j S j=w w 12 21( ) ( )S j S j=w w

11 11( ) ( )S S j=w w 21 21( ) ( )S S j=w w

21( ) arg ( )S jé ù= ë ûj w w

( )( )GD ¶
= -

¶
j ww
w

( ) 0GD <w

1 12 f=w p

2 22 f=w p

1

2

( ) 0
( ) 0

( ) 0
GD

GD
GD

=ì
= Þ í =î

w
w

w

0 02 fw p=

2 12 f= = -Dw pD w w

0 0( ) 0GD GD= <w

11 0( ) 1S A= <w

21 0( ) 1S B= <w

21 1 21

21 2 21

( ) max[ ( )] / 2

( ) max[ ( )] / 2

S S

S S

w w

w w

ì =ï
í

=ïî

21 0 21( ) max[ ( )]S Sw w=



  

VOL. 12, NO. 4, DECEMBER 2023  29 

network equivalent admittance: 

    (7) 

with the resonance frequency which will be assumed as the 
center frequency off the SB-NGD response . 
 

 
FIGURE 3. SB-NGD circuit under study. 
 
Based on the circuit theory, we can demonstrate that the 
admittance matrix model of our circuit can be expressed by: 

.  (8) 

Based on the Y-to-S matrix transform [32], we have the 
corresponding S-matrix: 

      (9) 
where R0=50 Ω is the reference impedance. It is worth to 
note that R0 represents the reference impedance associated 
to the S-parameter calculation. It is associated to the 
terminal charges and sources connected to Port1 and Port2 
of the circuit under study. After exploitation of this 
relationship, we have the reflection and transmission 
coefficient analytical results, respectively: 

   (10) 

.   (11) 

The frequency domain analysis proposed in subsection II-C 
leads to the following theoretical formulations. 
 
B. S-PARAMETER MAGNITUDES 
The magnitude of the reflection coefficient given in 
equation (10) is equal to: 

   (12) 

where: 

.   (13) 

The magnitude of the transmission coefficient proposed in 
equation (11) is written as: 

   (14) 

with: 

.   (15) 

 
C. PHASE AND GD ANALYTICAL RESPONSES  
From the transmission coefficient proposed in (11), one can 
express the transmission phase as: 

      (16) 
The proposed circuit GD derived from this phase 
expression via equation (2): 

 (17)  

with: 

  (18) 

It can be noticed that the GD expressed in (16) presents 
numerator and denominator expressions as polynomial 
quantities which may have a negative sign. 

D. SB-NGD EXISTENCE CONDITIONS  
The SB-NGD specifications are indicated by the ideal 
diagram in Fig. 2. Therefore, we can determine analytically 
each parameter of the SB-NGD response by considering the 
S-parameter and GD model established in the previous 
subsection. Substituting the resonance frequency,  
into the GD expressed in equation (17), we have: 

.    (19) 

It can be notice that this GD is always positive for any 
parameters of the circuit shown in Fig. 3. In addition, it can 
be derived by substituting  into the reflection and 
transmission coefficients given in equations (12) and (14) 
that and . The roots of the GD 
written in equation (17) are: 

 (20) 
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 (21) 

At the very low frequencies, the GD written in equation 
(17) becomes: 

.    (22) 

This GD is always negative whatever the parameters R, L 
and C of the circuit under study. To demonstrate that 

is negative, let us consider the angular 
frequency with integer, n>2. Substituting the 
resonance frequency,  into the GD expressed in 
equation (17), we have the expression of  
as follows: 

. (23) 

The denominator of this last expression is always positive. 
However, the numerator can be positive when: 

.  (24) 
In other words, this inequality can be rewritten as: 

.    (25) 

or 

.    (26) 

This means that when previous condition is satisfied, we 
have . This final analytical demonstration states 
that at certain higher frequencies, the GD of our circuit is 
unconditionally negative. The combination of equations 
(18), (22) and (26) enables to affirm that the circuit under 
study behaves theoretically as SB-NGD function. 

E. SB-NGD DESIGN EQUATIONS 
The SB-NGD circuit design can be performed in function 
of the desired center frequency, f0, GD value, GD0, 
reflection and transmission coefficients, and NGD 
bandwidth. By inverting the equation of the GD proposed 
in equation (19), we can determine the capacitor by the 
equation: 

     (27) 

From the resonance frequency equation, we have: 

     (28) 

At very low frequency ( ), the reflection coefficient 
proposed in equation (12) can be expressed as:  

    (29) 

By inverting the equation, S11=A, from this last equation, 
we have: 

     (30) 

To verify the feasibility of the developed SB-NGD theory, 
a synthesis of POC from expected specification will be 
analyzed in the following section. 
 
IV. PARAMETRIC ANALYSIS OF SYNTHESIZED SB-NGD 
CIRCUIT 
The feasibility of the SB-NGD circuit is introduced in the 
presented section by synthesizing a POC of lumped circuit. 
A sensitivity analysis is based on analytical calculation by 
sweeping the resistor, inductor and capacitor values. The 
calculated reflection and transmission coefficients, and GDs 
are performed by using MATLAB® from expressions (12), 
(14) and (17) respectively.  
 
A. SYNTHESIS OF SB-NGD CIRCUIT POC 
The relevance of the previously established S-parameter 
and GD models is verified by synthesizing the POC of the 
passive and ideal circuit introduced in Fig. 3. The POC was 
designed to have the desired specifications given in Table II 
which indicated the center frequency, GD and NGD 
bandwidth. 

TABLE II. Desired specifications of the SB-NGD function 
Designation Name Value 

Centre frequency fc 15 MHz 

GD GD0 44 ns 

Matching level A Aa=-12 dB Ab=-10 dB 

NGD Δf 3 MHz 
 
The calculations were carried out from previously 
established formulas (27), (28) and (30). The calculated 
values of R, L and C components constituting the SB-NGD 
circuit POC is addressed in Table III. The influence of the 
passive circuit components on the SB-NGD function can be 
understood from the parametric and sensitivity analysis. 
Each lumped RLC component varies on a defined range of 
values between +/-5%. The SB-NGD sensitivity study 
focuses on the analysis of the GD, the transmission and 
reflection parameters with respect to frequency. 

TABLE II. Component values of the considered POC circuit 
Nature Name Value 

Resistor R Ra=33.5 Ω Rb=46.2 Ω 

Inductor L 2.2 µH 

Capacitor C 51.2 pF 
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The SB-NGD function parametric analysis results are 
elaborated in the next subsection. 
 
B. PARAMETRIC ANALYSIS OF RESISTOR R=Ra 

In this last case of sensitivity analysis, the influence of 
resistor R=Ra+/-5% from 31.825 Ω to 35.175 Ω on the SB-
NGD response is investigated. Accordingly, Figs. 4 depict 
the computed results of cartographies versus (f, R). These 
mappings highlight how GD, S21 and S11 behaves under 
variation of resistive element R. It is particularly interesting 
to state here that the SB-NGD behavior is kept in the range 
of the resistive element variation. Then, we can underline 
that the center frequency does not change with the resistor 
variation. 

 
FIGURE 4. Mappings of (a) GD, (b) S21 and (c) S11 vs (f, R). 
 
C. PARAMETRIC ANALYSIS OF INDUCTOR L 
The sensitivity analysis of inductance L+/-5% of the LC 
series-network is discussed in the present paragraph. The 
inductor is varied linearly from 2.09 µH to 3.01 µH. Fig. 5 
highlights the results represented by GD, S21 and S11 
mappings in function of pair (frequency, inductor) or (f,L). 
The SB-NGD behavior is observed at any value of the 
inductor in the considered range of sensitivity analysis. It 
can be seen from Fig. 5(a), that the GD decreases when L 
increases. Furthermore, as depicted by Fig. 5(b) and Fig. 
5(c), the transmission and the reflection coefficients 
decrease when L increases, respectively. Then, the center 
frequency decreases when L increases from 2.09 µH to 3.01 
µH. 

 
FIGURE 5. Mappings of (a) GD, (b) S21 and (c) S11 vs (f, L). 

 
D. PARAMETRIC ANALYSIS OF CAPACITOR C 
In this case, we are focusing on the influence of capacitor 
element on the SB-NGD response. Figs. 6 represent 
cartographies versus (f, C) of the sensitivity analysis with 
respect to capacitor C. 
 

 
FIGURE 6. Mappings of (a) GD, (b) S21 and (c) S11 vs (f, C). 

 
By varying this later, we can emphasize that the considered 
LC-network circuit conserve its SB-NGD behavior. 
Furthermore, the mapping plots of GD, S21 and S11 present 
similar behaviors with increase of their absolute values 
when C+/-5% varies from 48.64 pF to 53.76 pF. Then, the 
capacitor C influences inversely the value of the center 
frequency. 
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E. DISCUSSION ON THE SB-NGD PARAMETRIC 
ANALYSIS RESULTS 
The previous sensitivity analyses permit to emphasize about 
the SB-NGD response influence versus the individual 
variation of each resistive, inductive and capacitive 
components constituting our circuit topology. It was found 
how the SB-NGD responses is conserved and also the basic 
parameters as GD, S11 and S21 are slightly sensitive to the 
component variations. It is particularly important to note 
that in the considered range of variation, parallel resistance 
R influences significantly the SB-NGD parameters. Then, 
the linear variation of reactive components L and C affects 
monotonically the NGD center frequency shift.  

The sensitivity analyses enable to choose the appropriate 
and nominal values of SB-NGD circuit as POC to perform 
the comparative study between the theory and simulation 
from well-known electronic designer engineer commercial 
tool.  

To verify the feasibility of the developed SB-NGD 
theory, a validation study is examined in the following 
section. 
 
V. VALIDATION OF THE LC-SERIES NETWORK SB-NGD 
BEHAVIOUR 
The validation results of the SB-NGD circuit are 
investigated in the present section. A prototype of 
fabricated lumped circuit is described. Then, the 
experimental validation results based on comparison with 
MATLAB® analytical calculation and commercial tool 
simulation will be discussed. 
 
A. SB-NGD PROTOTYPE AND EXPERIMENTAL SETUP 
DESCRIPTION 

The relevance of the previously established S-parameter 
and GD models is verified by designing the POC of the 
passive circuit. Fig. 7(a) displays the schematic of the 
simulated circuit. The POC circuit was schematized as a 
two-port circuit constituted by a parallel resistor with an 
LC-series network. This circuit POC is designed in the 
schematic environment of the electronic and RF/microwave 
design simulator of the ADS® commercial tool from 
Keysight Technologies®. Fig. 7(b) represents the 
photograph of the fabricated prototype which was 
implemented on FR4 epoxy substrate.  
 

 
FIGURE 7. (a) ADS® schematic and (b)prototype photograph of the SB-NGD 
circuit POC. 

 
The nominal values of SB-NGD circuit POC are addressed 
in Table IV. The lumped commercial components having 
+/-5% tolerances were considered for the fabricated 
prototype of the SB-NGD passive circuit under study. 

TABLE IIIV. Nominal values of the fabricated SB-NGD circuit prototype 
components 

Nature Name Value 

Resistor R Ra=33 Ω Rb=47 Ω 

Inductor L 2.2 µH 

Capacitor C 51.2 pF 
 
Fig. 8 shows the photograph of the prototyped SB-NGD 
circuit experimental setup by using vector network analyzer 
(VNA) referenced by MS2036C 10 kHz=20 GHz from 
ANRITSU®. The proposed experimental validation is 
based on comparison between the calculated and simulated 
S-parameters. The measurement tests were accomplished 
by the SOLT calibration. 
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FIGURE 8. Comparisons between (a) magnitude and (b) phase of the 
transmission coefficients of the POC circuit from SPICE® simulation and the 
calculated model. 

 
The obtained S-parameter simulation results were generated 
by using the well-known electronic designer engineer 
commercial tool. The next subsections are focused on the 
simulated and measured verification of the SB-NGD 
behavior. 

B. VALIDATION RESULTS OF CALCULATED, 
SIMULATED AND MEASURED SB-NGD PROTOTYPED 
CIRCUIT 
The S-parameter results of the SB-NGD circuit POC and 
prototype exposed by Figs. 7 were generated in the 
frequency domain from 10 MHz to 20 MHz. As expected, a 
good agreement between the theoretical, simulated and 
experimented S-parameters is observed over the considered 
frequency range. The comparisons between calculated 
(noticed by “Calc.”, plotted in solid navy-blue curve) 
simulated (presented by “Simu.”, plotted in dotted black 
curve) and measured (noticed by “Meas.”, plotted in dashed 
red curve) and reflection are plotted in Fig. 9(a). It can be 
underlined that the reflection coefficients are all below -10 
dB in the frequency band under consideration. Furthermore, 
the result showing the measured, simulated and calculated 
transmission coefficients is displayed in Fig. 9(b). The 
transmission coefficients with optimal frequency of about 
13.55 MHz are literally better than -3 dB. 

 
FIGURE 9. Comparisons between the calculated, simulated and measured 
(a) reflection and (b) transmission coefficients of the SB-NGD circuit POC 
shown in Figs. 7. 

 
The comparison of SB-NGD circuit POC GDs displayed in 
Fig. 10. The modelled GD presented in this paragraph was 
computed from the analytical expression given in equation 
(16). It can be seen clearly that the topology of LC-network 
based circuit behaves as a SB-NGD function. The 
transmission coefficients are in good agreement despite the 
discrepancies of measured result due to the tolerance of 
used inductor and capacitor. The quality factor difference 
between the measurement and the predicted one is due to 
the parasitic and inaccuracies of the real components. 
 

 
FIGURE 10. Comparison of calculated, simulated and measured GD 
responses of the SB-NGD prototype presented by Figs. 7. 

TABLE IV. Calculated, simulated and measured SB-NGD parameters from 
the prototype shown by Figs. 4. 

Name f0 S11(f0) S21(f0) 

Calculation 13.55 MHz -0.001 dB -50.45 dB 

Simulation 13.4 MHz -0.014 dB -38.14 dB 

Measurement 15.5 MHz -1.35 dB -19.6 dB 

 
Table V summarizes the specifications of the SB-NGD 
responses. The obtained results of the present section 
enable to confirm concretely the feasibility of the SB-NGD 
function generation with the symmetric lumped circuit. The 
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most important remark from this study is that investigation 
on how to design a SB-NGD function is validated. 

VI. CONCLUSION 
An innovative SB-NGD theory of resonant passive RF 
circuit is developed. The SB-NGD study is originally based 
on the S-parameter modelling. First, the theoretical analysis 
of the general circuit assumed as a two-port circuit is 
introduced. Then, the basic specifications of the SB-NGD 
ideal responses are defined. The theoretical investigation is 
established with a passive and symmetric circuit constituted 
by an LC-series network. Afterwards, considerable 
sensitivity analyses with respect to the resistive and reactive 
components constituting our SB-NGD topology are 
performed. The proposed circuit SB-NGD circuit theory is 
validated by comparison between the calculated, simulated 
and measured circuit POC and prototype. As expected, the 
SB-NGD behavioral results are in very good agreement. 
The obtained results enable to confirm the effectiveness of 
the theoretical modelling for predicting the SB-NGD 
topology responses. 

The NGD circuit engineering has very promising and 
wide future application. The NGD circuits are very good 
candidates for the development of future electronic and 
communication components, devices and systems. As non-
exhaustively examples of preliminary work on NGD circuit 
Radio system: 
• RF signal delay compensation in the communication 

system [3]; 
• RF and microwave signal integrity improvement [5]; 
• And design of negligible delay broadband BP-NGD 

phase shifter [7, 8]. 
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