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Abstract 

This paper focus is on the neutralization technique of the 

unwanted parasitic effects on radio frequencies (RF) and 

digital electronic circuits. Most of parasitic effects induced 

in these circuits can be modeled by RC- and LC-networks. 

For canceling these disturbing effects, we can proceed with 

operation as transfer function neutralization in the 

considered operating frequency bands. The neutralization 

presented in this paper is developed by using first, a left-

handed (LH) and negative group delay (NGD) circuits 

inspired from metamaterials. The theoretical approach 

illustrating the RC- and LC-effects neutralization is 

described. Synthesis relations enabling to determine the 

elements of required LH and NGD circuit correctors in 

function of the perturbation parameters are established. 

Numerical and experimental demonstrators are presented to 

validate the technique proposed.  

 

Keywords: Negative group delay (NGD), RC-/LC-effects, 

neutralization technique, left-handed (LH) circuit, signal 

integrity (SI). 

 

1. Introduction 

Long ago, Sommerfeld and Brioullin [1-6] investigated the 

problem of the light propagation in the region of the 

dispersive media having dispersive refractive index )(ωn  at 

the angular frequency ω . They pointed out theoretically that 

in this region which appeared generally within an absorption 

line, the group velocity )(ωgv  can be superluminal, i.e., 

greater than the vacuum speed of light c and can even 

become negative: 

 [ ]{ }ωωωωω ∂∂ℜ⋅+ℜ= /)()]([/)( nenecvg . (1) 

In this case, we realize negative group velocity (NGV) 

phenomena. These later were confirmed by Garrett and 

McCumber by calculating in details, the possibility to 

propagate superluminally a Gaussian pulse [7]. They 

underlined that Gaussian output pulses still suffer little 

distortion from its initial one. The first experimental 

verification of this NGV phenomenon was performed in 

1982, by Chu and Wong by using laser pulses propagating a 

GaP:N sample as shown in [8]. To verify the existence and 

illustrate the significance of this extraordinary phenomenon, 

many theoretical and experimental demonstrations were 

performed [8-16]. This counterintuitive phenomenon was 

explained from the pulse reshaping because of constructive 

and destructive interferences in the frequency band of 

anomalous dispersion. In this region, it was shown several 

times, that the group refractive index )(ωgn  can become 

negative [12-18]. In this case, the group velocity, which is 

defined as: 

)(/)( ωω gg ncv = ,  (2) 

 and the group delay )(ωτ  whose both are related by: 

)(/)( ωωτ gvL= ,   (3)  

By considering a medium with length L can be also 

negative. To study this counterintuitive phenomenon in 

electronic domain, it is more general to start with the group 

delay parameter )(ωτ  instead of the group velocity )(ωgv . 

Moreover, for any device modelled by a transfer function 

)( ωjT , the group delay can be determined directly via the 

analytical definition:  

ωωωτ ∂−∂∠= /)()( jT .  (4) 

Since the early 1990s, the possibility to generate negative 

group delay (NGD) phenomenon has been confirmed in 

electronic domain thanks to the topology of circuit proposed 

by Chiao and his co-workers [19-22]. The first NGD circuit 

composed of an operational amplifier in feedback with 

passive networks mainly composed of resistor(s), 

inductance(s) and capacitance(s) as described in [23-24]. 

With this topology, Kitano and his collaborators highlight 

the meaning of the NGD phenomenon by using a circuit 

showing the occurrence of output voltage pulse wave front 

before the input one penetrating in the circuit [23-24]. In this 

case, they demonstrated visually that a LED at the output 

can be switched on before that one connected at the input of 

the NGD circuit. However, such NGD circuit operates only 

up to some hundreds kHz [23-25]. It was stated that the 

NGD effect does not contradict the causality principle [19-
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26]. In addition, the left-handed (LH) lumped passive circuit 

capable to generate NGD effect for microwave signals up to 

GHz has been introduced by the group of Mojahedi [15-16]. 

The topology of this circuit was established from the 1D 

metamaterials modelling of the array split ring resonators 

having simultaneously negative permittivity and negative 

permeability. This extraordinary physical concept was, first, 

proposed by Veselago in 1968 [27] and then, experimented 

in the early 2000s by Pendry and Smith [28-31]. Several 

experiments confirmed the physical existence of the 

superluminal and NGD phenomena with negative refractive 

index media [32-37]. In the presence of losses, the NGD 

generated by NGD passive media is accompanied by 

excessive losses [15-16, 38-40]. So, the applications are still 

limited in low frequencies. To overcome this physical 

roadblock, more recently, NGD active topologies for 

microwave signals were proposed [41-44]. These active 

topologies are constituted by RF transistor or amplifier 

associated with passive lumped networks. It was 

demonstrated theoretically and experimentally that these 

circuits are capable to generate simultaneously significant 

NGD level and amplification, and respecting all criteria of 

microwave active devices as the access matching and 

stability. The time delay limitation of NGD circuits is 

investigated in [45-46]. 

Based on the NGD function, different applications for the 

design of innovative oscillator [47], balun [48], phase 

shifters [49-51], pulse compression generator [52] and feed 

forward amplifier [53-54] were developed in electronic 

areas. In addition, further applications for the reduction of 

signal delays were also proposed based on the neutralization 

of the disturbing effects in the electronic systems [51][55-

57]. The neutralization technique proposed in [57] is 

interesting for reducing the degradation caused the electrical 

interconnections in the printed circuit board (PCB) and 

microelectronic systems instead of the technique based on 

the use of repeaters [58]. 

With the increase of the operating data speed, the 

microelectronic signals propagating through the PCB 

interconnections and wireless propagation channels are 

victim of undesired degradations [59-64]. In circuit 

approach, this later can be usually modelled by RC-, LC- 

and RLC-networks. To reduce these effects, an efficient 

technique enabling to annihilate the RC-delay was also 

introduced by using base band NGD circuits [57]. It was 

shown that the RC-effect for high-speed applications can be 

cancelled [51]. Till now, few methods are available to 

neutralize the typically resonating effects modelled by LC-

networks. For this reason, LC-effect neutralization 

techniques are developed in this paper by using LH- and 

NGD-circuits operating with modulated signals.  

To highlight the feasibility of this concept, theoretic, 

simulation and experimental analyses are performed. Section 

2 introduces the fundamental principle of the neutralization 

technique proposed. The next three sections are the 

applications of this technique for cancelling the undesired 

electrical effects modelled by base band and resonating 

networks. The final section is the general conclusion. 

 

2. Fundamental principle of the neutralization 

technique proposed 

The unintentional parasitic circuits occurred in the most of 

physical systems can be modelled by black box of the 

transfer function denoted Td. Ideally, the neutralization 

technique can be traduced by the implementation of a 

system with outputs equal to its inputs (vin = vout). In this 

case, by denoting s the Laplace variable, the transfer 

function should be equal to unity as introduced in [51]: 

T(s) = Vout(s)/Vin(s) = 1.   (5) 

To achieve this operation, the parasitic function can be 

multiplied with the corrector transfer function 

mathematically defined as [51]: 

)(/1)(1)()()( sTsTsTsTsT
dcorrectorcorrectord

=⇒≈⋅= . (6) 

This analytical solution can be implemented by cascading 

the system Td with Tcorrector. So, one proposes to exploit the 

configuration presented by the block diagram depicted in 

Fig. 1. 

T c o rre c to r( s )T d ( s )

 
Figure 1: Disturbing system in cascade with the correction 

system [50]. In the ideal case, the frequency responses as the 

magnitude, phase and group delay of the correction system 

must be respectively expressed as: 

 )(/1)( ωω
dcorrector
TT = ,   (7) 

)()()( ωωωϕ jTjT dcorrectorcorrector −∠=∠= ,  (8) 

ωωωωϕωτ ∂∂∠=∂−∂= /)(/)()( jTdcorrectioncorrector . (9) 

In the remainder of this paper, these expressions will be 

used for synthesizing neutralization circuits in function of 

the disturbances. 

3. LC-effect cancellation with LH active circuits 

Since the early 2000s, various microwave engineering 

applications of the LH concept have been proposed in the 

literature [65-68]. So, innovative microwave devices (filter, 

antenna, power divider, coupler…) were designed [65-68]. 

At the beginning, the LH-circuits were inspired thanks to 

the analogy with the metamaterials susceptible to operate 

with negative phase- and/or group-velocities [69-71]. 

Contrarily to the classical transmission lines which are 

categorized as right-handed (RH) structures, these LH 

circuits exhibit positive phase values in certain frequency 

bands.  

(a ) (b )

 
Figure 2: Purely (a) RH- and (b) LH- elementary cells. 

 

One of the most expanded applications of these circuits is 

based on the use of composite right- and left- handed 

(CRLH) cells which are composed of LC- and CL-circuits 
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as shown in Fig. 2 [70-71]. However, the application of LH 

circuits is somehow restricted due to losses of input 

reflection and mismatch. Therefore, different numerical 

approaches dedicated to the analysis of LH structures were 

proposed [72-75]. In this section, a synthesis method of LH 

active cell for the neutralization of the LC-effect is 

introduced. To get more insight about the functioning of 

this LH active concept, a theoretical analysis on the 

cancellation technique of the LC-effect is presented based 

on the examination of the S-parameters. Then, validation 

results are presented and discussed. 

3.1. Theoretical approach on the LC-effect 

neutralization technique  

For compensating the LC-effect, we use LH active circuit 

based on the configuration explained in Fig. 3. It consists of 

cascading the disturbing LC-network with an active circuit 

formed by a transistor ended by LH cell.  
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Figure 3: LC-circuit compensated with LH active circuit. 

 

Along this study, to simplify the analytical expression, the 

transistor is supposed comprised of a transconductance gm 

and a drain-source resistance Rds, here, included in the 

matching resistance R. Therefore, the scattering parameters 

of the circuit shown in Fig. 3 are expressed as: 
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For the reference impedance denoted Z0 = 50Ω, by 

supposing: 

  )/(1 2
0ω⋅= LC ,   (14) 

with ω0 is an angular frequency, the magnitude and phase of 

the transmission parameter S21 of the LC-circuit alone are 

respectively given by: 

)()2(
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To neutralize this attenuation and phase shift at the given 

frequency ω1, this relation must be verified: 
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By solving this equation system, the following synthesis 

relations are established: 

 
⎥⎦
⎤

⎢⎣
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000
/ ZRRZL

l
ω ,  (18) 

and 
⎥⎦
⎤

⎢⎣
⎡ += )(/1 00 ZRRC

l
ω .   (19) 

According to the desired value of the total transmission 

gain
21
S , the transistor characteristic gm must be equal to:

 
RZRZL

RLRZZS
gm

⋅−⋅

⋅⋅+⋅−
=

000

222

0

22

0

4

021
4

ω

ω
. (20) 

In this case, the minimal value of the output parameter 

0)( 122 =ωS  is obtained if: 

 )/()( 2
0

2
1

2
0

2
10 ωωωω +−= ZR ,  (21) 

It is noteworthy that when 
01

ωω = , the expressions of the 

compensating LH-cell elements introduced in (18) and (19) 

are transformed as: 

  )2/( 00 ωRZL
l

⋅=   (22) 

and   )/(1 2
0ω⋅=

ll
LC .   (23) 

In this case, the transistor parameters can be extracted from 

the desired value of the output parameter S22 with formulae: 

 )/( 0021 RLRZSgm ⋅+= ω ,  (24) 

with )1/(4 2
22

2
220 SSZR −⋅= .   (25) 

One recalls that the matching resistance Rm can be 

determined from the equivalent resistance relation 

mds
RRR /1/1/1 += . Meanwhile, the matching resistance 

can be defined with the equation )/( RRRRR
dsdsm
−⋅=  . 

To verify the relevance of this LC-effect cancellation 

technique, simulations are conducted in the next subsection. 

3.2. Validation with SPICE simulations 

First, it should be emphasized that the simulation results 

presented in this paper were run with the electronic and 

microwave circuit simulator Advanced Design System 

(ADS) from Agilent
TM

. Then, during the simulations, an 

arbitrary LC-network with parameters L = 2 nH and C = 2.2 

pF was considered. At the given frequency f1 = 1 GHz, the 

LH active circuit elements Ll = 15 nH, Cl = 7.8 pF and R = 

62 Ω are synthesized. Then, after sensitivity studies with 

tolerances fixed to ±10%, one gets the simulation results 

displayed in Figs. 4. These graphs illustrate the 

neutralization of the transmission gain S21 and phase p21. 

One can see that with LH active circuit parameter variations 

of 10%, S21 and p21 relative variations only of about 1.5% 

are found. In addition, analysis of the transistor parameter 

influences was also performed by varying first, gm and 

fixing Rds = 100 Ω, and then, varying Rds and fixing gm = 20 

mS. Therefore, the results shown in Figs. 5 were realized. 

These later explain that the gain compensations can be 



76 

 

carried out from certain values of the used transistor 

parameters.  
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Figure 4: Magnitudes (a) and phases (b) of the LC, LH-cell 

and compensated circuit transmission parameters. 
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Figure 5: (a) S21(f1) vs gm and (b) S21(f1) vs Rds. 

3.3. Remarks and discussions 

A neutralization technique enabling to cancel out the LC-

effect degradation is presented in this section by using an 

LH active circuit comprised of a transistor cascaded with a 

series capacitor ended by a parallel inductance. Synthesis 

expressions enabling to determine the compensator are 

established according to the operating frequency and the 

LC-parameters. To validate the synthesis method, results in 

very good agreement with the theory were found. In the 

continuation of this work, this technique will be used for 

improving the microwave device performances and the 

signal integrity (SI). 

4. Resonating effects cancellation with NGD 

circuit for modulated microwave signals 

The resonance phenomenon is one of the effects susceptible 

to disturb most of physical systems. In this section, we 

propose a cancellation technique of the resonance effect 

essentially modelled by parallel LC-network. To do this, the 

microwave NGD circuit formed by a transistor associated 

with RLC series network developed in [41-42] is used. Fig. 

6 represents the configuration considered to perform this 

neutralization technique. 
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Figure 6: Resonating cell model in cascade with an NGD 

circuit.  

 

Similar to the previous study established in section 3, the 

resonating circuit generating the perturbation is cascaded 

with the NGD circuit corrector. 

4.1. Synthesis of the NGD circuits in function of the 

considered resonance parameters 

The synthesis process introduced in this subsection is aimed 

to the determination of neutralizer elements in function of 

the perturbation RpLpCp around the resonance: 

 CLCL pp ⋅== /1/1
0

ω .   (26) 

Around this frequency, one establishes that knowing the 

transistor characteristics, the S-parameters of the whole 

circuit shown in Fig. 6 are expressed as: 

 )/(2)( 00021 ZRRZgS mNGDRLC +=− ω , (27) 

 )/()( 00022 ZRZRS
NGDRLC

+−=− ω ,  (28)  

The corresponding group delay is equal to: 
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As aforementioned, the neutralization is realized when:  

  
⎩
⎨
⎧

=

=

−

−

0)(

1)(

0

021

ωτ

ω

NGDRLC
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By solving this last equation, we obtain the following 

synthesis formulae in function of the parameters Rp, Lp and 

Cp: 

  )12/( 00 −⋅= mgZZR ,  (31) 

)/())(( 0
2
000 ZLZRZRRL pp ω++= . (32) 
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In this case, the capacitance value can be deduced by 

inverting equation (26). 

4.2. Application results 

To validate the concept, one proposes to neutralize the 

resonating effect with arbitrary parameters Rp = 43 Ω, Lp = 

5 nH, Cp = 5 pF was performed. The resonance frequency is 

set at f0 = 1 GHz. The employed transistor is characterized 

by the transcoductance gm = 100 mS and the drain-source 

resistance Rds = 200 Ω. By using relations (31) and (32), the 

following NGD circuit parameters R = 5.5 Ω, L = 2.9 nH 

and C = 8.7 pF are synthesized to perform the correction. 

The frequency responses of the whole circuit RLC-NGD 

under study are displayed in Fig. 7. As we can see, the 

RpLpCp circuit generates a significant attenuation more than 

-3 dB and positive group delay close to 400 ps around f1. 

Thus, thanks to the gain and group delay behaviours of the 

NGD circuit, a total gain around 0 dB with very good 

flatness and a group delay near zero thanks to the NGD 

going down up to about -1 ns are realized. As expected, we 

find that the total transmission parameter responses (plotted 

in black lines) are close to unity. 
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Figure 7: Transmission parameters of the circuit presented 

in Fig. 6. (a) Magnitude and (b) group delay. 

 

5. RC-effect cancellation with base band NGD 

circuits for the analogue-digital signal 

In this section, the neutralization technique under study is 

applied for enhancing the high-speed analogue-digital or 

mixed SI. To do this, after illustration on the used NGD 

circuit functioning developed in [51, 58-59], the analytical 

approach based on the transfer function of the RC-model 

and the RCNGD-circuit including the corrector NGD circuit 

will be explored. Then, validation experimental results will 

be explored. 

5.1. Experimentation of the proposed base band NGD 

circuit  

Fig. 8 depicts the base band NGD cell under study. The 

fabricated proof of concept is comprised of the PHEMT 

ATF-34143 transistor manufactured by Avago 

Technology
TM

 supplied with Vgs = 0, Vds = 3 V and Idss = 110 

mA. By using the ADS Momentum environment, the layout 

of the hybrid planar circuit was designed and implemented. 

It is noteworthy that this circuit is printed on the epoxy 

substrate FR4 with permittivity 3.4=
r
ε  and thickness 

h = 800 µm [41]. 

 

R

Transistor

L

   
Figure 8: NGD circuit used (R = 56 Ω and L = 220 nH). 

 

3.1.1. Frequency-domain results 

To generate the magnitude and the group delay responses of 

the fabricated circuit, one proceeds with the traditional RF-

circuit frequency measurement with vector network analyzer 

(VNA). Then, the transfer function was determined with the 

following relationship: 
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Figure 9: Comparisons of the simulated and measured 

frequency responses: (a) gain and (b) group delay [41]. 

 

As illustrated in Fig. 9(a), one obtains positive gain. The 

measured gain is slightly above the simulation, mainly due 

to the imperfection of the non linear model of the transistor 

used during the simulation. As revealed in Fig. 9(b), the 

measured group delay is well-correlated with the simulation. 

As expected, one observes that the prototype of the circuit 

tested provides a base band NGD up to 63 MHz which can 

go down below –2.5 ns.  
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3.1.2. Time-domain measurements:  

The diagram presented in Fig. 10 illustrates the considered 

experimental setup. It consists to retrieve the input (CH1) 

and output (CH2) signals successively. The time domain 

measured result is displayed in Fig. 11. Thanks to the NGD 

effect illustrated in Fig. 9(b), output signal in time-advance 

of about 1.5 ns compared to the input one was observed.  

 

 
Figure 10: Diagram of the experimental setup [41]. 
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Figure 11: Time-domain measured input and output 

(opposite sign) pulses. 

 

As sketched by the zoom in presented in the bottom of Fig. 

11, the leading and trailing edges of the output are equally in 

time-advance of 1.5 ns. This result reveals the apparition of 

negative frontal velocity corresponding to the signal levels 

included in 10 % and 90 % of its maximal value. In fact, this 

extraordinary physical phenomenon can occur only when 

more than 95 % of the input power spectrum density belongs 

in the NGD frequency band. So that, smoothed input signal 

is necessary in order to realize this time-advance effect. 

However, the signals presenting discontinuity as unit step 

Heaviside cannot propagate in negative delay because its 

frequency spectrum is ideally infinite. One points out that 

the group velocity of the structure tested is vg = -0.13c (c is 

the vacuum light speed).  

In the next subsection, this NGD topology will be employed 

for neutralizing RC-effects. 

5.2. Illustration of the neutralization effect in base 

band frequencies  

As argued in section 2, in order to realize the neutralization 

effect, we use the NGD circuit in cascade with the parasitic 

model. According to relation (7), the corrector magnitude 

response TNGD must behave as plotted in full line of Fig. 

12(a) to cancel the attenuation induced by Tp [58]. Similarly 

for the group delay according to relation (9), we must 

generate the NGD τNGD as illustrated in Fig. 12(b) in base 

band frequencies to annihilate the delay τp.  
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Figure 12: Illustration of the neutralization principle with 

frequency responses. (a) Magnitude and (b) group delay of 

the transfer functions Td(s) for the passive circuit, TNGD(s) 

for the NGD circuit and TNGD(s) for the cascaded system. 

 

In the next subsection, these frequency responses will be 

experimented with the neutralization of the RC-effect with 

the NGD circuit presented in Fig. 6.  

5.3. Analytical investigation of the RC-effect 

neutralization 

Fig. 13 represents the diagram of the RC-circuit neutralized 

by the base band NGD circuit. One can establish that this 

circuit presents the transfer function and DC gain, 

respectively expressed as:  
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Figure 13: RC- and NGD active-circuit cascaded [51, 58]. 

 

Thanks to the neutralization technique, we are trying to 

reduce the 50% propagation delay induced by the RC-circuit 

alone which is analytically expressed as: 

  Trc = RcC ln(2).    (36) 

To do this, in the next paragraphs, we will examine the 

frequency- and unit-step responses of the system defined by 

expression (34). 

5.3.1. Frequency responses of the RCNGD-system under 

study 

The transfer function expressed in (34) can be presented 

with the canonical form [58]: 
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where 
0

α  and 
1

α  are the real constants, and 
n

ω  and ζ are 

respectively the undamped natural frequency and the 

damping ratio. Then, it yields the following magnitude and 

phase responses, respectively written as: 
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The corresponding group delay is given by: 
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As reported in [75], with y(t) the unit step response of T(s), 

the 50% Elmore propagation delay Tpd50% which is defined 

as: 

y(Tpd50%) = y(∞)/2,  (41) 

will be [64]: 

  01 //2)0( ααωζτ −=
n

.  (42) 

Knowing that compared to the exact value of the 50% 

propagation delay, (42) presents a relative error more than 

30% due to the simplification of the exact model. For this 

reason, the study of the unit step response of T(s) in the next 

paragraph. 

5.3.2. RCNGD-circuit unit step responses  

This response is obtained when the unit step signal 

presenting Laplace transform: 

  X(s) = 1/s   (43)  

is injected at the input of the circuit shown in Fig. 16. The 

Laplace transform of the unit step response is given by: 

sssssXsTsY
nn
/)2/()()()()( 22

10 ωζωαα +++== . (44) 

Similar to the classical second order passive system with 

constant numerator, according to the nature of T(s) pole and 

the damping ratio ζ  compared to 1, we classify three 

categories of unit step response y(t) as shown by Fig. 14. We 

recall that according to the final value theorem: 
2

0 /)0()( nTy ωα==∞ .  (45) 
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Figure 14: Three types of the unit step response of system 

(37) according to the damping factor ζ .  

 

In the remainder of this paper, we denote ymax the maximum 

value of y(t) at instant time tmax. So that, the overshoot is 

expressed as:  

 [ ] [ ]maxmax /)0(1/)(1 yTyy −=∞−=ξ , (46) 

and the 50% propagation delay is the root of the equation: 

  )2/()( 2
0 npdTy ωα= .  (47) 

5.3.3. Case 1: 1=ζ Critically damping system analysis 

In this case, we have the unit step response: 
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with the maximal value y1max and overshoot 
1
ξ at the instant 

time t1max respectively given by: 
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It means that, the last one exists (t1max > 0) when: 
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 To keep the condition: 

 2
01max1 /)( nyy ωα=∞≤ ,    (53) 

we should expect the condition below:  
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10
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n

ωαα .   (54) 

Clearly, we see that this last condition is absolutely contrary 

to condition (52). According to expression (47), we propose 

another high accurate even exact solution below using the 

Lambert function W(x) [77-78] defined as: 

  xxWxW =)](exp[)( .  (55) 

Consequently, the 50% propagation delay will be: 
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where:  
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5.3.4. Case 2: 1>ζ Over-damping system analysis 

In this case, the unit step response can be expressed as: 

  )()()( 22212 tytyty += ,   (58) 
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where: 
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The optimal instant time is expressed as: 
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This optimum exists under the condition: 
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However, like the previous case, to avoid the overshoot or to 

keep: 

 2
02max2 /)( nyy ωα=∞< ,    (63) 

we must verify the opposite condition that is reduced to: 
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2
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We can find that, y2(t) is dominated by y21(t) because y22(t) 

decreases rapidly when t increases. Since, the expanding 

second order Maclaurin series y2a(t) defined in (65) presents 

Tpd inaccurate than that involving from y21(t). So, we have 

Tpd2 expressed in (66) yielded from the equation 
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5.3.5. Case 3: 1<ζ Under damping system analysis 

In this last case, we have the unit step response y3(t) and the 

overshoot 
3
ξ at t3max respectively expressed as:  
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Based on the time-domain behaviour of y3(t), we can assume 

that it presents an inflection point at Ti ( 0)(3 =ʹ′ʹ′
iTy ) which 

can be considered as its propagation delay and given by : 
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More accurate value of Tpd can be obtained by assuming 

y3(t) as its steepest slope of the thin black line displayed in 

Fig. 15. This line is defined from the tangent at the inflection 

point. Thereby, Tpd3 will be the root of equation: 

 2/)()())(( 3333 ∞=+−ʹ′ ytytTty iipdi .  (71) 

As result, the propagation delay can be written as: 
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Figure 15: Unit step response of the second order active 

system for 2
0

7
25.2,104,3.0

nn
ωαπωζ ===  and 

n
ωα =

1
 

illustrating the Tpd3 approximation associated to the response 

to 1<ζ .  

5.4. Validation results 

Fig. 16 displays the circuit diagram of the proof of concept. 

The PHEMT/ATF-34143 from Avago Technology
TM

 was 

employed to implement the NGD circuit values 

compensating the RC-effect.  
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Figure 16: Schematics of the RCNGD-circuit including the 

biasing network using an FET = PHEMT ATF-34143 (Vgs = 

0V, Vd = 3V, Id = 110 mA), for Rc = 33 Ω , C = 680 pF, and 

R = 56 Ω , Ro = 10 Ω , L=220 nH, Cb=100 nF, Z0 =50Ω . 

 

 
Figure 17: Photograph of the RCNGD-circuit implemented. 

 



81 

 

After application of the synthesis relations proposed in [57], 

the hybrid circuit comprised of surface-mount chip (SMC) 

passive components R, L and C displayed in Fig. 17 was 

manufactured. This prototype was printed on substrate-FR4 

with permittivity εr = 4.4 and thickness h = 800 µm. 

5.4.1. Measured frequency results of the neutralized 

circuit 

The measured frequency results analysed in this paragraph 

were extracted from the S-parameters. Figs. 18 display the 

measured frequency responses of the RC-, NGD- and 

RCNGD-circuits from DC to 100 MHz. We can see that a 

very good correlation between the expected theoretic 

concept and the measurements is observed in Figs. 12. 
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Figure 18: Measurement results of the transfer functions 

from the RC-, NGD- and RCNGD-circuits tested. (a) 

Magnitude and (b) group delay. 

 

Once again, thanks to the gain level more than 10 dB up to 

80 MHz and NGD of about -2 ns up to 55 MHz, a 

significant reduction of the RC-effects is observed. As 

consequence, the gain of the RCNGD-circuit is close to 0 dB 

up to 40 MHz whereas as shown in Fig. 18(b) the group 

delay is reduced strongly up to 20 MHz. These frequency 

responses illustrate the mechanism of the neutralization 

method proposed. To highlight more concretely the 

interpretation of this method, time-domain measurements 

were also performed. The next paragraph presents results 

obtained by considering analogue-digital input signals. 

5.4.2. Time-domain experimental results 

To confirm the proposed neutralization technique 

effectiveness for the SI improvement, we compare the 

square wave pulse vin, and the RC- and RCNGD-circuit 

outputs, respectively denoted vrc and -vrcngd as plotted in Fig. 

19. So, we observe that compared to vrc, the output -vrcngd is 

well-reconstructed and less distorted according to the input, 

vin. As we can see in Fig. 19, the RC-circuit degrades the 

output leading edge with a rise time and a 50 % propagation 

delay respectively of tr ≈ 35 ns and Trc ≈ 18.50 ns. Due to 

the compensation with the NGD function, these parameters 

were respectively reduced to trngd ≈ 10 ns and Trcngd ≈ 2.50 

ns. It corresponds to the relative reduction: (1 – Trcngd / Trc) ≈ 

71.4 %, and (1 – trngd / tr) ≈ 86.4 %. In addition, an excellent 

improvement of the signal rising trailing edges is also 

achieved. 
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Figure 19: Time-domain measured results for the input 

square wave pulse with V0 = 1 V with 25-Msym/s rate, 2 ns 

rise- and fall-times. 

6. Conclusions 

A neutralization technique enabling to suppress parasitic 

effects modelled by LC-, RC- and RLC-networks is 

developed in this paper. The basic principle of the 

neutralization concept is explained. The technique is based 

on the use of LH [71-72] and NGD active circuits inspired 

from the metamaterials. This reverse function circuits are 

susceptible to present transfer functions inverse of the 

parasitic networks under consideration.  

To confirm the feasibility of the neutralization technique, 

various application examples of unwanted parasitic effects 

cancellation are developed theoretically, numerically and 

experimentally. First, the LC-effect neutralization is 

performed by using an LH active circuit. The synthesis 

relations in function of the LC-parameters are established. 

Then, simulations confirm the operability of the technique 

proposed at around 1 GHz. Then, a compensation of the 

resonance effect modelled by LC-parallel network by using 

an NGD circuit comprised of a transistor associated with an 

RLC-series network was also investigated. Numerical 

verifications confirm once again, the utility of the technique.  

The last use case application concerns the neutralization of 

the RC-effect with the base band NGD circuit proposed in 

[41]. The functioning of the NGD effect in base band 

frequencies was illustrated with experimentation of a circuit 

in hybrid planer technology. Output signal with front waves 

in time-advance of about 1.5 ns compared to the input ones 

is observed. Then, analytical investigation based on the 

frequency-response and unit step responses of the 

compensated RCNGD-circuit is presented. The relevance of 

the technique is confirmed with measured results both in the 

frequency- and in time-domains. By considering analogue-
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digital signal with 25 Msym/s rate, a mixed SI improvement 

is demonstrated experimentally. 

In the continuation of this work, the application of the 

neutralization techniques explored for enhancing RF-

microwave/digital SI with mixed PCB is planned. 
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