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Abstract  —  In this paper, a design of tunable microstrip 
transmission line negative group delay circuit (NGDC) using 
p-i-n diodes is proposed. The design was based on reflective 
parallel R-L-C circuit and group delay (GD) can be varied 
with help of variable resistance. To get the variable resistance, 
the transmission line (TL) terminated with p-i-n diode is 
used. The GD is varied with help of bias voltages of p-i-n 
diodes. Both design equations and design procedures are 
presented. The measured GD time variation range is 0 ~ -20 
ns and well agreed with simulation results.  

Index Terms  —  negative group delay, transmission line, p-
i-n diodes. 

I. INTRODUCTION 

In a specific frequency band with signal absorption or 
attenuation condition, the group velocity is observed to be 
greater than a speed of light in vacuum or even to be 
negative. Faster phenomenon than speed of light in 
vacuum is defined as superluminal group velocity and 
negative group velocity is called a negative group delay 
(NGD) [1] [2]. Recently, the interesting experimental 
validations on NGD concept and their electronic circuit 
applications have been reported by various researchers [2].  

The various kinds of NGDCs have been reported and 
have been applied these circuits to various useful practical 
applications in communication systems [3]-[11]. However, 
the previously presented NGDC had only focused on the 
design of fixed GD circuit.  

In comparison to the fixed NGDC, there has been little 
effort made in design of tunable microwave NGDC. In 
[11], Lucyszyn et. al. had presented NGD synthesizer 
implemented on a monolithic microwave integrated circuit 
(MMIC) using cold FETs as variable resistor and varactor 
diodes as variable capacitor which increases number of 
biasing circuits.   

In this paper, a reflection type microstrip transmission 
line tunable NGDC is presented. The design is based on 
simple reflective parallel R-L-C lumped element circuit. 
The GD of proposed circuit can be varied by changing the 
value of resistor. The variable resistors are implemented 
with transmission line terminated with p-i-n diode.  
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Fig. 1. Structure of proposed tunable negative group delay circuit. 

II. ANALYSIS OF TUNABLE NEGATIVE GROUP DELAY 

CIRCUIT 

Fig. 1 shows the structure of proposed tunable NGDC 
circuit. It consists of 3-dB hybrid, TL and p-i-n diodes 
terminated TL, which circuit is equivalently a reflective 
parallel R-L-C circuit with variable resistor. The GD of 
reflective parallel R-L-C circuit by assuming a resonance 
condition at the desired operating frequency is given as 
[9]. 
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The GD is a function of capacitance (C) and resistance 
(R). From (1), it is clear that GD can be tuned with help of 
variable resistor fixing the capacitance and inductance at 
the required operating frequency. One major difficulty of 
lumped element circuit is the feasibility of the designed 
component values at a microwave frequency. In order to 
overcome this problem, the short-circuited quarter-
wavelength TL resonators with characteristic impedance 
Z2 are used to implement the parallel LC resonator. The 
value of Z2 is given as [9]. 
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The variable resistors are implemented with the TL 
terminated with p-i-n diode whose equivalent circuit is 
shown in Fig. 2. The input impedance ZR_in looking into TL 
terminated to p-i-n diode is given as [12].  
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Where the values of A and B are given as below.  
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Fig. 2. Equivalent circuit transmission line terminated with p-i-n diode. 
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Fig. 3. Input impedance of transmission line terminated with p-i-n 
according to value of Rj: (a) real part and (b) imaginary part. 
 

In order to get the purely real ZR_in, the imaginary part 
of ZR_in should be equal to zero. For this purpose, the real 
and imaginary parts of ZR_in are plotted in Fig. 3 according 
to the different characteristic impedances and electrical 
lengths of TL at the operating frequency 2.14 GHz. In this 
case, the equivalent circuit parameters of  Avago HSMP-
4810 p-i-n diode were used whose values are given as 
Ls=1 nH, Rs=3 , and Cj=0.35 pF, respectively. Fig. 3 
shows that the imaginary part of ZR_in is almost zero when 
the electrical length is around 60o, where the characteristic 
impedance of TL is 80 . 

III. SIMULATION AND EXPERIMENTAL RESULTS  

To verify the proposed structure, the reflection type 
tunable NGDC is designed, simulated and measured at 
around 2.14 GHz. The used substrate is an RT/Duriod 
5880 made by Rogers with a dielectric constant ( r) of 2.2 
and thickness (h) of 31 mils. 

From the previous section analysis, the electrical length 
and characteristic impedance of TL terminated with p-i-n 
diode are found as 60o and 80  at 2.14 GHz. The parallel 
LC resonators are also implemented with short circuited 
quarter-wavelength TL line at 2.14 GHz.  

Fig. 4 shows the simulation results of proposed tunable 
NGDC. From the simulation as shown in Fig. 4(a), it was 
found that the GD is varied from -2 ns to -20 ns by 
varying the Rj of p-i-n diode. The insertion loss varies 
from 34.9 dB to 52.4 dB. The return loss characteristics 
are better than 38 dB in over all tuning range of GD as 
shown in Fig. 4(c).  
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Fig. 4. Simulated results of tunable negative group delay circuit: (a) 
group delay variation, (b) insertion loss, and (c) return loss 
characteristics. 
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Fig. 5 shows the measured results of fabricated tunable 
NGDC. The measured results are well agreement with the 
simulation results. From the measurement result as shown 
in Fig. 5(a), the GD variation is from -2 ns to -20 ns by 
varying the bias voltage 0.60 V to 0.597 V of p-i-n diodes. 
The measured insertion loss variations as shown in Fig. 
5(b) are 28.55 dB to 46.12 dB. The measured return loss 
characteristics are better than 35 dB as shown in Fig. 5(c).  
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Fig. 5. Measured results of tunable negative group delay circuit: (a) 
group delay variation, (b) insertion loss, and (c) return loss. 

IV. CONCLUSION 

In this paper, a microstrip transmission line tunable 
negative group delay for communication systems is 
investigated. The design was based on a reflective parallel 
R-L-C resonator. The variable resistance was 
implemented by transmission line terminated with the p-i-

n diodes. The  group delay variation is obtained by 
varying the bias voltage of the p-i-n diode. The optimum 
design method is explained based on derived general 
design equations. Both theoretical and experimental 
results are provided in order to validate the proposed 
structure. The measured results have good agreement with 
simulation results. We are now working toward to 
enhance the bandwidth of operating frequency with the 
variable negative group delay circuit. 
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