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A Power Divider with Positive and Negative Group
Delay Characteristics

(Invited paper)

Girdhari Chaudhary, Phirun Kim, Junhyung Jeong, and Yonchae Jeong
Division of Electronic and Information Engineering
Chonbuk National University

Jeonju, Republic of Korea
girdharic@jbnu.ac.kr

Abstract—In this paper, a power divider is suggested for
predefined positive and negative group delay characteristics. The
positive group delay (PGD) is obtained in between transmission
paths 2 and 1, whereas the negative group delay (NGD) is in
between transmission paths 3 and 1. The PGD and NGD are
controlled by characteristic impedance of horizontal transmission
line Z1 and shunt resistor R. Perfect input and output matching
characteristics as well as perfect isolation are obtained at a center
frequency (fo). For an experimental demonstration, microstrip
line power divider with the PGD and NGD of 0.6 and -0.5 ns,
respectively, was designed and fabricated at fo of 2.14 GHz. The
measurement results are agreed well with simulation results and
theoretical predicated values.

Keywords— negative group delay (NGD), positive group delay
(PGD), series-fed antenna arrays, transmission line.

I. INTRODUCTION

In microwave circuits and systems, power dividers have
been widely adopted as basic building components and are
used in various applications such as antenna feeding networks,
high-power amplifiers, linearization of power amplifiers,
mixers, and measurement set-ups [1]-[2].

Recently, negative group delay (NGD) circuits have been
applied to minimize the beam-squint problems of series-fed
antenna array [3]-[7]. In [7]-[8], there have been efforts in
addressing this issue by using the antenna as part of NGD
circuit and applying amplifier for further loss cancellation.
However, these works suffer from very small fractional
bandwidths (FBW < 1.2%). Moreover these works were
concentrated on design of a power divider and NGD circuit
separately.

In this paper, a power divider with predefined PGD and
NGD characteristics is presented. The NGD (between paths 3
and 1) and PGD (between paths 2 and 1) can be controlled by
horizontal transmission line characteristic impedance and
shunt resistor. Due to NGD through paths 3 and 1, the
proposed network shows particular constant phase (phase
characteristics with respect to frequency) over the FBW of
24%.

1195

Z, N4

Z3, M4

Z, N4 Z;, M4

Fig. 1. Proposed structure of unequal power divider with positive and
negative group delay characteristics.
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Fig. 2. (a) Even-mode and (b) odd-mode decompositions of the proposed
unequal power divider.

II. THEORY AND DESIGN EQUATIONS

Fig. 1 shows the proposed structure of the power divider. It
consists of horizontal transmission lines with characteristic
impedance Z; and electrical length of A/4 and vertical
transmission lines with characteristic impedance of Z, and
electrical lengths of 1/4 and 34/4. The shunt resistors R are
connected in between two horizontal transmission lines Z.
Since the proposed structure is symmetrical, even- and odd-
mode analyses can be applied to find the magnitudes of
scattered waves from the proposed circuit [9]. The resulting
output signals of the four-port are a superposition of the
results. The equivalent even- and odd-mode circuits of the
proposed power divider are shown in Fig. 2. For matched
conditions, Si1, S22, S33, and S44 should be equal to zero at /= f.
Therefore, under these conditions, the value of Z, can be
obtained as at (1).
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Fig. 3. Synthesized results of power divider for different values of Z; and R:
(a) group delay/magnitude and (b) input/output return losses/isolation
characteristics.

Z,=27, (1)

Similarly, the transmission and isolation coefficients at /' =
fo are determined as (6).

1
= = 2
S21|f=f;, _S43|f=f;. B 1+Zf/ZOR (22)
- I 2b
Sulves, = Sel o "z e
S32|‘/:/i) :S41|/-:/6 :O (20)

As shown by (2c), the perfect isolation is naturally satisfied
and independent of the design variables. Moreover, the
transmission coefficients between different transmission paths
depend on R and Z;.

Furthermore, the GDs of different transmission paths
evaluated at f'= f; are formulated as (3).

Z} |RZ,(Z5 +22,2,)+22,2,+2Z] + Z; (3a)
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Fig. 4. (a) EM simulation layout of unequal power divider with physical
dimensions and (b) a photograph of fabricated circuit.
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As observed from (3a) and (3b), the PGD is obtained in
between transmission paths 2 and 1, whereas the NGD is in
between transmission paths 3 and 1 by properly choosing Z;
and R.

(3b)

.,

In order to investigate the effect of Z; on the bandwidth of
GD, the synthesized results (magnitudes of S-parameters and
GDs) of power divider are shown in Fig. 3. In these
synthesized results, the GD between paths 3 and 1 is
maintained constant for different values of Z;. As observed
from Fig. 3(a), the GD bandwidth is slightly wider in case of
lower Z; such as 25 Q. However, magnitude of S3; is higher in
case of lower Z;. Therefore, a low value of Z; is preferable for
wider NGD bandwidth. Moreover, a trade-off occurs between
insertion loss and NGD bandwidth. The matched return losses
as well as perfect isolations at f; are maintained for all values
of Zi, as shown in Fig. 3(b).

III. IMPLEMENTATION AND EXPERIMENTAL RESULTS

For experimental demonstration purposes, the power
divider was fabricated at f; of 2.14 GHz on RT/Duroid 5880
substrate with a dielectric constant (&,) of 2.2 and thickness (%)
of 0.787 mm. The simulation was performed using ANSYS
HFSS 15. The EM layout of the designed unequal power
divider is shown in Fig. 4(a). A photograph of fabricated
circuit is shown in Fig. 4(b).

The goal of a design example was to achieve GD of -0.5 ns
through transmission paths 3 and 1 and GD of 0.6 ns through
paths 2 and 1 under the assumption of termination impedance
of 50 Q. Therefore, the calculated circuit parameters of the
unequal power divider are given as Z; = 30 Q, Z, = 50 Q, and
R =126 Q. The physical dimensions of the fabricated circuit
are determined as Lo=25.1 mm, L; = 50.8 mm, L, = 6.8 mm,
L; =252mm, Ly = 9.2 mm, Ls = 6 mm, Wy = 2.4 mm, and
Wi =4.9 mm after the EM simulation optimization.
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Fig. 5. Simulated and measured results of the proposed power divider: (a)
magnitude and (b) group delay characteristics.
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Fig. 6. Simulated and measured return losses/isolation characteristics.

Fig. 5 (a) depicts the simulated and measured magnitudes of
S-parameters. Since the power divider was designed for £ = 20
log (S21/831) = 16.9 dB, the S-parameters are calculated as S»; =
-1.16 dB and S3; = -18.06 dB. Measured S;; and S3; are -1.18
dB and -18.1 dB at fp = 2.14 GHz and measured & is 16.92 dB.
Similarly, the measured GDs between different transmission
paths are determined as 72; = 0.58 ns and 73; = -0.48 ns at fp.
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The NGD bandwidth (bandwidth when GD < 0) of the
proposed circuit is 500 MHz as shown in Fig. 5(b).

The simulated and measured return losses/isolation are
shown in Fig. 6. The measured return losses are determined as
S = -24.24 dB, S» = -24.98 dB, and S33 = -19.9 dB at fy =
2.14 GHz and 15 dB return loss is observed in the frequency
range of 1.99 - 2.22 GHz. The isolation (S3,) between output
ports is 38.9 dB at 2.14 GHz and greater than 22 dB from 1.9
to 2.4 GHz.

IV. CONCLUSION

In this paper, we demonstrated a design of power divider
with predefined positive and negative group delay
characteristics. From theoretical analysis, it is found that the
group delay is controlled by shunt resistor when the
characteristic impedance of horizontal transmission line is
fixed. Both theoretical and experimental results have been
provided for a wverification. For the experimental
demonstration, the power divider with power group delay of
0.6 ns through paths 2 and 1 and -0.5ns through paths 3 and 1
was designed, simulated, and fabricated at the center
frequency of 2.14 GHz. The measurement results are agreed
well with the simulations as well as with theoretical predicated
values. Since the proposed power divider provide the constant
phase over wide bandwidth, the circuit can be employed as a
feed network in the series-fed antenna arrays for minimizing
the beam-squint problems.
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