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A Design of a Compact Low-Loss Negative Group Delay Circuit
using Modified Coupling Line Structure
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Abstract

This paper proposes a miniaturization technique for Negative Group Delay Circuits (NGDCs). The proposed NGDC
utilizes microstrip transmission lines and coupled lines to generate a Negative Group Delay (NGD). This configuration
offers a simplified structure and achieves low insertion loss by eliminating the need for additional lumped elements
on the microstrip lines. The operating frequency of the proposed NGDC is determined by the mutual capacitance
between the coupled lines; thus, both the capacitance and the NGD center frequency can be tuned by adjusting the
physical length of the coupled lines. The NGD frequency shift and miniaturization characteristics were validated
through Electromagnetic (EM) simulations and the fabrication of a prototype. Experimental results demonstrate that the
size of the NGDC operating at 2.4 GHz is reduced by 10.2% compared to conventional designs.
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(a) Configuration of the conventional NGDC
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Fig. 1. Configuration and equivalent circuit of the
conventional NGDC
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Table 1. Design parameters of the proposed NGDC
prototype

Values
Parameters | Conventional | Proposed Compact
NGDC NGDC NGDC
W 1.48mm 1.48mm 1.48mm
Jo, O 0.2mm 0.2mm 0.2mm
r 6.84mm 6.84mm 6.84mm
e 33.3mm 33.3mm 29.9mm

(a) 7I& NGDC(/=33.3mm)
(a) Conventional NGDC(/~33.3mm)

(b) Hlet=l NGDC(4=33.3mm)
(b) Proposed NGDC(/=33.3mm)

(c) 28 3t=l NGDC(/=29.9mm)
(c) Compact NGDC(/=29.9mm)
a2l 7. MZHE NGDC prototype AFR
Fig. 7. Photo of the fabricated NGDC prototype
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Table 2. NGDC performance comparison

Ref. le fo GDwax | Ilwiax
[mm] | [GHz] | [nS] [dB]

Conventional NGDC| 333 238 | 208 | -351
Proposed NGDC 333 219 | -151 | -364
Compact NGDC 29.9 242 | -160 | -398
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