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Novel Lumped Element Backward Directional Couplers Based
on the Parallel Coupled-Line Theory
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Abstract

In this paper, novel lumped equivalent circuits for a conventional parallel directional coupler are proposed. This
novel equivalent circuits only have self inductance and self capacitance, so we can design exact lumped equivalent
circuit. The equivalent circuit and design formula for the presented lumped element coupler is derived based on the
even- and odd-mode properties of a parallel-coupled line. By using the derived design formula, we have designed the
3 dB and 10 dB lumped element directional couplers at the center frequency of 100 MHz and 2 GHz, respectively
a chip type directional coupler has been designed with multilayer configurations by employing commercial EM
simulator. Designed chip-type directional couplers have a 3 dB-coupling value at the center frequency of 2 GHz and
fabricated lumped directional coupler on fr4 organic substrate has a 3 dB, 10 dB-coupling values at the center frequency
of 100 MHz. Excellent agreements between simulation results and measurement results on the designed directional
couplers show the validity of this paper. Furthermore, in order to adapt to multi-layer process such as Low Temperature
Cofired Ceramic (LTCC), chip-type lumped element couplers have been designed by using this method.
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Fig. 1. Lumped-type directional couplers.
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Fig. 2. (a) Symmetrical planes of parallel coupler-line
directional coupler, (b) Symmetrical planes of
n-type CLC directional coupler.
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Fig. 4. (a) Odd mode transmission line of a parallel
coupled-line directional coupler, (b) Odd-mode
equivalent circuit of x-type CLC coupler, (c)
Odd-mode equivalent circuit of z-type CLC
coupler with even-mode termination, (d) Odd-
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Table 1. Design Formulas of 7-type Lumped direc-
tional couplers.
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Table 2. Design Formulas of T-type Lumped direc-
tional couplers.
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Table 3, Design results of 100 MHz lumped direc-
tional couplers(Coupling value of 10 dB).

Cwetype | Tape | miype | Ty
cLe | € LCL LCL
G [pF) | 4416 | 44.16 22.94 22.94
L. [nH] | 2868 | 3736 552 11041
G [pF} | 1061 | 106 22.05 5.51
L [nH} | 3101 | 124 2388 | 283.77
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Fig. 6. Comparisons bwiween the measurements and
simulations on the fabricated lumped-type di-
rectional couplers.
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Table 4. Design results of 2 GHz lumped directional
couplers with multilayer configuartion(Coupl-
ing value of 3 dB).

\ Ce [pF] | Le [nH) | G, [pF) | L, o]

n-type CLC 3.85 0.823 1.59 0.17

T-type CLC | 3.85 1.65 159 0.676
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