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Design of on-chip D band miniaturized directional coupler
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Abstract: Based on the 0.1 pm GaAs HEMT process, a miniature directional coupler chip operating in
0.1-0.14 THz is designed. The equivalent electric length of the transmission line is increased by loading
the open branch to miniaturize circuit structure. The physical size of the coupler is further reduced by
using the zigzag line, which is realized by the open branch and node line. Simulation results show that the
designed miniaturized directional coupling chip has a center operating frequency of 0.13 THz, a relative
bandwidth of more than 30%, an in-band echo loss of more than 20 dB, an in-band insertion loss of less
than 1 dB, a coupling degree of (10 + 0.5) dB, a phase difference of (90° £ 3.5°), and a size of 0.21 mmXx
0.19 mm(without pad).
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Fig.3 Simulation results of the quarter wavelength main transmission line
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Fig.4 Structural chart of branches loaded on main transmission line
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Fig.5 Simulation results of single-branch loaded main transmission line
5 BRI E A i BA R K
() e e e e o T T T T T T
SZI
-0 1 -70 % 4
20 —=S; simulated . 80 S, —o—phase simulated i
- —5,, simulated g =
g S oot ; 1
S,
-100 | S, 4
10 e T
120} E
i L i 1 1 1 1 1 1 1 1 —l
100 110 120 130 140 150 160 90 100 110 120 130 140 150 160
fIGHz fIGHz
(a) S parameter simulation (b) phase simulation

Fig.6 Simulation results of multi-branch loaded main transmission lines
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Tablel Comparison of three transmission line lengths

conventional micro-strip transmission line single-branch loaded transmission line  multi-branch loaded transmission line
electric length@0.12 THz/(°) 89.4 89.6 89.5
width/pum 24 24 24
length/pum 218 200 160

ratio/% 100 91.4 73
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(a) schematic diagram of miniaturized coupler (b) layout of D-band miniaturized coupler chip
Fig.7 Structural diagram of the on-chip directional coupler
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Fig.8 Simulation results of S-parameters of D-band miniaturized coupler
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