A Novel Miniaturized Power Divider
Using Shorted Coupled-line Pair
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Abstract

Three-port power dividers are useful microwave devices for the
applications of RF systems such as phased-array antennas, power
amplifiers, mixers, or active circulators.

The three-port Willkinson power divider split input signals
into—equiphase—equiamplitude signals and achieves a perfect isolation at
one frequency.

However, the sizes of quarter-wavelength couplers are too large for
monolithic microwave integrated circuit (MMIC) applications, which
results in high chip cost. The lumped-element approach which uses
spiral inductors and lumped capacitors, is one of the efficient solutions
to overcome this problem. However, the design of lumped-element
circuits 1s somewhat empirical, and it requires accurate inductor and
capacitor models based on measurements. Moreover, the extraction of
accurate lumped-circuit model reflecting the experiential results
becomes very difficult at higher frequencies than 20GHz.

In this thesis, a new method is proposed to miniaturize A/4
transmission line of power divider 1s proposed. The method utilizes
simple combination of the shorted coupled-line pair instead of the
transmission line with very high impedance and shunt lumped
capacitors. The length of the transmission line designed by the above

method was miniaturized to 16% of conventional A/4 transmission line.
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Table 5.1. even, odd mode impedances as a function of the shortened

transmission line length for various values of coupling coefficient. k.

Coupling coefficient
Dlzamizal | g oy -5 dB -10 dB -15dB | -20 dB
length [6]

T | oo || s | Teo | Das || Zeo | e | @es || Zas | Hes

[Q] [RQ] [Q] Q] | [Q] | [Q] | [R] | [Q] | [R] | [R]
85 172.03| 29.42| 91.19) 2555 32.82| 17.05| 1535 10.72| 7.88 6.45
80 174.02| 29.76| 9225 25.84| 3320 17.25 1553 1084 7.98| 653
75 177.42| 30.34| 94.05| 26.35| 33.85| 1758 15.83| 11.05| 8.13| 6.65
70 182.37| 31.19] 96.68| 27.08| 34.79| 18.08| 16.27| 11.36| 836 6.84
65 180.09| 32.33| 100.24| 28.08| 36.08 18.74] 16.87| 11.79| 867 7.09
60 197.89| 3384| 104.91| 2039 37.75| 19.61] 17.60| 12.33| 9.07| 742
55 209.21| 35.78] 11091| 31.07| 39.91| 20.74| 1867 13.03| 959 7.79
50 22372 38.26| 11359| 33.22| 42.68| 22.17| 19.96| 13.94] 10.25| 839
45 242.36| 41.44] 12848| 35.99| 46.24| 24.02 2163 15.10| 11.11| 9.09
40 266.61) 4559| 141.34] 39.59| 50.86| 26.42| 23.79| 16.61| 12.22| 10.00
35 208.79| 51.00| 158.39| 44.37| 57.00 29.61| 26.66 18.61] 13.70| 11.21
30 342.75| 58.61| 18170 50.90| 65.39| 33.97| 30.59| 21.35| 15.71| 12.85
25 40551 69.34| 21497 60.22| 77.36| 40.19| 36.19| 25.26| 1859| 15.21
20 501.07| 85.68| 265.63| 74.41| 9559| 49.66| 44.73| 31.21| 22.97| 1879
15 662.16| 113.23| 351.03| 98.33(126.36| 65.64| 59.00| 41.26| 30.35| 24.83
10 986.59| 168.71| 523.21|146.56 188.28| 97.81| 83.07| 61.48| 45.24| 37.01
5 1965.84|336.16| 1042.48| 292.01|375.05| 194.84| 175.48| 122.49| 90.13| 73.74
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Fig. 5.3 The capacitor value of the power divider as a function of the
shortened transmission line length for wvarious values of coupling coefficient.
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Fig. 5.7. (a) comparison of Insertion loss. (b) comparison of phase.
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Fig. 6.1 Calculated and measured Return loss.
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Fig. 6.2 Calculated and measured Insertion loss. (a) S21. (b) S31
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Fig. 6.4 Insertion loss in case of large k and small k.

_81_



E 6L AWAFI AL A T AL APpule 5y

Table 6.1. characteristic in case of large k and small coupling coefficient k.

-15 dB -6.8 dB
Electrical Length [Degreel 15° 22.5°
Capacitor [pF] 12 4
Insertion loss [dB] 35 33
Bandwidth [%] 25 58.5

a9 64 2 A s AR

Fig. 6.4 Photograph of the fabricated reduced-size power divider.
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