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Design of the Symmetrical and Non-symmetrical
Interdigitated Three-Line Four-port Microstrip
Line Couplers in an Inhomogeneous Medium

Youn Kang CHIN,* Regular Member
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ABSTRACT  Analysis and design procedures for the symmetrical and non-symmetrical interdigitated four-port mi-
crostrip couplers consisting of symmetrical three lines is presented. The configuration is simple and a lesser number
of bond wires are required as compared to the four-line couplers which are used. Physical dimensions of 3, 6 and

10dB couplers with substrates having typical dielectric constant values of 2.55 and 10 can be found by using the ta-
bles and charts.
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Design Parameters of Symmetrical and Nonsymmetrical Interdigitated Couplers Couplers Consisting of
Symmetrical Three L.ines.

{1) 3 d8 Case with o =10

Dimensicns r Effective Effective Voltage Mode-itne Characteristic Impedance {Ohms)| Absotute Scattering Parameters
{where Wy *wy h Dielectric Velgclty (R:':.::)P {where 1“ - 133. zaZ 0, L, . th' at Center Frequency {dB)
is thickness of Constants (x 10° m/sec) Rom 0 7, 7.4} with 2) « 7, = 500
_suwbs.) b - A7 S BOS  e R S
wllh s/h uzlh [ €, € Va,,, v!’,,, ) 1 . - :,“7 S“ }13,“,5&7,
.(7)78 .039 .078]5.5102 6.2999 &50(:1‘}'.777»71‘1*1944 1.2783 [ 1.0031 -2.1906 | 63.107 213.737 234.836 -31.47  -3.16 -7.96 -19.86 )
117 (55114 6.3244 55002 [ 1.2270 1.1921 1.2783[1.0037 -1.8523|63.778 219.387 201.936 31.0 3,03 -31.0% -21.72
L4156 [ 5.5131 6.3595 5.5002 1 1.2768 1.1888 1,2/83)1.0046 -1.52B0 ) 64.558 226.208 171.616 35.916 27.566(-30.63 -2.95 -1.11 -24.34
.195 | 5.5143 6.3821 5.5003]1.2767 1.1867 1.2783(1.0052 12769 | 64.965 230.025% 159.1€7 37.17% 25,7201 -29.29 -3.09-2.95 -29.34
L2341 5.5160 6.4150 5.5003(1.2765 1.1837 1.2783[1.0062 -1.2058|685.456 235.006 142.%66 36.842 23.5%63|-30.17 -2.95 -3.1 -28.7%
L2723 5.5171 6.436) 5.5004 §1.2763 1.1817 1.2783 | 1.0069 -1.1165(65.722 237.948 133.795% 39.827 77.388-29.98 -2.97 -2.08 -29.32
.31215.5187 6.4675 5.5005 {1.2762 1.1788 1.2783|1.0080 -1.0077§66.051 241 910 122.B55 41.i57 70.902(-29.82 -3.n -3.03 -79.86
350 15.5198 6.4878 5.5006 {1.2760 1.1770 1.2783 11,0087 -.9475| 66.234 294,316 116.749 41,963 20.052|-29.55 -3.04 -3.0 -79.5
©390 | 5.52314 6.5177 5.5007 | 1.2759 1.i743 1.2782|1.0098 - 8709} 66.466 247.638 108.886 43.069 iR .93B|-29.2% -3.09 -2.95 -28.34
429 15.5224 £.5372 5.5008 | 1.2757 t.1725 1.2782 }1.010% ~.8270 | 66.598 249.691 104,330 43.749 18.280} -29.14 -3,13-2.92 -77.4) H
.468 1 5.5239 6.5659 5.50t0 | 1.2756 1.1700 1.278211.0117 -.7695 | 66.767 252.570 98.307 44.699 17.19 8.9 3.2 -2.86 -26.13
507 15.5249 6.5847 5.5012 [ 1.2754 1.1683 1.2782 | 1.0125 7357 | 66.864 254 374 94.737 45.281 16.868 28,75 -1.24 -2.83 -25.34 ;
.546 | 5.5264 - 6.6125 5.5014 | 1.2753 1.1658 1.2782 ]1.0136 -.6906 | 66.991 256.93) 89.93¢ 46.100 16.137} -28.54 -3.3]1 -2.77 -7
{Cont.}
(2) 6 dB case with e = 10
fum sl e e [,y By R | B he T g | Sy
(125 187 125 |5.5772 6.6487 5.5037 | 1.269% 1.1627 1.2779|1.0289% -1.5771179.916 161.762 131.246 51.765 47 000 | -28.75 -6
(156 1 5.5793 6.6693 5.5042 {1.2692 1.1608 1.2778§1.0305 -1.4470]80.003 164.130 122,362 52.523 39.1571 -28.38 -6.04 -1.28 -22.35
J1B7 15.5815 6.6899 S5.5048)1.2690 1.1591 1.27/8[1.0320 -1.3430)80.00% 166.18B0 115.164 53.241 3¢.897) -28.13 -5.97 -1.3 -22.99
.218 (5.5836 6.7092 5.5053)1.2687 1.1574 1.2777|1.0335 -1.2570|80.196 167,996 109.125 $3.924 3% Q78| -27.96 -5.92 -1.37 -23.49
.250 | 5.5857 6.7279 5.5059 1 1.2685 1.1558 1.2776|1.0351 -1.1839[80.297 169.634 103.935 54 575 33.438|-27.8] -5.9 -1.33 -23.R6
2312 15.5897 6.7638 5.507211.2680 1.1527 1.2775%§1.0382 -1.0650 )80 471 172.510 9%.363 55.789 1.840)-27.58 -5.89 -1.33 -24.19
.374 15,5936 6.7983 5.5085 | 1.2676 1.1498 1.277311.0412 - .9712|80.679 174,994 88 478 56.901 28.769)-27.43 -5.97 -1.32 .24 17
406 | 5.5955 6.8150 5.5092 | 1.2674 1.1484 1.27731.0428 - 9310{80.701 176.125 85.496 57,473 27.875)-27.35 -5.94 -1.31 -23.9/
437 15.5973 6.8315 5.5099 ) 1.2672 1.1470 1.2772}1.04843 - A945 | RO.767 177.195 82.759 57.925 27,054 |-27.29 -5.97 -1.3 -23.78
.46815.5991 6.8477 5.5107 | 1.2670 1.1457 1.277111.0458 - 861D {80.879 178.211 B0.235 58.408 26.297|-27.23 -6.00 ~1.29 -3 56
.546 1 5.6025 6.8794 5.5122|1.2666 1.14300 1.2769} 1.04B8 -.8M7 80,941 180,107 75.718 %9370 24.939|-27.13 -6.07 -1.27 -23.04
.624 [ 5.6073 6.9254 5.514711.2660 1.1392 1.27661.0532 -.727/5|R1.080 182.677 69,988 60.571 23.206|-26.97 -6.2 -1.24 -27.23
{3) 10 dB case with €. * 10
IR £ £ ‘a o Y | Rw Fe | In e a2 [ o tiz Siz Swe
L1566 468 (125 5.731B 6.8363 5.533911.2522 1.1466 1.2744(1.0888 -1.3159 [87.708 129.052 92.448 §7.815 44 580 -25.29 -10.43 - 46 .‘2].““']
J156 15,7305 6.8228 5.5333(1.2524 1.1477 1.2745| 1.0888 -1.3290 [ 88.694 129.675 93.816 68.732 A9.726 | -26.74 -10.57 - 44 -21.87
.25015.7342 6.9113 5.54231.2520 1.1404 1.2734|1.0982 -1.0393 |AB.%40 134.913 76.993 70.205 40.0651-26.36 -10.12 -.49 -272.0%
J31215.7364 6.9474 5.5464 §1.2517 1.1374 1.273011.1075 -.9509 {88.522 136.817 11.714 70,862 37,143 }-26.30 -10.06 -.49 -21.91
374 )5,7388 6.9806 5.5503)1.2515 1.1347 1.2725)1.1067 L8802 |88.520 138.457 €7.436 71.478 34.B14 |-26.27 -10.04 -5 -21.71
468 | 5.7411  7.0116 5.5582 | 1.2512 1.1322 1.2721 | 1.1107 -.B217 |B8.577 139.906 63.846 72.055 32.882 |-26.75 -10.06 -.5 -21.52
6241 5.7476 7.0962 5.5655[1.2505 1.1254 1.270R|1.1271 -.6913 188.577 143.481 S5 649 23.591 ¢8.542 |-26.25 -10.22 - .48 -20.88
(780 ) 5.7516 7.1476 5.5726|1.2501 1.1214 1.2700)1.1294 -.6276 |88.607 145,43 51.538 74,479 :6.394 |-26.27 -10.38 -.47 -20.48
L9361 5.7569 7.2192 S5.5829|1.2495 1.1158 1. 2688 |1.1397 -.5529 [BB.659 147.93t 46.608 75.647 23.834 [-26.27 -10.65 -.45 -19.97
1.092 5.7601 7.2641 5,5894 | 1.2491 1.1123 1.2681 | 1.14f2 - 5128 [B8.690 149.391 43.903 76.333 22,433 |-26.25 ~10.85 -.44 -19.69
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(4) 6 dB case with e = 2.55
wih o sih Wb e 2y € | Y ¥ Ye | Pw LTI ALY I 3 2 T L2 ISn Sz Sia S
663 117 .780]1.8276 2.1084 1.7822 |2.2176 2.0646 2.2457{1.0581 -1.7476 |80.148 165.027 152.568 46.770 43.240 | -25.66 -5.59 -1.47 -21.00
.975 [1.8301 2.1173 1.7840 [ 2.2161 2.0603 2.2445]1.0645 -1.5155 |80.462 166.944 134.665 49.240 39.719 |-25.63 -5.61 -1.45 -22.25
1170 [1.8333 2.1299 1.7869 | 2.2142 2.0542 2.2427|1.0737 -1.2625 | 80.795 169.573 114.925 52,397 35.511 | -25.63 -5.71 -1.40 -23.90
1.365 [ 1.8350 2.1379 1.7808 {2.2131 2.0508 2.2415[1.0794 -1.1351 [80.956 171.193 104.878 54.205 33.207 | -25.65 -5.79 -1.36 -24.72
1.560 | 1.8372 2.1492 1.7917 [ 2.2118 2.0450 2.2397|1.0877 -.9847 [81.140 173.465 92.898 56.561 30.290 | -25.65 -5.94 -1.31 -25.3
1.7551.8385 2.1564 1.7936 [ 2.2110 2.0416 2.2395)1.0928 -.9042 [B1.236 174.889 86.408 57.935 28.623 | -25.65 -6.05 -1.27 -25.26
1.950 | 1.8400 2.1666 1.7963 [2.2101 2.0367 2.2369)1.1002 -.8046 | 81.353 176.906 78.299 59.758 26.447 | -25.63 -6.23 -1.22 -24.72
(5) 10 d8 case with c_ = 2.55
w/h o sihowm] o N e | vy v v DRy R, o e W L2 | Su S;2 S5 Sie
.B58 .429 .42911,8797 2.1260 1.7946 | 2.1870 2.0561 2.2379|1.0966 -2.247Z | 86.946 125.363 154.470 59.689 73.548 |-24.90 -10.6 -.46 -20.34
.B58 11.8853 2.1527 1.807t | 2.1834 2.0433 12,2302 [1.1233 -1.408587.337 130.823 103.488 65.295 51.657 [-24.24 -9.93 - 5} -22.63
1.287 11.8883 2.1675 1.8144|2.1817 2.0363 2.2257|1.1390 -1.1431 [87.586 133.196 B86.708 68.001 44.267 | -24.19 -9.95 - .50 -23.54
1.716 | 1.8917 2.1873 1.8239|2.1797 2.0271 2.2199|1.1604 -.8930 [ 87.777 135.996 70.458 71.100 36.836 | -24.19 -10.20 - .47 -23.84
2.145(1.893 2.1991 1.82942.1787 2.0216 2.2165|1.1734 -.7788 | 87.892 137.563 62.885 72.717 33.226 {-24.1B -10.44 - .45 -23.53
2.574|1.8950 2.2154 1.8336[2.1776 2.0142 2.2022|1.1913 -.6524 | 88.024 139.623 54.257 74.674 29.018 | -24.12 -10.85 - .42 -22.90
3.00111.8964 2.2253 1.8407)|2.1770 2.0097 2.2097 |1.2022 -.5881 | 89.094 140.851 49.789 75.742 26.774 | -24.05 -11.14 -.39 -22.45
3.432(1.8977 2.2391 1.8462] 2.1762 2.0035 2.2064 | 1.2173 -.5115|88.177 142.524 48.374 77,082 23.999 |-23.93 -11.60 -.36 -21.88
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