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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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The three-line coupled microstrip structure.
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Sources and terminations used to drive the scatterine
parameters: taltotal signal input 1 V at port 1,
zero at all the other ports. ib)total signal input
1 V at port 2, zero at all the other ports.
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Design Parameters of Symmetrical and Nonsymmetrical Interdigitated Couplers Couplers Consisting of
Symmetrical Three L. ines.

1) 3 d8 Case with ¢ = 10.

Dimensicns r Effective r— Effective Voltage Mode-1ine Characteristic Impedance {Ohms)| Absolute Scattering Parameters
{where Wy *wy h Dielectric Vel;;clty (u:hzm {whare )~ 1,5 2,70, 4L, * th' at Center Frequency (d8)
is thickness of Constants {x 10”7 m/sec) R 1';7) 1y with 2, = 7, = 504
_swbse) T - . v e e
SYLEREYLINCVLY [ va s ve o R 'Za_l I UMNSﬁﬁ
.l’)78 L0319 078 5‘—5102 6.2999 5. “"';7’” ‘13944 1.2783701'.0Tﬂ 72.1'9(;8 63,1(;1 213.737 234.836 -].16‘-? 96 -19.86
117 [5.5114 6.3244 5. 2770 1.1921 1.2783}1.0037 -1.8523|63.778 219.387 203.93¢ -3.03 -1.0% -21.72
L1561 5.5131 6.3595 5. 2768 1.1BHB },7/B3)1.0086 -1.52B0 ) 64 558 ?226.208 17).616 ~2.9% -3.11 22404
0195 | 5.5143 6.3821 5.5 2767 1.1867 1.2783[1.005? -1.2769{64.965 230.025 159.1¢7 -3.09-2.95 -24. 4
.234 | 5.5160 6.4150 5. 2765 1.1837 1.2783[1.0062 -1.2058 | £5.456 235.006 142.%6 -2.85 -3.1 2805
L2731 5.5171 6.436) 5.% 2763 1.1817 1.7783]1.0069 -1.1165|65.722 237.948 133,753 -2.97 -2.08 -29,32
.31215.5187 6.4675 5. 2762 1.1788 1.2783|1.0080 -1.0077}66.051 241.910 122.B55 41.157 £0.907(-29.82 -3.0 -3.03 -79.86
351 | 5.5198 6.4B78 5.5 2760 1.1770 1.2783{1.0087 -.9475}66.234 294.316 116.749 41,963 20.052-29.55 -3.04 -3.0 -79.5
.390 | 5.5214 6.5177 5. 2759 1.i743 1.2782|1.0098 - 8709 | 66.466 247.638 108.886 43.069 i8.938|-29.29 -3.09 -2.95 -78.34
429 (5.5224 6.5372 5. 2757 1.1725 1.278211.0105 - .8270 | 66.508 249.691 104,330 43.789 18.280|-29.14 -3,13-2.92 -¢7.4) H
.468 | 5.5239 6.5659 5. 2756 1.1700 1.278211.0117 -.7695 | 66.767 252.570 98.307 44.6%4 17.39¢{ 7B.9 -3.? -2.Bh -26.1)
507 1%5.5249 6.5847 5. 2754 1.1683 1.2782 | 1.0125 -.7357 | 66.864 254.374 94737 45.281 16.H64 28,75 -3.74 -2.87 -25.34 ;
5.5264 - 6.6125 5. 755 1.1658 1.2782]1.0136 - 6906 { 66.991 256.931 B9.930 46.]00 16.137} -78.54 -3.31 -2.77 -24.%%
{Cont.}
(2) - 10
*a ‘b & Y b Yo Reb Ruc }_Zal LY th2 T ‘2 13 S1e
125 5.5772 6.6487 5.5037 | 1.2695 1.1627 1.2779|1.028% -1.5771]79.916 161.762 131.246 51.765 42.000|-28.7% -6.17 -1.25 -21.57
5.5793 6.6699 5.5042{1.2692 1.1608 1.2778)1.0305 -1.4470]80.003 164,130 122,362 52.523 39.157] -28.38 -6.04 -}.28 ~22.35
5.5815 6.6899 5.5048)1.269¢ 1.1591 1.27/811.0320 -1.3430|80.0N9 166.180 115.164 53.241 36.899[-28.(3 -5.97 -1.3 -27.99
§.5836 6,7092 5.5053 | 1.2687 1.1574 1.2777[1.0335 -1.2570)80.196 167.996 109.125 $3.974 3% .028;-27.96 -5.92 -1.32 -23.49
5.5857 6,7279 5.5059 ) 1.2685 1.1558 1.2776 | 1.0351 -1.1839[80.297 169.634 103.935 64.57% 33.438|-27.81 -5.9 -1.33 -23.R6
5.5897 6.7638 5.5072 | 1.2680 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
5.5936 6.7983 5.5085 | 1.2676 1.1498 1.277311.0412 -.9712|80.679 174.994 88 .478 56.901 28.769|-27.43 -5.92 -1.32 -24.12
5.5955 6.8150 5.5092|1.2674 1.1484 1.2773|1.0428 - 9310]80.701 (76.125 85.496 57.42) 27.875]-27.35-5.94 -1.31 -23. 9/
.43715.5973 6.8315 5.5099)1.2672 1.1470 1.2772§1.0443 - A945 | RO.T67 177.195 82.759 57.92% 27.054}-27.29 -5.97 -1.3 -23.78
.46815.5991 6.8477 5.5107 | 1.2670 1.1457 1.2771|1.0458 - B6I0 | 80.A29 178.211 80.235 68.408 26.297|-27.23 -6.00 -1.29 -23.56
546 1 5.6025 6.8794 5.5122(1.2666 1.1430 1.2769]1.04B8 - 8017 | 80,941 180.107 75.718 %9.370 24.939|-27.13 -6.07 -1.27 -23.04
.624 15,6073 6 1 1

L9254 5.5147{1.2660 1.1392 1.2766]1.0532 -.7275)61.080 187.677 69,988 60.571 23,206 -26.97 -6.

7 -1.28 -¢7.23

{3) 10 dB case with ¢_ = 10

bp/h s/h vafh i b € s “u c vb va lal lbl Ib? ch
156 468 12§ .8363 5.5339{ 1.2%22

L1156 .82728 5.5333 | 1.2524
.250 L9113 5.54231.2520

H 6
5 6
5 &
J32gs 6.9474 5.5464 j 1.2517
374 15,7388 6.9806 5.5503§1.2515
468 [ 5.7411  7.0116 6.5542 | 1.2512
5 7
5 7
5 7
L] H

T2
L L

1.0888 -1.3159 |87.708 129.052 92.448 67.815 48 580 | -25.20 -10.43 - 46 -21.9)
27450 1.0898 1.3200 | 88.691 129.675 03.816 68.732 49.726 | -26.74 -10.57 - .44 -21.82
1

1

0982 -1.0393 [AB.540 134.913 76.993 J0.205 40,065 }-26.36 -10.12 -.49 -27.0%
1025 -.9509 {88.522 136.817 1.714  JO.B63 37.143 }-26.30 -10.06 -.49 -21.91
2125 | 1.1067 - 8802 [88.520 138.457 €7.436 71.478 34.814 |-26.27 -10.04 -.5 -21.7%
L1107 -.8217 [88.527 139.906 63.846 72.055 37.882 [-26.75 -10.06 -.5 -71.52

w
=

1
.62 7476 7.0962 5.5655|1.250% 1254 2708 [ 1.1221 - 6913 |88.577 143.981 S5 649 13.591 28.542 |-26.25 -10.22 - .48 -20.88
.780 7516 7.1476 5.5726 | 1.2501 1214 1.2700 | 1.1294 - 6276 |88.607 145.43 51.538 74.479 :6.394 [-26.27 -10.38 - .47 -20.48
936 7569 7.2192 S.5829 | 1.2495 1158 12688 | 1.1397  -.5529 [83.659 147.93t 46.608 75.647 23.834 [-26.27 -10.65 - .45 -19.97
1.092 7601 1123 1.2681 | 1.1462 - 5128 |B8.690 149.391 43.903 76.333 22,433 [-26.25 -10.85 - .44 -10.69

.2641  5,.5894 | 1.2491

Ve, "Vl £/320 gt sl g 4 gl

2l
Sogk ol Ll el el ool 44 a, b, e

VoS (mode) i b Alekat f0- ool
abuvb Al 2 — Lolup nyl3 0 pE8lod Te-
flon (€, 2051 [0dB 7t =il 340 4 3.+ viel=L
olrubael Sl Al e ks Alsb w, Sk 0858, w,
0 wyvue, Ve, ShoLTL6, s/ hoc0 4290 ) RN

www.dbpia.co.kr



F oS/ EA iAol Al ol vl AT RS 2 34 43E AL Agslzel 4
(Cont.)
(4) 6 dB case with e_ = 2.55
Wb sh Wit ey 2y € | Y ‘b Yo 1w e 1 2 T %2 1S S;2 S S
663 .117 780 {1.8276 2.1084 1.7B22 [2.2176 2.0646 2.2457]1.0581 ~-1.7476 |80.148 165.022 152.568 46.770 43.240 | -25.66 -5.59 -1.47 -21.00
L9751 1.8301 2.1173 1.7880 | 2.2161 2.0603 2.2845 ) 1.0645 -1.5155[80.462 166.344 134.665 49.240 39.715|-25.63 -5.61 -1.45 -22.25
1,170 1.8333 2.1299 1.7869 | 2.2142 2.0562 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 1.7888 | 2.2131 2.0508 2.2415(1.0794 -1.135) [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 92.894 56.561 30.290 | -25.65 -5.94 -1.31 -25.3
1,755 (1.8385 2.1564 1.79362.2110 2.0416 2.2385(1.0928 - .9042 | 81.236 174.889 B6.404 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 59.754 26.447 |-25.63 -6.23 -1.22 -24.72
{5) 10 dB case with €. = 2.55
wy/hs/howorh] e, ey € Y vy ve Ryp Rye 1% Iy ) I3 L2 Sy S12 %13 S
858 .429 .42911.B792 2.1260 1.7946|2.1870 2.0561 2.2379)|1.0966 -2.2472|86.946 125,363 154.470 59.689 73.548 | -24,90 -10.6 - .46 -20.34
.B58 | 1.8853 2.1527 1.8071 | 2.1834 2.0833 2,2302|1.1233 -1.4085|87.337 130.823 103.488 65.295 51.652 |-24.24 -9.93 - .51 -22.63
1.287{1.8883 2.1675 1.8144]2.1817 2.0363 2.2257 [1.1390 -1.1431 [ 87.546 133.196 86.708 6B.001 44.267 [-24.19 -9.95 - 50 -23.54
1.716 [1.8907 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[1.8934 2.1991 1.8294 [ 2.1787 2.0216 2.2165|1.1734 -.7788 | 87.892 137.563 62,855 72.717 33.226 |-24.1B -10.44 - .45 -23.53
2,578 | 1.8958 2.2154 1.8336)2.1776 2.0142 2.2122 | 1.1913 -.6524 | 88.024 130.623 58.257 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|B8.094 140.851 49.789 75.742 26.774 | -24.05 -11.14 -.39 -22.45
3.43211.8977 2.2391 1.8462]2.1762 2.0035 2.2064 |1.2173 -,5115[B88.177 142.524 44,374 77.082 23.399 |-23,93 -11.60 -.36 -21.88
}
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