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Abstract

The directional coupler is one of the earliest and fundamental
junctions in microwave/ millimeterwave frequency band, which is
mostly one- or two-axis symmetry. The most important common
property in all directional couplers is that the output arms are
isolated from each other and the input arms are matched under the
condition that the other arms are terminated by the matched loads.

Parallel coupled-line directional coupler has a 90 degree phase
response between output signals and an advantage of wide
bandwidth than hybrid-ring or branch-line directional coupler.
However, it is very difficult to realize tight coupling due to a
narrow transmission width and space.

In order to solve the above problem, in this paper, a directional
coupler using 2-stage parallel coupled-lines has been constructed by
two coupled-lines and transmission line. Therefore, 2-stage parallel
coupled-line directional coupler has been designed using both sides
of substrate or multilayer plane which has 1-axis symmetry while the
conventional one has 2-axis symmetry.

The frequency characteristics of the designed couplers were
analyzed and the optimum parameters were found by CAD. The
fractional bandwidth of the proposed 2-stage parallel coupled-line
coupler was broadened to 130 percents. Furthermore, it was clearly
shown that the experimental results agree well with the predicted

ones with microstrip-line type.



Nomenclature

Z. (m, n= ¢ 0) : Normalized impedances

0. (i= 1,2) : Electrical length of section Z,

I',.,(m n= eo) : Reflection coefficients for them- n mode excitation

T ..(m,n= e 0) : Transmission coefficients for the m- n mode
excitation

[F] : ABCD matrix

I'. : Reflection coefficients for the even mode excitation

I', : Reflection coefficients for the odd mode excitation

T. . Transmission coefficients for the even mode excitation

T, . Transmission coefficients for the odd mode excitation

[S] : Scattering matrix

Sy (i,j= 1,23 4) : Elements of scattering matrix

C,(i = 1,2) : Couplings coefficients for the parallel coupled line

f, . Center frequency
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1 . .
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Zt Zt Zelz e2
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2 cos ¢, cos g, cos 9, - oL 4+ ) sin @, sin @, cos 6,
Zt Zol

_(Zt+zoz

. . Zoz Zol . .
cos §,sin g, sin g, - + ——|sind,cosf,sind,
Zoz Zt

Zol Zoz
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S11 S12 S13 S14 S11 S21 S31 S41
S21 S11 S41 S31

S]= = 3.13
1517 s, s, S5 Su| ™ [Sa Sa Si Sa (313)
Su S Suiz Su Su Sa Su Sy
(2.14), (2.15)
4 2
Zeli ZeZl Zoll Z021 Zt;
611 621 6t
2
CAD
3-2
2 Zeli 2621 Zoli Z021 611
6,, 6, M
M
-20dB 3dB, 1v2
M (3.19) , M
[6],[7].
_ i 2 2 1,2 1,?
M = < 1{aj1|811| + ap|Saul + aj3(821' ﬁ) + aj4(531' ﬁ) }f. (3.14)

N : the number of sampling

f, : the sampled frequencies
a;; . weighting coefficients
M CAD
, aji 5 : 3.1
Al4 7 (Zery Zegr Zors Zogy Zy 61, 63)
, 3.2 3.1
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3.3 8

: 34 3.3
32, 34 -7 -18dB
CAD 130%
34 310
, C,, C, (2.18)
z el” z o)
C,= ﬁ (3.15a)
A e2” A o
C,= ﬁ (3.15b)
31
Table 3.1 Parameter number 7 of the optimum parameter(l,= A/ 4)
Parameter Case 1 Case 2 Case 3 Case 4
Ze 25514 25703 2.6703 2.7796
Z o 0.3388 0.3462 0.3462 0.4072
Z, 0.9968 0.9857 0.9857 0.9997
Z e 0.8140 0.7975 0.7975 0.8089
Z o2 1.2283 1.0037 1.1937 1.0353
0, 1.5753 1.2776 1.3776 15774
0, 1.3258 1.2812 1.3500 1.3533
3.2 3.1
Table 3.2 Each section Coupling using Table 3.1 & Bandwidth
Case 1 Case 2 Case 3 Case 4
C,[dB] -2.32 -2.35 -2.27 -2.56
C,[dB] -13.86 -18.83 -14.02 -18.22
B.W.[%] 66.7 73.6 88.9 100
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3.3 8
Table 3.3 Parameter number 8 of the optimum parameter

Parameter Case 1 Case 2 Case 3
Z o 2.6053 3.0218 3.1108
Z s 0.3441 0.2893 0.2960
Z, 0.9898 0.9565 0.9769
Z 0.9951 1.5925 1.5449
Z 1.2892 0.7502 0.6528
0, 1.6263 1.6038 1.6795
0, 0.9962 0.8691 0.9777
6, 1.8852 0.3437 0.3124
34 3.2
Table 3.4 Each section Coupling using Table 3.3 & Bandwidth
Case 1 Case 2 Case 3
C, [dB] -2.31 -1.67 -1.66
C,[dB] -17.81 -8.89 -7.83
B.W.[%] 100 123.81 130
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(2)

(w) (s) even, odd-mode
h
[8].
u= W (4.53)
h
- S
9= 4 (4.5b)
(4.5 even-mode
(e _ €r+ 1 & - 1 & - aq(Vv) Xbe(g)
Eeff = > + 5 {1+ v } (4.6)
2
= L(20—+92—)— + gxexp(- g) (4.78)
10+ ¢
ac(v) = 1+ L in v+ (v52)° - xln{1+( Y )3} (4.7b)
e 49 vi+ 0.432 18.7 18.1
£ - 0.9,%%°
b.(e )= 0. 564X(8r+—3. (4.7¢)
odd-mode
(o) _ 1 d,
Eeft” = seff+ { + ao(uv Sr)' Seﬁ}XEXp(' Coxg ) (48)
e+ 1
a,(u, &)= 0.7287><{seﬁ- T}x(l- exp(- 0.179u)) (4.92)
0.747¢,

bo(er) = 0.15+ & (4.9b)
Co= bo(&)- (by(e&y- 0.207)x exp(- 0.414u) (4.9¢)
d,= 0.593+ 0.694 x exp(- 0.562u) (4.9d)
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W 41

4.1 7 2

Table 4.1 Transmission width and length of 2-stage parallel coupled-line
Directional Coupler with parameter 7

3.0 ,
4.2

(41) (4.13)

strip width / length [mm]

Case 1

Case 2

1.6848 / 14.4751

16482 / 11.7396

15068 / 12.1825

17847 | 11.7727

w,/ 1,

15142 | 14.4338

15407 / 14.4338

* The relative dielectric constant & = 3.0

* The thickness of substrate h= 0.5 mm

* Center frequency f,= 3GHz

4.2 8 2

Table 4.2 Transmission width and length of 2-stage parallel coupled-line
Directional Coupler with parameter 8

strip width / length [mm] Case 1 Case 2
w,/ I, 1.6389 / 14.9438 1.6705/ 14.7370
W,/ 1, 1.2338 / 9.1539 1.6137 / 3.1582
W,/ 1, 15309 / 17.3228 1.3097 / 7.9860

* The relative dielectric constant &, = 3.0

* The thickness of substrate h= 0.5 mm

* Center frequency f,= 3GHz
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(b)

4.1 2
Fig. 4.1 Photography of 2-stage parallel coupled-line Directional Coupler
using both sides of substrate
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4.2 2
Fig. 4.2 Photography of 2-stage parallel coupled-line Directional Coupler
using multilayer plane
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Fig. 4.3 Measured result of 2-stage parallel coupled-line coupler for Case 1
in Table 3.1 using multilayer
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Fig. 4.4 Measured result of 2-stage parallel coupled-line coupler for Case 1
in Table 3.1 using both sides of substrate
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Fig. 4.5 Measured result of 2-stage parallel coupled-line coupler for Case 1
in Table 3.3 using multilayer
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Fig. 4.6 Measured result of 2-stage parallel coupled-line coupler for Case 1
in Table 3.3 using both sides of substrate
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