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ABSTRACT

A design technique combining Rectangu-

lar Boundary Division method and Finite-

Difference Time-Domain method is pro-

posed for raising upper frequency limit of

180 °hybrids. Characteristics of a designed

180 °hybrid covering 2 to 26.5GHz are shown

as experimental results.

INTRODUCTION

Wide-band 180°hybrids are important as

the basic circuit of balanced mixers and

ant enna feed networks. Fig. 1 shows the

schematic plan view of a 180 °hybrid consisting

oft andem-connected 8.34dB tapered coupled-

line magic-T’s[l]. Fringing capacitances intro-

duced at the magic-T junction as shown in

Fig.2 cause phase unbalance of the even- and

odd-mode waves and determine the practical

upper frequency limit. An air-gap coupled-

line section [1] as shown in Fig.2 or a double ar-

row structure using ground conductors[2] has

been used in the magic-T junction to compen-

sate the influence of the fringing capacitances.

However, good magic-T performance in the

frequency range beyond 20GHz is still difficult

to obtain because a systematic design tech-

nique for the magic-T junction has not been

developed.

We describe, in this paper, a design tech-

nique for the magic-T junction with an air-gap
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Figure 1: Schematic view of a 180 °hybrid con-

sisting of tandem-connected tapered-ccmpled-

Iine magic-T’s

coupled-line section. In a conventional magic-

T junction, impedance discontinuity between

an air-gap section and a full dielectric sec-

tion causes multiple reflection of waves, there-

fore a design of the optimum air-gap length

for compensating the fringing effects has been

19
difficult. In the proposed technique, a tran-

sition without impedance discontinuity be-

tween the two sections is designed wjth the

use of Rectangular Boundary Division (RBD)

method [3] and the air-gap length is optimized

with the use of the Finite-Difference Time-

Domain (FD-TD) method~4]. The result-

ing bandwidth, 2 to 26.5GHz, of a designed

180°hybrid is shown as experimental results.
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DESIGN OF TAPERED

COUPLED-LINE

Cross-sectional views of the full-dielectric sec-

tion and air-gap section near the magic-T

junction are shown in Fig.2(b) and (c), respec-

tively. The spacings between the strip conduc-

tors, S~ and S., are different because the strip

conductors in the full dielectric section sink by

the half of the conductor thickness,t, in the

case of soft substrates. The influence of this

structural difference is not negligible because

electromagnetic waves are strongly coupled in

the two sections.
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Figure 2: Plan view of the magic-T junc-

tion(a) and cross-sectional view of the air-gap

section(b) and full dielectric section(c)

The RBD analysis is carried out by consid-

ering the strip conductor thickness, so that

a design chart [5] for the coupled-line sections

is made as shown in Fig.3. The chart pro-

vides the cross-sectional dimensions and the

coupling coefficient of a coupled-line. Then,

the coupling coefficient ,K, and the characteri-

stic impedance relation are given as,

h even f ~odd

where ZO, Z~V~~, and zodd

teristic impedance of the

.

denote the charac-

isolated strip line,
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the even-mode, and odd-mode impedance of

the coupled-line, respectively.

The coupled-line should be designed so that

the impedances are continuous in the junction

between the full dielectric section and the air-

gap section. Since the cross-sectional dimen-

sions, W and W=, for the same coupling coef-

ficient defined by the mode impedances is dif-

ferent as shown in the design chart, a step dis-

continuity is provided in the junction as shown

in Fig.2 in order to keep the impedances con-

stant in the two sections. The influence of

the structural discontinuities and the fringing

capacitances at the magic-T junction is char-

act erized and the length of air-gap section ,1,

is optimized to compensate the discontinuity

effects with use of the FD-TD method.
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Figure 3: Design chart for the coupled-line

sections

OPTIMIZATION OF AIR-GAP

LENGTH

The FD-TD method is suited to charac-

terize wide-band magic-T’s because the wide-

band performance can be efficiently ana-

lyzed by using pulse excitation and Fourier

transformation[6]. The Yee algorit hm[4] is

used here ---:’U “- - ‘--A --’--- --’3- ---3 “- -

Mur’s first

bined with

WILll Lll~ ~ii,ILt31tLll ~IIUS ZLIIU Lll~

order boundary condition [7] com-

the super-absorption technique[8],



The Gaussian pulse, excited at the source

plane, S, propagates toward the observation

points, Oz(i = 1,2,3, 4), in the magic-T junc-

tion as shown in Fig.2. The mitered right-

angle bends at the magic-T junction are ap-

proximated with the staircases(a) and (b) in

Fig.4. The FD-TD analysis is carried out for

both staircases and the mean value is used

as the result of analysis. Convergence for the

number of staircase grids was examined by cal-

culating the coupling characteristics, IS21 1, of

the magic-T junction as shown in Fig.4. In

our analysis, 16 staircase grids were used.

The even- and odd-mode pulses, Ve and VO,

at O:j and 04 can be obtained by decomposing

the observed electrical potentials, ~ and Vh,

as shown in Fig,2(c), as,

v, = ;(I4–Vj), v. = & +Vj)!
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Figure 4: Coupling characteristics, IS211, of

the magic-T junction for the approximations,

staircase(a) and (b)

These pulses are Fourier-transformed and

the phase difference between the two mode

pulses is shown in Fig.5. The graph shows

that the phase difference caused by the fring-

ing capacitance can be decreased by tuning

the air-gap length,l. For the cases of l>2nlm,

the phase difference is beginning to show dis-

persion emerges from in homogeneous media

at the air-gap section. The air-gap length of

1=2.5mnl is, therefore, the optimum value.

Air-Gap Length: 1
20 -------- j--------~ -------~ --------t -

I l=5m&
%3*
- lo .-––––––; –

+?4

_________:_ . . . ..- <-..-———-
4m~n

8

I

0 . . . . .. —- .4. .- ——-—-+—---— — & ———--&m . . .

Q-lQ . . .._. --/---- ;

--~”--- *Z:

-— ———-—.

g

; >*;Z
--20 -–––––-–; -------------------

-30 —-
0 5 15 20 25

A&ENCY (c+Hz)

30

Figure 5: Phase difference between the even-

and odd-mode pulses

EXPERIMENTAL RESULTS

A 180 °hybrid was designed and fabricated

as the triplate strip line structure consisting

of soft substrates(RT/Duroid 5880). C!ross-

sectional dimensions of the designed coupled-

line are denoted in Fig.3 and the air-gap

width,w~, is 2. Omnl.

Fig.6 and Fig.7 show the amplitude and

the phase unbalance of the A port of the

180 °hybrid. Good characteristics are observed

for the frequency band, 2 to 26.5GHz. The

isolation between the A and E port and the

input port return losses were lower than 15dB.

CONCLUSIONS

A design technique for raising the upper fre-

quency limit of tapered coupled-line magic-T’s

was proposed. The design procedure which

consists of the accurate characterization of ta-

pered coupled-line with the RBD method and

the optimization of air-gap size with the FD-

TD method is effective for the cc)rnpensation

of fringing capacitance at the nmgic-T junc-

tion. A 180°hybrid designed with this tech-

nique provides good performance for tlhe fre-

quency band, 2 to 26.5 ClHz.
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Figure 6: Amplitudes of the A port, IS31 I and

IS3ZI, of the designed 180°hybrid
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Figure 7: Phase unbalance of the A port of

the designed 180 °hybrid
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