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ABSTRACT coupled-line impedance around the center of

o coupled lines and by optimizing coupling coeffi-

A compact Ku-band power combining net- ciant distribution. The design method of the hy-
work with a combining loss less than 0.45dB hasyyig coupler and experimental results of a Ku-

been developed using rectangular coaxial line techygng 4-way power combining network are pre-
nology. Novel hybrid couplers using impedance-gented.

transforming nonuniform coupled transmission-
lines are employed as power combiners to reduce
the degradation in the combining network perfor-

mance due to manufacturing inaccuracy. A block diagram of the 4-way power com-
bining network is shown in Figure 1. Four input
signals are combined with three 3dB hybrid cou-
INTRODUCTION plers. The configuration of the 3dB hybrid cou-
pler using impedance-transforming nonuniform
In the C-band and below, rectangular coaxialcoupled transmission-lines is shown in Figure 2.
line technology is useful to realize compact, light-Nonuniform coupled transmission-lines are em-
weight and low-loss beam-forming networks ployed in order to avoid discontinuity effect which
(BFNs) and power combining networks [1][2]. degrades the performance of hybrid coupler in high
But, in the X-band and above, degradation in rectfrequency bands. Nonuniform coupling is obtained
angular coaxial line device performance due tadby varying the width W and the offset value S of
manufacturing inaccuracy becomes a serious proleach inner conductor continuously along the lon-
lem because the dimension of a rectangular cogitudinal direction x.
axial line cross section should be designed very The coupled-line impedance) and the
small to avoid excitation of higher order propaga-coupling coefficient K(x) at position x on the non-
tion modes. Consequently, most of low-loss BFNs

and power combining networks in these frequen Port 5
3dB Hybrid (Output Port) Terminations

bands are designed using waveguide technolc Couplers O
[21[3].

This paper proposes a Ku-band compact a V; —
low-loss 4-way power combining network usin
rectangular coaxial line technology. The netwoil — —
consists of three novel hybrid couplers using ir | |

) . . O O O @)

pedance-transforming nonuniform coupled tran Port 1 Port 2 Port 3 Port 4
mission-lines. These transmission-lines can redt ! Tr— :
the degradation in the hybrid coupler performanc pUtorts

due to manufacturing inaccuracy by lowering thetl:Igure 1. 4-Way Power Combining Network

CONFIGURATION
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uniform coupled transmission-lines are defined by: DESIGN

Ze(X) = | Z(X) [Z,(X) 1) In order to simplify the design, multisection
coupled transmission-lines with reduced sensitiv-
K(x) = Z,(X) = Z,(X) ) ity to manufacturing inaccuracy are designed by
Z,(X)+Z,(X) lowering impedance and optimizing coupling co-

efficient distribution first, and then the coupling
where £(x) and Z(x) are even and odd mode char- distribution K(x) and impedance distributions

acteristic impedances of the coupled lines, respec- c(x) of the nonuniform coupled transmission-

Coupled ansmission-ines, both Zc and K are vay I"eS e derived by tapering the multisection
ied continuously along the’longitudinal direction coupled trarllsm'lssmn-llr.]es. Flgure 3 shows an
X, and the performance degradation due to manugquwaler]t circuit of multisection couplgd trans-

T . ~mission-lines. The center coupled section is de-
facturing inaccuracy can be reduced by lowering

the impedance Zc around the center of cou Iedzigned to have lowestimpedancg ad the other
) P e . . P€%ections are designed to operate as quarter wave-
lines and by optimizing coupling coefficient dis-

tribution K(x) length impedance transformers which can match
) Zc has ihe lowest value at the center of theZCN with input/output impedance ZThe imped-
. N . ance of each section is determined by the imped-
coupled lines (x=0). The nonuniform coupled

AT . ance matching condition. In the case of N=3, the
transmission-lines operate as impedance trans-

formers which match the lowered impedanceC(JnOIItIorl 'S given by :

around the coupled line center with input/output ~ Z, [Zc,” = Zc? [Zc, )
impedance Zat the coupled line ends. By lower- The coupling characteristic of the
ing the impedance Zc around the coupled line cenmultisection coupled transmission-lines can be
ter, the conductor width W and conductor gap danalyzed by the even and odd mode model [4].
can be enlarged all along the coupled lines andFor N=3, a relation between the coupling of the
therefore, the performance degradation due t@entire coupler, K and the coupling coefficient of

manufacturing inaccuracy can be reduced. each section, s give by:

K,-K))(1-K,K K,-K
Port 1 Port 4 K 22)( iK2) T (4)
(Input : (Isolation) (K1 - Kz) +(1- Kle) 2(K3K0 -1

_Inner Conductor2

Equation (4) is transformed to

Dielectric Support
_ 2K, 2K, +K, +a,

~Inner Conductorl K, (5)
Port 3 L _\"Port 2 1+a,
(Coupling) 0 X (Output) )
whereqa , anda , are higher order terms of KK,
W and K.. Equation (5) indicates that,Kas nega-
d S 1
|
} Outer Conductor 1 2 N ON-1
B z Inner Conductorl Port 10T——, __ — - —+OPort2
& Dielectric Support I T
: o S — T—hr—-o
A " Inner Conductor2 Port 3¢ Port 4
L—>‘ Zc, Zcp ... Zey ... Zc, Zcy
A-A’ Cross Section ' K KZI Kn . .KZ K . _
Figure 3. Equivalent Circuit of Multisection
Figure 2. 3dB Hybrid Coupler Coupled Lines
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tive contribution to the coupling Kand then the ter wavelength uniform coupled line hybrid cou-
deviation of coupling Kcaused by errors in K  pler. Table | shows the comparison of the coupling
K, and K can be partially canceled if all errors deviations. The coupling deviation is reduced to
have the same sign. Because an error in condudess than 30% of that in conventional one.

tor gap d causes the same sign errors,jirkK

K., aproper of choice of the coupling coefficients Table |
K, K, and K will reduce the deviation of kdue Comparison of Coupling Deviation
to the manufacturing inaccuracy of d. (Designed Coupling Ko=-3dB, Z0=500hm)

To avoid the performance degradation _ _
caused by step discontinuities between uniform ErrorinS | Errorind
coupled sections, the designed multisection AS/A=0.03 |Ad/B=0.005
coupled transmission-lines are transformed into
nonuniform coupled transmission-lines[5]. Figure  |Conventional 0.33dB
4 shows a designed distribution of Zc(x) and K(x), Type 0.42dB '
and Figure 5 shows the designed performance of —

. . . . m ance_

the hybrid. The.physmal Q|menS|ons W(x) and_ tran%forming 0.01dB 0.10dB
S(x) are determined by using rectangular bound
ary division method[6]. Coupling deviations type

caused by errors in d and S are estimated for the

designed hybrid coupler and a conventional quar-
EXPERIMENTAL RESULTS

Figure 6 shows a photograph of the fabri-
cated Ku-band 4-way power combining network.
Figure 7 shows the measured performance includ-
ing input and output connectors. The combining
amplitude and phase errors are less than 0.3dB
0.62, and 5 degrees, respectively, in the 7% frequency

band. Figure 8 shows the estimated combining loss
Figure 4. Designed Distribution of Zc(x) and using the measured performance of the combin-
K(x) ing network. A combining loss less than 0.45dB
(a combining efficiency greater than 90%) is ob-
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Figure 5. Designed Performance of 3dB Hybrid Figure6. Ku-band 4-Way Power Combining Net-

Coupler work
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Figure 7. Measured Performance: (a) Amplitude
Characteristic. (b) Phase Characteristic.
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Figure 8. Estimated Combining Loss

CONCLUSION

A compact and low-loss Ku-band power
combining network using rectangular coaxial line
technology was presented. Novel hybrid couplers
using impedance-transforming nonuniform
coupled transmission-lines are employed as power
combiners to reduce the degradation in combin-
ing network performance due to manufacturing
inaccuracy. A compact size power combining net-
work with a combining loss less than 0.45dB has
been realized.
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