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This paper describes a technique for multichannel switching of high microwave power levels,

based on an application of waveguide hybrid circuits such as the well known Butler matrix. * It op-

erates on the basic principle of dividing the high power input into a number of lower-power parts,

then phase shifting these lower-power components to cause them to recombine mto any one of the

multlple output channels. The number of channels is any binary number, N = 2n, and the total power

which can he switched is equal to N times the power handling capability of the phasing components

used.

To introduce the technique, simple four- channel switch con fiwrations will be dlsc~~p,ed, but the

principle can readdy be extended to 8, 16, 32 and higher binary numbers. The N = 4 configuration

not only avoids excessive complexity in the discussion, but is a very practical configuration in its

own right for array systems using four antennas to obtain hemispheric coverage.

Butler Matrix Switch. The well known Butler matrix is an arrangement of 3 db hybrids and

fixed phase shifters which has heretofor been applied to multiple-beam array antennas.Power intro-

duc ed into any me of its input ports is divided equally among the output ports, hut with various

phase delays, such that when the output ports are connected to a linear array of antenna elements,

a tilted beam is rad~ated.

If instead of radiating the dimded output power, we feed it into an identical Butler matrix, at-

tached back-to-back as shown in Figure 1, the power will be recombined in the second matrix and
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Figure 1. Back-to-Back Butler Matrices

*This type of matrix was also developed independently by Wine y and Shelton. (See Reference 1, 2,
and 3.)
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the total power will appear at a single port diagonally opposite the input port. If we now introduce

variable phase shifters between the back- to- back Butler matrices as shown in Figure 2, w e can

cause tbe power to combine into any of the other output ports by properly adjusting the phase shif-

ters. For the four - channel example, power from input port 1 can be switched into the four output

termmals, 1 t , 2! , 31, or 4! by providing the phase values A, B, C, D given in the table of F@we 2,

NotIce that all required phase shifts are m discrete multlples of 90 degrees, which allows the

variable phase sblfters to be digital rather than analog. Also note that each phase shifter is ex-

posed to only one-fourth the total power being switched. By extending the principles illust~ ated in

thm four- channel example to higher order matrices, the technique can be used for switching corres -

pondingly higher power levels

VARIABLE
PHASE SHIFTERS

A

&0-
P/4

-94’

B
P/4

2+ POWER POWER -03’

DIVIDER COMBINER

MATRIX MATRIX

P14
c

39- -92’

D
?/4

40- -91’

INPUT I PHASE SHIFT

OU%T A B

1’ 0 0

2’ -180” 0 T
CD

00

180” 0

0 -90”

-90” 0

Figure 2. Four-Channel Butler Matrix Switch

Hybrid - Coupler Matrix Switch. The Butler matrix includes fixedphase-shifters and some

crossed lines which are necessary only for ~ts original antenna application, but are not necessary

for the switching application. A simpler matrix switch can be devised as illustrated mFigure 3.

Not only does this simpler arrangement eliminate the fixed phase shifters, but it can be shown

that the variable pbase shifters need to have only two values of phase shift, namely O and 180 de-

grees, whereas “p to three rnultlples of 90 degrees are required in the Butler matrix configuration.

The values of phase shift requmed in this simplified arrangement, and the corresponding switch

paths established, are shown in the accompanying table of Figure 3.

One possible mechanical configuration for anN = 4 channel waveguide hybrid matrix swltchis

Illustrated in Figure 4 (a). The one-bit (O to 180 degrees) digital phase shifters shown are com-

pact latching ferrite phase shifters developed at Westinghouse, which are capable of peak powers

of over 20 kw at C-band, with an insertion loss of between 0.3 and 0.5 db. Improvements m ferrite

materials Currently tmd.r way offer the promise of doubling the power capability with no increase

in loss. Assuming short slot bybmds withan insertion loss of 0.10 db, the overall insertion loss

of an ideal four-channel matrix switch would be the sum of the phase shifter 10EB plus four times

the hybrid loss, or between 0.7 and 0.9 db. An ideal switch M defined as one bavmg identmal by-

brids and phase shifters with zero relative amplitude m- phase errors.
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Figure 3. Four-Channel Hybrid Matrix Switch
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Figure 4. Four and Eight Port Matrix Switch
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For h~gher-order (N = 2n) hybrid matrix switches, the overall insm-tmn loss (m db) increases

in proportmnto the exponent n, which represents the number of levels of hybrids requrred in the

power divider and combmer matrices, The phase shifter insertion loss, howewer, which represents

the losslest single component, still appears only once no matter what the value of n, One possible

mechanmal con fquratmn of an N = 8 channel w.avegmde hybrid sw~tch matrix IS shown in Figure

4 (b). Th~s M a “cylimirm al” con f~gurat~ on, as d~stmgmshed from the alternative and more fam -

Ilmr Butler matrix “flat” con flg”ra.tmn

E\ fects oj Phase and Amplitude Errors. For a practical matrw sw~tch, it is desirable to ?x.

amme the effects of ~mperfect components. An error analysis was performed using matrix alge-

bra with the Ideal sw~tcb matrix promdmg the base for the error analysis Errors in the form

(1 + 6) eJ13WeI-e applied to the hybmds and phase sh~fters mthe,cfealmatrm equation to compute

resulting errors m the output channel s~gnals.

Some special cases were am.lyzed to demonstrate the effects of various pos~ible errors, Three

of the cases considered were:

1 Equal amplitude errors 6 m a fraction F of the N phase shifters

2 Equal phase errors ~ in a fraction F of the N phase shifters

3 Small random phase errors in both the phase shifters and the combiner matrix hybrids,—

The results of this analysm are shown in Figure 5. A statistical em-or analys~s in”ol”ing both

ampht”de and phase errors (tolerance) IS in process, and results are forthcoming,

,0 ,. (1-1.}’

f = FRACT$ON OF PHASE SHIFTERS

8 WITH VOLTAGE ERROR .

6

.
{o) AMF’LITUDE ERRORS IN

2
PHASE SHIFTERS

00 ~ ,0 ,0 *O ,00 &( PERCEMT ERRORI

i
,0 ,., -z f(,. f)(l-co$o)

[ 1AFRACTIONOFPH.,.SHIFTER3
f w(TH PHASE ERRoR3 /3

,,

g ~
de

8 ..6

,$ (b) PHASE ERRORS IN PHASE

SHIF7ER5

+
>4

Io45.,0.,3,.,,0.L3(DEGREEs I

1 00

98

,.

,

94

,,

I13xl_
HYBRID MATRIX

w B
0 05 I 15 2 ‘u’

P.!. (/3; +p,’l
6,: ~MMSN~E::::;, OF
&.RMSPHASEERROROF

PHASE SHIFTERS

&.Low /3, ,pg

P= t-z f?;,,

(c1 SMALL PHASE ERRORS IN

PHASE SHIFTERS AND

!74, !ANS

Figure 5. Normalmed Power for Various Errors
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