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A Wideband Variable Waveguide Coupler
for Millimeter Applications

K.-F. Schuster, M. Carter, D. Charriere, J. Lamb, and F. Mattiocco

Abstract—We present a variable waveguide coupler for the N + 1 holes is given by
short millimeter-wavelength range. The coupler has low ohmic

and insertion losses in all paths, flat coupling characteristic, and C N .

high directivity over a large bandwidth. The construction of [dB] —20 - log ZCneﬂfp(—'Ld(”ﬁl + (N —n)B2))|
the coupler allows a variable independent adjustment of power n=0

transferred into several paths when several couplers are used in Q)

series. The coupler is therefore useful for multichannel receivers . o
and especially for superconductor—insulator—superconductor The directivity can be calculated to be
(SIS) mixer arrays where individual local oscillator (LO) power

adjustment might be necessary. We present measurements for a D N )
coupler working at 230 GHz and compare them with a simple m = —20-log Z Dyexp(—ind(B1 + f2))| — C. (2)
analytical model. n=0

Index Terms—Variable waveguide coupler, milimeter waves. C, andD,, are the forward and backward coupling coefficients
for the individual holesd designates the distance between
neighboring hole centers, and,» = 27/, 42 are the
phase constants for the guided wavelengths,» in the two

OW-LOSS coupling in the millimeter- and submillimeterwaveguides. For most applicatiods~ \,/4 is chosen for a

wavelength region is not an easy task. Quasiopticaénter frequency of the coupler in order to obtain a maximum
methods are often employed offering a wide range of pogirectivity. For circular mid-sidewall holes of diametess
sibilities by interferometric or simple beamsplitting meansetween rectangular wave guides with dimensions a and b, we
A drawback of these methods is the large size of typicahve [2]

I. INTRODUCTION

quasioptical setups and the low isolation of the different T
paths. Waveguide couplers are compact and widely used up to C,=D, =iA, - Ty 9:1)) 92 3 ©)
frequencies of 350 GHz while offering very good performance. 12a°b

High directivity wideband couplers, however, require a very Here A,, designates a correction factor for thg¢h hole,

high-precision machining in order to obtain a specific couplingaking the finite wall thicknesg between the guides into

Variable waveguide couplers overcome this problem. account. Treating the holes as circular waveguides beyond the
Here we describe a wideband variable waveguide couplartoff frequency one derives [3]

at frequencies from 205 to 275 GHz which is also suitable 5

for cryogenic operation. The variation can be obtained by A, = exp —27t \/ _ <1-706'dn> @)

a linear actuation with very little force requirement and a " 1.706 - d, A

travel of 0.54 mm. The coupler allows a variation between

14 and 24 dB with a directivity of better than 15 db. Thevhere A = ¢/ f is the free-space wavelength.

power transmitted through the main path is varied by less tharThe coupling can now be widely changed by continuously

0.5 dB while varying the coupling by 10 dB. The coupler ighanging the propagation constant in one of the guides.

therefore interesting for multichannel instruments where, fim this case the forward coupling is decreased by phase

example, local oscillator (LO) power has to be used in afifferences between the waves coupled through the individual

optimal serial way while allowing adjustment of the coupletioles. The same effect also will decrease the directivity,

power individually for each receiver channel. as the backward-coupled waves do not cancel completely.
This analysis does assume that the field distribution in the
Il. WORKING PRINCIPLE waveguides is essentially the same for different propagation

The coupler is based on the principle of a multihole sideweﬁPnStams'

coupler and the mechanical outline for a fixed coupling versionW.e propose to insert a dielectric vane along. the f:oupllng
section in the E-plane of one of the waveguides in order

which was designed by M. Carter [1] for the millimeter range[b reduce the phase velocity in this guide (Fig. 1). Variable

Th lin ween wavegui n idistant series. of . ! . . 4
e coupling between waveguides by an equidistant se eS|r(1)sert|on depth will result in variable propagation constants
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the midplane of the waveguide does not greatly influence the port 1
properties of the guide as long as it stays narrow in respect ey T
with a. The movement of the vane is linear and does not guide 1 | movable diel. L - Q———-1
require any mechanical force, an important point for cryogenic A <} " N microneter @ port|3
applications. As in phase shifters or attenuators of similar ——
geometries, a taper of the dielectric vane at both ends can SO | 1
be used to improve the match. 8  —

The guided wavelength for the fundamental mode in the un- °
perturbed guide is, = A/4/1 — (%)2 The change in phase ———-| guice2
velocity by a completely inserted vane can be evaluated for ¢ ]
the fundamental waveguide mode by the resonance condition port 2

between the part of the wave propagating in the dIEIeCtrﬁ?g. 1. Construction of the coupler. A, B, and C designate the three me-

vane with dielectric constart and the part propagating inchanical parts which are machined separately.
free space [4]
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a transcendental equation which can be solved numerically 200 B0 requeny aa] 2° 280

for A,. With (5) we can calculate the maximal ratio of the_ .

. in the t id f the cou Fg 2. Lower traces, left-hand scale: input return loss of the coupler for
propagation ConSt_amS In t e WO_Wavegw es o PiRE extreme positions of the dielectric vane. Upper traces, right-hand scale:
v = p1/f2 for different dielectric constants and vane transmission through the coupler for extreme positions of the vane.
thicknessedwv for a given waveguide geometry. It is important

to notice thaty does decrease with increasing frequencyyios conventional high-precision machining of the wave-
This compensates for part of the coupling slope which is di@iqe halves and the coupling holes with minimized losses due

to increasing geometrical phase delay along the coupler gadine spiitting of the waveguides. The coupler is fabricated
therefore makes the coupling characteristics relatively flat. ;, rass for reasons of machining precision. Further gold

plating is possible but has not been employed although this
I1l. CONSTRUCTION OF A230-GHz ®UPLER would reduce waveguide losses significantly, especially under

To experimentally verify the proposed principle of a variabl&Y09eNIc _co_ndmons. A variation of between 1 anq 1.35
directional coupler we chose a basic design of a 13-ho ows variation of the coupling by about 10 dB without a

Chebyshev coupler for a center frequency of 230 GHz (WRq?crease of 'the dlrectlvny.much .bellow 20 dB. Large.s
1.09 x 0.545 mm, see Fig. 1). The second path of the coupl\é'lou'd result in larger coupling variations but also drastically
' duce the directivity of the coupler. As a compromise between

is doubly curved to allow a geometrical separation of alf thick d di ¢ loast alent slot in th
ports. The distance between the guides is 5@m and vane thickness (demanding at least an equivalent slot in the

do11 = 294 um, di 10 = 325 pum, de_g = 380 pm with waveguide), mechanical stability, and machinability of the

a distance of 40Qum between holes. The nominal coupling@atenal’ we gsed a 15@m-.th|ck Rexollte V"’F“eﬁ( — 2‘5)'
of such a geometry (without dielectric insert) is about 14-1 ¢ chose_a s_lmple ta}ngentla_l radlal_ taper with a radius of 11
dB, a value which is well suited for typical applications likd"™ resulting in tapering sections with a length of aboly.2
low-noise mixers. The number of holes, and therefore the
length of the coupling section, is not only determined by
the required coupling, flatness, and bandwidth of the coupler,We used a HP 8510 network analyzer with a high-frequency
but also reflects mechanical limitations like remaining materiaktension [5] to measure the function and characteristics of the
between neighboring holes and general machining precisiomachined coupler. The return loss is shown in Fig. 2 (lower
The coupler in its present geometry has optimum directivityaces) and is better thar20 dB for all insertion depths;
for lowest coupling, a figure which could be changed bthis shows that the taper of the insert is sufficient. The loss
choosing slightly larger distances between the holes. In thistransferred power is given in Fig. 2 (upper traces). About
case the mean directivity for different couplings could b2 dB are due to ohmic losses in the waveguide. Experience
further optimized. shows that gold plating would reduce this value to 0.7 dB
The coupler consists of three mechanical units where theroom temperature. The transferred power changes by less
two waveguides are split along the E-plane. Such a desitgran 0.5 dB between maximal and minimal coupling, a value

IV. MEASUREMENTS
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Fig. 3. Lower traces, left-hand scale: maximal and minimal coupling with

dielectric vane completely inserted and completely removed. Thin lines reflggy. 4. Coupling variation with insertion depth of the dielectric vane. The
the result of the simple analytical model. Upper traces, right-hand scaiio vertical lines show the geometrical limits of the waveguide.
derived directivity for extreme vane positions.

low enough to allow nearly independent adjustment of sevefigmanding on the dynamic range of the measurement system
channels in a series of identical variable couplers. The fs@d we suspect that the dips in directivity partially reflect
that the loss increases with increasing insertion depth algufficient dynamic range of the measurement setup or an
comparison of results from a scaled model at 10 GHz wiifperfect termination of port 2.

model calculations indicate that most of this change is due

to losses in_the (jielectric mgterial and leakage of power V. CONCLUSIONS

through the insertion slot. This slot had to be larger than _ o

the dielectric insert for reasons of mechanical precision. TheWe have prop.osed.and_ experimentally verified a novel
general performance of the coupler could be further improv¥@/iable waveguide directional coupler for the millimeter
by gold plating of the guides, a dielectric material with lowef2n9€- The principle has been successfully applied up to 275

high-frequency losses, and higher precision for the waveguiti!Z- The coupler allows for serial distribution of LO power in
slot. multichannel systems with individual independent adjustment

Fig. 3 (lower traces) shows the forward coupling withou‘f’f the power coupled to different paths. The mechanical outline

the dielectric insert and complete insertion of the vane WS for cryogenic applications with low force, small travel

comparison with the calculations. The general agreement3guation.
good. Fig. 4 shows the variation of the coupling with varying
insertion depths of the dielectric vane. The variation is 7.5
dB at 205 GHZ.and 12 dB at 275 GHz. The variation iS- ‘9{1] M. Carter, intern. IRAM design 51-79-00,
monotonic function of the insertion depth, an important poinf2] H. A. Bethe, “Theory of diffraction by small holesPhys. Rey vol.
; ot 66, pp. 163-182, 1944.
for practllcal 'a'ppllcatlons. . . [3] N. Marcuvitz, Waveguide HandbooklEE El. Mag. Wave Ser. 21.
The directivity for the two extreme vane positions (Fig. 3" London, U.K.: Peter Peregrinus, 1986.

upper traces) was derived from coupling and isolation med#4] S.- B. Cohn,Proc. IRE vol. 40, pp. 697-699, 1952. .

The derived directivity stavs better than 15 d ] F. Mattiocco and M. Carter, “80-360 GHz very wide band millimeter
surements. Yy ; Y ) G e wave network analyzer ht. J. Infrared Millim. Wavesvol. 16, no. 12,
between 205 and 275 GHz. Measuring the isolation is highly 1995,
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