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The BIMA Directional Couplers.

In the BIMA receivers directional couplers are used on the LO plates to feed a part of
the signal from the Gunn oscillators to the phase-lock circuit, and in the case of one f@o the
plates to split the LO signal between Band A (70-90 GHz) and Band C (210-270 GHz). It was
decided to build the couplers in-house, because: 1) it would be cheaper than buying commercial
couplers; 2) we could achieve better directivities; and 3) in the case of Bands A/ we could
build a compact double coupler, rather than using two independent couplers in series. It was
determined that in the case of WR-12 (70-90 GHz) couplers, the coupling level for Band A
(relative to C) should be ~17 dB, and that for the phase-lock system should be ~25 dB. In
the case of WR-10 couplers (90-115 GHz) the coupling required by the phase-lock system is
higher, ~20 dB. The directivity was required to be >30 dB.

We decided to build narrow-wall couplers, because the coupling level is better determined
a priori, and because we believed it would be structurally stronger, especially in the case of
the double coupler (since one has to machine off two opposite walls from a waveguide). In
principle broad-wall couplers have a broader useful bandwidth, but we thought that we might
have to spend more time getting the coupling levels right. The couplers are built by machining
off one or two of the narrow walls from two sections of waveguide, inserting a thin shim with
a series of holes drilled into it, and soldering together the two waveguide sections with the
shim sandwiched between them. The most critical part of the process is drilling the holes
into the shim, because the size of the holes needs to be well controlled (the amplitude of the
wave coupled through a circular hole is proportional to the cube of the hole diameter). The
_ directivity increases with the number of holes, which are spaced by one quarter of the guide
wavelength. We built couplers with linear arrays of 20 holes. The bandwidth over which the
directivity is maintained depends on how one tapers the sizes of the holes along the array. For
a large number of holes Chebyshev coefficients are normally used to determine the hole sizes.
For 20 holes, the optimal hole sizes vary by ~10% over the array, but given the difficulty of
controlling hole sizes to that accuracy, we just used arrays with constant hole size. This proved
to be a good approach. At cither end of the array a single hole with a diameter one half the
size of array holes can be placed to improve slightly the VSWR, but even this made very little
difference in the final results. Special jigs were built to drill the shims, and to assemble and

solder the couplers.




Sample measurements of coupling values and directivities for the WR-12 (double) couplers
and the WR-10 couplers are presented in Tables 1 and 2. If in the future changes in the coupling

level are required, one can extrapolate from the values in the tables with the following formula:
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In this equation y is the coupling level, A, is the wavelength in the waveguide at the center of
the band, d is the hole diameter, a is the waveguide large dimension, b is the waveguide small

dimension, and C is a correction factor for the thickness of the shim and the large area of the

hole:
exp{(—2mtA)/ AL — (S2/F2 ")
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where A and f. are cutoff wavelength and frequency for the appropriate coupling mode (As =

1.705d for narrow wall coupling), t is the shim thickness, and A is a correction factor of order
unity. This formula has proved to be quite reliable for small (~5 dB) changes in the coupling
level, and even for extrapolating from WR-12 to WR-10.
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Table 1.

12 Double Directional Couplers.

Measured Coupling Level of WR-

v (GHz) Hole  Diameter (mils)
19.5 20.6° 22.0 24.0 o5 50 29.0

-

70 250 22.2 200 17.3 14.5 12.6
80 o7.0 24.2 23.0 194 16.4 13.7
90 985 25.6 23.0 21.0 17.8 14.3

5 for shim holes. At 80 GHz, other parameter

o Pinal value for BIMA coupler. Use drill #7
b Pinal value for BIMA

are: Directivity >30 dB, Insertion Loss 0.5 dB, VSWR 1.2.

values
0 GHz, other parameter values are: Directivity >3

coupler. Use drill #71 for shim holes. At 8
dB, Insertion Loss 0.5 dB, VSWR 1.1,

Table 2.

Measured Coupling Level of WR-10 Directional Couplers.

v (GHz) Hole Diameter (mils)

18.0 21.0¢
e ——
90 23.2 18.2
00 23.8 - 194
110 24.5 20.5

- —
¢ Final value for BIMA coupler.
vity 23 dB, Insertion Loss 0.53 dB.

Use drill #75 for shim holes. At 110 GHz, other

parameter values are: Directi
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