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High Performance Dual Directional Couplers for
Near-mm Wavelengths

Neal R. EricksonMember, IEEE

Abstract—A low loss, high directivity dual directional coupler  sensitive, and where the available input power is rarely more
has been developed suitable for fabrication in waveguide bands up than required for proper operation.
to WR3 (220-325 GHz). The design uses waveguide split on the
E plane centerline with three waveguides running side by side and
coupling holes made by drilling through all three guides. Construc-

tion is relatively simple and the resulting structure is very robust Waveguide split along the E plane centerline is preferred for
o A ag] ® 272 . mm-wave components, ecause itcan be easiy machined witha
joint that does not cause significant loss. It has proven feasible
_Index Terms—Dbirectional couplers, machining, millimeter wave 1o make many components this way in two-piece split blocks,
directional couplers, waveguide couplers. with no additional inserts. The goal of this design was to use this
style of construction for a dual directional coupler, optimized for
|. INTRODUCTION CNC machining.

N - For simplicity round coupling holes are used, all of the same
AVEGUIDE directional couplers are a critical part Ofdiameter. This ensures that even if the hole size differs from the

microwave test equipment, and are well developed fitended size, the directivity will not suffer, although the cou-

! . ]
components at frequencies up through WR10, with relatw?{gfing will change. The behavior of the coupling of these holes

high dlrect|V|_ty. Couplgrs are normally manufactu.red accordi .\(%as studied using HFSS [2]. With round holes, flattest coupling
to a conventional design using many weak coupling holes, wi

diameters varying along the length to achieve optimal direﬁpross a standard waveguide band is achieved by offsetting the

tivity. At low frequencies this leads to very high directivity be- oles by0.28oa (W_hereq is the Wa_veg_wde \.N'dth) from_ the
. . waveguide center line. Higher coupling is achieved by using two

cause manufacturing tolerances are very good relative to the ac- . . . . o=
. rows of holes, on either side of the centerline. High directivity

curacy required, and the long length does not cause excessive , . : N .

. . : is dchieved by spacing holes bBy38a = A./4, using an even
loss. At higher frequencies the conventional method of construc- . .
. . number of holes in each row, and using as many holes as pos-
tion leads to parts which are much longer than needed for th . )
Ible. Offsetting the rows to produce an unpaired hole at each

coupling alone, and can not be justified by the directivity whlcﬁnol of the row improves the directivity over the full band, by ta-

is achieved. Most mm-wave couplers are made with wavegui gring the coupling. It was found that two rows of eight couplin
sections joined in the H plane, either with the two waveguid%s 9 ping. 9 ping

milled in solid blocks with coupling holes cut in a thin metal Oles, offsetby one h.ole,would p.roduceadqectmt}; as0 dB
. . o -across a full waveguide band. With a hole size small enough to
sheet separating them, or using modified extruded waveguu?es

in which holes are cut in the broad wall of one waveguide andp%event excessive weakening of the wafl € 0.30a), a cou-

second waveguide then soldered to the top. Poor directivity g of 15 dB can be ach|ev§d. This °°“p"f‘9 IS a_bout optimal
. or many low power applications, because it provides a strong
curs because holes vary from the correct diameters, and because . . . .
cca,lpled signal with only a 0.14 dB decrease in the transmission.

of poor joints between the parts which degrade the match . ) e ;
reatly increase the loss. Typical commercial couplers in WR ghericouphlng atsomewhat higher directivity can be ach|¢ved
9 ! adding pairs of holes to both rows (13 dB for 10 hole pairs).

have aloss of 1.5-2.5 dB, although couplers with aloss of 0.5 : : . . -

. : ith two waveguides in a single block, drilling through the
have been made [1]. In WRS the typical losss2.5 dB near dividing wall requires drilling through at least one of the out
200 GHz. Directivity can exceed 35 dB in WR10 but deterio-. 9 d 9 9 .

side walls. These access holes cause almost no change in per-
rates to< 20 dB at 200 GHz. ) . A
. . formance and do not need to be filled, if the outer wall is thick
As components become feasible at ever higher frequencies

there is a need for a coupler design which has lower loss a%r(ljbugh to completely cut-off any leakage. A dual coupler can

moderately high directivity, and which is optimized for manu; € made by running three waveguides side by side and drilling

facturing. Low loss is particularly important in the study of su the same holes through both dividing walls (and the outer wall

millimeter frequency multipliers, whose input match is pow: Of one). Surprisingly, this dual coupler is no different in per-
q Y P ' P P e1‘rormance relative to two independent couplers along the same

waveguide, except that there is a weak coupling between op-

Manuscript received September 18, 2000; revised January 5, 2001. This V\BFP<S|te side arms. Thus_ manufacturlng a dual COUpIer becomes
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Fig. 1. Solid model wireframe drawing of the dual coupler. The main Cutout

waveguide is in the middle, with the two coupled waveguides to either side. The

access drilled holes are shown at the bottom. The outside surface of the block, Termination
and the bends in the coupled arms, are not shown for simplicity. Waveguide
dimensions are in the standard 2:1 ratio. Fig. 2. Layout of the ports of a dual coupler for WR3. The asymmetry in the

path lengths 1-3 relative to 2—4, leads to a difference in coupled power relative

. . to predictions. The ports markd@rminationare internally terminated.
The asymmetry in construction due to the access holes leads 0 P y

0.3 dB larger coupling fof3; than for.S,,.

The coupling holes must be in a very thin walb(m thick 0
at 100 GHz) in order to maintain good coupling, otherwise they
begin to show a significant loss of coupling and a frequency 10
slope. It is not possible to drill holes through these thin walls @ [ o —
unless they are fully supported, and this is not practical in this ™~
style of construction. Instead, the technique used is to drill the & %’_20
holes through solid metal before the waveguides are machined. 53 N N
Then the center waveguide is machined (with a conventionalend & § / \ [
mill) and filled with an easily applied and removed material such -30 = Drectity -
as hard wax. The adjacent waveguides are then milled while the \ AL e\ /
wax supports the walls. It should be noted that with very high V V Vo /\ \f
spindle speed (70000 rpm) the walls may be milled down to final 40075 80 &5 9 5 100 105 110 115

thickness without any support. Drilling the holes from the out-
side of the block is possible only by thinning the outside wall
to the minimum thickness in this region, by milling an access ) o ) )
cutout (present on only one side). This cutout prevens makiff . Mezsured couping and drecthiy o a WELO coupler g en s
the couplers as short as would otherwise be possible. The termi-

nated ends of the coupled waveguides are also brought out to th

: . Mhe ripple in the directivity is probably due to the coupled arm
flange face so that loads may be placed in them while Mmeasung ination combined with the coupling itself, and suggests that

tsm?)x?:\r/]RF?g tge g;ulfll:gh?:i:]témea:imﬁhﬂf] ?a:ﬂ/ol:_\z/?’GCC)%ulF))lerr\cl)&]e coupler itself is better than 30 dB. A WR6 coupler shows
lating is r ' ir. q ' "“essentially the same behavior although it was not possible to

plating 1s required. . . sweep the entire band. For couplers machined from aluminum,
The minimum length for the coupler is just the size of thgnd left unfinished, the loss is 0.15 dB at 100 GHz and 0.4 dB

flanges on the coupled ports, or 0.75 in (1.90 cm), and this 1140 GHz (not inz:luding coupléd power). '

i \ : a
what is used for WR3. At lower frequencies, a slightly longer A single WR3 coupler has been carefully tested, out of

Iengtr_], upto 3 cm in WR10, IS needeq because of t_he Increa%%(\j/eral that have been made. Measurements were made from
coupling length. For comparison, typical commercial couple&s2

are 10 cm long.

Frequency (GHz)

0-320 GHz using a swept source consisting of an active
doubler and passive tripler to WR10 band, followed by a
medium power amplifier [3], and finally a wide band planar
tripler [4]. The output power of this chain was 0.5-3 mW.
The measured performance is very close to the HFSS preditsing a scalar analyzer [5] and commercial detector [6] the full
tions. Fig. 3 shows the forward coupliri§s;) and directivity band coupling and directivity were measured and are shown in
(541/8531) of a WR10 model with 10 pairs of holes. The coufig. 4. The detector linearity was not known, so the coupling
pling is flat to within +0.5 dB over the 75-110 GHz band, andand insertion loss were measured with a well matched power
differs between the two arms by 0.5 dB. The directivity exceedseter averaged from 252—-263 GHz (swept to eliminate ripple).
30 dB over nearly the full band, including the termination, but this frequency the insertion loss is 0.5 dB, forward coupling
decreases to 27 dB at the worst point. Design coupling is 13 @B, is 16.1 dB and reverse couplirfy, is 15.7 dB, consistent
in midband, but the wall thickness is abdit;:m less than de- with the detector measurement. This coupling (corrected for
signed resulting in 0.6 dB higher coupling. The variation acrossss) is 0.5 dB greater than predicted, and it is difficult to
the band is as predicted. The predicted directivity-is1 dB  make sufficiently accurate dimensional measurements on the
across the waveguide band, but numerical noise in the HFBIBcks to confirm the accuracy of predictions. The swept noise
solution prevents more detailed predictions. floor is high enough at most frequencies to prevent measuring

Ill. TESTRESULTS
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O ; ; ; ; ; relative to the present design. The general method of machining
is otherwise not a problem. Probably the principle difficulty is
Spr ] the lack of sufficiently precise flange standards.

) IV. CONCLUSION
... Coupling,

A directional coupler using a new type of construction of-
P SOOI NSRRI U e ] fers excellent performance in millimeter to sub-mm waveguide

Coupling (dB)
Directivity (dB)
&

Directivity fimit bands, with 25-30 dB directivity and very low insertion loss.

BN BN ] The method of construction is well suited for CNC machining
‘ : . : at moderate cost. The couplers are extremely small, and me-

00 240 20 280 a0 820 chanically robust. WR10 through WR3 models work very well

and it appears that even higher frequency bands are feasible.
These couplers enable the construction of scalar reflectometers
Fig.4. Forward coupling?s, and directivity for WR3 coupler. The directivity and e\_/en vecFor network analyzers in bands W_here it Wa§ previ-
is just a limit due to the measurement noise, except from 240-270 GHz. Revepatsly impossible. The small size makes them ideally suited for
coupling is 0.4 dB higher. wafer probe stations, and other compact instrumentation.

Frequency (GHz)

the expected directivity, but does show that the minimum ACKNOWLEDGMENT
directivity exceeds 22 dB across the band. Between 240 an

270 GHz the power was high enough to actually measure tf?;\‘ﬁed solutions of the six-port coupler using the FDTD solver

directivity, which was 24-28 dB. The predic_ted diregti\(ity i uickwave, which confirmed the predictions using HFSS.
> 30 dB across the band measured. In this band it is ver

difficult to measure better performance due to a lack of well
characterized loads, and flange quality is also critical. The
best load available was a slowly tapered rectangular feed hornl1l HeWg)e“ Packard model W752, Baytron model 3R-40, TRG model
The d'reCt'.V'ty is dependent on the 'ntern?‘I loads anc_l SOme[Z] Agilent High Frequency Structure Simulator (HFSS), Agilent Technolo-
difference in performance could be seen with changes in these gies, Palo Alto, CA.
loads. This reflectometer has been used to measure the outpldl ;ihfi:érl_'?i?]ng r%'ldE'Evée.ﬁtreﬁiériwa\'vvé%?ﬁp“ﬂgﬁcscﬁfgﬁuTAEOZVSJ é*m'
match _Of a 280 GHz _dOUbler* and the Input match of an 800[4] N. R.YErickson, R. P. Smith, S. C. Martin, B. Nakamur‘a, ar{d 1. Mehdi,
GHz tripler, and has yielded good results. “High Efficiency MMIC Frequency Triplers For Millimeter And Sub-
At present Wavegu|de bands are not We” deflned above WR3' mlllllmeter WaVeIengthS," irProc. IEEE MTT-S Int. Microwave Symp
but the technique used is feasible to at least 500 GHz if the,,, o2; Boston: MA, 2000.
u Ique u ! ! ra [5] Scalar Analyzer HP8757, Agilent Technologies (HP), Palo Alto, CA.

walls between the coupled waveguides are thickened somewhas] Detector model HD, Pacific Millimeter Products, Golden, CO.
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