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Abstracz WR22 and WR10 full waeguide band conical corrugated feed:
are designed to work exceeding tl standard bandwidth up to 31.550 GHz
and 72-116 GHz These feeds are part of the two systemeonsidered for

Nanocosmos project: the laboratory system and the 4@ radio telescope
of the Yebes Observatory. Feed designs have bamtimized with our own

genetic algorithm to fulfill Gaussianbeam waist parameters of 15and 11
mm for Q and W band respectively, low port reflection and high aperture

efficiencyfor the 40 m radio telescopewith the additional optics.
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1 Introduc tion

One of theaims of the Nanocosmosrq@ect is to developa simulationgaschamber
with low pressure gasesside in order toemulatethe crcumstellar dust formation.
Thesegases can be observedh-situ usingradio astronomical receiversvhich results
advantageousn terms ofspectral resolution and sensiity. These experiments witle
complemented byhigh resolution astronomical observationgith the 40 m radio
telescope in which Q and Wband receivers must & upgraded toprovide wider
bandwidth and better spectral resolution. The development of this instrumentasgon
alsoa key aspeadf the N\anocosmos proposl].

The simulation gas chamber, also namedscell or laboratory gstem is a
simultaneos Q and W band receivavith single linear polarizatiomnd bandwidths
(31.550 GHz and #7216 GHzexceeding the standard WR22 and WR10 rectangular
waveguidespecificatiors. This dialband receivefooks ata cryogenic cold load é20K
through an optical system, and spect@bservations can be performedhenthe gas
chamber is settled ahe middle of the systen{2].

On the other hand, lte new receiverdor the 40m radio telescopethe feed horns
(placed atthe secondary focus of the radio telescope) are coupled to therstibctor

by meansadditional optics in the cassegrain foclis thissystemthe two receivers are
in different dewars each of thenproviding dual linear polarizatiofi3].

Both optical systems(laboratory and radidelescope)can be designed in such a way
that the horn feedsare identical. This assumption does rajfect the performanceand

it simplifies the horn designThis reportpresentsthe design and characterization
results of theQ and W bandhorn antennasfor the Nanocosmos systems



2 Specifications

Basicoptical and mechanicapecificationdor the design of both Q and W band feed
hornsare showed inTablel and Table2 respectively. Tie beam waisthas to be at a
fixed position, and close to the apertur®r the entire bandwidth Thisis required to
illuminate the focused broadband systems without the helpf any additional
refractive element. The specification also lod&s an implementation as compact as

possible

Input waveguide radius a mm 6.00 Compatible withavalable OMT[4]

Input reflection (max.) Si1 dB -20

Beam wast wOqg mm 15

Beam waist position 20q mm 0 With respect the aperture|

Diameter D mm | minimal

Slant length mm | minimal

Flange type square Nontprecision. Similar tt)G59%ut NOT a rectangular waveguid
WR22 otput

Support structure Ds mm 46 Attachit with cylindrical clamphickness12mm

Sructire o apertare | 95| mm| %

Tablel. Soecificatiors for the Q-band feed

Input waveguide radius a mm 2.74

Input reflection (max.) Si1 dB -20

Beam waist wOq mm 11

Beam waist position z0q mm 0 With respect the aperture|

Diameter D mm | minimal

Slant length L mm | minimal

Flange type round Non-precision. Similar to UG587 but NOT a rectangular waveg
WR10 otput

Support structure Ds mm 36 Attach it with cylindrical clamp thickness=12m

Distance from support ds mm 83

structure to aperture

Table2. Soecificatiors for the W-band feed



3 Feed Design

3.1 Electrical design and opt imization

The optimized profiles for th® and W banchorn antennasare showed irfFig.3.1.

The throat sectionhas beendesigned to havesmooth transition from a conical
waveguide tothe corrugated one. As it is explained [B)], groves in corrugated &l

starts with a small slot that gradually increased to the final sl@n the other hand,
the radiation sectionis based o a profiled corugated feed in order toobtain a
compactfeed size andhe beamwaist fixedacrosshe bandwidth.

The profiles ae not defined analyticaly, but using NURB@Non Uniform Rational
Bezier Soline) curvesinstead. NURBS&Illow having arbitrary shape formed by low
order joined curvesthat are definedby several control pointsTherefore,eachfeed is
parameterizedvith asingle set of parametenshichcompletelydefinesthe structure.

The electrical performance of the feeds has been optimized using a genetic algorithm
based m NSGAI [6], which classifies the population dafdividualsin hierarchical
groups of nordominated individuals. Thimdividualsin the highest groups (those that
they are not dominated by anyone) are the candidates to be a good compromise
solution in all evaluated testsi¢s beamwaist and aperture efficiency) simultaoesly.

For the algorithm, he feeds are evaluatedusing different toolsFirstly, acommercial
modalmatching code[7] is used to estimateinput reflection, aperture fields and
radiation patterns in the bandwidth. Then, beam istasize and positions obtained
from the aperture fields, and global aperture efficiernttgs been calculatedsinga
quastoptical modelof the 40m radio telescop@ssuming fundamental Gaussian beam
mode.

After the evaluationthe feed is geometricallyand electrically defined by the list of
geometrical parameters antthe evaluated figures (g§ beam waist and raditelescope
efficiency). The full list of numbers (parameters and evaluation figures)ledas the
chromosome ofthe individual because ihas its genesand alsogives information
about its performance in the optical system.

The simulated results obtained from the optimized Q and W bteedl horns are
showedin Fig.3.5-Fig.3.9. Beamwaist size and position valueare slightly different
than to those given by the specification. Nevertheless, the estimasgerture
efficiencyis about 79%n both bandswhich is high enough for this application
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Fig.3.1. FinalQ bandand W banchorn feedprofiles(dimensions in mm).
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Fig.3.2. Simulated results of th® bandfeed horn input portreflection
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Fig.3.3. Simulated results of th® bandfeed horn beam waist size
10r Q band beam waist position (negative to feeds)
O =

A0

=30 -

beam waist position from feed aperture (mm)
N
o
T

50 | 1 1 1 1 1 1 1 1 |
30 32 34 36 38 40 42 44 46 48 50

freq (GHz)

Fig.3.4. Simulated results of th® bandfeed horn beam waist position
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Fig.3.5. Simulated results of th® bandfeed hornaperture efficiency ovethe radio telescope.
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Fig.3.6. Simulated results of the Wandfeed horn input portreflection
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Fig.3.9. Simulated results of the Wandfeed hornaperture efficiency ovethe radio telescope.

3.2 Mechanical design

The manufacturing drawings of the Q band feed horn are showeBign3.10. A
cylinder shaped flange of 46 mof diameter and 12 mm olength has been addedt

96 mmfar from the aperture This will be usetb attach the feed to the cryostat. The
waveguide flange is compatible with WR22 square flange UG599. Threads a# UNC
40. Additioral 2 mm centering pins are drilled in the flange.

The manufacturing drawings of the W band feed horn are showdeigr8.11. As in
the Qband design, aylinder shaped flange of 36 mwof diameter and 12 mnof
length has been addg at 83 mm far from the aperture The waveguide flange is
compatible with WR10 square flange UG387. Threads are-40C Additional
centering pins holes are drilled in the flangdthough, holes are ready for fixed pin
insertion (in thel.56mm hole), tke pins were not mounted.
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Fig.3.10. Drawing of theQ bandfeed horn
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4 Feed Fabrication

Two units of each feedntenna desigrhave beenmanufactured byThomas Keating
Company in UK8] (seeFig.4.1). They were fabricatethy electroformingtechnique,

using copper with a thin layer of golds electroformed material The plating in the
inner sideof the feed does not seem as good as in the outside. The inside plating was
done previously to the cooper deposition while the outside plating must beedidter

of the machiningof the cooper. Some of the threaded drills seemed not work very
fine, so it was necessary to redo the tread softly. It was probdiéytothe last outer
plating. General aspect and tolerancesere very good as well as the machgi
quality.

Since the feeds (circular waveguide) gang to be connected either to a standard
rectangular waveguide, in the case of the laboratory system, or to a square waveguide,
in the case of the orthomode transducers for the radio telescope receiversticaual
transitions were also reqred. The drawings of the rectgualar to circular transitions
canbe found inAppendix Aand Appendix BTheir respective lengths are 46 mm for
the WR22 waveguide an8l7.5 mm for the WR10 waveguide

Fig.4.1. In the picture, four feeds as part of the shipmdram Thomas Keatig.
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5 Feed Measurements

5.1 Q band port reflection

The reflection coefficient of # Q band feeds was directly measureat the circular
waveguide port. A custorRL calibration kitas been used, and the measured data
have beersmoothedby 7% The comparison between measured and simulated return
loss for each fabricated unit showedin Fig.5.1.

or Feed Q band sn01 _ Feed Q band sn02

34 36 38

3 L L L L L
a2 a4 46 48 50 30 32 34 36 38 a2 a4 a6

40 40
freq(GHz) freq(GHz)

Fig.5.1. Measured and simulategort reflectionloss of theQ-band feeds
5.2 W band port reflection

In the case of the Wand feeds they wereneasuredusing acircular to ectangular
transition Appendix B. The PNArequency rangewas extendedup to 70-120GHz
using two OML millimeter-wave heads. Themaximum frequency specified for the
heads is110GHz, sahe measurements obtained between 110cat20GHz can be
inaccurate.Sandard TRL calibration has been applied at tleetangular waveguide
port, and the measurediata have beersmoothedby 7%.The comparison between
measured and simulated return loss feach fabricated uniis showedin Fig.5.2.
Rpple over the band is due to the 36 mm rectangular to circularwaveguide transition.

Feed W band sn01 Feed W band sn02

80 85 90 95 100 105 110 115 120 70 75 80 85 90 95 100 105 110 115 120
freq(GHz) freq(GHz)

Fig.5.2. Measured and simulatedort reflectionloss of thew-band feeds
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5.3 Q band radiation patterns

The measurement of the radiation patterns of the Q band feadse performed for
single linear polarizatigrby usingWR22 transitiorto feed the antennaTheaccuracy
of the pointing between the AUTholder and the open waveguidgprobe wasbetter
than 0.025deg.

In addition to the AUT pointing, polarization axis of the AUT rbasdligned with the
probe polarization axigroll axis)It was done mechanicallp a workshop table, using a
vertical gauge where theflat side of tke square waveguide and thgauge are set
parallel.

NV — 8
R Eay” .
e g

Fig.5.3. Mechanical holder of the anechoic chamber and additional clamping interface (cooper) of the
feed.

Pointing error was higher than expected with previous mechanical alignment. Feed
was fixed tothe anechoic chambeholder with an additional interfae piece which it
could not be accurate enough. New interfagas designed for the final integration
stage(cooper piece irFig.5.3). Pointing error was less than 1 deg (0.2 std. deviation) in
the whole bandwidth in this measuremecampaign. Meawalue of the pointing was
calculated to correct theadiation patternsshowedin this report

The complete set of measured radiation patterns of both Q band horn antennas are
plotted in Appendix Cand Appendix D In order to show the excellent agreement
between measured and simulated results, the radiation pattern at 40GHz is presented
in Fig.5.4, even which the cross-polar level agrees rather well.

15



sn02 simulation vs. measurement f=40GHz
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Fig.5.4. Measured and simulatefaxial and CST) radiation patterns (diagonal cut plane) of thar@
feed 6n02 at 40 GHz.

5.4 W band radiation patterns

For the Wband measurementsOML mmheads were usedto downconvert the
radiated frequencies into lowefrequencysignalsthat can be processed by the PNA
The mmhead isbulky, which makes more complicated the alignment of the fekd
this case the feed and mimead was electrically alignefthding the maximum from
horizontal and vertical cuts before théefinitive measurement. This procedure
providesnicely aligned patternsbut the mechanical errocannot beevaluated and
controlled As measurement probes are leveled, thiggnmentof the polarization axis
is doneby means of leveling the minead

The complete set ofmeasured radiation patterns of botW band horn antennas are
plotted in Appendix Eand Appendix F The comparison between the measured and
simulated pattern at 10@GHz is presented iRig.5.5.

In this case, the measured patterns were properly aligned, so no additional correction
was neededThe crosgolar leves at the axisare acceptable, but theyre worse than

in the Q-band feed.This can be attributable tmmanufacturirg orlevelinginaccuracies.

The measurement of the side lobes above Gz islsoinaccuratedue to the limited
sensitivity of the instrumentation at so high frequencies.
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sn01 simulation vs. measurement f=100GHz
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Fig.5.5. Measured and simulate(axial and CST) radiation patterns (diagonal cut plane) of tHeakd
feed Gn0L) at 100GHz.

5.5 Q band phase center

The location of thephase centreof the Q bandhorn feeds obtained from the
measured radiation patterns is plotted Fig.5.6. This position has been defined with
respect to the aperture, in such a way that negative valuesresiele the horn.

Measured phase center

D —

phase centre sn01
2k phase centre sn02
4+

-12

distance from aperture (mm)
)
T

14 -

16

18

20 1 1 1 1 1 1 1 1 1 i
30 32 34 36 38 40 42 44 46 48 50

freq(GHz)

Fig.5.6. Measured phaseentre for Qband feed.
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5.6 W band phase center

The measuredphase centre and expected beam waadtthe W band horn feedare
showed n Fig.5.7. In this case, mearements above 11GHz should be carefully
consideredbecause the instrumentation is ouft epecification.

Fig.5.7. Measured fhase forthe W-band feed.
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