The experimental demonstration of a low-cost
37-horn focal-plane array consisting of
smooth-walled multiple flare-angle horns fabricated

by direct drilling

J. Leech, B. K. Tart, G. Yassit, P. Kittard and S. Wangsuya
*Department of Physics, University of Oxford, Email: jxI@asox.ac.uk
fDepartment of Physics, Mahidol University.

Abstract—In previous work, we have described novel smooth- algorithm. The authors of this paper have previously regabrt
walled multiple flare-angle horns designed using a genetic al- ysing a genetic algorithm (GA) to design Potter horns with
gorithm. A key feature of these horns is that they can be a single step or flare-angle discontinuity (Fig. 1 (a)) [3}e W

manufactured very rapidly and cheaply in large numbers, by . . . : .
repeated direct drilling into a single plate of aluminium using a then generalised this approach to design horns with meitipl

shaped machine tool. The rapid manufacturing technique will flare-angle discontinuities [4]-[6] leading to designs hwit
enable the construction of very low cost focal-plane arrays, significantly higher bandwidths that still have a simplefieo
offering an alternative to conventional electroformed corrugaed  which is easy to fabricate at sub-mm wavelengths.

hom arrays. The horns we describe in this paper were designed using a

In order to experimentally demonstrate the new technology, . . . L
we constructed a 230 GHz focal-plane array comprising 37 genetic algorithm [8], which mimics the process of natural

smooth-walled horns fabricated by direct drilling. We presentthe Selection to perform an optimisation by minimisingcast

measured beam patterns for a large sample of these horns acrossfunction. We have outlined our algorithm and its implemen-
the array, demonstrating the suitability of our manufacturing tation in detail in [3]-[6]. For our purposes, we chose a
techniques for large format arrays. We have measured the cross simple cost function that is minimised for horns having a

coupling between adjacent .feeds gnd have shown that it is hiah b ircularit di _polarisati 31 Oth
negligible. We also present high quality beam patterns measured M'9N D€am circuiarity and low cross-polarisation [3]- €
for a much smaller 700 GHz horn, showing the promise of COst functions could be used with the same GA, selecting
extending this technology to THz frequencies. other desirable features in the horn patterns, dependent on
the required application — e.g. high beam efficiency, high
Gaussianity etc. We have written a suite of design software,
The construction of high quality feed horns for mm and sulicorporating both modal matching and the genetic algorjth
mm astronomy has historically been much more challenging implement the complete design method. The software can
than the construction of feed horns at longer wavelengths. Trun on single desktop PCs or on multiple CPU Beowulf
expense and time required to construct these horns is bagontglusters.
particularly problematic in an era where it is highly deBlea A 230 GHz horn with 2 flare-angle discontinuities (Fig. 1
to build focal plane array receivers with large numbers @b)), designed using the GA with a FWHM beamwidth of 14.6
horns for large single dish telescopes. The usual choice d#grees and a 20% bandwidth is described in [6]. The horn
high performance feed horn, the corrugated horn, requires has the following dimensions (in mmY2, = 0.62, R; =
construction of many azimuthal corrugations per wavelengt.486, R, = 1.812, R3 = 3.6524, L1 = 1.479, L, = 1.212,
and becomes expensive and time-consuming to manufactiisge= 24.0 (Fig. 1 (b)). The theoretical far-field beam patterns,
below wavelengths of around 1 mm. There has therefocelculated using modal matching, are shown in Fig. 2.
been considerable interest [1]-[6] in designing smootHeda
horns that offer performance similar to corrugated horns, b
which are much easier to construct at short wavelengthgieLar An attractive feature of our multiple flare-angle smooth-
format focal-plane arrays, consisting of many hundreds walled horns is that their simple interior profiles make them
even thousands of horns will be essential for maximising timeuch easier to manufacture than corrugated horns. We have
mapping speeds of large single dish telescopes for sub-rdeveloped a simple technique where the horn is drilled out
astronomy. Thus the rapid and inexpensive fabricationrgila of an aluminium block using a machine tool (Fig. 1, Bottom)
numbers of horns is a critical requirement. whose cutting edge has been manufactured with the shape of
Much recent work [1], [2] has focussed on using the mod#ie required interior horn profile. In previous work [4]—[6]
matching technique [7] to calculate the far-field beam paste we have successfully manufactured and experimentallgdest
for horns which are then optimised using a suitable autodnateeveral individual horns using this technique at 230 GHz. In

I. INTRODUCTION

Il. SINGLE AND DUAL HORN PROTOTYPES



Fig. 3. Left: The 37-horn array prototype, made by repeatdtindrinto a
single block of aluminium. Right: Schematic of the horn arraghfighting
the sample of 19 horns tested.

with drilled horns of the same design. We constructed a
230 GHz, 37 horn hexagonally close packed array, with a

horn spacing of 8 mm, by repeated drilling into a single
Fig. 1. Top: A schematic diagram of (a) 2-section and (b) 3iseanultiple P 9 y P 9 9

flare-angle horns. Bottom: The high speed steel machine taal s the a'l%m'”'um plate (Flg._3, Left). _T_he array_ was CQnStrUCtEd
fabrication of the drilled horn prototype. using a standard 5 axis CNC milling machine, taking around

two days to manufacture. Making larger arrays with several
hundred horns will be a similarly rapid process, once care
is taken to accurately align the aluminium plate within the
milling machine to ensure good alignment with the axes of
the horn and the waveguide machining tools.
i After construction of our 37-horn array prototype we mea-
l I & :1 7 sured the far-field patterns of the array directly in the far-
oo e e field using a cooled bolometer detector in a custom  built
o ey o e o ey anechoic chamber. The subset of horns chosen for testing
Fig. 2. Theoretical beam patterns (E plane, H-plane andsquoarisation) (Fig. 3, Right) was spread across the whole array, enabling
calculated using modal matching. us to look for any trends in beam pattern behaviour which
might arise from differences in machining tolerances aros

particular, we compared the beam patterns for horns mat(qg array. The experimentally measured beam patterns for a

using conventional electroforming and horns made using theeolr:?serzat;\_/re]eserlnn;p;:u?; dg 8;;?: 1;&;?;23 ;ﬁg\t;dh?rﬁ Zzzvrvnn
new drilling technique. In both cases the measured be 9. <. P 9

; . ) ircularity, low sidelobe levels (below -20 dB) and good
patterns agreed well with theory with low sidelobes and $ro§igreement with theory for the tested homns. These expetithen

polarisation between 210-250 GHz (20% bandwidth), Witresults show a high degree of beam uniformity across thg,arra
litle difference between patterns for different horndjdating demonstrating the applicability of the direct drilling fatation

our new fabrication technique [5]. . .
que [5] %e/chmque to future large format focal-plane array reasive
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For focal-plane arrays, it is important to have negligibl hile we saw no obvious trends in beam quality as a function
cross-coupling between two adjacent horns within the arra . . : am g Y .
f position within the array, we did notice some E-plane main

In order to test this for our horns, we drilled two close patk . X
horns (separation = 8 mm) into a single aluminium bloc%eam asymmetry at the high end of the measured bandwidth

Using a vector network analyser and a carbon loaded epoortwo_ofthe nln_eteen_horns tested (horn Nos. 15 & 27 |n_F|g.
We intend to investigate the causes of these asymmeiries

cone in front of the horns as an absorber we measured the cr ﬁ|sttin the horns in question in half, to examine machinin
coupling between the two horns. We found the measured croxR-1ing q '

coupling to be below -67 dB across the operating bandwidgﬁja“ty near the critical throat region of the horn. We wiileh

of 210-250 GHz [6]. This result was compatible with thaf°de! the effect of any measured asymmetrical machining
obtained from modelling the cross-coupling of the two hor mperfections by simulating these homs using Ansofts BFS

using Ansoft's HFSS, a full 3-D electromagnetic simulatio ]. We intend _to present a f”" analysis of the mac_hlnlng
package. We also measured the far-field beam patterns for eté)éerances requwed for fabrication of these horns as atitumc
horn in the two-horn block and again found good agreeme% frequency in a future paper.

with the beam patterns calculated using modal matchindy wit IV. PROTOTYPE HORNS FORZ00 GHz

each horn giving very similar beam patterns.
As well as fabricating complete horn arrays at 230 GHz, we

IIl. A 37-HORN ARRAY FOR230 GHz are also extending the technology to sub-mm wavelengths by
The high quality beam patterns and low cross-coupliffgbricating horns for a band centre of 700 GHz=¢ 429 um).
measured for our prototype two-horn array enabled us Wde fabricated three individual horn prototypes, identital
proceed confidently with the construction of a larger arrafose described above, but scaled by a factor of 0.329 to give



to have horn cutting tools with this profile made in order to
fabricate and test some prototypes of these extended bdidwi
horns.

VI. CONCLUSION AND FURTHER WORK

We have described multiple flare-angle smooth-walled
horns, designed using a genetic algorithm, that are simple a
inexpensive to fabricate using direct drilling. The suili&yp
of these horns for use in large format focal-plane arrays has
now been demonstrated by fabricating and testing a complete
37-horn prototype array for use at 230 GHz. Horns fabricated
and tested at 700 GHz show that the technology scales well to
shorter wavelengths. Our future development work will ¢sins
of performing a thorough analysis of the machining toleesnc
required to fabricate these horns at a given wavelengtheils w
as the design and testing of new broader bandwidth designs
incorporating> 4 flare-angle discontinuities.
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Fig. 4. Experimental and theoretical beam patterns for a sawiphorns for the lower half of the array (Horn Nos. 3, 4, 8, 8, 15, 20, 27 and 28). See
Fig. 3 for their location within the array.



