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TICRA 11 IntroductionThis report is a combination of the two reports: [5] and [6].2 Analysis of Band 3 front end for ALMA2.1 IntroductionThe purpose of the present work is to analyze the Band 3 front-end forAlma using a more accurate model than that used in [4]. The modelconsists of a corrugated horn with a grooved lens placed in theaperture. The lens is �xed with a metallic ring modelled as two conicsections, see [3]. The procedure is to expand the �eld from the horninto a plane wave spectrum, which is subsequently used as input to thelens and ring, and the far �eld calculated. This is then used tosynthesize a feed, that can be used in GRASP to illuminate the Band 3front-end mirrors. The far �eld output from the �nal mirror is thencalculated within the cone subtended by the subreector, and �nallythe e�ciencies are calculated through integration of this �eld.2.2 Analysis of horn+lens+ringThe feed model is shown in Figs. 1 and 2. It consists of a corrugatedhorn illuminating a lens with circular grooves, fastened by a metallicring, consisting of two conic sections. The lens and ring are segmented,as shown in Fig. 1, and are analyzed using the Method of Moments.The incident �eld is the horn �eld, converted into a plane wavespectrum to allow it to be used in the close near �eld. Return loss inthe horn is not included in the calculations.
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Figure 1: Perspective view of horn model.
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Figure 2: Dimetric plot of horn model.



4 TICRAThe calculations are made for 84 GHz, 100 GHz and 115 GHz,corresponding to the lower, centre and upper frequency in Band 3. Theresults can be compared directly to the measurements in [1] and [2], seeSection 2.5. The calculated results are shown in Figs. 3, 4 and 5, wherethe Co-polar �eld in E and H plane have been plotted together with theX-polar �eld in the 45. deg. plane.

Figure 3: Output pattern from horn+grooved lens+lens ring in E and Hplane (Co-polar) end 45. deg plane (X-polar) at 84 GHz.
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Figure 4: Output pattern from horn+grooved lens+lens ring in E and Hplane (Co-polar) end 45. deg plane (X-polar) at 100 GHz.
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Figure 5: Output pattern from horn+grooved lens+lens ring in E and Hplane (Co-polar) end 45. deg plane (X-polar) at 115 GHz.



TICRA 72.3 Analysis of full front-endThe patterns calculated in Section 2.2 are now used to de�ne atabulated feed in GRASP. This feed is used to illuminate the �lters,window and mirrors of the Band 3 front-end. The geometry of thesecomponents are shown in Fig. 6.

Figure 6: Band 3 front-end, �lters, window and 2 mirrors.The far �eld output from the �nal mirror is subsequently calculated inE and H plane for the three frequencies analyzed in Section 2.2. Theanalysis is made for two feed polarizations, x-polarization with theE-plane of the feed in the symmetry plane (x-z plane) andy-polarization with the E-plane of the feed in the plane orthogonal tothe symmetry plane. The result is shown as Co-polar pattern in thesymmetry plane (E for x-polarization and H for y-polarization) andCo-polar and X-polar pattern in the orthogonal plane. Due tosymmetry there is no X-polar �eld in the symmetry plane.
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(a) Feed x-polarized (b) Feed y-polarizedFigure 7: Radiation patterns for front-end at 84 GHz. Co-polar patternin the symmetry and orthogonal planes, X-polar in the orthogonal plane.

(a) Feed x-polarized (b) Feed y-polarizedFigure 8: Radiation patterns for front-end at 100 GHz. Co-polar patternin the symmetry and orthogonal planes, X-polar in the orthogonal plane.



TICRA 9

(a) Feed x-polarized (b) Feed y-polarizedFigure 9: Radiation patterns for front-end at 115 GHz. Co-polar patternin the symmetry and orthogonal planes, X-polar in the orthogonal plane.



10 TICRA2.4 Calculation of e�cienciesThe theory for calculating the e�ciencies, based on the patterns shownin Section 2.3 are explained in detail in [4]. For convenience the essenceis repeated below.The e�ciencies of the front-end will be calculated based on theassumption that it is illuminating an equivalent paraboloid with theequivalent focal length (f0) of 96000mm, and diameter equal the realmain reector. The front-end is assumed to be placed in the focal pointof the equivalent paraboloid. Furthermore we shall consider the gain ofthe antenna to include the e�ect of power loss due to spill-over andcross-polarisation. The equation we consider is thereforeGco = 4�A�2 �spill�over �polarisation �amplitude �phase: (1)where the e�ciency for the co-polar gain (Gco) has been divided intoexplicit values for spill-over loss, polarisation loss, loss due to amplitudevariations and loss due to phase variations over the aperture of theequivalent paraboloid.The e�ciency of the equivalent paraboloid illuminated by the front-endis calculated as the ratio of certain integrals over the aperture. Sincethe subtended angle of the aperture seen from the feed is small, we shallreplace the aperture integrals with integrals over the solid angle 
,de�ned through
 = Z
 d! = Z 2�0 Z �m0 sin �d�d� = 2�(1� cos(�m)): (2)with �m = 3:58o. Thus the aperture, A, and the equivalent focal length,f0, are connected through the approximate formula: A = f 20
. Thee�ects on the e�ciencies of transmission losses in �lters and windowscannot be included exactly, but estimates are given in [4].We shall calculate the following four integrals:1) I1: integral of total power over 
2) I2: integral of co-polar power over 
3) I3: integral of co-polar amplitude over 
4) I4: absolute value of integral of co-polar (complex) �eld over 
,where it is assumed that all �elds are normalized such that the totalpower emitted by the feed is 4�.I1 = Z
 jEtotj2d!: (3)I2 = Z
 jEcoj2d!: (4)



TICRA 11I3 = Z
 jEcojd!: (5)I4 = j Z
Ecod!j: (6)The four e�ciencies introduced in (1) are now de�ned through:�spill�over = I14� : (7)�polarisation = I2I1 : (8)�amplitude = I23
I2 : (9)�phase = I24I23 : (10)Gco in (1) then becomesGco = f 20�2 I24 : (11)Finally Table II lists all the calculated e�ciencies.Band �sp�over �pol �amp �phase �tot84 GHzx-polarisation 0.9590 0.9977 0.8485 0.9931 0.8062y-polarisation 0.9586 0.9977 0.8482 0.9930 0.8056100 GHzx-polarisation 0.9636 0.9963 0.8557 0.9891 0.8126y-polarisation 0.9635 0.9963 0.8560 0.9890 0.8128115 GHzx-polarisation 0.9399 0.9975 0.9156 0.9777 0.8393y-polarisation 0.9405 0.9974 0.9161 0.9777 0.8402Table I: E�ciencies for Band 3 front-end.



12 TICRA2.5 Comparisons with measurementsIn the following we compare the results from Section 2.2 with some ofthe measurements available. The measurement data are taken from thedocuments [1] (one pattern at room temperature for 115 GHz) and [2](three patterns at cold temperature for 84, 100 and 115 GHz). In allcases we compare Co-polar patterns in E and H planes and X-polarpattern in the 45. deg. plane. The comparisons are shown in Figs. 10,11, 12, and 13. In all cases curves of the same colour should becompared, the full curves are the measured results, the dashed curvesthe computed results. Notice that for Figs. 10, 11, and 12 the redcurves are (close to) E-plane and the blue curves (close to) H-plane.Since the tau angle for these three curves is approximately 170 deg. themeasurements do not correspond exactly to E- and H-plane. For Fig.13 the tau angle is very close to 90. deg. whence the colours arereversed in this case.

Figure 10: Output pattern from horn+grooved lens+lens ring in E andH plane (Co-polar) end 45. deg plane (X-polar) at 84 GHz, comparisonwith measurements for cold case.
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Figure 11: Output pattern from horn+grooved lens+lens ring in E andH plane (Co-polar) end 45. deg plane (X-polar) at 100 GHz, comparisonwith measurements for cold case.
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Figure 12: Output pattern from horn+grooved lens+lens ring in E andH plane (Co-polar) end 45. deg plane (X-polar) at 115 GHz, comparisonwith measurements for cold case.
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Figure 13: Output pattern from horn+grooved lens+lens ring in E andH plane (Co-polar) end 45. deg plane (X-polar) at 115 GHz, comparisonwith measurements for warm case.



16 TICRAThe �gures show a reasonable good agreement between measured andcalculated results. In some cases the Co-polar beam width measuredexceeds the theoretical value slightly, but the Co-polar sidelobes agreequite well. The X-polar measured results generally exceed thetheoretical results by 5 to 10 dB. The best agreement is for the result atroom temperature.2.6 ConclusionThe document contains the results of a closer study of the Band 3front-end for ALMA. A computer model including all relevantcomponents such as a corrugated feed illuminating a grooved lens,attached with a conical metal ring feeding a system of �lters, windowsand mirrors. Patterns are shown both for the horn+lens+ring systemand for the total system, and e�ciencies for the overall systemcalculated. Comparisons with measured data show a reasonable, butnot complete agreement.3 E�ciency vs. beam width at 115 GHz3.1 IntroductionThe work in this report attempts to clarify the inuence of the beamwidth of the Band 3 feed on the e�ciency of the front-end. This wasprompted by the results of Section 2 where it was found, that the beamwidth of the numerical model analyzed deviated slightly from themeasured results. In the report the analysis has been repeated at 115GHz with a simpli�ed model for which the beam width can becontrolled precisely. E�ciencies have been calculated for 5 models withslightly di�erent beam widths to illuminate the interdependence.3.2 Properties of Hybrid Mode Conical Horn modelThe ideal models used in this analysis are Hybrid Mode Conical Horns(HMCH). By changing the aperture width of the model, the beamwidth of the radiated �eld can be controlled precisely. The actual dataused are listed in Table Section 2. The HMCH models deviate from theaccurate numerical model used in Section 2 in the sense that E- andH-plane patterns are identical, there is no X-polarization and the phasepattern is constant.The data in Table II are chosen such that the beam width of Model 3closely resembles that from Section 2, and the four other models arerespectively 5% and 10% below or above Model 3. The beams obtainedare shown in Fig. 14. Fig 15 compares the results for Models 1, 3 and5, and Fig 16 compares the result for Model 3 with the result fromSection 2. Notice in Fig. 15 that Model 1, which has the smallestaperture radius produces the widest beam and Model 5 produces themost narrow beam,
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(a) Model 1 (b) Model 2

(c) Model 3 (d) Model 4

(e) Model 5Figure 14: Radiation patterns for 5 di�erent HMCH with apertureradii=15.3, 16.15, 17.0, 17.85, and 18.7 mm at 115 GHz. Co-polar pat-tern in the symmetry and orthogonal planes are identical and X-polar inthe orthogonal plane is zero.
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Model Waveguide Aperture Phase Semi areNo. radius [mm] radius [mm] displacement angle1 15.3 15.3 0. 02 16.15 16.15 0. 03 17.0 17.0 0. 04 17.85 17.85 0. 05 18.7 18.7 0. 0Table II: Data for the �ve HMCH models.

Figure 15: Comparison between patterns for feed Models 1, 3 and 5, E-and H-plane, 115 GHz.
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Figure 16: Comparison between patterns for feed Model 3 and the the-oretical pattern for corrugated horn + grooved lens + lens ring fromSection 2, 115 GHz.



20 TICRA3.3 Output from front-endWhen the feed beams shown in Section 3.2 are used as input to theBand 3 mirror system, the beams output from the secondary mirror areshown in Figs. 17 to 21.

(a) Feed x-polarized (b) Feed y-polarizedFigure 17: Radiation patterns for front-end with feed Model 1 at 115GHz. Co-polar pattern in the symmetry and orthogonal planes, X-polarin the orthogonal plane.The di�erence is seen more clearly in Fig. 22 where the results fromModels 1, 3 and 5 are compared. Notice that Model 1 produces themost narrow beam, whereas Model 5 produces the widest beam.In Fig. 22 the result from Model 3 is �nally compared to the theoreticalresult from Section 2.
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(a) Feed x-polarized (b) Feed y-polarizedFigure 18: Radiation patterns for front-end with feed Model 2 at 115GHz. Co-polar pattern in the symmetry and orthogonal planes, X-polarin the orthogonal plane.

(a) Feed x-polarized (b) Feed y-polarizedFigure 19: Radiation patterns for front-end with feed Model 3 at 115GHz. Co-polar pattern in the symmetry and orthogonal planes, X-polarin the orthogonal plane.
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(a) Feed x-polarized (b) Feed y-polarizedFigure 20: Radiation patterns for front-end with feed Model 4 at 115GHz. Co-polar pattern in the symmetry and orthogonal planes, X-polarin the orthogonal plane.

(a) Feed x-polarized (b) Feed y-polarizedFigure 21: Radiation patterns for front-end with feed Model 5 at 115GHz. Co-polar pattern in the symmetry and orthogonal planes, X-polarin the orthogonal plane.
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Figure 22: Comparison between radiation patterns for front-end withfeed patterns for feed Models 1, 3 and 5, E-plane, 115 GHz.
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Figure 23: Comparison between radiation patterns for front-end withfeed patterns for feed Model 3 and the theoretical pattern for corrugatedhorn + grooved lens + lens ring from Section 2, 115 GHz.



TICRA 253.4 Calculation of e�cienciesThe e�ciencies of the beams shown in Section 3.3 are �nally calculatedusing the procedure described in Section 2. Table III lists all thecalculated e�ciencies.Band �sp�over �pol �amp �phase �totModel 1x-polarisation 0.9733 0.9995 0.8599 0.9990 0.8357y-polarisation 0.9734 0.9995 0.8599 0.9990 0.8358Model 2x-polarisation 0.9599 0.9996 0.8934 0.9989 0.8563y-polarisation 0.9599 0.9996 0.8934 0.9989 0.8563Model 3x-polarisation 0.9414 0.9996 0.9189 0.9987 0.8636y-polarisation 0.9414 0.9996 0.9189 0.9987 0.8636Model 4x-polarisation 0.9182 0.9997 0.9374 0.9985 0.8592y-polarisation 0.9182 0.9997 0.9374 0.9985 0.8592Model 5x-polarisation 0.8908 0.9997 0.9504 0.9985 0.8450y-polarisation 0.8908 0.9997 0.9504 0.9985 0.8450Table III: E�ciencies for Band 3 front-end at 115 GHz for various HMCHmodels.It is interesting to compare the results for Models 1 and 5. Since thebeam produced by Model 5 is wider than that of Model 1, �sp�over issmaller for Model 5. The wider beam, however, gives a betteramplitude distribution over the aperture, whence �amp is higher forModel 5 than for Model 1. Since the feed models are ideal with noX-polarization and perfect phase distribution, �pol and �phase are bothpractically one. The consequence is that �tot is practically the same forModels 1 and 5 and has a maximum for Model 3, making �tot lesssensitive to small variations in feed beam width.Comparing the results in Table III with the results from Section 2 showa surprisingly good agreement for �sp�over, �pol and �amp. The onlysigni�cant di�erence lies in �phase, which it not surprising, since thephase pattern is not ideal for the feed in Section 2.3.5 ConclusionThe analysis performed shows that the ideal feed used predicts theaperture amplitude e�ciency of the front end very well. It canfurthermore be concluded that the feed beam width chosen for thesystem leads to a maximum in aperture e�ciency thus providing a



26 TICRAminimum sensitivity to small variations in beam width,References[1] Alma, "CFA-018 Room Temp Beam pattern data", December2008.[2] Alma, "Band 3 CART-009 Beam pattern data", August 2008.[3] Alma, "FEND-40.02.03-01-005-A-DWG R04", January 2008.[4] Pontoppidan, K., "Electromagnetic properties of the ALMAantennas", S-1430-02, January 2008.[5] Albertsen, N. Chr., "Analysis of Band 3 front end for ALMA",S-1510-01, January 2009.[6] Albertsen, N. Chr., "Analysis of Band 3 front end for ALMA,E�ciency vs. beam width at 115 GHz", S-1510-02, January 2009.4, 124, 1211, 1011
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