Efficient Feed for Offset Parabolic Antennas for 2.4 GHz
Dragoslav Dobrici¢, YULAW

Resume
his article examines some of the possible solutions to the problems of efficiently
illuminating SAT TV offset parabolic antennas in the use on WLAN frequencies of 2.4
GHz..

Introduction

The problems that occur while illuminating shallow offset parabolic dishes, in addition to those
related to the efficient use of parabolic dishes generally are additionally aggravated by the
specific geometry of the parabolic mirror itself. [2] Feed positioning in the way that its phase
center exactly coincides with the focus of the offset parabolic dish and its aiming so that the
radiation maximum falls in the geometric center of the elliptic reflector surface are not intuitive
at all, as in classic parabolic antennas. Therefore, there is much confusion and many wrongly
positioned feeds that do not correctly illuminate offset parabolic dishes, decreasing their
efficiency and gain.

The optimal feed for some given parabola has to fulfill several important characteristics:

1. The radiation angle of the main beam, between the points in which the gain is -10dB in
relation to the maximal value, has to match the subtended angle. The feed radiation angle,
both in horizontal and in vertical plane has to be the same, regardless the ellipticity of
offset parabola.

2. The phase center of the feed has to be well defined and stable with changes of
frequencies within the working range. The change of the phase within the whole angle of
illumination has to be as small as possible.

3. The feed characteristics must not change much in the presence of the parabolic reflector
and carrier structure.

4. Feed radiation diagram has to be very clean, i.e., with low side lobes and rear lobes.

5. The feed structure has to encroach as little as possible into the focal cone, i.e. in the space
between focus and the antenna surface. Therefore, it is good when the feed phase center
is on the front edge or directly in front of the antenna structure.

It is not easy at all to accomplish all these demands. The efficiency and gain of parabolic
antennas directly depend on the mode of accomplishing these demands. Therefore, in practice, it
is common to make good feed first and then to choose or make a parabolic reflector with a F/D
value that fits the best with the feed. [4, 5] However, if you want to use the cheap production of
SAT TV offset parabolas for the work on HAM or WLAN frequencies; you have to try to
construct a feed that matches those parabolic reflectors. SAT TV antennas usually have F/D in
band from 0.7 to 0.9.

For efficient illumination, we need a feed with a clean diagram that has equal width of the main
beam in both planes and gain of about 12-14 dBi. This fact at the start excludes some antennas
as efficient feeds for SAT TV offset parabolas. Among them is, for example, the coffee can
(simple open circular waveguide) antenna that has gain of about 6-7 dBi and is very inefficient as
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a feed for offset parabolas. It is acceptable only for parabolas that have F/D less than about 0.5.
The bi-quad antenna is somewhat better, with its gain of about 10 dBi, and its optimal version

with evened diagrams in both planes and a gain of 11 dBi is even better.
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Fig. 1. Horizontal diagram of bi-quad antenna with and without “wings* and optimal bi-quad

with evened diagrams.
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Fig. 2. Efficiency of coffee can antenna feed with different waveguide diameter

I presented some diagrams of efficiency of some antennas that are used as feeds for parabolas
with different F/D and it is very clear how efficiently they work with offset dishes whose F/D is
in the band 0.7-0.9 (colored band). For example, it is clear that an offset parabola with a coffee
can antenna whose diameter is 0.6 wavelengths, i.e. about 74 mm at 2.45 GHz, has an efficiency
of about 25%, a value that consequently decreases the gain of antenna by 6 dBi in relation to its
theoretic value. That is exactly how much it would be gained with twice as small, efficiently
illuminated offset parabola! [3] Even coffee can antennas with a diameter of 0.86 wavelengths,
or 106 mm, do not work brilliantly. They give about 4 dB loss of antenna gain in relation to the
theoretic value with an efficiency of 100%. Greater diameters of coffee can antenna have
problems with the appearance of higher modes of EM waves and consequently very problematic
diagrams and phase centers, so they have not recommended. The addition of conic funnel can
partially improve the situation, but such horn antennas have uneven diagrams in the vertical and
horizontal planes, which is very undesirable for antennas that pretend to be good and efficient
feeds for dish.

The bi-quad antenna is somewhat better feed for offset parabola than coffee can antenna.
Adding “wings” to reflector, which some authors use in order to improve illumination efficiency
of dish, change only back side lobe radiation. The front diagram is almost unchanged and as a
feed it has unchanged efficiency. The optimal bi-quad, according to L.B. Cebik [1], with
reflector dimensions 150x200 mm, is even better and gives about 5% higher efficiency than
other variants of bi-quad.
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Fig. 3. Bi-quad antenna feed efficiency with “wings” (left) and without “wings” (right)
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Two-element bi-quad feed for 2.4 GHz

As shown in the picture above, the optimal bi-quad has very high efficiency when it is
illuminating dishes whose F/D is 0.5-0.6. It is obvious that it could also be adjusted for dishes
with higher F/D, if the diagram could be narrowed in both planes and at the same time retain all
other good characteristics. Since narrowing of the diagram, i.e. increasing of gain of the antenna,
is possible only by addition of director element, that was the course I took. However, the
addition of a resonant parasitic element as a director to this relatively complex structure was not
such an easy thing to do! I found and looked at several reported two-element bi-quads on the
Internet and by short analysis I realized that neither of them had nearly optimal performances.
Some of them even worked worse with an added director than without it!

By detailed analysis and optimization I realized that director has to have approximately the same
electrical length as the active element if you want to retain an optimal diagram for use with an
offset parabola. With different dimensions of the director and distances between elements,
somewhat higher gain can be achieved, but then the diagram is not optimal for the illumination
of the offset parabolas. Also, the reflector has to be increased in relation to the one in the optimal
bi-quad and is square shaped with the side of 1.6 wavelengths. Some minor asymmetry in
horizontal plane diagram of two-element bi-quad feed antenna is due to asymmetrical feeding of
antenna radiator.
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Fig. 5. Horizontal and vertical diagrams of optimal bi-quad and 2 element bi-quad feed
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director
dimensions:
wire length:

L=230.8 mm
wire diameter:
D=2mm Cu

wire
axis-to-axis
dimensions

Puc. 14. Pazmepul oupekmopa

Puc. 15. Toku ¢ 0syxinemenmnom ouxeaopame npu no0eedénHou mouwinocmu 100 W
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MexaHu4yeckasi KOHCTPYKIHMS AHTEHHBI.

BubpaTtop u AMpEKTOp U3roTaBIMBAIOTCS U3 ABYX KYCKOB MEHOTO IPOBOJA, TUAMETPOM 2-2.3 mm u

obmeit mymHOoN 227.2 mm A Budparopa u 230.8 mm i nupekropa. Ob6a Kycka mpoBojia Cru0arTcs

KaK MOKa3aHO Ha WILTIOCTPALIUSX.

Bubparop crubaetcs B hopme OuKBagpaTa T.€. KOHIIBI IPOBOJIA COSTMHSAIOTCS B IIEHTPE BUOpATOpa MO yTIIOM
90 rpamycos .

JupexTop corHyT B hopme 1udpsl 8 U KOHIIBI MPOBOAA "BCTeUatoTCs" B IIEHTPE

"BOCBMEPKHU" ¢ IPOTUBOMOJIOKHBIX CTOPOH.

[lepen crubanuemM Hy»KHO OTMEPUTH U OTpe3aTh HEOOXOAUMbIE KyCKH MEIHOI0 IIPOBO/IA C MaKCUMaJIbHO
BO3MOKHOW TOYHOCTBIO U 3aTEM U3MEPHUTh U TIOMETHTh TOYKU B KOTOPBIX OyIE€T MPOU3BOAUTHCS CTHOAHHUE.

KoH11pI TpoBOJa IMPEKTOpA CIAUBAKOTCSl BMECTE B MECTAX COIIPUKOCHOBEHHUSI.

Pednexrop MoxeT ObITh H3rOTOBIIEH U3 JIUCTOBOM MEIH WM JaTyHH. MOYKHO UCTIONIB30BaTh OJJHO-
CTOPOHHMI (POJIBIMPOBAHHBINA CTEKJIOTEKCTONUT . J[Be MEPEMBIUKU COSIUHSIONINX MEX1y co00il BuOpaTop u
JUPEKTOp UMEIOT UInHY30.9 mm, npu yCcI0BUM YTO MPOBOJ, ISl U3TOTOBJICHUS 3JIEMEHTOB AHTEHHBI IMEET
auametp 2 mm. OHU IpUINIanBalOTCs HEMOCPEACTBEHHO K AIEMEHTaM KaK I10Ka3aHO Ha PUCYHKE.

Taxoe penieHue aenaer cOOpKy HECIOKHON HO B TOXKE BpeMs 00eCcIIedMBAET JOCTATOUHYIO MEXaHUYECKYIO
IIPOYHOCTH AHTCHHBI.

BaxHO MOMHUTB 4TO pa3Mephl IPUBEAEHHBIE HA PUCYHKAX JaHbI OT OCHU J0 OCH IIPOBOOB.

Pa3zmepbl 0T TOBEPXHOCTH O MOBEPXHOCTH MPOBOJIOB YMEHBIIIEHBI HA 2 mm!

Paccrostare Mexay BUOpaTopoM u pedIeKTOPOM JaHO OT OCH MPOBOJIa BUOpATOpa 10 TIOBEPXHOCTH
pedaekropa.

OT MOBEepXHOCTH MPOBOJIA BUOpATOPA 10 TIOBEPXHOCTH pedIeKTOopa pacCTOsIHIE MEHbIe Hal mm,

T.€. 26.2 mm! Taxkxe TOYHO pa3Mepbl NEPEMBIUCK CKPETUISIFOITUX BUOPATOP U TUPEKTOP JIaHbI C YUYETOM
PaCCTOSAHUA MCKAY OCAMU MIPOBOJOB 3TUX 3JICMCHTOB.

UToOb! BbIIEPKATH MEKOCEBOE PACCTOSIHUE MEPEMBIYKU JOKHBI ObITH KOpOUe ero Ha 2 mm,

1.€. 30.9 mm!

IIuranue.

[Turanue OMkBagpaTa MOXKET OBITH BBITTIOJIHEHO HECKOJIBKIMHU CIIOCOOAMH. BHOPATOP MOXKET OBITh
YCTaHOBJICH Ha KOAKCHAIIFHYIO JIMHUIO U3 METHOTO MPOBOJIA M MEIHOM MM JaTyHHOH TPYOKH, C COOTHO-
MICHUSIMU MX TUaMETPOB MPUOIH3UTENBHO 1:2.3 mpu 3TOM €€ BOTHOBOE CONPOTUBIIEHHE COCTaBUT 50 oM
MEJIHBIN MPOBOJ] TMaMETPOM 2.3 mm U MeJHasi TpyOKa ¢ BHYTPSHHUM JHAMETPOM 5 mm HMEIOT ONTH-
MaJIbHOE COYETaHNE UAMETPOB.

B pednexTope cBepauTCst OTBEpCTHE AMAMETPOM 5,5 MM U TpyOKa nasiercst K pe(hIeKTopy BKPYTOBYIO €
(bpoHTaNBEHOH cTOPOHBI peduiekTopa. [IpoBoa HOWKEH OBITH MPHUIAsH K HEHTPAILHOMY COCTUHUTEIIO
KOHHEKTOpPA C OJTHOW CTOPOHBI M K BUOpaTopy ¢ apyrou. [Ipu 3TOM 10 OTHOIICHHIO K CTEHKaM TPpyOKH
MPOBOJ JOJDKEH PACIIONIaraThCs ¢ MAKCUMAaJIbHOW KOAKCHAILHOCTBIO.

Also, instead of complete air coax, one can solder only the tube through which coax cable

without its outer plastic jacket comes in tightly, so that outer conductor rests tightly to the inner

wall of the tube. After that, the braid is soldered well to the both sides of the tube. If you use

cable with larger diameter that is stiff enough, or semi-rigid cable, only the end of the cable

without its outer plastic jacket can be pulled through reflector and soldered to the reflector

surface at the place where the cable passes through the reflector.
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0P dis0 sls OlsesMW jtedz ™~ osLHj2f)isod2.

Urto06bl Meib HE TEMHEIA U He ObLII0 KOPPO3UOHHBIX SIBJICHUH JIy4Ille BCErO MOKPHITh AHTEHHY

TOHKHM CJIOEM MPO3padHoro naka. [lepen atum, Touku rie mpumasiH kabeiab 1 MecTa MaiKu B
MEPEKPECThAX 3JIEMEHTOB HYKHO 3alIUTUTh TOHKUM CJIOEM MOJIUATUJICHA, UCIIONB3YS AJI ATOrO
CHEelUaIbHbIN TEPMOIUCTOJIET.

Croii monuaTHIIEHa 00ECTICUUT 3aLUTY OT BOABI, HO OH JOJI’KEH ObITh MAaKCUMAaJIbHO BO3MOXHO TOHKUM!
HeonpaBnanHoe yBenuueHUE CIOSI MOJMATUIICHA OCOOEHHO HA MECTaX COSTUHEHHI TOJIBKO yYBEIIH-

YHUT paccoryiacoBaHue aHTeHHbl! Takxke, CTpOro 3amnpemnieHo NpuMeHeHNe CUIIMKOHA, TaK KaK OH
XUMHYECKH arpeCCUBEH U BHOCUT OOJIBIIINE MTOTEPU HA BHICOKUX YacTOTaxX!
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B crangaptHoM OukBanpare, ha30BbI IIEHP HAXOAUTCS y INIOCKOCTH peduiekropa. B ciyuae xe
JIBYX3JIEMEHTHOTO OMKBa/IpaTa, TaK Kak J100aBIeH JUPEKTOp, (pa30oBbIi IEHTp cMeUIEH K BUOpa-

topy. Ilpu uccnenoBannu nmo3unuu GazoBoOro MEHTPa ABYXIIEMEHTHOTO OMKBaApaTa BBISICHICTCS

YTO OH panojaraercs Ha pacctossauu 0.235 anuHbl BOIHBI WK 29 mm Briepeau peduekropa.

DT0 NMPUOIN3UTEITHFHO COOTBETCTBYET TOUKE IMUTAaHUs BUOpaTopa. JlaHHas Touka JOJHKHA OBITh
noMenieHa B pokyc mapalosibl ¢ MaKCUMaJIbHO BO3MOXKHOM TOUHOCTBIO. HarmpaBieHre MakcuMallbHOTO
U3TyYEHHUsl OCHOBHOTO JIEMIECTKA JOKHO ObITh HAIIPaBIEHO B TEOMETPUUYECKUN IEHTP SIUIUITUYECKOM
MOBEPXHOCTU OCETHOM MapaboIIbL.
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When SAT TV offset parabolas are used, focus is determined by the position of the SAT TV
converter. Focus of the parabola, practically, is in the entrance in the waveguide of the converter.
By measuring the distances between the entrance of the converter and at least 3 fixed points at
the edges of the parabola, one should keep the information about the position of the focus, so that
it could be precisely determined and restored when the SAT TV converter and original carrier
are taken off or adjusted in order to be able to carry a different feed. This is very important
because it is very often that case that, after the correction of the feed carrier, the position of the
parabola’s focus is lost and it can not be restored if there is no information, i.e. space coordinates
in relation to parabolic surface.

Results with offset parabola

We achieved very good results by analysis of two-element bi-quad as feed of rectangle shaped
offset parabola, with dimensions 100x120 cm and F/D=0.75. We confirmed very high efficiency
on the basis of achieved gain of parabolic antenna in relation to theoretic value. The calculation
of the efficiency of illumination of parabola from its gain gave the value of about 77%, which
well coincides with calculations of efficiency derived from the shape of the feed diagram given
in Figure 18.

Tot-gain [dBi] 1z Vertical plane | | Tot-gain [dBi] 90y Horizontal plane
Mol 29.4 dBi 15 i 15 MNorm-&l: 29.4 dBi a

2450 bhaz 2450 Mhz

-390

90 180

106 106 195

-160 240

dish%1 02LB037fom aut 185 - 165 25 < cBi < 204 | | dish@4102L B 37Tem out 255 285 29 ¢ dBi< 29.4
i= : Max gain The: 90 | | Theta= 90 20 Max gain Phi 0

Fig. 17. Vertical and horizontal diagram of offset dish with 2 el. bi-quad feed
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Fig. 18. Efficiency of 2 el. bi-quad feed with parabolas having different F/D ratio

Fig. 19. 3D diagram of offset parabola with 2 el. bi-quad feed
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An elliptic parabola with the same dimensions would have a smaller gain by about 1 dB in
relation to this analyzed rectangular version, with the same efficiency, because of the somewhat
smaller geometric surface of elliptic parabola. Another confirmation that this is a very good feed
is the purity of achieved radiant diagram of parabola. First side lobes are suppressed by about 20
dB and the front to back ratio is about 30 dB.

Maximal gain of the antenna is achieved when the phase center of the feed is exactly in the focus
of parabola and when the axis of bi-quad, i.e. maximum of radiant diagram of the main beam is
aimed directly into the geometric center of parabolic surface that is in the crosshair of the large
and small axes of the ellipse. The input impedance of bi-quad remained practically unchanged
when placed in focus of parabola, which was expected from this antenna that is known by its
relatively low Q factor.

Fig. 20. Outlook of built 2 el. bi-quad feed antenna
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Fig. 22. Example of holder for 2 el. bi-quad feed antenna
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Fig. 23. Two-elements bi-quad feed antenna on its carrier

Fig. 24. Offset dish with 2 el. bi-quad feed antenna
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Fig. 25. Close-up view of 2 el. bi-quad feed antenna mounted on carrier

Conclusion

In this article we showed and, by precise computer simulations [6] and practical measurements,
confirmed the possibility of using a two-element bi-quad for efficient illumination SAT TV
offset parabolic mirror. The very pure and symmetrical diagram of two-element bi-quad, with
equal width of the main beam in both planes, proved to be a very efficient feed for offset
parabolic antennas whose F/D is 0.7-0.9. -30-
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