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Abstract. Radiation properties of biconical antenna of urégone angles have not been widely reported apamd to
equal angle biconical antennas. Biconical anterwi#ts cone of angle 90° have been widely reportedthis paper a
compact biconical antenna with upper cone of 9@f lawer cone of 120° angles are designed andyazealfor wide
band applications from 1 GHz to 25 GHz. A finiiednical antenna has limited bandwidth due to litsipt termination at
its edges to free space. Biconical antenna of toe ©f angle 90° and bottom cone of angle 120° withes terminated in
thick circular conductor is proposed. Radiationrelteristics and return loss of the antenna aresiiyated. Unequal
biconical antennas direct their maximum radiatiomarrow space between two cone surfaces and grovide base for
support. The proposed antenna is suitable for nmogd@eless communications in L, S, C, X, Ku and &t frequencies.
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1. Introduction

For modern wirelesses communication wide band aateare in demand. Antennas for VHF, UHF and UWRyjeahave
been well developed in recent times as identifiethe literature. A wide range of microstrip anteamave been designed
and reported for Ultra Wide Band (UWB) range. Amtas with wide band width for frequencies above UYsBge are in
demand for wireless communications. It is well knalvat antennas made with curved structure prowide band width.
A biconical antenna consists of two cones joinethatapex. An infinite biconical antenna providéde band width as
there are no reflections from the edges of its sar@ the waves are traveling from source to tlge®dnd there are no
standing waves. But a finite biconical antennabisiptly terminated at its edges and the currerthercones gets reflected
from its edges and standing waves are formed #uices its band width. An appropriate matchinghefeédges of the
cones improves the band width of the biconical ramae An expression for the radiation pattern frgrhesically capped
conical antenna has been first proposed by C.Ha$apd R.King [1] Conical antennas have been aedlyirst by
S.A.Schelkunoff. He proposed a finite biconicaleamma enclosed in a sphere with the apexes of thescat the center of a
sphere [2]. He analyzed the radiation from the sansisting of principal and complementary wa®spas and R.King
have analyzed a wide angle spherically capped lhiabantenna for its input impedance properties i3 reported that
the input resistance produces damped oscillatioosna the characteristic resistance and simildily input reactance
starts at negative values and oscillates arourm alems. S.S.Sandler and R.W.P. King have reporsgharically capped
wide angle biconical antenna with wide band widphtes 1 GHz. The edges of the cones are terminatagherical caps
with radius of 20 inches and the driving point idpece of the antenna for various heights and @fdihe enclosing
spherical cap are reported [2]. S.N. Samaddar ahdN#okole have reported the analysis of radiajwaperties of the
biconical antenna of unequal cone angles of 10&na°140° [4].

It is proposed that the electric field vanisbasthe terminating spherical cap and hence tteeas iimprovement in the
band width. The radiation pattern of electricaligadl wide-angle bicone is proportional to &Giand is same as that of a
dipole and exhibits the capacitive impedance. tefgorted that the input impedance and the radiédi for wide angle
electrically small bicone depends on the cone angfeelement [5].Lu, et al., have presented toptadiconical antenna
for UWB indoor base station applications. But thitenna is complex to fabricate and is heavy. Riadigattern and
return loss characteristics exhibit oscillation [Bacobs and others presented a truncated asyimmoetical dipole for
wide band applications up to 17 GHz [7].

Biconical antennas were originally intended for aser the frequency range 20 MHz to 200 MHz. Thst filesigns had a
poor return loss, typically less than 4 dB over tufsthe frequency range. In present research anhlial antenna is
developed with symmetric conical discs. To optinmize performances the design parameters such asreand outer
radii of the cones are changed [8]. A tree-likeohical antenna with both conical and horizontal @hnectional radiations

is designed for UHF vehicle application. The anteanhieves both conical and horizontal omnidireetioadiations with

the gains of 5-9 and 1.3—-2.8 dBi over an impedaacelwidth of 41.1% from 560 to 850 MHz [9]. A corspaymmetric

discone antenna for the 3 GHz to 20 GHz frequeacge is demonstrated. The antenna design is opfiniar a good

transient response with low angular dependencyei$@i mode analysis has successfully been appliiie design of an
impulse radiating UWB antenna. Compared to a stahdéconical antenna, the presented antenna shawse$s

frequency dependence of the radiation pattern [AOminiaturized biconical antenna loaded with twetat disks and

cylinders is proposed for UWB application. By conibg a biconical antenna and two magnetic dipdles,antenna has
wide impedance bandwidth from 200 to 965 MHz ad a®istable radiation patterns and gain in theatpey band [11].

In the paper the authors have proposed a nemirtation technique for the edges of the conedefhticonical antenna.
The proposed technigue enhances the band widthlasadimple as compared to the spherical cap tetiaimtechnique.



2. Design of the Biconical Antenna
The proposed antenna is designed considering 6asHznter frequency and the total height as haleu@ngth equal to
25mm. A circular ring of outer radius 12.5 mm whislequal to quarter wave length and thickness thisrplaced above
the top cone and is fused to the cone top edgédeight of 13mm. from the origin. Similarly the bwnh cone angle is 120
degrees which corresponds to 21.55 mm radius. &tmainating circular loop outer radius is also 21k and its
thickness is 1.5 mm. the torus is placed at a hafjil3mm and is fused to the bottom cone. Thessdon between the
cones at the apices is 1 mm. After the fusion efrihg the edges of the cones are curved smoatistead of sudden
termination. All the design parameters are listethe Table-1.

Table-1- Design parameters of the antenna

parameter Name dimensions (mm)
Upper radius of top cone 12.5
Bottom radius of top cone 0.9
Upper radius of bottom cone 0.9
Bottom radius of bottom cone 21.55
length of each cone 12.5
Separation between the cones 1
Outer radius of the terminating loop of top cone 512
Inner radius of the terminating loop top cone 10.5
Outer radius of the terminating loop of bottom cone 22
Inner radius of the terminating loop of bottom cone 20
Position of termination loop +14.5
Cone Angle of top cone 90
Cone Angle of bottom cone 120

3. Analysisof theantenna

The current distribution on the cones of the argeisnmainly considered for analysis. The biconaatenna consists of
two cones which are fed at the apices. Usually tiighcones are of same in length and same conesarijich elements
are equal cone angle antennas and have been ahalydeeported in the literature. Elements with teoes of different
angles are also important in many applications @afhe for radiation in a narrow direction. Heteetbottom cone is of
wide angle than the top cone. It is establisheddnier researchers that the radiation in a b@airantenna is confined to
the space between the two cones. Ghosh and Saalker gresented the radiation characteristics of raqaily capped
biconical antenna for wide band antennas [5]. dsweported that the surface current will be zerdhe spherical cap
which provides appropriate termination at its trated edges.

3.1. Thestructure of the antenna
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Fig. 1: Biconical Antenna without Edge Terminati®@Hz




Fig. 2: Biconical Antenna with Edge Terminatiorb&Hz

Fig. 3: Biconical Antenna without Edge Terminat@BGHz

Fig. 4: Biconical Antenna with Edge Terminatior?&GHz

The surface current distributions on the cones waittl without terminating loop at 6 GHz are showifriig. 1 and Fig. 2

respectively. Similarly the current distributions the cones with and without edge termination atG¥¥ are shown in

Fig. 3 and Fig. 4 respectively. S.N. Samaddar ahdMokole have reported a spherically capped bicainantenna of

unequal cone angles. The height of this anten2® i;iches [3]. D.Ghosh and T.K.Sarkar have preseatspherically

capped biconical antenna of height 5.6 cm with cangles of 106° and 170° [4]. The proposed antémribis paper is

smallest in length 25 mm as compared to any otiveniral element proposed earlier and the coneeaoiglipper cone is
90° and that of lower cone is 120°. The cone ed@é&®th cones are terminated with a circular lobghickness 1.5 mm .
The outer radius of the circular loop is equalhe tone top radius and positioned at the top ottme and fused to the
top edge. Structurally this is simple than the sighé cap termination as it reduces weight. Alkide parameters are
optimized to give wide band response. This propesgenna is modeled in both CST and HFSS.

3.2. Surface Current

The current distribution on the surface of the i obtained by simulation of the element in C$Toav and high
frequencies such as 6 GHz and 25 GHz with and wittiee edge termination of the cones. The antesmfediat the apices
of the cones and the current at the apices ofdhesis maximum and reduces to minimum graduayatds edges of the
cones. Current on the cone surfaces without textioin is not uniform and appears like irregularchas on the surface of
the cones. This is due to sudden discontinuithatetdges and results in reflections from its edgésereas on the cone
surface with termination the surface current appeaiform and follows regular paths. This is dudeionination at the
edges. The curved path at the end provides a sncootled terminated path for the current and reduefsctions. Hence
only traveling waves will exist. and this reducks teflection coefficient and subsequently mininnaturn loss.

As we observe towards the edges the current deasitthe surface of the cones with edge terminasippears to be
uniform than perfect circular contours with gradyakeduced amplitude values. On the terminatingpldbe current
distribution is also uniform circular path. Eacincalar contour shows a particular amplitude valti¢he current density.
Both the cones are of same length and the bottora owide and the top one is small angle conee@bgy biconical
antenna in Fig.1 and Fig.3 above current on togedsmon- uniform than on bottom cone even witheutination and
the reason is that the wide angle cones exhibieviidnd width. The edge termination of the top cehews much
difference without termination for surface currehhe current distribution on the cones without t@ating loop is non-
uniform. This antenna is modeled in CST and HFS& iansimulated using the same dimensions and thaltseare
presented. Current is maximum at the apex of tme€dn biconical antennas with and without edgmitestion. A finite
biconical antenna is truncated at its edges alyuptt gives a sudden discontinuity for current flovhis results in
reflections and formation of standing waves. Aesult the antenna exhibits high reflection coeffitiand subsequently



high return loss.

3.3. Radiation Patterns
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Fig.: 5 Radiation Pattern 3D at 7GHz
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Fig. 6: Radiation Pattern 3D at 25GHz
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Fig. 8: Radiation Patten (Elevation) at 25 GHz



The three dimensional radiation patterns of thequakcone angles are shown in Fig. 5 and Fig.6rémuencies 7 GHz
and 25 GHz. The electromagnetic energy is conatadrin the space between the cones only. Therpais

omnidirectional in shape which is very useful irrtpble receiving systems. The respective two dio@ias$ patterns in
elevation plane simulated in CST and HFSS are showfig. 7 and Fig. 8. It is observed that the atidn pattern is

perfect omnidirectional from 1 GHz. The two dimemsil patterns in horizontal plane are circularhiaEe and are omitted
for brevity. The radiation pattern at 25 GHz extsibipples.
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The Equation (1) shows the normalized radiatiorcfiom of wide angle wide band biconical antennae Haplane pattern
has been analyzed by Papas and King [1]. The esiprefor the normalized far-zone electric fielcbadad side is given in

Equation (1). Where ‘k’ is the wave number andisathe height of the cone. ;@nd s respectively the cone angles of
upper and lower cones.

3.4. Return loss

The band width of the antenna is determineditbyreturn loss which depends on the reflectioefficent ;.
Reflection coefficient is negative and return lissositive. The dimensions of the proposed anteareaoptimized to
realize the low return loss. Return loss for theohical antenna has not been previously reportetbvi frequencies this
is not considered for analysis. But at microwawg|frencies return loss must below 10 dB.
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Fig. 9: Frequency Vs .S- parameter without terniimat



o
= 1 N N R N N N P
12 +— ‘{‘ r’f"’f e s
10 N S R R
- -~
-16
-18
5 Fi 9 11 12 15 17 19 21 23 325
Frequency GHz

Fig. 10:Frequency Vs. S- parameter with termination

The reflection coefficients for biconical antennahwand without termination simulated in CST andS$-are shown in
Fig.9 and Fig.10 respectively. For many antennasptittern band width will be wide but the returesldand width is
limited. Reflection coefficient without terminatichown in Fig. 9 is very high which is -0.025 dB5aGHz and -0.35 dB
at 25 GHz. The corresponding return loss is algb.hT he reflection coefficient at 5 and 25 GHzeisd than -10 dB.
Hence the corresponding return loss is also lems 19dB which is desired for any wide band antenfer the antenna
with terminated cones the reflection coefficients h@duced at each frequency to less than -10 dR. réHection
coefficient from 1 GHz to 5 GHz is around -5 dB ahis not shown for brevity.

4. Conclusion

The proposed technique of terminating the edgekeotones of the biconical antenna has improvedbaimel width of the
unequal cone angle biconical antenna considerahiy.simulated results of the reflection coefficiarg less than -10 dB
has extended the band width up to 20GHz. The radigiattern is omnidirectional from 1 GHz to 25 Gelzxept for the
ripples of the pattern at high frequencies. Thisvent is compact in size only 25 mm in length andoimparable to any
microstrip antenna used today and is perfect fitafoy portable device. This antenna provides caefar C, X and Ku
bands. If only radiation pattern band width is rieggh then the proposed antenna covers L, S, C,Xakd K bands. The
element is modeled and simulated in CST and HFS$stablish the performance for comparison. The ltesare
coinciding without any major deviation. Hence thiepmsed element is compact and provides very wéahel bvidth.
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