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Abstract— Equivalent charge method is used to design ultdewiand asymptotic conical dipole (ACD)
antenna. Combination of linear charge density asidtgharges is used to generate different profiesACD
antennas. Two different profiles of ACD antenna ased as a feed for reflector based impulse-radgjati
antennas (IRAs). This paper focuses on the seteaifoideal ACD profile as well as the requisite &
distribution for ACD antenna as a feed to desiglCdput impedance reflector IRA. An ideal Configuoat
of ACD feeding structure for reflector IRA is chasleased on FDTD analysis results. To validate thigywof
the proposed new feed an ACD-fed half IRA is realiavith input impedance of nearly $2 Measurements

are carried out using single-ended instrumentafiithout any impedance adaptor as commonly done with
Conventional IRAs.

Index Terms— ACD, BALUN, FDTD, IRA, UWB

1. INTRODUCTION

Biconical structures are know for their widebandreteteristics and their different variants havenbee
worked out in past for various antenna geometiigsflector based ultra wideband (UWB) biconical
antennas popularly known as impulse radiating araen(IRAs) [1]-[6] have been developed for good
directional and time domain characteristics. IRAs aommonly designed for 20Q input impedance
wherein the conical plate transmission line feeedus of 40Q. Typically, in an IRA, two 40@ conical

plate lines are connected in parallel at the femdtgo get 2002 input impedance.



The reason for choosing a 4@Dline is to get a smaller cone angle for the traasion line thereby
reducing the aperture blockage and, in turn, a@hgea better antenna gain. Most of the pulse geémesa
have an unbalanced coaxial output with & %burce resistance. To Connect®0/oltage source to the
200Q input of IRA, a 50Q to 200Q balun is used. ACD fed reflector IRAs [15] showsrise to reduce
the input impedance of IRAs without reduction imngand hence exempts use of3Qo 200Q balun.

This paper describes ACD antennas of differenfilpeogenerated due to different charge distrigiand
selection of optimum ACD profile as feed to get@ I IRA. ACD fed IRA with two different feed
profile was analyzed using FDTD and the ideal fpexdile was chosen based on these results. Thgsasal
results were validated by doing measurement otizeghhalf IRA (HIRA) of nearly 5@ input impedance.

In Section 2 of the paper, the design formulas @iffédrent profiles for this ACD feed is presentddhe
time domain analysis of IRA with ACD feed arms wiliferent profile is discussed in Section 3. Time
domain measurement results are elaborated in &edtidiscussion and Conclusion are presented in

Section 5 & 6 respectively

2. FEEDING DIPOLE DESIGN
Equivalent charge method [9,15] is used to gendtegeprofile of the ACD antenna. In the equivalent

charge method, a hypothetical static charge digioh is defined with the total charge set equateco.
This distribution is defined to be rotationally symtric aboutz-axis with opposite charge reflected about
the symmetry planex{y plane) as shown in Fig. 1. The derivation of pbé&ndistribution from this
equivalent charge is done using cylindricap(z) coordinate systems as shown in Fig.2. Twopexjantial
surfaces of equal and opposite potentials are generated defines the profile of the biconical ande
Both of these surfaces can be realized by perfiectree conductors with an appropriate total susfac

charge such that the potential distribution extetm#he surface remains unchanged.

The equivalent line charg€z) and the two point charg€3 on thez-axis be given by [12]:

A, 0<z<z,

A=) -A,, 0>z>-z
0, z=0,z> 2z
0= [ 775
Q. z=-%

(1)
where mean charge separatigy® 0, charge density, > 0, and discrete char@g > 0
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Fig. 1: Charge distribution Fig.2: Biconical geometry

In order to generate the ACD profile, we need tad fout the ACD countor co-ordinates(r, z). The
potential distribution of this charge distributithe superposition of the potentials from theriisted
charges and the point charges. The potential fomgienerated by the line charges is given by egug#).

Potential distribution due to this equivalent cleadjstribution, at any point (I?,¢,z) in cylindrical
coordinates is

@= A | [Z+WT 2
N R e GO

The potential at a point (z, r) due to the two paimarges is given by

=

1 B 1
arE, {m ,l(z+zo)2+r2J

b (3)

The total charge on the positive line segmem,ig,. A dimensionless quantity is defined as the ratio of

the point charge to the line charge, so that

Q=0 A 7, (4)



The summation of potential due to line charge amidtcharge is equated to the surface potentialnof
infinite biconical structure. The two equipotentiatonical Surfaces are defined as shown in FigTBe
surface potential function and characteristic ingre@ for an infinite biconical structure as dedive
Appendix “A”.
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where 0, = tan(’izo )

z.=Characteristic impedance of infinite bicone in fepace
g,=Bicone angle
When we equate the total potential distributiorthiat of the infinite biconey, the (zr) coordinates for

the asymptotic conical profiles are given in teoh®,as

)\ In [ le
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The antenna element height is determined by settin@ at z = h, which gives

h? 202
Inl®2) =In 8
( 0) (hZ_ZOJ h2 (8)

Where, Oy is a constant determined by the desired asympimipedance from the infinite biconical
surface [9]. For each value a&f between zero and the antenna heightthere exists a unique element
radius r. For any given value @,,a, and h, equation (8) is solved numerically fay using Newton-
Raphson method. Once, and ©,are determined for a particular configuration, K@) is solved
iteratively to get the antenna feed contour foriotss values ofa, as shown in Fig.3The 200Q
asymptotic conical dipoles for both= 0 & 1 profiles are individually analyzed withoahy resistive
termination for its return loss with respect toginency using an excitation source impedance 0f2280

gaussian pulse of 50ps full width half maxim(fRwWHM), 50ps rise time and 0.56 volts peak ampbtad



shown in Fig.13 is used as excitation for simulatidn absorbing boundary condition with seven pziye
matched layers (PML) is used for this simulation.

The calculation of return loss is done for thed@CD geometry (obtained by rotating the contouFigf.3

360 around the height axis) as well as the ACD plétergth 184mm and 2mm thickness (obtained using
a surface profile shown in Fig.3 and its mirror gaafor botha = 0 & 1 (shown in Fig.4). The return loss
plots for the geometries far = 0 anda = 1 are shown in Fig.5. and Fig.6. Both of thes#gpshow that
solid geometries of both profiles have better ingrexd matching performance than plates. Though the
solid ACD geometry has better impedance matchiag flate, still flat ACD is used in this new antann
design to reduce the feed blockage as well as weighe antenna. The return loss plot as showkigrt.
shows less wiggles for ACD solid geometry and ther@ marked resonance near 4 GHz. The larger girth
of the solid dipole fora = 1 profile reduces the inductance, hence wiggieseiurn loss plot is reduced.
The resonance observed near 4 GHz is attributébdete@wharge separation between point charge and the
mean linear charge.
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Fig.3: ACD Contours



b) Flat ACD (& = 0)
a) ACD solid geometry@ = 0)

=

) d) Flat ACD plate &r =1)
¢) ACD solid geometry @ = 1)

Fig.4: ACD geometry profile(= 0 & 1)

Two asymptotic conical dipole plates out of botlesth profiles of length 184mm and 2mm thickness
were connected in parallel at the feed point to ajetinput impedance of nearly half the value of the
individual dipoles .The combined arms were rotatealind the feed point towards the reflector as shiow
Fig. 7. The combined feed arms of both profiles amalyzed without reflector and terminating resisto
using excitation source impedance as QOA gaussian pulse of 50ps FWHM, 50ps rise time @Quab
volts peak amplitude as shown in Fig.13 is usedadtation for simulation. An absorbing boundary
condition with seven perfectly matched layers (PMlL)ised for this simulation. The calculated netiass
plot of the combined feed arms for both profileshewn in Fig. 8.
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3.ANTENNA DESIGN AND ANALYSIS

Reflector-based IRAs are designed using a 46 cmetiexr parabolic reflector with focal length18.4 cm
using the combined flat ACD feed arms of lengthrhi8#and 2mm thickness of both=0 & 1 profiles as
shown in Fig. 9. and Fig.10. Two 20Dasymptotic conical dipoles of both profiles corteddn parallel at
the input of the IRA give a 10Q input impedance for the new IRA. Feed arms arequlaat +30 degrees
from the vertical axis for both feed profiles. AG&d IRA for both the profiles¢ = 0 & 1) is analyzed in
time domain using the finite difference time domsatver XFDTD (v7.1).

The excitation waveform used for the simulatiorttg antenna is a gaussian pulse of amplifiL@&6
volts, FWHM 50 ps and rise tini®0 ps as shown in Fig. 13. The absorbing boundangiton with
seven perfectly matched layers (PML) is used fa simulation. The terminating resistors of @are
placed between each arm ends and the reflectdroaensin Fig. 9. and Fig.10. Fig. 11 shows the piot
return loss with respect to frequency for IRAs wdifferent feed. Fig.11 shows that ACD fed IR& £1)
has better matching at lower frequencies than AED IRA (a =0) because of reduced inductance of
thea =1 profile. The return loss of the antenna withdfgeofile a =0 is better thana =1 at higher



frequencies. The input impedance with respectequency is shown in Fig.12. for IRAs with both feed
profiles.

The time domain far-zone electric field bo# and E (calculated using the excitation signal shown in

Fig.13 at bore-sight of the ACD fed IRAs) consistrepulse, main impulse and post pulse and isvsho
in Fig.14. Fig.15 shows the time domain far zongpomse at bore sight for both IRAs. XFDTD (v7.1)
solver calculates the far zone electric field dtnity and normalize it td r | =1m. The time domain
response of ACD-fedd =1) is better particularly in late time region hineé peak electric field at the bore
sight for ACD fed ¢ =0) IRA is higher than ACD fedd =1) IRA. The temporal separation observed in
the far zondime domain response of the two antennas are duextial offset of feed arms of ACD fed
(a=1) IRA. The gain at bore sight of the ACD fed IR& =0) is more than 3dB higher compared to ACD
fed IRA (a =1) at high frequencies as shown in Fig.16. ACDIRRA (a =0) is considered as a favorable
choice for fabrication due to higher gain and corapke time domain performance.

Fig.9: Solid geometry of ACD fedd =0) IRA Fig:18olid geometry of ACD fed ¢ =1) IRA
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4. EXPERIMENTAL RESULTS

FDTD analysis results show that ACD feadl£0) profile geometry is ideal for ACD fed reflectiRA.
For exciting the designed 132 antenna, either a balun or a differential convederequired. A balun
transforms the antenna impedance achieving conilggtitvith measuring instruments having a SD
impedance. To achieve the same compatibility, f@mdihtial converter converts the single endedtinesvo
equal and opposite polarity lines. Therefore, demigantenna was reduced to a half reflector with tw
arms and a ground plane known as ACD fed half IRRRA). This gave nearly a 5Q impedance across
the requisite frequency range. The realized ACD{fed=0) HIRA is shown in Fig. 17. and its design
parameters are given in Tablel.1. Return loss efréalized HIRA was measured using agilent PNA
E8362B Network analyzer. Return loss versus frequeaot (shown in Fig. 18) shows that return loss i
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better than —10 dB in the frequency range of 500Mi25GHz. Measured gain of the ACD fed IRA at
some of the spot frequencies in the frequency rahdel5 GHz is shown in Fig.19.

Returnloss(dB) s Freguency(GHz)

Returnloss(dB)

Freguency(ZHz)
Fig. 17: Realized ACD fedd =0) HIRA Fig. 18: Measured return lossA@D-fed (@ =0) HIRA
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Radiation pattern of the antenna is measured aliteament frequencies from 1 GHz to 10 GHz in ane
field measurement facility. Fig. 20 shows the meaduadiation pattern at 2 GHz, 3 GHz, 7 GHz and 10
GHz.The newly developed ACD-fedr(=0) HIRA is compatible with all the standard instrents as it has
nearly 5@ impedance across the required frequency rangetiffileedomain response of Novel-fed €0)
HIRA is measured using measurement setup consfssnoUWB arbitrary wave generator (AWG)
(Tektronix AWG 7122C), an Oscilloscope (Tektroni®371604 DPO 16 GHz), ACD sensor (prodyn AD-
70D) and balun (prodyn BIB-100F) as shown in Figlag differential output of ACD sensor goes to
Oscilloscope through the balun which converts isittgle ended with a loss @BdB. The sensor output
after accounting for the balun loss is used ineitp® to obtain peak electric field. The input exiiin pulse
used for antenna evaluation is a gaussian derevgiNse as shown in Fig.22. The measured time domai
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response of the ACD-fed HIRA is first time derivatiof the input excitation pulse as shown in FigR3e
ringing noticed in the antenna response is ateeithud the cable pickups.

_AReAE
Vo) = ARe (8)

where ,5,9:1X103 m’= equivalent area of sensoR, =10 =input resistance of sensW¥(t)=Sensor

output
The simplified analytical expressions for peak eledield E, (r), peak gainG, andV,, at bore sight of

the antenna derived for classical IRA [11] is giwericq.9-11 respectively. These expressions are tose
calculate the stated parameters for ACD fegdQ) IRA and ACD-fed & =0) HIRA, though they are
derived for IRA with triangular feeding plates segiad by 98, Antenna parameters for ACD feed £0)
IRA and ACD-fed @ =0) HIRA, prototype IRA and Jolt [11] is summariziadable 1.1. for reference

__h (dv(t)
E =—2 | 7 V/ 9
"(r) 2mrcf | dt . (vim) (9)
2
1(h
G =—| —= 10
i ﬂfg(dmrj ( )
Vi =TE (1) (V) (11)

Where, h, =equivalent height of antenng = geometrical factor

V (t) =Excitation voltaget,, = max. rate of rise&;= speed of light

HIRA ACD sensor
( ) BB Oscilloscope
100E TDS71604
1.65m O \
AWG Balun
7122C

Fig. 21:Time Domain Measurement Setup

The XFDTD solver gives far zone electric field adistance of 1m, therefore analytical (eq.9) and
numerical (FDTD) calculation of peak electric fiéld for ACD feed @ =0) full IRA is done at 1m
distance from the antenna. Measurement of eleftiot for ACD-fed (o =0) HIRA is done at 1.65m from

the antenna. The AWG used as source, generatesppdsk voltage of 0.36 v and the sensor used for
measurement has very less sensitivity hence t@ndes for measurement was restricted to 1.65m.€hk& p
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gain in frequency domain for ACD feed €0) full IRA and ACD-fed @ =0) HIRA is in close agreement
with their peak time domain gain calculated usiag¥0). It is difficult to compare the results dbed
with classical IRA’s because most of them are bwith different dimensions, feed configurations and
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Fig. 22:Excitation signal used for time domain meament

Fig. 23: Measured time domain response of ACD-{@d=0)

HIRA

TABLEL1.1 ANTENNA PARAMETERS

Parameter ACD feed (@ =0) full | ACD-fed (a =0) Prototype IRA [11] Jolt [11]
IRA HIRA
Reflector diameter D 0.46m 0.46m 3.66m 3.048m
Focal length F 184mm 184mm 1.22m 1.158m
F/ID 0.4 0.4 0.33 0.375
Number of arms 4 2 4 2
Arm separation 60 60° 9’ 90’
Input impedance(}) 100 50 200 100
Geometrical factor 0.265 0.132 0.531 0.265
(fy)
Peak Vo|tage\(p) [0.58 volts 0.36 volts [120kV 890 kV
Max. rate of rise [50ps [50ps C100ps [180ps
\/ 7.5 volts [2.4volts 1280 kV (5.4 MV
Gain (Gp) 564 71 2230 97
Gp (dB) [27.5dB [18.5dB [33.4 [20 dB
E (r) [5.5V/matim [1.41 V/m at 1.65m 4.2kVIm at 304m[14] 60kV/m at 85m[14]
P (Calculation as eq.9) | (Calculation as eq.9)
C3V/matlm [2.4V/m at 1.65m
(Simulation) (Measured)




13

5.DISCUSSION

ACD is used as a sensor for measuring fast eleetgogtic pulse [9]. An attempt is made here to bat
ideal profile of ACD antenna, which can be used &s=d for reflector IRA. The analysis results shakat
ACD antennas witha >0 has better time domain response and good loguérecy performance. As the
ratio of point charge to line charge density )(increases the girth of the ACD feed also increase
increasing the feed blockage of the antenna. Haa@ asymptotic conical dipole antenna, higharevaf
a is good but ACD used as a feed for reflector IRAQ (only linear charge density) is ideal charge
distribution used to generate ideal ACD profileisTACD profile used as feed allows achieving snmalle
impedance value with smaller cone angle and smiten factor. The ACD fed HIRA realized using the
ideal profile is readily used with single-ended %D pulse generators and other measurement
instrumentation.

6.CONCLUSION

The point charges used in the equivalent chargbadamproves the time domain response, particularly
in late time because of reduced inductance. Thease in the girth of the dipole for the profileshwr >0
increases the feed blockage and heace) is ideal ACD feed profile. The measured resoftthe ACD-
fed HIRA show the suitability of novel feed for ledtor IRAs.
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Appendix ‘A’
Calculation of Surface potential for an infinitebnical structure is given below:

potential function is
A(z)dz'
- -[471£0|r ~ |
1 [F  A(Z)dz' S A(z)dz'
- 47, {l [(z- Z(')Z)H/IZ]“2 +_£ [(z- Z'() 2)+¢/"] e }
putz'=-z"
_ 1 {I A(Z)dz' +T ~A(z")(~-dz") }
47E, |o (2= 2 +¢®1"2 o (z+2) 2+ 1™
Now for z'>0
let Abeaconstant A, > 0
this givesa step discontinuityinA of magnitudeof 24,atz'=0
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-7 +Z
La,?l 2217’/72 =217
dz'=dn, ,dz'=ydn,
z'=0
_-z __zZ
m ) W7 2
Z'=00:>l71=00
], =0
Ay { ? (1+nf)'1’2wdnl_T (1+f722)'“2wdr72}
-z/4 ‘// z/l4 l/j

¢= 47E,
/]0

- Lt T 1+ 2 —l/2d _m 1+ —l/2d
e, {IM( nZy™2dn, ZL( ;) 02}

o0 z/4
= Ltm{ [ @en?y*2dn,+ | (1+f72)'”2df72}
-z/4 [
A z/4
0

=L | @)y
4']E‘O —2[/4

z/4

/]0 2y-1/2
= 1+ d
o [ @ty My
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Setting @ = @ to determine the upper antenna surface, and dgftias that value d for this surface so that
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Therefore biconical surface potential is
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