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Abstract—This paper describes the design and performance of

a wide-band hybrid antenna suitable for use in reverberation

chambers. The antenna is characterised over the frequency range

100 MHz to 25 GHz showing that it performs well above

200 MHz although its ultimate highest operating frequency has

not been established.

Index Terms—Hybrid Antennas, Reverberation Chambers

I. INTRODUCTION

In most cases the antennas used in reverberation chambers

are of types that were originally designed for other test

environments or other applications. In particular, the radiation

pattern of an antenna used in a reverberation chamber is of less

importance, since in a well stirred chamber the average antenna

pattern tends to isotropic and the vector averaged input

reflection coefficient is identical to the free-space value. We

therefore consider the ideal antenna to be one with a compact

form-factor, which has a low reflection coefficient whilst

operating over the full frequency range of a typical chamber.

In this paper we describe a hybrid antenna that operates in

the frequency range from 200 MHz to 25 GHz as defined by

the magnitude of its input reflection coefficient (S11) being

less than 0.316 (-10 dB). The antenna is designed to exhibit

high efficiency and can be operated mounted either within the

working volume of the chamber or as a wall mounted antenna.

The antenna is a hybrid structure operating at lower

frequencies as a broadband monopole and at higher frequencies

as an exponential taper or Vivaldi antenna (Vivaldi antenna – a

name inspired by the cross-section of a Baroque trumpet and

given to the antenna by its inventor Peter Gibson, a keen

amateur musician, on the 300
th

anniversary of the composer

Vivaldi’s birth in 1978) [1]. The overall dimensions of the

antenna described here are 375 mm by 300 mm by 300 mm

(LxWxH). The structure could be scaled to accommodate

different frequency ranges.

The wideband performance of the antenna ensures that all

the advantages associated with such performance, the decrease

in test time associated with no antenna changes and the

associated improvements to cable and connector reliability, are

available.

In this paper we present a description of the basic antenna

structure along with data illustrating its measured and modelled

performance both inside and outside a reverberation chamber.

An image of the hybrid antenna structure is shown in

Fig. 1. The ground-plane has dimensions of 375 mm by

300 mm. The hybrid monopole-Vivaldi structure has a height

of 302 mm and a total width of 250 mm. It is fabricated from

600 m thick brass sheet. This is fed against the ground-plane

through a 50  SMA receptacle visible at the left-hand side of

the ground-plane. In order to achieve maximum operating

bandwidth and efficiency, the antenna has no balun. The

exponential taper on the monopole-Vivaldi structure is a simple

exponential of the form: ௕௫. (1)

Here the scale constants a and b are chosen such that the

height, y, is 1 mm where x is zero and y is 300 mm where x is

250 mm. The circular curve of radius 500 mm starting 20 mm

directly above the feed point, with a chord of 262 mm shown in

Fig. 1 is chosen to increase the electrical length of the antenna

in its low frequency monopole mode in order to improve the

input reflection coefficient at 200 MHz. The top corners are

rounded with a 20 mm radius which exactly meets the end of

the circular curve on the back edge and intersects the

exponential on the front edge.

Fig.1. Photograph of the hybrid antenna structure.

The dielectric supports of the monopole-Vivaldi structure are

made from 30 mm diameter PTFE rod and are placed away

from the Vivaldi taper to minimise dielectric loss. Fig. 2

shows a close-up view of the feed point of the antenna with

the SMA receptacle mounted in the feed block which has a

5 mm square cross-section.
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Fig. 2. Close-up view of the antenna feed.

.

II. A NUMERICAL MODEL OF THE ANTENNA

In order to verify the operation of the antenna and to allow for

subsequent optimization a method-of-moments (MoM) model

using the CONCEPT program has been used to examine the

surface currents on the antenna and to predict the input

reflection coefficient [2].

The structure was modelled using an unstructured

quadrilateral mesh generated by the Gmsh program [3]. The

global segmentation size was set at about 20 mm in order to

produce a mesh that was valid to 2 GHz. The segmentation size

around the feed point and edge of the exponential taper was

about 1 mm in order to model the rapid current gradients at

these locations. The coaxial feed was modelled using a short

wire between the end of the taper on the vertical plate and a

small closed metallic block representing the SMA connector

and its housing. A 50  impedance voltage source was

impressed on the end of the source wire adjacent to the block.

Convergence of the mesh was verified by reducing both global

segmentation size and that near the feed wire.

Fig. 3. Comparison of measured and modelled input reflection coefficient

(S11).

The input reflection coefficient predicted by the model

compared to the measured value, in the frequency range from

100 MHz to 2 GHz, is shown in Fig. 3. The antenna was placed

on an extended metal ground-plane on an open-area test site

(OATS) for this measurement. It is clear from Fig.3 that the

model accurately captures the measured antenna input

reflection coefficient.

Fig. 4. Current distribution at 200 MHz.

Fig. 4 shows the computed current distribution on the

antenna at 200 MHz. Here the monopole-Vivaldi structure is

operating in its monopole mode. The current density reduces

towards the top of the structure and all the phase indicating

arrows are in the same direction. Significant current flows up

each edge of the structure. Note that in this and subsequent

diagrams the colour is indicative of the current density with the

spectrum going from red (high) to blue (low). In Fig. 5 the

current density around the feed block is shown. The source

wire is shown in blue.

Fig.5. Detail of the current distribution at 200 MHz over the feed block.



Fig. 6. Current distribution at 1 GHz.

Fig. 6 shows the current distribution at 1 GHz. Here it can

be observed that the current is crowded towards the

exponential edge of the structure indicating that the antenna is

operating in its Vivaldi mode. The phase indicating arrows

show regions of phase reversal as would be expected in this

mode.

The transition region between the two modes appears well

controlled. The key to it is the dominant operation of the

Vivaldi mode at the frequency where the monopole would

become a half-wave in length. The left-hand edge of the

structure shown in the preceding figures has been lengthened

by incorporating the curve in order to increase the structure’s

length. From Fig. 3 it can be seen that the quarter-wave

resonance in the monopole mode is at 250 MHz, indicating a

half-wave response at 500 MHz.

Examination of Fig. 7 showing the current distribution at

400 MHz demonstrates that the Vivaldi mode has become

established at this frequency, significantly below the half-wave

monopole frequency.

III. MEASUREMENTS OF THE ANTENNA’S PERFORMANCE

Fig. 8 is an image of the antenna undergoing free-space

measurements on the OATS. It is placed on an 800 mm

polystyrene block above outdoor pyramidal absorbers. Note the

inclusion of the ferrite choke on the feed cable. The graph in

Fig. 9 shows input reflection coefficient measurements (S11)

from 100 MHz to 6 GHz with the choke at three different

positions on the cable and with no choke present. These data

indicate that the lack of a balun is not significant when the

antenna is operated in this manner. Modelling results indicated

that the fraction of the total feed current present on the feed

cable is typically less than 10 % of the total, with the antenna

in free space, which we expect to be the worst-case condition.

Fig. 7. Current distribution at 400 MHz.

Fig. 8. Free space measurement on an OATS.

Fig.9. Free space reflection coefficients of the antenna with and without

ferrite chokes on the feed cable.



Fig. 10. Input reflection coefficient (S11) of the antenna up to 1 GHz

.

Fig. 10 shows a comparison of the measured input

reflection coefficient in the frequency range from 100 MHz to

1 GHz with the antenna in free-space and placed on the OATS

ground-plane. It can be seen that the target reflection

coefficient is met from 200 MHz on the ground-plane whilst a

usable reflection coefficient (S11 of -5 dB) is obtained at

200 MHz when the antenna is operated in free-space.

Fig. 11. Free-space reflection coefficient (S11) of the antenna from 100 MHz to

25 GHz.

The data from 1 GHz to 15 GHz are similar in both free-space

and on the ground-plane. The full frequency range of the

antenna can be seen in Fig. 11. These data show the free-space

reflection coefficient from 100 MHz to 25 GHz. The

measurements from 1 GHz to 25 GHz were made in an indoor

laboratory where the higher frequency network analyser was

situated. The antenna was hooded with absorber.

The agreement between the outdoor free-space measurement

and the indoor free-space measurement is acceptable and the

performance of the antenna is maintained to 25 GHz

(S11 < 0.316, -10 dB).

IV. REVERBERATION CHAMBER MEASUREMENTS

Fig. 12 (upper) shows the antenna mounted on polystyrene

in a reverberation chamber whilst Fig. 12 (lower) shows it on

the floor of the chamber. The reverberation chamber has

dimensions 4.8 m  3.3 m  2.2 m. The chamber has been

demonstrated to have a lowest usable frequency of 200 MHz

according to the field uniformity criteria detailed in IEC61000-

4-21.

Fig. 12. The antenna in the reverberation chamber. In the top photograph

the antenna is mounted well clear of the chamber wall while in the bottom

photograph it is in contact with the floor.

Input reflection coefficient measurements were made with

the antenna in these two locations. The vector average of these

measurements over a complete stirrer rotation with 200 stirrer

positions was taken and then over a frequency window of

50 MHz (100 data points) to further reduce the statistical

variation.



F

reflec

the v

rever

F

Fig.

groun

cham

betw

expe

coeff

ident

The

reduc

Fig. 13. Compari

Fig. 13 show

flection coefficie

e vector averag

verberation cham

Fig.14. Compariso

g. 14 shows com

ound-plane mod

amber. In both F

tween the two

pected as the

efficient in the

entical to the free

e moving avera

duces the numbe

arison of input refle

ws the compa

icient measurem

rage values tak

amber as in Fig.

ison of input reflect

omparable data

ode both on the

th Fig. 13 and F

o measurement

he vector aver

e chamber over

free-space input

erage function

ber of points it

flection coefficients

parison of the

ements taken o

taken with the

ig. 12 (upper).

ection coefficients fo

ta for the antenn

he OATS and in

Fig. 14 there is

ent environmen

verage of the

ver one stirrer r

ut reflection coe

n used in the f

it uses, linearly

nts for free-space m

he free-space i

on the OATS

the antenna in

s for ground-plane m

enna operated in

in the reverbera

e is good agreem

ents. This is to

he input reflec

r rotation should

oefficient [4].

e frequency dom

rly, towards the e

mode.

input

S and

in the

e mode.

in the

eration

eement

to be

lection

uld be

domain

e ends

of th

At 10

of lit

200

mini

cham

400

expe

In

perfo

desig

coeff

radia

such

been

areas

is u

demo

cham

200

repla

bicon

wave

two

200

struc

anten

oper

anten

effic

SMA

high

conn

We

Desh

stude

of Ph

anten

[1]

[2]

[3]

[4]

the data-set so n

t 100 MHz the a

little consequen

0 stirrer positio

inimal. The lar

amber and fre

MHz where th

pected to be sma

In this paper

rformance of a

signed to offer wi

efficient, in a re

diation pattern

ch that it should

en taken to ens

eas where electr

used. The p

monstrated bo

amber and in

MHz to 25

places three ex

conical dipole,

waveguide horn.

wo modes. The

MHz to aroun

ructure from ar

tenna using CON

eration. We are

tenna structure

ficiency measur

A connector fe

gh frequency

nnector could b

We gratefully

Deshpande with m

udents Peter Lud

Physics, Unive

tennas provided

P. J. Gibson “

Conference, Bri

Technical Uni

[Online] http://

C. Geuzaine a

finite element

processing fac

Methods in Eng

J. Ladbury, G.

Langley Rese

NIST Techn

o no averaging

e antenna reflect

uence. At 15 GH

itions is adequat

largest differen

free space resu

e the number of

small.

V. CONCL

er we have

f a new class o

er wideband perf

reverberation c

rn is not impor

uld offer a high

ensure that no d

ctric fields are a

performance

both by measu

n free-space ov

GHz and as

existing antenn

le, a log-period

n. The antenna

he first is as

und 400 MHz. T

around 400 MHz

CONCEPT has

are currently un

re to further

surements are a

r feed has been

y performance

be used if high

VI. ACKNOW

ly acknowledg

h measurements

Ludlow and Rob

versity of York

ed insight into t

VII. REF

on “The Vivaldi a

Brighton, UK, 17

University of H

http://www.tet.tu-harbu

ine and J.-F. Rema

nt mesh genera

facilities”, Intern

Engineering, vol.

G. Koepke, D.C

search Center

hnical Note,

g occurs at 100

ection coefficien

GHz the average

uate so again th

rence between

esults occurs b

of independent

NCLUSIONS

e described th

ss of hybrid ant

erformance, wit

n chamber, wher

ortant. The ant

igh level of effic

o dielectric mate

e at their maxim

e of the ant

easurement in

over the frequ

as such the an

ennas in this a

iodic dipole arr

na has been sho

s a broadband

Hz. The second is

MHz to 25 GHz

has demonstrate

undertaking op

r improve its

e as yet incomp

en used to allow

ce, whilst a

gher power capa

WLEDGMENT

edge the assist

nts and the wo

obert Salmon o

rk whose work

o the new design

REFERENCES

i aerial”, 9th Eur

17-20 Sept. 1979

Hamburg-Harb

harburg.de/concept/

macle, “Gmsh: a

rator with built

ternational Journ

l. 79, no. 11, pp.

.Camell, “Evaluat

Mode-Stirred C

, no. 1508.

MHz and 15 G

ient is large so th

age produced by

the consequenc

n the reverbera

between 200

nt stirrer position

the structure

antenna specific

with a low reflec

here the shape o

antenna structur

fficiency as care

aterial is presen

imum and no b

antenna has b

in a reverbera

quency range f

antenna potent

application, i.

array and a rid

shown to operat

nd monopole f

is as a Vivaldi st

Hz. Modelling

ated the two m

optimisation of

ts performance

mplete. The cu

ow us to explore

a larger diam

apability is requi

ssistance of P

work carried ou

n of the Departm

rk on earlier Viv

sign.

European Microw

79, pp.101-105.

rburg, CONCEP

cept/index.en.htm

h: a three-dimens

ilt-in pre- and

ournal for Nume

pp. 1309-1331, 2009

Evaluation of the N

Chamber Facil

08. January, 19

GHz.

this is

by the

ence is

eration

0 and

tions is

re and

ifically

flection

e of the

ture is

are has

sent in

o balun

been

eration

e from

entially

i.e. a

ridged

rate in

e from

di style

ing the

mode

of the

ce and

current

ore the

iameter

quired.

Pratik

out by

artment

Vivaldi

rowave

EPT-II

html.

nsional

nd post-

umerical

2009.

NASA

acility”,

1999.

jfd1
Text Box
Marvin, A.; Esposito, G.; Dawson, J.; Flintoft, I.; Dawson, L.; Everard, J. & Melia, G. , "A wide-band hybrid antenna for use in reverberation chambers" , Electromagnetic Compatibility (EMC), 2013 IEEE International Symposium on , 222-226 , August, 2013 , DOI: 10.1109/ISEMC.2013.6670413



