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Abstract— This paper presents a theoretical evaluation of &
phase shifting excitation and load effects in a Trasmission Line
Excitation Chamber. It is suggested as an alternatey for
immunity tests because of the restrictions relatedo canonical
chambers. Here, two methods are used to calculathe E-field: a
semi-analytic approach and a numerical one. The seranalytic
method is based on the well-known modal expansionhile a
commercial software is used for numerical simulatins. The
results regarding the field profile and the related statistical
indexes of merit are presented and used to evaluatee chamber
performances.
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. INTRODUCTION

the end of the TLs. Those parameters are impoitarthe
search for a suitable chamber working volume; thay be
modified electronically, resulting in a random stany wave
profile. Based on this, the performances of the CLéan be
improved to satisfy the pre-defined uniformity eria within a
wide frequency range, even at frequencies lowar 8aMHz.
In this work, we present semi-analytical and nuo®ri
approaches for evaluating the performance of a TLEC

Il.  SEMI-ANALYTIC APPROACH

A. Analytic expression fora TL

Consider the TL geometry given by Fig.1l. When one
analyzes the E-field of the single TEM mode, thpetelence
with z longitudinal direction can be decoupled from thme®

Canonical chambers - like Reverberation Chambers) (RdNith the transverse andy directions Indeed, the propagation,

and TEM chambers - are generally used

electromagnetic immunity testing despite their ipatar
operational restrictions. RCs using mechanical [esddbr
frequency stirring provide a statistical E-fieldifonmity in all
the directions inside the working volume [1]. Nahetess, the
frequency operation of RCs is inversely proportiotwathe
chamber dimensions and it is a constraint for loegdiency
tests. The International Standards
configuration for immunity tests over 80 MHz frequees [2].
On the contrary, TEM chambers operate in the lagdency
range. Introducing a stripline inside the chamber,
deterministic E-field uniformity is reached overwarking
area parallel to the plate, but not for all thegpiaations in the
chamber volume. The performances can however lenast
for all the polarizations using three orthogonaiptines [3].
Recently, an alternative concept called Transmisditne

Excitated Chamber (TLEC) has been proposed, based o

phase shifting excitation of several transmissioed (TL).
For the sake of illustration, a structure constituof three

conductors with a phase shifting excitation has nbee

investigated in [4].

Basically, a chamber excited by several TLs preseateral
TEM modes inside the closed metallic cavity. Thsuting
standing waves depend on the position of the Tl the
amplitude and phase of the excitations and ondhdihg at

This work was partially supported by Capes-Cofe@#0568),FAPESF
(2007/51192-6) and Brazilian Navy.

recommend the RC

forvv_hich exists for any frequency, can be described bynction

&% when an incident wave is considerdgd is the wave
number in the vacuum. The problem of the impaqgtadsible
reflections at the end of the TL will be addres$adher in

section II.C.
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Figure 1. Geometry of a TL in the transverse plane

The E-field of a TEM mode in the transverse plaar be
evaluated by the following analytical expressions:
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where g is the vacuum wave impedance ahthe harmonic

coefficients related to the current density on tentral

conductor. Assuming that the conductor is an itdigi thin
wire along z axis, one finds:
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B. Several lines and Phase Shifting

When several TLs are ended with the same load: field
can still be written using the separation of vagabin the
transverse plane and in the longitudinal directiime problem
can then be treated by superposition:

(5)

ETOT(X,V) = Z IiEiTEM (le)

whereE,; gy is the E-field due to thé" TL for a current of

a

4

When the phase varies linearly betwdkand 27z the mean
effect can be calculated as follows:

2
Eaverage( X, y,Z) = J“E( X, y,Z) 4
0

s

%qu): ‘ETOT(X!y)‘ (8)
the average E-field is no more dependent direction. Thus,
it is possible to homogenize the fieldzmirection even if the

TL is unmatched.

Numerical evaluation was performed with the Finite
Integration Technique by using the commercial safenCST-
MWS ® [5]. The interest is that this approach isrencealistic
than the semi-analytic one since it takes into aotahe
connection of the TLs outside the chamber; thoskilde
introduce discontinuities that can have an impaat the
distribution of the E-field. A 3D TLEC model is Bii
considering PEC walls and PEC TLs. The loads a@reisiag
ports defined at the end of the TLs while the phsisifting
excitation is implemented by a post-processing @gqdr.

A procedure applying Matlab® Activex commands was
performed in order to set up the calculation patanseat
CST-MWS® and to perform the indexes of merit caition
discussed in the following section.

NUMERICAL APPROACH

V.

The uniformity of the field is evaluated using fhdexes of
merit defined in [6]. Due to the phase and loadtisig, the E-
field considered at any point of the chamber is dlherage

INDEXES OFMERIT

amplitude 1 and; represents the applied excitation current.field Eaerge in time. Considering a spatial poikt in the

The phase shifting between the TLs has then awmtedfe the
repartition of the E-field in the transverse plane.

C. Load Shifting

The load at the end of the TLs introduces a reatiact
coefficient /~ that affects the longitudinal repartition of the
field:

E(x,y.2) = Eror(X,y)x (e ko2 + [evi?) (6)

Concerning the stripline used in canonical TEM chars,
the design of the TL is such that there is no ofifb@. Then
the magnitude of the field is uniform indirection. Using a
TL with a thin wire, there is a discontinuity aetend of the
line and it is difficult to match the line with theiitable load;
then || #0 and a stationary wave is expected.

However, the maximum of E-field can be moved chaggi
the phase of . Consider the worst cas€ ||= 1. Suppose one
can change the phase of /~=e’'% this can be achieved for
example with a phase shifter ended by a shortitirEben the
complete E-field is given by:

E( x,y,z) = ETOT (x,y)x (e_jkoz + ej¢e+jk°z)

=2ETOT(Xiy)XCO{koZ+§j eivl2 ()

the phase shiftingg2 in the cosinus function shows that the
maxima and minima of the E-field indirection move withg

chamber, one finds for thepolarization of the average field:

Ef(@fsPu) |
average x —d¢ d¢|

M+1
[027]M+ (Zﬂ)

with gthe phase of, ¢ the phase of the currehtin thei™ TL
and M the number of TLs. Numerically, the integral is
computed using a finite number of phases.

E. 9)

Then the mean fiel&x and the standard deviati@R in the
spatial domain can be computed from the averade diwen

in (9):
N
Ex = ﬁ Z Egveraggx

k=1

N

k —
E (Eaverage_x
k=1

with N the number of points inside the chamber where the
field is evaluated.
The normalized standard deviation in @B in x direction

is defined by:
. E«+0,
o, = 20Ioglo[ E ]

The indexes ity andz directions are calculated similarly.

(10)
1
N-1

EJ

(11)
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Figure 2. WV and WA definitions in the TLEC

V. APPLICATION AND RESULTS

A TLEC with dimensions of 0.6mx0.6mx1.2¢see Fig.2
has been considered; the volume under evaluatiov) (@/a
parallelepiped of dimensions 0.3mx0.3mx0.6m cedtatghe
middle of the chamber. Besides that, the area ueniguation
(WA) is a square of dimensions 0.3m x 0.afrthe center of
WV. All the simulations are performed for a freqagrof 80
MHz.

A. Semi-analytical results

The semi-analytical approach has been applied & th
transverse plangx, y} since the variation of E-field in z
direction can be canceled using a suitable loaflirsdni The
study concerns the influence of the phase shiftiviten
several TLs are considered.

Fig.3 gives the E-field computed inside the TLEGewhwo
kinds of TLs are considered: a TL with a thin wa@nductor
and a stripline with a plate conductor as it isdusecanonical
TEM chambers.

wire

stripline

@

a

Figure 3. Distribution of the normalized E-field in the tsuerse plane
inside the chamber (on the left) and inside the {Athe right) in dB: (a) TL
with a thin wire conductor (b) stripline used imoaical TEM chambers

It appears that none of the TL induces a uniforeidfi
however the variation of the E-field magnitude desithe

working area is greater in the case of the TL witthin wire
conductor (30 dB) compared to the stripline (15 .dBhis
result should prove that the stripline is a bet@rdidate.
However when one takes into account some practical

considerations in the realization of the lines, Thewith wire
conductor remains an attractive solution. Thenirprove the
E-field uniformity, a solution consists in usingveeal TLs.
Fig.4 illustrates when currents witfFl,=1 and 4=1,=-1 flows
along 4 TLs inside the TLEC; as one can see, lltrstinains
minima and maxima of the E-field.

H I2

R

I3 lg

Figure 4. Distribution of the normalized E-field inside tbheamber with
4TL excited byl 1:| 2:1 and|3:| 4:-1

Basically, it is possible to move the minima andximea of
the total E-field inside the working area by chaggithe
excitations |, |5, I3 and I, of the 4 TLs. For a sake of
illustration, two examples are given Fig.5.
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Figure 5. Distribution of the normalized E-field inside therking area for
different excitations: (ay=1,=1 I3s=j 1 /=-1 (b) 11:=1 1,=j | 3=-j | ,=-1/4

A better uniformity of the E-field can then be axhéd by

introducing a random variation of the excitationghe
excitation shifting can be applied to the amplituateto the
phase of the different currents. Fig.5 shows thatdffect on

the average E-field is the same whenever the pbagbe
amplitude is supposed to be random. However, due to
practical considerations, the phase shifting tegnmishould

be retained here. The variation of the E-field niagie inside

the working area is less important in the caséeft TLs with
phase shifting (10 dB) compared to the striplin® @B)
studied previously (see Fig.3b).
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Figure 6. Distribution of the mean normalized E-field insithe working
area with an amplitude shifting (on the left) gutease shifting (on the right)



Results in terms of indexes of merit are reportedable I.
It appears that the number of TLs is an importarameter:
the standard deviation decreases of 3 dB when 4 ares
introduced instead of 2 TLs. Moreover, the phasitist
improves of 0.5 dBo 3 dB the performances of the chamber.

TABLE I. STANDARD DEVIATIONS FORSEMI-ANALYTICAL APPROACH

Chamber Configuration Standard Deviation (dB)

Nurpr?er of Phase shifting g, Jy JX’y
1 e 5.7 6.0 5.9
2 No 6.5 3.3 5.3
2 Yes Random 5.2 4.3 4.8
4 No 6.4 2.0 5.0
4 Yes Random 3.3 3.3 3.4

TEM
Chamber 5.1 3.1 4.6

B. Numerical results
Table Il presents the indexes of merit calculateithgi CST

@) (b)

Figure 7. . Distribution of the E-field modulus inside theachber for
differents loads (a) -j50Q load (b) +j50QQ load

Table Il presents the indexes of merit calculamddn the
load shifting is applied to the TLs.

TABLE III. STANDARD DEVIATIONS FOR NUMERICAL APPROACH (LOAD

SHIFTING)

Chamber Configuration Standard Deviation (dB)

MWS ® software when the TLs are terminated by a

50Q load (the characteristic impedance of the TLs 8 Q%
As one can see, the results in the WA are closatiedmnes
given in table I: for example the difference is ab0.5 dB in
the case of 4 TLs with random phase shifting. Havethere
is a difference with the results when the WV is sidared:
this is due to the standing wave that appears Isectine TLs
are unmatched. However, the difference never excéedB
because the dimension of the WVzdirection (0.6 m) is not
large compared to the wavelength (3.75 m at 80 MHz)

TABLE 1. STANDARD DEVIATIONS FOR NUMERICAL APPROACHLOAD

50Q)

Chamber Configuration Standard Deviation (dB)

Number Phase Working ~ ~ S

of TL shifting region Oy gy Ixy
1 WA 6.1 6.1 6.1
WV 7.3 7.3 7.3

2 No WA 7.7 3.6 4.9
WV 7.8 3.8 5.1

WA 5.9 4.0 4.8

2 Yes Random WY 60 12 50
4 No WA 6.5 2.7 3.8
WV 6.6 2.9 4.0

WA 3.9 3.9 3.9

4 Yes Random WY 70 71 71

The performances in the WV can be improved by a loa
shifting. The effect of changing the load is preednn Fig.7.

It appears that the maximum of E-field moves betwae
load of -j500Q and+j500 Q. Considering that the characteric
impedance of the TLs is 290, one finds that the reflection
coefficient /” is respectivelye™®® and €% going back to

equation (7), one expects that the minimum of Efimoves

of 0.93 k, = 0.55 m between both loads. This result is

illustrated by the simulations reported Fig.7 (nednthat the
dimension of the chamber indirection is 1.2 m, that is to say
approximatively 2x0.55 m).

Number Load and Working

of L  Phase shifing region o 9 v
1 Yes, random m g; gg 2(2)
2 Yes, random VWVC 2? jg ji
4 Yes, random VWVC g? 2;1 23

As one can see, the performances of the TLEC dghgji
improved compared to the results obtained withdet Ibad
shifting. Moreover, the results between WA and W¥ aery
close: for example the difference is 0.1 to 0.2inlEhe case of
a single TL.

CONCLUSION

It has been shown that a random profile of the ditan
waves in a TLEC can be obtained by an appropriaése and
load shifting of the TLs, which can be performed
electronically. Then, when a TLEC is well designadd
operated, it can reach and overcome the uniforstapdards
stated to canonical chambers.
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