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Abstract—An efficient method for the suppression of excitation- 7z
induced spurious modes in the symmetrical condensed node P Ay=v AL e "
(SCN) transmission-line matrix (TLM) method is presented for v 12
the general case of dielectric, anisotropic, or lossy media in planar
structures. A special mapping of the field-excitation onto the X
wave amplitudes of the TLM algorithm completely prevents the *

emanation of the spurious modes. The application of the mapping
in the k—w space can be done for waveguides with low compu-
tational effort. The method is generalized for planar structures

with high spatial frequencies of the field at the discontinuities.

We use precomputed field templates at the entrance of the three- Ras
dimensional (3-D) structures. The mapping is mainly done in ; '_7—4711 Ax=u Al
the space domain based on the quasi-TEM propagation of the
guided waves to keep the computational effort low. Instead of

the four-dimensional (4-D) k—. transformation, only independent g 1. Mesh cell of a 3-D symmetric-condensed TLM node with the mesh
one-dimensional (1-D) transformations to the wave coefficient of sizes Az, Ay, Az, and the arrows of the incident waves_i» of the

the conductors direction and w are necessary. In the case of connection lines (presentation without stubs).

propagation with low dispersion, the expenditure can be further

reduced to 1-D transformations with respect tow. The efficiency

of the present method is demonstrated by investigation of a presented. In general, the TLM method based on SCN’s is

coplanar waveguide and a triplate waveguide. applicable to the simulation of dielectric, anisotropic, and
Index Terms—Excitation, spurious modes, TLM. lossy media in planar structures. In [3], the propagation
characteristics of the physical and nonphysical modes have
been classified for the SCN with stubs. Based on an initial
field distribution and the special propagation characteristics of
OR THE modeling of electromagnetic fields in monowaves in the TLM algorithm, the excitation epurious modes
lithic microwave integrated circuits (MMIC's), accuratecan be eliminated by a special treatment in kre> domain.
simulation tools are required. The discrete space- and timge- key component within this procedure is the adequate
domain methods find growing interest as computational powgfapping between field components and wave amplitudes. For
became increasingly available. One of these methods is $fctures incorporating discontinuities causing high spatial
transmission-line matrix (TLM) method in which the elecfrequencies in the field distribution, the mapping in the
tromagnetic field is modeled by a mesh of interconnectgd., qomain may lead to a high computational effort. In
transmisgion lines. We consider symmetrical condens_ed nogss paper, an improvement of this method is given. After
(SCN's) introduced by Johns [1], which were generalized fQfenerating a physical-field distribution in templates [7], [8]
lossy media by Nailor and Desai [2], and which became thg he entrance of the three-dimensional (3-D) structures,
most popular type of node (see Fig. 1). The electromagnetife excitation of spurious modes are efficiently rejected by
f|eld‘ components have to be mgpped onto wave amp“t_“d§§3rocessing in the spatial domain. This is done with very
a; (1 =1,2,---,12) which are defined at the interconnectingy,; computational effort by using the quasi-TEM propagation
ports and onto the wave amplitudes (j = 13,14,---,18), panavior of the waves in the waveguides at the entrance

Whichintgrn are defir_led on stubsinthe node centgr (1] Dugé@ the 3-D structures. The computational effort is reduced
anisotropic propagation characteristics, nonphysical SpUriqis 4o independent transformations with respect to the

mclndetsh.are also excited [?]_[5],&] d for th . I%ngitudinal wavenumbet, and w. For weakly dispersive
excriltati(l)sn i‘:}‘;ﬂig di S:)iz)lﬁs nr1neO dc;sinora _I_eLJUpnﬁreeSShs'c;g ?) opagation, the computational effort can be reduced further
P to a single temporal transformation. While the mapping of the
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amplitudesa; ;> and the wave amplitudesa;s_ i3 at the ¢ The excitation of a spurious mode, propagating in direc-
adjacent nodes. With that, the components of the wave- tion ££ is caused by superposition of two solutions of
amplitude vectora;_;» can be determined recursively in A, which only consist of those two polarizations of wave

an analytical way. amplitudes, which enter into the TLM nodes in direction
+£.
1. A SPURIOUS MODE-FREE MAPPING OF FIELD The excitation and propagation characteristics of the phys-
QUANTITIES ONTO WAVE AMPLITUDES IN k—w SPACE ical modes modeling the electromagnetic phenomena, can be

The 18 incident waves at the node are combined in tl‘?@tta'.”‘i.d fro;r:h(4, I’I’?WS. 1?_183' Tc; relfltetthe prop?gatlon c{‘.rtl.ar—
vector ¢ and the reflected waves in the vectbr In the actenistics ortne physical modes o electromagnetic quantities,

following, we consider the wave amplitudes in the. space: the mapping of the wave amplituded;s_.s on the field

componentstE,, -- -, H,, which is introduced in [1], is done
a(z,y,z,t),b(x,y, z,t) by the mapping matrix)~ multiplied by the field vecto#
o Alka; by, bz, w), Blka, by, bz, w)- (1) A1z-18 = [Qcloxe - F. (5)
The basic TLM algorithm can be written in tihew domain With (5) and (4, rows 13-18 ), an eigenvalue problem can
as be formulated for the field vectaF’ with the system matrix
T(w) - Blk,w) = [Shsxs - Ak,w) (2) M. whichis
A(k,w) =[C(k)|isx1s - B(k,w). 3) Mlsxe = [Kplexs - [Qclexe- (6)

The time and space shift in (1) and (2) results in the Therefore, the eigenvalue problem is given by
time- and space-shift operatof§ X, Y, Z, which can be
combined in the matrixC(k). By eliminating the unknown [Mloxs - F°

wave-amplitude vectoB and by the help of some additional Qo O 0 0 K. -K, E,
basic matrix operations, an eigenvalue problem is established 0 Qey -K. 0 K, E,
which separates the characteristics of pgsical modesind ~ _ 0 Q. K, -K, 0 E,
the nonphysicabpurious modes 0 K. -Ky Q. 0 0 H,
-K. 0 K, Qy O H,

[K |iax15 - A K, -K, 0 0 0 Q- H,

. [Ks 112512 ’ [Kqli2x6 A1z —0. () =0. 7)
[Olsx12 ’ [Kploxs Ags_1s ' The system-matrixM includes the frequency-dependent
The trace matrixK , relates to the propagation characterie=CSMCIENtSKe, Qee, Que, (61, ¢ = 2.y, ) as follows:

tics of thespurious modesThe conditiondet(K ;) = 0 yields 2 sin(ke A) 8
six eigenvalues according to the propagation characteristics o‘%(f - A_g cos(wAt) + cos(ke AE) (8)
the six different spurious modes. These modes are propagati@gef =Weeoere — joe 9)

along the main axis of the TLM mesh with twice the speed o

light, elucidating their nonphysical behavior. The propagation ¢ — ~Weptopire,  With (10)

is accompanied by an alternation in sign at every time step. Byy, — { 2 o <w§)} { ALAl

solving the eigenvalue problem given in (4), a certain ratio of At 2 AnAch

the wave amplitudes at the interconnecting ports to the wave 1 — cos(k,An)
amplitudes at the stubs is found, with which the excitation ' Los(wAt) + cos(k,An)

of spurious modes is prevented. With the submakiy, the N 1 — cos(ke AC) ”
coupling between the two sets of wave amplitudgs ;> and .
A13_13 yields mapping rules, from which the wave amplitudes cos(wAt) + cos(ke AQ)
Aq_1o are derived from the wave amplitudes at the stubs
A13-1s without the excitation of spurious modes. The excita- For very small mesh sizeA¢/\ (€ = z,y,z), the coef-
tion and propagation characteristics of the spurious modes é¢wjents k., , . approach their related propagation coefficients
be obtained from lines 1-12 of the system of equations (%jz,y,zi while the Coeﬁ’icientg/Vw’y’Z approach the frequency
The conditiondet K; = 0 leads to six double eigenvalues,,. Thus, (7) represents the TLM approach of Maxwell’s
which represent the propagation characteristics of six spuriaiifrl-equations in thek—w space. The solution domain of
modes. Considering the corresponding eigenvector solutiongigé possible excitations of the physical modes is spanned
A in (4), the following characteristics of the spurious modegy the eigenvectord” of (7). For small mesh sizeA&/ ),
can be derived: this solution domain approaches the possible solutions due
* The six spurious modes are propagating in the differetd Maxwell’'s equations. For large mesh sizes, the dispersive
directions oft¢, (£ = z,y, z) with the velocitiesA¢/At  anisotropic character of the TLM-mesh dominates [10]. Thus,
and with a simultaneous oscillation in sign at every timthe solution domain by the eigenvectors of (7) sightly de-
step At. viates from the solution domain containing the solutions to

(11)
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Maxwell's equations. The implicit dispersion relation of the -
physical modes can be found by the requiremé&ntM = 0 | KztBlp D
as

w/c (Al/gt)

Qe ey Qe Q0 Qi
+ K Qe Q0 (Qey 00 Qpy)
200 Ry (e + Q) o
+ KEQEZQM(QQ;Q/W + QeyQ/M‘)
+ (e K2 + QeyKS + Qe K2) a3
(e K2 4 QK2 4 Qi K2) = 0, (12)

This equation can be solved explicitly fog, k,, k., orw in w2
a few recursive steps for arbitrary anisotropic, lossy, dielectric
media with arbitrary node-sizeg v, w and a stability factor
h. In case of free space, there exists only one solution for the 5.,
frequencyw in the k space, while for the case ef # i, two
solutions exist, which can be related to the two polarizations
of electromagnetic waves in the medium. The two solutions—
overlap along the main axis and the space diagonals. In Fig. 2,
solutions for both cases are presented inkhspace.

While the mapping of the field components of the excitation , o ) ] )
on the wave-amplitudest,;_s of the Stubs can be done by, PIoRAgRton charaterits of the prysical mades in cross secton
(5), a new mapping of the field components on the wave: = Ay = Az, L = 2).
amplitudesA;_1» at the cell boundary has to be developed
out of (4) t.o prevent the excitation. of the six spurious mOdefﬁe excitation of the wave amplitude$; s to prevent the
The mapping is done by the mapping may, of dimension 5 hearance of spurious portions of the excitation.

12 x 6 The mapping is verified by way of an example of the
Ar_12 = [Quliaxs - F. (13) spectrum of theHlo_l mod_e in a rectangular cavity. Due _to
the fact that the dimensions of the resonator are multiples

Considering (4, rows 1-12), (5) and (13) lead to the ne@f the mesh-widthA{ ({ = =,y,z), spurious modes can

‘1
{ |
T T

B.4 0.9

2 2
\/kx Jrky (Al/p})

mapping matrixq : resonate. The reduction of spurious modes by increasing the
. mesh density would lead to a high increase of computational
[@5l12x6 = —[Ksli2x12 * [Kqlizxe - [Qcloxs (14)  effort. Fig. 3 shows the decrease of spurious portions of the

resonance in a cavity with the number of cells in one length
of the structure. The computational effort is determined by the
+ cos(wAt/2) P AC T2 number of matrix multiplications for the scattering at the TLM
IF = eTIkeAC/2) C=u,y, 2. d : ) ,
cos(wAt/2 £ kAL /2) nodes. While the spurious modes decrease with an exponent
(16) of two, the computational effort increases by an exponent of
four because of the linear increase of cells in everyy-, and
The elements of the mapping matiiX; are dependent on z-directions, and the increase of the required time steps.
the space- and time-frequency. Thus, the field excitations havén contrast, the computational effort for the application
to be transformed into thie—~w space before being mapped foiof the mapping by matrixQ; is low because of the few

with (15), shown at the bottom of the page, and

0 I}tv O 0 0 IFwzy
0 I v 0 0 0 -1 wZg
0 0 Ifw 0 —Ifvzy 0
0 0 I;w 0 I-vZg 0
0 0 [Lfw IfuZo 0 0
1 0 0 Iw —-I uZ 0 0
@pli2x6 = N A 0 “0 0 —IFwZ, (15)
Iuw 0 0 0 0 Iy_wZo
Ifu 0 0 0 ITvZzy 0
I7vw 0 0 0 —I7vZy 0
0 Itv 0 —IfuZ 0 0
0 -v 0 1> uZy 0 0
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1E+06 [T

IBH0S e

1E+04 1| number of matrix-

N multiplications z=0
LE+03 T e
- 7=z,
1E+02 -
L Fig. 5. Waveguide section with fine discretization for the computation of
1E4+01 | enmrione : the preliminary field distribution. Nonphysical temporal Gaussian excitation
Spurious portion at positionz = 0, improved field distribution at = =z,.
of resonance [%]
IE+00 e e
S : =
. | E—— N B . " . . , .
B0, singularities with very high spatial frequencies. In that case,

ells o 10
pumber n of cells per length the mapping in thek—w space with a high number of fre-

Fig. 3. Computation effort for reduction of spurious modes by increasirguencies would lead to a high computational effort. Thus, the
the re_solution. (Numerical solqtion of S_pur‘iOUS por_tions in the resonance I‘Happing has to be performed in the space domain based on the
a cavity generated by conventional excitation for different cell numbeirs . . . .
one row of the mesh.) quasi-TEM propagation of the guided waves in the entrance
of the 3-D structures to keep the computational effort low.
oo e e Instead of the four-dimensional (4-R}w transformation only
Mew  excitation: oo two independent one-dimensional (1-D) transformations are
necessary with respect toand the wave coefficierit, of the
conductors direction. As an example, we consider waveguide
structures with the propagation wdirection and excitation
32 % templates that are distributed in a plane perpendicular to the
$\ direction of propagation. As is depicted in [3], tispurious

DR modesare caused by portions of the amplitudas |2, which
do not fulfill the physical relation between the interconnected
wave amplitudes; 1> and the amplitudes at the stubs,_1s.

In a preprocessing step, we apply a fine discretization to a
Ty test section with the same cross section as the input section of
T the structure under investigation. This test section is excited in
a conventional way. After the distanee= z,, a field template
A T R YA is extracted for further processing. The propagation velocity

. - _ , ¢ in the actual waveguide is also measured. Passing the test
Fig. 4. Deviation of the resonance spectrum of a TLM simulation from the

analytical spectrum of a rectangular cavity with cell parameters 4, = 1, Section, the field evolves itself and approaches the physical-
Aw = Ay = Az/2, h = 5. field distribution (Fig. 5). A snapshot of the transversal-field
distribution is extracted for the use as field template when

spatial frequencies in the field distribution of such a waveguidg® maximum of the incident pulse passes the chosen position
structure. In Fig. 4, the deviations between the calculated ahd® #v- IN @ first step, a conventional mapping is applied to
the analytical spectrum of thé, components are shownthe wave amplitudes at the stubgs_s(x,y). The template
for the different excitation methods. Using a convention&onsists of nodes. Due to the dispersion relation, which admits
excitation for the simulations, the occurrence of spuriou¥opagating modes &t Az = w, kAy = = in the k space,
modes is visible, whereas the excitation by mafix exhibits additional spurious modeoccur with a spatially alternating
no spurious modes. Fig. 4 points out that the energy at thign. However, if a sufficiently fine discretization and local
expected resonance frequency is decreased by the amourbwfpass filtering is applied, their influence can be minimized.
energy stored in the spurious modes at high frequencies. Th&hés results in a nearlgpurious-mode-freéeld template.
spurious effects are caused by a partial-mode conversion fronFor the excitation of a field in a waveguide which propagates
physical modes to spurious modes and cannot be removedopyy in »-direction, it is sensible to excite the field along a
low-pass filtering. The two different resonances for spuriougoss section of the waveguide between the centers of the
modes occur due to the different cell sizes dependent on ¥des, where only the waves_1, are defined. The excitation
z- and z-direction. is done afterwards by only exciting the waves and a1,
which are propagating in the same direction. For these waves,
ll. A SPATIAL-DOMAIN METHOD FOR THE SUPRESSION a spurious-mode-free mapping of the exciting field is derived.
OF EXCITATION-INDUCED SPURIOUS MODES The wavesag_;» are defined in the directiontz of the
A spurious-mode-fre@xcitation template representing alwaveguide (Fig. 1). The generation of those wave amplitudes
wave amplitudes:; _;s at a plane perpendicular to the wavdrom the amplitudes at the stubss_;s is based on the
propagation is required for the accurate modeling of planerapping in thek—w domain, as shown by (15). For example,
structures. The simulations of those structures yield fietde amplitudeag is given with respect to the transverse

AE(w) Eg |
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a1_4, We have to consider rows in-direction, and foraz_g,

we have to consider rows ipdirection. The wave amplitudes
are evolved in pairg; —as, az—as, - - -, €tc. Now we consider

a row in x-direction, which is bounded by walls with fixed-
boundary conditions. The position of the variables is shown
in Fig. 6. The numben,. ... of nodes inz-direction is given

by the node numbers of the first and the last node of the
following row:

253 (xm;n ) [25] (xlmx =1) az (x max )

a(x

min

{éﬁ(vmn) {a(\,mmﬂ) () } (xm“ﬂ)} = transverse boundaries of the template. For the amplitudes
D

W2 (Kin) W0 in ! ly?_'- -1 Lrmax
" ) 1/2(‘%" +) v (xrmx ) B ) nac max = ‘/ElllaX - ‘/L'Hlin + 1' (21)
i i i | i X The following relations in thek—v domain can be found
Xmin Xmint1 Xmax-1 Xmax for the amplitudesz; and as:
Fig. 6. Position of the variables within one line of nodes enclosed by _ (1 +T)
boundary conditions ir-direction. Az = (14 TX+) (Ara £ As/2)
(Xil)Alg (1+1/T)(A14:|:A18/Z ) (1/T)A172.
coordinatesy and y by (22)
1+7T) his can b d in th domai
Ag(z,y, k. w) = m This can be expressed in the space domain as
A k A17($7y7kZ7w) QLQ(-’L’il,y,Z,W)
Ay kW) + = = (L4 Ty, 2,0) £ ay5(2,y, 7.0)/22)
1+T —(1/T)ay o(z,y,z,w 23
_ (1+7T) Uy(z, y, k. w). (17) (1/T)ay »(z,y ) (23)
(1+7T2z) and abbreviated with the functiong:

The functiony(z, y, z, t) representing the stub amplitudes,

. . ] . X a $+17y727w :g T, Y, 2, W) — 1 TQ T, Y, 2, W
contains an amplitude functioli(z,y) which is only depen- il ) il )= (/D )

dent on the transversal coordinates (24a)
CL17($, y) QQ(x - 17 Y,z w) :g2($7 Y,z w) - (1/T)Q2($7 Y,z w)'
\Ifg(x,y,z,t) = <a13($7y) + T)f(7 t) (24b)
Y
=Vo(z,y)f(2,1). (18) In the following, we consider the dependencies with respect

to « andt. From (24a) and (24b) a relation betweenalland
a at a row withn = 0,1,2,--- ny.x and the corresponding
starting valuesa; (zin) and CLQ(.’L’maX) at the boundary can
be found:

Due to the fact thaif(z,¢) describes the propagation of a
pulse inz-direction with the constant velocity all dependen-
cies fromw and k. are combined in the functiomz(kz,w).
With (18) this leads to the function.(z,t) as follows:

n

Ba(ert) oo b (10 (i + (14 1),6) = 3 (1T Wi 1= 12)

v=0

1+ eijt _ —jwz/e +(=1/T (n+1) A Tmin, W (25&)

= Tq ez L= 0w)e T (19) ST mlmin )
Therefore, we have to perform only one single Fourigf2(¥max = (n+1),w) = Z (=1/1)" Ly (Tsmax — 1 — v, w)

transform for each temporal excitation function. Afterwards v=0 (nt1)

we apply the functionb. (z, t) for obtaining the amplitudes, +(-1/T) Ay (Tmax, w)-

in the cross section under consideration: (25b)
ag(z,y, z,t) = Ug(z,y)P.0(2, t). (20) This yields a relationship for the starting and end values at

each row:
The wavesa;g_12 can be developed in an analogous way, e

corresponding to the new mapping in (15). If the excitation 1 _ —1/TV T _

should be done in a cross section of the waveguide goinggl(xmaXJF 05) IZ::O (=1/ 1) (T = 1, 1,)
through the centers of the nodes, the waxess have to be C (=1 T) D) @ (i 1 )
derived for the spurious-mode-free excitation. These waves G\ Fmins Y

are defined in the template perpendicular to the direction of (26a)
the waveguide (Fig. 1). For their generation, rows of nodes Temax

within the template are considered. The templates have B2 (@min — 1), 5,0 Z —1/T)" Uy (Zamin + 1,9, )
be terminated in transverse direction by appropriate boundary v=0

conditions. The waves along one line of nodes are coupled — (=1/T) om0y (2, 4, ).

with each other according to the boundary conditions at the (26b)
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All rows of nodes are terminated at the enclosing boundariesThe impulse functionf(¢) is transformed to the frequency
by certain reflections coefficients. We choose eitle= —1 domain, expanded to the functigriw), and transformed back
corresponding to electrical walls and—= 1 corresponding to to the time domain as follows:

magnetic walls, and found the relation betwegnand a, at Fw)(1+1/T)

the bOUndarleS as (I)m(t) o Qw (CU) - 6_2jnmm_awat — Wz maxWz min ' (32)
a1 (Tmax + 1, W) = Wa max@s (Tmax, w) (27a)  Due to the fact that this has to be done for only one
Ao (Tamin — 1,w) = Wa min; (Tamin, ). (27b) transversal setup, the computational effort is kept considerably

low. After the determination of the functigi(¢), the boundary
From (26a) and (26b) and (27a) and (27b), we obtain thalues a; (xmin,t), and az(zmax,t) in (31a) and (31b) are

following system of equations: given by
(_1/T) (o max 1) ay ($111in7 CU) + Wmax 3o ($111aX7 CU) ay ($111in7 t)
TNmax Na max—1
- Z 1/T xmax ) CU) (28&) = Z (_1)V |:\Ijl($max - V)(_]')nwmax
v=0
wmin@l ($111in7 CU) (_1/T) ("wmax +1) Q2($111axv CU) ' (I)l’ (t i ] max)
= Y (—U/T) Uy(min + v 0). (28b) = VolTmin 1) 0o max@o(f =)
v=0 (33a)
Also in the case of a quasi-TEM propagation of the pulse,as(Zmax, t)
the amplitudes at the stulas, anda;s may be separated into P max—L
a time functionf(z,t) (here f(¢)) and an amplitude function = Z (=1)¥ |:\I/2(-Tmin + ) (1) emex
a(zx,y) (herea(z)). According to (18), we introduce function v=0
W(z), which is generally dependent on the transversal position c @, (t — v — Namax)
o - \Ijl(xma.x - V)wac minq)a;(t - V):| .
a14/18(2,t) = ara/13(2) f();  a1a)18(%,w) = ara1s(z) f(w) (33b)

= Yyp(e,w) = Uyyp(e) f(W) (1 +1/T). _
(29) The amplitudes:; anda, on the row are calculated from

starting values atry,;, and zyax, also in time and space
The functions¥(z) are calculated in the time and spacé&omain:
domain from the amplitudes at the following stubs: (r—Zmin—1)

- s, 1) ai(z,t) = z_: {(—1)”\111(37 - 1-1)0,(t - 1/)}
Vi@, t) = | ara(z,t) — (30) v=0
Y - (_1)(39—1‘“1;“—1)a1 ($111in7 t+ Lmin — .’L’) (34&)
Therefore, we can write the functions with separate space (Tmax—z—1)
and frequency dependencies as follows: as(x,t) = Z {(—1)”\1/2(33 +14+v)P,.(t - 1/)}
v=0
Mamax (1Y =Zmax—z—1) _
a; ($111in7w) = Z |:\Ijl($ma.x — ]/) ( 1) a2($x1laxa t+x -Tma.x)- (34b)
v=0 The remaining amplitudegs;_g can be calculated in an
_ (=T)~emext?) f(W)(1+1/T) analogous way according to the mapping given by (13) and
T—2Pemax — WmaxWmin (14)
- \IJQ ($111in + V)

IV. NUMERICAL EXAMPLES
. wmax(_T)_V(i(CU)(]. + 1/T)

T~ 2memax — WmaxWmin

In a numerical example, the spurious-mode-free excitation
(31a) of a coplanar waveguide and of a triplate waveguide are com-
pared to the traditional excitation scheme. For the extraction

0 (Tana, W) = Zx [%(xmin + ) of a field template, we apply a Gaussian functifix = 0,¢)
B = to the test section and we extract a template at the distance
(=T)~(emaxt) £(0)(1 + 1/T) z = —=z,. The processing of the wave amplitude in the

T2 — ot template according to (19) yields time functiobg, which are
fax i depicted in Fig. 7. These functions describe the modifications
= V1 (Zmax — ) made to the wave amplitudes for the rejection of spurious
- Wmin(=T) 7 (f (@)1 + 1/T) modes. The time functions representing the wave amplitudes
T—2emax — @ Winin ag and ay1, which are associated with the positive direction
(31b) of propagation, hurry ahead of the Gaussian pulse, whereas
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2 1d,(z=0,1)
" |£e=5.0, tma=60
-- pos. z-direction
08 I | neg. z-direction|
— Gaussian pulse
0.6 SRR -
04
02
0V

0 5 10 15 20 40 45 50 55 60

% time tat ®

Fig. 7. Time historiesp . of the excitation of wave amplitudes in propagation direction with Gaussian shape and suppressed spurious mode.

1.4 Ey(t)

-+= 1. distorted pulse after pre-proc.|
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Fig. 8. Impulse responses to Gaussian excitation for different methods in the gate of a coplanar structure.

the functions representing the wave amplitudeg and a2, sections and gain more influence at the discontinuities of
associated with negative direction of propagation, lag behittte circuits. These spurious modes are filtered by using the
the pulse. The shapes and amplitudes of these functions wiemaporal maximum of the field distribution of signal one as
mutually changed as well. For the extraction of the test sectian,field template with a Gaussian time history to approach
we apply a Gaussian pulse with time windaw,, = 60 At the physical-field excitation. With the use of the conventional
and periodt, = 13.3 At. We verify the method by the mapping of the field distribution on the wave amplitudes of
simulation of a coplanar waveguide (CPW) and a triplatdhe TLM algorithm, new spurious modes are generated. With
waveguide section. The structures were discretized both inhat, some energy of the physical pulse is lost for the excitation
coarse mesh 14 7 cells in cross section, emphasizing thef new spurious modes. This loss can be seen in the lower
occurrence of spurious modes in the conventional excitatimmplitude of signal two. Utilizing our new approach for the
The temporal-field distribution generated from the excitatiomapping between field components and wave amplitudes the
template is injected into the input section of the waveguidesults are in good agreement to the amplitude of the field
utilizing our mapping of the field amplitudes; — a1s. In  distribution in the excitation. This improved pulse response
Figs. 8 and 9, three methods are compared: Signal one shdsvshown as signal three. The energy of the excitation is now
the impulse response to a Gaussian excitation after passiusgd only for the excitation of the physical pulse. In the case of
a coplanar waveguide section. Due to dispersion effects [#}ge triplate structure, a resting deviation in the maximum can
[4], [9], [10] in the waveguides and because of the additionhe seen. It comes from resting little shares of other physical
dispersion introduced by the TLM mesh, the pulse becamedes which have been conserved during the preprocessing
distorted and spurious modes are visible in the signal. Thetep. This effect can be further reduced by elongating the test
are generated by an nonphysical excitation of the waveguisiection of the preprocessing.
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Fig. 9. Impulse responses to Gaussian excitation for different methods in the gate of a triplate structure.

V. CONCLUSION [5] J. S. Nielsen, “Spurious modes of the TLM condensed node formula-
. . . . tion,” IEEE Microwave Guided Wave Letwol. 1, pp. 201-203, Aug.
A method for the suppression of spurious modes in the exci- 1991,
tation of TLM meshes is presented. The method is applicabli§] J. S. Nielsendand \4V-hl R. Hoefglr, “Generalfized ?iSpersion analysis and
; : : ; : : spurious modes of the 2-D and 3-D TLM formulation$£EE Trans.
in genera_l to the S|mulat|on_0f planar structures Wlth d|eleqtrl_C, Microwave Theory Techvol. 11, pp. 1375-1384, Aug. 1993.
anisotropic, and lossy media. A separate analytical descriptiqm 1. wolff, “Finite difference time-domain simulation of electromagnetic

of the excitation of the spurious modes and the physical modes fields and microwave circuitsnt. J. Numerical Modelingvol. 5, pp.

. . i . . 163-182, 1992.
is made in thek—w space. A special mapping of the field g, =5 "Railton and J. P. McGeehan, “The use of mode templates to

excitation onto the wave amplitudes of the TLM algorithm ~ improve the accuracy of the finite difference time domain method,”

revents the emanation of the spurious modes completely, in Proc. 21st EUMCStuttgart, Germany, Sept. 1991, pp. 1278-1283.
P P P K)'] J. A. Morente, G. Gimenez, J. A. Porti, and M. Khalladi, “Dispersion

The applicatio_n of the mapping in the-w Space is done for analysis for a TLM mesh of symmetrical condensed nodes with stubs,”
waveguides with low computational effort and is demonstrated IEEE Trans. Microwave Theory Teghvol. 43, pp. 452-456, Feb. 1995.
by way of an example. For planar structures with spatiEIO] P. Berini and K. Wu, “Comprehensive study of numerical anisotropy

: L. . . and dispersion in 3D-TLM meshes|EEE Trans. Microwave Theory
discontinuities, we use precomputed field templates at the input tech, vol. 43, pp. 1173-1181, May. 1995.

area of the 3-D structures. Because of the appearance of field
singularities, the mapping in these structures is mainly done in
the space domain based on the quasi-TEM propagation of the
guided waves to keep the computational effort low. By using
this new method, the appearance of spurious modes in the
excitation is suppressed by very low expenditure of calculation

time. The feasibility of the approach is demonstrated by W fan Lindenmeier (M'97) was born in Munich, Germany, in 1967. He
received the Dipl.-Ing. and the Dr.-Ing. degrees in electrical engineering from

of an coplanar WavegUide and a triplate waveguide, which afg Technical University of Munich, Munich, Germany, in 1994 and 1996,
fed by a Gaussian pulse at one port. The results are compamrsdectively.

with those obtained from simulations using a conventiongl':“.’m 1994 1o 1996, he was with the Computer-Aided Design Department,
erdinand Braun Institut Berlin, Germany, where he was working on nu-

excitation scheme and they show a significant suppressig&tical techniques for the field-theoretical analysis of microwave circuits. In

of spurious modes with the energy conservation also beifgps, he joined the LehrstuhifHochfrequenztechnik, Technische Univeasit”

preserved. Minchen, Munich, Germany, as an Assistant Professor. His current research
interests are the development and application of CAD tools for the analysis

of EMC problems, MMIC, and antenna design.
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