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Evolutionary Generation of 3-D Line-Segment
Circuits With a Broadside-Coupled
Multiconductor Transmission-Line Model
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Abstract—Evolutionary generation of three-dimensional mi- only narrow-band specifications for small components, but also
crowave line-segment circuits embedded in a multilayer structure wide-band specifications for larger ones.
is presented. Connections of the line segments and their lengths The GA was introduced by Holland in 1975 [2] as a subject of
are expressed by sets of parameters, which are evolutionarily . . . .
optimized by the genetic algorithms. Practical optimization time COMputer science. Recently, it began to be applied to optimiza-
is achieved by introducing models of broadside-coupled multi- tions of discrete and/or discontinuous microwave problems.
conductor transmission lines instead of full-wave electromagnetic Michielsseret al.applied the GA to optimizations of multilayer
(EM) calculations. The scattering parameters of the models gt ctures such as frequency-selective surfaces in 1993 [3].
are connected with the scattering parameters of vias, and are Joh d Rahmat-Samii optimized ant it I
synthesized into that of the whole circuit. Using line segments, (_) nson an ahmat-samii oplimiz€d antenna patterns along
we can obtain not only small components for limited-space With the method of moments (MoM) [4]. They reduced compu-
applications, but also large components for wide-band frequency tation time by replacing some elements in impedance matrices
specifications without increasing computational complexity. Two ghtained by the MoM with zeros according to an antenna shape
bandpass filters and a bandstop filter were designed and tested by jo1041 of calculating the whole impedance matrices each time.

an EM simulator. The bandpass filters were also fabricated and N . . .
measured. The results validated our proposing procedure. For analog circuits’ design, Kozat al. synthesized linear and

) ) ) ) nonlinear circuits, combining the genetic programming with
Index Terms—Filters, genetic algorithms (GAs), line segment,

low-temperature co-fired ceramic (LTCC), optimization, three- SPICE [3]. As for microwave circuit appllcatlons, John a,nd.
dimensional (3-D), topology. Jansen have developed an excellent way to design (monolithic)

microwave integrated circuit (M)MIC components by the GA
combined with the two-and-one-half-dimensional (2.5-D) spec-
tral-domain approach (SDA) [6]. This was good for small-size
PTIMIZATIONS of microwave circuits, especially of fil- components, but not efficient for large components because of
ters, have typically been carried out for lengths and/dfis huge time consumption of EM-based calculations.
widths of their lines by conventional methods such as the quasidn this paper, we devised an expression of three-dimensional
Newton method, conjugate gradient method, or random-seat3kD) circuits by a set of parameters, which is optimized by the
technique. Their initial values are obtained from convention8A. The expression is derived from our previous 2-D work.
lumped-element prototype circuits. To reduce the computation time, a circuit is decomposed
On the other hand, recent microwave systems require vémno via models and broadside-coupled multiconductor trans-
compact circuits or very eccentric specifications, which are difrission-line models. There is a huge amount of research on
ficult to be obtained by such conventional ways. To design sutMo-conductor transmission-line models and their applications.
compact circuits, we need to search solutions not only in ties for three-conductor models, several great investigations have
prototype ladder lumped-element circuits, but also in ways been done. Pavlidis and Hartnagel have derived side-coupled
connecting elements in two or three dimensions. three-conductor transmission-line models with modal represen-
For such purposes, we already have introduced the evations of lines [7]. Yamamotet al. have investigated not only
lutionary design of two-dimensional (2-D) microwaveside-coupled models, but have also derived a broadside-coupled
line-segment circuits by the genetic algorithms (GAs) [1]. Ithree-line model [8]. Several books have been published on
the paper, we applied the GA to microwave circuits to optimiz@ulticonductor transmission-line models. Paul investigated the
the circuits’ topology and lengths. Unlike optimizations withnodels from a point-of-view of transmission-line differential
an electromagnetic (EM)-based patch-segment simulation, @guations, which are described by per-unit-length capacitance,
approach with line segments did not require a large numbeductance, and resistance matrices [9]. Faeheal. have
of parameters for large circuits. This enabled us to obtain nagblished an excellent work [10], in which they discussed
the condition to match EM and circuitry representations. This

Manuscript received March 28, 2003; revised April 16, 2003. concept vx{as hlghly suggestive for our Stuc_jy' .
T. Nishino is with the Mitsubishi Electric Corporation, Kanagawa 247-8501, In Section IlI-C, we extract the capacitance matrix of an

I. INTRODUCTION

Japan (e-mail: nishino@isl.melco.co.jp). o . me-conductor transmission line of unit length using the 2-D
T. Itoh is with the Department of Electrical Engineering, University off. it | t thod (FEM). Th d is d ibed

California at Los Angeles, Los Angeles, CA 90095 USA. inite-element method (FEM). The procedure is described as a
Digital Object Identifier 10.1109/TMTT.2003.817468 suitable way to be embedded in computer-aided design (CAD)

0018-9480/03$17.00 © 2003 IEEE



2046 IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 51, NO. 10, OCTOBER 2003

Copy 2D-lines into all layers
Port 1 Port 2
in 3D

Genetic code of (;:C code of

this via= "011" this line= "0101"
(a)

Genetic codes of lines Port 1

remove some lines f

"" Genetic codes of Vias
‘} remove some vias
Genetic code of Via
="011"

Port 1 1 Port 2 _gtlalal ~
o= \ ¢ '
-2 ! ;

s
L =

—
-
-
-

Fig. 1. Process growing 3-D circuits in the case of a four-layer structure. (a) Creation of 2-D P-circuit pattern. (b) Copy of the P-circuit pthttarerto €)
Removal of lines corresponding to “0.” (d) Removal of vias corresponding to “0.”

programs.m intrinsic transmission modes are then obtainedicated and measured. The result shows the validity of our pro-
The impedance value of each mode is calculated using fhesed models and effectiveness of design by the GA.

2-D FEM by excitingm conductors with appropriate voltages,

which are not only proportional to the mode voltages, but are [I. GENETIC EXPRESSIONS OFGROWING

normalized to satisfy a condition to equate energy consump- 3-D CrRcuITs

tions between EM and circuit representations. The obtained, | [1], a 2-D circuit was expressed by a set of parameters.

mode |mpedanc_es are stored in a lookup table, and usedﬂ% parameters described structural growth of the circuit by
calculate scattering parametefiarameters) ofu-conductor indicating how new lines would be added successively to an
transmission line of arbitrgry '6”9”‘ in the GA process. Th(?utermost frame circuit, which we called a “base circuit.” The
S-parameters are synthesized with tﬁqaaram_eters of vias line-adding process chose two adjacent parallel lines in the cir-
that are precalculated by the M.OM' _The cireuit reSpPONSES it A new line was then disposed to bridge the two lines per-
SO calculat_ed that the computation time for one circuit at Orff)eéndicularly. After iteration of this process, some lines were
frequency is less than 1 s. eventually removed from the circuit.

The advantages against conventional design procedures ang/e extended this procedure to 3-D circuits composed in a
as follows. multilayer structure. Fig. 1 shows this process in the case of a

« No initial condition is required. four-layer structure.

» Multipassbands and/or multistopbands can be specified. Ewst, our GA process generates a 2-D CII’CL!It pgttern as de-
« Not only the one-dimensional ladder-circuit-type propels_crlbed in our previous work, except that no line is removed.

ties, but also the multipass network, which realize phaggttus caTIIhth|s cireut plattern a 2-D prOJec_;c:ed C'rCLf[!t (P-gwiwt) h
interference effects such as rat-race hybrids, can possi erm. The process also assigns a Specilic genetic code o eac

be proposed to reduce insertion loss due ta@Hactor of ine and to each intersection point [see Fig. 1(a)]. The specific
the resonators genetic code of a line is aW-bit binary number, wheréV is

- Applications to multilayer structures can propose verge number of layers, and the specific genetic code of an inter-

compact-size circuits that no conventional technique c ﬁ_(l:_';onppo_lnt 'ch{ amﬁf B 1.)'3:[ blnary_ n;;nbeIT'I in th |
propose via a straightforward way. e P-circuit pattern is then copied to all layers in the mul-

tilayer structure [see Fig. 1(b)]. The process uses the specific
Two bandpass filters and a bandstop filter were designed azatles described above to determine the existence of lines that
tested by an EM simulator. The bandpass filters were also fatere copied from the same line of the P-circuit pattern.
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Fig. 1(c) shows the lines whose corresponding line in th
P-circuit have a genetic code “0101” remain in layer 2 and 4
and are removed in layer 1 and 3. In this case, for example, tl
first “0” corresponds to the removal of a line in the first layer %
il

<}3 T Junction

(the bottommost one), and the last “1” corresponds to the exi {5 Right Corner
tence of a line in the fourth layer (the topmost one).

Fig. 1(d) shows the vias whose corresponding intersectic
point in P-circuit has a genetic code “011.” These vias lie begj‘fi‘l
tween the second and third layer and between the third ai
fourth layer. In this example, the “0” corresponds to remova
of a via between corresponding layers and the “1” correspon ViaGcode  Via Gcode  Via G-code  Via G-code
to existence of a via there. = {00) =101} ={10) ={1n

These specific genetic codes representing existence of lines
and vias are optimized by the GA, as well as the genetic co i 2. Three types of discontinuities of intersection points in a P-circuit, and

. . o ' . . ottlr types of combinations of via connections in a three-layer structure.
representing the P-circuit’s topology and dimensions. We do no

mention the GA in this paper. The procedures are the same as

<,|:l Single End

S UM BN
IR

What we have proposed |n [1] I Ground (m+l st Conductor) ]
I1l. M ODELING OF A 3-D LINE-SEGMENT CIRCUIT ————— -«— m thconductor
The GA requires models to calculate a circuit's responses )
. . . N 1 -<e4— m-1stconductor
quickly since it tests more than tens of thousands circuits be-
fore convergence. In this section, models of vias and models of .
line segments are described.
s — °
A. Models of Elements in a Multilayer Structure
. . . 1 -<— 2 ndconductor
Quick calculations of the responses of a circuit are performed
by decomposing the circuit into vias and coupled line segments.
SynthesizingS-parameters of the decomposed elements to
" <4— | stconductor

S-parameters of the original 3-D circuit is much faster than the
EM-basedS-parameter extraction. |
Coupling effects between the lines overlapped in different Ground (m+1 st conductor)
layers are taken into account, while the ones between the lines
in the same layer are ignored. This approximation is valid und&g. 3. Cross section of a typicai-conductor transmission line in avi-layer
the condition that two adjacent lines in the P-circuit are disposetgicture.
with a interval more than a certain minimum value. This condi-
tion is also indispensable to avoid generations of closely dis-|, this section, we propose a multiconductor transmis-
posed T-junctions whose interval is less than the line width. ;51 line model with broadside coupling effects in ARlayer
structure. Fig. 3 shows a typical multiconductor transmis-
B. Models of Vias sion-line structure in afV-layer. It is not necessary that all
A lookup table made by EM simulations is used for vias sinaggonductors are exist. In this figure, the number of conductors
the number of combinations to connect layers through viasié m, counting from the bottommost one. Both of the top
not large. Intersection points in a P-circuit pattern have thre@d bottom grounds are numberedrast 1. According to a
types of discontinuities. They are a T-junction, a right-anglgenetic code assigned to each line of a P-circuit, the number of
corner, and a single end. In aW-layer structure, each inter- conductors varies from 0 &, and the number of combinations
section point hag”¥ —! combinations of via connections. Fig. 2of such conductors is™®.
shows four combinations of via connections in a three-layer To obtain characteristic modes of theconductor structure,
structure. Therefore, we need to prepare 2°~" types of fre- we need to obtain the capacitar@g, the capacitance between

quency responses. conductor and conductog. Note that the number of conductors
) ) ism + 1 if we consider the ground is + 1st conductor.
C. Models of Broadside-Coupled Lines SinceC;; = Cj; andCy; = 0fori,j = 1,...,m+ 1, the

Responses of a line segment varies continuously as its lengtimber of unknowns i§(m x (m + 1))/2). The values of the
changes. Therefore, instead of a lookup table, appropriate tramsknowns are obtained by the 2-D FEM. If we take notice of
mission-line models are required. In a multilayer structure, thlee number of combinations picking up two conductors out of
couplings between lines play an important role. Lines stacked+ 1 conductors also beingm x (m + 1))/2), the efficient
up in a vertical direction especially have significant broadsidemputational procedure to obtain all the capacitances would be
couplings. as follows.
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First, the procedure chooses two conducioendg out of The only exception to this technique is the caserof= 4.
m+1 conductors. Let the voltage of the conductpendg then In this case(5; = (57 and also the field distribution is the
be 1V, and let the voltage of the others be zero. Then calculatane, except that the electric field directs opposite directions.
the energy’system Of the System. The capacitance of the systeifhis means the two conditions are physically the same. The case

is derived a<’5; = 2Fgystem/V? With V = 1. of Cy3 and C5; and the case of’;; and C55 are of the same
The relation betweetzz andC;; is manner. The matrix then becomes singular. In the case ef
4, the conditions that one of the four conductors is 1 VV while the
Cpg = Z Cij — Z Cij — Cpq. (1) otherthree are 0V, as well as the conditions that two conductors
iJ i,5¢{p,q} are 1V and the other two are 0V, can solve the problem.

The second term on the right-hand side (RHS) corresponds tJhe characteristic modes of the structure are derived next.
the capacitance between conductors of 0 V. The third term cdi?€ capacitance matrix with the referenced ground conductor

responds to the capacitance between conductors of 1 V. We'fh-
troduce a matriX® whose elements are

Ipgi =1, if pe{ij}butgé{i,j}

rﬁt] = 17 If p ¢ {L/J} but q &€ {LJ} Z Clk _012 _013 _014 . _Clm
Iz =0,  if p¢{ij}andg ¢ {i,j} =t m
I'g.45 =0, if pe{i,j}andqge {i,j}. @) —Cn k§1 Co  —Ca3 —Coy -+ —Copy
The matrix equation to calculate the elements of the capac}- —Cj; —C3s >, C3 —Cs4 -+ —=Csp
tance matrix is then obtained, as shown in (3) at the bottom qf k=1 m
this page. —Cy —Cpp  —-Ci3 Y Cy - —Cup
Inversion of the matriX™ gives the elements of the capaci- k=1
tance matrix :
012 0 1 1 0 0 -1 Cﬁ —YUml —Ym2 _CTrL?) —Ym4d e Z Cnlk
013 1 1 0 0 Cﬁ = (5)
Cra (o 0 0 O3 where the capacitance between conductord the ground is re-
: : defined as’;; = C; .+1. The characteristic modes correspond
Conm1 0 0 0 0 1 — to the eigenvectors of the above matrix. We do not mention the
Con it 00 0 10 &H way to obtain eigenvectors, but the reader may refer to [11] for
’ (4) additional information.
Cs Cia
Ci3 Cis
Ciz Cra
14 -T .
Cm.m—l Cmvm_l
C(m,m+1 Cm,m+1
'z 1o '3 I's14 o T ' nmt1 Ci2
F1_3,12 Fﬁ,w FE,M e Fﬁ,mm—l rﬁ,m,m-‘,—l Cis
_ 14,12 Fﬁ,13 rﬂ,m T Fﬁ,mm—1 rﬂ,mm-l—l Cia
me—l,lZ me—l,lS me—l,14 me—l,mm—l me—l,mm-l—l Cm’m_l
me+1,12 me+1,13 1ﬂrnm+1,14 U 1ﬂ?’nm+1,mm71 me+1,mm+1 Cm’m+1
0o 11 --- 00 Cr2
101 --- 0 0 Ci3
1 10 --- 00 Cis
Il : ®)
0 0 0 0 1 Cm—‘,—l,nl—l
0 0 0 1 0 Conttm
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Zx

and at termina®i in Fig. 4(b) is
Zg . sS4
3 M 3 1

@ Vai

= VL:ZVL:ZVL 9
Zy, cos Bl+jmZy, sin Bl ! ! Tk Yk ©)

The power consumption at the load is

37k
V23 5
37k 71 1 V2
V22 Pp = -+— (10)
3 %ZL 2721
7L Vi Vai| Zg m
(b) in Fig. 4(a) and
Fig. 4. Two different views of the sams:-conductor transmission line 1.3 72
terminated byZ ;, 2 at all ports as an example of = 3. (a) Them conductors Pl == Z 22 (11)
are considered as one transmission line and terminations are collected into L 24~ 7
two common terminations at both ends. (h)conductors with impedance of v

m X Z, are terminated by, Q at2m terminals. . . . . .
in Fig. 4(b). The equation to determing is then

The characteristic impedance of a certain mode is obtained )
by the 2-D FEM again. LeV, be thekth eigenvector, which Pr=rp (12)
corresponds to thkth mode as follows:

or
Via "
Vi

vi=| . ) mVi =3 Vi (13)
Vkm

What we need to obtain is the valuexf whenV; = 1 so as

The exciting voltages for the first conductontdah conductor to match the definition of the impedance of EM representation,
must then ber, Vi1 10 4 Vi, Wherezy, is a normalizing coef- Which are determined bfystem, and that of circuit represen-
ficient of thekth mode to match EM representation with circuitation
representation. The capacitar¢gof the system excited by the -
voltages and the capacitan€g, of the same system with the Ty =, /T‘/Z. (14)
relative permittivity of the material set to one are used to obtain 2 Vi

the kth-mode impedance Once all the mode impedances are obtained Stparame-

1 ters of them-conductor transmission line can be derived via a
Iy = —m—— (7)  conventional way [12]. Fig. 5 shows an explanatory diagram of
VCi X C . S I :
vk X Lko superposing reflection coefficients of modes with short or open
wherec is the speed of light in free space. conditions at the middle points of the lines. Properly chosen co-

For the case that aflm terminals ofm coupled conductors efficients realize a condition of one-port excitation. To excite
are terminated by, , there are two ways of approaching th@ortj by 1V and the other ports by 0 V, the modmust be ex-
problem. Fig. 4 is the examples of these two view wher: 3.  citeda;; times ofz; V;, which is the eigenvector corresponding
Fig. 4(a) shows the view that a line with impedari&eis ter- to the mode. This condition can be expressed as
minated byZy, /m 2 at both ends. This is considered that the
m conductors act as one transmission line and terminations are

s
collected into two common terminations at both ends. On the a;j
other hand, Fig. 4(b) shows the view of theconductors with
the impedance af. x Z;, terminated byZ;, Q at2m terminals. (z,Vy,z2Va,------ -1 Vi1, Zm Vm)
In this view, we assumed all the line impedancesofonduc- :
tors are the same as x Z;. This is true in the case of the Am—1,j
eigenmode transmission. If not, the linearity of the voltages at (A j
terminals and the currents of lines failed. 0
The voltage at terminal 2 in Fig. 4(a) is i 1
Z _ [1] —j. (15)
—m

7Z :
—Lcosﬂl+jZk sin Al 0
m
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Fig. 5. Diagram to explain derivation of the scattering parameters. The
scattering parameters are obtained by superposing reflection coefficients
modes with short or open boundary conditions at the middle point of the lines
(a) Thern-conductor transmission line. (b) The reflection with short conditions
at middle points. (c) The reflection with open conditions at middle points.

The exciting coefficients,; will be

a1y
a2;
:(.T1V1,$’2V2, """ 7$m—1vm—laxmvm)71
Am—1,j
Am,j
0 F
al
1
1
x| o] e
0

Let the reflection coefficient for excitation of modewith an
open condition at the middle point of the line Bg,, and with
a short condition bé&';; as follows:

_ Zko - ZL
 Zre+ 71

l
Zko = — ]mZk cot <%)

Fk‘o

17)

Vi
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ig. 6. Bandpass filter whose passband is from 4.9 to 5.1 GHz, and stopbands
re from 4.4 to 4.5 and 5.5 to 5.6 GHz. (a) Circuit patterns in a three-layer

structure. (b) Responses of the GA design and EM simulation of the bandpass
filter.

_ st - ZL
s+ 71

st :]mZk tan (%) .

Fk‘s
(18)

The excited voltage at poitis then

1

=5 Zakjl"kvkirko-l-z arjrrViiles | = Sy (19)
% %
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Fig. 6. (Continued.)Bandpass filter whose passband is from 4.9 to 5.1 GHz,

and stopbands are from 4.4 to 4.5 and 5.5 to 5.6 GHz. (c) Responses of the G
design and the measurement of the bandpass filter

PR 1

I

/
)4

for the exciting side and

1 m m

Vigm = 3 (Z kT Viil ko — Z aijkaist) =Sitm,j-
% %

(20) e :

for the far side. The complet&-parameters are found by re- ——

peating the equations from (15)to (20) witirom 1 tom. SN I IS I P T 1 T T
The obtainedS-parameters of multiconductor transmission 3 3.5 4 45 5 5.5 6 6.5 7

lines are connected to thfeparameters of vias obtained in the Freq [GHz]

previous section. The response of the whole structure is calcu- (b)

lated much faster than full-wave EM simulations.

-30

511521 [dE]

|

L1

Fig. 7. (a) Conventional three-quarter-wavelength-resonator bandpass filter.

(b) Responses of the roughly designed conventional filter.

IV. DESIGN EXAMPLES OF MICROWAVE CIRCUITS

. . . . - ._circuit pattern, neither further modifications, nor precise simu-
In th'? -sectlon, two k'.nds. of microwave circuits are desig ations are required. The computation time of the EM simula-

and'vern‘led. The material is s_upposed to be Iow-'temperat}{lrgn was approximately 30 s per one frequency on a Pentium

co-fired ceramics (LTCCs), which would be the major materl:’ﬁll 700-MHz personal computer (PC). The computation time of

for multichip modules (MCMSs) in mobile terminal equipment? )

these days. The circuits have a three-layer structure with a rere- GA process was approximately 40 h on the same PC, with
. ys. ] Y . B0 circuits tested at eight frequencies through 200 generations.
tive permittivity of 7.1 whose wave length at 5 GHz is 22.5

mm . .
. . : hese results agree well, except for the insertion loss due to our
Each layer has a thickness of 16 and a linewidth of 20pm. using a lossless line model in the GA. The maximum loss in the

The assigned maximum circuit size was® mn?. passband was 2.48 dB at 4.9 GHz.

Conventional design requires two or three resonators whose
lengths are about a quarter-wavelength. Fig. 7(a) shows a de-

The first design example is a bandpass filter. Its passbagign example of a conventional three-resonator bandpass filter.
is 4.9-5.1 GHz with an insertion loss less than 0.5 dB, arrig. 7(b) shows the result of EM simulation of the conventional
stopbands are from 4.4 to 4.5 and 5.5 to 5.6 GHz with a rfifter, which needs further optimization to improve the reflec-
jection over 15 dB. Fig. 6(a) shows the obtained circuit, arttbn. The shorted resonator length was 5.4 mm, and the width
Fig. 6(b) shows the comparison between the GA model (solighs 1.4 mm. The total size was 5.4 mi.6 mm. The size of
lines) and EM simulation (dashed lines) and Fig. 6(c) showshe GA-produced filter was slightly small, but not significant.
the comparison between the GA model (solid lines) and medewever, if more than one passband was required, the conven-
sured results (dashed lines). The obtained size of the outerm@sial procedure encountered difficulty, while the GA design
pattern was 3.67 mnx 3.05 mm. Once the GA proposes théhad no such restriction.

The second bandpass filter has a passband at 4.9-5.1 GHz
1EM sight with AWR Microwave Office 200¥er.4.01. with the insertion loss less than 0.25 dB, and stopbands are

A. Bandpass Filters
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Fig. 8. Bandpass filter whose passband is from 4.9 to 5.1 GHz and stopbanas
are from 4.0 to 4.4 and 6.0 to 6.4 GHz. (a) Circuit patterns in three-layer (b)

structure. (b) Responses of the GA design, EM simulation, and measurement ) .
of the second bandpass filter. rTF—;‘lg. 9. Bandstop filter whose stopband is from 5.0 to 5.1 GHz, and passbands

are from 4.6 to 4.8 and 5.3 to 5.5 GHz. (a) Circuit patterns in a three-layer
structure. (b) Responses of the bandpass filter.

from 4.0 to 4.4 and 6.0 to 6.4 GHz with a rejection over

12 dB. Fig. 8(a) shows the obtained circuit and Fig. 8(b) showfows the comparison between the GA model (solid lines) and
the comparison between the GA model (solid lines) and EM\; simylation (dashed lines). The size of the outermost pattern
simulation (dashed lines) and measured results (thin solid linggs 3. 93 mmx 3.57 mm. The computation time of the EM sim-
with markers). The obtained size o_f the_ outermost pattern W@stion of the circuit was approximately 40 s per one frequency
4.15 mmx 4.85 mm. The computation time of the GA procesgp, g pentium 11l 700-MHz PC. The computation time of the GA
was approximate_zly 9 h on the same PC_, with 300 circuits tes{ﬁﬂ)cess was approximately 20 h on the same PC, with 200 cir-
at nine frequencies through 54 generations. These results agiges tested at eight frequencies through 100 generations. The
well, except for the insertion loss. The maximum loss in they; simulation showed a narrower bandwidth of the stopband
passband was 2.9 dB at 4.9 GHz. than the GA result. This was due to the coupling effects that the
, GA did not considered. Those might be the couplings between

B. Bandstop Filter lines not overlapped and the couplings between vias. Though

The third design example is a bandstop filter. Its stopbandtise pattern contained closely disposed five lines in three layers,
5.0-5.1 GHz with the rejection over 12 dB, and passbands amy the two pair of the lines were considered as coupled lines
from 4.6 to 4.8 and 5.3 to 5.5 GHz with the insertion loss leshat overlapped in the different layers. This example were not
than 0.7 dB. Fig. 9(a) shows the obtained circuit, and Fig. 9(fabricated.
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V. DISCUSSIONS ANDCONCLUSIONS apart, in other words, the superposed passband is pretty wide,
the conventional procedure becomes difficult to perform.

We have introduced an evolutionary generation of 3-D mi- Our proposed GA process searches for solutions not only in
crowave line-segment circuits embedded in a multilayer strugdder circuits, but also in a wide variety of possible topology
ture. The developed procedure optimizes a line-segment cirg@ihlized in the structure. Some topologies utilize phase interfer-
with a variety of topology, and ends up with a circuit that exence effects to make stopbands. Others create resonators with
ceeds expectations. Our developing multiconductor transmigveral resonant frequencies. Analysis of the obtained circuits
sion-line model enables computation time to be practical.  has a chance to propose new types of filter circuits.

To make the GA converge well, arbitrary sets of parametersSince no initial value is required and what we need to do
in our process correspond with certain feasible circuits withoigt simply input specifications, designing circuit topology and
any lines crossing or without disconnecting each other in phygimensions by the GA will be one of the strong methods in
ical space. This is very important to avoid convergence to medoture CAD technologies.
ingless solutions.
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