20

70

86

100

114

10

microwave

JOURNAL.

JUNE 2001 * VOL. 44, NO. 6

FEATURES

EUROPEAN SUPPLEMENT

A Long Range View of Short Range
Wireless Systems
Richard Mumford, Microwave Journal European Editor

In-depth review of current European activity, worldwide expansion and
globally competing technologies within the field of short range wireless
systems

TECHNICAL FEATURES

Power Efficient MMIC Frequency Triplers

John E. Penn, Johns Hopkins University Applied Physics Laboratory

Presentation of an approach to optimize the power efficiency of an MMIC
frequency tripler

High Speed Analysis and Optimization
of Waveguide Bandpass Filter Structures
Using Simple Neural Architectures

A. Mediavilla, A. Tazén, J.A. Pereda, M. Ldzaro, C. Pantaleon
and 1. Sentamaria, Dpto. Ing. Comunicaciones, ETSI Telecomunicacidn,
University of Cantabria

Presentation of a simple and accurate neural architecture to facilitate the
design of waveguide bandpass filter structures

SiGe Power Amplifier ICs with SWR Protection
for Handset Applications

Joe Pusl, Srikanth Sridharan, Philip Antognetti, David Helms,
Anurag Nigam, James Griffiths, Kenneth Louie and Mark Doherty,
IBM RFIC Design Center

Detailed description of how SiGe technology is used to develop power
amplifier ICs for wireless handset applications

TUTORIAL

On the Direct Conversion Receiver — A Tutorial

Ashkan Mashhour, William Domino and Norman Beamish, -
Conexant Systems

A detailed look at the characteristics of the direct conversion receiver

[Continued on page 12]

ON THE COVER

A new series of low cost, high
quality directional couplers is
featured on this month’s cover
Cover art designed by Melvin Bick
Mel Bick Advertising Inc.;
photography by Stanly K. Patz,
Patz Imaging; computer graphics
by Frank Andriella,
Mel Bick Advertising Inc.;
courtesy of Mini-Circuits

130

44 Years

of Publishing Excellence

Microwave Journal (USPS 396-250) (ISSN 0192-62925
is published menthly by Horizon House Publications Inc.
685 Canton St., Norwood, MA 02062. Periodicals postage
paid at Norwood, MA 02062 and additional mailing
offices.

Photocopy Rights: Permission to photocopy for interna
or personal use, or the internal or personal use of specific
clients, is granted by Microwave Journal for users through
Copyright Clearance Center provided that the base fee of
$5.00 per copy of the article, plus $1.00 per page, is paid
directly to the Copyright Clearance Center, 222 Rose-
wood Drive, Danvers, MA 01923 USA (978) 750-8400.
For government and/or educational classroom use, the
Copyright Clearance Center should be contacted. The
rate for this use is 0.03 cents per page. Please specify
ISSN 0192-6225 Microwave Journal International or
ISSN 0192-6217 Microwave Journal Euro-Global. Mi-
crowave Journal can also be purchased on 35 mm film
from University Microfilms, Periodic Entry Department,
300 N. Zeeb Rd., Ann Arbor, MI 48106 (313) 761-4700.
Reprints: For requests of 100 or more reprints, contact
Kristen Dednah at (781) 769-9750.

POSTMASTER: Send address corrections to Microwave
Journal, PO Box 3256, Northbrook, IL 60065-3256. Sub-
scription information: (847) 291-5216. This journal is is-
sued without charge upon written request to qualified
persons working in that part of the electronics industry,
including governmental and university installation, that
deals with VHF through light frequencies. Other sub-
scriptions are: domestic, $115.00 per year, two-year sub-
scriptions, $175.00; foreign, $190.00 per year, two-year
subscriptions, $355.00; back issues (if available) and single
copies, $10.00 domestic and $20.00 foreign.

©2001 by Horizon House Publications, Inc.

BP A Horizon House also publishes
WTERRATIONAL Telecommunications®,
Journal of Electronic Defense

and

Business Communications Review International

Posted under Canadian international publications mail
agreement #0738654

MICROWAVE JOURNAL & JUNE 2001



86

TECHNICAL FEATURE

HIGH SPEED ANALYSIS
AND OPTIMIZATION

OF WAVEGUIDE BANDPASS
FILTER STRUCTURES
USING SIMPLE NEURAL
ARCHITECTURES

At microwave frequencies, from about 7 to 60 GHz, inductive irises are very often used as coupling
networks between half-wavelength cavities in rectangular waveguides to develop very selective low
loss bandpass filters. This is due to the fact that symmetric and asymmetric metal inserts, along with
small tuning posts, are very easy to manufacture in large production volume. To facilitate the design
and optimization process, a simple and very accurate neural architecture is presented, which is easily
translated to a standard electrical equivalent circuit that reproduces in a wide range of iris aperture,
thickness and frequency. The proposed new models, although they can be embedded into any
commercial microwave software, have been easily implemented into MMICAD® Comparisons have
been made for high order high frequency waveguide half-wave filters, showing an excellent agreement
with full three-dimensional (3D) electromagnetic HP-HFSS® simulations along with computation
speeds thousands of times faster.

current commercial microwave aided
design (CAD) programs incorporate
models for useful discontinuities in rectangu-
lar waveguide, while they have models for the
standard TE10 waveguide transmission line.
This means that, for a microwave designer, the
waveguide world belongs to other kinds of
simulators based on hard numerical methods
— mode matching and finite elements where
the design and optimization cycles are still
very long.
In the case of planar structures (microstrip,
strip and coplanar lines), the microwave design-
er has a wide range of electrical models avail-

To the authors” knowledge, none of the

able (sometimes based on electromagnetic sim-
ulations) for almost any discontinuity in such
transmission media, and the designer can verify
or fine-tune his or her final design through the
use of accurate 2D and 2.5D planar electromag-
netic simulators. The same concept can be ex-

tended to the waveguide world for some useful
[Continued on page 88]
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well-known discontinuities such as
symmetric and asymmetric irises for

FRONT VIEW
SYMMETRIC

ASYMMETRIC

Fig. 1 Symmetrical and asymmetrical
rectangular waveguide inductive iris.

NEURAL
ARCHITECTURE | -

microwave bandpass filter design
shown in Figure 1.

The existing circuit models for
waveguide inductive irises, starting
from Marcuwitz’s work,! are pub-
lished elsewhere; however, most of
them are developed in terms of re-
cursive closed form equations coming
from electromagnetic pseudo quasi-
static and full-wave approaches. Due
to the multimode dispersive nature of
these electromagnetic discontinuities,
the equations are not easily imple-
mented into commercially available
circuit simulators. Furthermore, they
are rather tedious and computation
intensive, thus preventing an easy fil-
ter analysis and op-
timization process.
Their frequency ac-
curacy for a single
iris is perhaps suffi-
cient, but when us-

¢
B

and neural structures.

A Fig. 2 Proposed equivalence between electromagnetic

ing a high order fil-
ter structure, the
. propagation of the
" individual errors
through the filter
gives poor results

Ceramic Capaci

ors

¢ Maximum Values in Small Chip Sizes
* Temperature Stable (+15% -55 to +125°C)
¢ Available with or without Borders
* Free Samples Available

¢ Thin Film Terminations
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(for example, bandwidth shift and in
band attenuation). The second avail-
able solution, the use of full 3D elec-
tromagnetic simulators such as HP-
HFSS?? is accurate, but unacceptable
in computation time (several
hours/days) when used for filter de-
sign and optimization.

Instead of searching for more pre-
cise, and therefore more complicated
closed form equations, the idea pro-
posed here is to use simple and accu-
rate neural architectures to fit the scat-
tering parameters obtained by using a
precise full 3D simulator for single and
double inductive irises in rectangular
waveguides. Since the electromagnetic
discontinuity of a single or double in-
ductive iris of aperture D and thickness
T in a TE10 propagating rectangular
waveguide behaves like a lossless sym-
metrical two port reciprocal network at
the reference planes P1 and P2, it is
enough to adjust a single two port para-
meter at the output of the neural net-
work. For microwave filter applica-
tions, it is convenient to control the for-
ward scattering parameter So; (easily
related to the traditional Z or Y para-
meters), and furthermore to use the
well-known properties of the scattering
matrix to derive the other Sij parame-
ters as

Sx(§)T=1 (1)

At this point, it is evident that the
input parameters for a possible neural
structure should be the physical di-
mensions of the inductive iris, that is,
D and T, along with the waveguide di-
mensions (A and B) and the frequency
of operation. This primary strategy ex-
hibits some important disadvantages
because the standard waveguide di-
mensions are defined for precise fre-
quency bands where the TE10 is the
dominant propagating mode, and in a
first approach a neural topology
should be derived for each waveguide
band (which is not a general ap-
proach). However, if the scaling prop-
erties of the waveguide structures are
considered, the normalised iris dimen-
sions D/A and T/A can be used as in-
put parameters, as well as the nor-
malised frequency F/Fc, where Fc is
the cut-off frequency of the TE10
mode, as shown in Figure 2.

Furthermore, the range of the in-
put parameters should have some
constraints regarding the usual wave-

[Continued on page 90]

MICROWAVE TOURNAL. ® TUNE 2001



R —

L

B 7:CHNICAL FEATURE

i
SPWL T El
NEURAL Y2
ARTCHITECTURE[’

K-neurons

guide filter utilisation. The iris aper-
ture could vary from O to the maxi-
mum aperture A, that is, 0<D/A<1,
while a reasonable range for the iris
thickness T should be given by
0.01<T/A<0.25. Finally, the nor-
malised frequency band should be
1.2<F/F <2 in order to avoid unwant-
ed propagation modes. In conclusion,
this general strategy uses a single
neural architecture for the Sy, para-
meter, and three normalised parame-
ters as input data. It should be
enough for any given frequency band
* where this kind of filter is applicable.

THE NEURAL ARCHITECTURE

From an intuitive point of view, a
neural network3 can be viewed as a
parallel distributed processor that ex-
hibits a natural ability for storing exper-

)

| wien R M X1 X+ T
] and LoHD) = (N(coshtrO)) 1

M K

Yi=Aj+2 (Bi-X)+Z [Cj LCHY(RJ]
i=1 k=1

for any output j=1to N

A Fig. 3 General SPWL neural architecture.

imental knowledge and making it avail-
able for ulterior use. This knowledge is
acquired through dedicated learning al-
gorithms, along with a weighty in-
terneuron connection. The typical
neural networks, MLP and RBF fami-
lies, normally require a relatively large
number of neurons for a close fit to the
experimental data. Because the objec-
tive is to be highly competitive against
the pure electromagnetic simulation, a
new SPWL# has been chosen for this
particular problem.

The proposed SPWL model is an
extension of the well-known canoni-
cal piecewise linear model (PWL) de-
scribed by Chua. In its basic formu-
lation, the Canonical PWL model
performs any general nonlinear map-
ping F : RM — RN (M inputs and N
outputs) by means of the expression
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Y=F(X)=

K
A+BeX+ ) Gyl oy, X > -y
k=1
(for X neurons) (2)
where .
X(M) input vector
Y(N) = output vector
A(N), B(NxM),
03 (M), Ci(N)
K = scalar
<0y, X> = inner product

This model divides the input space into
different regions by means of several
boundaries implemented by hyper-
planes of dimension M-1. It then con-
structs the function approximation by
means of a combination of hinging hy-
perplanes of dimension M. Such hing-
ing hyperplanes are the result of joining
two linear hyperplanes over the bound-
aries defined in the input space.

It can be seen that the expression
inside the absolute value function de-
fines the boundaries partitioning the
domain space. This function controls
the transition between linear regimes
and, therefore, the Canonical PWL
model inherits some properties from
the absolute value function; it is con-
tinuous but not derivable along the
boundaries. Moreover, the second
and higher order derivatives are zero
except at the boundaries where they
are discontinuous, which is critical for
circuit optimization purposes. To
overcome this drawback, the substitu-
tion of the absolute value function is
proposed for a derivable function in
order to smooth the joint of hyper-
planes at the input space boundaries.
Several possibilities exist to smooth
the absolute value function allowing,
at the same time, a parametric control
of the “sharpness” of the transition.
The smoothing function is chosen as

Ln[cosh(yt)]

fitting vectors

LCHy(1)= (3)

where

Y = parameter that allows the
smoothness of the transition to
be controlled

The advantage is clear when one looks
for the derivative of Equation 3:
d/dt{L.CHY (1)} = tanh(yt) which is the
activation function of a universal ap-
proximator such as the MLP. Figure 3

[Continued on page 92]
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shows a descriptive view of the pro-
posed SPWL model.

MODEL VALIDATION

The above description has been
applied to the electromagnetic struc-
tures, that is, both symmetric and
asymmetric irises. This model pro-
vides a smooth and derivable approxi-
mation that improves considerably
the performance of the Canonical
PWL model when it is applied to real
microwave devices, mainly in the op-
timization process. Moreover, it re-
quires a much smaller number of pa-
rameters and a lower computation
burden than other models commonly
used. Extensive full 3D electromag-
netic simulations have shown that the
proposed architecture, shown in Fig-
ure 4, is able to reproduce the two

Fig. 5 Single symmetrical iris validation.

Al =+0.5313133
B11 =-0.0224248
B12 =-0.0307383
B13 =-0.0096260
C11 =+ 2.0500217
C12 = - 0.003435%
C13 =-4.8298888
C14 =-0.1482995
C15=-1.5116727
C16 =+ 4.3496077
C17 =+ 0.1129634

A2 =+72.029501
B21 = - 6.3434002
B22 =-118.99504

A Fig. 4 Dedicated neural architecture for symmetric
and asymmetric waveguide irises.

b + 6.5000
M11=-0.1471183
M12 =+ 1.1227934
M21 =+ 0.3671070
M22 =+ 41136844
M3t =-0.1056092
M32 =+ 0.2939928
M41 =+ 0.2864985
M42 =+ 0.0385768
M51 =-0.3388533
M52 =+ 0.7186874
M61 =+ 0.1528574
Mé62 =+ 0.0087490
M71 =~ 0.2991391
M72 =1 22288361
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port complex S, parameter for a
wide range of input data - (0.01 < T/A
< 0.25), (0 < D/A < 1) and (1.2 <
F/F, < 2.0), thus covering most appli-
cations. In this case, a very good indi-
vidual iris fit by using a seven-order
SPWL, is obtained; the maximum er-
ror in Sg; for any individual iris, when
compared with HFSS simulation, is
less than 0.02 in module and less than
2° in phase. Figure 5 shows as an ex-
ample the neural fitting parameters
for the symmetric iris case along with
a comparison between full 3D elec-
tromagnetic simulation and the neur-
al model for a relative large iris thick-
ness (T/A = 0.14) and for various iris
apertures D/A as a function of the
normalised frequency.

Although it is very easy to show
how the proposed method accurately
fits the frequency
behaviour of an in-
dividual inductive
iris, when designing
high order mi-
crowave filters, the
propagation of the
individual errors
could be important,
especially for very
narrow bandpass fil-
ters. This fact is a
higher level test of
the validity of the
approximation. For

B23 =-33.658561
C21=-64.315213
C22 =-18.128299
C23 =+ 289.59198
C24 =+ 57.938470
C25 =+ 92.329060
C26 = - 403.68554
C27 = + 47.962584

T1 =+ 0.4822774
T2 =-0.2073612
T3 =+0.6221584
T4 =+ 0.0607542
T5 =+ 1.0709634
T6=+0.7017891
T7=+1.0711678
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FILTER USING SYMMETRIC IRIS
ELECTROMAGNETIC FILTER STRUCTURE

FILTER 1
PHYSICAL DIMENSIONS (mm)
WAVEGUIDE:

B =356

FILTER

D1 D2 D3 Lt 2 13

317 2.06 1.88 4.58 5.05 5.09

A=T711 T=0.3

FREQUENCY RANGE (GHz)
BW = 1.9 (5.5%)

F=33.6 F2=355

FILTER 2
PHYSICAL DIMENSIONS (mm)
WAVEGUIDE:
A=711 B=3.56
: FILTER
4 D1 D2 D3 L1 2 13
1 3.71 251 2.33 6.14 6.77 6.82
FREQUENCY RANGE (GHz)
F=28.9 F2=29.6 BW=0.7(2.4%) |

LT A e

b el
: ael g

T=0.9

A Fig. 6 Model validation through filter
implementation.

this reason the neural architecture has
been implemented easily into MMI-
CADS by using its MDL capability
along with the flexibility in working
with electrical model and local vari-
ables. The individual irises are joined
by using fundamental TE10 wave-
guides (available in any simulator). At
least for symmetric iris structures, and
for these half-wave filters, it is not
necessary to take into account high
order connecting modes. Up to 21
different multi-section Chebyshev/
Butterworth bandpass filters in differ-
ent waveguide bands were tested, al-
ways showing very good agreement

94

1

P+1

2

INDUCTIVE IRIS 1 NETWORK

2P PORT FOR P MODES
P+2

2p

with full 3D electromagnetic simula-
tions and having a computing simula-
tion time more than 1000 times faster
than any conventional analysis.
Furthermore, the filter optimization
process takes only a few seconds. This
is due to the fact that the chosen
algorithm is not only very fast but
also continuous in its high order
derivatives.

Figure 6 shows the general struc-
ture for microwave half-wave filters
that use double inductive irises in a
waveguide environment. For validation
purposes, WR22 Ka-band waveguide
(26.5 to 40.0 GHz) is chosen, where
two very different N =5 (6 iris discon-
tinuities) Chebyshev bandpass filters
have been designed and optimized.
Filter 1 uses symmetrical irises having
moderate (0.3 mm) thickness, with a
center frequency at f, = 34.55 GHz
and having a fractional bandwidth of
5.5 percent. Conversely, Filter 2 is a
very narrow band waveguide filter (2.4
percent fractional bandwidth) cen-
tered at f, = 29.25 GHz that uses very
thick (0.9 mm) irises. For both cases,
all the physical dimensions are shown
in the figure. In terms of analysis, HP-
HFSS means full 3D electromagnetic
simulation and SPWL means neural
electrical equivalent circuit simulation.
Note that the model implementation is
extremely robust, even for very narrow
filters, and it is difficult to distinguish
between the two simulations.

W Fig. 8 TE,q and TEy structure for an iris-based waveguide filter.

P+1

2

INDUCTIVE IRIS 1 NETWORK |.

2P PORT FOR P MODES
P+2

A Fig. 7 Multimode structure for an iris-based waveguide filter.

HIGH ORDER TE10 + TE20
IRIS CONNECTION

From a general point of view, a
waveguide having P modes should be
considered the connecting media be-
tween successive discontinuities, that is,
the discontinuity should be described
as an electrical 2P-port characterised
by its generalized multiport scattering
matrix S(2Px2P), as shown in Figure 7.
Since the structure of a symmetric iris
exhibits perfect symmetry, only odd
modes can be excited at the discontinu-
ity, that is, the first high order mode to
be considered is the TE30. Multimode
electromagnetic simulations show that
for half-wave waveguide filters that use
symmetric iris structures, it is enough
to consider only the first connecting
mode TE10, as can be seen from the
results obtained for the filters using
symmetric irises.

Unfortunately, this is not the case
for half-wave waveguide filters that
use asymmetric iris structures where
the above approach is not accurate
enough. Due to the non-symmetrical
nature of these discontinuities, a non-
negligible contribution of the TE20
mode along with an insignificant con-
tribution of the remaining high order
connecting modes can be expected.
Extensive filter simulations corrobo-
rate this assertion and the final filter
structure is shown in Figure 8.

[Continued on page 97]
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At this point it should be kept in
mind that the generalized scattering
matrix for the first two modes of a
single iris is a 4x4 matrix having some
special properties.” The Sy; = S33 and
S13 = S3; elements belong to the
propagating mode TE10; they have
the matrix properties shown in Equa-
tion ]. The terms Sl4'= S41 = 823 =
S32 and SIZ = 821 = 534 = S43 relates
the propagating TE10 mode with the
evanescent TE20 mode. After manip-
ulation of the scattering properties
they can be related in a simple man-
ner, as shown in Equation 4.

S _ =jS12 ~S1iS1s
uE——
S13
or
~iS14—S711S14
512= 1°14 211014 @)
Si3

Finally, mode matching simula-
tions show that the terms Sy = Sy4
and Sy = Sy can be made zero with-
out any loss of accuracy because
these elements relate to evanescent
modes only.

In conclusion, the only need is to
develop an extension of the initial
neural network that has as outputs the
magnitude and phase of Sj, along
with S, for example. The remaining
elements of the 4x4 scattering matrix
can be deduced from the above equa-
tions. This SPWL architecture is easi-
ly converted into a standard electrical
equivalent circuit and implemented
into any circuit simulator and then
used in the same manner as the ele-

ment “bend” or “step” in microstrip,
for example. The final point is to build
an electrical model for the evanescent
TE20 waveguide mode; however, this
is not a problem because its Z matrix
is well-known in the literature.

As a validation example of the
aforementioned theory, Figure 9
shows a comparison for an X-band (6
percent BW) half-wave filter that
uses asymmetric iris structures. As
shown, it is almost impossible to dis-
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tinguish between the multimode
HFSS simulation and the proposed 4-
port SPWL approach. The differ-
ences are in the range of the mechan-
ical tolerances. However, there is a 1
percent frequency shift when using
the simple 2-port SPWL approach,
which is unacceptable for a 6 percent
filter bandwidth, thus confirming the
dual mode assumption.

CONCLUSION

A very simple and extremely accu-
rate SPWL neural architecture for in-
ductive iris in electromagnetic struc-
tures has been presented. In order to
cover the whole microwave range,
normalized physical dimensions and
frequency have been used as input
parameters to the network. Model im-
plementation has been accomplished
through the use of standard electrical
equivalent circuit structures. Model
validation has been achieved for very
different high order microwave filter
applications, always showing excellent
agreement when compared with the
well-known accuracy of a full 3D elec-
tromagnetic simulator. Since the
neural architecture is continuous in its
high order derivatives, the filter opti-
mization process can easily be accom-
plished. Finally, simulations have
shown that the proposed strategy is
more than 1000 times faster than any
commercially available electromag-
netic simulator, thus allowing the mi-
crowave engineer to really minimize
the microwave filter design process
without loss of accuracy. B
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