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Efficiency is critical in power amplifier designs. Higher efficiency reduces transistor stress, energy consumption, failures,
and maintenance needs. To improve transistor efficiency, it is essential to control both the fundamental-frequency and the
harmonic terminations presented to a transistor. The peak voltages and currents associated with the harmonic control
implemented should be within the safe range for the transistor used. Without access to the intrinsic reference plane, these
voltages and currents cannot be calculated accurately.

The matching problems to be solved can be defined with
» Load-pull/source-pull hardware (mechanical or active).
» Load pull/source-pull with nonlinear transistor models.
+ Clipping theory.

Note: Load-pull without known or controlled harmonic terminations and non-linear models without access to the intrinsic
reference plane are of limited use.

Clipping theory for linear power amplifiers has been extended to a fully useful point in the Amplifier Design Wizard (ADW).
S-parameters and //V-curve boundaries are required to setup the required transistor models in the ADW. The ADW models
fitted can be fine-tuned by comparing the performance of a designed power amplifier with the measurements, or by using
an accurate non-linear model. The external, as well as the intrinsic load terminations can be controlled with the ADW. Only
the external terminations can be controlled with the Matching Wizard (MW). The CIL wizard in the ADW can be used to
setup power matching problems.
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Matching problems can be solved with the ADW or the MW. The artwork of synthesized distributed solutions can be exported as basic
scripts, as Sonnet Software (.son) files, or as DXF files for further processing.

Systematic searches combined with finer searches and optimization were previously used in the ADW to find the best solutions to a
matching problem. This approach has been enhanced with differential evolution followed by optimization. Integrating both capabilities in
the same tool validates solutions and increases solution diversity, increasing the likelihood that the global optimum is achieved.

The standard evolution algorithm was also modified to provide an alternative evolution approach. The minimum errors obtained with this
approach are similar to those obtained with the standard algorithm, but the average errors are worse. Convergence with the modified
algorithm is obtained in less generations.

Differential evolution is significantly faster than systematic searches for complex problems requiring more than six elements. Systematic
searches establish performance standards for the evolution, and when the evolution results are inferior, adjustments can usually be made
to get similar results (larger population, more generations, optimizing more solutions, ...). For matching problems requiring eight or more
elements, systematic searches may become impractical due to excessive execution time, making differential evolution the only viable
option. The performance with fewer elements and the modified evolution approach can then be used as benchmarks.

These advancements enable faster design cycles, and improved efficiency and reliability in amplifier designs.

The systematic searches and the evolution operate in Q-space. The basic principles will be explained first, after which four detailed
examples will be provided to illustrate the design process and the wizard capabilities. Networks will be synthesized using both approaches
to compare performance. It will be shown that differential evolution delivers results comparable to systematic searches, but significantly
faster. More network elements can also be used with differential evolution. The convergence behavior of the implemented differential
evolution algorithm will also be explored.
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ADW and MW: Ribbon Commands

The Impedance-Matching Wizards in the ADW and MW provide ribbon commands that centralize access to matching functions and offer
shortcuts to synthesis, analysis, and export tools.

Note: The Intrinsic Terminations command is not provided in the MW.
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Defining the ADW or MW Matching Problem

The ADW or MW can synthesize a wide range of cascade-type lossless networks.
At the fundamental frequencies, specified load terminations can be transformed to:
* Match the source terminations specified tightly (if possible).

* Achieve terminations inside, outside or on the circumferences of circles, derived
from the transducer power gain specifications (e.g., Gy =1.0 for a conjugate
match). The circles relate to power gain, noise figure, power and/or efficiency.

The harmonic targets can be defined by one of the following:
* Arange of reactance values (typically high Q).

« A Smith chart sector defined by two intersecting lines and the Smith chart edge,
with the intersection inside the Smith chart (local origin sectors).

« A Smith chart sector defined by a reflection coefficient swept linearly over a
specified angular range, and the Smith chart edge (reflection sectors).

Note: Only one of these harmonic target options can be used for a specific problem.

10/6/2025
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Local Origin and Reflection Sectors

This illustration shows local origin sectors (LHS) and reflection sectors (RHS) used to define the second and third-harmonic reflection
coefficients at the input or output of the matching network in the Amplifier Design Wizard (ADW) and Matching Wizard (MW).

10/6/2025
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Fundamental and Harmonic Frequency Specifications

Examples of specifications for matching networks in the ADW and MW include:

+  Fundamental-Frequency Targets: Import from .s1p / .s2p files or specify manually.

« Harmonic Targets: Specify manually or use wizards in the ADW Analysis module to automate matching problem setup.

Note: The Analysis module in the MW provides wizards for passive matching problems; ADW provides wizards for both active and passive problems.
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Systematic Search Parameters | Differential Evolution Parameters

Transformation Qs

Qmin Qinc Omazx
—-3.5000 a_5000 3.5000
—3.5000 a_5000 3.5000
—-3.5000 0.5000 3.5000
—3.5000 0.5000 3.5000
—3.5000 0.2500 3.5000

Quick Edit

Differential Evolution Specifications

B Use Differential Evolution:

[ Include RS topologies

[ Ignore topolegy constraints

[_] Use modified DE algorithm

Starting with

Search and Evolution Options

Transformation-Q Freguency

1.5000
1.6000

| 1.7000 |
1.8000
1.9000
2.0000

Number of potential solutions (n3) to be
uzed in secondary searches or to be
optimized after differential evolution:

100 <55:50 DE:100=
[25;200]
Gain Window
GTmin [0.1:1]; 0.29 <0.89>
GTmax[0.11 ! <1.0=

Introduction and Principles

Solutions to matching problems can be synthesized using:
+ Differential evolution
+ Systematic searches combined with finer searches around the best results.

In both approaches, the best results obtained are optimized, though optimization can be
deactivated. Topology constraints are ignored during optimization.

Searches and evolution operate in Q-space, where a transformation-Q is the reactance-
to-resistance (X/R) or susceptance-to-conductance (B/G) ratio at a network element’s
input. Each transformation step scales resistance or conductance by a factor (1+Q,2).

In the ADW and the MW, Qs are numbered from the load side towards the input.

Wideband networks cannot have high Q-values. In narrowband networks, the circuit Q is
approximately half the highest transformation-Q. Q-values can be positive or negative.

e | ! <t B Optimize saiutions The difference between two consecutive Q-values decides the element type:
[ i ang . 0 0 q
— lise fastversen - Positive Q-difference: Series inductor or shunt capacitor
Population Size: 250 350> oK 0 o . . .
(+10'n0s) + Negative Q-difference: Series capacitor or shunt inductor
Numberufl cancel . . e . . g .
S <100 Note: The Gain Window specifications impose additional constraints on the last two Qs,
Crossoverrats: g.200 . e but differential evolution currently considers only the last Q’s constraints.
[0.05; 0.95] e
10/6/2025 Wwww.ampsa.com
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59.4fF 1.85nH

Transformation-Qs are calculated at the highest gain frequency. If the gain targeted for the different
passband frequencies are similar, the Qs are calculated at:

« The lowest passband frequency for high pass problems
« The highest passband frequency for lowpass problems
* Afrequency near the passband centre for bandpass problems

In a simple series-shunt—series-shunt cascade, Qs correspond 1:1 with network elements.
Changing the topology (e.g., series-series, shunt-shunt) increases the number of Qs. The number
of unknown variables remains equal to the number of network elements.

A series-series combination can be identified by the missing shunt element in the cascade.
Similarly, the missing series element marks the position of a shunt-shunt section. These
combinations are called resonating sections. The Q associated with a resonating section is the
negative of the Q for the network element to its right.

In systematic searches, the number of network elements are fixed. In differential evolution, the
number is fixed if:

« The Fixed topology option is selected in Topology specifications
- The Allow Resonating sections option is enabled when specifying transformation-Qs

Given the speed of differential evolution, increasing the number of elements is a viable alternative.

10/6/2025
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Limits:
+ Differential evolution: Up to 12 elements

« Systematic search: 2 — 8 elements

Example:
— [ AT An example of defining the Qs for a network with series transmission lines and shunt
T T lumped components is provided here. Shunt capacitors associated with each series
connected transmission line are combined with the relevant shunt components.
s Allowed Components in ADW and MW Matching Networks:
e Q4 - - Series lines
el g [ | [ * Open-ended stubs
[ [ [ [ [ [
* Shorted stubs
« Capacitors and inductors (with or without pads)
* Open-ended shunt branch with two cascaded lines (Stepped Impedance
Resonator, SIR)
Note: With fixed pad dimensions, a lumped element with pads can be represented
by a single Q-value.
10/6/2025 Wwww.ampsa.com 10
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Mapping Transformation Qs to Network Types

Transformation Qs can be mapped to:

* Lumped element networks

« Commensurate distributed network

*  Non-commensurate distributed network

*  Mixed lumped/distributed networks

Commensurate Networks:

« User-specified line lengths for series lines, open-ended stubs, and shorted stubs.
« Characteristic impedances are the variables (constrained or unconstrained)

« Systematic search to optimize series line lengths

*  Open-ended stubs can be transformed into equivalent main-line sections

10/6/2025 Wwww.ampsa.com
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Non-commensurate networks:

User-specified characteristic impedances for series lines, open-ended stubs, and shorted stubs
Line lengths can be constrained

Systematic search to optimize series line characteristic impedances

Open-ended stubs can be transformed into main-line sections or replaced with Stepped Impedance Resonators (SIRs) to provide

transmission nulls at a specified frequency while maintaining required shunt admittance

Mixed lumped/distributed networks:

Lumped components reduce network size

Options to shorten series lines, open-ended stubs or shorted stubs

Parasitic inductance for capacitors and parasitic capacitance for inductors can be specified
Additional inductance for shunt capacitors to create transmission nulls at a specified trap frequency

Additional capacitance for inductors to provide series-connected opens at a specified trap frequency

Note: The Distributed Networks Wizard is used to specify the distributed network parameters

10/6/2025 Wwww.ampsa.com
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Distributed Metworks Wizard - Commensurate Options

The same length is used for all the lines in @ commensurate networl. This has been
generalized in the ADW to allow using different lengths for the maindine sections, the
open-ended stubs and the short-circutted stubs. i the same length should be used for

all the lines, deselect the different lengths option below. The option to constrain the
characteristic impedances of the lines is also provided here. Different constraints can be
imposed on the different line types. The option to allow double stubs is also provided here.

Characteristic Impedances

B Constrain the characteristic impedances:

[CJ Use the same constraints for all the lines

Line Lengths

Use different lenaths for the different sections

Double Stubs

() No double stubs
© Alow double stubs |£|:||:|
() Always use double stubs

[ Transform double stubs to stepped maindine sections

« Back Next > ] Cancel Help

X Distributed/Microstrip Networks Wizard - Electrical Line Lengths

The lengths for the different commensurate sections, and the associated constraints
on the characterstic impedance must be specified at this poirt. f the dimensions
were specified previously, check f the associated electrical quantities are realistic
B and modify them, if required.

Stepped Main-Line Sections

Z0 minimurm {Ohm) Z0 maximum (Ohm)

Line length (%)
Main Line Sections
Z0 minimum (Ohm)
50.00 | Shont-Circuited Stubs Open-Ended Stubs
| Z0 maximum {Ohm) Z0 minimum {Qhm) Z0 minirmum {Ohm)
|
! 110.00 60.00 10.00
] — —— —
| Line length (%) Z0 maximum (Ohm) Z0 maximum {Ohm)
' 30.00 110.00 50.00
F = 2.500GHz Line length () Line length (%)
Minimum acceptable
e length () 200 »0
6.00

Main Line Length Option
Minimum length (%) Maximum length (%) Step size )

Perform search 26.00 40.00 4.00

(1 Only show optimum length results

< Back Mext = ] Cancel

Distributed Network Specifications

This slide shows specifications for
commensurate networks configured
using the Distributed Networks Wizard
in the ADW and MW.

* Double Stub Transformation:
Option to convert double stubs into
equivalent main-line sections.

* Purpose: Replaces an open-ended
stub with a short, low-impedance
series transmission line to eliminate
resonant behavior.

10/6/2025
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Distributed Networks Wizard - Mixed Lumped/Distributed Options

The lengths of the lines and for the stubs used in the networks synthesized can be reduced
by using lumped elements. The option to use lumped elements is provided here. Contral over

the specfic lines to be replaced is alzo provided.

B Mixed lumped/distibuted solutions:

Lines that may be replaced with lumped components

[ Maindine sections
Open-ended stubs
[ Short-circuited stubs

Pt

< Back Mext » ]

Cancel

bt Distributed/Microstrip Networks Wizard - Capacitor and Inductor Options

| | Parasitic Components

| The option to use shunt parallel-plate capacitors instead of open-ended stubs or shunt capacitors is

| provided here. The parasttic inductance or resonart frequency of any reqular capacitors orthe parasitic
! capacitance or resonant frequency to be used for any inductor in the matching network can also be

| specified here. The option to use shurt capacitors as hamonic traps is also provided.

Parasitics
Capacitor Inductance or Resonant Frequency
) Specify inductance nH)
pecify component resonant frequency (Fr GHzj
) Specify trap resonant frequency (FTr_GHz)too
Fr_GHz FTr_GHz:

12.00000 GHz GHz

|_| Mo parasitics for series capacitors

Parallel-Plate Capacitors

[[J Use shunt parallel-plate capacitors

Pad width {mm) Pad length (L; mm})
0.5000 1.5200
Pad Z0 {Ohm) Pad length (%)
F = 2.500GH:z
Help < Back

Inductance Capacitance or Resonant Frequency

© Specify capacitance [pF)
() Specify resonant frequency (GHz)

0.000 PF

Via hole inductance:

0 nH

+—2L—+

Mext » ] Cancel Help

Non-Commensurate Network
Specifications

This slide presents specifications for
non-commensurate networks
configured using the Distributed
Networks Wizard in the ADW and MW.

Note: Adjustments to parasitic values
enable targeted frequency
suppression (transmission nulls) in
non-commensurate networks.

10/6/2025
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Distributed/Microstrip Networks Wizard - Open-Ended Stub Options

The minimum electrical length for open-ended stubs can be specified here. The option to
use double stubs in the matching networks is also provided. ff double stubs are allowed,
they can be transformed to stepped maindine sections. This option is frequently used

when power matching networks are synthesized.

Minimum electrical length for an open-ended stub <5°>:
5.00 (" at FpsbH)
[0.0; 15.0]

Minimum electrical length at which an open-ended stub
should be converted to a double stub:

0.00 (" at FpsbH)
Stepped maindine sections

[ Transform double stubs to stepped maindine sections

Maximum width {mm) Minimum width {mm})
1.5200 0.7600

Highest Z0 (Ohm)

€5 0N

Lowest Z0(Ohm)

£3.00

MNote: Mot using resonating sections is usually a good option
when open-ended stubs are replaced with stepped maindine

sections (Allows short maindine sections).

< Back

ik
=

Length {mm)
0.7600

Electrical length (%)

F = 2.500GHz

I Next > Cancel

Distributed/Microstrip Networks Wizard - 20's

The characteristic impedance of the lines to be used are listed here. The line lengths will be used as
variables. The minimum and maximum length to be used for the main line sections are listed too. The
minimum length specification is important when stubs can overlap. When distributed networks are
required, the characteristic impedances and line lengths should be modffied on this page. if necessary.
if the associated dimensions were specified previously for microstrip networks, the values listed

should be inspected to ensure that the specifications made are realistic.

Maindine Sections
Input side Z0: Qutput side Z0:
55.00 Ohm 55.00 Ohm

Minimum length: Maximum length:

29.80 : 145.00 g

FpsbH = 2 500GHz
Taper Check

Maindine 20 Search
ML Z0 minimum:

30.00 Ohm

[C1Only show optimum Z0 results

Stub Parameters
SST Z0:

64.55 Ohm

SST maximum
electrical length:

65.00

05T Z0 (55T Z0Min):

Harmonic Traps
55T ResFrg (GHz):
100.00E3
QST ResFrg (GHz):
100.00E3
OST CNLlength (%)

at FpsbH [2°; 257

35.00 Ohm 6.0000
Z00ST Minimum:
QST maximum

electrical length: 10.00
£5.00 ) Z0OST Maximum:

85.00

ML Z0 maximum: ML Z0 step:
65.00 Ohm 5.00 Ohm
< Back Next > Cancel

Additional Non-Commensurate
Network Specifications

This slide presents additional
specifications for non-commensurate
networks.

* Double Stub Transformation:
Convert open-ended double stubs to
equivalent main-line sections when
enabled.

« Harmonic Traps: Specify harmonic

trap options for shorted and open-
ended stubs to suppress targeted
frequencies.

10/6/2025
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i Distributed/Microstrip Metworks Wizard - Pad Sizes (Electrical)

Pads may be specified for the lumped components used. Different pads can be used for inductors and
capacitors. Different pads can also be specified for shunt and series components. Shunt connecting
lines can also be used to separate the shunt pads from the associated junctions. I distributed
networks are to be synthesized, the pad sizes should be specified on this page. When microstrip
networks are required and the dimensions were specified previoushy, the values listed should be
inspected to ensure that they are realistic.

Shunt Inductor Pads Shunt Inductor Connecting Line
Z0 {Ohm}) Length (%) Z0 (Chm) Length (%)
Shunt Capacitor Pads Shunt Capacitor Connecting Line

Z0 {Ohm} Length () Z0 {Ohm} Length (7}

Series Capacitor Pads

Lumped-Element Pad Sizes in Non-Commensurate
Networks

The pad sizes for lumped elements can be specified
on the wizard page shown. Only series capacitors are

Z0 (Ohm) Length () . .
5 pr— allowed in this example.
F = 2.500GHz . c .
Note: The pads for the series capacitors must also
Series Inductor Pads X X . . .
20 (Ohm) Length () @ provide separation between adjacent junctions and
stubs.
< Back Mext = Cancel Help
10/6/2025 Wwww.ampsa.com 16
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MNetwork and Topology Specifications (Non-Commensurate Networks)

WMaximum Number of Elements

= <B=
SS: [2; 6 or 8] DE: [2; 12]

Network Constraints

w-pass prototype
() High-pass prototype
() Bias-type
() No series capacitors

() No shunt inductors

First Element (load side)
(O series element
() Shunt element

© series or shunt

& input Side
[ output Side

Topologies Allowed

o Cascade and RS topologies (S5)

() Only RS topologies (S5)

() Only cascade or specified topelogy

Mumber of resonating

sections (Fixed
Topology option)

0 <=

;3]

DE: Differential evolution
55: Systematic search

OK

Help

i

Cancel

Network and Topology Specifications (Commensurate Networks)

Maximum Mumber of Elements

6 <f=
SS: [2; 8] DE: [2; 12]

Network Constraints

(C) Low-pass

(") High-pass

First Element (load side)

() Series element
() shunt element

O Series or shunt

Topology Opticns

o Cascade and RS topologies (S5)

() Only RS topologies (55)

() Only cascade or specified topology

Numier of rezonating
sections (Fixed
Topology option):

0 <=
[0; 3]

DE: Differential evolution
55 Systematic search

OK

Help

T

Cancel

Topology Constraints for Matching Networks

This slide presents topology specifications for commensurate and non-commensurate networks in the ADW
and MW.

Number or Elements: The maximum number of network elements allowed must be specified.

Note: The actual number of elements in a synthesized network could be less (out-of-range shunt elements
will be removed from the networks synthesized), or in special cases more (differential evolution).

Network Constraints: The networks to be synthesized can be unconstrained or can be constrained to be
lowpass or high pass networks, to be suitable for biasing purposes, to have no series capacitors or to have
no shunt inductors.

Standard Cascade and Resonating Section Topologies

The search or the evolution can be limited to a single topology (the standard series-shunt-series-shunt
cascade topology or the specified topology) or resonating section topologies can be included in the search
or evolution. For systematic searches, the maximum number of elements will be as specified. If the Include
Resonating Section Topologies option provided in the Transformation-Qs dialog box is selected, this will also
be the case for differential evolution. If this option and the fixed topology option provided here were not
selected, the number of elements will be increased to implicitly allow for resonating sections.

Note: Up to three resonating sections are allowed in the ADW and the MW.

10/6/2025
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Matching yarmanproblem.mmi - Ampsa Amplifier Design Wizard (V24H)

J Views | -Matching Netwaorks | Project + Schematic ~ Artwork - Export - Microstrip - Preferences - Views - Window - ? (@)
s el [F] %ﬁg : 'ﬁuﬁ] : EEE - T S W ®
r 5 - THIT : T A . i i
Terminations © Import : Edit . Network : Topology | Resonating : Transformation | Lumped element:  Distributed synthesize Example 1 - MatChlng PrObIem WlthOUt
graph © data ° terminations = Type~ - © sections Qs : constraints  * networks wizard | solutions

Harmonic Control

JEHdBEE 1% 8 62 B *

yarmanproblem.mmi - MN Terminations (SC) x

I

Terminations X

This example demonstrates solving a

—— — ok matching problem using differential evolution
eo 0.0000 e and a systematic search. The design flow
e s A e . T :
Teann  selses  ievomi  ocae  _seess  olomes will be highlighted and the results obtained
50805 llJ.IEIIJIZIIJ E’?.DED —lE‘l.SS? S.E?D —-34_.3840 [ [ulu ] Inzert Row . .
L1io008  71t00  17ascs  oices  _saees o 0000 with the two approaches will be compared.
i:i:;iiiiii s.300 Zi;i:i;i 2:;3; Z§§:$§§ e aste Dot
1305 seleo0 icess s sees  olosos — Goal: Match impedances over the 8.0-13.0
Conwert Circles GHZ paSSband'
Zopesen Specifications: Define source and load
- N Set Fixed Elements . . .
s e o impedances, admittances, or reflection
s a0 2o EdtFormat impedanc F Opton coefficients manually or import from .s1p/
10500 12000, 12000 (G1z) R2: 5000 0] [ Fit Impedance 2nd Harmenic Targets .32p Touchstone fiIeS
O - o o iy y () Admittances 1“:3“_ 0.250 <0.0> 3rd Harmonic Targets
() Reflection actor:
[0.0; 1.0] [[J use worst case error

Ready
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Matching yarmanproblem.mmi - Ampsa Amplifier Design Wizard (V24H) - O *

J Views |prh'.atching Nemmy;g..| Project ~ Schematic ~ Artwork ~ Export ~ Microstrip - Preferences - Views ~ Window «~ 7 tg
. s . el [r] EF AT EEE . gER . nam e ®
r s R T S

Terminations © Import : Edit . |Metwork : Topology @ Resonating : Transformation : Lumped element ©  Distributed Synthesize
graph © data ~ terminations | Typex= © sections Qs : constraints  ~ metworks wizard | solutions

[| | Lumped elements

% v - -
REr=; LH 0= =1 Elﬂﬁ Mon-commensurate distributed

—————— | v Example 1: Lumped-Element
e Matching Constraints
VARMANPROBLEN
iZZ:Z:i:ZIZ dtbttpd The different network options are
shown here. Lumped element will
- be used in this example.
Note: Constraints to lumped-
element values can be imposed by
using the ribbon command
provided. Different constraints can
B be set for series and shunt
s a0 e components.
O o Fi

Ready
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Matching yarmanpraoblem.mmi - Ampsa Amplifier Design Wizard (V24H)

\_/l Views | Matching Networks |

Project ~ Schematic ~ Artwork ~ Export = Microstrip ~ Preferences ~ Views v Window ~ 7

G~ M E e 8O O g @

Terminations . Import Edit . Network . Topology . Resonating . Transformation . Lumped element .  Distributed Synthesize
graph © data ° terminations  Type~ © sections Qs : constraints  ~ networks wizard solutions

I HEBO=E =14 E g B =

yarmanproblem.mmi - MM Terminations (SC) x

Network and Topology Specifications (Non-Commensurate Networks)

Example 1: Network Topology
Configuration

This slide shows the topology
specifications set for the matching

Maximum Number of Elements Topelogies Alowed
Y ARMANPROBLEM I
8 <G> () Cascade and RS topologies (35) prOb em.
55:[2; 6 or 8] DE: [2; 12] © Only R topologies (5S) .
_ © Only cascade or specified topology *  Maximum Element Count: Use up
2501 Network Constraints
1807 o MNumber of rezenating tO SlX |Umped e|ementS
LT3 sections (Fixed

() Low-pass prototype Topology option) S . . .

O High-pass prototype 0 0 [F ﬂ D + Topologies Allowed: Maintain

~ i B input Sid g

OBastpe B e 0; 3 fixed topology.

E:l No series capacitors
S2MAN: 12348 (O No shunt inductors e Differentia:il Evolution ® Load'Side Configuration A”OW
SeTMAR 12308 S5: Systematic search

First Element (ioad side) the first element on the load side to
8.0000; 8.0000 e — Cancel .
10.500; 12.000; 13,000 {GHz) R2: 5000 [:] TEE L be Series or Shunt

. . 4 () Shunt element Help
r=* =217 n © Series or shunt
Ready
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\—") Views  |poMatching Networks| Project ~ Schematic = Artwork = Export = Microstrip = Preferences = Views =~ Window - 7 (@)
Z0s I'"E: m ] T . EEE : = : L1l : Vv @
~r s i I
Terminations - Import Edit . Metwork : Topology - Resonating : Transformation - Lumped element . Distributed Synthesize
graph © data  terminations ™ Type~ © sections Qs : constraints  © networks wizard | solutions
| Systematic Search Parameters | Differential Evolution Parameters X
= E L ] =i -
= H E OE i & EIEE v Transformation Qs Search and Evolution Options
3 == -
blem. - MN Ti tio
ML L S e Transformation-Q Freguency
Qmin Qinc Omax —
8.0000
—4 _ 0000 0 _5000 4 0000 8.5000 |
¥ ARMANPROBLEM -4_0000 0.5000 4.0000 5.0000
-4 0000 0.5000 40000 9.5000
—4 _gooo 0.5000 40000 10.0000
—4 _gooo 05000 40000 10.5000
—4_0000 0.2500 4 0000
Number of potential solutions (nS) to be
uzed in secondary searches or to be
051002 optimized after differential evolution:
1a5a21 75 <55:50 DE:100>
A [25;200]
Quick Edit
Differential Evelution Specifications Gain Window
i@ Use Differential Evolution
._ GTmin [0.1;1]: 0.8s <0.89>
|_lInclude RS topologies
[T 1gnore topology constraints GTmax [0.1;1]: 1 <1 0=
[ Use modified DE algerithm
- - Starting with 1
S21MAK: 123 generation: e Optimize solutions
[ Use fast version
o
£.0000; £.0000
10.500; 12.000; 13,000 {GH.x) RO ] Fo E:JantlunBE;ZE: 250 <250=
O o hi Number of Cancel
= =1 - generations: 120 =100=
<= 500}
1§ } Help
Crossover rate: 0.200
. =0.2>

[0.05; 0.85]

Ready

Example 1: Differential Evolution Settings

This slide shows the differential evolution
specifications for the matching problem. The
Transformation Qs ribbon command was
used to open this dialog box. The differential
evolution option was selected here.

Transformation Qs: The Q-range for each
element was set to [-4.0; 4.0].

Number of Solutions to be Optimized: 75
Population Size: 250
Number of Generations: 120

Note: The standard differential evolution
algorithm can be modified after a specified
number of generations by using the option
shown. Experimentation with the number of
generations may be required — Typical values
are 1, 20, 35 and 50.

10/6/2025

www.ampsa.com



Terminations

Armpsa Amplifier Design Wizard (V24H)

rE [r] %ﬁ Ll EE'E -
= IR e 7T
: Impaort : Edit : Network : Topology : Resonating : Transformation © Lumped element :
data ° terminations ®~ Type~ © sections Qs : constraints
Specifications

Distributed

© networks wizard

Synthesize

solutions

WARMANPROBLEM

S2AMAX-12.3d8

H.0000; 5.0000
10.500; 12:000; 13:000 (SHz)




Chart

[[.-’) Views

Chart Options

Matching

yarmanproblem.mmi - Ampsa Amplifier Design Wizard (V24H)

Matching MNetworks

Results

[}

X

Project ~ Schematic ~ Artwork ~ Export ~ Microstrip - Preferences — Wiews ~ Window ~ 7 (@)

I First . B Next

3 I Solution in new window || < Detailed schematic

§- Tolerances © Network terminations | [¥] Performance

VSWRs

S5 New ADW circuit file &

P Last { Previous B Close results views i Artwork Preferences | (@ Intrinsic terminations | Impedances [] Active Performance = | &El Existing ADW circuit file &°
: : El 1] Sealing -] Gain plot <l HC impedances 2" MWO script B
IGHARGE & oM -
yarmanproblem.mmi - MM Terminations [SQ/ yarmanproblem.mmi - Solution 1 x - yarmanproblem.mmi - Impedance 1 (5C) X]
Solution 1
Y ARMANPROBLEM
MED: 7.77% Ql: 0.020600
AMS: 6.07% Q2: -1.993369 it 1
Q3: 0.4%6732 )
80
MEDwc: 11.95% Q4: 0.489931 )
Q5:  -2.961441 s
Q6: 2.9859329
AL AN S
S21MAN:Q.00E
202 pH 430 nH 8.46 nH 7.14 nH 59.8 fF 0.80 nH 00 a0 wm
10,500 12.000; $3.000 {SHz) Az 5.0
] a fiy
s =21 224

Ready

Example 1: Best Six-Element Solution

This slide presents the best six-element solution for
the matching problem using differential evolution.

« Solution Overview: Achieves optimal matching
with six lumped elements over 8.0-13.0 GHz.

+ Transformation Qs: Maximum absolute Q value
of 2.989; reducing range to [-3.5, 3.5] may improve
results.

* Gain Window: Adjust gain window using
transducer power gain at the transformation
frequency.

* MRDwc: Worst-case maximum relative deviation
(MRD) reflects 1% component value tolerances.

Note: Random numbers are used in differential
evolution. The results obtained with the same
specifications may differ.

10/6/2025
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Generation Minimum Error | Average Error | Maximum Error | Evolved (%)
1 0.9915 09592 1.0000 46.00
5 0.3624 08687 09984 33.20
10 0.2029 0.7695 09800 20.40
15 0.2029 0.7093 09746 11.60 . = .
o0 0.2029 0.6555 0.9505 160 Example 1: Population Fitness Improvement
25 0.2029 0.6145 09276 11.20
30 0.1647 059673 09276 10.80 i H i H H i H
2 01047 0 2200 iy 5 50 This slide lists fitness improvements for population members across generations
40 0.1647 0.5119 0.8633 4.40 in the differential evolution process.
45 01647 0.4894 0.5292 6.00
50 0.1647 0.4760 0.8279 4.00 : :
55 0.1647 0.4605 0.8227 4.80 * Metrics Defined:
B0 01647 0.4451 0.8227 4.00
65 01647 0.4301 08227 4.40 o R—~f . 3 :
2 0 1edr 0 4188 0 7898 5 40 Minimum Error: Lowest error in the generation.
[ 01252 0.4094 0.7828 6.00 .
80 0.1252 0.3989 0.7517 4.40 * Average Error: Average error for the generation.
85 01252 03869 0.7469 4.80 . .
90 0.1252 0.3766 0.7469 400 «  Maximum Error: Difference between best and worst errors.
95 01252 03694 0.7469 3.60
100 01252 03621 0.7469 360 . . c a 3
(05 01259 0 3501 07460 5 40 Evolved: Percentage of population that evolved in the generation.
110 01252 0.3497 0.7469 360
119 0.1252 0.3391 0.7469 3.60 +  Optimization Impact: The minimum error improved from 10.66% to 7.77%.
120 01252 0.3347 0.7469 2.40
125 0.1252 0.3290 0.7469 1.20 . _ _ . .
130 0.1252 0.3211 0.7469 1.60 - Data Source: Metrics are from the .out file associated with the solved matching
135 0.1252 03160 0.7401 2.80
140 0.1252 0.3121 0.7401 2.40 problem.
145 0.1252 03070 05603 2.00
150 0.1252 03026 05603 2.40
155 0.1252 0.2986 05603 3.20
160 0.1066 0.2967 05603 2.80
165 0.1066 0.2929 05603 2.80
170 0.1066 0.2899 05603 2.80
175 0.1066 0.2876 05603 1.60
10/6/2025 www.ampsa.com 24
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DE Example 1: Minimum and Average Errorsversus Generation
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Generation
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DE Example 1: Percentage Evolved versus Generation

Example 1: Population Fitness
Improvement

The minimum and average errors and the
percentage of the population that evolved in
each generation were plotted in the graphs
shown here. The fithess improvements with
the standard DE algorithm is shown on the
left. The graphs on the rights apply to the
modified DE algorithm.

The minimum errors obtained are similar,
but the average errors associated with the
standard algorithm are significantly better.
The performance with the modified algorithm
stabilized sooner.
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Chart Matching yarmanproblem.mmi - Ampsa Amplifier Design Wizard (V24H) - O X

|iiewssy| Chart Options Matching Metworks |r Result51l Project ~ Schematic ~ Artwork ~ Export v Microstrip ~ Preferences ~ Views ~ Window ~ 7 (@
H First . ’ Mext - W] Solution in new window =i Detailed schematic -§ Tolerances @ Metwork terminations |I| Performance WSWRs %El Mew ADW circuit file %T Touchstone file
H Last ‘ Previous B Close results views g5 Artwork Preferences @ Intrinsic terminations ,{E Impedances El Active Performance ~ %El Existing AD'W circuit file 5;5 Super Compact
: : E] Text view 1H] scaling ] Gain plot <0 HC impedances c’-;M MWO script ng_iw DXF file

CHARTE 5 B g & -

yarmanproblem.mmi - MN Terminations [sq/ yarmanproblem.mmi - Solution 1 % - yarmanproblem.mmi - Impedance 1 (8C) x hd Example 1_ Systematic Search
Solution 1 Solution
Y ARMANPROBLEM
: 7.71% 1: 0.041422 . . .
;1;2: 6.08% gz: -2.059876 The best six-element solution obtained
Q3: 1.030207 a . . .
MRDwc: 11.94% 04:  -0.033272 — with a systematic search is shown here.
Q5:  -2.005824
Q6:  2.988470 - The performance is like that of the best
solution obtained differential evolution.
A A Note: Differential evolution is significantly
S S S faster than systematic search.
D 1] DEQR_' QKZE.J

Ready
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classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic ~ Artwork ~ Export ~ Microstrip ~ Preferences - Views - Window ~ ? (@)

205 -
~r :

Terminations
graph

. Import : Edit
© data  terminations

N :Wﬁ:
B AR

. Network : Topology | Resonating - Transformation | Lumped element :
Type~

ooo onn
::b : ITT

@ 87

© sections - Qs constraints

v

©®

IEEHdEBETE s B E ~

classfncharmmatchdis.mmi - MN Terminations (SC) =

-

() Admittances

() Reflection

Distributed Synthesize
~ networks wizard | solutions
Terminations X
-
oK | ——
F (GHz) Rs (2) Xs (@) RL () XL () GT (dB)
Cancel

1._5000 30.877 —20.175 50.000 0.000 > —0.1123
1.€000 23.203 -ls.0&s 50.000 0.000 > —-0_127% Help
1.7000 24.€3% -l6.524 50.000 0.000 = -0.1301
1.8000 21.13%  -15.062 50.000 0.000 > -0.1214
1.%000 13.447 -13.7€5 50.000 0.000 = -0.1040 Insert Row
2.0000 17.818  -13.05€ 50.000 0.000 = -0.07€5
2.1000 17.647  -12.53¢ 50.000 0.000 = -0.052% Delete Row
2_Z000 le.318 -11.531 50.000 0.000 > —0.0540
2.3000 15.858 =11.104 50.000 0.000 > -0.0575 Paste Deleted
2.4000 15.021 —-10.050 50.000 0.000 = —0.0537
2.5000 14.314 -8.715 50.000 0.000 = —0.0305

Interpolate

Convert Circles
Slope Gain...
Set Fixed Elements
Remove Fixed Elements
Edit Format Impedance Fit Option

Harmenic Control

|_J Fit Impedance 2nd Harmonic Targets

Weight c 3rd Harmonic Targets
Factor, 020 S E

[0.0; 1.0] B use worst case error

Ready

Example 2: Harmonic Control Matching
with Non-Commensurate Networks

This slide introduces a matching problem
with harmonic control using non-
commensurate networks in the ADW and
the MW.

+ Passband Specifications:
Terminations must lie within specified
circles over the 1.5-2.5 GHz passband.

* Harmonic Terminations: Required to
be in the first and second quadrants of
the Smith chart (inductive impedances).

* Fundamental Frequency:
Specifications defined for 1.5-2.5 GHz
passband.
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Project — Schematic ~ Artwork — Export - Microstrip — Preferences ~ Wiews - Window ~ 7 (@)

@ = O ff @ B1 I

1L
TTT

& ®

Terminations . Import Edit . Metwork : Topology : Resonating : Transformation : Lumped element :  Distributed Synthesize
graph © data  terminations = Type~* © sections Qs constraints  ~ networks wizard | solutions
Second-Harmonic Terminations X B

JIEHBEE 1% B B =

classfnc hdis.mmi - MN 50 x - = | r
F (GH=) MAG[Tor] ANG[Torl Xb (2) Xe (Q) BL (@) XL (Q)
Cancel
3.0000 0.0000 - 200.00 50.000 0.000
ASS ARMMATCHDIS 3.2000 0.0000 0.00 0.00 200.00 50.000 0.000 =
3.4000 0.0000 0.00 0.00 200.00 50.000 0.000 nep
3.€000 0.0000 0.00 0.00 200.00 50.000 0.000
3.8000 0.0000 0.00 0.00 200.00 50.000 0.000 nterpolat
4.0000 0.0000 0.00 0.00 200.00 50.000 0._000 nierpoiate
4.2000 0.0000 0.00 0.00 200.00 50.000 0.000
4.4000 0.0000 0.00 0.00 200.00 50.000 0.000
4.€000 0.0000 0.00 0.00 200.00 S0.000 0.000
4.8000 0.0000 0.00 0.00 200.00 50.000 0.000
5.0000 0.0000 0.00 0.00 200.00 50.000 0.000 Qmin_H2Z:
10.0000
[Z2] Factor:
10.0000
Second-Harmonic Targets and Boundaries Activate Specifications At Harmonic Terminations
List Option O &l frequencies Specified for matching
. = network Width of H2
() List angles (Z0 = 50.00) () Lowest frequency transition band:
o Ligt reactance values ":] Center frequency o Input side 0.00000 GHz
-.:l Highest frequency ,:::, Output side
(_J) Other freguencies
Target Errer Function
— . Weight Factor:
() Reflection sectors Overlapping Harmenic Bands
—~ - gnore intrinsic targets 0.1000
O
.. Local origin sectors H2 overrides H3 -
o . & © Reactance ranges ] 1gnere HZ terminations
(Forigin=0.0}

Example 2: Second-Harmonic Reactance
Targets

This slide shows the second-harmonic
reactance targets for the harmonic control
matching problem to be solved.

Reactance Targets:

* Values rotate clockwise from X, to X, on
the Smith chart at each frequency.

*  Minimum Q-value: 10.0 for second-
harmonic impedances.

*  Minimum Z-factor (|R,/Z,| or |G,/Y,|): 10.0
for second-harmonic impedances.

Error Function Weight:

Adjust the weight to get the required
compromise between the fundamental-
frequency match and the harmonic
terminations.

10/6/2025
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|.-Ma.tching Netwo[kg-.| Results Project — Schematic = Artwork = Export = Microstrip ~ Preferences ~ Views = Window = 7 t_}
s . pfr] |E| : EF : T EEE Tt LiL W ®
~r s iy i T O
Terminations . Import Edit . Network - Topology . Resonating - Transformation - Lumped element - Distributed Synthesize
graph * data ° terminations = Type~ © sections Qs constraints  ° networks wizard | solutions
RE=A"| E 1% Elc'E 5 Third-Harmonic Terminations b

dassfncharmmatchdis.mmi - MN Terminations (5C) X]
F (GH=z) MAG[Tor] ANG[Tor] b Q) Xe (Q) BL () XL ()
Cancel
ACC 4_5000 O _ 0000 Q. 1] 50 a
4_8000 a_000a0 0.0a 0.0a 200.00 50.000 0.000 Help
5.1000 o.0000 0.00 0.00 200.00 50.000 0.000 =
5._4000 o_gdooo 0.00 0.00 200.00 50.000 0.000
5.7000 0.0000 0.00 0.00 200.00 50.000 0.000 Interpolate
€.0000 o_dooo 0.00 0.00 200,00 50.000 0.000
&.3000 0._0000 0.0a 0.0a 200.00 50.000 0.000
&.€000 o.0000 0.00 0.00 200.00 50.000 0.000
€.5000 o_gdooo 0.00 0.00 200.00 50.000 0.000
T7.2000 o_dooo 0.00 0.00 200,00 50.000 0.000
T7.5000 o_dooo 0.00 0.00 200,00 50.000 0.000 Qmin H3Z:
10.0000
23| Factor:
10.0000
Third-Harmaenic Targets and Boundaries Activate Specifications At Harmenic Terminations
List Option )
O Al frequencies Specified for matching )
Width of H3

() List angles (20 = 50.00)

© List reactance values

Target

(D) Reflection sectors.
() Local origin sectors

© Reactance ranges
(Forigin=0.0}

Ready

[:] Lowest frequency network

transition band:
0.00000  @Hz

(_) Center freguency

() Highest frequency © input side

() Output side

() Other freguencies Error Function

Weight Factor:

[l Ignore H3 terminations 0.1000

Example 2: Third-Harmonic
Reactance Targets

This slide shows the third-harmonic
reactance targets for the matching
problem.

Note that targets were set for all
third-harmonic frequencies. If the
results are suboptimal, target specific
third-harmonic frequencies, ignoring
the harmonic control errors at others.

10/6/2025
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View
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- Metwork : Topology - Resonating - Transformation - Lumped element . Distributed Synthesize
constraints * networks wizard | solutions

Terminations - Import Edit
graph © data - terminations © Type~ - © sections Qs

JIEHRBOE 1 8 gfE =
dlassfncharmmatchdis.mmi - MN Terminations (5C) x

MNetwork and Topology Specifications (Mon-Commensurate Netwaorks) X

Maximum Number of Elements Topologies Allowed

6 B © Cascade and RS topologies (55)

() Only RS topologies (S5)

S5 [2; 6 or 8] DE: [2; 12]
() Only cascade or specified topology
Network Constraints

Mumber of resonating
o Lors sections (Fixed
(C) Low-pass prototype Topology option)
() High-pass prototype 0 <0 %
() Bias-type Input Side 03

Qutput Side
) No series capacitors

= DE: Differential evelution

(_) No shunt inductors
55: Systematic search

Firgt Element (load side)
Cancel

() Series element
() Shunt element Help
o Series or shunt

Ready

Example 2: Topology Constraints

This slide shows the topology
specifications made for the matching
problem.

* Network Configuration: Networks with
up to six elements will be synthesized to
meet the passband and harmonic
termination requirements. No
constraints were imposed on the
network elements.

« Topologies Allowed: The search or
evolution will be done over the standard
cascade topology and the resonating
section topologies.

* First Element: The first element on the
load side can be a series or a shunt
element.
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S ™ M O Fr o FOH, 4O ® Specifications
Terminations . Impaort Edit . Metwork - Topology - Resonating - Transformation = Lumped element . Distributed Synthesize
graph © data ~ terminations = Type~+ - © sections Qs ) constraints 'netwo"""-i“'ﬂ.- — ) ) i . . . .
—ﬂ_ Systematic Search Parameters | Differential Evolution Parameters X | ] ThIS Sllde ShOWS the SpeCIflcatlonS made
DS HECDE =1 % B 67 = Transformation Qs Search and Evolution Options X .
dassfncharmmatchis.mmi - MN Terminations (5 x ™ Sransformtion.0 Freauency -| on the Transformation-Qs page. Solutions
Cmin Qinec Qmazx Bl . . . . .
oo | will first be synthesized with a systematic
CLASSICHARIIIATCAS e search.
—-'".. S50 s isss 2000
,%F% e Qs: The range for each transformation-Q
" optimized after differential evolution: . .
%‘?‘faﬁ. o was set to [-3.5; 3.5]. The Q-increment is
SO RN o
;@&‘g\; Quick Edit [2=5:200] 0.5.
i ghgéé@ Differential Evolution Specifications Gain Window . . . . .
e e e e o I — Gain Window: The gain window is set to
““‘ﬁ'ﬁ"" [T Include RS topologies i : 08 [0 89. 1 O]
‘ “‘{\\\‘\'.‘..- [ lgnore topology constraints GTmax [0.1:1]): 1 =1.0= . ’ . .
\\\ - | Use modifi algorithm = . .
‘\\\s%_"_-_‘_' e s Finer Searches: Finer searches will be
~h_ﬁ-¢ generation: ! Sl @ optimize solutions .
\&_—y - _ performed on the best 100 solutions
-/ ) use fast version - - .
. —— R . obtained in the main search.
{>10%nQs) st
O, ° & M s 150 <toos - Optimization: The best solution obtained
(== 500)
Cossoverrste 20 e in each finer search will be optimized.
[0.05; 0.95] e | <
Ready . ey
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Terminations . Import Edit - Metwork - Topology = Resonating * fray Distributed/Microstrip Networks Wizard - Open-Ended Stub Options X

Example 2: Open-ended Stub Options

graph * data ° terminations  Type~ © sections . .
~ Various options for open-ended stubs

SHESDE i EBE

dlassfncharmmatchdis.mmi - MN Terminations (SC) x

Ready
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The minimum electrical length for open-ended stubs can be specified here. The option to
use double stubs in the matching networks is also provided. ff double stubs are allowed,
they can be transformed to stepped maindine sections. This option is frequently used
when power matching networks are synthesized.

Minimum electrical length for an open-ended stub <5°3:

5.00 (" at FpsbH)
0.0; 15.0
Minimum electrical length at which an open-ended stub |J|:||:|
should be converted to a double stub:
0.00 (* at FpsbH)

Stepped maindine sections

Transform double stubs to stepped maindine sections EE:

Maximum width {mm) Minimum width {mm) Length {mm)
Lowest Z0 (Ohm) Highest Z0 {Ohm) Blectrical length ()
7.00 50.00 1300
F = 2 500GHz

Note: Mot using resonating sections is usually a good option
when open-ended stubs are replaced with stepped maindine
sections (Allows short maindine sections).

< Back MNext > Cancel

www.ampsa.com

are provided on this page.

Minimum Length: Open-ended stubs
shorter than 5° at the highest passband
frequency will be removed from the
networks synthesized.

Double Stubs: Double stubs will be
allowed in this example. The option to
transform these stubs to stepped main-
line sections was selected.

Stepped Sections: The range of
characteristic impedances for the
stepped sections is [7Q; 50Q)]. Note the
line length specified for the stepped
sections. Good results are usually
obtained with lengths in the range [30°;
45°].




-——’) Views  |goldatching Networks.y| Results

Matching classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic - Artwork = Export = Microstrip = Preferepces = Views = Window ~ 7 (@

G = & [ ano@m 5T

Terminations : Import Edit
graph © data ~ terminations® Type~ - © sections
—
JHdBOE T BT E
4

classfncharmmatchdis.mmi - MN Terminations (SC) x

Ready

CE T S 1 L (e)

© Network - Topology | Resonating . 1ral Distributed/Microstrip Networks Wizard - 70's

The characteristic impedance of the lines to be used are listed here. The line lengths will be used as
variables. The minimum and maximum length to be used for the main line sections are listed too. The
minimumn  length specification is important when stubs can overdap. When distributed networks are
required, the characteristic impedances and line lengths should be modified on this page, f necessary.
if the associated dimensions were specified previously for microstrip networks, the values listed

should be inspected to ensure that the specifications made are realistic.

e R Harmanic Traps
ml SST Z0:

_ SS5T ResFrg (GHz):
- ost 23 7500 Ohm 100.00
SST maximum

OST ResFrg (GHz):

electrical length:
Mainine Sections £5.00 . 100.00
Input side Z0: Qutput side Z0: QST CNLlength (%)
[75.00 Ohm 75.00 Ohm OST Z0 (S5T Z0Min): at FpsbH [2°; 257
7.00 Ohm 6.0000
Minimum length: Maximum length:
- . ZOOST Minimum:
17.50 50.00 OST masimum 10,00
FpsbH = 2 500GHz slecincal length: e
Taper Check 65.00 aximum:
25.00
Main-ine Z0 Search
ML Z0 minimum: ML Z0 maximum: ML Z0 step:
Perform search 65.00 Ohm 85.00 Ohm 5.00 Ohm

[ Only show optimum Z0 results

< Back | Meat = Cancsl Help

Example 2: Main-Line and Stub Specifications

The characteristic impedances and line lengths to
be used are specified on this page.

Z0s: The characteristic impedances to be used
for the main-line sections and the shorted and
open-ended stubs must be specified here. If
different Z0s are specified for its input and output
side, the main-line will be tapered.

Lengths: Constraints can be imposed on the line
lengths. The minimum length for the main-line
sections is important. It ensures sufficient
separation between consecutive junctions.

Search: The option to search for the best main-
line characteristic impedance was selected and
the range and step size for this search was set.

Traps: The stubs will not be used to provide
transmission nulls in this example.

10/6/2025
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Matching

J Views |.-Matl:hing Netwolks-'| Results

classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic ~ Arbwork ~ Export = Microstrip = Preferences ~ Wiews = Window = ? ._".

@ » M A oo oF H o a e

Terminations . Import : Edit

graph © data - terminations~ Type~

" Metwork . Topology | Resonating . Trai Distributed/Microstrip Networks Wizard - Pad Sizes (Electrical)

© sections

—

I HRETE =1% 8 T E -

Pads may be specified for the lumped components used. Different pads can be used for inductors and
capacitors. Different pads can also be specified for shunt and series components. Shunt connecting

classfncharmmatchdis.mmi - MN Terminations (SC) x

- lines can also be used to separate the shunt pads from the associated junctions. F distributed
| networks are to be synthesized. the pad sizes should be specified on this page. When microstrip

networks are required and the dimensions were specified previously, the values listed should be
inspected to ensure that they are realistic.

Shunt Inductor Pads Shurt Inductor Connecting Line
Z0 (Ohm) Length (7) Z0 (Ohm) Length (%)

=0 o7 e £ronn P
fodrUd LLREL T ovwe  Uduw

Shunt Capacitor Pads Shunt Capacitor Connecting Line
Z0 {Ohm) Length () Z0 {Ohm) Length (%)
7897 0.00 40.00 0.00

Series Capacitor Pads

Z0 {Ohm) Length (%)
750 — H
F = 2 500GHz
Series Inductor Pads Ij
Z0 {Ohrm) Length (7)
5T P

o FUU IRL LY

< Back Cancel

Ready

Example 2: Lumped-Element
Pad Sizes

The pad sizes for lumped
elements must be specified on
this wizard page. Only series
capacitors are allowed in this
example.

Note: The length specified for
the series capacitor pads must
ensure sufficient separation
between adjacent stubs.

10/6/2025
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' Chart Matching classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H) — O *
\_) Views Chart Options Matching Netwarks ~Results Project ~ Schematic ~ Artwork ~ Export ~ Microstrip + Preferences ~ Views v Window ~ 7 E@
K First : P Mext : I solution in new window | "=f Detailed schematic § Tolerances (3 Metwork terminations | [#] Performance VSWRs %EI Mew ADW circuit file c'-'ET
P Last 4 Previous [ Close results views s Artwork Preferences | (@ Intrinsic terminations | HE Impedances Active Performance = | & Existing ADW circuit file £°
: : E] Text view 1] Scaling [~ Gain plot “HF HC impedances M MWO script e
“B
IEHdBHE 1% 8 &
cassfncharmmatchdis.mmi - MM Terminations [SQ/ classfncharmmatchdis.mmi - Solution 1 x classfncharmmatchdis.mmi - Impedance 1 (SC) x
Solution 1
CLASSFNCHARMMATCHDIS
MRD: 0.00% 2l: -0.903742 MRDZndH: 0.00%
MRDf : 0.00% Q2: 0.905742 MRD3rdH: 0.00% P
03: -0.034149%
MRDwWC : 0.92% o4: 2.023499 Hasas
Q5: 0.621174 22283
Q6: 0.071530
Q7: 1.482372
] ]
S21MAN-01.00d5
80.00 810 £0.00 11.20 £0.00 1.55pF B — =
22.44° 22.00° 27.88° 23.00° 48 547 7.50° 2.0000; 2.3000; 2.5000 {GHz) RO 50.00
a
(2.500GHz) St w21 A

Ready

Example 2: Best Six-
Element Solution

The first solution obtained
with the systematic search
is shown here.

Note that several good
solutions were obtained to
this problem.

10/6/2025
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\-) Chart Matching classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H) - O *
Views

Chart Options Matching Metwarks Results— Project ~ Schematic ~ Artwork + Export ~ Microstrip ~ Preferences = Views ~ Window ~ 7 i@
First - Mext . I Solution in new window || =f Detailed schematic | ¥ Tolerances (2 Network terminations Performance VSWERS 25 hew ADW circuit file Cov
F ] ]
Last Previous [ Close results views 2o Arbwaork Preferences @ Intrinsic terminations Impedances Active Performance ~ || 58 Existing ADW circuit file L
: : =% “&
: : =] Text view 1K Scaling [ Gain plot +lr HC impedances M MWO script =
=8 “5

JSHdBTE 1 BT E -

classfncharmmatchdis.mmi - MK Terminations[SC]/ classfncharmmatchdis.mmi - Solutiond4 = | + dassfncharmmatchdis.mmi - Impedance 4 (5C) x -

Solution 4

CLASSFNCHARMMATCHDIS

MRD: 0.00% Ql: -1.004494 MRD2ndH:  0.00% . .
MRDE : 0.00% Q2: -0.004221 MRD3rdH:  0.00% Example 2: Fourth Six-
Q3:  1.004527 i Element Solution
MRDwc:  0.64% Q4: 0.818643
Q5: 0.294760 nms ; ;
Q6: 0.814266 The fourth solution obtained

with the systematic search
is shown here.

The topology differs from
those obtained previously.

S22 AC-0.00dE

80.00 780 20.00 10.30 2.37pF 75.00 B 0o
22.50° 33.00° 2411 23.00° 7.50° 47.18° 2000, 23000 2.5000 Gz ROZ 5000
fal
{2.500GHz) Do s2te B o

Ready
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‘!') Views

Matching classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic = Artwork = Export = Microstrip = Preferences - Views = Window - 7 t_.l-

|r Matching Networks 1|

S = ® O fF A 1 B wm 4 @

Terminations . Import Edit . Network . Topology - Resonating : Transformation . Lumped element .  Distributed Synthesize
graph - data - terminations  Type~ © sections Qs : constraints  ~ networks wizard solutions
DEHBREGE <1< B gf = Systernatic Search Parameters | Differential Evolution Parameters X

classfncharmmatchdis.mmi - MN Terminations (5C) x

| Transformation Qs Search Options

Transformation-0 Freguency
Qmin Qinc Qmax
ASSF ARMMATCHDIS —3_.5000 _5000 3_5000 |
—3.5000 0.5000 3_5000
—-3.5000 0.5000 2.5000
—-3.5000 0.5000 3.5000
—3.5000 0.5000 3_5000
-2 5000 0.2500 2._5000 Number of potential selutions (nS) to be
used in secondary searches or to be
optimized after differential evolution:
100 <25
[25:200]
ek Bl Differential Evolution Specifications
Gain Window 8 u== Differential Evolution
[ Use modified trial vectors
i = 0.89
BT AL <0.89= Starting with generation: 35
GTmax [0.1:1]: 1 <1.0= [ Include RS topologies =20=
[ Ignore topology constraints
Population Size: 250
ﬂ Optimize solutions {=10*n0s)
<250=
Number of 150
oK Cancel generations:
o_ @ & (== 500) <100=
Help
Crozsover rate: 0.200

[0.05; 0.95]

<0.2=

Ready

S

Example 2: Differential
Evolution Solutions

Solutions will be synthesized
next by using differential
evolution. The specifications
made on the Transformation-Qs
page are shown here.

Resonating Sections:
Resonating sections will be
allowed.

Note: The main-line impedance
was fixed to 80 Q (Line and Stub
specifications) but searching for
the best characteristic
impedance is also allowed with
differential evolution.

10/6/2025
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' Chart Matching classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H) - O x
\) Views Chart Options [M] I-rﬂesu“h-[ Project = Schematic = Artwork = Export = Microstrip + Preferences = Views ~ Window = 7 i@
First - Mext . I Solution in new window | =f Detailed schematic -I- Tolerances @ Metwork terminations Perfarmance VSWRs 2E yew ADW circuit file 2T Touchstone file
: : H “B ]
Last : Previous :© [ Close results views g5 Artwork Preferences @ Intrinsic terminations Impedances Active Performance ~ | &8 Existing ADW circuit file £ Super Compact
: : “a <8
: : E] Text view 1H Scaling ] Gain plot <l HC impedances M MWO script £ DXF file
“3 <5

JISHETE n v B E -

classfncharmmatchdis.mmi - MM Terminations [SQ/ classfncharmmatchdis.mmi - Solution 1 x - classfncharmmatchdis.mmi - Impedance 1 (5C) x -
Solution 1 . :
CLASSFNCHARMMATCHDIS - Example 2' BeSt S|X'
MRD: 0.00% Ql: -0.96595¢6 MEDZndH: 0.00% Element DE SOIUtIon
MRDf: 0.00% QZ2: 0.074602 MRD3rdH: 0.00% . . . .
Q3: 0.973622 ' The first solution obtained
MRDwWC : 0.5%e% Q4: 0.711783 225093 . ff t | | t 0
Q5:  0.395216 - with differential evolution is

The topology is like that of
the fourth solution obtained
with the systematic search
and the performance is
similar.

‘¥
Il

‘}g
A

5
'O" L
S
47

3

N

QU

o

I — 1
Q1 1 1 1 —
SMAN-QL0KIE

20.00 7.50 2000 10.20 2.50pF 75.00
e — . - . - - . Rt 5000
2208 33.00 2403 33.00 7.50 4857 T
2:0000; 23000, 2.5000 { GH) R 5000
(2.500GHz)
O o i
St s2e 52

Ready
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Generation | Minimum Error | Average Emor | Maximum Error | Evolved (%)
1 0.2174 0.8297 1.0073 40.00
5 0.2012 0.6634 1.0000 27 60
10 0.1679 0.5338 1.0000 19.20
15 0.1679 0.4504 1.0000 16.00
20 0.1453 0.4121 1.0000 12.40
25 0.0695 0.3819 1.0000 14.00
30 0.0536 0.3604 0.7984 14.40
35 0.0536 0.3387 0.7690 13.20
40 0.0497 0.3288 0.7690 10.40
5ol em | b | 0| 1B | Example2: Population Fitness
55 0.0497 0.2988 0.7534 5.60 Improvement
60 0.0497 0.2924 0.6365 5.60
65 0.0497 0.2882 0.6365 4.40 e : :
70 0.0497 02810 06365 6.40 This slide lists fitness Improvements for
75 0.0497 0.2742 0.6365 4.40 : : -
80 00407 02661 06362 480 population members across generations in
85 0.0497 0.2590 0.6365 4.40 the differential evolution process.
90 0.0437 0.2510 0.6365 7.20
95 0.0144 0.2465 0.6365 4.00 PSPy . o
100 00144 09490 05219 5 80 Optimization Impact: The minimum error
105 0.0144 0.2372 0.5053 280 improved from 1.31% to 0.0%.
110 0.0144 0.2289 0.5053 5.20
115 0.0144 0.2237 0.5053 2.80
120 0.0144 0.2181 0.4563 4.40
125 0.0131 0.2116 0.3804 3.20
130 0.0131 0.2074 0.3804 2.40
135 0.0131 0.2016 0.3804 2.40
140 0.0131 0.1986 0.3804 2.40
145 0.0131 0.1947 0.3706 2.00
150 0.0131 0.1872 0.3706 3.20
10/6/2025 www.ampsa.com 41



DE Example 2: Minimum and Average Errors versus
Generation

DE Example 2: Minimum and Average Errors versus
Generation

Example 2: Population Fitness

08 Improvement
08 | The minimum and average errors and the
g 0 " g 03 percentage of the population that evolved
. 02 graphs shown here. The evolution was for
00 0000000000000 0. ittnncocncenne 011 g ay, seven elements and a fixed topology.
0 (XX 0000000000000 00000000 0000000000 RGS
oo v s o S S S 7 The fitness improvements with the
@ MinimumError @ Maximum Eror © MinkmumEror @ Mastnum Ener standard DE algorithm is shown on the left.
DE Example 2: Percentage Evolved versus Generation DE Example 2: Percentage Evolved versus Generation The graphs on the rlghts apply to the
80 modified DE algorithm.
* 60 The minimum errors obtained are similar,
;. but the average errors associated with the
» standard algorithm are significantly better.
]1 20 The performance with the modified
n e algorithm stabilized much sooner.
0
6 2 4 8 8 10 120 10 10 10 20 o a0 a0 s s i im0 w0 1m0 1w 20
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Chart Matching classfmixldhrmmtc.mmi - Ampsa Amplifier Design Wizard (V24H) - a x
\) Views Chart Options Matching Metworks T&su? Project ~ Schematic ~ Artwork ~ Export - Microstrip - Preferences - Wiews - Window ~ 7 ij .
H First : ’ Mext : ] solution in new window :'n' Detailed schematic: -§- Tolerances @ Metwaork terminations |I| Performance \ISWRS %E'NEWADW circuit file o';TTouchstanefile Example 2: Mlxed
[ Last ¢ Previous [ Close results views 25 Arbwaork Preferences | @ Intrinsic terminations | J iImpedances Active Performance ~ é‘ﬁElExisting ADW circuit file %5‘ Super Compact LumpB‘d/DiStributEd
: : EI Text view 1 5caling =] Gain plot B HC impedances Z" MWO script & DXF file Solutions
CHRTE BT E - The specifications were
classfmixldhrmmtc.mmi - MN Terminations (5C) / classfmixldhrmmtc.mmi - Solution 1 x - classfmixldhrmmtc.mmi - Impedance 1 (SC) x - Changed tO SyntheSIZe
Solution 1 mixed lumped/distributed
CLASSFMIXLOHRMMTC _ _ solutions to the problem
MRD: 0.50% Ql:  0.248346 MRDZndH:  1.36% : (Open stubs replaced with
MRDFf : 0.43% Q2: 1.313513 MRD3rdH: 0.00% P 0
Q3: -0.062336 padded capacitors).
MRIDwC : 1.28% Q4: 1.2835955 AR
Q5: -1.283955 aa Resonating sections were
Q6: 0.229701 . .
Q7: 0.381639 allowed in the systematic
search.
Systematic search: The
— 7 — 0 —— first solution obtained with
m i i s ame a systematic search is
) ] ] : . shown here. The
£85.00 85.00 3.2EpF £5.00 1.82pF £85.00 - : . -
12.80° 20.42° 3.51° 28 .23° 381° 14.11° 20000, 2.2500; 2.5000{GHz) RO 5000 pel"formance IS I|ke those
S O, o A of the solutions presented
earlier.
Ready
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Chart Matching

Matching Networks JpﬂesuI.hq

®)

Chart Options

classfncharmmatchdis.mmi - Ampsa Amplifier Design Wizard (V24H) — (]

Project ~ Schematic ~ Artwork ~ Export ~ Microstrip - Preferences ~ Wiews ~ Window - 7 @J

K First ; [ Mext : 0] Solution in new window | = Detailed schematic § Tolerances

(3 Metwork terminations | [] Performance WSWRs 28 New ADW dircuit file & T Touchstone file

Last Previous Close results views Arbwork kR Preferences Intrinsic terminations Impedances 4| Active Performance = Existing ADW circuit file Super Compact
: B e @ =] 5 g°
: : (=] Text view 1iH Scaling [ Gain plot <l HC impedances 2" MWO script & DXF file
B O E <1 B E *
classfncharmmatchdis.mmi - MM Terminations [SC]/ classfncharmmatchdis.mmi - Solution 1 x b classfncharmmatchdis.mmi - Impedance 1 (SC) x
Solution 1
CLASSFNCHARMMATCHDIS
MRED: 1.36% 0l: -1.000918 MRD2ndH: 0.00%
MRDf: 0.70% QZ: -1.00e285 MRD3rdH: 11.70% Cirenit 1
Q3: -1.06565%4
MRDWC : 2.90% 04: 0.435491 s
Q5: 0.460876 22art
Q6: 0.344415
E21MAX:-0.00dE
50.00
50.00 2 18pF 288pF 75.00 1.38pF 75.00 15000 1.5000
2.0000; 2:3000; 2.5000 (GHz) RO2: 50.00
19.77¢ 3.91® 8.83° 24 78"° 8.83° 48.91°
o iy
S1le SNe ¥
(2.500GHz)

Ready

Example 2: Mixed
Lumped/Distributed DE
Solutions

The first mixed
lumped/distributed solution
obtained with differential
evolution is shown here.

Resonating sections were
not allowed, and the
number of elements was
set to six.

10/6/2025
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DE Exampe 2 MxLu: Minimum and Average Errors DE Exampe 2 MxLu: Minimum and Average Errors
versus Generation versus Generation

Generation Generation

@ Minimum Error @ Average Error @ Minimum Error @ Average Error

DE Example 2 MxLu: Percentage Evolved versus Generation




Matching classfcomdisharmmatch.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic = Artwork = Export = Microstrip ~ Preferences = Views + Window ~ 7 n@.l

\l_:.-) Views | Matching Networks |
N Z0s - FE: . Hﬁ T . . o : . w
S T M O prom FTOH, & ®

Terminations . Import : Edit

. Metwork - Topology . Resonating : Transformation . Lumped element . Distributed Synthesize
graph * data  terminations = Type~ - © sections Qs :

* networks wizard | solutions

JSHESDE -1 B g E =
classfcomdisharmmatch.mmi - MN Terminations (3C) = ]

Metwork and Topology Specifications {Commensurate Metworks)
WMaximum Number of Elements Tepelogy Options

6 <=

() Only RS topologies (S5)
S5: [2; 8] DE: [2; 12] T 2o

Network Constraints
Number of rezonating

o None sections (Fixed
Topology option):

) Low-pass

[:J Cascade and RS topologies (S5)

o Only cascade or specified topology

=

() High-pass

0 <= [T]

il

[0; 31
First Element (load side)
DE: Differential evolution

[:] Series element 55 Systematic search

[:J Shunt element

o Series or shunt

Help

Cancel

Ready

Example 3 — Harmonic Control
Matching With Commensurate
Networks

The problem in Example 2 will be
solved with commensurate
networks in this example.

Networks with up to six elements
will be synthesized. No constraints
will be imposed on the element
types. The first element on the load
side could be series or shunt.

The resonation section topologies
will not be included in the search.

10/6/2025 www.ampsa.com

46



Views [wMatching Networks.|

Matching

classfcomdisharmmatch.mmi - Ampsa Amplifier Design Wizard (V24H)

Project ~ Schematic ~ Artwork ~ Export ~ Microstrip - Preferences ~ Wiews ~ Window -~ 7 -@J

»)
@ »M® O fr & &1 B i

Terminations . Import :

graph © data

Edit
* terminations

. Metwork : Topology | Resonating : Transformation :
0s :

Type~ - © sections

1 Transformation Qs

&®

Systematic Search Parameters | Differential Evolution Parameters

Search and Evelution Options

JEHE T E =1 &% B g7 s Transformation-Q Frequency
- - — ~ Cmin Qinc Cmax
dlassfcomdisharmmatch.mmi - MM Terminations (SC)  x 1.7500
_ 3000 1._8000 1.8000
—1.8000 0.3000 1.8000 1.8500
-1.8000 0.3000 1.8000 1.8000
CLASSFCOMDISHARMMATC —-1.2000 0.3000 1.2000
-1.8000 0.3000 1.3000 2.0000
—-1.2000 0.1500 1.2000 i i
MNumber of potential solutions (nS) to be
uzed in secondary searches or to be
optimized after differential evelution:
100 =55:50 DE: 100>
) ) [25;200]
Quick Edit

Starting with
generation:

Population Size:
(=10*nQ=)

Number of
generations:
(== 500)

Crossover rate:
[0.05; 0.95)

Ready

Differential Evelution Specifications
[C] Use Differential Evolution

[CJ iInclude RS topologies

[ Ignore topology censtraints

Gain Window

GTmin [0.1;11; 0.94 «0.89=

GTmax[0.1;1) 1 <1.0=

[ Use modified DE algerithm

1
s B Optimize solutions

[Cluse fast version

00 «250=
Cancel
175 =100
Help
0.200 <02

EXAMPLE 3 — Transformation-Q
Specifications

This slide shows the specifications
made on the Transformation-Qs
page. Solutions will first be
synthesized with a systematic
search.

Qs: Based on the results obtained
in a previous synthesis cycle, the
range for each transformation-Q
was reduced to [-1.8; 1.8].

Gain Window: [0.94; 1.0].

Number of Main-Search Solutions
to be Refined with Secondary
Searches: 100.

10/6/2025
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Matching classfcomdisharmmatch.mmi - Ampsa Amplifier Design Wizard (V24H)

J Views | Matching MNetworks | Results

Project = Schematic ~ Artwork - Export = Microstrip = Preferences - Views ~ Window = 7

S, &M @mn o BOH, w4 @

Terminations . Import Edit . Metwork : Topology : Resonating : Transformation : . Distributed Synthesize
graph © data ° terminations © Type~ © sections Qs ) * networks wizard solutions

i — ' Distributed Networks Wizard - Commensurate Opticns
NEEHBOE T B gF & *
classfcomdisharmmatch.mmi - MN Terminations (SC) x]

—

The same length is used for all the lines in a commensurate network . This has been
generalized in the ADW to allow using different lengths for the maindine sections, the
open-ended stubs and the short-circuited stubs. If the same length should be used for
all the lines. de-select the different lengths option below. The option to constrain the
characteristic impedances of the lines is also provided here. Different constraints can be

Characteristic Impedances

B Constrain the characternistic impedances!

] Use the same constraints for all the lines

Line Lengths

B Use different lengths for the different sections

Double Stubs

() No double stubs
() Miow double stubs |£|:||:|
O Aways use double stubs

B Transform double stubs to stepped maindine sections

< Back Next = Cancel

Ready

imposed on the different line types. The option to allow double stubs is also provided here.

Example 3 — Constraints and
Double-Stub Options

Z0s: The characteristic
impedances will be constrained.
Different constraints will be used
for the main-line sections and
the shorted and open-ended
stubs.

Line Length: Different lengths
will be used for the main-line
sections, the open-ended stubs,
the shorted stubs and the
equivalent main-line sections.

Double Stubs: The option to
transform double stubs to
stepped main-line sections was
selected here. The double stubs
will be transformed to stepped
main-line sections.
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Matching classfcomdisharmmatch.mmi - Ampsa Amplifier Design Wizard (V24H)

J Wiews |-Matching Metworks | Results

Project = Schematic = Artwork = Export ~ Microstrip = Preferepces = Miews ~ Window - 7 (@

G = & O Rnow 5

Terminations : Import Edit : Metwork : Topology | Resonating : Transformation

®

Synthesize
solutions

graph © data - terminations = Type~* -
B ODE B E -
classf disharmmatch.mmi - MN Terminations (3C) x

Ready

Distributed/Microstrip Metworks Wizard - Electrical Line Lengths

The lengths for the different commensurate sections, and the associated constraints
on the characteristic impedance must be specified at this point. If the dimensions
were specified previously, check if the associated electrical quantities are realistic
and modify them, if required.

Stepped Main-Line Sections

Z0 minimum {Ohm) Z0 maximum {Ohm)
8.00 80.00

- i Line length (%)
Main Line Sections 3000
Z0 minimum ({Ohm})
50.00 | Short-Circuited Stubs Open-Ended Stubs
Z0 maximum {Ohm) Z0 minimum (Ohm) Z0 minimum (Ohm})
110.00 60.00 2500
Line length () Z0 maximum {Ohm) Z0 maximurn {Ohm)
25.00 110.00 50.00
F =2 500GHz Line length () Line length (%)
Minimum acceptable
line length () 2500 2500
6.00

Main Line Length Option
Minimum length (%) Maximum length (%) Step size (%)

[ Perform search 2500 40.00 5.00

[ Only show eptimum length resutts

< Back Next = Cancel

' A

Example 3 — Main-Line and Stub
Specifications

The line lengths and the range of
characteristic impedances allowed
for the different element types are
shown here.

Main-Line Length: The search
option can be used to find the
optimum length for the main-line
sections.

Stepped Sections Length:
Experimentation with the length of
the stepped sections is also required.

The specifications shown (25°; 30°)
yielded good results.

Note: Short lines and stubs will yield
results like lumped networks if the
characteristic impedances are not
constrained.
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Solution 1
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MRD: 0.81% STPML Q1:  1.18332 MRD2ndH:  0.00% : \ Example 3 — Best Six- Element
MRDf : 0.10% SLINE 0Q2: 0.55570 MRD3rdH: 8.03% -h\‘ 0 o
STEML Q3:  0.83079 g.-.'=-..,,~.\ Systematic Search Solution
MRDwc:  1.51% SLINE Q4: 1.14579 J— %’E&‘
STRIML QS:  0.95545 - " ";,,':,,\ =..§\\ The best solqtlon obtal_ned with
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Project ~ Schematic ~ Artwork ~ Export - Microstrip ~ Preferences + Views ~ Window ~ 7 t_l'

J Views Chart Options Matching Networks ||- Results -||

I First . P Mext . W Solution in new window || “f Detailed schematic -i- Tolerances (2 MNetwork terminations | [#] Performance VSWRs %E' New ADW circuit file & ' Touchstone file
H Last ‘ Previous [ Close results views dh Arbwaork Preferences @ Intrinsic terminations }E Impedances Active Perfarmance ~ "’_EE Existing ADW circuit file %5 Super Compact
: : E] Text view 1H scaling H Gain plot <l HC impedances EM MWO script i DXF file Example 3 — Best Six_EIement DE

Solution

CHEOE B fTE -

classfcomdisharmmatch.mmi - MMN Terminations [SQ/ classfeomdisharmmatch.mmi - Salution 1 x]

hd classfcomdisharmmatch.mmi - Impedance 1 (SC) x

The best differential evolution
solution obtained is shown in this
‘g slide. The performance of this

Solution 1
CLASSFCOMDISHARMMATCH

MED: . STEML : . MEDZndH: - ': o o - . .
MEDE:  0.614  SLiNE 02:  0.40653  mmpora,  3.18% g-;_—_-%\ solution is like that obtained with the
e S i " %ﬁ'—-’é‘%\ systematic search (MRD: 1.00% vs
sremr oo, 0 60152 'Q'I,%‘?’ih 23 0.81%)
SLINE Q6: 0.31908 e ' "34’,““‘%\\ : 9/
Q7: -0.26269 ) l&é"ﬁ\\ S ificati ‘Th b f
S NAN pecifications: The number o

i
i

elements was increased to seven
and the topology was fixed (no
explicit resonating sections). The
number of solutions to be optimized

.
.=
e
o
o
O

2
25
1/
0

7
7
Y

7760 8.00 94.00 8.80 101.50 19.20 smeams
[—=> was also increased to 150 and the
s e number of generations was set to
a - N 200.

Ready
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Generation | Minimum Error | Awverage Emor | Maximum Error | Evolved (%)
1 0.1208 0.4186 0.7490 48.49
5 0.0993 0.3084 0.6682 29.77
10 0.0598 0.2430 0.6672 20.07
15 0.0550 0.2110 0.4540 13.71
20 0.0550 0.1906 0.4163 13.71
25 0.0296 0.1752 0.4024 9.03
30 0.0296 0.1672 0.3888 5.02
35 0.0296 0.1590 0.3709 7.36
40 0.0296 0.1523 0.3709 6.02 . .
45 0.0296 0.1452 0.3709 7.02 Example 3: Population Fitness
50 0.0296 0.1405 0.3709 7.02
55 0.0296 0.1355 0.3709 3.68
60 0.0296 0.1311 0.3709 5.69 Improvement
65 0.0296 0.1251 0.3279 5.69
70 0.0296 0.1210 0.3279 5.02 : ; : ;
75 0.0296 0.1163 0.2781 468 This slide lists fitness
80 0.0296 0.1115 0.2757 5.02 . :
85 0.0296 0.1073 0.2757 5.02 |mpr0vements for populatlon
90 0.0296 0.1037 0.2592 5 69 . .
05 0.0296 0.0097 0.2538 535 members across generatlons N
100 0.0296 0.0961 0.2538 6.02 . . .
105 0.0296 0.0933 0.2538 6.02 the differential evolution process.
110 0.0296 0.0901 02538 2.01
115 0.0296 0.0870 0.2538 2.01 L. .
120 0.0296 0.0847 0.2538 6.35 Opt|m|zat|on Impact: The
125 0.0296 0.0813 0.2538 5.69
130 0.0296 0.0783 0.2538 6.35 minimum error improved
135 0.0296 0.0754 0.2538 6.69
140 0.0296 0.0738 0.2538 3.68 ianifi 0 0
Ip 0000 o078 025 2o significantly from 2.96% to 1.0%.
150 0.0296 0.0686 0.2538 7.69
155 0.0296 0.0660 0.2538 5.69
160 0.0296 0.0642 0.2538 3.68
165 0.0296 0.0627 0.2538 2.68
170 0.0296 0.0612 0.2477 4168
175 0.0296 0.0595 0.1962 5.02
180 0.0296 0.0574 0.1962 5.35
185 0.0296 0.0562 0.1962 3.68
190 0.0296 0.0548 0.1962 4.35
195 0.0296 0.0539 0.1962 4.01
200 0.0296 0.0531 0.1893 6.02
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1.5000; 1.5000
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Ready

Example 3 — Best Five-
Element Lumped Solution

The best five-element
lumped-element solution
obtained with a systematic
search is shown here to
provide an idea of what
could be done with lumped
elements.
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Terminations . Import Edit

. Metwork : Topology | Resonating | Transformation © Lumped elementé Distributed
graph © data -~ terminations = Type~* -

Synthesize

© sections Qs constraints  ~ networks wizard | solutions

JSHEDE 1 BT E =
adwdsgn4syni.mmi - MN Terminations (SC) |

Terminations

F {GHz) MAGZ[Ss] 2NE[Ss] MAGZ[SL] ANG[SL] GT (dB)

- 1._0000 0_2763 154.84 O0.6900E-3 270.04
1.1000 0.2842 155.47 0.7€00E 270.04 = -0_1€13
1.2000 0_2352& 155.53% 0. 2€3.18 == -0_.1€20
1.3000 0.300% 19€.25 0.50 263.71 = -0.1€2%5
1.4000 0_3058 15€.48 | 2417 == -0_1€31
1.5000 0.31l&8 15€.53 2€4_.57 = -0_1€3€
1.€000 0.327%8 15€.45 2g4.92 = -0_1¢43
1.7000 0.3371 1%€.27 2€5.18 = -0_.1€50
l.2000 0.34e2 155.57 2e5.46 = -0.1€57

= —0_1€0%

B
J

!
Y

%
s
‘1“'.‘

~ 1.%000 0.3553 195.57 285 .71 = -0.1664
‘h = ] 2.0000 0.3644 155.0% 265.33 = -0.1672
"'—‘-‘—h-—_ == i 2.1000 0.3734 154 .53 266.14 > -0.16€80
— - - - - mem = g
] 2.2000 0.3824 193.70 262 .54 = -0_1663

2_3000 0.3512 152.58 2€2.83 = -0_.1€70
2_4000 0_4000 152 .22

2.5000 0.4083 151.40

2€3.18 == -0_1€75
263.47 = -0.1le87

o
o

2 _€000 0.41€7 150.51 2E3_.€% = -0_1€55
2_7000 0.4250 185.55 2€3.94 == -0_.1704
2_8000 o.4328 l28. €l 2€l.23 = -0.1713
2_3000 0.4404 187.€0 2€l.54 == -0.1721

2.0000 0.4480 1l2€.54

Edit Format Impedance Fit Option
O Impedances |_| Fit Impedance
(O Admitt Wei
o Y ) Admittances ;:gl;tr 0.250 e
O Reflection T I/
[0.0; 1.0]

Cancel

Help

Insert Row
Delete Row

Paste Deleted
Interpolate
Convert Circles
Slope Gain...
Set Fixed Elements

Remove Fixed Elements

Harmenic Control

2nd Harmonic Targets
3rd Harmenic Targets

Use worst case error

Ready

Example 4 — Controlling Intrinsic
Harmonic Impedances Directly With
The ADW

A wideband matching problem will be
solved next. The intrinsic harmonic
impedances presented to a 10W GaN
transistor will be targeted in this example.
The bandwidth is 1.0 — 3.9 GHz.

The specifications for this problem was
set up by using the CIL wizard provided
in the ADW.

Intrinsic Targets: The matching problem
can be defined at the insertion point for
the matching network as was done
before, but using the intrinsic targets for
the harmonics yields better results. The
results are also easier to interpret.

Note: Control over the intrinsic
terminations is not provided in the MW.
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adwdsgndsynl.mmi - Ampsa Amplifier Design Wizard (V24H)

Project ~ Schematic ~ Artwork ~ Export ~ Microstrip - Preferences - Views ~ Window — 7

@

S, * B I g O, w4 @

Terminations . Import : Edit

. Metwork : Topology : Resonating | Transformation : Lumped element :
graph © data ° terminations® Type~ -

Distributed
* networks wizard

Synthesize

© sections constraints solutions

NS HBOE =i 7 & & -
adwdsgndsyni.mmi - MN Terminations (SC) x|

Second-Harmonic Terminations

ok |
F (GHz) MAG[Tor] ANG[Tor] Tang® (°) TangZ (°) RL (@) b A I
Cancel
2._0000 0.5331 45_550 —0.140
2_2000 0.5324 217.50 245.05 183.7¢€ 45 _5280 —0.150 H
2._.4000 0.5381e 2Z0.54 253 .5¢ la€._82 4% _530 =0.170 asip
2 _€000 0.5808 223 .85 258.21 185._4% 4% _530 =0.180
2_8000 0.575%5 2Z2€.83 2€3.0€ 132 .40 45 _570 —=0.150 nt Iat
3.0000  0.97%0  230.10  268.08  195.33  45.370  -0.210 nierpoiate
3.2000 0.5775 233.45 273.3¢€ 1393.29 45_.370 —-0.2290
3.4000 0.57€5 23£.350 27g8.82 201.27 45 _3E0 -0.230
3.€000 0.5758 240.45 234 .52 Zo4.31 45 _5&d —0.Z240
3.28000 0.574€ 244 11 250 .45 207 .40 45 _550 —0.2&0
4_0000 0.5734 247 .88 259€.€1 210.54 45 _550 —0.270
4_Z000 0.5721 251.77 303.01 213.7¢ 4% _ 540 =0.280
4_4000 0.5100 2E3.51 305.37 Z17.08 45 _540 —0.300
4_€000 0.5057 274.22 31€.17 220.43 4% _530 —=0.3190
4_3000 0.5013 273._10 323.20 223 .86 4% _530 —-0.320
= mnnn A cama sz 1a 220 2o anm an s zma —n 23
Second-Harmonic Targets and Boundaries Activate Specifications At Harmonic Terminations

List Option © Il frequencies Specified for matching

~ o Width of H2
O Listanges  (Z0=50.00) () Lowest frequency e [T
() Liet reactance values () Center frequency © nput side 040000  GHz

) i = ; .

-.:. Highest frequency ) Output side

() Other frequencies
ETE Error Function
— . Weight Factor:
() Reflection sectors Overlapping Harmenic Bands — o

|_l lgnore intrinsic targets 0.1250

1O Local origin sectors

H2 overrides H3

() Reactance ranges [l ignore H2 terminations

(Specify Morigin}

Ready

Example 4 — Second-Harmonic
Sectors

Local origin sectors were used for the
harmonics in this example.

Specifications: The local origin and
the angles for the two intersecting
lines must be specified on this page.
The rotation around the local origin
must be clockwise from point B to
point E. Points B and E are the
intersections with the Smith chart
edge.

Transition Band: Because of the
overlap with the fundamental
frequencies, a transition band is
required. The second harmonic
errors in the passband and in the
transition band are ignored.

Note: Experimentation with the
transition band and the weight factor
may be required.
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Ready
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Ready
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-0.7500 0.2500 a.7500 3.0000
-0.7500 0.1300 0.7500 ) .
ADWDSGEN4S Number of potential solutions (nS) to be
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B optimized after differential evolution:
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i Quick Edit
R
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|
W

Population Size:
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Number of
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Differential Evolution Specifications
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‘\ Use Differential Evolution
. '\ 8 GTmin[0.1;1]: 089 <0.38>
hhh&* 9 Include RS topologies
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Starting with
generation:

[CJ use fast version
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Cancel
200 <100=
Help
0.200 <02

Ready

Example 4 — Differential Evolution
Specifications

The specifications made for differential
evolution are shown here.

Transformation-Qs: The range specified
for each element is [-0.75; 0.75].

Gain Window: The gain window was set
to [0.89; 1.0].

Resonating Sections: The evolution will
be done over the different topologies
associated with six elements.

Number of solutions to Optimize: 100
of the fittest population members will be
optimized.

Population Size: 500

Number of Generations: 120
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(i L
Distributed Networks Wizard - Mixed Lumped,/Distributed Options

The lengths of the lines and Jor the stubs used in the networks synthesized can be reduced
by using lumped elements. The option to use lumped elements is provided here. Contral over
the specific lines to be replaced is also provided.

8 Mixed lumped/distributed solutions:

Lines that may be replaced with lumped companents
[C] Maindine sections

B Open-ended stubs

[] Short-circuited stubs ﬁ

< Back

Cancel

ps

[«

Help

Ready

Example 4 - Mixed
Lumped/Distributed
Options

The option to replace open-
ended stubs with padded
capacitors was selected.
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Parasitics
Capacitor Inductance or Resonant Frequency
() Specfy inductance {nH)
() Specify component resonant frequency (Fr_GHz)
© Specify trap resonant frequency (FTr_GHz) tog:
Fr_GHz FTr_GHz:
15.00000 GHz 11.00000 GHz

Inductance Capacitance or Resonant Frequency

© Specify capacitance (pF)
(_) Specify resonant frequency (GHz)

0.000 pF

[C) Mo parasttics for series capacitors

Parallel-Plate Capacitors

(] Use shurt parallel-plate capacitors Via hole inductance:

Pad width {mmj) Pad length (L; mm) 0 nH
0.5000 1.0000

Pad Z0 (Ohm) Pad length (%)
50.00 0.00 —

F=3.9300GHz

< Back

Mext >

Cancel Help

Ready

Example 4 — Lumped-
Element Parasitics and Traps

The specifications made for the
lumped-element parasitic
components are shown here.

Note: The parasitic inductance
associated with shunt
capacitors can be increased to
provide transmission nulls at
the trap frequency specified.

Resonant Frequency: 15GHz

Trap Frequency: 11GHz
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Distributed/Microstrip Networks Wizard - Open-Ended Stub Options

The minimum electrical length for open-ended stubs can be specified here. The option to
use double stubs in the matching networks is also provided. F double stubs are allowed,
they can be transformed to stepped maindine sections. This option is frequently used
when power matching networks are synthesized.

Minimum electrical length for an open-ended stub <57
5.00 (" at FpsbH)
[0.0; 15.00

Minimum electrical length at which an open-ended stub
should be converted to a double stub:

0.00 " at FpsbH)

Stepped maindine sections

(] Transform double stubs to stepped maindine sections

Maximum width {mm) Minimum width {mm})

...............
;;;;;;;;;;;;;;;;;;

Lowest 20 {Ohm)
2500

Highest Z0 (Ohm)
£5.00

Blectrical length (%)
30.00

F = 3.900GHz

Mate: Mot using resonating sections is usually a good option
when open-ended stubs are replaced with stepped maindine
sections (Allows short maindine sections).

< Back

Mext >

Cancel

Help

[«

Ready

Example 4 — Open-ended
Stub Options

Various options are provided
on this page for open-ended
stubs.

Specifications:

* Open-ended stubs
shorter than 5° at the
highest passband
frequency will be
removed.

* Double stubs will be
allowed.

* Double stubs will not be
transformed to equivalent
main-line sections.
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!.) Views

| Matching Networks—|  Results

adwdsgndsynl.mmi - Ampsa Amplifier Design Wizard (V24H)

Project ~ Schematic = Artwork = Export ~ Microstrip = Preferences - Wiews -~ Window -~ 7 (@

S =M O Ar g &1 H

111

Terminations . Import : Edit . Metwork : Topology | Resonating : Transformation : Lumped elen
graph © data ~ terminations = TypeT - © sections Qs constraint
.

NEHECDE -1 BT E *
adwdsgn4syni.mmi - MN Terminations (5C) x ]

n W
Distributed/Microstrip Networks Wizard - Z0's

=N

The characteristic impedance of the lines to be used are listed here. The line lengths will be used as

variables. The minimum and maximum length to be used for the main line sections are listed too. The
. | minimum length specification is important when stubs can overdap. When distributed networks are

required, the characteristic impedances and line lengths should be modified on this page, if necessary.

If the associated dimensions were specified previously for microstrip networks, the values listed
should be inspected to ensure that the specifications made are realistic.

Stub P, Gt
U Farametsrs Harmonic Traps

*

| &

Example 4 — Main-Line and Stub
Specifications

The specifications made for the
characteristic impedances and the
constraints on the line lengths are
shown here.

Note: An open-ended stub (OST)

=:5§\ i “‘0 @; o o SSTReT e can be replaced with an open-ended
ﬁﬁ% SSTmeaman ST Resfra Gl branch consisting of two cascaded
’¢E~ \ — . ectrical length: 100 ]
%ﬁi‘\‘ I'\"Iam-hn.e Sections - 65.00 | |IneS (SIR) tO Create a trap The
[ .0“‘.‘%& o e T o OSTZGSTZN  RRRHE 2 dimensions of the section connected
. %@#_‘&"‘\‘\ S —— B0 Om 000 to the main-line (CNL) is fixed In the
EEE;;}(‘* ostammn O ADW and the MW. The
e v‘f’é’;.‘ij FpokH =3 500Gk o 20T Mammm characteristic impedance and the
\ ‘ ““\"‘h //J.": Taper Check - 55,00 . _
‘ S = electrical length of the open-ended
A S i
N\ ‘s\&&g’/ Mnie e L b stub are the variables. The
\\‘Q&H-g/ () Pesiom scsrch 20 N n e characteristic impedance must be in
\\1"‘ ggﬁtg{/ a [C) Only show optimum Z0 results the range SpeCiﬁed
. . | SIR Specifications:
< Back Mext = Cancel Help CNL (35 Q, 60); ZO [1OQ, 65Q]
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adwdsgndsynl.mmi - Ampsa Amplifier Design Wizard (V24H)

Project = Schematic ~ Artwork = Export = Microstrip = Preferences = Wiews = Window - 7

©

S = M g g 81 Hy i

Terminations . Impart Edit . Metwork - Topology - Resonating : Transformation = Lumped elen
graph © data ~ terminations  Type~ © sections - Qs constraint
= |

JISHBE T E 17 B E
adwdsgndsynil.mmi - MN Terminations [{SC) x] -

W Y

Distributed/Microstrip Networks Wizard - Pad Sizes (Electrical)

Pads may be specified for the lumped components used. Different pads can be used for inductors and
capacitors. Different pads can also be specified for shunt and series components. Shunt connecting
lines can also be used to separate the shunt pads from the associated junctions. If distributed
networks are to be synthesized, the pad sizes should be specified on this page. When microstrip
networks are reguired and the dimensions were specified previously, the values listed should be
inspected to ensure that they are realistic.

Shunt Inductor Pads Shunt Inductor Connecting Line

Z0 (Ohmy) Length (%) Z0 (Ohm}) Length (%)
£0.0000 0.0000 60.00 0.0000
Shunt Capacitor Pads Shunt Capacitor Connecting Line
Z0 ({Ohm) Length (%) Z0 (Chm) Length (%)
J45.00 3.00 45.00 0.00
Series Capacitor Pads
Z0 {Ohm) Length (%)
4500 3.00 __H
F = 3.900GHz
Series Inductor Pads @
Z0 (Ohmy) Length (7)
60.0000 0.0000
< Back Mext > Cancel

Help

[«

Ready

Example 4 — Lumped-Element
Pad Specifications

The characteristic impedances
and electrical line lengths for the
pads to be used for the lumped
components are shown here.

A connecting line is allowed with
the pads for shunt capacitors
and inductors.

Note: The series pads must
also provide separation between
the associated stubs and
junctions.
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adwdsgndsynl.mmi - Ampsa Amplifier Design Wizard (V24H)

LA
Views

Chart Options

Matching Metwaorks |r Results -|

Project ~ Schematic = Artwork - Export = Microstrip ~ Preferences - Views - Window +~ 7 -_"-

- O

K First - | b Mext| . [ Solution in new window

“=f Detailed schematic

B Network terminations

[¥] Performance VSWRS 25 Mew ADW circuit file

& " Touchstone file

B Last ¢ Previous [ Close results views &7 Artwork @ Intrinsic terminations ﬂilmpedances [#] Active Performance ~ %E'Existing ADW circuit file %5 Super Compact . .
: : Eheee [ Gain plot B HC impedances 2 MWO script & DXF file Example 4 - leferentlal
Evolution Solution
B D= =1 % B8 57 E *
adwdsgndsyn1.mmi - MM Terminations (SC) .~ adwdsgnsynl.mmi - Solution 1 % - adwdsgn4syn1.mmi - Intrinsic Load Terminations 1 x The first So|ution Obtained with
Solution 1 dlffel’el':ltla| evglut_mn_ is shown
ADWDSGN4SYN1 here with the intrinsic load
MRD: 5.93% 0l: -0.125376  MRD2ndH: 35.50% g_.% reflection coefficients presented
MRDf : 1.57% gi éijg?g MRD3rdH: 28.78% S %:%‘\ to the transistor at the
mowe:c.oav ot -0l - 0 emA fundamental and harmonc
Q6: -0.101742 ." ﬂﬁé&‘-ﬁ frequencies.
Q7: .309547 ...l."'gﬂfﬁg&'
Q8: -0.746237 NEny !Al'-_-gagg\ The circul th
--lﬁigui_ga-';—ii e Clrcular areas are itnhe
““‘“ﬂmggj intrinsic targets at the
“Eﬁﬁ’\‘c&\q.ﬁ?' fundamental frequencies.
e M AN
SS==% |
A ~~-_._-;...;,/ Note: The dc ground associated
85.00 35.00 3.41pF 65.00 3500 JP— -’/ A sm fOf the StUb on the Ieft can be
85.00° 23.04° 2.00° 85.00° 54.70° 25000 2.2000: 2.9000 (GHz) R0 s tl’anSformed to an ac grOU nd to
(2 9000Hz) O S allow for biasing the transistor.
Ready
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Example 4: Population Fitness
Improvement

When resonating sections are
used, the evolution is done for
each of the topologies. To
evaluate the fitness performance,
eight-element solutions with the
topology fixed were synthesized.

The minimum and average errors
and the percentage of the
population that evolved in each
generation were plotted in the
graphs shown here. The fitness
improvements with the standard
DE algorithm is shown on the left.
The graphs on the rights apply to
the modified DE algorithm.
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' Chart Matching adwdsgndsynl.mmi - Ampsa Amplifier Design Wizard (V24H) - O >
J Views Chart Options Matching Metworks wResultsy Project = Schematic = Artwork = Export ~ Microstrip = Preferences ~ Views - Window ~ 7 -Z@
I First ; [ Mext ; ] Solution in new window | = Detailed schematic -i- Tolerances © Network terminations |E| Performance VSWRSs %E Mew ADW circuit file -’E” Touchstone file
H Last ‘ Previous [® Close results views 2 Artwork Preferences @ Intrinsic terminations mlmpedances E Active Performance - o'EEl Existing ADW circuit file 5;5 Super Compact
: : = Text view 1H Sealing [ Gain plot -l HC impedances &M MWO seript 5" DXF file
JSGHBEGE 1% 8@ &
adwdsgn4dsynl.mmi - MM Terminations [SQ/ adwdsgndsynl.mmi - Solution 1 x - adwdsgn4syni.mmi - Intrinsic Load Terminations 1 x -
Solution 1
ADWDSGN4SYN1
MRD: 5.95% Ql: -0.120859  MRD2ndH: 34.40% N Example 4 — Systematic
MRDE : 2.50% gg : g;ggg;g MRD3rdH: 26.10% . =§\ Search Solution
. - # ——
MRDwc:  7.09% Q4: -0.504503 . ,,’4’5'—'%‘\ . . . .
Qs:  0.232996 e ' " /,,@%-=§\\ The first solution obtained with
98 et .",ﬁ%“ﬁ\\\ a systematic search is shown
Q8: -0.631103 ..Iﬁ"...‘- ;‘.Q“’Qﬁ here.
====Mﬁre-‘_'.-'-'s_=_%%:_.: -
B v g .
=“‘g%‘%%%’ The topology is the same as
. ““ ;&M}% that obtained with differential
\“)"’\\\éﬁgs// evolution and the performance
CONNS== T
~~.___.'.; is similar.
65.00 35.00 3.46pF 65.00 25,00 5 EEpF _¢
65.00° 22.30° 3.00° 82.82° 45.01° 3.00° R 5000
(2.500GHz) 25000 3.2000; 39000 {GH) ROZ: 50.00
D'_ Salugan 1
Ready
10/6/2025 www.ampsa.com 67



Matching adwdsgndsyn1RS.mmi - Ampsa Amplifier Design Wizard (V24H)

\——’) Views  |ooMatching Metworks.|

Project ~ Schematic ~ Artwork ~ Export ~ Microstrip ~ Preferences ~ Wiews ~ Window ~ 7 @)

E Example 4 — Exploring Solutions With

. s - ] [r] L1 IO EE'E - T w ® -
~r s Nt N AL a Specific Topology
Terminations . Import : Edit . Metwork : Topology : Resonating : Transformation : Lumped element :  Distributed Synthesize

graph © data ~ terminations = Type~ © sections Qs ' constraints  ~ networks wizard | solutions

The evolution or systematic search can
CHROE %20 E - be restricted to a specific topology. The
adwdsgndsyniRS.mmi - MN Terminations (SC) v topologies of the two solutions shown

are identical. The topology is defined by

ADWDSGN4SYNIRS Metwork and Topology Specifications (Non-Commensurate Networks) ® missing e|ements 2 and 6 in an e|ght_
o ‘ﬁ'%\ Maximum Number of Elements Topologies Alowed element series-shunt cascade. The
QE% N 6 © O Cascadeand 5 oplogis (55 maximum number of elements remains
'{ﬁ'&t‘ﬁ% M:kcu Nugber of resonating The SaveAs command was used to
| f&g_@é& O Low-paes prototype e rename the original impedance-matching
j&;}%‘ﬁ;‘%@ .::::.High_passpmlpe . 2 o [? ﬂ D data file, and the topology specifications
“t“&?“g’%ﬁ Ofisatire S it sute ;3 were then changed as shown here. The
%’*&éﬂ%/ O Mo seriss capactors N fixed topology option was selected, and
Q&Eﬁ% Mo shuntmauetors 55 Systematic sarch the number of resonating section was
=—j First Element (load side) _ — Specified to be 2.
~ O Shunt slement el Note that the first element on the load
o . A o seres aren side was restricted to be a series
element.

Ready
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Matching adwdsgndsyn1FT.mmi - Ampsa Amplifier Design Wizard (V24H)
!') s fm Project = Schematic - Artwork = Export = Microstrip = Preferences = Wiews = Window - 7 t_.l-
= B Fp o &1 M o @
Terrninatr;ons I:port I_Edit_ Nﬁv@ké Toﬂgyé Resorjatingé Transfor‘r?ation Lump.:.ld el_ementé Distributgd Synth_esize
graph data terminations ©  Type = sections Qs constraints networks wizard = solutions Example 4 _ Resonating
CHRGEa% 0@ - Section Positions in the Fixed
adwdsgn4syn1FT.mmi - MN Terminations (5C) x - Topo'ogy
—— The Resonating Sections ribbon
' e NG command was used to spegify the
%=§\\\\\ Resonating Section (RS) Positions * pOSItIOﬂS Of the tWO resonatlng
/ ",@%‘g& ) ) i sections in the eight-element
"%I,@#‘ N RS Foston 1 st e series-shunt cascade network.
fLLZ TN |
T ff&é’&@iﬁ . . | Specifications: The shunt
. T — e e = | 5 e . "
Pl e el - : elements in positions 2 and 6 are
*\“““t‘&%&% absent in the eight- element
| “‘\\\?ngsf [i] DE'D series-shunt cascade network.
hE Cancel
&s.-_-_—_?ﬁ Note: The elements are counted
N from the load side towards the
input.
o o &
Ready
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!') Wiews

|.- Iatching Metworks -||

adwdsgndsyn1RS.mmi - Ampsa Amplifier Design Wizard (V24H)

Project ~ Schematic = Artwork = Export = Microstrip ~ Preferences = Views - Window - 7 -fa.l

G =™ O #m s T

=Q

il
TTT

o ®

Terminations . Import : Edit . Metwork : Topology : Resonating : Transformation : Lumped elementé Distributed Synthesize
graph © data ° terminations = Type~ © sections Qs constraints  ° networks wizard | solutions
= 5o = . . . .
JSHdB O E 1% & g° M Systematic Search Parameters | Differential Evolution Parameters X
=
adwdsgn4syn1RS.mmi - MN Terminations (SC) x : |
- Transformation Qs Search Optienz E
Transfermation-0 Freguency
. Qmin Qine Cmaz 2 5000
ADWDSGN4SYNIRS 26000
—Cl.illf.lf.l CI.CICICI 0.1500 2 7000 |
Ciomon  olmss  olenon 25000
\ 0.0501 0. €001 29000
) -0.7500 0.0500 -0_2500 *
O 0.0000 0.0500 0.5000
t-“.-...l -0.5000 0.0500 0.0000 Number of potential solutions (n3) to be
- \ 0.1500 0.0250 0.7000 used in secondary searches or to be
‘-\‘:\ -1.0000 0.0250 0.0000 optimized after differential evolution:
) )
“‘\\m 100 <25-
a—.h—'?_ﬁ-‘x | [25200]
——— = | . .
ﬁ""’(‘ Quick Edi Differential Evolution Specifications
"‘/a‘l () use Differential Evolution
‘.- 7 Gain Window -
@QE///’J [l include RS topologies
i AT 0.89 —
%ﬁ' . GTmin [0.1:1] <0.89> |_I lgnore topology constraints
.ll;f,'
~...-'.-‘,..- :
v GTmax [0.1;1]: <1.0= Population Size: 250
\‘—-9":” (-10°0s)
=z e «250=
ey
—— B oOptimize soluticns Number of 120
generations:
(== 500) <100=
O = Fis Cancel
Crossover rate: 0.200
Help [0.05; 0.95]
<0 2=

Ready

Example 4 — Transformation-
Q Specifications

The Q-space was adjusted by
using the Q-values of the first
solutions obtained with
differential evolution and the
systematic search. The range
for each Q-value was reduced
to approximately 2 x 0.25
(twice the increment used
before).

Note: The increment for each
Q-value should be scaled with
the same factor as the range to
keep the execution time for the
systematic search similar. In
this example, the increment
was decreased to 0.05.
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' Chart Matching adwdsgndsyn1FT.mmi - Ampsa Amplifier Design Wizard (V24H) — O d
\) Views Chart Options Matching Networks ~Results Project = Schematic - Artwork ~ Export ~ Microstrip ~ Preferences ~ Views - Window + 7 I@
K First : P Mext : ] Solution in new window | “=f Detailed schematic -i- Tolerances (2 Metwork terminations E| Performance VSWRs %E' Mew ADW circuit file %T
B Last 4 Previous [ Close results views i Artwork Preferences | @ Intrinsic terminations | HE Impedances Active Performance ~ | £E Existing ADW circuit file 5°
: : E Text view 1H Scaling I Gain plot W HC impedances £ MWO script o
_—
IS HEBTE -1 B E
adwdsgndsyn1FT.mmi - MM Terminations [SC,l/ adwdsgndsyn1FT.mmi - Solution 1 = hd adwdsgn4dsyn1FT.mmi - Intrinsic Load Terminations 1 = hd
Solution 1
ADWDSGN4SYN1FT Examp|e 4 — Best
MRD: 5.86% Ql: -0.150001  MRD2ndH: 34.14% Systematic Search
MRDE : 2.43% Q2 0.150001 MRD3rdH: 25.60% oot 1 =
Q3: 0.300584 SOIUtIon
MRDwWC 6.63% Q4: -0.450000 i . . .
05:  0.192938 om The first solution obtained
Qe: -0.1%2%93%8 A R
o7. 0.32ecas with the_ systematic
Q8: -0.918461 search is shown here.
The performance is like
that obtained before.
5000
85.00 35.00 3.48pF 85.00 35.00 4.89pF 1.000; 10000
82.87° 18.44° 3.00° 84.08° 53 86° 3.00° 2.5000; 32000, 2:3000 (GHz) Rz s
O_ -
(2. 800GHz) “ Setan 1
Ready
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adwdsgndsyn1FT.mmi - Ampsa Amplifier Design Wizard (V24H)

. O x
I \') Views Chart Options Matching Metworks ~Results— Project - Schematic ~ Artwork ~ Export = Microstrip ~ Preferepces ~ Miews ~ Window =~ 7 @)
] First : P Next : ] Solution in new window | “=f Detailed schematic -E Tolerances (5 Network terminations El Performance [B] vSWRs %E! Mew ADW circuit file c'-;T
P Last ¢ Previous [ Close results views a5 Arbwork Preferences | @ Intrinsic terminations | HE Impedances Active Perfarmance = -'EE'Existing ADW circuit file & °
5 : E] Text view 1] scaling ] Gain plot I HC impedances i
JZdBOE 1% 800 & - | .
adwdsgn4syn1FT.mmi - MM Terminations [sq/ adwdsgndsyn1FT.mmi - Solution 3 hd adwdsgn4syn1Fl.mmi - Intrinsic Load Terminations 3 - | Example 4 - Alternatlve
Systematic Search
Solution 3 i
ADWDSGNASYNIFT | SOIUtIon
[~ !
MRD : 6.43% Ql: -0.199998 MRD2ndH: 34.45% _% The third solution obtained
MRDf : 3.46% Q2: 0.1999%98 MRD3rdH: 26.35% Cirexit 3 Fh\ . g -
Q3:  0.250721 'ﬁﬁgﬁ with the systematic search
MEDwe: | 7.35% af: -0.450000 . 'W%';-\\ is shown here.
. . 10LA7 ]
Q6: -0.190026 ..""‘"0;?&&&"&
Q7:  0.353345 | T RN S The passband performance
] AT .hg_-&.@\\
Q8: -0.575001 Y S (ESSES SN is slightly worse than that
e SO
“‘%ﬁl}“"" <) of the first solution, but the
NN = harmonic reflection
e Y NS Sl O
&;"\\@&g’ coefficients are better
h
\gg_—.—.j/ behaved.
-— . .
85.00 35.00 3.52pF 81.10 35.00 3.97pF 1,000; 1.0000 ) )
a5.00¢ 15.99° 2.00° gaszs 53.88° 2.00° 2.5000; 32000, 318000 | GH) 5000
O 5
{2.900GHz) L Solusian 3
Ready
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Project = Schematic ~ Artwork - Export - Microstrip
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+ Preferences - Views = Window -

O

=

.@l

X

M First . P Mext

. [ solution in new window | = Detailed schematic

+ Tolerances

@ MNetwork terminations

E Performance VSWRs

28 New ADW circuit file

T
=5

P Last ¢ Previous = Close results views & Artwork Preferences | (@ Intrinsic terminations | HE Impedances Active Performance ~ %EExisting ADW circuit file °
: : E] Text view 1] sealing <l HC impedances S MWO script o
JIGHBRLE si* B &
L_;dwdsgmiiﬁm -hnpedaflce 3(50) = r adwdsgndsyn1FT.mmi - MN Terminations (5C) ] adwdsgndsyn1FT.mmi - Intrinsic Load Terminations 3 x
ADWDSGN4SYNIFT ADWDSGN4SYNIFT
T R
ey 2=\
e NOSETEN 0=
110728 .'."’{"%"“;r‘&\x 1:0830 ",{”I"' .§\
@RS X
==§m::,?;§§$$§§ 3a AL ISESEN
.:‘ wa‘--ﬁﬁ === = - i
et piignee y
A S L A
NN, S
SHMAK--001dB \\&E§¢ &s& E‘,
== \hﬂ'—"-’-""
1.0000; 1.0000 .’ e e 1.0000; 1.0000 ~’ A s
- -D:nu. . & - -D-_ Sclusion 3

Ready

Example 4 — Comparison
of External and Intrinsic
Terminations

The external and intrinsic
input reflection coefficients
presented by the last

solution are compared here.

Note that the resonance
behavior is very different at
the two reference points.

10/6/2025

www.ampsa.com

73



[[. \ Project Analysis Schematic adwdsgndsyn1_Test.ani - Ampsa Amplifier Design Wizard (V24H) - ] x
J Views Project Analysis Optimization Schematic Editing Elements Blocks lundtions Microstrip Wizards Project ~ Schematic ~ Artwork ~ Export ~ Microstrip ~ Preferences ~ Views ~ Window ~ ? (@
: Fal = : L ; = 4 . I
%gg‘ﬂ’m ‘”"@@@ Yopi o tszp
Set results | Analysis - Analyse Calculate Reflection : Summary © Show : Show - Smith © MM Smith MM Modify : Remove ADW : Touchstone
views  options - loop gain analysis -~ Table = table~ graph~ " chart ~ chart ZLi -~ passband ° results views Spi 52p
NMGHBREDE 1% 867 & -
4syni_Test.ani - Sch i x] - adwdsgn4dsynl_Test.ani - IM Intrinsic Load Terminations [SC} x] -
ADWDSGN4SYN1_TEST
20250828
21 'y
Gl 7 i
S, S AN
35.00 45.00 45.00 35.00 45.00 45.00 45.00Q 35.00 "'{:':"é_ 1
18.027°  3.0° BhApH  3.9201pF 3.0° 33.023° 0.293nH  0.3919pF 3.0° 3.0° 6.2666pH 15.326pF 3.0° 83.143° ( 7 F
—— Ui /o A
65.00 62.3690) 45.00 “"‘""@%“‘5’/
66.17° 63.818° 30° Q‘Q&aﬁf
__-#'
‘.....--"‘. Rt 500
1.0000: 20000
2.4000; 2:9000; 39000 (GHz) RO2 500
o_

Ready

Example 4 — The intrinsic load terminations presented by a matching network after minor tuning in the Analysis Module

The path of the intrinsic terminations of the solution shown here differs from those of the previous solutions shown. This solution was tuned
to remove a resonance spike in the intrinsic harmonic reflection coefficients. The spike did not show up during synthesis. (The network was

analyzed at more frequencies in the Analysis module.)
Note: Instead of adding extra inductance to a capacitor, the pad lengths can be increased.
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Thank you!

To learn more, visit www.ampsa.com

You can also sign up for a trial or buy a license on Ampsa’s website.
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