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Product Introduction

A RF filter design and real-time tuning platform specializing in 5G and
mmWave applications.

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



About SynMatrix

I One RF filter platform for design, optimization, and test tuning
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« SynMatrix Technologies Inc. is a software technology
company located in Toronto, Canada that develops = S
engineering and test measurement tools for RF passive g
components

o
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« Official Ansys solutions partner with direct HFSS
Integration

* Emerging global channel partner ecosystem and
technology alliance partners

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential. .



MICROWAVE JOURNAL TECH FEATURE RESEARCH PUBLICATION
SEPTEMBER 2020 JULY 2020
Neural Network Of Calibrated Coarse

Model And Application To Substrate
Integrated Waveguide Filter Design

Ceramic Waveguide Filter Design
Using Computer-Aided Tuning

-Microwave Journal - International Journal Of RF And Microwave
Computer-aided Engineering

RESEARCH PUBLICATION RESEARCH PUBLICATION

JUNE 2020 Dec 2020
A High-Selectivity D-Band Mixed-Mode Design of an 11-Pole BPF Using Cascaded
Filter Based on the Coupled Overmode Triplets of TM010 Mode Dielectric Ring
Cavities Resonators
- Institute of Electrical and Electronics Engineers - Institute of Electrical and Electronics Engineers
(IEEE) (IEEE) NEMO

Partner Ecosystem and Academia

Current Global Channel
Partner Network

m SINE A
cnnFE (3=) Ef A of] A QN O] numesys
AL
CADMEN -
EnTupLE Taiwan Auto-Design Co. D Oze n
TECANOLOGIES RPIRHEIR P EIRAT)

Technical Alliance Partners

A& SYNMATRIX

Empowering RF Innovation
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Filter Application Overview

Very High Frequency L and S Band mm-Wave Application

4to
30-300MHz 0.3 - 4Ghz 100+Ghz
MARINE,
MOBILE MOBILE MILITARY

RADIO PHONES AEROSPACE OPS

GROUND, RADIO 5G NETWORKS

AIRCRAFT COMM ASTRONOMY

SMART CITIES

LTCC Chip

- x.
.‘ ' & d |
Ceramic WG Filter Cavity Filter ‘ Ceramlc Fllter

 Supports filter designs from
various industries

 Supports very high frequency to
mmWave applications

* SynMatrix supports various
structures including co-axials,
ceramics, cavity and waveguide
structures

K& SYNMATRIX
Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



I One platform for design, optimization and test tuning
—

OPTIMIZATION MANUFACTURING

Features an advanced Faster and more accurate

Computer-Aided Tuning and Al- volume production with real-time
Optlmlzatlon SYStem with Ansys manufacturing line tuning
HFSS integration. (Coming Soon)

SPEC ANALYSIS ME;IESSlJLéI{\In[I;NT
aAr; ;Iea;;re'lsz%kr%j f(:)erscigrrl]arl]edx Real-time tuning and a test and

alysis platt comp measurement user workflow KEYSIGHT
microwave filter engineering. from an easy-to-use GUI. TECHNOLOGIES

S\ STNMATRIX
Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Features Summary

Supports a comprehensive array of filter
types and structures. Bandpass, band
stop, LPF, multi-bands. Diplexers and
triplexers. Ceramic and ceramic
waveguide filters.

Automatic Al optimization. One of the
world’s first Al-optimization systems that
runs automatically. Complete runtime
integration with the HFSS workflow.

Precise real-time tuning. Achieve faster
test and measurement results in the lab
and on the production line. Full VNA
integration with complete control from
one easy-to-use GUI.

5G and mmWave ready. Designed for very
high to mmWave frequency applications.
Includes a dispersive simulator function.

Ansys HFSS integration. Import your
HFSS designs and map physical
parameters instantly.

End-to-end RF design workflow. From
specifications design, to test and
measurement, to production line tuning.

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



I Benefits
—

- Reduce R&D cycle time and realize labour
savings. Design and tune filters faster, more B | Y
accurately and more efficiently. |

S-Parameter

- No more prototype build cycles. With improved ‘
design simulation accuracy, fabricating | ST
prototype samples will no longer be needed to : | ‘,{
verify designs.

- Eliminate labour specialization. Using a tuning
tool to help guide the tuning process will remove
the dependency on more expensive, highly
experienced technicians.

Matrix - S11 -o- Matrix - S21

- Improve manufacturing speed, quality and yield.
With a tuning tool client designed for production,
technicians can implement a repeatable tuning

solution. X& s\(N MI\TI%IX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential. .




Specification
Analysis

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



OPTIMIZATION MANUFACTURING

Features an advanced Faster and more accurate

Computer-Aided Tuning and Al- volume production with real-time
Optimization system with Ansys manufacturing line tuning
HFSS integration. (Coming Soon)

One platform for
design, optimization

02 and test tuning

04

SPEC ANALYSIS TEST AND
MEASUREMENT
A feature-packed design and
analysis platform for complex Real-time tuning and a test and
microwave filter engineering. measurement user workflow _IéEI_iYNSO[gGITLI

BPF, BSF, LPF, Multi-band from an easy-to-use GUL.

Dispersive effect analysis
Power handling analysis
Monte-Carlo analysis

« Thermal drift analysis

ﬁ"ﬁ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Specification Analysis A\

SynMatrix supports a variety of filter types for synthesis:

S-Parameter S-Parameter

WW * Coupling matrix synthesis
—— » Arbitrary topology setup

0875

 User-defined transmission
zeroes positioning

85

eeeeeeeeeeeeee

» Coupling-aided tuning

S-Parameter S-Parameter

* Low pass filter features
\ r\ automatic modelling

o—0—
21 21
[P
2 25 3 15 4 45 5 il
Frequency (GHz) e 32 34 36

eeeeeeeeeeeee

M

Low Pass Filter Multi Band Filter

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Specification Analysis | Band Stop Filter A’Q

Two different formats for Support different types of topologies

S-Parameter
S-Parameter

the same topology

(\ S 0 0 0 0 000 |/ )
v V4 -20
/\ | 0 0

310 0 0
40 0
= N n o
- 0 L 0 0 0 0 o—©O 1. o—©O

Magnitude(dB)

Magnitude(dB)
I
i3
Lo
[= =]

Format 1: 3/4 guided e
T e wavelength connection e e
Matrix - S11 -+~ Matrix - S21 S-Parameter
3 | Fa 3 4 L 0
‘--\
. S0 0 0 0 [“ -
Band stop filter features: -| : S Folded
« Coupled resonant solution 20 0 0
. Support. Cul-De-Sac” and “Folded 1 0 . ; :
topologies J 0 ;
« Support both inductive and capacitive %
wavelength end loading structure . ’ ’ ’ ’ L S
Format 2: 1/4 guided | | |
wavelength connection oo O
o - o Frequency (GHz2)

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Specification Analysis | Band Stop Filter A\

S Parameter Plot 1 4-2-0--L-BP2BS ANSYS

S-Parameter D DD — ———— ——

— -

\

S-Paramet ter S-Parameter

% guided wavelength

-10.00

20,00 — [ 1\ (\

H 55 -55
U i L 172 1B 483 12 - 15 1.5 16 165 17 75 18 185 - 15 155 16 165 17 75 18 185
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee n
—
-m Measure-S11 ) Meane S11 -m Measure-S11 —
B sl RS Bdmc 2t -a Measure-S21 Extract- 11 -e- Extract - 521 -a Measure-S21 Extract-S11 -e- Extract - S21 od 1
2 .
e
o
=
S-Parameter S-Parameter S-Parameter E
S-Parameter
............. A serzoom - 0 i : Resetzoom 0 = = = Reset zo0m = -40.00
c ] = X ‘ ) £ J EERVIION | s =\ ' Risst zoom B i
o

-50.00

-60.00

| Curve Info
| dB(S(2,1))
Setup1 : Sweep
=0 C - 2 = 1t 55 s 8 Measure-511
65 17 175 18 1.85 2 2 s & 22 5 h 15 155 16 165 17 175 8 185 +a Measure-S21 Extract - S11 ~»- Bxtract- 21
rrrrrrrrrrrrr Fropency e Frequency (GHz) —?U DG T T T 1 T T T ] T T T | T T T ]

Bt Bl bl -a Measure - S21 Extract-S11 -e- Extract - S21 S il 1 4"} 1 Eﬂ 1 6‘-} 1 T‘] 1 Eﬂ 1 Bﬂ
Freq [GHz]

Computer-aided tuning optimization process HFSS 3D model and Simulation Results

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Specification Analysis | Multi-band Filter &Q

Features:
« Support dual-band and triple band coupling matrix synthesis with arbitrary topology

« Supports symmetric and asymmetric RF performance
* Flexible transmission zero position designation

S-Parameter S-Parameter

| ) mﬂﬁ

Magnitude(dB)

Magnitude(dB)

1 5 .
Frequency (GHz)

Frequency (GHz)
Matrix - S11 -~ Matrix - S21

Matrix - S11 -o- Matrix - S21

Dual-band band pass filter Triple band pass filter

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Specification Analysis | Multi-band Filter &Q

Computer-aided tuning

e A 'S
e
| [6==6

. A /’l\

S Parameter Plot 1 4-2-0-CQ-dual ANSYS
XY Plot 2 6-2-0How ANSYS 0.00
o 10.75 I | | | 11_|0[] | | I | 11_|25 | | | | Fr;c:![gﬂHz] | | I | 11_|75 | | | I 12_IUU I I . I 12-_25
6 poles Coaxial Cavity Triple band pass filter

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Specification Analysis | Low-pass Filter A’g

(@) Chebyshev Max Flat
Filter Order: | 9 -
(@) Sqaure Cavity Cylinder Cavity
Cutoff Freq | 2 dB —
@) Spacer Sleeves
RL 20 dB IO Impedance 50 chm = Unit | mm

Range | 0.5 GHz To |6 GHz () Refresh Calculate All F t

LC Dimension
. . » Supports 4 step impedance
“ ‘ coaxial structures

High Impedance Low Impedance

e » Offers direct dimension
: 1 synthesis and builds the model
R automatically
 Calculates both circuit model
e ‘ and physical dimensions
| * Provides a generic model-based
S : 1 optimizer to match with the EM
: simulation
Four Practical Engineering Structures 1
Calculate Length 0

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Specification Analysis | Di/Triplexers A’Q

SYNMATRIX | |

S atrix Specification xpr. Setting =~ Optimization

nnnnnnnnnnnnnnnnnnnnnn

& Synthesis

WWWWWWWW

3 Optimization  »
Edit Topology

@ Intelligent Tuning

&  Filter Tuning

1 Monte-Carlo Anal...

© Optimization

-a= Matrix - S41

B Project Management

4

!

Diplexer and Triplexer support

« Arbitrary Topology Synthesis (o6 o
. e S I R [ R .. LT
»  T-Junction and Common Hlele e T el I N R
Resonator oo ol N
« Waveguide T-junction w y
. : Coaxial Cavity aveguidae
optlml.zatlon | o Diplexer—common Diplexer—
* Generic Matrix Optimizer resonator T-Junction

« Stored Energy Analysis

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Specification Analysis | Matrix Optimization &Q

F Monte-Carlo analysis

o . Wi
Matrix Sensitivity Analysis i

] 4 5 6
v
Vo vV

A VA VA BV

3 A VA V4

and Optimization '
P
5 ' Optimized Quasi-Newtqg

Optimized Quasi-Newt(

QuasiNewton S -
M99|-0.01

NominalValuelLower ~~ |Upper

: A
* Monte Carlo analysis % }ﬁ

« Matrix Optimization: easy set up |
and fast convergence for special
topologies

e M ali1ng N 54 A2
SIMpIEx Type Value(dB) Start(Ghz) Stop(Ghz) Weight LeftMargin RightMargin  Status Oper:

Truncated Newton

RL (<] -25 1.925 1.992 1 o.0000 || 00157
_east Sguares

is0 (<) -105 1.791 1.85 1 N/A N/A Fail -

m Matrix optimization

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Specification Analysis | Dispersive Effect Control A’Q

S-Parameter

Predict RF performance with dispersive
effect:

o Wideband applications
o Four types of dispersive effects

Magnitude(dB)

Ideal Performance W/O considering the

e Dispersive Effective H
Matrix - S11 -+~ Matrix - S21
o-r F'Iter DlSprSlon S-Parameter S-Parameter
1~ [ A [
_ i ]
_ MewbDispeson ral pass

Fail

Magnitude(dB)
Magnitude(dB)

Dispersive Effect due to the
inductive coupling

Dispersive Effect due to
the capacitive coupling

14.8 14.85 149 1495

Frequency (GHz) Frequency (GHz)

- Matrix - S11 == Matrix - $21 Matrix-S11 - Matrix - S21

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Specification Analysis | Other Features A\

5 4 3 4 5 ¥ L
5 0 0 0 0 0 . .
| C) - - - Ap-p-I}rEeSEve B
Power Analysis : ° (:) . L 3 4
4 0 0 0 C) 0 0
. 50 0 0 0 0 * Peak power analysis
¥ 0 0 0 0 0
s0 « Stored energy
L 0 0 0 0 0 0 0
g » Thermal drift predication
B Matrix Edition and . . L
2 » Coupling matrix edition
2 ¥ Thermal Settings » Specification analysis
20 Material Aluminum 23 Range From (°C) | -23 To (*C) 80 .
 Marker analysis
' Thermal Drift (MHz): 18.0689 y

0 RL (<) 16 36 3.8 7.6529 7.3274 i
1.8 1.9 2 2.1

iso (<) -40 3.3 3.54 9,511 Pass ]

Stored Energy S |

Thermal Drift prediction
and Spec Analysis

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



3D Modelling Function

Coaxial Cavity o Freq&Q Analysis Single Cavity Coupling Scheme Input / Output Full 3D Modeling
3) L v W
& STNMATRIX Freq& Q Simulation o N N

Empowering RF Innova tion . Automatlc 3D mOdeIIIng deSIgn
Unit  cm ® Fixed Post Diameter (®) Fixed Post Height
Cavity Side Length 6.3 cm Cavity Height 7 cm Fix Height & Vary Diameter of Resonator W O rkf I O W

«
Resonator Radius 09 m Resonator Height 5.35 cm 1.24 8160
@ Synthesis A R. Radius Range 07 1.26 Rs Height Range 5 6 : I i
° INgie resonator maoaeiiing an

Tuning Screw Radius =~ M2 0.25 cm Tuning Screw Depth 0.875 cm 1.22 | 8100

W Single

[}
Frequency 1 GHz | Est.Resonatorh | 525 cm \ a n a | S I S
¥ Dip/MUX , A . ; X
Surface Material Silver Conductivity 6.1 x10° S/m 1.2 \\ 8040
\
\

& 3D Modeling © Square  Round  Hexagon \\\ ® AdJ dace nt cou p | | N g an d

1.18 ‘\\ 7980

D 1 : input/output coupling modelling
@ Intelligent Optimi... | \\‘\\ | and analySiS

e Customized full 3D modelling
function

7800

heS
-~
~
u

& Toolbox c N 494 e I R e e

& 7740
L4 Monte-Carlo Anal... 1.5 1.75 2 2.25 25
Diameter
©  Optimization - Freq Unloaded Q

& STNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential. .




3D Modelling Function

1/0
Schemes

Fully 3D
modelling

Coupling
Schemes

Cavity
Analysis

\// Single Cavity

Resonator analysis and synthesis with
several shapes supported

One-click automatic 3D model
generation from a user-defined
topology

Fully integrated with Ansys HFSS
simulation

Frequency and unloaded Q analysis
Perform parametric studies

All parameters can be passed to
optimizer

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Optimization

& STNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



OPTIMIZATION MANUFACTURING

Features an advanced
Computer-Aided Tuning and Al-
Optimization system with Ansys

Faster and more accurate
volume production with real-time
manufacturing line tuning

HFSS integration. (Coming Soon)

One platform for
design, optimization

01 and test tuning

03

SPEC ANALYSIS ME-;I'ESSU-II;QII\\IIIIENT
A feature-packed design and
analysis platform for complex Real-time tunin

‘ , , , g and a test and KEYSIGHT
microwave filter engineering. measurement user workflow TECHNOLOGIES

from an easy-to-use GUI.

Empowering RF Innovation

AAQ SYNMATRIX

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Optimization

Computer-Aided Tuning Intelligent Optimization

« Al Optimization. Features automatic
runtime processing with Ansys HFSS
integration and space mapping
capabilities.

» Coupling matrix extraction. Two-port coupling
matrix extraction, multiport tuning and generic
circuit-EM optimization.

- Advanced algorithms. Dispersive effect and
spurious prediction can be used to extract the
error information precisely.

* Custom Optimization. Features linear
and non-linear optimization modes.
Offers step-by-step, master control
for more experienced designers.

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential. .




Computer-Aided Tuning | Two-Port Tuning A’*_Q

» Advanced coupling matrix
extraction technique

- oo o T Y e
S Paramet er Phase Specification Multiport Extraction Golden Matrix Extracted Matrix Error Levels I f
« Evaluate RF performance by
S-Parameter ] | Track Mo de Off Data Type Differences SynMatrix Assumpt ion Off

extracting error information
directly from the simulation or test
data (regardless of the lossy or
lossless data)

Magnitude(dB)

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Computer-Aided Tuning | Multi-Port Tuning A\

S Parameter Phase Specification Multiport Extraction Golden Matrix Extracted Matrix Error Levels
Port Z0: Ohm @ Lumped Port: 5000 Ohm Track Mode Off Data Type Coupling BW SynMatrix Assumption Off
1.04975 = M1,1
e f1:-0.018
L » £2:-0.006 5 .
. . ¢£3:0014 | M33 i
* Most popular coupling matrix Ayl 5 D005
= 4 «16:0.022 | MS,> _
: : © 'Aﬁ : -o- f1
extraction technique based on - =M +7:0008 | S-Parameter =
o £9:-0.015 | I
Y parameters | | g
7 25 B
. . Frequency (GHz)
e Define the lump port in your o
° ° olin 0 -
3D simulation structure and i
o
extract frequency and : - -
coupling error info :
125 ==
E
E
| 150 —
Frequency (GHz) 496 /‘ \: Vales
1.85 1.875 1.9 ==, &
Frequency (GHz)
*¥ Measure - 511
-® Measure - S21 - Extract - S11 -m- Extract - S21

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Computer-Aided Tuning | Time Domain Tuning A’Q

PORT? u S-Parameter

ude(dB)

» Synthesize, import a custom

Magnit

coupling matrix file, or import

your S2P data to help support

your use cases T I
* Support both computer-aided s S e e =

tuning and real-time tuning ‘ = |

workflows

-8~ Golden -S11 ® Measure-S11
Frequency (GHz)

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Computer-Aided Tuning | Generic Optimization &Q

Deep Optimization
Name Error Level Source Optimize Save

Settings Progress S-Parameter Graph Colden Mati Optimize

_—

S-Parameter .
« Based on circuit model I
. : : , J Bl e 2 0.9517 ' Optimize save

 Retrieves EM simulation AT PR N

Optimize

VJJ s

error by curve fitting the i P ;

target through a variety of
optimization methods § L —
Frequen—cwy (GH2)
o Measure - 511
*¥ Measure - S21 Extract - S11 s
Trial - S11 -0 Trial - 521

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Computer-Aided Tuning | Dispersive Effect Control A’Q
___

S-Parameter S-Parameter

Design specification: —
Filter order=7; f0=14.35GHz; BW=0.9GHz; RL=20dB ——
12.5~13.1GHz<-80dB; 13.1~13.5GHz<-40dB wo e |l = T
13.5~13.8GHz<-25dB; 15~15.5GHz<-35dB - ——
« Manage higher frequency S G
applications with dispersive effect o
C O n-tr Ol .t O O I S S ok ‘M Measure - S11 -a Measure - 521 Sty o e ‘M Measure - S11 ‘a Measure - S21

Without Dispersive control With Dispersive control

o Planar/Co-planar structures
o Wideband application
o Ceramic/Waveguide

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




0.00

-12.50

-25.00

T 3750

-50.00

-62.50

-75.00

XY Plot 2 6-2-0dlow ANSYS
Curve Info
= dB(3(21))
Setup1 : Sweep1
] — dB{3(1,1))
Setup1 : Sweep1
7-poles waveguides oo o
b [}
(===
|
==
|
==
_ ||
- I—
1 ]
I
]
il
1 . I
! 6 poles Coaxial :
Cavit
| . 2 . . —
1.80 1.80 aVI 2_.130 240

Freq [GHZ]

S Parameter Plot 1

4-20-CQ-dual ANSYS

Cylinder Waveguide

1150 11.75

Freq [GHz]

Curve Info

— dB(5(1,1))
Setup: Sweep

— dB(3(2.1))
Setup1: Sweep

dB(S(2,1))

Magnitucde(os)

U.DU—_
-10 DU—:
-20.00—_
-30.00 —
-40.00 —
-SU.DU—:

-60.00 —

..........

S Parameter Plot 1

4-2-0--L-BP2BS ANSYS

—

¥ guided wavelength

Band Stop Filter

-70.00
1.40

T
1.60
Freq [GHz]

S-Parameter

T
1.70

Frequency (GH2)

T v T T |
1.80 1.90

Computer-Aided Tuning | Bandpass, Band stop, Dual-band

Ceramic Wavegui&e O

BPF

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Intelligent Optimization | Perturbation System A’Q

The new released perturbation system is an independent automatic function to calculate the

derivative matrix. The perturbated information can be used as the initial starting point either

for space mapping or Al optimization to improve the overall optimization performance.

oM, O0M,
oD, 0D,

OMy; 0Mq, EEeL EERSEER nRCRREREEDRERE
oD, D, AL “%
oM, ‘ oM, ) ’ [ ﬂ )
oD, 0D, . —

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.




Intelligent Optimization | Al A’Q

Stage 1: Supervised process  Stage 2: Deep Learning process

]

a"

'

Combines supervised deep learning
method with SynMatrix’s proprietary

knowledge to converge to a solution

Optimized Dimension

linear Zone

Linear area/non-

« 2-stage process to analyze the RF
characteristics

« Self-adaptive coupling matrix error Tag data Sort data
correction to improve accuracy

« Hybrid optimization method with space
mapping integration

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Intelligent Optimization | Al

Full Training System

Full deviation matrix built with co-
coupling effects. Suitable for
complicated cases with quasi-linear
coupling performance.

- OM, OM, oM, OM,
oD, oD,  aD,_, aD,
oMy, OM,, OM,, OM,,
oD, aD, ™~ dD,_, 9D,
oM, M, oM, oM,
9D, D, D, , D,

Fully trained deviation matrix

Smart Training system

Intelligently detects key training
elements from user defined
topology. Suitable for traditional CT
and CQ topologies.

Adjacent energy leakage is considered

0
o
3
T
.
2

Full Train Process with
15x training iterations

Smart Train Process with
7x training iterations

Magnitude(dB)

¥ Measure-S11
-¥- Extract - S21

Example Used

S-Parameter

Frequency (GHz)

@ Measure - S21 -+~ Extract-S11

Save up to 50% training time
with Smart Training Process

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Intelligent Optimization | Al A’Q

HFSS configuration control
from the SynMatrix GUI

. | pr—
An sys H S S I nteg rat I O n Simulation Settings y
Lower Bound Last Result =~ Parameter Name = Updated Result  Upper Bound
Solution Freg 197 € Max refine per pass (%) ar - o |

+ HFSS analysis set up automation
» Auto-import HFSS variables

» Runtime automation S T
« Save the mapping file automatically

. : : Auto-analysis i Design variables
Compatible with HFSS v15.0+ N -utc impor

Automatically map
physical dimensions

S\ STNMATRIX
Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Intelligent Optimization | Al A\

Optimization Error

Workflow Management

Tools

« S2P file storage with simulation b .A =
brocess recap ———— e B 7 R

* Run process overview e e e e T ..

« Dimension vs. coupling e oo oo
coefficients .

« Recommends best result with o -
seamless integration g% S S | M-

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Intelligent Optimization | Custom workflow A’Q

Flexible Tuning Methods
Choose between linear and non-linear
tuning methods.

Solve for Non-Linear Methods
Based on Aggressive Space Mapping
(ASM) or the Linear Slope method.

Easy to Use
One-touch set up and full HFSS remote
control.

Regression Analysis

Using the nonlinear curve fitting
technique to predict the 3D dimension
variation.

Get new

dimension

Import S2P Extract
automatically Matrix

A

Non-Linear Optimization <

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Test and
Measurement
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LA\ STNMATRIX
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OPTIMIZATION MANUFACTURING

Features an advanced
Computer-Aided Tuning and Al-
Optimization system with Ansys

Faster and more accurate
volume production with real-time
manufacturing line tuning

HFSS integration. (Coming Soon)

One platform for
design, optimization

01 and test tuning

SPEC ANALYSIS ME-;ESSU-II-RQII\\IIIIIZNT
A feature-packed design and
analysis platform for complex Real-time tuning and a test and
: : o KEYSIGHT
microwave filter engineering. measurement user workflow TECH NSOLgGIES
»  Coupling matrix synthesis from an easy-to-use GUI.

Dispersive effect analysis
Power handling analysis
Monte-Carlo analysis

« Thermal drift analysis
Etc.

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Test and Measurement | VNA Support A\

0-0-0-test case ~] VNA Setting # Tuning Setting = Trace ¥ Marker E) Export Report AT |l Extract Matrix P
m Start[GHz): 2.5 Stop{GHz): 4.5 Sweep Points: 801 BW(kHz): 1 Awe Power{dBm): 0 Capture{GHz) Fror To E

S Parameter Phase Specification Matrix Error

S-Parameter = :
Off Data Type Differences SynMatrix Assumption Off

ey
i s mooo

WMaa

n-o00 [

) s, W\ MS.S
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Support both Rohde & Schwarz and Keysight VNAs
Rohde & Schwarz models: ZNB, ZNL, ZND
Keysight models: E5071C series

Fully control the VNA with the SynMatrix GUI

Keysight
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Test and Measurement | Real-time Tuning

REAL-TIME FILTER TUNING FLOW

Filter tuning was never easier and faster. SynMatrix advanced computer-aided tuning enables real-time
filter optimization in an easy guided process using the R&S®ZNB vector network analyzer from
Rohde & Schwarz. The SynMatrix solution offers a feature-rich GUI for R&D and lab use, as well as a

simplified version for production applications.

Your task

You are working on high frequency applications, and
designing and tuning a filter has become more challeng-
ing. Using traditional design and verification techniques
severgly influences RH&D processes.

oG and mmWave market growth is increasing volume pro-
duction demands with better yields, dramatically exceed-
ing the expectations from previous design generations.

Tuning microwave filters requires specialized technicians,
which can be very expensive and time consuming. Using
a tool that enables non-specialized technicians to per-
form this task could be the key to accelerating design and
manufacturing processes and maintaining high-quality
performance.

R&ES"ZMNE vector network analyzer

Solution from Rohde & Schwarz and SynMatrix

The Rohde & S5chwarz-SynMatrix workflow offers a com-
plete test and tuning solution for 5G and mmWawve micro-
wave filters. It is a powerful solution for RF engineers

and technicians who want to test and tune their designs
quickly and accurately.

The R&S*ZMNE vector network analyzer provides supe-
rior performance, including a wide frequency application
range and a large dynamic range up to 140 dB. The short
sweep times (4 ms for 401 points) offer fast and accurate
measurement response. The Rohde & Schwarz-SynMatrix
workflow has been validated by many users with high
frequency requirements.
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Real-time tuning... begins!
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Test and Measurement | One-Button Connection

Calibration File

Start Freg(GHz):

- . — WA Setting # Tuning Setting = Trace & Marker E) Expert Repert #Smooth Curve Ll Extract Matrix Pl
Stop F A H7:
- p rE' |:. W = 5

Start(GHz): 2.5 Stop(GHz): 4.5 Sweep Points: B0 BWikHz): 1 Ave Power{dBm): 0 Capture(GHz) Froer To ﬂ

. Phase Specification Matrix Error
Swee P FOINts.

S-Parameter = 7
Off Jata Type Differences SynMatrix Assumption Off

e e ’ » Plug and play set up
 Complete VNA access

M22 In -0.00

Bandwidth(kKHz):

M3i3 In-0.00

i

s Sl

M10.10

VMNA IP Address 10.10.0.15 I -

Disconnect

!

A

M34

4

M58
{

MBS

Froquency (GH2) Mi0oL

4 Measure -S11 *v Measure - 521 Extract - 511
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Test and Measurement | Time Domain Tuning A\

unsaved 23 VNA Setting » Tuning Setting Time Domain - Trace OMarker E Export Report #:Smooth Curve Lt Update data
No Spec Start(GHz): 2.5 Stop(GHz): 4.5 Sweepgloints: 801 BW(kHz): 1 Ave Power(dBm): 0 Capture(GHz) From: 0 To:

FAIL Start(GHz): 2.5 Stop(GHz): 4.5 Sweep Points: 801 BW(kHz): 3 e Power(dBm): 0 Capture(GHz) From: 2.8 To: 4.1 ﬂ W

S Parameter Phase Specification Matrix Error Time Domain ° ° °
* Direct time domain
S-Parameter Htart = -1 ns Stop 4 ns PORT1 H
[ ]
S tuning process
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w
=
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.30 : : = = ess . .
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-x Measure -8- Golden - 511 ‘@ Measure - 511
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B - Start Freq

I
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Test and Measurement | Streaming, Manual Modes A’Q

=) VNA Setting

Streaming Mode:
Real time tuning and

# Tuning Setting - Trace ¥ Marker D ExportReport  #Smooth Curve [EEIESTegTETTY
Start{GHz): 2.5 Stop(GHz): 4.5

Phase Specification

S-Parameter

Sweep Points: 801 BWikHz): 1 Ave Power{dBm): 0 Capture{GHz) Frorr

Matrix Error

Manual Mode:
Diagnose and tune the

feedback

Streaming mode: Real-time
tuning experience

Manual mode: For debugging,
step-by-step tuning

experience | —

4 Measure -S11 *¥ Measure - 521
Set -S21

. . .

()Hf)

e | e unit step by step

Extract - 511

AAQ SYNMATRIX

Empowering RF Innovation

© 2021 SynMatrix Technologies, Inc. Proprietary and confidential.



Test and Measurement | Full VNA Control

-fest Case ) WMNA Setting % Tuning Setting =L Trace % Marker [ Export Report F.Smooth Curve Wl Extract Matrix A

Set All Auto Diagram 2

Sync Set All Auto Diagram 1.

RefWalue tart

RefPos AutoScale

Name Diagram Measure Mode Scale

Show
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_ 29 D Ot 0.00
Marker3 ' : = g _ v . M3,10 B Ot 0.00
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f case -] VMNA Setting

Start(GHz); 2.5

S Parameter Phase

S-Parameter

& Tuning Setting
Stop(GHz): 4.5

Specification

= Trace

Sweep Points: 801

Magnitude(dB)

instructions.

rroquency (GH2)

& Measure -511 ¥ Measure - 521

- .S
set 4

Markerd)

»

Extract - 511

™

Various measurement formats (Mag, Pase,
GD, VSWR) incorporated with the tuning

% Marker

BWikHz): 1

"'-:. :
M33

.
Ve

M35

'lu.\ &

AT
LN

'Y
2.3

Matrix Error

Test and Measurement | Report Generation

[E] Export Report #F5Smooth Curve l  Extract Matrix

Ave Power(dBm); 0 Capture(

Company Name Project Name

Product Series No. Technician Name

Ambient

Differences Temperature

. )
e ™ A=
) Spec Mask

In-0.00

In-0.00

Tuning Instruction:
In-0.00

In-0.00

uning instruction will be passed to manufacture line a

In-0.00

ey

In-0.00

In-0.00
In-0.00
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Test and Measurement | Success Stories A\

n “ a e £ Sop GHs ' e ¥ L 20 Bl Ave FoaeldEn LIPtureotr U v u
S Pararneter Phase Specification Matrix Error
S'pafamtef freein on () - CWMererves

» Customer validation exercise
(7-pole with 4 transmission zeros,

12-pole with 4 transmission zeros
designs)

- Successfully used SynMatrix to tune
both filters

o T - SynMatrix uses an advanced
- B ' algorithm that supports more filter
: — ° geometries and applications

- Competitor’'s software was unable to
tune the 12-pole design

S\ SONMATRIX
Empowering RF Innovation
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On-Boarding and Support

» | ead Technical Contact: Diamond Liu
—~Email: diamond.liu@synmatrixtech.com
—Support: support@synmatrixtech.com

Diamond Liu
. . . . Dir. Of R&D
» Commercial Business Support: David Shin
—~Email: david.shin@synmatrixtech.com
» Trial licence
—Controlled and accessible via the cloud at
www.synmatrixtech.com
David Shin

-On-premise options are available for departments
without internet access (inquire for more details)

Dir. of Business Development

AAQ SYNMATRIX

Empowering RF Innovation
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