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Industry Tendency & Design Challenges

Design Challenges to passive component;

. Unpredictable behavior
Highly rely on experience

Manufacture Challenges;
Tolerance control;
Yields vs. Design;

The Challenges are throughout

the whole product life cycles;

g’gggg:aﬁ'o; = To lower the risk, engineer

analysis needs to control the quality

from the beginning stage---
design & simulation

R&D— » Simulation performance is

Design critical to the final performance;

Manufactu

re—Mass
Production

Post

Process—
Test &Tuning

Non-tune Structure; New structure & New material
Test Uncertainties; . Need high precise simulation
High labor cost & Training . Time vs. Cost
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SynMatrix Intelligent Design Platform

SynMatrix is an intelligent cloud-based design platform for RF engineers and
technicians to help accelerate the RF component design and manufacturing process

Proposal &

« Coupling matrix synthesis  Computer-aided tuning & » To be releasing soon

- Dispersive effect prediction diagnosis | B

- Matrix optimization & sign change Advanced coupling mafrix oy —: < - o e em s em o e S
) - extraction

* Monte-Carlo analysis — Multi-ports tuning T |

. Design margins ana|ysis — Generic optimization :‘ nnnnnnnn ; ;

« Shift f0&BW + Nonuniform Q * Al optimization system S

« S2P & Matrix file import/export * Manually Tuning system-- = -

Aggressive space mapping

Frequency (GHz)
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Filter Application Overview

Passive components are used across many industries including telecommunications,
military, space exploration, and medical.

Portion of the Radio Spectrum

Very High Frequency L and S Band mm-Wave Application

le—— 30-300MHz 2| < 0.3 - 3Ghz —le 3 to 90Ghz >)

B 5G networks,
e Smart Cities

5 Comm

Ground, Satellites,
Aircraft Satellite TV

Broadcasting
Comm

Marine and

mobile radio Military Ops

Mobile Phones
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Filter Structures, Applications

Ceramic Filter Microstrip Line Ceramic Waveguide
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Proprietary and Confidential. © 2019 SynMatrix Technologies Inc. i, . . I 1



aSpecification Analysis |

Component Design e 3D Simulationi

t STNMATRIX '

°Tuning & Measurement

Feature 1:Al Tuning & Space Mapping Technique
-- Provide flexible optimizer to adopt different applications & structures;

Find the mapping function f(x)

v' Al Cored advanced algorithm A AN R e %= f(%7)
inf | : thod " ‘T? Lk '.'|'_‘.|'. et Physical Dimension Coupling Coefficients
---Reinforcement learning metho RN ESRAN -,',T:ﬂ'|-"-“--: s a
. .. . INCYTCC [ s N i le—1 [ o8 .
v Modified Original Space Mapping(MOSM) r.[“__'_;‘l-{_l 't.-._a,_. ,Hi_ r-_'-p-J.j-T‘l + : i)
---Stable and Accurate; Sttty e e ] & ' 1 | —
., __ﬁ_J:_J,L ¢ ‘].1'. "ol e o W
v' Aggressive Space Mapping(ASM HrEle g T = = -
ggﬁ_ ont ZF t Pping( ) RN AT Fine Model = Coarse Model
---Efficient and Fast; T —
U t =

Extract the key parameters
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aSpecification Analysis :9 Component Design °Tuning & Measurement

t STNMATRIX '
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Feature 2: Al tuning system---
Reinforcement learning system embedded
with human experiences

Matrix Extraction |
v" High efficiency without long time training
process;

v Advanced curve fitting technology

---Fast and Accurate; z g& Reward

v' Stabilized control system
---Anti-crash monitor;

State L Advanced Curve
" St e Fitting Technology

Nonlinear Curve Fitting

NMATRIX




QSpecification Analysis ie Component Design e 3D Simulationi °Tuning & Measurement

t STNMATRIX '

Feature 3: Advanced non-linear curve _

fitting algorithm; i g ;:__= — —f:_ — Coupling Coefficients VS. Dimension

\/ MU|ti'funCti0naI pOIynomial flttlng . i 2 i l wmm| inear Curve Fitting — sssmMon-inear Curve Fiffing Reality
technology; yfate] 1 P

v' Multi-path finding algorithm to find the =i ik
global minimum; el oo e

o f() =ax™ +bx" 4+ 1

========= 13 Nonlinear Curve Fitting
h— = L , i
‘ 1 " f 1 Non-linear Result 1.0824 11 | eeeeeessssssseesssessssssseessssesens
i { i /,f’ ‘|\ : N ' - ‘ | 1.0538 * ..............................................................................
T » g ‘ e ‘ Linear Result 0.93240.9 |.occiiccmmmiiiieemererrnsssessssn s sssss s sassssssssens
Iteration14, max ' Iteration16, max Iteration10, max i '® 0 05 - R
error=5 Qi error=5 : » error=7 - i || '» o %ﬂ f
@ 03

1cm 1.025cm 1.05cm 1075cm 14cm 1.125cm 1.15cm 1.175cm 1.2cm



QSpecification Analysis |

Feature 4: Anti-error mechanism & Smart
convergent system:;

v’ Fast convergent and stable;

v Multi-path finding algorithm to find the global
minimum;

v" Smart convergent system—To avoid the

performance oscillating and ensure the
fast converge;

Component Design

t STNMATRIX '

‘I é
- - ‘I| - |I|

S ]
= [}

! Fast Convergent

e 3D Simulation

25 5 75 10 12,5 15 175

(4
Global minimum--Multipath finding \



QSpecification Analysis

Feature 5: HFSS remote control & Running
process overview,

v' Express HFSS config management &
Remote control;

v Running process overview--- Dimension
change VS. coupling coefficient changes;

v' Best result recommendation:;

e Component Design

t STNMATRIX '

°Tuning & Measurement
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Optimization Error

Dimension List

Coupling Variation

Implement

ParaMame 26

I
|

Dimension Variation

Optimize Error
M1_1
M2_2

M3_3

M5_5

Mé6_6

0.0447

Ma_4 0.2115

Matirx

Best Result Recommend

Error

29

» Series 1: 0,036

30

00364

0.3057

02149

0.251

0.2135

0.2418

0.2588

31




aSpecification Analysis

Feature 5: HFSS remote control & Running

process overview,

v' Directly import and HFSS design
& variable parameters

v' S2P file directly storage;
v Simulation result recap;

9 Component Design

t STNMATRIX '

e 3D Simulation

Simulation Settings

Freq Sweep Method

Auto-analysis ’
settings with HFSS W e | m

i Design variables
auto import

Slide Show Start Speed 45

1s2p Load

Sim result recap &
storage .

STNMATRIX




Prior to Proceed Al Automatic Running

1. Download “Synmatrix APP”

[MlLearn & Support Center

w L i
s (N MI\I IEIA Application Notes SynMatrix APP Villeos
io

Empowering RF Innovation

File Mame ,

rnmatrx-wingd-2.0.0.0zip

@ Synthesis
&  Single
& Computer Aide... ~
14 Tuning
@  Intelligent Tuning
& Toolbox
L Monte-Carlo Anal...
@ Optimization
B Project Management
B e-library
= My Account

™ Logout

Before proceeding the automatic
running simulation, user needs to
download the “Synmatrix APP”
from our website under “e-Library”

SynMatrix
Desktop...

STNMATRIX



Prior to Proceed Al Automatic Running

2. Synthesize the coupling matrix

e —
Step2: Input trans zeros | K. O e Topetosy Step3: Setup proper topology

Edit Topology

[ | Normallzed & Real Freq; Complex Pair Zera (Normalized) - | | - Arbltrary topology;
= Complex pair zero; : o " e Prpeen = CT, CQ, Box section, etc;
- e = Dispersion effect control,

Step1: Define Riter Information

[@ Input Parameters

Filter Order: 7 RL |25 dB

Step2 Ex: CT & CQ cascade;

N : : O nput & s 6D ns . .
n R R
Unloaded Q | Infinity A ) | o* o*

‘A8

B B R Ex: Extend Box;
% 1 m 0 0 0 0 0
= FO, BW, RL, Filter order, ,— [ - R
50 0 0 0
| | —— e 6 0 0 0 0 0 0
Unloaded Q S

Uniform/Non-uniform:
= Fine tune: Shift f & BW,; 0 S O Y I R Ex: Folded Structure:

a5
Frequency (GHz)
32 Zoom 2 Edit Matrix & Export A 2, Load Matrix 2. EditSign O‘N ] : ’

Matrix - 511 -+~ Matrix - 521



Prior to Proceed Al Automatic Running

2. Synthesize the coupling matrix

Group-delay

& Thermal Settings

Calculate All '
| Calculate Al | Marker Function

Material Custom 0 Range From (*C) | O To (°C) 0
m 7-3-0-WG-Spec-reload © Refresh 125 GHz |16 GHz Empowering RF Innovation ~
- o N Thermal Shift (MHz): 0.8609 Calculate
[ Input Parameters A Transmission Zeros + NOR . Physical Topology © Marker It ®

Group Delay(ns)

iiter Order: 7 AL dB Complex Pair Zero (Normalized) Edit Topology ON Refresh All Add
= ¢ . o Type Value(dB) Start(Ghz) Stop(Ghz) LeftMargin RightMargin Status Operation
- 4T Filter Dispersion vP ! ’ pahz) 9 9 9 P
L) oo Ghz ) 0 14131 o
it 0 0 12486 o
ed Q| Infinit A Q

14 145 15 16.5
Frequency (GH2) S-Parameter

o- Group Delay (ns) 0

Power Analysis 25

Magnitude(dB)

Thermal Drift Prediction
&

: T Specification Analysis

100

olo|olo|elo|a

Stored Energy (nj/W)

125 13 135 14 145 15 155 16

Frequency (GH2)
Matrix -S11 -+- Matrix - 521
i , 32 Zoom 2 Edit Matrix & Export A 2, Load Matrix 2 Edit Sign
s
Frequency (GHz)

Export S2P & matrix file; Edit Matrix; Upload

Graphic Result: S Parameter,
Group Delay, Store Energy

Customize Matrix; Matrix Sign Ch 5=
ustomize Matrix; Matrix Sign Change s‘(NM/\IRIX



Al System Working Flow: 7 Clicks Within 3 Steps

Step 1: Load the HFSS file and set up the dimension parameters;

Click2: Load the HFSS project and select proper design

Click 2 Click 2

P Folder Reset Simulation Settings Advanced Intelliger

6-2-0-high-Al I, Load Project 6-2-0-high.aedt 6-2-0-backups E gent Tuning
o -V
J (N MI\I IzII\ Capture | G (®) Space Mappin Al Tunin Trial Modification 5 Max Changes  ( Convergent Criterion Iteration Pass Extract i
GH~ (®) nns o “n i
Empowering RF Innovation P GHz GHz 2/ P pping g U.U2 g 0.1 g 0.01 1 Matrix Start

o . Dimension List Status Note S2P Files \/ A” user def|ned phyS|Cal parameters
© Synthesis  » ] T T ) =T will be imported automatically;
ST —

Lower Bound Last Result Parameter Name Updated Result Upper Bound

B Single + | 50% | - Tune the parameter boundary + | 150%

e v' User needs pair the couplin
= Computer Aide... » ,.m:::“ ﬁjjﬂ:j,":f““ o o) 0125 M1_1 0.25 0375 .. p p g . .
e — coefficients with these dimensions;
Click 4! T e ez <
— B Music M= 2 Post_H
( New @ intelligent Turiing |J FFFFFFFFF : v SynMatrix will provide lower and
; 032 upper bound automatically;

& Toolbox

Click1: Go to the “Intelligent Tuning” page

@ Optimization 0.125 Me6  Dsl 0.25
B Project Management 0.225 MS r:I.UUI:‘__| 7 0.45
B e-Library 0425 M1 2 D12 0.85
& My Account 0375 M2_3 D23 0.75
® Logout 0.2 M3_4 D34 0.4

- — SYNMATRIX



Al System Working Flow: 7 Clicks Within 3 Steps

Step 2: Setup the simulation parameters and obtain the initial response;

v" Once the simulation has done, the
S2P file will be exported from HFSS
and import to SynMatrix automatically;

S-Parameter

Magnitude({dB)

Frequency (GHz)

Golden - 511 -+- Golden - 521 +# Measure -511 +# Measure - 521

Click 4: Click “Done” to drive HFSS to simulate the initial performance

Click 3: HFSS simulation express setting

6-2-0-high-Al

Capture

GHz

Dimension List

Lower Bound

GHz

L Load Project
'0 Space Mapping Al Tuning
Status Note S2P Files
Last Result Parameter Name

Click 3
6-2-0-high.aedt 6-2-0-backups 52P Folder Reset Simulation Settings Advanced Intelligent Tuning
Trial Modification (.05 Max Changes 0.1 Convergent Criterion | (0.01 lteration Pass 1
Simulation Settings X
Updated Result Upper Bound
+ 150% Solution Freq A fine per p
M No. of Pas M. Ita S 1
0.25
N ged Pa Order of Basis Functions t
03
Freq Sweep Method . Fast nterpolation
032
. Linear Count 701
032 Freg Range 18 To
039 Error Tolerrance 0.1 Max Solution 25(
0.25
0
v SynMatrix will recommend proper analysis
0.75

values and build the setups in HFSS
automatically to stream the design process

5 Analysis
- Setupl

o5

L™ Sweep




Working Flow: 7 Clicks Within 3 Steps

Step 3: Select the optimization method and click “Start”;
Click 5: Click “Extract Matrix” to obtain the initial error evaluation

6-2-0-backups S2P Folder Reset Simulation Settings Advanced Intelligent TGiH;Ck 5

5-2-0-high-Al 1, Load Project 6-2-0-high.aedt B-2
Trial Modification  (0.05 Max Changes (.1 Convergent Criterion 0,01 Iteration Pass 1 p

Capture  GHz GHz O Space Mapping Al Tuning 0.05

S-Parameter

Click 6 & 7: Select the optimization method and click “Start” to run

Click 6

Eiil Space Mapping Al TuningJ

Click 7
I-} it | st
v" Trial Modification:

* Physical dimension changing value used in initial training purpose;
Inappropriate value will result in the inaccurate nonlinear over-fitting effects and

decrease optimization efficiency;

v’ Max Changes:
« The maximum physical dimension changes during the auto-running process.

v' Convergent Criterion:
» The threshold to stop the running process.

v’ lteration Pass:

Magnitude(dB)

205 21 215
Frequency (GHz)

« The maximum simulation groups(For Al ) or running times(For space mapping). " - DI\
Extract - 511 -a= Extract - 521 v . . ‘ . .’1. . ‘I’\




STNMATRIX

Empowering RF Innovation

N\

Technical & Sales Inquire: support@synmatrixtech.com

www.synmatrixtech.com
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