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Agenda

Overview of Ansoft Designer GUI + Field Solver Design basic

Using interface

+ Circuit Design

+ Building schematic

+ Analysis circuit

+ Tuning

+ Optimization

- Statistical analysis

+ Layout basic
Building Hierarchy

LNA Design

+ Create stack-up
+ Drawing geometry
+ Parameterized geometry
+ Analysis
+ Co-simulation

+ Use field solver simulation in
circuit design

+ Tuning Field solver design
+ Planar EM Antenna Design

+ Input/output Matching — Smith tool

+ Nonlinear analysis
+ RF 1tone
+ DC analysis
+ RF 2 tones
« modulation

Load-Pull analysis

Oscillator Analysis
+ Transient Analysis

+« Harmonic balance and Phase noise
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Overview of Ansoft designer GUI
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Ansoft Designer Overview

&\ Ansoft Designer - [Siemens App Note 050 6] Layout3D — Amplifier Circuit =101 %]
File . Edt ¥iew Projct Report?D Serenads Took Window Help
R R
A TG
+ Multi Window Desk: tOp ; E - & Siemens App Nate 0506 T ¥ Plat 1 ;IEEIE
+ Design Capture : =
+ Layout o = —E

+ Multiple Simulation Types
+ Circuit Simulation

+ System Simulation

+ EM Simulation

+ Co-Simulation

Analysis Types:

+ Linear Network Analysis
+ Harmonic Balance

- + 3D EM Analysis

Desian Automation iy B + Harmonic Balance Oscillator
A Syntiesis - , | L + Modulation Envelope
g n\é} % + Transient

B - , .
REw ¢ : + Convolution
4| [ B
Praject |_P_|C°m onent: | Search | ;'_IMI ] 2 DC Ana/ySiS

ﬁ' EE] unnamed - Messages

EII =] Dioubler - Messages A Stability

‘ ‘ {4 FreaDoubler - Messages

G) Analysis "vddSweep" of "FreqDoubler” successfully completed.

-5 Anelysis “Freqwp" of FreaDoubler” successully completed. +« LoadPull
—n A ! Value
+ .
I i Insert Planar EM Design ,
=+ q g g al]_Symbd
4 Insert Circuit Design b

;.@ Inzert Syskem Design

+ﬂnﬂ Insert Filker Design

| Insert Documentation File
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Ansoft Designer Windows

B >oNDOAMKEREL B 'oRkkE|
El@l@ B BandPassFilter - BandPass - Schematic

DEH & BE& X SoEmBE|eeBe®|[r &L oY@ m

W =
Marne I Yalue | Unit |

T 3D Layout

P pl

Schematic

SUB Duroid5880 H =
| Viewer Editor

Cofimta_ | Layoul stackup

Cofiimulstor | CumentPraduct

Status Active

Property —F>
Window [

Parameters Symbal

N

= BandPassFilter
= 4{, BandPass
| e Data
e Duroid5830
Excitations

B Layout Editor

M BandPassFilter - BandPass - Layout

[I8 Port1

i Port2
g Analysis S 3 1 1
[ feweep | 1 1 |
@ optmetics (YR

AP

(1 Definitions Part! v
¥ L]

Project —'> L
Manager [

L]

4, 5 E.
Flsng
il
Praject Search E; .
ﬁ e [FE] BandPassFiter (F. Ansoft/AnsofDesioner Betal41 (2002 CircuitSimulation] EIJ
A 4
Read! —| I— 4' ';

| |
Message Window

| |
Progress Window
(U WY o N e IL_.II‘\I




Project Manager Window

Click on the +/- to expand
or collapse the tree

Double click on the design icon
to open the schematic editor

Double click on the substrate
or analysis icon to open the
Definition dialog for those
objects

Double click on the graph
icon to display results

Project Manager E

\‘EI-- BandFazzFilter®

E|-lfI Export_Filker®
: E| Drata

LJE N
: ..... ﬁ Optimetrcs
| - =-[F] Resuls
— A1 Plot 1 Tabs for project,
= (] Tu:ucfll:.ll.:'IEEtE Components,
-1 Definitions and Search
—

Search

Project | Components
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Right Click Pop Up Menu

Project Manager

Bl !

Project Manager

=] - B andPassFiler

L——_I‘q Ban Paste
EI [
| e || L o
@ i cl = : @I E”C'ta Fename
=50 f I save Chri+5 :E% inser: ifteg pesin = @ Ports | s oo
1 cene nsert Fiker Design ~—— §F | | T N
[l: e as Insert Documentation File ﬂﬂ"" = Madel Data »
[_]ﬂ. ¢ Project variables ... =- ﬂ- Bl o — b
E Simulate Al fz ﬂ 2dd Apalysis Setup...
----- i Optimetics 0§ Dptim
IEI@ Fesults EE Fesull  Browse Netlist
e E % Plat 1 - E by m Analyze
#-[_1 Definitions [#-Z3 Definitions % Create Report...
Wigw D Bias r
Schematic Edikor
H
Lavout Editor
- - - - ]%
Right Clicking on Icons in the & 0 viewer
= = = = Close Editors
project window brings up
= TRL L
Varlous menus Smith Toal. ..

Design Propetties. ..

Project | Components |

Project | Companents | Search | Design Passed Parameters, ..

1B Edit Mokes. .
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Component Tab

(@ OB | FHLvo] 4jedWEK >0NOoA|HK AP BORE G

]g Favorites ~

Most Recently Used 1

kR MS Interdigital Capacitar, Pa
& 1S Bend, 45deq. Miter
Sl M5 Step
== MS Coupled Lines w/Open £
= M5 Caupled Lines w/Open £
= MS Trans. Line, Physical Let
Bl UMS Gold Passive Spiral Inc

&, Circuit Elements

i @ Coavial Cable

+ (2] Coplanar Waveguide

() Fiers

[ Five Layer

(3 Four Layer

[ Grounded Coplanar Wavegt e it

ﬂJ Ideal Distributed
ﬂJ Ideal Microwave = E E
+ [0 Lumped
=2 Microstrip
7 @h Genera Camponerts and Finish Entk:
= ﬂJ Bends |
5[5 Bend, 450~ Mk .y
e to Favaries Finish Space
M 15 Bend, Opti LS a3
| M Bond, Rad it Component Cancel Escape
. g ? MSIBE"d‘U""i tWhat's This? Back Eets
G apacitars 1
+ g@l Coupled Bends cl SRS BOEs
+ @l Coupled Lines
+
& Couplers
@ Double Shubs - Zoom In
+ gl Gaps
o i Inducters L Zoarm Ouk
+ @l Open Ended Lines
+ @l Radial Slubs ||
+ @l Resistors £oom Area
+ @l Shotted Lines
+ @l Tapered Lines
@l Transmission Lines

JafiT Place components by either:

& Optoekectionic
& Rectangular Waveguide

e 1. Double clicking and placing

1 (£ Stripine

2. Right-clicking and placing
3. Click-and-drag to window

£

|

+-[32] Project2 [F: Aansoft/an

Jafalx |||

Read




Search Tab

&\ Ansoft Designer - BandPassFilter - BandPass - Schematic
File  Edit w P Draw Schematic  Circuit  Toals  Window Help
Dg#FHE| X ErcE

=1

9 Project Manager

|| b = B E X

Search by name, type,
or partial names

el TR R T T Seach far:
Search Insett "t
Pesults: Clear Results
Search | Inzert |

Results: Clear Results
MSaLTRL

MSATRL =
MSEMLTRL

MSTRL B
MSTRL_Ref

MSTRLE

MSTRLE_Fief
MSTRLED 1 2 '—|:|

k54 bultilayer Tranzmizzion |

v

[ £

W=w2
= 1= Info S=52

Loak in Libraries:

=

Project | Components Search 1 New Page

P B ) —
-:-i = [B] BandPassFilter [F-/Ansoft/ansoftDesigner/B etal4] 02002/ CircuitSimulation/]
e = 4 BandPass

4/ Analysis "fsweep' of "BandPass” successfully completed

4
u

==y

Murnber of selected items: 0




Property Window

Ansoft Designer - [Project53 - Circuit] - Schematic]

"1 FAle Edit View Project Draw Schematic Circut Tools Window Hel H H
eminrsxa nesexzeecmena:e--omax PTOPErty windows contains tabs

[Miemm |l (WK B B AR

| which address different types of
S properties, such as General,

= FR4 =
Symbol, Variables, etc
[+ @ Ports , , -
I8 Analysis
Optimetrics
F\Zsults - Properties E]
-8 Defiritors W=1mm Parameter Values 1 General] S_l,lmbul] Froperty Displays]
S=mm * Value " Dptimnization " Tuning " Sensitivity " Statistics
F=10mm
MHame | Walue | Lrit | Description | Override #
W 1 mm Conductar width W
I S 1 i Conductor spacing [~
HE 10 o Physical length [~
I |sus FR4 | Substrate name v
_ - |TRL TRL [ TRL praperties ra
Project Search || CoSimulator Circuit [
EE) | CoSimStackup Lapout stackup [~ N
Name | Vaue | Unt | || stetus Active -
W 1 mm b
s 1 .mrn <_ | Z |
F 10 mmm
SUR = | [” Show Hidden
TRL TRL
CoSimulator | Circuit ’Tl Cancel
CoSimSta.. Layout sta...

Status Active

Info MSCPLO

The property window is dockable, or

1 can be brought up by double-

i clicking on a component

humber of selected items: 1
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Schematic Window

,\\\ Ansoft Designer - BandPassFilter - BandPass - Schematic

,\\\ Ansoft Designer, - BandPassFilter - BandPass - Schematic
File Edt View

IR e

Fle Edt Vew P Schematic  Circult indow Help

EECEEY EEETE cHEE @B rEB Lo Mied W B 20N

Schematic ~ Circu Wwindow  Help

[cx@ERE|leaBe® rELsoc|%d uwl oo~

Iter - BandPass - Schematic

= [ BandPassFier

Projct Search

EERN W pandPassFilter - BandPass - Schematic : ialolx W

S Portt 5 |

= [F] BandPassFiter

4 BandPass" 4 BandPass”
[0 Data {09 Data
[&] Excitations (&) Exciations
=] Parts =] Patts
& Partl v Partt
¥ Port2 e Port2
=8 Analysis =48 Analpsis
fsweep fsweep
§ Optimetrics § Optimetrics
" Results 2] [FEENE
- (22 Definitions #.[22 Definitions

Project Seaich

Hl:l

L W=w1 il W=w1
Hame | Value | it | Name | Vale | it |
Nethame  nel B S=s1 NetName  netl_6 S=s1
PinCount 2 P=p1 PinCount |2 P=p1
Alignticro v Alignticro. c2

To wire a component:

1. Move mouse to hover over a node
2. The cursor changes to an “X”

3. Click to make connection
4
5

Generl|

X [= (B BandPassFiler [F:/Ar:
- BandPass
&) Analysis swe

. Move cursor to another node (or a wire)
. When the cursor is over another connection point,
it will revert back to an “X”
6. Click to make connection

E—Nc
]

Number!
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Align selected ports

= BandPassFilter”
[ -i{ BandPass”
! Data
@l Excitations
= El Ports
- [l Port1
ol Port2
=38 Analsis
- fsweep
a Optimetrics
Fiesults
(23 Definitions

Project Search

BALTE

Layout Editor

_j;]zrnl\ _V_jlj <DefaultPlatter = l};]ﬁandPass

| AR @E99BA /= o @

Align selected ports

[

To Realign the layout choose Edit-> align MW ports

(Hotkey Ctrl-m).

» If two or more components are selected, only
those components will be aligned

* If nothing is selected, the complete layout will be
realigned

Paort2

|

|




8\ Ansoft Designer - [[BandPassFilter] Layout3D -- BandPass]
:|F\IE Edit Wiew Project Insert Edit3D Circuit Tools  Window Help

DEEsme

ialolx

=] BandPassFilter
=4 BandPass
- Data
@ Excitations
E @ Farts
- [Ew Pt
[ Part2
=48 Analysis
&2 fsweep
a Optimetrics
a—- Results
#-[1 Defintions

Projsct Search

alolx

Name i Yalue

[ i |

Status Aclive

(X [ K@ m [l KOS DR %[O F %

=

x

<

Rotate
Pan

Zoom

Laver Attributes
Labeling

Scale 2

Cross Section

Geometry Invisible

Spin
Animate
Copy To Clipboard

Fit all Chel+D

»

[v Coordinate Axes

»

The 3D view can be zoomed, rotated, and operated on.
* Right clicking brings up the menu choices.
* There are also many hotkeys.

Read




Progress Window

8\ Ansoft Designer - [BandPassFilter - BandPass - Schematic]
:|F\IE Edit Wiew Projeck Draw Schematic Circut  Tools  Window  Help S %

D@ 2R&Xe [ i XHE[eeledrEL o [%ledm >0 NCoA MK YEd B D&HNG L1 "zk]s

Progress IE
t H BandPass - fsweep on Local Machine - RUNNING
=] -ﬁ‘ BandPass
L
=58 Data

(5] Excitations 220f 100 : i
=] Ponts IoAbo
- [iEw Port1
Lo[Ew Port2
= ﬁ Analysiz
E fsweep
a Optimetrics
+ Results
(2] Definitions

=] BiandPassFilter

=
el S=g1 3
P=p1
— w2
i = 27 E=
iy WWisw2
Lo V\mrz:x; Port2
Fepe et
S==1
P=pt

The progress window is also a detachable
window. This window tells you the status
of a simulation. It comes up automatically
when a simulation is performed
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Message Window

% Ansoft Designer - [BandPassFilter - BandPass - Schematic]
:lF\|E Edit view Project Draw Schematic Circuit  Tools Window Help H

D&M ¢ lee@e® rgLec|“eom/|i>oNvoA YT B @6 Ll

=13 BandPassFiter

=] 4{‘ BandPass”

-] Data
T The Message window shows error

[IE# Port1

[IE Port2 n "
Wil and informational messages

fsweep

about various processes in

i+ Definitions
/\ﬁ Designer.
(. 2 {1
P W=t
Project Gearch f1 2wz |:|_|:|
210l Message Manager [x]
= - B andPazzFilker [F: Adnzoft/AnzaftDezigner/B etald1 02002 /CircuitS imulation,’]

= -li BandPazz

_i_,) Analyziz “faweep’ of "BandPaz:" successfully completed.
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Results Window

ct Insert Report3D cuit  Tools
BE X | Hiedm| [k EK I BRSO F %
PVETESH W [BandPassFilter] BandPass -- 30 Cartesian Plot 1 - [3]x] msi1

AEE

=] BandPassFilter dB(521) 09 Dct 2002 Snzoft Corporation 15:45:29 =[]
Figes )

eme Duroid5830

@ Excitations

e Port1
[lEw Port2
A Analysis
fsweep
plsweep

Optimetrics

=11
BandPass 100G Hz-6 006 Hz
3

100

m

| E 30 Cartesian Plot 1
B3 DBS214DBS11
& 51
; : Smatrix
1#-C1 Definitions

Create Report
Target Design: Im
Repart Type: IStandard ;

Display Type: IHectangu\ar Flat -] L) i
ectangular Plat

Project Search

- Ry ™ DBS218DB511 > - =13
l [<]+] 511 512 s A
09 ot 2002 An;o;ts;oégoarsa:;on 15:45:29 . vi—o] F [GHz] Mag, Ang Mag, Ang Mag, Ang
BandPass 1 4000000 0986131 45465831 0.013326 57433747 001336 574
o =l 4005000 0985048 5074630 0012571 EPE5ET1 D017 57
e 3 4010000 0985963 146.265483  0.013822 £RE7ITIE 00132 E8Z
: 4015000 0985678 46698386 0.014078 EOEGEI7 D.0T4076  5GE¢
) = 4020000 0985791 47113384 0.014341 59122411 0014341 =41
G 4026000 0985704 47530497 0.014809 E9ES0078 00714609 595
1 4030000 0985615 N47.949758 0.014884 53980007 0074884 595
s 4036000 085524 148371197 D.0TS1ES £0412230 DOISIES 604
oo s 4040000 0935432 4BTMBM 0015453 -60.846778 0.015453 608
[ 4045000 0985340 A49.220730 0.015747 £1.202607 00547 1A
" 4050000 0985245 149.648867  0.016049 £1722989 00604 BT
@ ¥ i [ 4055000 0985149 AB0.073349  0.016358 £2164720 D.OTEIE  -621¢
T = 4060000 0 9R5052 AB0512149 D.O016ET4 £2608316 DOTBET4 62 B
[0 4065000 0984953 AB0.M7322  0.016357 £I065613 00163 630
- [ 4070000 0384853 51334303 0017329 £3504850 0017329 B35
4 B B > g [ 4075000 0884751 151824928 D.017EES ELOGEEES DOT7ERE 63 %
i el
Z I | B

Simulation results can be plotted
in many 2D and 3D many formats,
such as tables, cartesian, polar,

smith, and others.




Dynamic Menus

Menus change dynamically depending on which Design

Circuit Tools  %Window  Help

Model Data »
I SubCircuit r
- ﬂ Add Analysis Setup. ..
add Analysis Options
Qptirnetrics Analysis L4

Browse Metlisk

& Analyze

rrr_J Tune. ..

% Creake Repott. ..
$% Accumulate Reports
Import Solution. .
optimettics Resulks, .,
Wiew DiC Bias L4

4 schematic Editor
]'J—]ﬁ‘ Layaout: Editar
30 Yiewer

5 Closs Editors

TRL L
Smith Tiool,..

Design Properties. ..

Design Passed Parameters. ..

window is highlighted (Circuit, Planar EM or System)

Systern  Tools  Window  Help

Madel Daka L

Flanar EM Tools  Window Help

|1 A

i Model Data k
= A Port Excitations [, Subdret g
i - ) . = ﬂ Add Analysis Setup...
Analysis Setup Cpkimetrics Analysis L
Optimetrics Analysis b

Browse Metlist

& analyze
y: 4 Tune...

List
tg% Walidation Check

By analyze
" & Tune. ..

% Create Report, ..
¥ accumulate Reports
Impoart Solution. ..

b
Results Gptimetrics Results. .

]'J—]fr' Lawout Editar
30 Wieset
El Estimate. ..
& Close Editors

]—ﬁ Schernatic Editor
]'J—]ﬁ' Layout Editor

30 Wiewer
= Close Editors

TRL

Design Properties...

Design Passed parameters. . Dresign Properties. ..

Design Passed Parameters. ..
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Schematic/Layout Integration

_\\\nnsuft Designer - Sch_Edit_Test - SerenadeCircuitl - Schematic = |5‘ LI
File Edit Wew Project Draw Schematic Serenade Tools Window Help

IDEd tmaEeexa | d|ssscxzE | @aaBlaedm |[2ax00Al|l 1HSSH
| Ept et~ M7 ad| [ rwl oo

alglx

[ Sch_Edit_Test - SerenadeCircuit1 - Schematic

Port]
[

W=1mm
P=10mm

(2 Dsfinitions

=B Soh_Edit Test
-1 SerenadeCircuit=

Data

&) Excitations

@] Ports

o Analysis

H -.Jl} Dptions

I Dptimetrics

[
e
- Symbals
-] Footprints
-] Padstacks

Frject [ Components | Search

deCircuit] - Layout

FEE)
I ame | “Walue | Unit |

1 New Page
4

+ One to One Component Correspondence
+ User can work directly in Layout

+ Components placed in schematic automatically
appear in Layout and vice-versa

+ Property edits in Layout are reflected in Schematic

[ [T [
S S e | & Ansoft De... |12 500 P84 5 315FH
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Simulation Tool Integration

O = ﬂ\ ¥ E|§| B KK D QH ® 8 a8 @ {ﬂ?” m *| a ISUmi\ j|g gl- Symbols jHZDm\I j|l<DefauItAnnUtetiun1j”cavuatch j” dil .‘; '3| |:|\|
A7 ad

A= 5 |l | e Doubler - FreqDoubler - Schematic

EI- Doubler

E--[ﬁ FreqDoubler
[ Drata |l
[]-@ Excitations L=1nH i
[]-@ Ports CezpF
£

£

o M Analysis
a Optimetics

o[ Reslts

L=15rH

= cavpatch

-E unname: d

pogt

+ Common Desktop/GUI: Circuit, Planar EM, System all
work from a common GUI.

+ Co-Simulation: Circuit/System/Planar EM
+ Solver on demand: EM Kernel components
+ Common project, component, library management. B i




L 4

Design Automation
Component Libraries

Components, Materials, Symbols
etc. are organized into libraries.

Libraries are stored in
Ansoft\Designer\syslib
Ansoft\Designer\userlib
Ansoft\Designer\PersonalLib

Specific Libraries are “configured”
for each project making the
Components, Materials etc.
available for use in that project.

Tools  Window  Help

E Edit Libraries 4

_[ Configure Libraries. ..
pdate Definitions. ..
Options 3
Cuskomize, ..

Configure Design Libraries

' System Libraries Il:c.mpc.nents

" User Libraries =
" Personal Libraries |Materials

Symbols

Footprintz ;I

Available Libraries

[:l Five Layer

[:l Faur Layer

[:l Grounded Coplanar Wavegt
Ea Lumped

Active Linear

E Al Pass Networks

[:l Coplanar Waveguide ;l
-] Filters ="

|
L«

Configured

Cahcel |

[~ Save as default

Circuit Elements

L1
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Ansoft Designer File Names

+ Important File Extensions for

Ansoft Designer:
+ .adsn Project File
+ .aclb Component Lib
+ aflb Footprint Lib

+ .asty Technology File
+ .aslb Symbol Lib

+ .asol Solution Data File
+ .amat Material Lib

Every Project created is saved on disk as an .adsn file (AnsoftDesign file)

Ansoft Designer automatically creates a File Folder named
“ProjectName.results” to hold the results files, netlist etc. for the project.
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Exercise 1:
Using The Interface

Building a Low Pass Filter
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Exercice overview

Open Designer +  Create parametric Sweep

Insert Circuit Design +  Step Cvalue from 2 to 12 step 2
+  Select Technology file . Create Report
+ View data loaded by technology file +  Plot S21 (Cartesian)
+  Save technology file . Plots21 (3D)

Insert components
+  Move copy and paste

+ 6 Microstrip transmission lines + Tune
+ 2 smc capacitors Philips library +  Set Cvalue for tuning
+ 2grounds .+ Set | parameter for tuning (inductor)

+ 2 Microstrip Tees

. : +  Tune (real time)
+ 1 smc inductor toko library

. Optimization

+ Add ports
Set Substrate parameters . Set L and CValue for Optimization
+ Rename circuit +  Set parameters to optimize
Define variables From component or project tree « db(s21) at 1GHz = -3 Weight 10
» Wiine = 0.8mm . Db(s11) from .5Ghz to 1ghz <= -30 Weight=1

+« Lline =1mm
+  Cvalue =10 (pf)

+  Statistical Analysi
Add analysis setup auistical Analysis

+ Define Parameters

+ Select Linear . e
+ SetbothCandLf fi distribut
. Start 0.1Ghz Stop 3Ghz Step 0.01Ghz and click View re‘;‘ult;’ and L for uniform distribution
Add .
«  Run . View Data and Histogram
. Layout

Create Report
+ Add traces
+  Edit graph




Load Ansoft Designer

&\ Ansoft Designer;

File Edit Wiew Project Tools ‘Window Help

D= | ¢ B REX o 2]l e @ u

alolx
I ame: I Yalue | Uit I
Wariables
alolx
&l

* Double-Click on the Ansoft Designer icon
* located on the desktop or
+ Use Start > Programs > Ansoft Designer (folder) > Ansoft Designer

T j

Read




Insert Circuit Design
(Select Technology File)

X St Briet Tk Vi e From a general way of working when you don’t know what to do on a specific folder,
e E'éﬁ'_zg‘;‘ ! just click right on it and the list of command available for this folder will be prompted.

% Ansoft Designer

s B Choose Layout Technology
u Save 2.

cul+s [T
[i] Insert Filter Design

Save As...

Insert Documentation File

MiniCircuits 71502 ;I
MiniCircuite_7-16-02 MoV ariables
MiniCircuits 72302 MoV anables
MiniStackup

M5 - Alumina [Er=9.8] 0.010 inch, gaold

- Alurmina [Er=9.8] 0.025 inch, gaold
-FR4 [Er=4.4] 0.030 inch, 0.5 oz copper
A5 - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper
- BT _durcid 5380 [Er=2.200 0.0710 inch. 0.5 oz copper
MS - BT_durcid 5330 [Er=2.20) 0.020 inch, 0.5 0z copper
MS - BT _durcid 8010 [Er=10.2) 0.0710 inch, 0.5 oz copper
MS - BT_durcid 6010 [Er=10.2) 0.025 inch, 0.5 oz copper
FCE - DoubleSided

FCE - SingleSided

Fhilpi

FadoTemp

5L - Alurina [Er=3.8] 0.01 0 inch, gold ll

e e e

Project Variables ..,

Simulate Al

* Right - Click on project folder
» Select Insert -> Circuit Design

P
Name | Yalue | Unit |

* The “Choose Layout Technology” appears
+ Select FR4 .060in
* Click “Open”

Open Browse. ..

Mare | LCancel |

1

Note that if you don’t want the set of definitions that come
with a technology file, you can choose the None button.
This is useful for basic concept designs without any

manufacturing or substrate information.
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Technology file

A Technology File initializes a design with a set of data to avoid
repeated entry of commonly used data.

This data can consist of layers and stackup information for layout,
configured libraries of components, and substrate definition(s) for
circuit analysis.

Users and foundries can customize Technology Files for their own
manufacturing process and simulation models.

A “technology” file contains stackup, substrate information and list of
libraries to load.

These information can be created, saved, copied and changed to
suit the user. Designer has many standard technology files to
choose from. They range from simple substrates such as single
layered alumina, to complex multi-layered stackups. The user can
also create their own simple or complex technology files and
stackups, or modify existing ones.
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View Data Loaded by Technology file

Ansoft Designer - [Projectd6 - Circuit1 - Schematic]

"1 Fle Edt Wew Project Draw Schematic Circuit Tools  MWindow Help

DA ERESxcE|hzssExEE|ecabae d@c®L ¢ o

O I il % 30NDOA
I \

R YRR R L L I ET EEE lzﬁﬂ\

Aol " . . .
- I Single click on the stackup icon in the
ol S toolbar to open the stackup dialog
Edit Layers - Circuitl
Lapers Stackupl
: [¥] Results I aterial Drrag Mode
D Deefinitions ace copper 0.675mil
= = £| Dielectric | diskectic FR4_epox Imil il il
DOUbIe CIICk on the SUbStrate Icon to Em‘un; . T‘lfylmiddle align Efnil‘ Emi: Eiill Orvil
open the substrate definition dialog
[T
Substrate Definition - |Ofx
r Dielectric
E . 4 Layer reference: Dielectric
= Substrate Mame: |[HEES H-"' I 5 Im" j Jq [ j
Substrate Type: IMicmst[ip j £ |—44 - 7 Add Layer... Remave Laper Mumber of Sublayers: |1 _I; ¥ Sart
TeMp [T 002 MSat 0 Cancel |
MR em
N
Cover L | o] seka | Note that the dielectric information is disabled. This
Metalization At - H H H H H
Ay HU ¥ Edt | indicates it is referencing a layer in the stackup.
I
agretic B . . . . .
jﬁsg; - |Specity by Layer Y Trace Lir | The metallization is also referencing the
TANM Mategak” | Resistivity | Thickness J—Tnit
_‘W 1.7241373. M 0675 mil - Trace layer-
Either of these can be < B
edllted by clicking on thg ougmess | ) s |
Edit buttons, but this will
break the connection to [ o | Cancel | =
the physical stackup.

ANSOFT CORPORATION




View Loaded Libraries

8\ Ansoft Designer - [Project2 - Circuiti - Schematic]

Edit Libraries

8% = =

EEe® | rBELeoc Yjeduw/l >0 NCoDA|HMETEC B ARER.

‘alolx '
= Pz’ I Update Definitions..,
= 4 Circuit Optians 4
E D_ala | Customize...,
ame Substrate B
Excitations
£ Pons
gg"a‘wé Configure Design Libraries
plimetrics
Fesults
= Definiti H H
: E‘D""E‘O';;Znem * Sustem Libraries |Cgmpgnent3 QK
Bl g batenat " User Libraries
s A L g Cancel
(51 Foolpints " Personal Libraries M atenialz 3
(3 Padstacks Symbals
Foatprints w [ Save as default
Available Libraries Configured
Tranzmizsion Lines - Probes

Project Seach -1 Sources

B Frequency Dependent C
B |deal Controlled Sources
B Independent Sources

B Moise Sources

-3 tripline

ﬁ Bends
Bl

Coupled Bends
| »

|A

|

Circuit Elements

-l

* Choose Tools -> Configure Libraries...

£

|

=

4

Configure libraries for this cireuit

ANSOFT
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Save Technology File

8\ Ansoft Designer - [Project2 - Circuiti - Schematic]

Fi|E Edit Wiew Project Draw  Schemati it -8 %
CD i ctrien Eleo@Pa® | rgl o Yied WK >oNCoA|BL @S B ARG | lakl]
[ Open... Chrl+O ~
Close
| Multiple Open. .. SﬂVE AS
EiﬂVE ctr+s
‘ Save jm; |@ useilib j = 5 B
| A |ChALPS_PCEYIOL [Cumc_p18umw104
Seit.. cier ICMarconi [Cums
| LBandPassFiter.adsn [CS)Motorola_LDMOS E LMALaverDef, asky
o Pl oo [2)5ymphony. sy
;LNAP_ruiect;JewStat_EditedZ.adsn ﬁtest m urnsphi2, asky
N (LD Tricuint_TQTRY 202
o
Ezit
File narme: LML ayerD ef. ast _5
Project Search | AWEILEL Y m
REE]| Save as type: |Tec:hnu:ulug_l,l Files [*.asty] j Cancel
Sta:l.l‘:mE Jrf\ctive\liah“E 1 = ]
* Click left on circuit1 to highlight it (Save As Technology File is A
only available when a Planar EM, Circuit or System design is
selected)
* Choose File -> Save As Technology File
« Save the Technology File either in userlib or Personallib
Parameters 7 i< ; E pS s
‘)EJ,, S e,
iT|
Al

Save technology defaults for the selected top level design
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Insert Component
(Vendor Library Capacitors)

alolx

Ansoft Designer - [Project6s - Circuitl - Schematic] = |E'|1|
") Ele Edit View Project Draw Schematic Circuit Took  window Help -|E'|£|
DSBS X (A3 cngE|@ape ) r i Lo N

W ho @ WKWK HEBS E DRL WO Z i % [ I B Sl eeeeneeeneenesnse et

O % % |08 0 st N )

............ P e e cesscesescssssscvecesssssty :

-8 Most Recently Used
ﬂ Most Recently Used d H

(-4 Circuit Elements

Er-45 Vendor Elements

£124 Capacitors

& ATC

Bl s

=@l ou

& Kemat

-V Mallory

- Murata

=@l Philips

. L HF philps_smc_0B03

| LHE phiips_sme_0805
F philps_smem_0503
¢ Ledk philps_smem 0205
ﬂj Sprague

@V TayoYuden

B Crpstals

EHE Inductars

= -l

P Al arT

Project Compornents |Search|

0.47pF

——

C0603477898200

Mame | alue 1 st |
1 1 |

Cees

C 047

WComp Choose Model

Status Active

.......
......
......
......
......
......
......

Tee
.....
cea,

ces
cea,
ce
ceas
LR
cee
ce.
.....
ces
cea
LRI
ce,

Scroll to Vendor Elements

Q. Circuit Elernents
-4 Vendor Elements
523 Capacitors
&gl ATC
il A
=@l oUl
ﬂj K.emet
ﬂj M allory
ﬂj Murata
=@ Philips

@ Sprague
@l Taiycvuden
-2 Crystals

=423 Inductors

o Al ArT

idk philips_smc_0E03
Ak philips_sme_0205
Ak philips_smem_0603
tHF philips_smom_ 0805

Project  Components | Search |

Expand “Capacitors” Folder
Expand “Philips” Folder

Click “Philips_smc_0603” and drag to schematic window

Hit the “R” key to rotate Capacitor to vertical Position Shown

Click on Schematic window to place component
Move cursor to another area click again

» This places a second capacitor




Insert Remaining Components

(Vendor Library Inductor, Transmission Lines)

el fil § 1= o ]

-l Inductors
-l Meander Lines
g Open Endsd Linss
-l Radial Stubs
=gl Resistors

gl Shorted Lines
ﬂ‘ Tapered Lines
E--ﬂ‘ Transmission Lines
- M3 Trans. Line Mear Ground,

- M3 Trans. Line Mear Ground,
- M3 Trans. Line Mear Ground,
- M3 Trans. Line Mear Ground,
% M35 Transz. Line Mear Side 'w
= WS Trars. Line Mear Side
= WS Trars. Line Mear Substlaﬂ
-2 S Trang. Line Mear Substrat
-2 S Trang. Line Mear Substrat
-2 S Trang. Line Mear Eiuhstlal]I
™% MS Trane. Line, Electrical Ler‘!
™% MS Trane. Line, Electrical Ler
™% MS Trare. Line, Physical Lenl

= M35 Tranz. Line, Physical Lenl
= o T Ling Eul

0.47pF
D603477B9B200

e

medBEl AR

LL160&_F1N2S
1.2nH

Click on Components Tab in Project Window

Scroll to Vendor Elements

Expand “Inductors” Folder

Expand “Toko” folder

Click “Tokoll1608f" and drag to schematic window

Click on Schematic window to place component

Repeat to place MS Transmission Line, Physical Length
* Place a total of 2

» 1 Vertical, 1 Horizontal
* Located in Circuit Elements > Microstrip > Transmission Lines

Repeat to place MS TEE — Ref Planes at edge

* Located in Circuit Elements > Microstrip > General Components

ANSOFT

CORPORATION

W=1mm
W2=1mm
W3=1mm

:

YW=1mm
P=10mm

&

=d
M

W
W=
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ddi¥0
00Z969.L.7£090D




Viewing Window
| Copy, Paste & Move

Ansoft Designer - [LP Fsweep - LPF
] = ic

| [EERE

Wi=1mm
Wi=Tmm W2=Trmm
Wa=Tmm Wa=Tmm

@ Capaci
&V Coupled Berds
&V Coupled Lines

& Double Stubs LL1B08_F1N2S -
& Gaps W=1mm W=1mm 1904 W=1mm W=1mm
& Inductors P=10mm P=10mm ’ P=10mm P=10mm

&Y Meandsr Lines
ﬂl Open Ended Lines
& Radial Stubs

& Resistors

& Shorted Lines i) E ul E
2 Tapered Lines N ar i i
BV Transmission Lines 5 3 g 3

- WS Trans. Line Near Ground, 3 3 53

S Trans. Line Near Ground,
- MS Trans. Ling Near Ground,
- M3 Trans. Ling Near Ground,
S Trans. Line Near Side W
S Trans. Line Near Side W
S Trans. Line Neat Subslraj
5 Trans. Line Mear Substiat
5 Trans. Line Mear Substiat
S Trans. Line Near Substrat
S Trans. Line, Electrical Ler,
S Trans. Line, Electrical Ler
S Trans. Line, Physical LenJ

s

0A470F
C0603477B9B200

-

ELVAZ0)
00ZB68L4FEDS00

- ™ MS Trang. Line, Physical Lenf
w ™ MS Transmission Line, Full'w | g sl g
-l NMF ) S
-2 Monlinear Seg =25
[ Dffset Stripline = g 3

Right-Click on schematic to view the zoom options
» There are menus and quick key equivalents for all

Right click on a component to see the component menu choices
» Note the menu choices for copy, paste, etc.
* Each has a quick-key equivalent next to it

Click on a component and drag to move it

Create 6 more transmission lines with cut and paste
* Right click or quick-key

Create another “tee” with copy and paste
* Right click or quick-key

Rotate & move the transmission lines to match schematic shown
. Ri-qht click or quick-key

ANSOFT CORPORATION




Wiring Components

atic]

- W5 Tranz. Line Mear Ground, |

- MS Trans. Line Mear Grou

Tranz. Line Mear Grou

Trans. Line Mear Side

5 Trare. Line Mear Side

MS Trans. Line Mear Subs

- WS Trans. Line Mear Subst

- MS Trans. Line Mear Subsd

- WS Trans. Line Mear Subst

- MS Trans. Line, Electrical

- M5 Trares. Line, Electrical

- MS Trans. Line, Physical L

- WS Tranz. Line, Physical L

- MS Transmission Line, Full
- MMF

171 Monlinear

W3=1mm

W=1mm
P=10mm

= | [ EH = D OoNDOA|OE

Place two grounds by
clicking on the ground Icon

== =

W=1mm
P=10mm

LL1605_F1N2ZS
12nH

Cursor turns into an “X” T T
when you move the 52 5
mouse over a pin s
E,ﬂ Wendor Elements L g 4|IIL o
@[ Capacitors ,E}EE Ia
i -3 Crpstals ;% I {:I)'lq
== 5
| {7 System
7B B e s i |
* Place cursor over a component pin N
({81 B 3
» Cursor becomes an “x” for the wiring tool
* Click on pin
* Move cursor to pin you want to connect
* You will see a “blue” wire

Click on that pin

* Move a component so that its pin lies directly over another pin
» This also connects the two component pins

&

LI L=

0074964, 4FE090D

e ooel ta

W=1mm
W2=1mm
Wa3=1mm

=1

Connect components
as shown on next slide




Ansoft Designer - [LPFProject - LPF - Schematic]

Place two ports by clicking
on the Port Icon

Wi=1mm

=8 Data W2=1mm

.- R4 W3=1mm
@ Excitations

@ Parts
i Port]

[ = ] - art2
] e e

LL1608_F1N2S

; W=1mm 1.9nH W=1mm W=1mm
ﬁﬂf“ e P=10mm P=10mm P=10mm
nalysis

e Optimetrics
Results

E| (23 Definitions
(L] Compaonents —”U % |::|
- Materials = §
-3 Symbols " . 3
588 Foois Double clicking on 53
-0 Padstacks -
i Pt g the port brings up g
m . =1
W& | the port dialog box of |
R = 53T
oo - Ports also appear in project &
— Por pmbol a S
Potpame:  |Fort & Interconnact tree. Double-click to open =
Port number; I'I ﬂ T Microwave Paort proPerties box
- 0 0=
r Termnination Ao
&' Simple termination: Re: IED Im: ID IImpedance j % 2
" One-port data: I vl Edit... | Create Hew.. |

r Source Definition

Source type: I Power 7 l

» At this point, rename the circuit and save the project

Sources; e Click right on circuit1
|Enable| Namel T_I,Jpel Modulationl Noisel | Add ... | X Se|eCt rgename
Edt .. | e enter LPF and hit return
pee | » Save the project

* Right click on project folder and select save.
» Enter LPFProject in field File Name
+ click Save

r— Load Pull Tuner and R eference Nada

Load Pull Tuner: |<none> 'I Edit.. | CreateNew...l
Reference Maode: IGmund vl

ANSOFT CORPORATION




Component Properties

Ansoft Designer - [LPFProject - LPF - Schematic]

= Properties

@ || f : [ M = e

1 Conductor width on node 1

g Data 1 i Conductor width on node 2

= FR4 1 i Conductor width on node 3

@ Excitations 3 Mumber of higher order modes D

=g wistmm L] st e ~

e Fort <P w2=1mm Circut [

5B Analysis Wa=1mm Lapout stackup |:|

ﬂ Olptimetrics 1 2 D

[ Results W= i LLJ_‘ W=lrnm
(1 Definitions P=10mm P=10mm

wip =4
WL | =g,
| |

;;_E i §§ _[ | Double-Clicking on a component
2T 1‘”"% | | outlines brings up the Properties
s . = " | | Dialog Box, which is just an
oo, [ 1] .- L| “expanded” version of the
H e 53 D dockable properties window

Clicking on a single component
outlines the component in Red
and shows that component’s
properties in the dockable
properties window

Multiple tabs are available
which show different sets
of properties

-




5

CoSimulatar | Circuit

CoSimSta...  Lawout stackup
CoSimDee... 3

d
)

wuwinl
Wi,

0.47pF
0603477 B9E200
| |

wuwgf=o
WAL =iy

_YTY Y

10nH

The user can also edit on the
schematic, modifying parameters
value directly by typing on the

schematic

Wi=Tmim

P=10mm

/ ultiple” Component Properties

oft Designer - [LPFProject - LPF - Schematic]

Bloo|HEMEmkl=soNvnA@sm%

Clicking on a multiple component (either
by click-dragging or control-click) will
show the “common” properties of the
selected components in the dockable
properties window. Note that the
“Primary” selection (or the first
component selected) will be in a brighter
Red, while the other selected components
will be in a darker red.

440
007868 2 7E

=d
AR,

wwiy
W | =

In this schematic, the selected
components are 3 MS transmission
lines and 1 MS TEE. Substrate is a
common parameter. This allows the
user to quickly change the “common”
values of many components at once.
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About Vendor Components

The inductor and Capacitors are elements form the vendor
library. These components have predefined properties, such

as footprints (discussed later) and parameters. Xl
b odel L Tolerance -
1.200nH

P——— LL160S_FIM5S  1.500nH  0.30nH

LL160S_FIMES  1.800nH  0.30nH

Parameter alues | General | Symbol | Property Displays | LLIG0B_F2N25  2200nH  0.30nH

&+ Yalue £ Optimization " Tuning " Senzitivity " Statistics LL1B0E_F2N7S  2.700nH 0.30nH
LL1B0S_F3M35  3.300nH  0.30nH —

Nams | Vi [ Onit | Description |LL1B08_F3N3K  3300nH  10.00%

Model L1608 FINZS LL1B0S_F3M3M  3.300nH  20.00%

| DevicelibrargName  tokalll 603 b LL1E08_F3N35  3.300rH  0.30nH

— LL160S_F3M3K  3.900nH  10.00%

L 1.2 nH

Ry E-_ LL1608_F3MH9k  3.900nH 20.00%

— , LL1B0S_F4M7S  4700nH  0.30nH

LL1B0S_F4M7K  4700nH  10.00%

LL1G0S_FAM7M  4700nH  20.00%

q . . . B FEMES  5.E00MH 0.30nH
Clicking on this value brings up the 8 FSNEK 5E00nH  10.00%

possible vendor models shown on the s rsnew se00r 20002
right. Select 10nh for the inductor and [s Fenal 6800nH  500%
10pf for the capacitance 3 FEMSK EBB00nH  10.00%

Ok |

Double click on this inductor
to bring up this properties E == 2
dialog box i~ '
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Defining Variables

Component Selection Methods
Ansoft Designer-.[LPF.Pr?ject-LP.F-Sth.emari(-] — : HmEIE
sexo g4 Click on the value field of the inductor.
The cursor will change to an insertion
cursor, allowing the user to type in a

EEMEE

) 0)
\\\\\\\

=

B P
T I T in 10nh
T iE new value. lype in n
.[B] Excitations
-] Ports o 1
T Pott Wi=1mm W=1mm
B Port2 Wi=1mm W2=1mim
B Analysis Wi=1mm Wi3=1mm
‘ Optimetrics 1 2 1 2.
esults | LLJ—‘ o LL1GOE_F10MK i I—LJ—I
W=1mm Wi=1mem 10nH W=1mrm
P=10mm P=10mm P=10mm

wwnl=d
UL | =piy
—1—]
A I
L=+
WL =gy
I

10pF
COR03109J98200
il
|
4dol
00ZE6ME0LE002

lllll

it

3 i
o & o
E ERE]
Ei ElE

Multiple select ALL the MS transmission lines. In the
dockable properties window, type wline for the value
of width, w. Since wline has not been previously
defined, the dialog box to the right will appear,
prompting the user to enter a value for wline. Enter
0.8mm and click the radio button for Local Variable.

Click ok. Type lline for p, Enter 1mm and click the

|




Defining Variables

Circuit Selection method

Right click on the LPF icon in the project window. This
brings up the shown menu. Choose Design Properties...

=5 LPFProject®
=)o) B2

Add Property




Variable Assignment

+ Three different types of Variables: g
+ Local Variables °
+ Entered directly in parameter field
+ RM Click on Design and select Desig
+ Definition Parameters

+ Passed parameters for a Design
+ Entered in same manner as Local Variables

+ Project Variables
+ Global parameters selected from Project menu
- $ added to designate project variable List of predifined variables

Ansoft Designer - [LPFProject_Schematic - LPF - Schy




Defining Variables

Final Variable Assignment

Ansoft Designer - [I.-PFPrqjett - LPF - Schematic]
= e /4 Assign the value wline for the properties w1, w2 and w3 in
the MS tee by using any of the aforementioned methods.
Notice that Designer will not prompt for variable names

since the value of wline has already been defined.

Y

Wi=wline
W2=wline
W3=wline

aUlll=d
U IM= A
==
I

Cvalue

H iy Optimatiics I—I I—|_?J_I I—I LL1608_F10MK . LBJ_‘ .
... [F] Resuls W=wline Wi=wline 10rH Wy=wline Wi=wline
-] Definitions

aulll=d
LML= Ay
I i

aneAD

W3
NSUM

wline
wline

wling
E

C06031059J9B200

D0Z8&M601ED30D
|
|

sue e

CoSimulator | Circuit

aulll=d
BLIM= A
=]
L

CoSimSta... |Lapout stackup |
CaSimDee... 3 |

aulll=d
BLIM= Ay
L

Assign the variable cvalue to
the c parameter of the two capacitors.




Add Analysis Setup

HiE|®@eoBodH EER e [ : o

Ansoft Designer - [LPFProject - LPF - Schematic
- I 1

EMEF] LPFProject
B4 LFF
Data

W1=wline Wi =wline

Wa=wline Wa=wline

W 3=wline Wi 3=wline
1] PRy 1] | | ==
==

& il LL1BOS_F10MK
Proisctc = L Wi=wline W=wling pr Wwling Wi=wling
ZxE B P=lline P=lline P=lline P=lline

aull=d
AU A=A,
T
aull=d
AUl M=,
==

Cualue
C0B03103J9B200
anjean
00zgera0lenand
4]

The schematic is completed we have to define the Analysis
setup.
Click right on Analysis, select Add Analysis Setup




Set Analysis Setup

Analysis Setup Linear Network Analysis, Frequency Domain

Select Linear Network Analysis
and click next

Click Add to add Setup

You can select from a
list of different Analysis
Setup :

Linear Network Analysis
Harmonic Balance
Harmonic Balance
Oscillator

Modulation Envelope
Transient Analysis

DC Analysis

DC Nyquist Analysis .
Load )(DCLH Analys)i/s | | Zg?og\dedggféss ’meeep
Setup of Single
Linear Network Analysis, Frequency Domain Add/Edit Sweep Values and multiple
— Sweep types.

LIN 0.1GHz 2GHz 0.05GHz

o1 [GHz 7]

LIH 0.1GHz

1 Click finish

I Hit CTRL+S to save the project

Select Linear Step
Enter Start 0.1Ghz Stop 3Ghz Step
0.05Ghz and click Add and OK.




Run Analysis

Ansoft Designer - [LPFProject - LPF - Schematic]
- ):

E' fFE;”F'TC‘ Progress
Data
@ Excitations

= E Ports

i JlEw Port1

H W1=wline

ol Port2 i,
Analysis L amine

A W 3=wline
= PRy ]
I—I_J_‘

(L3 Definitions \;\I’_:I\‘p‘\:I:e \;\I’_:I:p‘\:I:e
]- Project E #

aull=d
AU A=A,
T
aull=d
AUl M=,

o
o
™
o

a O
-
=
=2

S
=
5]
=]
)

anjean
00Z36ME01E0900

Analysis setup name NWA1 is added under the Analysis Folder.
Click right on NWA1 icon and select Analysis NWA1.
The progress bar shows the status of the analysis




Simulation Successfully Completed

Ansoft Designer - [LPFProject - LPF - Schematic]
- I 1
) illi %

EMHE] LPFProject*
B4 LPF
Data

@ Excitations

=] @ Farts
BD' Partl

W1=wline W=wline
Wa=wline W2=wline
Wy3=wline Wa=wline

_[=]x]
=51 x|

L

Lol Port2
o488 Analysis
-f§ Optimetrics
-[F Results
- Definitions
-5 Projects

I LBJ_I I LL1608_F10nK I LUJ_I
W=wline W=wline 10nH Y=wline

P=lline P=lline P=lline

au=d
BUIIM= AR
==

au=d
aUIIM= A
=]
i

Cwvalue
CO0603102J9B200
|
[
3NEAD

0029660120902
|
|

d
Al
=d
At

aul|
LI

N

|

1 —|
W=wline
P=lline

the simulation is correctly completed.

Once the simulation is finished you can check in the Message Window that




Plotting Results: Create Report

Ansoft Designer - [LPFProject - LPF - Schematic

To initiate plotting results:
Right click on Results in the Project Manager Window

E-- LPFProject”
B+ LPF*

-39 Data Then:
% Excitatiors Select Create Report
=- Parts

I]ﬂw Paort1 <

E

Create Report The Create Report Dialog allows the generation of

B Rectangular, Polar, Table, Smith Charts, and 3D Plots.
Er

Rectangular Plot |_

Rectangular Plot
Palar Plat

Drata Table
Smith Chart
A0 Rectanaular Plat

For this analysis we’ll create a Rectangular Plot
Select OK and the Report Editor Appears

ANSOFT CORPORATION




Plotting Results: Add Traces

To create a Plot from the Report Editor:

Click on S-parameters
Click on S11 and S21
Click on dB
Select Add Trace
Select Done

N\

Design — if the project has multiple top-level
designs, select the desired design

Solution — if the design has multiple analysis
setups, select the desired analysis

Domain — different domains are available
depending on the solution, including
frequency domain, time domain, and sweep
domain

Sweeps Tab — allows you to determine the
sweep variables and their order to be used

Y-Axis — select the Y-axis which to plot the
trace against (maximum of 4 available)

Wariables
Qutput ¥ ariables
S Parameter

H Pararmeter
5 Parameter

ABCD Parameter
Maize
Gain
Fieturn Losz
Stability

thers

-




M=1E3

I XY Plot 1

Plotting Results: Edit Graph

06 May 2003 Ansoft Corporation 09:51:18 Yi—u

XY Plot 1 dB(S11)

LPF NWA1
0.00—— 0.00 Y2
1 - dB(S21)
4 | NWA1
. —-20.00

1-40.00

Click Right and Select Data Marker, you’ll see a
small marker on the first trace.

Select the S21 trace in the legend to put the data
marker on that trace. As you move the cursor, the
data marker follow it.

You can also use the keyboard arrow keys to
move the marker left and right and between
traces.

Position the marker at 1Ghz point and click the
mouse button (or hit the “t” key). A tag will
appear. Move the marker over to the second

R T ORI T: DR T R T DM ) second curve and click again; a second tag will
F [GHz] appear.
X1= 1.00GHz X2= 1.00GHz
Y1=-0.21 Y2=-32.19
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Plotting Results: Edit Graph

_[O] x]

Note that you can Right click
anywhere in the Plot window to
bring up this dialog which enables
Markers, Zooming, etc.

Ansoft Corporation 09:14:35 Y1

XY Plot 1 dB(S11)
LPF NWA1

™

—0.00 v
dB(S21)

0.00——

-5.00

X Axis Properties

X Axis Properties

Note that you can 2X click on any T————
item in the plot window (traces,
axes, legends, title, background
etc.) in order to change its
attributes (color, line style, scale,
font etc.)




Plotting Results: Edit Graph

I I I |

\

Madify Repart ...

Zoorm In
Zoom Cuk [ Autoscale

Craka Marker
ark Al Traces
Arrows

Add Label ...

Delete All Tags
Accumulake

Prink
Copy ko Clipboard

There are also a number of operations available from the right
mouse popup menu from within the graph:

Modify Report — show the Reporter dialog for this graph

Zoom In/Out/Autoscale — view a magnified or original graph

Trace Type — Enabled when a trace is selected. Modify the
method of viewing the trace.

Data Marker — Put a tag on the trace to mark a specific point

Mark All Traces — Show data points for all traces at once

Arrows — Display arrows on the trace to show increasing
calculation index

Add Label — Put text on the trace

Delete — Enabled when a trace is selected to delete the trace

Delete All Tags — Delete the marker tags

Accumulate — Keep prior traces on the graph up to the
Accumulate Depth (settable in Tools>Options>Report 2D
Options)

Print — Send to printer

Copy to Clipboard — Put a copy of the graph on the clipboard to

paste into other applications

vl
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Parametric Sweep

You can notice that for a same circuit one can
define multiple analysis setup.

Edit F and define linear step sweep from 0.1Ghz to
3Ghz by step of 0.05Ghz, click ok

In Ansoft Designer you can use any variable to
| define a sweep. We will sweep Cval.

Click right on Analysis, select Add Analysis Setup,
select Linear Network Analysis, click next.

Add/Edit Sweep Add/Edit Sweep

Err— EET—
F

Temp

wiling

lline

Select Cvalue and define a linear step
from 2pf to 12pf by step of 2pf.
Click ok and finish.

Click Add, Click the arrow close to
variable field, all the defined variable can
be selected.

I T RS o save the projeft Mo10101- ANSOFT CORPORATION TR




Run Analysis Csweep

(ERE||@ e Bl [y Fo e i O il "%

Ansoft Designer - [LPFProject - LPF - Schematic
- ):

E1-{EF] LPFProject®
B4 LPF

- foi] Drata
. FR4
(&) Excitations W =wline Wl=wline
W2=wline W2=wline
W3=wline Wa=wline
1 2

]
LBJ_I LL1B0S_F10NK

10nH

M

AL

Progress

C0503109)968 200

M

T

Click right on Csweep and select Analysis Csweep.
You can notice that if you click right on Analysis and
select Start Analysis you will run successively NWA1
and Csweep analysis.




Plotting Results

— Clicking on one of the sweep variable shows the
Click right on Results folder select create report. swept values, you can select all the value, one value
Click the arrow of field solution and select or several value.

Cvalsweep, hit the sweep Tab. Use the shift and CTRL key to select multiple value.

Traces

[Coveep [

Dt garisbies Gwese = [ [Weme] Towe [Descipton| |
(5] All'alues

Cvalue (=] {RAET

Clicking on the name of the variable you can
change the sweep order.
Hit Tab Y and add S21 in DB, Click Done

ANSOFT CORPORATION




Plotting Results: Edit Grap

06 May 2003 Ansoft Corporation 10:40:24 \Cm—
XY Plot 2 dB(S21)
LPF Cvalue=4pF

Csweep

0.00—, - 0.00 ou
: | sas - dB(S21)
- Cvalue=6pF
‘ . Csweep

Y_

Y2

1 // g Cvalue=8pF
dB(S21)
Cvalue=10pF

- Csweep
-20.00 \

. / i Csweep
| Y2—4—
| i dB(S21)
] i Cvalue=12pF

Csweep

dB(S11)
dB(S21)

-30.00

1 -80.00

1 / Each curve corresponds to a value of Cvalue.
Each curve is indexed with the value of the variable
Click on the curve/Value to highlight the curve/value

4000 | |+ [ [ [\
0.00 0.50 1.00 1.50 2.00 2.50 3.00
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Plotting Results: 3D PIotMA

IS |

il ‘ IR Bl B

Create Report

=

=1 LPFProject”

B4 LPF*
e Stonces ]
L. FR4
@ Excitations
-] Ports | Rectangular Plat |
e Port1 Riectangular Flat
v Por2

o-488 Analysis
(| Coveep

o Muwial

ptimetncs

dB(521)

\

=B
E 30 Cartesian Plg
B %Y Flat 1

] e Pl 2
i Definitions

—— ] O x| i 4 iz :
|__ |__ 4 y o = —_—
Marne 30 Cartesiarn .. 4

Soale Min. | 51.8985 [Coweer =

Scale Max. 0144173

Tepe Spectium
Graph Trace_1

Graph Mame Trace_1

|saType Tone

Filled ]
Addarid 1]
Outline :
Srnaoth b V]

It is possible to create 3D plot to simultaneously view two
parameters sweep.

Click right on results, select 3D Rectangular plot, hit Tab Z add
S21 in DB. Click done.

W
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Ansoft Designer. - [LPFProject - LPF - Schematic]
:|F\Ia Edit Wiew Project Draw Schematic Circuit Tools Window Help

Tuning

Tuning provides an interactive means

variable Cvalue and parameter L of

You can select any of the variables to

The minimum and maximum values
are automatically set to be 2and 1 %

Next select Circuit > Tune and you'll

NS BREBXo i aEE|aalays+ ¢ ||[EHEHMaRE|>0\00A/@ % ih%|
| be @ W B i HhE B DR BT
2l x|
[ = B LPFPrgject
e of changing a design’s variables or
Emfj;m component values and viewing the
o Wizwiine wi=wine | results immediately.
_'[@lez wWo2=wline W2=wline A iabl t b
Lt Waswiine wa=wine | ANY variable or parameter can be
-- A 1 J%'_‘_‘_'_‘f\ T = AR swept.
Opinatics Wvilne wewine ;I | In this example, we will define
.FEPTsuIts P=line L P=lina | Cut Chrl+ 4
(1 Definitions Capy Cerl+C
"HU = Paste = X
=y  pete o (T the inductor to be tunable.
=1 Rotate =
§ L | Flip about ¥ é J | . 3
o Rt 12 include in tuning. Select the
e 38— _ 18=— || checkbox for Cvalue.
;e]E‘J'jEl- % S;::::Zte {Open) @
Name Value Uit a3 r . Deactivate (Shart) 8 9
Properties g| | zoomIn = i i
e e | gemer 2 D times the nominal value. You can
" Value " DOptimization + Tuning " Sensitivity " Statistics :t;::‘””g i p Change them’ If deSIred
Name Include tin Unit I ax Unit Stef Unit _f_ a a
wling | ] | |mm |1.2 |mm |DDB - ‘mm ‘ see the tunlng dlalog

line

-

05
T

Remove

mm

1

kel
5

mm 01

mm
P R A

or click right on Optimetrics and select
tuning

3

|3

¥ Show Hidden

o]

Cancel |
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.\ Ansoft Designer (Beta) - [XY Plot 1]
T File Edit Wiew Froject Report2D Circut Tooks  Window  Help

B

DEH L LE& > o [4jeadm| M BH E B DRSO % %
12l x| al+]
11 Oct 2002 Ansoft Corporation 00:12:39 Y1
s LEe XY Plot 1 dB(S11)
=] Dsta
= Substratz
Excitations %
= Parts
Eﬂﬁﬂlpum o_nn Y1
L% o dB(521)
Cwalswes|
Mt
Optimetrics & 1
S 20,00
B e Pt . ¥
- b Briefly, other buttons include:
it Profcs ] Tune — perform an analysis
~40.00 Abort — stop the analysis
- Save — remember the current state

The main part of the dialog consists of the tune
variable sliders where you can simply move the slider
to a new value and analysis is continually performed
as you move it. Delete a tune variable from the dialog
by clicking on the X for that variable.

The Real Time checkbox indicates that the program
will do an analysis and update the graphs each time a
slider is moved. Un-checking Real Time allows you to
position the slider without performing an analysis until
the Tune button is clicked.

If your design had more than one simulation setup, a
list would be present and you could select which
setups to include in the tuning analysis.

/ (values) of the tune variables and

name this state. Also, optionally
apply the values back to the design.
Revert — recall a saved state
Reset — revert to the original tune

variable values
Close — close the dialog. You will be
asked if you want to apply the tuned

2.0

300 400 || values if you have not already done

F [GHz] A
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Tuning: Real Time

& Ansoft Designer (Beta) - [XY Plot 1]
T Fle Edt Wiew Project ReportzD Tools  Window  Help
DEM L BEEx o c[Hedw| UM WES B EE RS O Fin%
———slox 2l
TR 11 Oct 2002 Ansoft Corporation 09:28:04 Y1+
- XY Pt 1 Bt
- [wid] Data ————————— 4=
@: Substrate LPF g zealT‘Te I Sweep X [ Sweep XI ANl
‘ Excitations - fepnline [Cvaue [of | [CIPF [
y @-D';rt;om 0.00 3 = B, M 2 Y1——|
i E]-ﬂ-.uf:a::[siz 4 Cyalswesp [ = dB(821)
) Cvaloveer E e || | e L:4=10nH,Cvalug
--ES:ESE t -20.00 Save | Fever - ‘ [ s -
:ESXYF‘\::!ETS | Peset | _Close m =
B %Y Plot 2
Definitions I I I I
SRE" Projects
12 (23 Defintions
(2 Components -40.00 S S —f—
----- (2 Material: Progress. %]
g iz;”tz:; - : \ ‘LPF Tuning on - RUNNING
[ Padstacks > \
-60.00
LPF on - RUNNING
i I1s l - 1 1 1 1 ! ! :
Project 2 ! ! ! - ! !
——————— o= -80.00
Move the sliders around and watch the graph change. [Z40 I T T P T (e
You can still edit the design, change the design F [GHz]
properties, or change the analysis setup while the tune
dialog is active. So, for example, you may want to
reduce the number of analysis points in the analysis

setup for faster updates.




Report2D  Circult  Tools

Tuning: Accumulate

Window  Help

L (LPF5) | cvalue |

[

LPF Tuning on - RUMMIMG

018> 0o ® m|| B[ WS B O % %
‘ol 0f x| af~]
T 27 Jan 2003 i Y=o
B P DBS218811 - i1 = dB(S11)
: E- Diata LPF 7 A . ¥ Sweep X Sweep x| NWA-1
i -- Excitations ceumse !m rDF— W W
L =] Pos Sim. Setups - i“—1—5“ } ,—_I-g :
o pfEw Po N1 e _ _
HE [ Port2 0.00—, 5 = ‘ Y1+—
L o g Analysis & -
i rjwm Step: - Marinal: dB(821)
| cameep |1_ - iT - NWA1
H e Oiptimetrics - :
[ =N | HZsuIls ] | G = =
L B DBS218511 -20.00
| B 521_Csweep ;I ;’i A H_I—
@ [0 Definitions dB(S1 1)
w1 [ Projectss L:5=10nH,cvall
-40.00 \
= dB(S521
T — =

L:5=10nH,cvall

Y —
dB(S11)
L:5=10nH,cvall

LPF on - RLUNNING

10nH  13pF \ ]
10nH  14pF |
N 0 W
10mH SpF ‘_ )
10nH EpF e
106H  7pF RRE
10nH  BpF - /
1- r
Ok I Don't Apply Cancel
-100.00 , , |
0.0 0.50 1.0

You can also setup a sweep of a tune variable by

clicking on the Sweep checkbox.

Y B
dB(S21)
L:5=10nH,cvall

Y10
dB(S11)
L:5=10nH,cvall
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Tuning: Multiple Analysis Setup

Ansoft Designer - DBS218511 E”E”E

LPFProject® | EE——— fnsoft Carporation 20:47116 ¥ ‘RealTine | rs
B- _q LPF* DESZ18511 1“‘ P e sl
@ Ecitations - m‘ B
= El Faits e
[ Part1 =
LolEw Port2 =
S i Mominal If
Apply Tuned Variation —_ g : ig
L [LPF:& H
10[ v ! | Feset Cloge i ! .Lj .‘E
lyl ] iE‘! =
11rH ENEEEENN \/ L3 :
12rH mEm - -
13nH EENEEEERENE _ Delete Cvalue tune variable from the dialog by clicking
14nH o3l 140l [E 2 2 3
F[5HZ]

on the X for that variable.

Select NWA1 and Csweep to tune multiple sweep.
Move the sliders around and watch the graphs change.
Close the Tune window.

o= DX
[«[=]

Ansoft Corporation 20:47 16 s
| 921_Coweep s ==
LFF cxaltem I

Dian't Apply | Cancel

1 e
You can either select a =
value from the tune or

N Py T cualie=5pF

none. e mannn ' ﬁf v ==
. , : L NN e
For none Click Don’t L \\ EEEN el

Progress (E5]
LPF Tuning an - RUNNING
|

s
|

T

e

<000
[ [T T[N il i ==
Apply ! e \Y/ e = LPF on - RUNNING
. s - - LS=8H |




Optimization: Define optimizable parameters

Ansoft Designer - [LPFProject_Optim - LPF - Schematic] =] x]
: =181

To run optimization we have to define the variable,

=1-{EF] LPFPraject_Optim*

B4 LPF parameters to be optimizable and to define goals. .
-] Data . . .
&) Exctators We will select the capacitors and inductor to be 10 click on the. In.d uctor symbol,
B e optimizable then select the Optimization view
: ot el and click the Include button to ensure
7@ i ? e b tShat L is used in the optimization.
B psszest | Y < B . ] et Min to 2nh and Max to 18nh
i —— St LL1808_F10NK : T -
= Weinline W=wling 1omH W=iwline w=wline

F=line L F=line F=line P=line

3338C9B200aum=pn

cvalue

| | e [woude| M [ unk |  Ma  [ue [ |
|—W- o4 i 1.2 i
,_ ine D 05 mm 15 mm
!— cvalue 2 pF 18 pF

A

As capacitors value are variable click right on LPF
design and select Design Properties.

Then select the Optimization view and click the Include
button to ensure that Cvalue is used in theoptimization.
Set Min to 2pf and Max to 18pf.




Optimization: Setup Optimization

S [EEYE)
The next step is to set up a goal for the Optimization. T £ 5
Right click on Optimetrics in the Project Manager and then select | : B

Add > Optimization
This will bring up the
Setup Optimization Analysis dialog.

[ Excitahions
= @ Ports
W1=wline

R Partl W =wline
ol Foz Wi=wline W2=nling
= 8 Analsis Wa=wline Wa=nline
(28] hwad
| ] | |

| \ | AL ) M —— | |
coweep ) 12
— I—l_.L_UEDE_FmNJ ——

-5 Resull B2 copy - | W=wling W:YVHHE 10nH sz\ine szline
B o - P=lline P=lline F=lline P=lline
7 T
e
7 i 2 Sensitivity

#1271 Definitions|

B s
% [ Project5d | ity Statistical...

aull=4
AL

aul=d

AUIM=pA

Setup Optimization

Gioals l Yariables | General |

Optimizer: |F|andnm j ™ Randomize Seed

ban Mo. of lterations 100

< I ¥ Ciozt Function

Fraject Search Solutinn| Calculation Calc. Range | I:Dnditic-n| Goal | Weight|

‘alolx|

Il | | | |

. Acceptable
<
1] | Cancel | Help | [

ﬁ ] LPFPaject (F:Adnsoft/AnsoftDesigner/Training/ T raining/ N ewFinal /|
Tl

Add an optimization setup to the design.
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Optimization: Select Solution

Setup Optimization

Goals l % ariables ] General l

Optimizer: | Fandarm

ﬂ [ Randomize Seed

Max No. Gradient
Cost F Finirnas
DU | o venberg Marquardt

Solution | Calculation

| Calz. Range

| Cordition | Goal | Wight |

Add |

Acceptable 0

X Optimizer allows to select from the 4%
different algorithms.

Select Random
Select Max. No of iterations 100

ak. | Cahicel |

Help

Clicking on Solution gives the user
a dropdown dialog of all applicable

Analyses.

Click Add and Select NWA1

Setup Optimization @

Goals l % ariables ] General l

Optimizer: | Fandarm

Cost Function

tax. Mo, of lterations: {100

ﬂ [ Randomize Seed

CSWEED |

Solution Calculation

Calz. Range Condition | Goal | ‘Weight

Add | Delete |

Acceptable lﬂi

Edit Calzulation... EditCaI.Hange...| EditGoaIMeight...|

Cancel | Help |
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Optimization:

Calculation allows to define the measurements
to be optimized.

It could be measurements, equations or complete
S, Y, Z matrix

Define Calculation

Setup Optimization

Ansoft Designer lets the user
create custom expressions for

plotting and optimizing.

Qutput Variables

Output Varisbles

£

Mame ‘

Expression |

Marme: |

Add
Expression:

Calculation

Goals l Yariables ] General ]
Optimizer: |F|and0m j [ Randomize Seed
Paw. Mo, of Iterations: {100
Cozt Function
Solution Calculation | Calz. Range Condition | Goal | eight
Shdatria
M atrix
Zhatrix
#dd | Delete | Edit Calculation...| Edit Cal. Hange...| Edit GoaIMeight...|
Arcceptable i]
QK | Cancel | Help |
Setup Optimization

Goals l Yanables ] General ]

Optimizer: |Handom ﬂ ™ Randomize Seed

Max. Mo. of Iterations: 100

Cost Function

Solution Calculation | Calc. Range Condition | Goal | ' eight
|dbfs21)
Inzert Quantity Into Expression

Categorny: Cluantity: Function: . . .

b [ ] [Famebis Click in the field and enter db(s21) ‘
(lutput Y ariable: = [512

B t 521

_Tepol. Standard h ' Parameter 522

YRE
Z Parameter
Solution; | Nwi] w| | Parameter Add |
(3 Parameter
ABCD Parameter
Noise B
Gain Acceptable 0
Domain: | Gwesp - E‘F}L";T"LU“ >
== |
Function Teminations (ohms) _= ="
Inzert Function 50 chms -
Done
abs - Set Terminations...
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Optimization: Define Calculation Range

Setup Optimization

Goals ] Yariables ] General ]

Optimizer: | Fandom

=l
Max. Mo, of [terations: {100

Ciost Function

Calc. Range can be single value

or band width. Default is the /’

frequency range of Analysis setup  }#

Solution Calculation

db(s21]

E{From 100kHz to 3GHz]

Calc. Range

Edit Calculation Range @

Edit Range
Design
IF =

" Range * SingleValus

1GHz -

Yalue:

Yariable Range

Single walue at 1GHz

Update

Delete

L

2,7 Cancel
////,/
7 e
————— - —,—
Add | Delete | Edit Caleulation. | Edit Cal. Hange...|: EditGoaIMeight...| Select single Value,
Acceptable 0 Value = 1GHz

Click Update and Ok
ak. |

Cancel | Help |

Setup Optimization

Goals l ‘ariables ] General ]

Optimizer: | Fandom

taw. Mo, of lterations: {100

Caost Function

ﬂ ™ Randomize Seed

Salutioh Calculation Calc. Range Condition | Goal | wWeight

E[Single walue at 1GHz]

Add | Edit Ealculation...| Edit EaI.Flange...| EditanIMeighL..|

Acceptable

=]

Cancel | Help |
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Optimization: Select Condition

Setup Optimization E| - . i
T e / Clicking on Condition gives the a
Optiizer: [Fandor <] I Rendonize Sesd [ dropd.o'wn dialog of all equalities
Maw Mo of lterations: {100 Condltlon can be
Cost Function Equal 3 =
Salution Calculation Cale. Range Candition | Goal | Weight LeSS Than or Eq ual <=
Al | db(=21]) F[Single value at 1GHz] .
Greater than or Equal >=

Add | Delete | EditCaIcuIation...| EditCaI.Hange...| EditGoaIMeight...|

Acceptable 1}

oK | Cancel | Help |

Setup Optimization

)

Goals l Wariables ] General ]

Optimizer: | Random j [~ Randamize Seed

Max. Mo. of Iterations: 100

Cost Function

Salution Calculation Cale. Range Condition | Goal | weight

F[Single walue at 1GHz)

(u] 4 | Cancel | Help |
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Optimization Setup: Goal, Weight

Setup Optimization [gl

Goals ] ‘Varables ] General ]

Dptimizer: |F|andom ﬂ [~ Randomize Seed
Maw. Mo. of [terations: |1007
Cast Function
Solutionl Calculation | Calc. Range | Condition | Goal | Wieight |
Mwtdl  db(s21) FiSingle value at 1GHz] = 3 [0
Mwidd  dblz11) F(From 100kHz to 850kHz] q= 15 11
bl | | | | |
N S - ~ N
Acceptable 0 SV
SN ON

The Goal can be defined as :

Single numerical value,
Expression (equation, sub-circuit name , S parameter file),
Variable Dependent (for parametric sweep)

Weight allows to increase the contribution of a specific
goal to the whole error function when multiple goals are
defined

Enter -3 as the Goal and 10 as the weight
Enter an additional goal to be
NWA1 db(s11) F (from 100MHz to 850MHz) <= -15 (1)

In this case the contribution of the s21 goal on the
whole error is multiply by 10 due to weight setting.

Edit Goal Value/Weight %]

Goal Walus l Ysight ]

Type: | Single Walue -

E xpreszion
Wanable Dependent




Optimization Setup:
Tab Variable and General

Setup Optimization E

Hit the Variable tab.

This allows to change the minimum and
maximum values or to exclude one or more
parameters from the optimization

e
[ ]

Hit the General tab
This is used to define the
strategy of updating the

design parameters during
and after optimization




Running Optimization

Ansoft Designer - [LPFProject - LPF - Schematic]
:lF\|E Edit view Project Draw Schematic Circuit  Tools Window Help - 0 X

DwEbedxoxissxxakleaBads ¢ o 5505 00A[0%m%
M be @ m||K| WK WE S B ‘

5

E LPFPraject”

-
H - Excitations
= @ Ports
i - [i8w Portl b L
[l P2 W —W\?ne W —Wl?ne

W2=wline W2=wline

=8 Analysic
HAt Wa=wiine Wa=wiine
csteep
N e Optimetrics 1

: ﬁl OptimizationSetup1

%] Results W=wiline
Eoesf— P=line s P=line
s ol Rename

i I

([0 Defintions | < Delete

LL1608_F10MJ

5.002rH e
P=lline

=d
aulm=pp CO0603109G9IB200 suym=pn

aulll

==
L

Yiew Analysis Result...

LFF an Loczal Machkine - RUNMING

(]

Optimizing

cvalue

-
£ | B i 2
Project Search g
‘2|0l x|

Click right on Optimetricsetup1 and select
Analysis.

The progress window appears showing the
optimization progress.

ﬁﬁ' LPFPraject [F: Mnsoft/AnsoftD esigner/ T raining/ T raining/MewFinal/]
A

i




View Optimization Results

=15 LPFProject_Dptim*
B+ LPF*

-- Data

@ Excitations

E Parts

o-48k Analysis

W 1=wline
W2=wline

A window is displayed with the
value of the cost function and
the corresponding values of
optimizable parameters

Click right on 28
optimization and select 53
View Analysis Result g

T=

II_—_ B3 LPFProject_Optim (F: A4rsoftiénsoftD esigner/ T raining/Trainihg




View Optimization Result on Graph

06 May 2003 Ansoft Corporation 14:23:51 Y1
DBS21&S11 dB(S11)
LPF NWA1
0.00 —0.00 v
dB(S21)
NWA1
| -20.00
-10.00 \ I
| -40.00
= g X
2 1)
o m
© T
\ / | -60.00
-20.00 VT You can see on graph the result of
| \ optimization.
_go.dl As we selected the option, the value
- of optimizable parameters were
automatically updated.
300 ' . 1-100.00
0.00 0.50 1.00 1.50 2.00 2.50 3.00
F [GHz]
X1=0.85GHz X2= 0.50GHz X3=1.00GHz
Y1=-13.61 Y2=-14.60 Y3=-2.96
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Set the parameters for Inducto

Ansoft Designer, - [LPFProject - LPF - Schematic]

Properties

Farameter ¥ alues ] Ganerall Symhnl] Property Displays

M Model List

Model
LL1608_FaM2)

-~ EO2 FRMZEK

" Yalue " Optimization " Tuning " Sengsitivity " Statistics — ] - LSS IR
_ - LL1E08_Fah 2

MName | Walue | Uit | Descriptjon- -~ 1’ Overide | LL1E02_F10M]

Model LLTE0B_F10M _ - ’,—a [v LL1E08_F10ME.
Devicelibraryame | tokol 608 lib - ~_|- B LL160S F10MM

L Ty -~ o o LL1B08_F12M)

v LL1EOE_F12MK

| L
£,200rH

2.200nH

8.200nH

10.000nH
10.000nH
10.000nH
12.000nH
12.000nH

| Tolerance ~

5.00%

i3

20.00%
5.00%
10.00%
20.00%
5.00%
10.00%

ok

The results of optimization set L value of inductor to 8.72nh. e -
Click on Choose model and select the normalized value closest P=line P=line
To this value. Select 8.2nh 10% and click ok. ps=
Sz I
o5
= S
o o
g% l Properties
E 8 — Parameter Yalues ] Ganerall Symhnl] Froperty D\splays]
E g " Value " Optirization " Tuning " Sensitivity o Stat|st|csz
©
s 1 N | Inchuds | Distribut | /" Distibution Citeri
¢ @ ¥ gé |::| | [vodel F
T ——— 5 DevicelibraryN ame
Prriert Sexch g § e ’ [w  Unitorm Tolerance = 10.00%
eLE) .
Mame J Yalue I Unil] Status [~
Status Aclive .

Paiam Values [ Variables | Pz 4 |

ﬁ + LPFPraject [F: Ansoft/AnsoltD esigner/ Training/ T raining/MewFinal/)
A

Select tolerance to 10% automatically defines tolerance for statistical

analysis to 10%.

All vendor library components using tolerance in their definition are

automatically included in the statistics.

You can verify it checking statistic window.

[ Show Hidden

oK Cancel

Number of selected items: 1
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Set the parameters for Capacit

Ansoft Designer, - [LPFProject - LPF - Schematic]

Properties

.:"FNE Edit  Wiew Pr?.je:t Draw Schematic Circut  Tools  Window HE|F
DEHIREGXD - AT o KEE |0 B e |E L ¢ o[l iz le| Fumsevaes | sere| symbo] Py s
:tg‘ ;@» ? +ﬂﬂﬂ:j - t'ﬁ‘; H ]%’ P HE R " Walue " Optimization " Tuning " Sensitivity * Dhatistics
|
'._-- \Priie Mame | Include | Distribution | Distribution Criteria |
+ LPF* | |Madel [~
) o] Data Devicelibrarytame I T L
[&] Excitations I [+ Unifam r Tolerance = 0.250F I
=1 [E Ports ™ [wEomp i \ .
i Wi=wine WE B AN '
=48 Analysis Q W2=wline — ‘\ \\
B ws=windl - Once C parameter is set you can double click on one of the ~ |
Select 3.9pf tolerance 0.25pf 128 capacitor and check the statistic window. ) N
=wiine If needed you can choice between Uniform and Gaussian N H-;Q
line 4 i l ! . ' Hdagn
distribution. Click on tolerance button to change the tolerance N
o § N—X
Model | C Tolerance ] % 1 K C}rjchl
COB03278D9B200 270pF  0.50pF 3 é [] =T )
COBI3336ESB200  330pF  O.10pF - 2 a
(BRI I § r § b Uniform Distribution
COR0333809E200 330pF  O.50pF 03 0@
COBI3AEESB200 330pF  O.10pF 2e — 8 S ——
58— =i
CORD339BCIB200 390pF  0.25pF i 9 Tolerance  |0.29 |pF |
COBI339E0SEZ00 330pF  O.50pF 3 o
COBI3476RSB200  470pF  O.10pF 2 3t g 1
-Icll s -Ic|| s Cahicel |
ks i3 ig
Pro g g g g
[ o
FEEY \ )
M ame J Walue | Lnit ]
Modzl COB0310... g =

Devicelibr... philips_sm... |

C cralue

WComp Choose Ma. J

/ 1 New Page
Param Yalues Symbol = j

Cvalue found by optimization=3.97. Select the two capacitors and click
Choose Model . You will change in one action both capacitor C parameter

B

|
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Statistical Analysis: Define goals

Ansoft Designer. - [DBS218511]

:lF\|E Edit Wiew Project ReportzD

=

Circut Tools  MWindow  Help

EEERIETY NEJEY ek L R I

4] B x|

= LPFProject”
=K LPF
= - Data
@ Excitations
= E Forts
[IE# Port1
[IEw Port2
- 8 Analysis

H E SELrC't‘? Tuning...
#-[23 Definitions

Fiesults - £
B oes © ootineaton.

Wiew analysis Result, ..

28 Jan 2003

0.00

|

:—’ Sensitivity. ..

Setup Statistical Analysis

Caleulations Vanah\es]

Variable | Override | StartingValue | Unit [ Include | Distribution | Dist. Criteria [

CILPF:3] | e pF v Unifom Tolerance = 0.25pF
CILPF4] [ 33 oF [V Uniform  Tolerance = 0.25pF
L [LPF:5) [ a2z nH v Unifam Tolerance = 10.00%

Y1
dB(S11)
NWA1

23:09:25

The Variables tab allows to
change parameter settings or
exclude parameter

0.00
i dB(S21)

Y2——

Caloulations | variables |

Maximum lterations |50

W Setup Statistical Analysis gl

&5 | &
Project Search
el

Setup Statistical Analysis

Caloulations | ariables |

b aximum Iterations |50

Setup Statistical Analysis

Caleuations | Vaiiables |

Maximum lterations |50

Caleulation Calculation Range

e value al 100MHz) |

Hit Edit Calc. Range and
select 1GHz

Delete

Solution Calculation ‘
dbjs21] >

Calculation Range

Solution Calculation

field

Calculation Range

Enter db(s21) in Calculation

Edit Range

Design
F -
5 Single Valus

Delets

Edi Calsulsion.. | Edit ol Rangs.. |

Walue: |IEGE -

1.05GHz

=]

oK

| 1.1GHz

Carcel | Help

[GHz]

Delete |

Enter iteration number 50.
Click Add and select NWA1 i

for Solution

Edit Ca\cu\al\on..| Edit Cal. Aange... |

o]

Carcel | Hep |

13GH=

K. Carcel | e |
Vi
I
]

Edit Calculation Range E]

(Ve e ]

e value at 1GHz

il

Update

Delete

L
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Statistical Analysis: Define goals

Ansoft Designer, - [LPFProject - LPF - Schematic] |-_
:|F\IE Edit  ‘iew Pm]e:t Draw Schematic  Circuit  Tools  indow Help

Do Hy BRExs st mE|eaDaqEd co| LM akE]|>0\00A[0sm%
*ﬁm‘uﬂu I< J#]%IE*EII‘%%%
gl

53

[ =B LPFPraject”
- R
& Data
@l Excitations
=5 o Setup Statistical Analysis
- ol
ol Port2
= 'W_' a':i‘;m Calculations l W anables ]
CIWEED

= Optimetrics . 5
g 451 Oplinizations b awirourn lterations |50

B StatisticalSet
= Results . N -
" ES DeszesT Solutian | Calculation | Calculation Range |

Py i Nwial  db(s21) FiSingle value at 1GHz]
Fifd1  dblz11] F[Single «walue at 100MHz]
Minfd1  dblz11] F[Single walue at 450kMHz]

Fifd1  dblz11] F[Single walue at B50MHz]

X

< |

Project Search
FEE dd | | | |

Neme | Vae [ Unit |
2k, | Cancel | Help |

I Enter statistical goals as shown above

1 New Page |
Param Walues | Variables | Pz 4 |» | g

£

ﬁ + LPFPraject [F: Ansoft/AnsoltD esigner/ Training/ T raining/MewFinal/)
A

Saritt
Number of selected items: 0
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Ansoft Designer - [DBS216511] @S EET
.:|“E.\IE ?jit .E.iew g.r.u.je:t %?!JUVtZD .Qi.r:u\t jL.UU|S .ynduw ﬂelp __E‘_X
D@l RXD | e w6 W @ E WO %

‘al0 % . . . . .
28 Jan 2003 7cd Right-click on Statisticalsetup1 icon
e PE$2 and choose analyze to run analysis
L % E::lliatmns
o B 0.00—, ; 0.00 7
= #ahi‘;m il | | i 1 1 T T T L dB(821)
cmeep 4 1 1 1 NWA1
—a Optimetrics
@l DptimizationS
B StatisticalSet 3 | | 19 | | | | | F
=] Results Y'1—D—
[ DBsZ1Rs11 -10.00 20.00 dB(S11) ~ |
913 D'eﬁaf-csweep 1 I | || || I o o C:3=3.3pF,C:4=!
— — Y —_
= 1 T dB(S21)
“  -20.00 s -40.00 @ C:3=3.3pF,C:4=!
m I o
T == T
' Y1 ¥
dB(S11)
< | 1 . | 5 C:3=3.1864482¢
Froject Search -30.00 LA § LPF Statistical Analysis on Local Machine - RUMNING
e § - - - - R
R | vae [0 ]| | | _ | | Solving #/LPF:3//0="3 488627277 pF 4/LPF 44/0="3 480627 2T 7pF" Y2—o—
Mame Statisticals... d B(S21 )
Max lters B0 | T 1 | I | | 7 C3=31 8644825
Prior Para.. | M/ I a LPF on Lacal Machine - RUNNING
e
40.00———— —— — — 10100
0.00 0.50 1.00 1.50 2.0 Y1
- res ) el dB(S1 1)
The Statistical Analysis is running and the plot G3=3.31083141
automatically updated.
When Statistical Analysis is finished you can look at
the distribution of the results.
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| Ansoft Designer _
__| File
D d

(1

View Analysis Result: Data Ta

ble

|5lahst\ca\SetupT

EJ + LPFFraject [F:AAnsoftAnsoftD esigner/ Training/ T raining /N ewFinal!)

= LPFProject”
o e E R
+ Data
Excitations
= @ Forts
[1B Port1
[IEw Port2
= 488 Analysis
2| coweep
= @ Optimetrics
4@ Optimizations
(3] StatisticalSet
= Results
3 DBS212s1
E 521_Csweep
+ (] Defintions
& 4
Project Search
algix
I e | Value | Unit |
Mame StatisticalS...
Max lters B0
Prior Para...  MAA
A
Ready

Right-click on Statisticalsetup1 icon
and choose View Results to see a data
table or histogram plot

Result 1
View: (¢ Table
" Plat
C[LPF:3] ‘ C[LPF:4] | L [LPF.5) | db(s21) F(Single value at 1GHz] I db{z11] F(Single value at 100MHz] J db[z11] F[Single value at 450kHz] ‘ dbls11] F[Single walue at B50MHz] |
33pF 3.3pF 8.2nH -1.2315 -27.151 -17.015 -22.642
3.186448256pF 3.185448256pF 7.B27550279nH -0.94825 27.408 -16.997 28,032
3.315831477pF  3.315831477pF 8.251327244nH -1.2768 27118 -17.02 -22.008
3.471826836pF 3.471826838pF 8.763592029nH -1.7977 -26.778 -17.097 -17.051
3.242617573pF 3.242617573pF 8.011785638nH -1.0796 27.28 -17.002 -26.207
3.45130314pF  3.459130314pF  8.6362743nH  -1.7212 -26.822 -17.083 -17.597
3524578082pF 3.524578082pF 8.336616108nH -2.0053 -26.667 -17.135 15,756
N 3426774407pF 3.425774407pF 8612540056nH -1.6254 -26.876 -17.068 18313
\ 3.292469558pF  3.292469558pF 8.17530015nH  -1.2105 -27.168 -17.013 -22.955
7EE4113pF  3.16FEE4113pF 7.765538292nH -0.80803 27 452 -16.936 28,838
3109541612pF 7.575296487nH 073484 -27.587 -16.993 -30.521
pF 3.473471725pF 8788667257nH -1.8268 -26.762 -17.102 -16.854
335448316 3.354483169pF 8.378704794nH -1.3328 2703 -17.034 -20.673
3.06818717pF E18717pF  7.418333177nH -0.71416 25T -17.007 29,607
314B65212pF 31 212pF  7.697018952nH 086517 275 -16.936 29799
3.123656423pF 3.123600NZ3pF 7.621593086nH -0.8208 -27.6554 -16.998 30,398
3.201997436pF  3.201997431 7.8785515892nH  -0.98293 28373 -16.997 27243
3.353682673pF  3.353082073pF WIFEPE1823nH 129 27.033 -17.033 20,61
3.470072024pF  3.470072024pF -1 -26.782 -17.095 -17.097
3120787683pF 3.120787683pF 7.612108§99nH -0.81545 -27 861 -16.938 -30.439
3.3067E67479pF 3.30B767470pF 82221973 -1.2506 27136 1707 -22.368
3.154800562pF  3.154800562pF 7 7237458420 88153 -27.481 -16.996 -29.492
3544262682pF  354426252pF  9.001181066RH - -26.626 -17.151 -15.308
3.378653820pF 3.378653020pF 8.4579845580H -1.46 -26.978 -17.044 -19.762
3078107547pF 3.078107547pF 7.472192755nH -0.74046 -27.BB1 -17.004 -30.105
3.289936522pF  3.280936522pF 816691791nH 1.2035 27174 -17.mz 23,062
3.281040376pF  3.281040376pF 8.137812433nH -1.1793 -27.194 -17.01 -23.443
3.319676809pF 3.3196768B09pF 8.264533933nH -1.2878 -27.108 -17.021 -21.858
3.648387770pF 3.548397770pF 9.014744713nH -2.1041 26617 -17.185 A6.216
3.295940668pF  3.295948668pF 2.18E711631nH -1.2202 2716 -17.014 2281
3085187841pF 3.085187841pF 7.49541612nH  -0.7623 -17.003 -30.273
3.225145726pF 3.225145726pF 7.054477381nH -1.0364 ;
3226081281pF 3.226061281pF 7.957481002nH -1.0331 27318
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Vlew AnaIyS|s Result: Histogram

= LPFProject”
B R
-] Data
[&] Excitations
= @ Farts
[Ew Pl
[l Port2
=48k Analysis
3] Mwis
caweep
-_ﬁ Optimetrics
i 31 Optimization$
@l StatisticalSet

U=k W Post Analysis Display Dialog

Select the
number of
bins

< | &

Project Search

NEE
Name 1 Value I Unit I
Mamne Statistical...
Maxlters 50
Prior Para. . | HA&

Help

*&m‘ | [B] W A E e DR

B 0O % %

=
= Ay Select Plot to see histogram
Result ]
View: " Table
o Plot  Mum. of bins an X axis: |10 ]db[sﬂ]F[SingIa walue at 100MHz) :_]
db[z11] F[Single walue at 100MHz]
28 Jan 2003 db[z11] F[gl:gle walue at 450MHz)
db[321] F[Sinale value at 1GHz)
8
N
/ ' S
[
= i
@
£ £ ~
g \
S . \\
.~
o -
£ Select which
E J .
2 ] result to view
2
0
-27.80 -27.60 -27.40 -27.20 -27.00 -26.80 -26.60
db(s11) F(Single value at 100MHz)

Optimetrics

Clase

Ready

+ LPFPraject [F: Ansoft/AnsoltD esigner/ Training/ T raining/MewFinal/)
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End of Exercise 1
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Layout Basics
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View Layout Window

Ansoft Designer - [LPFProject_Complete - LPF - Schematic]

Click on the layout Icon
to see the layout view

Wl=wline W 1=wiline e e et

W2=wine W2=line - Circuit Elements
Wazwline Wazwiine &g Coavial Cabls
[ 2 | 310 Coplanar Waveguide
102 |—-— 12 ; p a
- LL1608_F8N2ZK - ) -2 Filters
W=wline W=wline 8 7nH W=wline W=inline m Five Laver
P=lline P=line : P=lline P=line : .

m Four Layer

i % o % m Grounded Coplanar Waveguide
Sz SE @V |deal Distributed
® 3 i F-fa Ideal Miciowave

E-E Lumped

=23 Microstip

Eﬂ] _General Components

- S Ajr Bridge

—= | [ | | i i i ] M 145 Bond Pad

----- = M5 Compenzated TEE Junc
----- "l kS Crozz Junction

- M5 Crossover, 0

- M5 Crossover, Tand

3.3pF
COB03335C08200
|
Jdee
00ZE6D8EEE00900

E % 1:? % ----- = WS Dielectic Resonator, Ba
2 % 2 % ----- = WS Dielectic Resonator, Ba
o & - A5 St in Line

Alternatively, you can
right-click on the circuit |[* ()@ IS
icon and choose layout |ozmm b 05

=0.3mm DG=0.3mm

yr 2 asin N MS Wire

Replace gl'OU nd -2 M5 Wiap Around Ground
— | elements by MS Via Pad

SITEYH ry

S{=1EY




E-4 LPF*

© [ 9] Data

2 EM

-] Evcitations
-] Parts
-3 Analysis
[]--@ Optimetrics
i []--E Results
ED Definitions

E| ] Companernts

MSTRL -
MSVIAP -
PlanarEM1
R

tokoll G0

@] MscPLO -

2]

Layout Window

Bl Measures

2mil

<DefaulttnnotationS LPF

e

Fort2

If you don’t get the layout aligned,
hit Ctrl-M

Or click on Align MW Ports icon
Or Select Menu Draw and click on
Align MW Ports

When none element is selected
the whole layout is align.
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Connection points and wires

Ansoft Designer -_[LPFPl‘ui ct_Complete - LPF - Layout] . =] ’_

=12 x
e [T | | (e |

Measures

B B cither
Rats rat B B cither

A . cithar

Errara arrAr

Projectd3

When you select a footprint

and move it, if this footprint is
connecting the connection is
drawn as a wire on layer rats.

Model COE033
Devicelibr Ephilips_

Settings

-100000um 100000urm
100000um -100000um

The connection points are visible.
To make it non visible:

Select Menu Layout

Select Settings

Uncheck Draw Connection Points

=

[ omimn |




Align Footprint

[ ygoore: =l[in [ Comtmomonsl[irr o]

/]

B Messes  Tfomi 7| Defauttrmotdtons ZfLeF 7]
= ABRRBEDDHD A

Select first the element that will be
the reference of the alignment.
The selected component appears
in red.

A
Using Ctrl + Left Mouse button o Clipk on the_ Align Microwe_we Port
Select the second element to to icon to align the Footprint
aligned. This second element & (Hotkey Ctl-m)
appears in low red.

You can apply any positioning modification to
footprint move, rotate, mirror and then use the
Align Microwave Port function to align them. Any

positioning modification are save in the footprint
130359 7421 0.0000 0.0000 [ | properties' | 00000 Jum |7

g':'l’: ANSOFT CORPORATION
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Layout Footprint Properties

(o] x]
T

Select Definition

.r <DefaulénnotationS 7 | ‘r
L @B DDA o
3] Distributed F

Faotprints

Footprints

Distibuted Footprints 2
Distibuted Foatprints 3
Distributed Foatprints 2
Digtributed Footprints 4
Footprints 2

Footprints

Faotprints

Feaprins Click on Current Footprint value to
| open the footprint library window.

Foopirs Then select the new footprint you
want to use.

||:,l_l—l—l—

[ estimenapans. o e
|— CurrentFoatprint _ Layer Mapping
!_ FlacementLayer Agzembly

|— Lacation 7E.-138 i

|— Angle 270 deg Measures
Rats

Errors

1

Symbalz

Agzembly Top

Location = x,y coordinate of the footprint on layout.
You can use it to move the footprint from a specific
value. It is allowed to use +/-.

Example: -7.6mm+1mm,13.8 will move the footprint
of 1mm on the x axis

Angle changing this value will rotate the footprint
Flipped when checked indicates that the fotprint
was flipped.

Scaling multiply all dimension by scaling value 4 ANSOFT CORPORATION

Silkscreen < NohE >

Trace Top

Edit layer mapping allows to | ot s
change the default mapping Ground
between Footprint layers and
circuit layers

00000 | 00000 g | 00000 fun  v]lAage] 00 |




Layout Window Option

Ansoft Designer - [LPFProje omplete - LPF - Layout]

Measures r ‘

r <Defau\t&nnotat\on5LF‘F r
@EAND Al o

Edit Layers - LPF 3

Layers | Stackup |
A Name | Tupe [ Coo|Patem| &= |
v | ¢ Hessues measres B B it
[ [~ | T |Rats 1at B B it
c v | Ems ermor =
C | | ¢ sumbos symbol B 55 | neither
§ Optimetrics Ll € | [r | Jr Assembly assembly [ WaaailC
B Reculs Ol [l e sl | e
| © | | [ Dislotic dielectic B [TTT reither
Projectdd | ¢ ¥ | Groud metalzeckionsl | [l = reither
C v | [¥ Sikscreen Tap sikscreen B 7 tep
© v | [ wisbonds wirshond B . o
fodLaper., | Bemove Lajer

In Edit Layers Definition window you can change layers
attributes:  Visibility, Selectability, Color, Pattern
Double click on the color to open color selection window
Double click on the pattern to open pattern selection window

ANSOFT CORPORATION




Add Layout only element

1’_msuft Designe _[LP_I_:'Pl_‘quct_("umplete - LPF - I_...ayuu_t] d I_I_I—'

) ) ) =18 x|
[ R | | | A

=

To draw shape several drawing primitives are available :
Draw circle, Draw Rectangle, Draw Line, Draw Polygon

=] LPFProject_Complete® |

Each object created using the
drawing primitives get some
drawing properties like height,
width, coordinates. These
properties can be set by
numeric value as well as
variables, equations or
parameters.

Name line246

Trace

| Placement

MNet net_22
|Lingwidth 0.5
BendType  Comer

| CapTwpe Flai

| TatalLength 32250
1.1
8.1
8.6
£/
1.1.25

It is possible to draw shape in the layout these shape don
Here we drawn a path around the layout design.

26000000 -1750 0000




Drawing Primitives

2\ Ansoft Designer, - [Proj
" Flle Edt View Project
O E &
Wy &=

TestCell - Footprint]
Footprink  Tools  Window  Help
&K et F@aw BEm
IRy, Select Handles
Iy Select Edges

o = (e | [t ri = [ <Defauitpic

Name T
name | recti0s 8w
\::ter EL R 5
lnetwidth |0 | @ e \
center |00 un | =5 [
victh 100 um | 5 arc i
height 50 um| ) Line
=Rl ded b Polygon

A Textbox

Fuootprint

Draw Rectangle
The properties of the rectangle are
layer, Center, Width, Height, Angle

= Project?
= (10 Definitions
[ Componert

%[ Materials

.......

2\ Ansoft Designer, - [Project? - TestCell - Footprint]

TV Fle Edt View Project (g0 Footprink Tools Window Help
D M| & £/ & Select (G- R ] ] s R Z S e |||l ri | <Defautpic
W 3= IRy, Select Handles
Iy Select Edges
Ty
e (e | O
laer EL
= 3 Handle
lingtwidth | 0 urn @
center (0.0 | & Rectandle L
radius 50 | g
=) Line
T Polygon
A Textbox
Faotprict
alolx|
=[] Project2* | |

The properties of the Circle are
layer, Center, Radius

21k

A\ Ansoft Designer - [Project? - TestCell - Footprint]

"I Fle Edt View Project RGN Footprint Tools Window Help

Il = Y £k select eBee B = RS- = = |[Haf erir_= | [-<Defautp

e &= By, Select Handles
Ty Select Edges
o= Pin

Name Ve | U P

et o &\ %\ \

lnewicth 20 um

bendType  Comer 3 Handle

capType  Extendsd @ arde

P 0.0 um| & gectangle L

Pl 00,0 um| & aec

pt2 100.-100 um %

pid 200,100 um| B poiygon

< |3 A Textbox =

S _rere_ s

4|0l

Draw Line
The properties of the Line are

layer, LineWidth, (x,y) coordinate of vertex, Angle,
Bend Type, Cap Type

S\ Ansoft Design

T Fie Edt View Project [SgN Footprint Tools Window Help
SR Heed onms ks =S
R [y, Select Handles

Zry Select Edges

| [Haf arir_+ | [<pefautpic

Gotn

name pol110 ©

layer EL

— &k Handle

inewidth 0 um | (5} Circle H
pi) 0.0 um | = Rectangle

o1 402,03 w5 g

o2 R

0 487,565 un |, v
ptd 57018 um | A Text box

Footpint
N-TE|

9 Project2”
=22 Defiritions
(1) Components

Draw Polygon
The properties of the Polygon are
layer, (x,y) coordinate of vertex, Angle
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Specific Operation on Primitive

hit the vertex selection icon
Press Alt and click where

you want to add vertex New Vertex

Select the Line

B e [7][zei [f@ctaiporer Eftiein

Move the cursor to a vertex
Press Ctrl key, click left mouse button
and drag to convert line in arc.

Select the Line 5

Drag and move Edge to stretch geometry




Snhapping

Graphical snap:
= Shap vertex to vertex, vertex to center
when you move or draw shape

Snap to grid: snap the shape on the grid

B Trace 2l «DefaultPlotter <DefaultFlotter> Cirevit1

_PFProject_Complete’
& EMvia

=59 EM

(&) Excitations
k! @ Parts
+-58F Analysis
ﬂe Optimetrics
v 1 +-[F Results
1 Defintions

4 Cireuitl®
1 Definitions

: ! Snap

Bdeg
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Boolean Operations

Ansoft Designer - [Proj

e R | [<DefeutPlotier- [ Usion = [0 Tiace  [oni =][<DetautPloter =] [Cicuit
Bl e R 1 (@) : B ; B (@ | D AL I

(1 Defiritions
=

@4 Cireutl®
-] Definitions

union

Subtract
Substract is order
selected dependant

Boolean operation allows union,
intersection and subtract.

B [=1ES
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Import DXF and GDSII Files

Ansoft Designer -_[Prnjs-ctSZ- - Circuitl - Layout] : M=1E3

e 8l

@ Excitations
@ Ports

38 Analysis
e Optimetrics

[ Resus . Open
Defiritions

+ Ciuit® 8 gettings.. = SupportDesigner -

-1 Definitions Import File.
I enzerb |5 Mew Falder
) comatis | Germary | SonyEricsson
| Contraves Citag )5 TR elgique
) Coronis I MasrconiLaquila  [C3WCO
[ Marconitdobile [ linen
I Mikom

GOSI Stream (7 strm)
GOSH Stream [*.gds)
GOSI Stream [7.5f]
Al Files [*.7]

You can also import existing GDSII or DXF file.
Using map file allow you to map the layer names in Ansoft Designer with the GDSII layer number




Edit and Create Footprint

4\ Ansoft Designer (Beta) - [LPFProject - LPF - Layout] SeIeCt the TeCh n OIogy
|l File Edit view Project Draw Layout Crot Tooks Window Help - ] ] ] A . .
DEH: BEE8 X0 | @c@e @d | Omm=i k|2 =i e wlami < ][<vetautiateer> < |lee | F|Ie (use GX|st|ng StaCkup)
M@ @ Eim% B WIS T OIREE AESESCLE[(ARROEDIND AL - 0 @ /
=|ax] &
= LPFPraject”
R F; Edit Libraries
[+ ata
(B Excitations Companents | Materials | Symbols  Footprints } Padstacks
w-[E] Ports
Sl Anslysis eatch Farameters Libraries ¥ Local defintions
Cualsweep m Usen] s \phZamsphZsCelLi ~ ~
Pl — 8 - Alumira [Er=3.8) 0.010 inch, gold 3
5] UptizatiorSetupt M5 - Alumina [Er=9.8) 0.025 inch, gold
8] StatisicalSetup] B Noe [ lsowwn | Dign [[Fton] - Footpint Image WS - FR4 [Er=4.4]0.030 !nch, 05 oz copper
= Resuls — s leizyl Dt =i amls m M3 - FR4 (Er=4.4) 0.080 inch, 0.5 0z copper
E ESEV;E;DthZW ] Syslibray  Distrbuied Fo., 3 b5 - RT_duraid 5880 [Er=2.20] 0.010 inch, 0.5 oz copper
5 - RT_duroid 5380 [Er=2.20) 0.020 inch, 0.5 oz copper
% SRRl Sysu,,a,y DtisEr a3 t5 - RT_durcid 6010 [Er=10.2) 0.010 inch, 05 0z copper
b Deons VRS o N 5 - RT_duroid 6010 [Er=10.2) 0.025 inch, 0.5 oz copper
B8 Companents PCB - DoubleSided
=20 Materiaks < N PCE - SingleSided
&P FR4_cpowy 5L - Adurnina [Er=9.8] 0.010 inch, gald
S conper SL - Adumina (Er=9.3] 0.025 inch, gold
Dg'mgbﬂo‘l‘: 5L - FR4 [Er=4.4] 0.030 inch, 0.5 oz copper )
i V SL - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper
: A SL - AT_duraid 5880 [Er=2.20] 0.010 inch, 0.5 oz copper
jTDrzzuDz_HF Spslibramy Footprints |2 v SL-RT_durcid 9550 (Er=2.20] 0.020 inch, 0.5 0z copper  »
Edit Footprint | " Bdd Faatpring.. 3 Clane Footprints | Remave Footprints Export Footprints to Library |
ad;:piina * \ - ‘ — Open | Browsze. Haone LCancel

Add a new footprint or use

Select Edit Definitions An existing one

Froject | Components | Sesich

|

SIS
ﬁ #1 [ LPFPraject [F-/nsaft/nsofDesigner /e 01 02002B eta/project/)
|

ine

% [ 45000 Jv: [ 08000 Joekax: [ 00000 Joekav: | 00000 Joitance: | 00000 Jlmm <llange: [ oo ]
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Parameterized Layout Cell

2\ Ansoft Designer. - [Project2 - UMSTee - Footprint]

:| File Edit WView Project Draw Ry Tools twindow _He\p
(DEE & B EEG X oo Q fom=ksE 28 me vt i = f<octasroter> <] || b2 G [ A R @E S
ﬁ v & ___—__ __@__Render Filled
<al 0 x| |[® Render Transparent
o Unz m Measure .
T Parameters defined for the layout cell
layer EL . .
- are automatically linked to parameters,
newidh D il :
T with the same name, of the component
¢ T Edit Seript... . . .
ptl Omil , wl
T to which the layout cell is associated.
—m/' iz w2 | Sl
a |l - di
7= I
— Wiastyles. ..
ial0lx| BinStyles. ..
:_:_ Project?” Line Styles. ..
=1-(0 Defiritiores Text Styles...
22 Companents Fe Grid & Snap... Properties E|
e [ Matenals Frocess Options = ’
(23 Symbols £ Settings... Definition Parameters lLocaI Vanablesl Property Dlsp\ays}
1=/ Footprints S
Il MIMCaphl Import Fi... Name ‘ Walug | Urit ‘ Description |
Il TesiCel | Edcapeeey wl 20 um
: 5METIEE Conrvert ko Pins w2 40 uri
* laroles e
(] Padstacks ‘ ; / N w3 kil um

Parameterized layout cell

The parameter of the drawing primitive
are set using the parameters defined for
the footprint, directly or by the way of
equation_ i — I Show Hidden

Cancel | Help |

[l Il x|
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Scripted Layout Cell

M Edit Script

&\ Ansoft Designer - [Project2 - UMSRectSpirale - Footprint]
:lEiIe Edit Wiew Project Draw Footprint Tools Window Help

.\ D @E e Q e @@ @"’7 o |! =G S W UseScrpt  Language: |javascrpt - Apply | Cancel |
;ﬂ v a= Script:
Aloix prepad.addixy); . )
ol T Scripted parameterized layout cell.
e the footprint is generated using a script which
tspadh Can be written in JavaScript or VBScript.
e edpad g Using a script allows to create complex

LavoutHost MewRect(idDPC. 0, 0, 10%um, 10%um, 0] . . .
Layoutiost NewheclDPC, 00 18, 16m Parameterized layout cells like transistor,
ndge dravaing

war prebridge = LapoutHost CreatePaints Object]); rectan g u Ia rs p | ra I | n d uctor.
var ptsoutpadD PC = LayoutHost. CreatePointsObject]]

war ptzoutpadEL = LapoutHost CreateF ointsObject(); Moreover a SCﬂpt a"OWS to CheCk
var ptsPEL = LayoutHost CreatePaints0bjgct(];

var GapPad; _ minimum and maximum dimensions provided
N E war ang30=30; var ang270=-30; i .
e G R design rules checking at the component level.
= £1 Defrtions el LD The edit script window allow the user to

-..[Z7 Components

G S - create, modify the script and see the effect of
— break; A= R R
Definition Parameters ] Local Vanah\esl Froperty Displays nga;!;aﬂj'l Trum: the mOd Ifl Catlon On the |ayOUt Ce” JUSt by
_ P ’ clicking apply no need to compile or reload
Name | Value [ tnit | Descipion | 16 writeLine{GapPad); e L
[ [w 10 Wit o Ine 5. 10, 15, 20 num after modification.
L 45 Inductor value in pH war BgMTum=k ath.round( nth T urmn);
| |aMGow 0 deg Output bridge angle Tewtling = "BoM Turn ="+ BgNTum;
: H 0 widh o input pad in um tEwriteLine( T extLine];

war M1length=[11"um+1 Fum-+G apP ad+{B aM T urmw*um]+[[BaM Turn-1sum]+22. 5%um]; war M lwidth=22"um;
war PELlength=({Bigh Turnw)+{[B g Turn-1)#¢]+6.5+4. 5 um; var PELwidth=M1width+8*um;

TestLing = "IntMNTum-BaMTum =" + [IntNTum-BaM T urn);
e writeling( T extLine);

I” Show Hidden

ok Cancel Help

Add... Bemove
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Exercise 2: Creating A Footprint

+ Create a footprint
+ Set grid
+ Define parameters
+ Draw and parameterize shape
+ Add ports
+ Save to library

+ User Exercise

+ Create new circuit and insert into previously created
circuit
+ Edit symbol

ANSOFT CORPORATION
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Create a simple Footprint

Ansoft Designer [o]x]

| Edit Libraries

I MarconivCap
omponents tyFootPrint

M aterials

Symbols

L [ o | LMALayperDef

[ [RectSinle PersonslLibraty Marconi 0 Get Name
Get Name

marconi

- Alumina [Er=9.8] 0.010 inch, gold
- Alurnina [Er=9.8] 0.025 inch, gold
- FR4 [Er=4.4] 0.030 inch, 0.5 oz copper

S - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper

- AT _duroid 5380 (Er=2.20) 0.010 inch, 0.5 oz copper

SimpleTRL

- HT_duroid R880 [Er=2.20]
-RT_duroid BOT0 (Er=10.2)
-RT dﬂ:g:d ED1D[E[=1D.2] SeIeCt the TeChnOIOQY
As shown and
| Click open

[user] Marco
[user] MyFoal

5 oject 1}




Set the Grid

N Lo J6 1= [ e oo el [<Deiauroner o]

Ansoft Designer - [Project83 - SimpleTRL - Footprint]

Grid

Click on icon Grid Snap Setting

1N
.

Set the Grid setup as shown




Define the parameters

Ansoft Designer - [Project83 - SimpleTRL - Footprint]

I [=1 E

=11

| | T T |

Name W
Value 2mm
Select Variable

Click OK .

=] Projectd3 = Enter :

= EZI Drefinitions

Add Property

Click properties

Properties

Add another parameter
P with Value 6mm .

!  —
|| Select Definition Parameters
s4s Tab and click Add . | T o

#0101010 ANSOFT CORPORATION ’.-




raw Shape

Ansoft De er - [Project83 - SimpleTRL - Footprint]
~ SR : ;

Measures

=] ProjectB3*
=120 Definitions
(L] Components

I 2ssembly a .
Select Trace as the — o BNEE on Draw fine .
drawing layer ‘ —

Padstacks

L »
Mame ling102 -

Placement... Trace
s e | Click on Left . Drag the mouse ’ Click on Left .
Berdlype Miwed | -—

CapType  Extended|

|Totallength 529 mm
Pt 22 .- |tm
Frl 247~

mm




Parameterized the Shape

Ansoft Designer - [Project83 - Simple TRL - Footprint] l_f_l_
- Project, | - ; 18|

a- RE&Xo | ®emee | [ TS | I | |
& A "o

=] ProjectB3*

B2 Defintions
. [] Components

L Materials

EE Changing the value
..[2] Padstacks Of A" and P will
Change the shape.

Set BenType to Corner
Set CapType to Flat .

L

| Hame | vewe |

Mame ling102
Placemert... Trace
Met )
Lingwiidth
-BmanaTy{:;x.a ’E‘mner

Properties

CapType  Flat |
| Toi‘élLénglh ‘.E 1 | M
Ptd .o | mm
Pil 0.0 ]

line102

Trace

Correr

Flat
B
0.0

Use the Definition Parameters 2.0
To set the properties.
lineWidth = w

Pt0 =0,0 ‘
Pt1 = p,0

ANSOFT CORPORATION '~_‘
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Add Connection Ports

Ansoft Designer - [Project83 - SimpleTRL - Footprint]

Ansoft Designer - [Project83 - SimpleTRL - Footprint]

=]

iy || A

=] ProjectB3*

=121 Definitions
i Componerts
L Materials
£ Symbaols
1 Feaipirts
Padstacks

| Type

Clearance 0 o
Met

Location o.0 |mm
Ag|a' 180 dea
‘ Fadstack

LayelM ap..
Edit layer ...

Mame

Set the Port Angle to 180

Fooltprint Draw

= Project83*

=1 Definitions
{.[23 Components
[C Material:
-3 Spmbols
0 Fesipiinid
[0 Padstacks

[ Mame | Vaw |

Type in
Clearance

Met
Lacation
Angle
Padstack
Layertap.

Edit layer

Hame

Set the location

]

Insert connection Ports
To the left edge of the
footprint

S{=1EY

0.0000

k%:nﬂﬂ‘)'\lAlvmﬂo# To p,0

Insert connection Ports
To the right edge of the

footprint




_Save The Layout Cell to Library

Bl Trace 2 Grids |2 ||| <DefaultPlatters

2 Componerts Click the cross to
.: = Close the Footprint
= Capowc Editor Window. @

Save the Footprint

Edit Footprint

o] w [ cwea |

ANSOFT CORPORATION \




Export The Layout Cell to Library

Ansoft Designer =
Edit Libraries

=G Projectes
£ Definitions
[L] Components
123 Materials

123 Symb

Select Edit Definition

Select SimpleTRL @

[0k ] Corcel | teb |

Save As

13 PersonalLib r -

Click Export Footprint Library .

[ Sae |
R - Enter the name of the file and

,7 ,7 i CIiCk Save

f You can select PersonalLib or

Al

| Userlib as the location where to
Save the file




t rint

Sel_ct Definition

Using Foo

=

Ansoft Designer - [LPFProject_Optim - LPF - Schematic]
- ):
[ & B RE X o e

i Ty o B

From Project window expand folder
Definitions/Components.

r DED3 FF  Froject Footprints
[ |p6031_RF  Project 2
|— CPLO Footprints 2

Footprints

. [ CurveTRL b
Double click on MSTRL to open TeEs 14ed Folrns 3
. - e Projssct |Distrbuted Footprints 2 \\\\
W l=wline \\\\\
The edit Component window W2=wine .
o Waswine You can select from footprint libraries
ioE eslts

B DBS218511
H B 521_Csweep
\.[0 Defiritions

-0 Componerts
-[# LFF

-[EE] MSCPLD - Cireit ElementsiMi
=-- MSTEEE - Circuit ElementshMi
15 TRL - Circut ElementsMici
[ PlanarEM1
-- philips_smc_0603 - Yendor Ele;
] tokall1EO0SF - Wendar Elements
-] Materials

-2 Symbols

-2 Footprints

J Edit Component the footprint you want to use .

; Anzaft buil-in camponent ’T
MS Trans. Line, Physical Length

--[Z7] Padstacks

3] Projectf

Click Cancel to

The Edit Component window allows avoid modification
to select Symbol and Footprint to MSTRUHm |
W Tmm

associte to the component

P et b =

= ﬁ
I FED::
p K . r Circuit
Click select above footprint view A

To select a new footprint. -

5

I
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User Exercise

+ Using Subcircuits and Symbols
+ Inserting Subcircuits
+ Changing Symbols

ANSOFT CORPORATION




Insert Another Circuit Design

Open LPFProject previously created. = - _I?und the s1cl1e;n_atlg_asl_shown above. .
Click right on LPFProject and select Insert Circuit Design. T?Ie i _\;\'Ine_“;) '"Y‘r’]:e
Select MS-FR4(4.4) .060in as the Technology File. . WINES,
: (44) M Cap Philips_smc_0603, 6.8nh, Tol 0.25pf
T i@ Ind  Tokoll1608f, 18nh, Tol 10%
T ol ? L
[]-@ Parts ] W3=wline
i a',ﬂi';m wi [ ] I I ) Ry - I I T ort2
& % gzzzzrics W=wline COROSRERCIE200 W=uline LLU_I W=wline COR03RASCIE200 W=wline
o & EMvia P=lline B.8pF P=lline P=lline 6.6pF P=lline
B4 LPF*
-l Add Analysis Setup Linear Sweep from D 2o 26 Feb 2003 st Comoraion woroo | viod
[;jj e 0.1GHz to 5GHz by step of . =d HeF s
- Analysis -
- S 0.01GHz. i 000 =
 =8re  TARIVZE the CIFCUIL. = .
Properties E;n ‘g 10.
= -20.00. / \V /\ /
My A\
% $|_ =30.1 I \ /
-40.00. \/
Of=
=wding -5o.n;.n0 0.30 1.00 1.30 2.00
=0.3mm I£ F[:?HII
5=0.3mm

Create a report with S21 and S11 in DB,

rename it DBS21&S11.
Change the Xscale to 0.1GHz-2GHz.
Save the project

Rename the inserted circuit HPF.
Define Definition Parameters as shown:
WIline=0.8mm, Lline=1mm .




Edit The Symbol and Modify It

JS[=] 3

- [§ -- HPF]

B peszasn
H E 521_Caweep
=122 Definitions

(23 Companents
- Materials
=13 Spmbols
L= EMia
L= LPF
Lot capy
e indy
S ]
bl
et wviap
-2 Footprints
(21 Padstacks

Click the cross to close
the Symbol editor widow

Modify the symbol as shown using arc.
Close and save the symbol.
Save the project.

Each time a Planar EM, Circuit or System Design is created, a symbol, with the
same name as the design, is created. To edit this symbol expand the Definitions
folders, then the Symbol Folder and double click on the symbol, here HPF.




Copy and Paste the Circuit Design

Ansoft Designer - [LPFProject Complete Sub - LPF - Schematic] =[0] ]
i : 7 ==l

) @ B 6 o N O = %

X:st:;?:cttogogslz Symbol of the pasted sub-circuit

. / appears in the schematic .
partt | | Port

| %—E! Wizwling Wizwling
W2=wline Wa=wline
Wazwling Wa=wling

—— | T e [ ol \ |

L (| LT

m Excitations
et @ Ports
o8 Analysis

L M
e Optimetrics
=1-[F] Results

B pes213s1

3 LL1GO8_FAMN2I 3
Wi=wline Wi=wline 8.2nH W=wline W=wline

P=lline P=lline P=lline P=lline

- EMVia
-4 LPF
] - Data
{55 EM
@ Excitations
] ﬁ] Ports
-4 U2 HPF1
-38F Analysis

Click right on LPF
And select Paste

A

lll=d

au|
aulm=p,

aulli=d

T

Merge Layers

@ Trace Trace

M Dielsctric Dielectric

@ Ground Ground

wing

2] When Incorporate is selected
The Merge layers window is
displayed allowing to merge
sub-circuit and parent circuit
Synchronize Design |ayers

Statugz |Active

You can choice to use the same .
stackup as Parent circuit or to
insert The sub-circuit as black box

ANSOFT CORPORATION \




Connect the Sub-Circuit Symbol

-- LPFProject_Complete_ Sub”™
w4 KPR
- EMVia
B+ LPF
Data
B EM
@ Ewxcitationg
@a Ports
[ U2 HPF
B8 Analysis
ﬂ Optlimetrics
EE Results
- Ji DBSZ18511
E 521_Csweep
=[] Definitions
- ] Components
- [ Materials
E| 21 Symbols
| L EMVia

wline 08 mm
lling: 1 mm

Status Bctive

\__

]

Sub-circuit folder appears in the circuit Design tree.
If needed you can simulate it stand-alone from this location.

W1 =vling
Wi2=wiline
W3=ling
| ]

uz W1 =wling
HPF1 Wiz=uline
Wi3=vrling
Part! % Poit2 [ 1 T [ i
== e aiaie S
H_JJ

| ]
1 2
- : LL1G08_FaM2K 3
Wi=wline WW=wling 8.2nH WWi=wling Wi=wling
P=lline P=lline P=lline P=lline
b 1%
St =5
b S
S ]
= ]
& g
23] 5]
w3 L L
Lot T
w B
o =)
il PE
5 E 5 &
Bl z =
] =

You can change the values

W=wling W=wiling

of the sub-circuit parameters D=0 3mm D=03mm

DG=0.3mm DG=0.3mm

ANSOFT CORPORATION '~_‘
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End of Exercise
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Smith Tool .avi
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Create a New Circuit

Ansoft Designer

File Edit Wiew Project Tools Window Help
|ID@ M % RS X 2% e @ M
lol=|

-- Projectda

Choose Layout Technology

dateno

filt1

FoundryLayDief

FR4_1_Emm

LMALayerD ef

Tnarconi
- Alumina (Er=9.8) 0.010 inch, gold
- Alumina (Er=9.8) 0.025 inch, gold
-FR4 [Er=4.4 0 inch, 0.5 oz copper

5 - FR4 [Er=4.4] 0.060 inch, 0.5 oz copper
-RT_duroid 5820 [Er=2.20] 0.010 inch, 0.5 0z copper
-RT_duroid 5880 [Er=2.20) 0.020 inch, 0.5 0z copper
-RT_durod 6070 [Er=10.2) 0.010 inch, 0.5 0z copper
-RT_durod 6010 [Er=10.2) 0.025 inch, 0.5 0z copper

PCE - DoubleSided

PCE - SingleSided

Bl art

Open I Browse...




Insert NPN NEC Transistor

Ansoft Designer - [Projectd2 - Circuit1 - Schematic]

"1 File Edit view Project Draw Schematic  Circut Tools  Window  Help . - |:|'| >
D&M BX o c|[h = S)E R ' 1
EEY Y T EaEh .

1 xlof =| A

od Irfineon MPM BTS2 2 Part A
Infineon MPN bfi182w 2 Poit
Infineon MPM birl 83 2 Port
Infineon MPM bfrl 83w 2 Port
Infingon MPM bfr193 2 Part
Infineon MPM bfrl 93w 2 Port
Infineon MPM bf280 2 Part
Infineon MPM bfr280w 2 Port
Infineon MPM bi25ap 2 Port
Infineon MPM birS2p 2 Port
Infingon MPM bfr32w 2 Port
Infineon MPM bfr33a 2 Part
Infineon MPM bfr33aw 2 Port
Infingon MPM bfr33w 2 Port
Infineon MPM bfxl 7p 2 Port
Infingon MPM bfs17s 2 Port
Infineon MPM bfs480 2 Port
Infineon MPM bfs481 2 Port
Infingon MPM bfs482 2 Port
Infineon MPM bfs483 2 Port
Infineon MPM biwl93 2 Port
Muotorala NP 2 Port
NECNANZPt @ | Insert Vendors Elements/SParamData/NPN/NEC NPN 2 Port -
4. Philipz MFH 2 Part

. @ gl PNP B

-2 System
|- System Libraries

#-[Z1 System Elements
|- Project Components

F Circuitl

FY owurewimm amoa

ne02100a.52p
1

F 5 S SE S SE S SE S S S S S S S S S S S E SE S NN

[

S

Project  Components | Search i
1 New Page =
FEERT | &

Aelmle |
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Choice the Transistor

Ansoft Designer - [Project52 - Circuit1 - Schematic]

) File Edit wiew Project Draw Schemat
DeWHsmE&xXn
| to B +ﬂﬂﬂ! | | | 26 1 é Parameter Values i Generall S_l,lmboll Property Displa_l,lsl

= * Valye " Optimization " Tuning 7 Senzjd

Properties

164

_ Infineon MPM bfr182 2 Port
_ Infineon MPM bfr182w 2 Port
. Infinean NPN bir183 2 Part Aol el s e neBE133c.520 [l

| Infinean MPM bit183w 2 Part UevicelibraryMame | NEL_npn.asplb neB8133d s2p

l_
. Infineon NP bf193 2 Port Choose Model Il | eeoi330 520 =

. Infineon NPM bfr193w 2 Port ; S
Status Active 231 I
. Infineon NPM bfr280 2 Part ! neB8133f 52p

_ Infingon NPN bfi280w 2 Fort ne68133g.52p.

| Infinean NPH bi35ap 2 Part nefE133h.s2p

| Infineon MPH bfr92p 2 Port

. Infineon NPM bfr32w 2 Port

. Infineon NPM bfr33a 2 Port

. Infineon NPM bfr33aw 2 Port

. Infineon NPM bfr33w 2 Port

_ Infineon MPM bfg17p 2 Port

. Infineon NPM bfs173 2 Part

. Infineon NPM bfs480 2 Port

. Infineon NPM bfs481 2 Port 0K |

. Infineon NPM bfs482 2 Port

. Infineon NPM bfs483 2 Port I I I

_ Infineon MPM bfy193 2 Port

L Double click on the symbol transistor to edit properties,

Fa - .
42 Phiips NPN 2 Part Click on the Choose Model button and select ne68133i.s2p

=gl PHP

-1 Spstem

b Spstem Libraries

m-E3 Spetem Elements

048 Project Components

-~ ® Circuit

FY wirewimm amo

£ il [

I arne I Y alue I Model I | e Override

Show Hidden

Cancel

L [

Project  Components | Search | 4

New Page

|k

] =

WEIE

|

Llolx
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Ansoft Designer - [Projectd2 - Circuit1 - Schematic]
"] File Edit Wiew Project Draw Schematic Circuit Tools  Window  Help

Add Port and Ground

|

[D=H f B2RS8X o

neslxrpElecBe®[BLe-[[HEMakkE|>oNvoA[@Zm"

Mile@m B WK HTF S E DR G

ha =I5

=] Projectz2
=4 Circuit!®
- =09 Dat
i ¢ L. R4
- [E] Excitations
.‘_ij;-@ Farts
P - [IB* Por
Lo [lEw Port2
8k Analysic
ﬁ Dptimetrics
- [ Resuls
(23 Definitions

Port2

ne68133i.s2p
Port1 Q1

3

Add port and ground as shown on the schematic

Froject | Components | Search |
|1 | New Page | 2
2|0/ = g ~
b4
=]
4
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Add Analysis setup

. Ansoft Designer - [Lna - SmithTo:
] File t Dram
R E RS
Yo m| B WM HE S B DR
—————alolx

12

= Lna

£ 4 SmithTool

i Data

' om Substrate

Excitations
] Pars
~[iaw Pom
[8» Port2
! i@ Analysis
[ R 3 7N
a Optimelics Linear Network Analysis, Frequency Domain
- [F Resuls
-1 Definitions

Analysiz Setup Option [Default Dptions) I

~Group Delay i~ Sweep Yariahl

I™ Enable Group Delay Calculations Mame Sweepalue I Syncl

- . F LIN 0.56Hz 2GHz 0.01GHz
Perturbatior (7] 'Dn—

Project Search j
0%

Add... Remave

m

Syre |

< Back I Finizh I Cancel Help

Add Linear Network Analysis Setup.
Sweep the frequency to 0.5GHz to 2GHz with a step of 0.01GHz

[[£4

|

Read:

@010
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SmithTool - Polar Plot

EEX

A\ Ansoft Designer (Beta) - [$11]
" | Fle Edt Wiew Project Report?D Circuit Tools Window Help =&

DER vnExn [[viean kEK TS E DR QF %

ol
13 Oct 2002 Ansoft Corporation 22:06:45 —0—
St s11 S11(ckt=SmithTc
5 [0 Data SmithTool 500.00MHz-2.00/
i 110 100 90 g0
Excitatiors
Lf-@ Parts
=B Analysis
it
§ Optimetrics
) Resuls
6l

- (10 Defiritions

70

Project Search
' SRR

=120
=110

Run the analysis and produce a Smith Chart plot.
Plot of S11 as shown.

=)

ﬁ [ LnaMateh [F:AbrsoftArsoftDesigrerwew] 11020028 eta/LNAT rairing smith T ool/]
|

Ready
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A\ Ansoft Designer (Beta) - [$11]
" | Fle Edt Wiew Project Report?D Circuit Tools Window Help

D&H

=[] LnaMatch®

Project Design Passed Parameters..,

SmithTool - Opening the Utility

S
SEE

I Smith, Tool

| Display ]Mat:hmgl
L ] | Giids

Copy ¥ Impsdarce | Admittance I~ Polar

3 paste Rl =% | 6| B[ o |vswA| Rho| 4ng | 13 Oct 2002 Ansoft Corporation 22:16:15

Rename Step [ Start I
* Delste
Circles
Fower Giain Gp [5-plans) =

Hodel Data Step I

Subrircuit Start Ste '. I I ! Apply |

8 Add Analysis Setup. . "Mappi .
i ez 280m Happing Avallable Gain Ga (53L]
EBrowse Metlist Gain [dB] Mismate Apply

3 [ﬂ Analyze i .
B Create Report... Marker Point Conjugate ‘ ZY ‘ Y32 ]

Yigw DC Gias

14 schematic Editor

ZRet: 50.00+0.00 |G: 17 9548
]*J-\? Layout Editar e s
3D Viower FIN: D.86dB K- 056

& Closs Editors Creuit. | Frea: [056H2 -
TRL

Smith Taal... Ok Clear

Design Properties. .

| 12 Edit Notes...
|

Marne | Walue | Unit ]

o
|

Ready

Status Active

SN [ [VSWRT5.54Z |

2 [ LnaMateh [F:AbrsoftArsoftDesigrerwew] 11020028 eta/LNAT rairing smith T ool/]

MP: 0.708 -92] 00 10

Click on Report2D menu and select Smith Tool
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SmithTool - Opening the Utility

M Smith Tool

Display ] Matching |

| Grids

W Impedance [~ admittance I~ Polar S1 1 (ckt=Sn"|
R x| 6| e | 8 |[vswh| R 4ng | 13 Oct 2002 Ansoft Corporation 22:16:15 (500.00MHz-
Step [ Start| Stor ] Fic ]
S PR The utility contains several areas:
= ower hain lp |a-plane] ¥ .
;a:f— e i The Grids area lets you draw constant R, X, G, B, Q, VSWR, and Rho
[ Mapping [Awsilable Gan Ga (5-1) <] circles on the p|0t.
|Gain(B) [ Mimatch [T fpply |
[Maker Pt || coniadls. | | 2w [ oz | The Circles area lets you draw Gain, Noise, and Stability circles.
_zne-fﬁ 50.0040.00 G 175580 ‘ The Mapping area lets you transform the responses from the source plane
FHIN: 0.8538 K055 to the load plane and vice-versa.

[Creuit: | | Frea [056H: =

At the top of the dialog, there are tabs to switch between this Display
portion of the dialog and the Matching portion. We will exercise both
areas as this example proceeds.

At the bottom of the dialog is information that is calculated from the device
S Parameters, like Maximum Stable Gain, minimum NF, and stability
factor, K.

MP: 0.708 -92] ' o0 1o
RX: 0.318 - j0.4
GB: 0.348 + j0]
Q: 2.832

VSWR: 5.842
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SmithTool - Maximizing Performance

M Smith Tool

Display | Matching | [<]+]
g‘dfmpedam I Admittance I Polar 1 5dB constant S11 (th:_%
ﬁ 13 14dB constant Ansoft Corporation ] i . ?1:02 |500.00MHz-
Gioes Gain circle Noise circle
_StartiT 5 IS I Apply +
Mapping Jm. GACS(th_z
GanfB) [ Memeet[T app : 900.00MHz
MaketPort _ Conugae | zov | sz |
ZRef: 50,00+0.00 G: 149348 i
FMIN: 1.044B K 085 NC(ckt = Sn
Ercut [SmitiTonl | [Frex [o35H: =] 900.00MHz
oK Clear

In the lower right area,

select a frequency of 0.9GHz.

Now, note that the Maximum Stable
Gain is 14.99dB, the minimum Noise
Figure (NF) is 1.04dB, and the
stability factor, K, is 0.86, indicating
that our ampilifier is potentially
unstable.

In the Circles area, select Avail. Gain Ga (S-Plane). Enter 14 in the Start box and click
on Apply. An 14dB gain circle appears.

Now, select Noise and enter 1.5dB. Click Apply and a 1.5dB noise circle appears.

In the Start box of section Grids enter 2 and click on VSWR.
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SmithTool - Checking Stability

B Smith Tool
Display ] Matching |

[- @]

g‘dlsrr\pedan:a I~ Adwittance I Polar Stablllty Circle K=1
A x| 6| 8| o |vews| Ak &

Step I Stz 5 ,— e[| (source Plane)

Stability Circle K=1
Load Plane)

Ansoft Corjoration

=
511 (ckt=Srr
500.00MHz-

Circles —

o

Mapping Avallable Gain Ga (5->L) v .
60

Gain(dB) [ Memee[T app I

MaketPont  Conugale | Zov | vz | . \' 50
| = f)
| . \\\ 40

ZRef. 50.00+0.00 G: 149348

FMIN: 1.04dB K. 0.86

[Cicut [sminTool =] [Frew [03GH: |

Iy, SV

/ | 7

Ann 2 o

—
GACS(ckt =
900.00MHz

—IH
NC(ckt = Sn
900.00MHz

—]
KCS(ckf= S
900.00MHz

—
KCL(ckf=S
900.00MHz

In the Circles area, select Stability K (S Plane) in the drop down list and click Apply.
The source plane circle for K=1 appears, with small lines, or spokes, indicating which
side of the circle is stable.

In the Circles area, select Stability K (L Plane) in the drop down list and click Apply.
The load plane circle for K=1 appears, with small lines, or spokes, indicating which
side of the circle is stable.
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B Smith Tool
Display ] Matching |

Grids

SmithTool - Drawing Aids

¥ Impedance I~ Admittance I Polar

G | 8 | o |vswA| Aho | Ang

Step I Statt [0.52 Ine:

Circles ot E L

S tobilty K [Lplans] ¥
at F [i=8 Apply

ApinG vailable Gain Ga (551 +

Gain [dB) smatch Apphy

MaketPort _ Conugae | zov | sz |

ZRef. 50.00+0.00 G: 149348

PRI 10498 Ko D86

[Cicut [sminTool =] [Frew [03GH: |

ok Clear

13 Oct 2002

Ansoft Corjoration

22:27:53

[- @]

=
S11(ckt=Srr
500.00MHz-

—
GACS(ckt =
900.00MHz

—IH
NC(ckt = Sn
900.00MHz

—]
KCS(ckf= S
900.00MHz

—
KCL(ckf=S
900.00MHz

In the Grids area, click on G. The cursor jumps to the plot. Click on point P to draw a constant G

circle through it. This circle should be approximately G = 1.60.

In the Grids area, click on R. The cursor jumps to the plot. Click on point P to draw a constant R
circle through it. This circle should be approximately G = 0.52.
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SmithTool - Matching Tab

B Smith Tool |:‘IE|E|
Displey  Matehing | ne
—H
R i e st S11(ckt=Sm
= 13 Oct 2002 Ansoft Corjoration 22:27:53 |500.00MHz-
flelslofd]
Mominal alue J—
NomalzedImpedance | i
MNomaized fefmitance [~ G ACS(th =
[emar] | pekie | ewpoit | 900.00MHz
ZRef. 50.00+0.00 G: 149348 —H
FMIN: 1.04cB K 085 NC(ckt E
Ercut [SmitiTonl =] [Fres [035H: =] 900.00MHz
ok Clear
—
KCS(ckf = S
900.00MHz
]
KCL(ckt= S
ann NoMH =

Click on the Matching tab on the SmithTool dialog. The dialog changes as shown above.

For the input matching circuit, we will move on the Smith chart from 50 Ohms at the center of the chart

to our point P.
Click on the New Match button.

When you do this, the cursor will immediately jump to the center of the Smith chart. Without moving

the mouse, click again to place the “crosshair” at 50 Ohms.

After you do this, the ten element buttons in the dialog (shown above in gray) will activate. These are

the available elements for use in the matching circuit, representing both lumped and distributed

components.
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SmithTool - Input Matching Circuit

M Smith Tool
Displey  Matehing |

o | | =] 3]

REA
eI
C1=12.78pF
Nomalized Impedance |0,0-0.28
Nomaleed ddmllance [00361,
Mew Match

13 Oct 2002

Mominal alue

Dekte | Evpot |

ZRef. 50.00+0.00 G: 149348
FMIN: 1.04d8 K 085

=] [Fres [035H: =
Clear

_Euéu{t. ] SmithT ool

aK

Ansoft Corjoration

- =]
[

—

S11(ckt=Smr

22:27:53 |500.00MHz-

]
60 : )
‘serenade [zl

1 Ug: Circuitl @ SubCircuit has been inserted in the project tres
LY

900.00MHz

-3y |
KCS(cki= S

Click on the shunt L button in the dialog.
When you do so, a small “tail” will appear on the R =1 circle.
Grab this tail and drag it to the constant R circle that we added
earlier (approximately R = 0.52).

Then, click on the series C button in the dialog. Again, a tail will
appear from our last point. Drag this tail to the point P to
complete the match.

The approximate values for the matching elements should be:
L =9.19nH, C = 12,79pF

Click on the Export button to write the subcircuit for the input
match.
Click OK

900.00MHz

—
KCL(ckf=S
900.00MHz




SmithTool - Source/Load Mapping

Sub-Circuit Circuit1 is added " &l
To the Circuit Design Tree R S e e
Display | batching | al+]
=4 SmithTeol Grids
= [#3 Data I¥ Impedance | Admittance I~ Polar S11(ckt=Sm
::;V:;::zata‘ R | = | 6| & | o |vsws| Rho | ang | 13 Oct 2002 Ansoft Cdrioration 22:27:53 |500.00MHz-
?;c\tatluns Step ™ St‘“W Sto ,— ]—
R ;;.%'E?Scm.n e e o 100 % -3 i
T 3 I 12 : 50 cACS(cki =
Optimetics Mapping Jm' 130 50 4 Z
- gsg';j Gan (48] [r match] b | 140 40
[+ (1 Definitions .Markelent e ] 2y I sz ] 150 g
B : & NC(ckt = Srv
. 160 o 900.00MHz
ZRef, 5000+0.00 5 149348 I 0. 5
[FMIN; 1.0408 [k: 088 170 g - 10
[Cicut [sminTool =] Frew [09GH: ]
g 0.20 .00 .00 . H KCS(ckt=S
18 0 POInt Q 900.00MHz
aK LClear -
19n 410
Our next task is to take the point used for our input match and - -
transform it into the load plane. SmithTool provides the % 900.00MHz
capability to do this effortlessly. .
. . . ! 200 50 RHOL(ckt=¢
In the Mapping section of the dialog, make sure that Available ALY 40 00 00MH=
- c o o ! B -70
Gain Ga S->L is selected. In the Gain (dB) box, enter 14, which 100 B B o wme
is the same gain value that we used to determine point P. Click 00 10 -
CKI=y|
on Apply. 900.00MHz
When you do this, a second circle will appear that represents

the source plane gain circle mapped into the load plane. Click
on the source plane circle at point P. Now, a new point appears
on the load plane circle representing the same point, but in the
load plane, as shown above. We will call this point Q.
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SmithTool - Complex Conjugation

Display ] Matching | alw]
Girids
¥ Impedance I Admittance: ™ Polar _
AR | x| 6| 8 | o |vswR| Aho | ang . p—
e el 13 Oct 2002 Ansoft Corpgration 22:58:20
.szc\esr W 90
f— J— it l— Apply | 10 100 70
Mapping [Evvaiable Bain Gz (5511 v 12 . 60
s [l e [T e | 1 50
Marker Point [__Conjugale 2 | vz |
L —— 140 40
ZRef: S0.00+0.00 G: 14.93d8 150 20
[FMIN: 1.04dB K: 0.86 7
[Cicut [sminTool =] [Frew [03GH: | 160 - ~ S
e 170 10
18 i 0.20 1.00 .00 5.
0
40 -10
-160 %7 20 -20
@)
-150 -30
-140 .
- : Point Q*
In order to complete the output match, we must take point Q in = <
the load plane and conjugate it. We will use the conjugated .
point, Q*, to begin our output match. . T
Click Conjugate and click point Q. 1.0
This will create a point Q* with the same real part and opposite
imaginary part.
|
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SmithTool - Output Matching Circuit

M Smith Tool
Displey  Matehing |

o | | =] 3]

i
$1£]3) 0]
C1=2.01pF
Nomalized Impedance |0.0-1.76
Nomaled ddmllance [00057
Mew Match

Mominal alue

Dekte | Evpot |

ZRef. 50.00+0.00 G: 149348

FMIN: 1.04dB K. 0.86

=] [Fres [035H: =
Clear

_Euéu{t. ] SmithT ool

aK

13 Oct 2002

_ NEE

BE
——

GACS(ckt=¢

22:58:20 |900.00MHz
% 30
] ‘A 10
i \\ serenadel [zl

= 1 U7: Circuit? : SubCircuit has been inserted in the project tres
LY

Click on the New Match button. The cursor will jump to the
Smith chart. Click on the point Q* to start the match.

Click on the shunt L button. Drag its tail up to the R = 1 circle.
Click on the series C button. Drag its tail down to the center of

the chart.

The approximate values are: L =10.7nH, C = 2.01pF 8y .
Click on the Export button to write the subcircuit for the output 1.0

match
Click OK

Hit Display Tab, Click Clear and OK
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Building the Amplifier

4\ Ansoft Designer, (Beta) - [L.naMatch - SmithTool - Schematic]

:| File Edit View Project Draw E(hemat\_ﬁnﬁrtu\t Tunls“ Window Help" E. E': x
D i2EEG&X0 - ASErEEE aBHed rgLec [Mie@Mmlk >oNDDA MMNKESEBREE
SR =
=R LnaMatch®
=4 SmithToof
o [6n) Data
NetworkDatal
= Substrate
: @ Excitations
i &;-@ Parts
@) UG Inpuatch
@ U7 DulpuiMatch
/, Co B Analysis
i Hsd
i ﬂ Optimetrics
Results
/ | ol Port1
. bh T Port13 Port14
- Port2
—— Port11 Port12 }J
roject [Components | Sear
i , QutputMatch
N ame | “alue I Unit I
InputMatch
Rename Sub-Circuit Circuit1
to InputMatch .
Rename Sub-Circuit2 Circuit
to OutputMatch
T 1 New Page -
Variables !F_ B
o
]
C\E to position center ] 7:
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Verifying Amplifier Performance

A\ Ansoft Designer (Beta) - [Sparam@&hF] |Z||E|El
_] File Edit Wew Project ReportZD Gircuit Tools Window Help -8 x
DEH: BR& X0 | HWle.@dm|k LB T8RS O F b %
BN N
=R 14 Oct 2002 Ansoft Corporation 05:48:30 Y1—0—
&4 SmilhTool Sparam&NF dB(S11)
=[50 Data SmithTool
NetworkDatal
= Substrate
I :ft:atwns 10.00 7 15.00 V3
54 UE Inputhtatch J | dB(S21)
#-4 U7 OutputMatch ] | | - | 1 1
=88 Analysis il 1 1
il 0.00 3
e Optimetrics
=-[F Results : | . ¥1——]
] \ dB(S22)
([0 Definttions 7 I
-10.00 10.00
Run the analysis. When it completes, | - Y1
. I I I I | | A T dB(NF)
produce a rectangular graph with the . 3
- - ]
following traces: | \ =
dB(S11), dB(S22), dB(S21), dB(NF) s
-40.00 3
T3 Y A W'
0.50 0.75 1.00 1.25 1.50 1.75 2.00 Save the Project
F [GHz]
X1=0.90GHz X2=0.90GHz X3= 0.90GHz X4= 0.90GHz
Y1=14.03 Y2=-6.02 Y3=-41.03 Y4=1.50

Right click on the graph and select Data Marker. Add a marker on each trace at 0.9GHz.

As you can see, our design goals of 14dB gain and 1.5dB NF have been met.

Note that the input is -6DB. Also, note that the output is resonated, providing an excellent match at
the output. Save the current project.
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Non-Linear Analysis.avi

_.11':f' ANSOFT CORPORATION




Exercise:
LNA Design
Non-Linear Analysis
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Load LnaNLStart

Ansoft Designer 3 Cirenit - § ati M
i g e S rre =] x|

_| Eile
S B -

Resistor were added for bias

| @ Results
122 Definitions

8250
HUZ1

Capacitor and Inductor use
Normalized value

NEBS123
| Q1
|

HuUo|
5100

— Non linear model replace
1 S parameters file

You can either load the circuit or created from the previous project.

If you want to create the circuit: Open the project LNAMatch and save it as LnaNLRF1TONE
To use the existing circuit click File Open and select LnaNLStart.

This circuit use a non linear model for the transistor (Vendor lib/nonlinear/npn/nec/ne68133)
instead of the S parameters data file.

i1

Values of Capacitors and Inductors were replace by normalized values, resistors are added for bias.




Insert DC Source

==l | i
1

ZE5N

3 Nonirea Insert Voltage Source

(-2 Offset Stipine

aJ Optoelectronic : /\\ |
@ Probes

+ 1 + | ‘ |
aJ Rectangular waveguide U
B Slotline
E28 Sources
ﬂl Frequency Dependent Cor
&' Ideal Contralled Sources 5 125
Eﬂl Independent Sources g 5—1
@ Current Source s} 5
(%3 Yoltage Source
& Noise Sources
B2 Stripline
@ Subckt
B-23 Suspended Stipline ‘ |
-8 Vendor Elements
B2 Capacitors ‘ |
-2 Crystals 2 InF
B2 Inductars <P
(23 Nonlinear
NEBS133
100uF 12pF —
v 25 W
primitive wde
carsouce [NNNERNINN
MName VDC1 |
Status \Active | § i o
o | EER] 7 o =

Click on Components Tab.

Expand Source Folder then Independent Sources folder and
insert VVoltage source as shown above.

Set the source to 2.5V.

1

B LnahLStart [F:/&nsoft/AnsoftDesigner T raining/ Training/Exercices_Nes




View DC Bias

Ansoft Designer - [LnaNLStart - LnaCircuit - Schematic] _ o] x]
: ; =51

] o i ]2 e

3103mA
g o
208uA
OmA‘ |
| OV
2 2pF
3103mA
2'5r\\J/E68133
L e T S3up
| OV | [ 788m i
— — 100UF 12pF -3.08mA
St Active omA
3 z ==
= 55uA

Click Right on LNA circuit and select View DC Bias.
This will display on the schematic the DC current and Voltage.

x| -3 Lnal ait [F:/AnsoltAnsofiDesigner/ Training/Training/Exercid . . .
E. We can check the bias of the transistor 2.5V 3mA which was the
| one of the S parameter use for matching.




XY Plot 1]

e T 26 Feb 2003 Ansoft Corporation 19:22:41 Y=
- LnaCircui” XY Plot 1 dB(S11)
i LnaCircuit s
WDC2
EEPUI[S
Era 5.00 17.50 -
i NN NEEN! ==
B Analysis L
T & R o e i | NWA1
@ Optimetrics T | T T T L
ol é ) ] | 15.00
7-E3 Dehmllns ; 0'00 Y1_D_
] ' dB(S22)
N ] || i e
. -12.50
Add Linear Network <0011 FIN - —
Analysis setup, * \ INFH T i ]
. ) ; = dB(NF)
define a linear sweep = TN~ N ————— 000 & NVVA1
from 0.5GHz to 2GHz T _ / N @
by step of 0.01GHz. -10.00— / -

Run the analysis.
Create a report :
Rectangular Plot with

:\::::_7.50

-15.00

dBS21, dBS11, dBS21, ] 5,00
NF in dB. T |
Check the results. Ly I 1 I O I L |
-20.00 | I o ] I —12.50
0.50 0.75 1.00 1.25 1.50 1.75 2.00

X1=0.90GHz
Y1=-5.31

X2=0.90GHz
Y2=14.84

X3=0.90GHz
Y3=-15.58

X4=0.90GHz
Y4=1.74

Even if we use a non linear model it is possible to run linear analysis, non linear model is linearised at the
bias condition and the simulation will use the corresponding S parameters. This allow to check that the




Define RF 1 Tone Analysis

Port
1 0 &
E--.E;aNLSIart [ ﬁ | | |
E| Et v 50 1] Impedance . < v !
s Click Add in the Sources - -
secti Define Pin as local
i} ol PQWE[ Ion - -
= = variable with value
o8 o B % of -10dbm
0§ Opti ]
E@ Res ]
B2 Definitio I I
<hone: 2.2pF
Ground
| |
[
. NERE133
I o
Stah Ach
/ M Source Selection
[ = . g Select Power.
1 Double click on the input port Enter Pin for

Harmanic number of the source

Double click on the input port symbol to open the Port Definition window.
In the source section click Add to open the Source Selection window.
Select power and enter Pin as the value of parameter P.

Click ok in the Source Selection window

Click ok the Port Definition window.

In the Project Manager window expand the Excitations folder to check
that source named Sinussoidal1 is added.

DC offset of the source

Avalable power of the source




Define a Power Sweep

Ansoft Designer - [LnaNLRF1ITONE Done - LnaCircuit - Schematic]

Tﬂ " Harmonic Balance Analysis, 1-Tone

------
oooooo

Highlight F1 and click Edit,
add single value of 0.9GHz,
Click OK.

T -
Add/Edit Sweep

T In the Variable field select Pin,
m = | Add a Linear step from -40dBm to 0dBm by step of 1dB,
" - Click ok

—‘

Save the Project

Add Analysis Setup select :
Analysis Type Harmonic Balance
Analysis Name HB1Tone1
Category 1-Tone
Click Next
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Run Harmonic Balance Anasis

=181x]

=|eaeoe 0 Pl [ 917 )= 1 ] © = iy

Lisoidal

Huz L
AL AL

5250

0.10F 12pF
NEG8133

(=]

IS
HuoL
VA A S
AAA
2100
|||

Click right on Analysis Setup HBTone1 and select Analyze HB1Tone1.
The Progress Bar appears click right in the progress bar and select details to Circuit Analysis Details.

‘ I




Create Results: Pou/TG21 vs Pin

Select HB1Tone1 in field Solution . —
Select Sweep in field Domain ’ Ha e
Select Power, PO2<F1>, dBm to plot the

output power at port 2 for the fundamental.

26 Feb 2003 Ansoft Corporation
XY Plot 1

B[R] LnaMLRFITONE Done®

ol | nalicif

LnaCircuit

Click right on Results and create CEIE—-

" ariables |=| |PO1<DC>
sweep =] 0 Vs POIET,
Fows

PO1<3F1>

report — Rectangular Plot ;
- éucelGain PO

=T

o | | T [ | FOT<4F1>
M Pt 4t ! | 4 ! PI12DC

{igw otz . POZ:F1;

8 Analysis 4t I — ™| [

PObe(01.01)c2F1>
PObe(01.01)c3F 1>

HE1Tanel =
TG21<F1 Fi3
TE21<ZF1F>

TG21<3F1F1>

= TE21<4F1F1> — —T —— 20.00

Traveling ‘wave
State Vanable
fficiency

= General Corwersion dB + + 1 1 =
7] Retum Loss
-30.00

Spectral Purity

- _ o " a20bo T 0bo 7 oo

E=— | e Pl iaem]

oo b X4-X3= 29.00dBm [X5= -11.00dBm
Y4-Y3=-1.05 Y5= 2.79

|
gl = T b Select Transducer Gain, TG21<F1,F1>, dB to plot the gain between
fundamental at port1 and fundamental at port2. Click done

I




Create Results: DCIV curves

28 Feb 2003

E| LnaMLRF1TONE_Done”
E|-*< LnaCircuit®

Data

P [P Fecialion

Click right on Results and
create report

Device IV Characteristics.

TR SPAEENGTE
B TG21Pout

Definitions

.. Projectfs 40.00

<
E

Select HB1Tone1
Check DCIV Curves

Check AC Load Line

|
Traces x]

| A 5] W

Ansoft Corporation e Ici 1) iz
DClV Woe 1e(01.31) hal
LnaCircuit
Create Report
[Fectongular Pt = HE1Tonel
F1 Point{s] Al Values -21dBm
/ A 19d8m
e oim
-16dBm
| | [, e
- -14dBrn
-13dBm
I . 1 \ . II— - 12dBm
// / 11 dim
| - | Uncheck All Values
- \ Ir Using CTRL key select
— -40, -30, -20, -10dBM
1 Click Add Trace
lojyepmeyy)
Ib=500uV
HB1Tone1
200 400 600 8.00 Y1 o

Here, we see two types of traces:

1. Device DC-IV characteristics, taken from the nonlinear model
| 2. Instantaneous operating point, or dynamic load line over an

RF cycle

-



Create Results: Spectrum

[5Gl LnaLRFITONE Do | 28 Feb 2003 Click right on Results and

LnaCircuit®

@ Data create report
Rectangular Plot. .

Ansoft Designer - [XY Plot 1]

Ecitations
Farts
38 Analysis

Faweep

Select Power, PO2, dBm
Click Add Trace, Click done

HE Tonel 5

]
I e
é .

[T Pin [Point(s) 10Em

Tl e v

@

TR O TOT 0T
g %Y Plat1 ‘ ‘

—

Select HB1Tone1 in field Solution
(- Select Spectral in field Domain .
EETI— - Hit sweep Tab
Select Pin = -10dbm for the Pin value.

Traveling 'Wave
State Variable
All

1.50 2.00 2.50 3.00 3.50 4.00
Spectrum [GHz]

X1=0.90GHz X2=1.80GHz
Y1=3.54 Y2=-13.82

,E -4 LnaNLRF1TOME_Done [F:i4nsoftdbnsoftDesigner T raining/ Training/Exercices_MNewFinal/na/MorLingars)

RT
i




Create Results: Wave Form

Click right on Results and ]
create report

3 Ansoft Corporation
Rectangular Plot. . XY Plot 1
LnaCircuit
@txcﬁﬁuns
Parts .
R 600.00
/ HE1Tanet
/ \\ \ Time -21dBm
Time  Primary Sweep AllValues 1 adem
400.00 JadEm
I I o FI Poirts] AllValues i
[ YA
; - l \ [ .
: ! \ A~ B
{ \\ LI/ :
~ {1/ | ¥4 B
1/
, W s ¥
1AN / \ ' — :
\\ N LA \ .| Select HB1Tone1 in field Solution
/ | \ Select Time in field Domain
\ / \l Select Pin = -40, -30, -20, -10 dbm
\ .
\ \ | for the Pin values '
& A N\ -
HETT onel S ‘\.4‘ |
Time E:’tluagl‘e\fanab\es b abs | | | ‘
Fower Vbe[01.01) acos
ee(E1.01] acosh | | | ‘
Curent VIS ource2) asin
g | [ o L L
i aare 50 1.00 1.50 2.00 2.50
cash
dB -
Select Voltage, V2, none . Save the Project
Click Add Trace, Click done




Optional Exercises:
(Intermod)
Digital Modulation
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Add a Second RF Source to Port 1

M Sowrce Selecti
Ansoft Designer - [LnaNLRF2TONE_ Done - LnaCircuit - Schematic] Source Selection

L] ]

Sinuzoidal2

2 [ =]

e e e R == | I =

Forts hirm f2 Harmonic numnber of the source:
Analysis

Frweep 0 iy D offzet of the source

pin Awailable power of the source
he i deg Fha: f CE
d 1] Time delay
-

[BT Project8g

Select Power. .
Set Fnum to f2 and Enter
Pin for value of P

Click OK

Port Definition

InterfaceR . Portl

Fart1
ArnpDirection 9
PHUM=1

o - : _
e | " oonm .. H npedarce ]
50 = e

]

Sinuscidall

Sinusoidal2

Click Add in the Sources
Sinuznidall | Sinusoidal L
Sinusoidal? Sinuscidal section




Add Intermodulation Analysis Setup

D= s T R

Analysis Type Harmonic Balance
Analysis Name HB2Tonelnter1
i Category 2 Tones Intermodulation Spectrum
e Click Next

HBZ2T onelnterl
[Hamonic Balance [

-0 Definitions

SRS
) F- Add/Edit Sweep

-
-

LIM -40dBrm -2dBm 1dB

" s o [ond . son
LIM -40dBm -2dBm 1dB o
L - mr

Add a Linear step from -40dBm to 0dBm by step of
2dBm for variable Pin
Click ok

Highlight F2, Uncheck Offset option and click Edit,
| add single value of 0.901GHz, Click OK.
Click Add

o ANSOFT CORPORATION
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Create Results:

Ansoft Designer - [XY Plot 1]

[E- 5] LraLREZTONE Dor ] 28 Feb 2003

Click right on Results and create report
Rectangular Plot.

= e || E H I & El 'R

Pout vs Pin

(O]
=&l ]
g G il
BE
Y10
dBm(PO2<F1>)
F1=900MHz, F:

HB2Tonelnter1

Ansoft Corporation 16:40:26
XY Plot 1

LnaCircuit

& vOCT
Parts ‘
88k Analysis

25.00

Y1—
dBm(PO2<-F1+
F1=900MHz, F:
HB2Tonelnter1

dBm[POZ<F13) 0.00
dEm{PO2¢-F1+2F25)

//

-F1+2*F2

Traveling wave
State Variable

PO2<2F1
PO2<F1+F2:
PO2¢2F2:
o

Here, we can see the difference in slopes between the
fundamental and third order products. As expected,
the third order term has a slope that is 3 times unity.

I
-30.00

20000 000 0.00
Pin [dBm]

Select HB2Tonelnter1 in field Solution, Select Sweep in field Domain

Select Power, PO2<F1>, dBm to plot the output power at port 2 for the fundamental.
Select Power, PO2<-f1+2*f2> to plot the output power at port2 for the IM3.

Click done




Create Results: Calculate IP3

Ansoft Designer - [Data Table 1] ,;l: |:
Sl & HI| i | Ll O n iy, | :

Select HB2Tonelnter1 in field Solution

Select Sweep in field Domain

LreCieni 36,000000 11.816327

Greate Report Click on Output Variables button to open the output Variables window.
| <l
5
stndsd ] ]

Diata Table

P Select Output Variable in Category, IP3 in Quantity
Flick right on Results and None as function, Click Add Trace and Done
create report — Data Table.

dBr{PO24F1: +[[dBm[PO2<F1:)-dB
m(PO2<2F1-F2:0)42)

|—, C
o PO1<-2F1+2F 2>
Standard 7] i PO1<3FT 2F2>
Gai g
HEZ2T onelnter] |—

sween 7]

Enter in field expression :
dBm(PO2<F1>)+(dBm(PO2<F 1>)-dBm(PO2<2F1-F2>))/2.
Enter in field Name IP3, Click Add, Click done




Create Results: Intermodulation Spectrum

. . 28 Feb 2003 Ansoft Corporation 20:51:21 Y1
Click right on Results and XY Plot 1 4Bm(PO2)
LnaCircuit Pin=-5dBm, F15|
HB2Tonelnter1

create report — Rectangular Plot
Select HB2Tonelnter1 in field Solution
Select Spectral in field Domain

50.00.

I
e | In ] 000 1
——— B T
[Inefieit = I
1
[HB2Tonelniet 7] 1
& 1
Foeta o] [ [Mane[ Toee [Desmipion] | o i
Spec.. Primary Gweep Al Values T -50.00 i
[l - 5 |
Pointfs] AllWalues 1
Pointfs) Al alues 1
1MHz |
-100.00 1
1
........ !
- 1
. 1
Select Pin, uncheck All Values, i
-150.00 ;
Select -5dbm 0.00 i 2.00 3.00 4.00 5.00
28 Feb 2003 Ansoft Corporation | 20:59:21 Y1——
XY Plot 1 dBm(PO2)
LnaCircuit Pin=-5dBm, F1=|

HB2Tonelnter1
Zzoom
dBm(P02] il
0.00
-25.00]
=
HE2T orelniter] = e -50.00-
<nones 5 ]
T o a
-75.00
-100.00_]
125.00.]

897.00 898.00 899.00 900.00 901.00 902.00 903.00 904.00

Spectrum [MHz]
X2-X1=1.00MHz
Y2-Y1=-19.70

Select Power, PO2, dBm .
Click Add Trace, Click Done
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Digital Modulation

Ansoft Designer - [qpsk - amplifier - Schematic]
| ot ]

) @ B @ 0 FElEE = ) o il "

B -ﬁ amplifier
a Data

: Substrate
8‘3 Temperature
=-{&] Excitations

Open example QPSK.adsn

RF Analysis with QPSK Modulation

.38 Analysiz
e Optimetrics
[F Resuls
¥ Definitions




Digital Modulation: Modulation Source (1)

You can select from the type of the

: . . Modulation Source CDMA2000, GSM

Edit source Sinussoidal1 ’ ’

oL Chapnel Heds . GSM Edge, GMSK, ..., User Defined.
5@ s specify channel bandwidth

¢ Temperature

Filter Tab

select the filter Butterworth, Gaussian,
Root-Raised, Cosine, Raised
Cosine 4

odulation

Parameters Tab |
Bit Rate, Delay, I/Q Imbalance 0 5

Sourcebdpdulation]

Sinugoidall

Dily 0h Fractional bit delay
- - - - _ _ lazc 1 | charnel amplitude scale
td g o Time delay QOazc 1 0 channel amplitude scale
f i] GHz Freguency for trangzient analysis
df i} D amping factor
noise <nones Moize model name
mod <nones /‘El Modulation name

Click to Edit the Modulation
Source window

ANSOFT CORPORATION '5




Digital Modulation: Modulation Source (1)

Ansoft Designer - [qpsk - a1 B Modulation Source (O] x]

- =1&1x]
PSK
B apsk B Filter Tab
B i e | EhamnelMeas | Disgiam| | set Type Butterworth, LPFC=665KHz, LPFN=3
5 8‘3 ?:?n::t:lure
Excitations
— :lDI:lEI:I:
Yag EER kHz -3dB cutoff hr-‘q of ||:||‘
=] Ports Mumber of rezonators if lpk=1
e Pl 1
LB Modulation Channel Meas Tab
% gpllmltelncs Set BW2=BW3=590KHZ and
¥ Definitions - I\"Iﬂdlﬂﬂti.ﬂn SD“].'CE F82=1 .99KHZ,FS3=3,24KHZ

SourceModulation

B Modulation Source

R4 one sided bandwidth of main channel in P2IE

one sided bandwidth of main channel in P3IB

start bazeband frequency of second adjacent o

start bazeband frequency of third adjiacent cha

any spstem

4 Order of the zignal zpace [power of 2]

i] Fractional bit delay

| channel amplitude zcale

0 channel amplitud le

set Type to PSK

Click OK | ok |  csnca |

Parameter Tab
set Type to PSK, Br=1.2288MHz, m=4, Dly=0, lasc=Qasc=1




Digital Modulation: Analysis Setup

Ansoft Designer - [qpsk - amplifier - Schematic]

Click right on analysis and select add Analysis setup.
Select type Analysis Type Modulation Envelope, Category 1-Tone
Click Next

The Modulation Source is
added to the Data Folder.

You can select Modulation Envelope from the Analysis Type field.
Category allows you to select

1-Tone,

2-Tone/3-Tone, Intermododulation Spectrum
2-Tone/3-Tone, Mixer Intermododulation Spectrum

TT
]
255F

é N Modulation Envelog
L S

Set Length of Analysis to 104.2us
(=1/(br*8)*1024, with 1024=nb of sample)

Set Time step to 0.1us (= 1/(br*8)

this means we oversample the bit rate by 8)

I T T

Set F1 to 2GHz Click Finish
| define a power sweep on Pavs from 0dbm to 23dbm by step of 1db

Set the number of Harmonic to 8, | ouk | ren | cweel | b | I




Digital Modulation: Eye Diagram

)Ryt Click right on Results and select Create - -
1 | Select Report Type=Eye Diagram, Avalla_ble plot for ModuI?tlon Envelope are:
Display Type=Rectangular Plot, Eye Diagram, Constellation, IQ Spectrum, ACPR

E <]
Click OK.
3

1 Create an other plot with same - ol
0 ) 08:26:40 IchEye2<F1>_
| Tab Sweeps uncheck All setting execpt Pavs=23dBm. Pavs-23dem. F/

for Pavs and select 0dBm.

el 2] Sweees |eveDiagn] |
MODEMY1 Tanel =] n
[T [owowien] | [T
[ 1dBm
|— mary Sweep AllValuss -
| [Pt Paints) Al aluzs v
&
g
Traces 5
|— |chEye2<F1
03 Mar 2003 Ansoft Corporation 08:24:14 Y1—0—
XY Plot 1 IchEye2<F1>
amplifier Pavs=0dBm, F1;
MODENV1Tone|

[MoDENVTTere1 [ S—
tV iah 100
Time [ R
: \
E §
Ic i oy /
lchEye2<3F1s s
lchEyez<4F1>
lchEye2<5F1>
IchE ye2¢EF 1> -1.00-|
Tab Eye Diagram select | —_— | |
MOdUIation -z.og.on 025 0.50 0.75 1.00 135 1.50 1.75
Time [usec]
Response, Number of Cycle
Quantity=
[ChEyeZ<F 1

Click Done




Digital Modulation: IQ Spectrum

Click right on Results and select Create.
[MODENVITare: o] Select Report Type=Standard, Display Type=Rectangular Plot, Click OK.
ol Tab Sweeps uncheck All for Pavs, select 0dBm and 20dBm using the
CTRL key.
Tab Y select Category=Modulation Responses, Quantity=1Q2<F1>,
Function dB.
B IR ot Click Done.

b 20dBm
- 03 Mar 2003 Ansoft Corporation 08:47:49 Y10
XY Plat 1 dB(IQ2<F1>)
amplifier Pavs=0dBm, F1;
[Rectenguiar Pl [+ MODENV1Tone”
chALU Tz m—
s T ———] 1 dB(1Q2<F1>)
] Pavs=20dBm, F’
(1 % ] 1 MODENV1Tone|
| 1 [Spectum dBI02<F13) 0.00
— -50.00—
A
a |
[T
v
o~
g
% -100.00
[MODENV1Tanet ]
Y ariabl 1
Spects o 15000 ]
M adulation i l
Travelling Wave 1
- -200.00
AL -6.60 4.00 -2.60 0.00 2.00 400 6.00
Spectrum [MHz]
You can compare on the graph the spectrum regrowth

produced for Pin=0dBm and Pin=20dBm.




Digital Modulation: Constellation Plot

Create Report

[aeife P 7]
[stancad [~
T T —

Lo

Co ation .
Do
Drevice [V Charactenistics

Click right on Results and select Create
Select Report Type=Constellation, Display Type=Rectangular Plot, Click OK.
Tab Sweeps uncheck All for Pavs and select 0dBm.
Tab Constellation select Modulation Response, Quantity= Constllitn2<F1>.

MODENY1 Tanel =]

1dBm
2dBm
3dBm
4dBm

|— ||:’—|7’—|— 0dBm

Traces

=

| 1 [canstitra<F1>

Constltn]<F1»

Constltn]<2F1:
Constltn]<3F1>
Constltn]<4F 1
Constlitn <5F 1
Constltn]<6F1>
Constltn]<7F 1>
L F1

03 Mar 2003 Ansoft Corporation
Constellation@0dBm
amplifier

2.00

09:05:51

im(Constlitn2<F1>) [V]

re(Constlitn2<F1>) [V]

Y10
im(Constlitn2<F1
Pavs=0dBm, F1;
MODENV1Tone’
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Load Pull Analysis
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Overview

There are 7 essential Steps to perform load-pull
analysis and review response

Define nonlinear circuit
Specify nonlinear source
Specify load/source pull tuner port
Specify nonlinear analysis

Specify loadpull analysis details based on
selected nonlinear analysis

Analyze
7. Plot contours

Viewed in previous slides

M

N
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Loadpull Analysis in Ansoft Designer

.‘\k Ansoft Designer - Project2 - unmatchedoutput - Schematic F =]l
File Edit Wiew Project Draw Schematic Circuit Tools  Window  Help

DEE s 2RS¥ 425 o XBE [rEL¢c]l>oNpoAlEHLEMaNE
Yo m|HK| VKBS BT UHLYE @Bl
O%ih%

= Freqresponse .

ACourxe: StasteComoritn, [reees AI -
[y -

-
mewechede e i ek
f— e & =5 ]

PR el S | % Plot 1 R

AL Qe i E ArasdeC pn e, etz
e

x

i%l‘i

E|-- Froject2*

|_=_|-¢f1 unmatchedoutput Gk + et cae i

-39 Data —— V Wif______%_ﬁ ﬂﬁ
[]--@ E xcitations e [ - . A\ 2\ e =
w1 Ports L === 7<M N ] = e
-5 Analysis A it [ [ & : ! \\J ¥

[l HEB1Tanet / - W E

_____,..-——" L-ic Lii \U
£ oo o T T T = " o i T =

- E Fregresponze
Lol ¥ Plot 1

-0 Definitions

il DCIV

l«
1
a
[x
-
-
s
m
fu]
2
%]
:
=
=
E
=1}
B
2
- o
m
=9
-]
|~
g
b
=
g
;
w
™
=
o
E
=1}
=)
A
1
O
[x

a

16 cec o st aper tactizee
Froject | Components | Search | E— o
e g
| i
|0l . i
I ame: | Walue | Unit | /— BB
InterfaceP... | Portl I
nl ..
e — i = e
Direction  AnyDirection T e y ¥
prim 1 s == B
g
EditPart Edit I o e
. . e =
souncel Sinuzoidal3 1 T Iy i sten ;
e ™ gz T 7 E 1 |New Pa el
"w [ M e g -
Parameters | General | Symbol | e ll | v

Lig s .u1r|'

1010101




Enable nonlinear Source Port

| anprt
271H l
| | ApF
[ T
=
TpF 2
™ =
- _1 &
= =
2 -T2
= =
0
=
\ = f/—:'_ |
_; x:
-2 T [ Port \
1 Part narme: Ii”IJUt
Part nurmber: | 1.
— Termination T
% Simple termination; Re: |5IJ Irn: ID Ilmpedance j
— " One-port data: I VI Edit... | Create Hew.. |
r— Source Definition
Source type: lm
Sources:
=58 Analyzis
- lu] HE1Tone ~
r— Load Pull Tuner and Reference Node
Load Pull Tuner: |<none> vl Edit... | Create New... |
Reference Mode: IGround vl
(]9 I Cancel |
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Enable Loadpull termination

al0l x|

EI-- [oadpullverd®
=4 Circuit?®
EI Drata

@ LoadPullT urner

oC

--J7] bc2

- Sinuscidal3
H@a Partz

-~ JIEw input

- [JE¥ output

211H
¥ o
=
=
X rortDefition
5 —— = — Port
= — Part name: IUUtIJUt
=
Part number: I2 j
— T ermination
1 & Simple terminatior: Re: |5EI Irn: ID IImpedance j
T € One-port data; I j Edit... | [Ereate Hew... |

—Source Definition

Saource wpe: IPuwer "l

Sources:
I Enablel Namel Typel Mndulatinnl Nni$e| | Add ... |
\ Delete |

—Loa eference Node

‘ (1] | Cancel
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Define Loadpull tuner characteristics

iLoad-Pull T R x
— Part Marne: LoadPullT urers
P kot
Fart name: I-:-u [ Tupe: IIdeal - Riedlm Farm j
Part number: |2 j
. Parameters |
r— T ermination
& Simple termination: Be: ISD I IEI IImpedance j Property | Walue it D ezcription ==
€ One-port data: I j Edit... | Ereate Mew. | f tuner for 5ll &
wdef ] Ohm Default reactance of tuner for all clusters
- Source Defirition rdc a0 Ohm DC resistance of tuner
Selies ks IF'ower jv il i ki Resistance at baseband cluster [far multitone analysiz)
Zources: xl ] Ohm Reactance at baseband cluster
| Enablel Namel Typel Mndulatlnnl NI:"SEI | Add .. | r a0 Okim Resistance at fundamental cluster
Edit . | 1 0 Ohm Reactance at fundamental cluster
12 a0 Ohm Resistance at 2nd hamonic cluster
ﬂl e 0 Ohrm Reactance at 2nd harmonic cluster
— Load Pull Turer and Reference Nods 3 a0 Okm Resistance at 3rd harmonic cluster
Load Pull Turer: [LosdPulTuner] = Edit G w3 0 Ohm Reactance at 3rd hamnonic cluzster LI
Reference Mode: IGrDund 'I
ak | Cancel
ak. I Cancel |

ANSOFT CORPORATION




Create new nonlinear analysis

Analysis Setup

o— T =i | ¥ Peiform Analysis

Analysiz Mame

El-- loadpullverd -
- Circuitz

-- Data

EI@ Excitations

- o

D EE Harmonic Balance Analysis, 1-Tone : ll

S |r||.-|3|:|||:|a|3 Analyziz Setup Option [Default Options) | ‘
El@ PDrtS Ma. of Harmonics |4 _IZ TS Ve

.[Iﬂl'l' |r‘||:|ut : Marme Sweep/¥alue Ifos..ISync @
—Muoise Spectrumn———————————————— = 3EGHz

.[bﬁ' |:|I_,|tl:|l_,|t ™ Enable Haize Spectum Calculations = LI -20dbrn 20dbrm 0....
L - - al | Bemove |
Elw Measurment Port Mo, |1 _Ij =

-k Measurment Hamanic —
Copy No[Times of F1] = Edt. |

Lnalysiz Type

Linear Metwork Analysis

Category

Harmonic Balance Oscillator
Modulation Envelope
Transient Analysis

D Analysis

Dc Myquist Analysiz
Loadpull Analysis

. — Stability Analysi < |_,|
ﬂ Start &naII:I'ISIS ™ Use Solution-Path Tracing i Sunc |
Note: If source variables are swept, the analysis may
ITrace DT Power j change the sweep order for the best convergence
behavior

add analysis Opkions

Import Solution
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Create Loadpull analysis

Analysis Setup e: x|
== ¥ Perform Analysis
E‘" |I:IE|I:||:ILI"'-.-'ET4 = Analysis Mame AT
-4 Circuit?
i analysis Type Lirear Hetwork, &nalysis
" DEItEI Linear Metwark Analysis
=~ itaki Harmanic Bal
=-{Q] Excitations = e
DA Modulstion Envelope
oC2 _
Sinuzoidal3 Loadpull Analysis
[—]Eﬂ Puorts .
I input Analyzis Type Linear Metwork Analysis j
o oupu N T
ateqor ’ .
= Ful—— A Harmonic Balance O scillator
ity todulation Envelope
Tranzient Analysiz
: Dz Analysiz
ﬂ Start Analysis D Myguist Analyziz
..... : Loadpull Anal
EIE add analysis Opkions
' Import Solution
[ |
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Create Loadpull analysis

Loadpull Analysis

0

Turer — Sweep Yariables
Ituner1 ﬂ M ame SweepValus Suhc Add... |
ZRha LMo 85901

HB Analysis to Apply Zing LIN 0 340 20 j Remove |

|HE:HB1 Tonet

Harmanic / Harmaonic |-| _I:

Cluster ta Tune

Bt |
< [ »] e |

< Back I Finigh I Cancel
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Create Loadpull analysis

— Sweep Variables

Sweepfalue
ZFRho LIM 010901
ZAng LIM 0340 20

M ame




Perform Loadpull analysis

.l 0| x]

3 Sinusoidal3 =]
EI@H Partz

- [IE input
- [IlBw output
=48 alygig ﬁ Circuit2 on Local Maching - BUMMIMG
HE1Tonel I
4
-] HBsinglepower o B3 of 100
o
%] Linearsweep
- e I -_.-'f-.l:unrt

_____ Rename

]
I':'IE p 2% Delete
£

. & Erowse Metlist

..... E Expl:lrt SI:Ilthil:lrl Circuit Analysis Details ll
[+-/_ Definitionz LII (Eﬁitngams

—Analyzis Statu

Statuz  Analyzing

Sweeps: Tonel: 3600000 GHz
Fir: 18 dBm
ZRhao: 0.9
Zing: 2.2e+002 Deg

Sweep Number: 981 of 1539

Iteration: 32
Analysiz Emor: 8.344108e-006

Analysis status window
(Details)

ANSOFT CORPORATION




Plotting Results (Contours)

Create Report 1 x|

= E Target Desigr: Il:in:uitz j
Repart Type: | Standard j
: = Standard
= Diisplay Type: Device IY Characterizhics

-1 Definitions

Praoject | Components | Search | QK Cancel |

Create Repore S
Target Design: | Circuitz =]
Bepart Type: |Load-Pul |
Display Type: |Rectangular Plat |

Rectangular Plot
UKD ata T able \
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Polar

Add Trace | Add BlankTrace | Feplace Trace | Remove Trace | Remove All Traces |

Design: ICircuit2 - Sweeps' Phi | Thet
20
Sl ILnadPuIH jv Categony, Quantity: Funchidng
. = ighles | [POT<DCS | |<nones N . Y- 10
Damain: ILoadpu\I Contour :I 0 i PO1<F13 abs \ \ .
PO1<2F1 ACOE ; s
POT<EF> acosh ] - v 1
PO1<4F1> asin 0.0 0.20 0.50 1.00 200 « [Ny 5 =
asink 120 . Leam=t— |

Traveling wave

Output Yariables... State Variable PO2<3FT:
E fficiency FOZ<4F1>
General Canversion POgs(31)<DCx
Fetun Lass POgas31)<F1>

Spectral Puity

)
-| |POgsia1)ezF1s
)

D el 10 BT

Apply | ne | Cancel |
/
Sweeps I Fhi I Theta Mag I
Categony: Buantity: Function: Traces
Wariables | |PO1<DCs & | |<noner -
Dutput Y ariables | |PO1<F1> | |abs
[ | (roior 2oos
Tranzducer Gain PO1<3F1 = acosh
Gain POT<4F1> asin i
Waltage PO2:0C azinh
Current : atan
Traveling ‘wave atanh
Sta i PO2:3F1 = cos
PO2<4F 1> — | coszh
PQgs(G1)<DC> dB
POgs(01)F1>
POgs(Q1)<2F1: dBw/
FomgTicen sl o




Other Contour Examples

"‘\‘\‘\“\* i
ﬁﬁ?ﬂi ° Added

—

< Effici
—"Sexs 1, Cliciency
1.

s
-

i &

120 a0
140 a0
150 0
1€0
g _
170 7 |
1303200 20 1.00 A £
0.
J\f" \! :
170 (_,I
180 g ol J
-150 I E |
140
oy
0
R

< =20
=30
Traces

-120

1

2 |dBm[FOZ2<F1:)

Transducer Multiple plots
Gain Drain current
Output power
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Changing Contour Values

Modify Repart

Zoor In

Zoarm Cuk
Trace Tvpe
Data Marker
Mark &l Traces
Marker Scale
Brros

Add Label
Delete

Delete &l Tags
Accumulake

Contour ¥alues

Lizt of traces:

Contour YWalues:
kin value |24

b aw walue |25-5 .
Step walue |E|_25

bax £ value: 26.6683

Carnicel |

(arids

Prink
Copy to Clipboard
Conkour Yalues
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Oscillator Analysis
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Oscillator Analysis

_‘\\Ansoft Designer - [¥con - vcon - Schematic]

] =181
=] Fle Edit Miew Project Draw Schematic  Serenade  Tools  Window  Help ;Iilll
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Oscillator Analysis
The oscillator design aid sweeps a
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Oscillator Analysis

Harmonic Balance Oscillator analysis

provides nonlinear circuit performance ; ; BERBRRCECC
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Nonlinear Noise Analysis
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Optimization of Noise Performance
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Optimization of Noise Performance
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Transient Analysis
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Field Solver Design Basics
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Exercise:
Create a Planar EM Design
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Insert Planar EM Design

Ansoft Designer

Click Right on Project and
select Insert Planar EM Design

Choose Layout Technology

dateno
filt1
FILTER_Stackup

Filtre5L

FoundmLayDef

FR4_1_Emm

LMALayerDef

rnarconi

- Alumina [Er=9.8] 0.070 inch, gold

- Alumina [Er=9.8] 0.025 inch, gold
-FR4 [Er=4.4] 0.030 inch, 0.5 oz copper
S -FRA [Er=4.4] 0.060 inch, 0.5 oz copper
- BT_duroid 5380 [Er=2.201 0.010 inch, 0.5 0z copper
M5 - RT_duroid 5880 [Er=2.20] 0.020 inch, 0.5 oz copper
RS - BT _duroid B0 [Er=10.2] 0.070 inch, 0.5 oz copper
-RBT_duroid 6010 [Er=10.2]1 0.025 inch, 0.5 oz copper

Llalx || |




Add Definitions Parameters

Click Right on Planar EM Design O | B | |
. . = [ race mil <DefaultPlatter> | Flanart i
and select Design Properties.  ZOEDIDAS o B[RS Z M| B L 2

= L

_ s

2lold Add Property
" O
wling -

2|

Add following Definition Parameters:
Wiline=2mm, Lline=10mm, Xstub=5mm, Wstub=2mm,Lstub=20mm

Properties

Field5 alver
2
10
5
2
20




Select Add Line and
Draw two lines as
shown

Draw A Simple Open Stub

Ansoft Designer - [Project92 - PlanarEM]1 - Layout]
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Use Definitions Parameters
Wiline, Lline to set line
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Ansoft Designer - [Project92 - PlanarEM]1 - Layout]
= et ;

7| Use select Edge to

select edge line
mﬁs

Optimetrics

Add Ports

Ansoft Designer - [Project?2 - PlanarEM]1 - Layout]

o R
| ) |/ =

Edge Port Definition

i L[] Results
- Definitions

E@ E recitations
; & Pott
@ Part2
388 Analpsis
ﬁ Optimetrics
[F] Results
121 Definitions

The inserted

Port are added to

Excitations folder
\

HENDH Any[‘)‘\-r;:.l.lo_n 1

Edge Port Definition
porz allows to select Port
options.

Click on Select Edge icon and select the left edge of |
the horizontal line, then click on draw Port icon. :

I Click on Select Edge icon and select the right edge of

|

| 100000 | 00000




Add setup

Ansoft Designer - [Project92 - PlanarEM]1 - Layout]

HO000GHz

Select Fixed Mesh with
frequency = 5GHz.

Por2

Meshing Parameters Tab

to set meshing options ;Fixed Mesh, Edge Mesh, Adaptative Mesh, Initial Mesh Frequency.
Mesh Refinemennt tab

More Meshing option




Edge Meshing

Using Edge Meshing
When you define a non-adaptive solution setup, you can instruct Ansoft
Designer to add narrow rectangles along the edges of the model. These
rectangles efficiently capture electromagnetic effects close to the model
edges, resulting in faster solution times and/or higher accuracy.

When Ansoft Designer refines the fixed mesh, it determines the length of
the rectangles (the longer edges, which lie parallel to the model edge) by
making them smaller than a fraction of the guided wavelength at the
frequency you specified. You determine the width of the rectangles by
either specifying the ratio of the rectangles’ length to the width, or the edge
mesh length ratio, or by specifying the absolute width of the rectangles, or
the absolute edge length.

To use edge meshing:

1. In the setup dialog box, click the Meshing Parameters tab.

2. Select Fixed Mesh, and then specify a frequency at which to generate
the fixed mesh in the Frequency text box.

3. Select Use Edge Mesh.

4. Specify how the edge mesh is created by selecting one of the following:
* Edge mesh length ratio

» Absolute edge length

5. If you selected Edge mesh length ratio, type the ratio of the length to
the width of the rectangles.

After refinement, the width of the rectangles will be nominally equal to ratio
x length. The ratio value should be between 0.02 and 0.2 to prevent
extremely narrow rectangles and extremely wide triangles.

6. If you selected Absolute edge length, type the absolute width of the
rectangles, including the model units.




Example of Edge Meshing

No edge mesh

<:| £.0000GHz

5.0000GHz

-

[100000,6000.r1

Edge mesh length ratio=0.1

5.0000GHz

CORPORATION 5-




Mesh Refinement

Setting Lambda Refinement

Lambda refinement is the process of refining the initial mesh based on the
material-dependent wavelength. It is recommended and selected by default. e
To specify the size of wavelength by which Ansoft Designer will refine the \
mesh:

1. Under the Mesh Refinement tab in the solution setup dialog box, select
Lambda Refinement.

2. Type a value in the Edge Length Factor text box. The ratio of the guided
wavelength and the length of the longest triangle edge will be greater than
or equal to the Edge Length Factor.

Refining for Quality

When Refine for Quality is selected in the setup dialog box, Ansoft
Designer will produce a mesh with triangles that have approximately the
same size angles. The mesh is refined until all triangle angles in the mesh
are at least the Minimum Angle value.

To refine for quality:

1. Under the Mesh Refinement tab in the solution setup dialog box,

select Refine for Quality.

2. Type a value in the Minimum Angle text box in degrees.

Refining for Uniformity

When Refine for Uniformity is selected in the setup dialog box, Ansoft
Designer will produce a mesh with triangles that are approximately the same
size. The ratio of the maximum length of any triangle edge to the average
length of the triangle edges in the mesh will not be greater than Max/Mean
Edge Length Ratio value, resulting in greater uniformity of the mesh.

To refine for uniformity:

1. Under the Mesh Refinement tab in the solution setup dialog box, select
Refine for Uniformity.

2. Type a value in the Max/Mean Edge Length Ratio text box.

ANSOFT CORPORATION '~_‘
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Example of Mesh refinement

Lambda Refinement

Fixed Mesh Frequency= 5GHz

T Edge Length factor = 16 T
Fixed Mesh Frequency= 5GHz ¢ Fixed Mesh Frequency= 7.5GHz
Edge Length factor = 12 Edge Length factor = 12

Refine for Quality

Fixed Mesh Frequency= 5GHz Fixed Mesh Frequency= 5GHz
No Minimum Angle =15deg

Refine for Uniformity

| | | | AP AR R AR R R DR DK

Fixed Mesh Frequency= 5GHz Fixed Mesh Frequency= 5GHz
Refine for Quality Minimum Angle =15deg Refine for Quality Minimum Angle =15deg
No Max/Min Edge Length Ratio= 1
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Add Frequency Sweep

Ansoft Designer - [Project92 - PlanarEM]1 - Layout]

19 [=] EJ
=l=1x]

m
0= 7 = EE ] AT i

r ‘r | <DefaultPlotters r ‘ PlanarEM1 r
4 B AR

Click Right on the Setup just created
and select Add Frequency Sweep..

Linear Step from 0.1GHz to BGHz, step=0.01GHz

J [EEnEate Shrase [BuTent

Q

Select Interpolating Fast

Remove the existing sweep.

Select Linear Step and enter

Start 0.1GHz Stop 5GHz Step 0.01GHz
click Add.

Click on View Sweep Point List to see
all frequency points.

Click OK

You can select multiple type sweep or single value,
Discrete sweep or Interpolating Fast Sweep.




View Mesh

O | T
] = - £

o B

Ansoft Designer - [Project92 - PlanarEM]1 - Layout]

= Projectd2*

PlanarEM1 =i

B
B

PlanarE1*
£ Model
Excitations

Before starting an analysis it’s
recommended to look at the mesh
to check if mesh setting are correct.

— awenane | Click right on Setup folder and select
' Mesh overlay to see 2D mesh or 3D
Mesh overlay to see the mesh by

the way of 3D viewer.




Run Analysis

Ansoft Designer - [Project92 - PlanarEM]1 - Layout]
= 5

22
ng

=] Projectd2*
& PlanaiEM1*

Excitations

- Patl

v Click on icon view profile
to open this window

Sep el
PlanarEM1 03/03/2003 11:11:49; Host: PCALAIN; Proces
Fast Frequency Sweep
0100000 00:00:02 000001 T1EE4 K. BB Urknownz; 52 Triangles
5.000000 00:00:01 00:00:M T1BE4 k. B6 Unknowns; 52 Triangles
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2403000 00:00:02 00:00:m F1EEL K BE Unknowns; 52 Triangles
1.278000 00:00:M 00:00:M F1EE4 K. BE Unknowns: 52 Triangles
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Create results: DB S11&S2

By = Bl Trace 20mil <DefaultPlotter: PlanarE 1 =
= @ | 4
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Lstub 20 i
Status lAcllve |

Setup 1: Sweep 1
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Optional Exercise:
Planar EM Co-Simulation
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Edit The Symbol and Modify It

&\ Ansoft Designer (Beta) - [Symbol -- OpenStub]

_:| File Edit Wiew Project Draw  Symbol Planar EM s window Help _.__E': >
DEH*BEe = '@\@\.@\{“‘,‘-—JO\ODA = ]E]oﬁrr
e @ ]i‘.?lal QEDZH]I PH%I_“&EE E| |
P
ial0l x| 2
B You can draw arc, circle, line, polygon,
OpenStub
2 iodel
| B ot Rectangle and add text.
Cm Bk Analysis
: § Optimetrics .
| Bl Click the cross to close the
-] Companents - -
o 8 Mot miE Symbol editor widow
=3 Symbols
L= OpenStub
(23 Foatprints
(Z1 Padstacks
Planar EM-OpenStub i
! : Save changes?
Project ' 3
i & | @
ElE - OpenStubT raining [F- énsoft/rsofDesignerMonday] 41020026 eta/project/]
j =& OpenStub
. L Planan EM simulation somplete:
1) A fast requency sweep with 50 points has been started. (6
Dby s Oave the symbol
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Copy and Paste the Circuit Design

EE&

3\ Ansoft Designer (Beta) - [LPFPm]m.l LPF - 5c| hemahr]
jFuIe Edit Wiew Project Draw ~ '

D@ E & 6EX CI|ck rlght on
WHIEBDTBDR:

.+ LPF and select

= LPFProject”
=4 LPF ——————
= [o8] Data
= Substrate
(&3] Excitations

Paste

[ Part1
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-4 U5: OpenStub

=8 Analysic
[ Cvalsweep
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SIEEY I
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Symbol of the pasted sub-circuit

appears in the schematic

i Fort1 FPortz
=[] Pars B IEL al

wi=wline
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——
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W2=wline
Wa=wline

12

Fortz

|
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P=lline

L] N
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(48] OptimizationSetup1
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[+ & Model
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OpenStub and
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23 Components ‘ ‘ ‘

-1 Materisls
= [ Symbols

T3k NrerChik

You can choice to use ‘
the same stackup as
Parent circuit or to insert
The sub-circuit as black

» RO e

) A fast frequency sweep with 50 points hss been started. (53 unknawns)

| imte

i) A discrets equency sweep with 500 point(s] has been started. (63 unknowns)

Click to position center

3 9.45634nH
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P=lline
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i
Wewling
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'_z @ Trace

Trace
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Mew design |Dpen5tub

" Keep independert [black box)
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not manufacturable with parent

Cancel

™ Flip Source Lapers

Incorporate selected the Merge
layers window allows to merge
sub-circuit and parent circuit

layers .

Cancel
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Connect the Sub-Circuit Symbol

2\ Ansoft Designer (Beta) - [LPFProject - LPF - Schematic]
"] Fle Edit Wew Project Draw Schematic Circut Tools Window Help

[DEHEs &xo azsox@E [l
MEhEd BRRE S

M@ aBEa D r&Ed e o]

- .o ~
L - Sub-circuit folder appears
=4 LPF
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B Par2 Wi=wline W=wline
[+ US: OpenStib 2=nline W2=wline
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3 StatisticalS stup]
= [F Resuls
] Comeepdnszt v
& B rF il s
e Seach e e
-
Mame [ vaue | Unt |
wline 2 mm g 1L
line: 10 mmn 2ol ST
Hatub 5 i A
wstub 2 mm
Istub 20 mm =
Status Active S5 = el
You can change the values
of the sub-circuit parameters -

x| [ ] iperbtibTraining [F-AhreatAnsal DesignarManday 41 L2002 etar pject/]
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&) A disciste hequency sweep vith 50 points) has been started. (53 unknowns]

Mumber of selected items: 1




Run Analysis

2\ Ansoft Designer (Beta) - [LPFProject - LPF - Schemati
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Create Results: DBS21&S11

%\ Ansoft Designer (Beta) - [FsweepdBS21&511]

T File Edit Wiew Projsct Report?D Circuit Tools Window Help

B|S|X

|4 3o @ W

| B BB REE©%n%

DEE|

——————————alnoix

= [F LPFProject

4 LPF

E Data

= Substratz

&3] Excitations

U5: OpenStub™
= Analysis

: Cwalsween
M
Optimetrics
; 4@ OptimizationSetup
8 StatisticalS etupl
Fiesults
& Coweepdbs2t
& DB 21
g

=130

- (1 Definitions
=] OpenStubTraining

= DpenSiub
2 Madel
B3] Excitations
w8 Analysis

§ Optimetrics
=} b Results
(23 Definitiars
[+-[Z1 Companents
(21 Materials
-2 Symbols

L. {=+ OpenStub
(23 Footprints
(2 Padstacks

Praject Search

ol

|

15 Oct 2002

Y1

0.00

Ansoft Corporation
FsweepdBS218&S11
LPF

14:14:32

-20.00| /

-40.00

-60.00

-80.00

=100.00

0.00

1.0

2.00
F [GHz]

Y1 0 ]
dB(511)

Y1—
dB(S21)

—lelmlx

& OpenStub

) Planar EM simulation somplets
A A fast frequency swesp with 50 points has been started. (53 unkrowns)
) A discrete hequency swesp with 50 pointls] has been started. [53 unknorns]

FL LPFPioject [F-/Ansoft/AnsohD esignerMonday] 41020028 eta/project/]
OpenStubTraining (F:/nsoftArsohDesignerMondsy! 41020028 eta/project/]




Define Lstub as Tunable
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Run Tuning
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Run Accumulate Sweep Tuning
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Optional Exercise:
Planar EM Antenna Design
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Configure Layout

+ Creating an Planar EM circuit will open layout. o

M3 - Duroidl
PCE - DoubleSided

+ Click on ‘None’ in ‘Choose Layout Stationery’
+ The grid and snaps for layout need to be configured.
+ Layout -> Grid & Snap |
+ Set: T ;[I fowee.. | Nore | | Conce

":]Flla Edit View Project Draw Layout Ensemble  Tools Window Help

] DediarEleexs cleaplea )| Bk CEES -
Major =1 % %) ][ [ = e [oann =] % [0 symoos =]|feom =] [<oetoutkanmotaton = [erseecreott ]
=¥ aB||BEEEBE |2 @ Z W= & "B w@a 9 DA /= o &
: — - rnE =
Minor = 0.1 sa=

Grid = 0.1mm R e
orid

. |

Graphical = 0.5mm

R e :l il Cancel
oo |

. OK Minar: [0.1 i [ ] s= Defaults

¥ Show Grid

Rotation Increment (deg): |5
et e &
4:‘2‘:" - Snapping

Name F Gid  [0fmm x| Add | Delste

¥ Giaphical I[I Bmm vI Add Delete

| 3
For Help, press Fl e [ -eszooo Qe [ 2rd000 pektaxr [ 7zo00 peka¥: [ 16000 ]iDistance: 7.3756 i =]
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*

*

*
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Insert Layers

Open the Stackup Editor in one of three ways:
+ Layout -> Layers. Select Stackup tab.

+ Click [= icon.
+ Click & jcon.

Select Stackup tab.

Insert an infinite ground layer

+ Add Layer -> Name = “top” -> Type = “signal”
Insert a dielectric layer

+ Add Layer -> Name = “d1” -> Type = “dielectric”

Insert a trace layer

+ Add Layer -> Name = "bottom” -> Type = "signal”

Mame Type t aternal

L Copper

7| d1 dielectric air

— |bottom zignal _GOpper

Drag Mode Thicknessz Lower Elevation| Upper Elevation| Roughness

dmm Oram 4rm

riddle aligrn | Ornm Ornm Ornm Omim

Change the “d1” thickness to 4 mm
Layers can be moved by dragging and dropping the entire row..

Material attributes can be defined by selecting the material but

ANSOFT CORPORATION




Drawing the model (1)

— @ B Svmbols j
« Change the active layer to “bottom” i

+ Select the layer pull-down menu and highlight “bottom” —=Eat==

[ Top
I

« Begin drawing a rectangle object in one of two ways:
+ Draw -> Primitive -> Rectangle
+ Selectthe ® icon.

+ Enter the lower left-hand coordinates for the rectangle.

In the Status Bar, enter X=0.0, Y=0.0. Use the TAB key to move between
entries and press ENTER when finished.

W [ noooo g [ 00000 Jpekax: [ 07000 Jbekav: [ 200000 |Distance: 00122 m

+ Finish drawing the rectangle
+ In the Status Bar enter Delta X = 40, Delta Y = 46.8.
+ OR, drag the upper righthand corner until Delta X:40, Delta Y:46.8

+ Fit the drawing by pressing “CTRL-D”, or View -> Fit Drawing

L 4

oo ANSOFT CORPORATION




Drawing the model (2)

+ We will now define a shortcut to the PIFA in order to reduce the physical
dimension to a quarter of the resonant wavelength.

+ Select the = icon

+ Enter the lower left-hand coordinates for the line.
+ In the Status Bar, enter X=5, Y=46.8
+ deltaX =30, deltaY =0

# [ 550000 e [ 468000 |Dekax: [ 50.0000  |jpekay: [ 0.0000

+ Use the TAB key to move between entries and press ENTER when finished.
+ Verify the following properties

Footprint | Layout Displays | Ensemble |

| Marme | “alug | Unit | Description |

name

net =

lineidth 0 mm
bendType Corner

capType Flat

ptd 5. 46.8 mir

ptl 35, 46.8 mm

[~ Show Hidden

o]

Annuler | Aide |

ANSOFT CORPORATION




Drawing the model (3)

+ Select the line and Copy it (CTRL+C command)
+ In the layer, choose Top

+ Paste the line (CTRL-V)
+ Select the 2 lines by maintaining the CTRL button when you select them.

+ In the menu on the left, click on Cross-Layer and Add Cross-Layer Plate

2l Bl =

=EE PIFA* o
EI‘ EnsembleCircuit?

=-&F Mode|
@ N-Parts 7 =
% Cawvities
ﬁ Yias
-8 3D Vias
.C’éf' Cross-Lag

-#5 Excitations Seje

----- Jur Analysis

..... % Optimetrics 4| #.dd Cross-Layer Plate

----- b=y Results Select in Layout

-1 Defintions ¥ Docking View

o
u

ANSOFT CORPORATION




Drawing the model (4)

. Change the active layer to “Top” | 2= £5 [IERTENG—_G—_"

+ Select the layer pull-down menu and highlight “Top”
+ Double Click on the line and adjust the properties

Properties ﬂ

Footprint |Lay0utDispIays | Ensemblel

MName | Yalue | I_nit | Description
|__|name line105
| |lawer Top
| |net —
| |lineidth 1] mim
| |bendType Carner
| |capType Flat
| |ptD 5,468 mim
| |ptT 35, 468 i

[ Show Hidden

ok | Annuer | Aide |
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Drawing the model (5)

+ Begin drawing a rectangle object in one of two ways:
+ Draw -> Primitive -> Rectangle
+ Selectthe = icon.

- Enter the lower left-hand coordinates for the rectangle.

+ In the Status Bar, enter X =5, Y =46.8. Use the TAB key to move
between entries and press ENTER when finished.

w: [ 300000 Jf: [ 46.8000 JDelai: [ 0.0000 |Detay: [ TN0E® |Distance: [ 0.0000 ]

+ Finish drawing the rectangle
+ In the Status Bar enter Delta X = 30, Delta Y = -36.8.
+ OR, drag the upper righthand corner until Delta X : 30, Delta Y : -36.8

+ Fit the drawing by pressing “CTRL-D”, or View -> Fit Drawing

oo ANSOFT CORPORATION




Define Excitation

+ Insert a hole =

» Double Click on the hole and change the properties

i [ 200000 Jfv: [ 413000 JDeftax: [ 00000 JDetay: [ 00000 JDistance: [ 0.0000 |

- Enter the lower left-hand coordinates for the rectangle.
+ In the Status Bar, enter X = 20, Y = 41.8.
+ Use the TAB key to move between entries and press ENTER when finished.

» Click on via1 and choose Properties

= PIFA* 2.50 Via Properties ﬂ
E" EnsembleCircuit? Upper Leyer Lower Layer |Phy5ica| Properties

=47 Model

{8 N-Ports

a Cavities Lower Layer

Eﬁ Vias Excitation/Load Type Icoaxwal axcitation j

s kIl ) CUE —Complexload ————————— RLC Load

48 Cro: B2 Co

B Cro Feal A0hm R 0hm

b \// b =
A Excitati  FeName Complax 00hm L nH
----- Jur Analys X Delete
..... ﬁ Optime c a3
..... ety EProperties
-3 Definitions Select in Layout — Coaxial Excitation
v . .
|— Drocking Wiew Magnituds (A) 1
- o
Phase (degrees): Odeg
Characteristic Impedance 500hm
ok | Awuer | e

=
T
'
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3D View

Open a 3D view

+ Select Planar EM -> 3D Viewer OR

+ Right-click on PlanarEM1 in the Project Manager and select “3D Viewer”
Explore 3D view functionality

+ Right-click in the 3D view window

+ Many options are available here....
Change the 3D lighting

+ View -> modify attributes -> lighting
Change the background color

+ View -> modify attributes -> background color

ANSOFT CORPORATION




Setup Analysis (1)

+ Right click on the Analysis entry in the project tree and select
add solution setup

E-EH PIFA*
o & EnsembleCircuit?

2% Model _
C = Meshing Parameters | besh Refinement
-3 N-Ports

~Ff Cavities

; ! & Fixed Mesh Freguency IZ.DDDDGHz
Ev Yias

LT viad " Do Adaptive

—Adaptive Parameters

=-4¥ Cross-Lay _ _
\/' sl Maximurm Mumber of Adaptive Passes I1D
B! ~Layel

B4k Excitations

] T Part 1 Adaptive Frequency: IS-DDDDGHZ

_____ i@ o Fercent Refinement Per Pass: |25
=-23 D @ Add Solution SefLip Target Maximurn Delta Norm 0.05

N5 Start Analysis

i —hdesh Display Aftributes
Browse Solutions He

|
|7 Docking Wiew
Resetto Suggested Values |

A o |

Froject |

+ Use a fixed mesh frequency of 2GHz. You can also change the
mesh display color.

Annuler | Alde |

ANSOFT CORPORATION




Setup Analysis (2)

Meshing Parameters  Mesh Refinement

Fefinement Parameters

Lambda Refinrment 7 Edge Length Factor 0

. Modify Mesh refinement Fefine for Cuality iz Minimum Angle 15.0ceg

Refine for Unifarmity T Max/Mean Edge Length Ratio

|3

Resetto Suggested Values |

Bk Exciations
Pb xeitations TI Annuler Afdle

« Visualize the mesh

"oy Pe By copy ] ol

(23 Definit [T al
Renarme
¥ Delets
Add Frequency Sweep
‘ Properties ”ZL’ ‘*\

M|_ Il Start Analysis

=B PIFA-Mes 3D Mesh owverlay 7(; | {1l
Refresh Mesh Display N 1
[¥" Dynamic Mesh Updates T Z<j N _‘: § g
M L]
€5 view Profile ed -i’ -}gnix
| Docking view VPRI T




3D Mesh

« Visualize 3D mesh

T
= FIFA* \
=@ EnsembleCircuit:
- 2% Model
E|F'b Excitations
T Port

Ié---,[llu Analysis

Layer Pl

-2 Definitions
Rename

X Deleta

Add Frequency Sweep
Properties \

Nl Start Analysis

Mesh Crverlay
3D Mesh Owverlay
Refresh Mesh Display
Crvnamic Mesh Updates

£ view Profile
ol ¥ Docking View

Dvmimet | m
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Setup Analysis (3)

+ Add a sweep to the analysis in one of two ways

L 4

*

+ Fill in the Sweep dialogue as seen below. Enter “Updéte Frequencies”
to add the points to the sweep table.

*

Planar EM -> Add Frequency Sweep OR

Right-click on the “Sweep 1” branch in the
Project Manager and select “Add Frequency Sweep”

Interpolating Fast Sweep
+ Fstart = 1.5GHz
+ Fstop = 2GHz
+ Number of points = 51

Type
 Discrete
& Interpolating Fast

I"| Generate Surface Current

—Set Frequency Limits

ErEES
=& EnsembleCircuit:

[l Start Anahysis

|¥" Mesh overlay
30 Mesh Owerlay
Refresh Mesh Display

q |7 Dynamic Mesh Updates

Project € view Profie

|"— Docking View
T

—Frequencies

Insert »> |

Start |1.5GH2

IZGHZ
|51

Update Freguencies

Stop

MNumber of
points

Delete |

Frequencies | lﬂ

AERBEERRRERREE
Hy

1.89GHz
1.9GHz

1.91GHz
1.92GHz
1.93GHz
1.94GHz
1.95GHz
1.96GHz
1.97GHz

1.98GHz

Setup Full Wawve Spice ..




*

Setup Solution

Right click on Sweep1 and select Start Analysis.

*

EHEE PIFA*

= EnsernbleCircuit]
& Madel
A Excitations
T Portl

en

Opt, o ELE
i -Jm Res s Copy
(3 Definiti

Rename
X Delete

Add Frequency Sweep

Properties

|7 Mesh Owerlay
3D Mesh Overlay
Refresh Mesh Display
|7 Dynamic Mesh Updates

1]

Projact | % view Profle

|7 Docking iewr

Click on 3D Editor. &

EnsembleCircuitd ; Fast

I

1.500000 GHz Makd

SCE|
sl

DEE Ik 2|
[rHv o8 &E@O(RIZW=NBEOEED &

T

EGEES
=@ E

T
E|
T

For Hep, pressF1

= |2 Mo 1 Velue |
| ‘Salu Setup |
|

1.750000 GHz Mo Matix Fill
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Simulation Odds and Ends

« By Right Clicking on the progress bar during
simulation, the process can be aborted, paused, or
have the priority level changed.

NEE)

Abar
nge Priori

EnzembleCircuit] : Fast Frequenc

EEEEE

+ The simulation engines have been turned into
COM/DCOM objects. This allows a simulation to
be run on a remote machine, given permissions

and an IP address.

— Local/Remate Server
" Run Engine o lozal machine

& Run Engine on remate computer

— Remate Server Information
& |P &ddress [format; 999.999.999.99)

UM M ame [format:Yszerver ]

= DMS Mame [format; v, server.com

I:

128 138 . 61 . o9

¥ Shaw thiz dialog for every analysis

o]

ancel |




Generate Reports (1)

+ View tabular S-parameters
» Right-click on “Sweep1”
+ Select Results -> Matrix Data
+ Plot Return Loss
» Right-click on “Sweep1”
+ Select Results -> Plot Templates -> Return Loss

06 Jun 2003 Ansoft Corporation 13:53:42 Y10
XY Plot 1 dB(S(Port1,Pol

PlanarEM1 Setup 1 : Swee

e e e

-20.00

dB(S(Port1,Port1))

-30.00

-40.00
1.50 1.60 1.70 1.40 1.90 2.00

F [GHz]
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Generate Reports (2)

06 Jun 2003 Ansoft Corporation 14:19:23 —
Smith Plot 1 S(Port1,Port1)

PlanarEmM1 1.50GHz-2.00

100 90 g0 Setup 1 : Swe|

110 70

120

160
170 10
= PIFA*
@@ EnsembleCircuit:
0.00
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E-Jlu Analysis
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Iy Results Bz gy
(1 Definitions
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