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Remarks

For a long time you have been able to get very good and useful, but high priced simulation tools for different tasks
from Ansoft. But Ansoft has always provided free, but limited versions for radio amateurs, students etc.

So the “Designer “ follows this line in his unlimited licensed version. It is not only a simple RF- and Microwave
CAD Program, but also a Filter or Transmission Line Calculator, an S-Parameter Simulator, a linear or non-liner
simulator in the Time Domain, an EM-Machine (for simulating antennas, microstrip lines, waves) and so on...

As a user you don’t miss anything and you ‘Il find every part needed. And You can also compare the simulation of
different simulation principles.

As soon as you start the package on the PC and work on the first project, you learn at once that You
have to cooperate with a “very complicated Lady“ who does not forgive any errors or mistakes.

For the “Little Man” as a user of the free student version this means:
a) Some tools like Nonlinear- or EM-Simulation are completely missing

b) Even for the simplest task you have to fight against the complicated desktop of a program
priced at the regions of a new Mercedes or BMW car...

So this Tutorial is using a concept as follows:

As many different tasks and projects as possible are tackled, solved and described. So the
user gets more and more knowledge of the program functions, buttons and menus.
For this purpose You find a list of “education goals” for every project.

So — as an Ansoft SV beginner -- you should not ignore anything and work through every project to
get more and more experience.

Gunthard Kraus
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Project 1: Design of a 100 MHz Chebyshev Lowpass Filter (series inductor
and parallel capacitor version)

Education goal: opening of and working with a project. Successfully working with the Filter Designer Tool.
Step 1:

Start the program, open the menu “View” and activate the different managers
(a tip: for little notebook screens, only “Project Manager” and “Message Manager” will be sufficient)

4 Ansoft Desigr -r 4y
File Edit viewl Project BTools Window  He

(C)s B Nl o 20
. Step 2:

=lol Click the “New’-Button to start the job. Afterwards choose “Insert Filter
Design” in the Project Menu.
‘ -5 Project3

New
Proiec

Step 3:

x|

Filter Design Wizard - Properties

Chebyshey

Fll= Edit View

DSH| | _ _

4 :
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. -
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Legendre =5
Constricted pazsbar
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E|-- Projec!

Load Example..,

Load Wersion 8.3 file....

Change Unitz... |

Advanced Specs —

Ripple # Comners... |

0 factors .. |
"Waveguide,, |

| e < Hadh Mext > Cancel |
Project I
tﬂﬂart' | @ ' (@ || A Ansoft Designer 5¥ - ... 7] Ansaft doc - Microsoft .. : | E

Please examine: the “lumped component button” (marked by a coil and a capacitor) should be active.
Then mark the following items in the columns:

Lowpass Ideal lumped Chebyshev Default Ideal

and press “Next”.
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Filter Design Wizard - Specifications x| Step 4:
Choose

— Specifications - — Analysiz
Drd - ; =
e Ins.Loss[dB] Ret Loss[dB] fllter order S
Ripple [dB] .
. passband ripple = 0.1 dB
fp1 [GHz]
20 io
fp2 [GHz] cutoff frequency fp1 = 0.1 GHz
fa [GHz] f -
40 20 Source and load resistance =
B\ [GHz] 50Q
Source, Rs L &0 20 « »
T and press “Analyse”.
Load, Ro 5
&0 40 Afterwards you can have a look
at the S11- and S21- filter curves
B o either as “Narrowband” or as
] 0.1 0.2 0.3 0.4 “Wideband” version.
Freg [GHz]
With “settings” the presentation
[ Uriiiospassbordnaris : Analyze I M arowband ‘Wideband Settings. . | mode can be modified.
- T
Then continue with ,Next*
I —— s
Step 5:
e e vt This looks already very nice and if you are contented, press
et “Finish”.
1L |..-i_-\.
B | R b el |

Tl rh R Vew Propet Mm Teob Window  Hel

[OoaEE s s B o e @D Ty 7
[ Step 6:
H-E ep o
£ [F Propet So you get the

complete results (=

- Iy curves + parts) on your
screen for the “series
inductor version®.

B 30nH 187 nH & J6aH Iﬂl
."'--,_"‘\."r e r'\-\.-'\_-":__ i r o
HaoH T HacH
I I (11} i
+3B5aF 43 85F If you prefer the
“parallel capacitor
i di version”, please press
the marked button......
L=l o)
n .2 .4
_EEESJ Fieq [Ga]
Ty —
Wsat] | @ S 3 | ]t phovsatt W || A At Duguar ¥ - [ B -8d o



....and have a new look at your screen.

Ansoft Designet S¥ - [Filter1] =] x|
—|File Edit Wiew Project Filter Tools Window Help =] x|
DEH s BRSXac|4agtmlRESY VT 90/ emmneea

+_< +|1nu |

=g

E]-- Project3®

109.1nH 109.1nH

s

36.5pF  B2.87pF  36.4pF

Praject |

Ready

t*Startl J e J ] Ansoft.doc - Micrasaft W, . " A& Ansoft Designer S¥ - [...

Now you can still save or print this project.
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Project 2: Impedance Matching using a A / 4 —Microstrip-Line (on a FR4-Board)

Education goals: a) Working with Circuit Design Projects
b) Usage of Microstrip Lines, Microwave Ports and lumped components
c) Correct Working with the Microstrip Calculator
d) Preparation and Execution of Simulations
e) Showing the results in the Smithchart or as a Rectangular Plot
f) Using Data Markers in the result plot

Task: Match the radiating resistance (136 Q) of a Patch Antenna to the 50 Q — feeder at the GPS — frequency
of 1575 MHz using a Quarterwave Transmission Line on a FR4-Board.

FR4-board-properties::

Thickness = 60 MIL = 0.06 inch = 1.52 mm

er=44

loss tangent = 0.02

copper cladding = 0.675 mil = 17um = 0.5 oz copper (up and down)

Ansall epijees 4% _.]ﬂ_[‘!l
iy bl bwe  Promci Tiowm, ‘Wedow P .
iﬂ EFE:{ it I’.'IJ'- e ) | 4 W Step 1:

Start a new project , click on “Project®
and choose “Insert Circuit Design”.
At once you come to a menu for the
board substrate.

= ———————— " ||
5 ] o]

Mark

] gg;g:{;gggm MS - FR4 (ER =4.4)

ok 0.06 inch,
3l Nm-‘\-enli =2 O 0wl Wd

S - Araa Er-5) 1 (6 inch 0.5 oz copper
5L FPJEI-HIUIDJ-\MDEW:W

3L - FRA Erd 4 [0 moh, D5 = coppm
5L-EIT_chaned BB (Ere 2010 (Db .50z ooy . “ «
AL - AT cacad SBE0IEred 21 1) [0 ch, 05 ar coppar. ™ and click Open i
GL-FIT_da] ENDEr=10210 MDch. 0 5z coooer

Bl
s | @ w | et o -pherrent W, [ Anwelt Dumgenr sy | @l e

nrqnl Dres Schermis Cros 'rmh Wirdors  Halp
a eI | e aﬂnlm-alnmlrm t¥mlzosons Step 2:
, é— Simulation Tmls. The Circuit Editor and
the Simulation Tool Box
4 with all necessary
buttons appear.

: Important:
Edltl:lr EETEEI"I . Please open at once all
for Circuit Drawing circuit folders and

directories in the Project
Management to get the

£ Open ALL folders necessary overview.
Examine the “Data“ —
ar_h@emeni 7 Folder to be sure, that

“FR4“-substrate was
accepted by the
software.

Now save the entire
il project under a name
Pty .| anina folder of your

W] | @ 5 3 | Bt g o e, | B et Desires 51 1t [ s emprer v | @98 Bad wm  PErsonal choice.




Step 3:
:.'! l'.: Press the “Interface Port“-Button (or open the pulldown menu
,DRAW*" and click there). At once your cursor is equipped with
the symbol. Place two such ports and press “ESC* to terminate
this action.

Interface pork

Now do a Double - Click on the port symbol to open it’s

property menu.
=

< Biwf
= [ lanbda 1
= 4 Omat
=T [
= FRd
(5] Ewatabion
=+ ';IJFW: Pm”
i hrapn T
m et th‘.ll *“-\-..\1‘
gt L RI=500hm | =
; 1 3 Comperant .
Edit... Ersatefiem., [ W 17 =00
i L dprahah
1 -l Fogtpaniz
H1- 0 Paskbacks _T_
First change to “Microwave Port‘. ﬂ
Then close this menu. Mic
Port
1 | Bt e
el ) ] J
Rac

Now you should see the modified port.
Please change now to the “Components”

Step 4:
s el Detigaass 54 - [Eysbifia 00 - Ciect) - Sohefmsb] = ale) =
o] M B Ve Propct Doew Schireds Crod Tods Wicow Hep _ =1#1= Open the folders
Db/ x o ss S owm®mm e e B30 %88 4¢# ‘Lumped” and
[ | | T D N “Resistors"”.
{Be |10 el o E R R B
g 4 =l Choose the simple
s oo resistor and use
[ 8 ﬁEﬁm:mwaW o | “Drag and Drop” to
el - |;:| move it into our
. J | Editor screen.
Rotate the part (if
{:" o necessary) with the
e “R¥“-key, butifa
f'f-f part was already
e placed, You must at
| first mark it.
L Afterwards rotating
i “!can be done with
= <Control> + <R>.
s — Finish any placing
: 3:‘;‘:“ action with “ESC").
51 B Fhorlay
15 Sa0ne Fxde =i | : i ' Now a “Ground*
Pl Coporay [Semch] . 1 Ll_l symbol is still
oy 1754 needed and it can be
ittt | W G | B et o -nberoeott W [ Arealt Duegmer 34 - [ |E el = found at the marked

place in the Toolbox.
Please connect it to the lower end of the resistor and change the resistors value (after a double click on it’s
symbol) to 136 Ohms.



Step 5:

Airslt s 54 - [assbia 018 - Ciciit) - Schenisbc] alE =
I r ek Ve Progct Drew Schends Croak Too Windes Hel =& =}

O el e Bl | | e 5 5 xw@;?p:z.uxnn;
o] | s T e )
: Wires
. e

(B T e d E R

e /" =l

s
il
e
_ <
|
Microsinp -
_ I Transmission Line,

[T B 5 Fox Liper |
—  Physical Length

-0 Tumancied Coplans whassguids
:: Tt Caabribasiend
|l W icacmasiet

=]

| [
— 1 MNiw -
Fuped Covpnsye [Seoeh] b | a5
Hurshar of ssinrbad fnra: 0
iiorwt| | @ 4 g]mm-mmw...|1n.nu&n-—-ﬂ-[_ ERiw o], o

To get the Microstrip
Transmission Line,
close the folder
“Lumped® and open
“Microstrip®. At the end
of the contents list you
find “Transmission
Lines” and in it

,»MS Transmission
Line, physical length®.

Use Drag and Drop to
place it on the editor
screen and connect it to
the Microwave Port and
the resistor.

For this connecting
procedure You have
two possibilites:

a) Either You use
the “Wires“-Function to
do the connection

b) Or you move, with Drag and Drop, the line connection in contact with the Microwave Port connection.
Afterwards you drag the line to get a contact at he other side of the resistor’'s end. In this case the wiring is

done automatically.

Step 6:

Properties

Parameter Yalus: IGeneraII S_I.Jml:n:nll Froperty Displa_l,lsl

M ame I Walue | Uit I Dezcrption

Overide I

i Conductor width

mm Phwsical length

THL

3 Substrate name
@ | TRL properties
CoSimulator Circuit

CoSimStackup Lanpout stackup

Status Active

Info

Calculator

Get Information
about Microstrip Lines

CoSimDeembedRa.. 3 Call Microstri P

_I_I_I_I—I?li_l_l

[~ Show Hidden

Open the Property Menu with a double click on the Microstrip symbol.
If you wish to read a short description of this Line Type, please use “Info / MSTRL".

Clicking on “TRL" opens the Microstrip-Calculator.

(] 4 I Abbrechen




Step 7:

Microstrin single _XI
i~ Ele g — Units
y > [e248 Dimenszion
\ mmor
b
‘1 Frequency
¥ GHz x
H Er TAND, WSAT MREM, TANNM Impedance
Lency Ohm
1.57 Analysiz I At Caloulate OFF | Reset Al Electrical
— Substrate — Metallization Length
Layerz  Metal Mame esistivity T hickne:

H |50 Er |44 Battorn {co

p 17241 [0675m [P
Resishivit

HU | TAND {002 vidde [Nane [ | I %

Msat [0 TaNM [0 Top  [honer | | |

MRem [0 AGH  fomi

Detailss> | $ ok | Eorie

At first we calculate the necessary impedance Zo for the Quarterwave Transmission Line:

Z =+/50Q 13602 =82,46Q2

This Impedance Zo, the electric length of 90 degrees and the operating frequency of 1575 MHz should now be
entered to our calculator windows (right hand side) - then press “Synthesis* and find on the left hand side the
necessary line width w = 1.072 mm and the physical length P = 27.0653 mm

Anysalt Depagees 3V - [Resbly_ 08 - Crant | - Schernstc] al®] =l

Trie o vew Projct Drew hersls Crog Tool Wigoe  Hel =1 =} P| d

NP ibe8xs | AsSonameasflaodrEsso|rosoas | casecomparean
: i i 1 examine everything

e “Phyeical Line Values automatically inserted  and then press "OK".

— At once the
iy the Microstrip Calculator! =l calculated length and
[ & o Forlaer ] =1 width are transferred
: :::;z-;ﬁgﬁ W= 1.07229mm to the Property
4 etk SR M Window of the used
51 3 Lufwesd . Microstrip Line and
= 8 i T.0653mm p
',_im' o Porti i ""H @ are visible beside the
| Line Symbol on the
PNUM=1 i Editor screen.
RZ=500hm
1Z=00hm
=
— — Now it is time to
return to the Project
Management and to
prepare the
Hew =| simulation.
J ¥
ol sminrbad fnra; ] .
i'ml_"ﬂﬂ B dovruit g -Phormeaft W [k Anwsft D 39 - [ B3 o
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Circuit  Taals

tic] =151 =
Window  Help ;I.i‘ﬂ

Ell rum%m sz xriE||leeoBedrBie=|[ooNDDs

S —Analy5|5 Setup can be started efther
with this button or with a right click

Dlsable thiz analpsis

on "Analysis"

Analysis Name

= lambda_ 017
|| 44 Circuit1®

[Maat

Analysis Tupe | Linear Metwark Analysis ;’

E+]-_| o Categary

| Frequency Domain

Everything OK?
Then press "Next”

Froject ﬁ : B Abbrechen Hilfe: |

= Analvﬂs Setup x|

|
=]
1|

Ready o

d:'Startl | & = (G J B Anscft-English doc - Mict... ” A Ansoft Designer SY - [... | DE |ﬁ'@@ %0 o714

Step 9:
Linear Metwork Analysis, Frequency Domain i

Analyziz Setup Option Engite DefaultH ption |

Sweep W arables

Group Delay

Sweepfalue

[ Enable Group Delay Calculations

Perturbation (%] II_'! |

_....and afterwards on "Edit* ===

¢ Back l Fertig stellenl Abbrechen | Hilfe:
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Step 10:

Add/Edit Sweep

“ariable ||: = I 1

" Single value

% Linear step

= " Linear count

' Decade cou

" Dotave court

" Exponential couf

i~ Dffzet from F1

7| Us= frequencizwesn value &% affset from F1

And now

Set the desired sweep (here: linear from 0 to 5 GHz with steps of 50 MHz)
Then press “Add”.

Check the values in the window

Then press “OK”

And “Finish” this action

gLz

Step 11:

Aneadt Depigaise 5% - [Rysaleiia 08 -Choil - Scheinaba] .IJ.'I.IﬁI
M e Veee Propet Drew o Scherals Cro Tods Wik Halp =& =}
Dl ite@rxojas Ly leaBler@s sojrzonnos
][ 1 Ja '
[BRiWs g B’

Now start th i‘lalyais B

either by pressing the Analysis

Bulteti‘pr using la right mouseclick ....and

on N afterwards press

| ._—.____.__—-—"——thﬂ “Hﬂpﬂﬁ wd
Button” or do

o a right mouse-

click on
"Results"

?ME T

ET:S B it rgieh ot W | Arveelt s 0 - [ BRISEF e
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O dBISTT) 1
e BlaniTracs | Feplace Trace | Remowe Trace Remaove All Traces |
Design: j SWEEDS' % 5 |
Solution: j '
£ Function:
I
- aniables and
Domain: Dutput Variable ang rad
S Farameter
Y Parameter 2 mn
K Parameter 1 mag
R e

Output Wanables... |

5 Set Terminations. .. |
Spply | { Done |
%

Cancel |
R EEE] I ] ansoft.doc - Microsaft ... “ A Ansoft De J BE |« ()
& Anseft Cepigees 4 -[EYFIRE] 5]
s EH Ve Project PeportdD Ored Toob Window  Hade =] =]
Ol P& o
R | Y E S TR RS
seal 1 By FRe4 AT 1 [ e (LR I Bl v
Pl s ) j
=i Caodd a
A == raia
9 Existiora
H E Patr
=4 ndm
20 i
" Ei Aotz
5 L Dl il
£
=
.m:;-m 110 1] EL] wh mdy
| LT
ﬂﬂiﬂ.‘!ﬁ!"":‘* ]
Baachy
iioeet] | @ | ) et o -broadtt W || b Arvesit Dwsegmar v - [ B iR 1k

Please

1) mark “S-
Parameters” in the
list

2) choose “S11”

3) press “Add
Trace” and

4) press “Done”

This should be the
result and the goal.

Very often (when optimising a circuit) we want to know how a parameter at a special frequency changes it's value.

In this case you should use a “Tag” and we’ll demonstrate that for our example.
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Do a right mouse click on your report screen and choose “Data Marker” from the menu. At once the curve
changes it’s colour. Additionally you see a little marker if you move the cursor to the curve (...you can also use
the cursor arrow buttons!). Move the marker exactly to the best matching point ( - minimum value of S11) at the
frequency 1575 MHz and press “T” (for “TAG”).Repeat the procedure for the other matching point at 4.7 GHz.

i) =l
Pl EE Vem Projct PepotdD Orod Took Window  Hade 1] =}
D=k s ied» o It is very nice to see, that for
M S TR T every tag the value of
slBid | o vnomes e st CE frequency and S11 is
[E Ehmsm 1 Data Markef mode _i‘ presented in a separate
= il [T

L% ciat le al.':t:l\l"el - window.
= 5] Dits 1
= % But pay attention:

: % g g i { i The Data marker mode is
2§ e still active. If you want to
0 e bt = ] leave it, do a right mouse
2t 5 Dafiiom q click on the screen and
choose “Exit Marker
Mode”.
And if you want to clean the
screen from this additional
action, choose “Delete all
P [P S Tags” in the right-hand-
i'h 5 bk | L % ord_Distmany_H plaback ol Csngres 540 ngheh Tutpasl Yermon T ssgne promecin’) click-menu.
| ]
Py
Wit | [ | E]rtergh ot 1o [ Arvestt D w4 - [ B9 %E we

And now we demonstrate how to create a Smith Chart report:

Y | | I

5183 Definilion:

Do a right mouseclick on “Results” in the Project Management
and create a new report.

R Create Repork, 20.00-

Create Reporkt EI

Target Design: I Circuit] ;I

Attention:
Now you have to change the Display Type to

“Smith Chart’

Repart Type: is 2 ll

Chizplay Type R SAm e

Cancel |
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Ix¢!

Traces
Falar
511 4
Add Trace Add BlankTrace | Feplace Trace Hemove Trace Remove Ali Traces
Design: [ 1 ~| Sweeps Folar |
Solution: [Mwia1 % Bl e Function:
e
g = W ariables
EranI |SWEED J DututVariab acos
S Pararmeter acozh
Y Paramneter azin
2 san. now repeat the already
M | S known game....
all 1 atan2
atanh
Output ¥ariables. . | conjg
cog
cozh
exp
log
log10
ik =
Set Teminations... |
| : Cancel |
EREL @ | @.ﬁ.nsol:t.doc—Microsof_tW...l | E ﬁ@)@
AnEelt Do 54 - St fiat i alS] =
] e B e Project Pepotd Omad Tooh Windod  Hale ~ 1] =)

R~ FE R - R |

et el S Bl LALEL ....and the job is well

E Bk W 2005 AT o [ RRILT i —] done!
T’gmm. il::l.:IP:1 L1 -
= & Caoad® Pl .
i B Data ease examine:
E] Excidion In the Project
t ] Fat Management you find
under “Results”
these two reports.
you can change
between them with a
simple mouseclick.
Hi: pAEE RN
1 VIO | | e
T o T ) e
Frpachs |t T
.i:'Etat| F B2 !]mm-mm I-'|'|| A Anweft Dusger 8 - [ H:E.;IQ 5& 1500
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Lalmlxl
TPl Ech Vem Pregct Papatd O Took  Wndoa  Hel =] =]

[ERE-T= R 1) Tt And so the screen looks like

[l | | W o T s this if you use “Zoom In” after
e g ; F: a right mouseclick on the
— .« =5 reportscreen. So you can
5 E ...:lm- pamsded  examine every detail of the
g4 fiare curve.
# =] Dk
B Exiatiora .
# [E] Pan (Back to first screen: a right
o e mouseclick and “Zoom Out”)
[ Rasis
St P
gmnm &
o Do
Llehr b B rly L )
A e AT
i S| | | i
VIR | 503 -
el p e
i, e e
oot | W A | !]mm-uam W ||k Anssit Dusgeer 8 - [ q;g‘@iiﬁ'{g;

Please test all the possibilities that are offered by the right mouseclick (markers, tags etc.)!
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Project 3: Impedance Matching using a A / 4 — Microstrip-Line (with a
substrate not listed in the proposal window)

Education goal: Using any substrate for the board

Now we repeat the design of project 2 but use another -- not listed! -- substrate.

Task:
Match the radiating resistance (136 Ohms) of a Patch Antenna at the GPS-Frequency (1575 MHz) to 50 Ohms,
using a Quarterwave-Microstrip-Transmission Line on a Rogers R04003 — Substrate.

Properties of the R04003-board:
Thickness = 32 mil =0.813 mm

Er=23.38

Loss tangent = 0.0027

Copper cladding = 1.35 mil = 35um =1 oz
Roughness = 0.1 mil = 2.5 ym

Step 1:

Start a new project, choose “Insert Circuit Design” and use any substrate in the list (like “FR4, 60 mil, er =4.4”
from project 2). Then store your new project under a convenient name (here: “lamda_02") and open all folders
and directories in the Project Management.

almix

_ini=h  Open the Property Menu for
the FR4-substrate by double-

- Dtk

L rebirce: Dot clicking on its symbol in the
H E Project Management and then
6 = e —— “Edit” to modify the copper
T e 1 A data.
i At once we get a message that
Hi =] aenl | the reference to the “stackup
i | layer” will be lost and therefore

the “specification by material or
resistivity” is valid. Please

btk

l.\;"w"::_ = :Mi: 1_'_rwu_ | confirm it with “Yes”.
double cl e AT QG
and then.... 51
e [t & ++..OpEN thE Fes—t— B
— ' i
:;:J. copper menue:! el | |
Famhp
iicet) | R F | ) anit-Ergish dud - M |.1i|.n-4‘tn-—-ﬂ-l_ B e s mis

Step 3:

Now you can enter the new properties of the
copper cladding. Thickness is “1.35mil”,
“Roughness” is (by experience) 0.1mil (=2.5um).

Please terminate with “OK’.

Roughness:

Clear Material |
Ok I Carcel |
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Step 4:
Now you should modify the substrate. Here you can choose between two ways:

[ Aisialt ey 54 - Lol - il 1 =Sttt S
.'.'. 1= I Fromt e bl e ~ai T Aduma el First Method:
= == 5.1

e ]l F i Double-click on the FR4-
[ERLHIR it i il = symbol in the Project

: — M t.
wy e :m7 o C=) o | anagemen
=4

o
T wer 0 Then choose “Edit” to
“0 open the menu and do
the following entries:

Substrate Name =

Lo b c—
i mlsradans L J
Subchuate
I

Er, TaH D R04003
T Bk
TN Height H = 32 mil
Er=3.38
e [ Start TAND = 0.0027
a] | Be sure that “Microstrip”
: is chosen as Substrate

fo: BRI Type.
ittt | o [ | ] it Engish o - ([ Aneet WL BN o85E ms yp

Please always remember to enter a value for the upper cover height HU (distance between board surface and

metallic grounded cover), even if there is no cover. In this case enter “500 mm”, which will not give any influence

to the simulation result . But so you will never forget this item, especially if a cover is really used...

Second Method:

Double-click on the FR4-Symbol in the Project Management. But now press “Select” and once more “Select” to

see the listing of the substrate library. Search for “Rogers R04003(tm)” in the list, mark this item, then click
“OK” and once more “OK”. Now you see again the property menu with the already fixed two entries for Er and
tand.

iy Eml b Promd e hovwle < | Taw Whinisis  Hulg -.JIE-I!I So entel’ the rest
D=® QoA
[ "] [T ]
| Bl ,u' | suamepaf Fom Substrate Name =
= R04003
L [
= Height H = 32 mil
HU = 500 mm
Lirom = e—
Hialskradon da ,;[ and check the correct
Subchiads / Substrate Type
i N s “Microstrip”.
M L [Epmch b skl Pty %1
'FF.E: 1 st | ety | Jackmar
L et ] 1 -‘ﬂ*lﬂ/ 15 nd Close with “OK”.
_;.—.i
)
Frnsgman 18] i.u - da 1 |

=% |jbrary values

ar un|-=-=-|:m‘

Frumchy i
iset] | @ R UF | E ossitErgihdos 4 [ wnesit wv- L M Pt B | Bafesd e
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Step 5:

This step is not an absolute “must”, because we have changed the substrate reference from “stackup layer” to
“specification by material or resistivity” (See Step 1 of this chapter) and this works well. But for any rate and any
case it is better to use the chosen substrate entries also in the stackup layer property menu. Then you can modify
a project and change the reference without troubles.....

Wiewy Projeck  Draw  Schermatic  Circuit

Aik

So please press the Layout stackup Button and open the
menu.

Il lambda_0z
ee——

Now modify the entries “by hand”

uit1 - 5 ki =8 x]
File: Edit Wew Frojeck Draw  Schematlc  Circuit Tuolf WII‘I':ICIW H=lp "‘I::I'l'il""::llhf
D & H| % 5 B8|X o =4 ® =@ a‘@“@‘@*ﬂ' T4 >0oNDD)
++4 ] 3 1 adapted after a

mil

Layers  Stackup |

E”E NameI Type |Material DlagM' Thickness
L:‘rE Trace  signal

E
Press here and

mark "Rogers automatically
R04003(tm) in the adapted after a
mouseclick
it enter "32mil"
Add Layer.. | Flemove Layer | Mumber of Sublayers: [T — % San

()8 I Abbrechen

Ready l_ I_
o' start J o R=AE I ® Ansoft-English.doc - Micr. . ” A Ansoft Designer S¥ - I... J DE |® D %l o5z

Now all preparations are finished and we start to draw the circuit diagram.

As in project 2 we need a Microwave Port, a terminating resistance of 136 Ohms and a “Microstrip Transmission
Line, physical length”. After the wiring procedure we double-click on the Transmission Line Symbol and check,
whether “R04003” is already entered as Substrate type.

Then open the Microstrip Calculator (= Line “TRL”)
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Step 6:
x|

: Microstrip single

= Units

Cririygu#
L
Dimensian Please check at first the
m ] properties of the substrate and
the metalisation.
Frequency
Gz Then enter the line impedance
Impedance of 82.46 Ohmes, the electrical
Dhm length of 90 degrees and the
Auta Caloulate OFF | Elestical operating frequency of 1575
— Substrate Metalization- Length MHz.
Layers  Metal Mame TEa
Ho [3zwi Er [338
" [ Bétmm foppei Fresistivity With “Synthesis” we get at

HU  [500mm  Tanp [00027 Middle | None [WGhmem once the necessary line width

Mot 0 tanm s ([T [Nerer [_/ W =0.71171 mm and the

MRem[E [ormi - physical length

RGH
»

asig" after ' P =30.3145 mm.
line2valueg=! |

After two “Oks” we see again our circuit diagram, but now
with the calculated line properties beside the symbol.

Dretailz:> |

entering the

W=0.71171mm
P=30.3145mm

So please (See project 2...) prepare an Analysis Setup for
the frequency range from 0 to 5 GHz (with steps of 50 MHz),
then start the simulation and afterwards create a rectangular
plot for S11

136

] ris Em vew Projct PepotiD O Toob Wndoa  Help
(3 = PN A1 S o]

R P DR

You should know this

e B My THs AR 1o [ aBa0s

WY o 1

screen from
project 2.

HHLL

[= EI! i"m-:l]
- ) Dl il
= A baerbda [0 a
i+ Chaos1”
4 B2 Dada
o oI
2 E:xitetemra
#-[E] Pan
= B Andyen
i PR
= [F) Husia
B & Ha i
H -l Dol i

Chetd

If you want, please
add Data markers,

a1

2000

[ wdn

s ] e

Bty
it | 8 MR (| Y et o - Phiret W ([ Anaslt D - [ B8 % oo
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Project 4:
Waveguide)

Education goal:

RERRARCN
=
e

fly

Fragorties Descriptias Units | Default | Range
L} Cartar carductar wdth m Ragursd = i
L i Phyaoal Lenpth m | Asmpibed
[ 1 | Slat mackh [ m Paguresd =
EET 2 uhistrg bt namne l-:"-r. A-r-:u-n!: 517ire]
Step 1:

Usage of other Line Types and other substrates

Impedance Matching using a A/ 4 — Line (Grounded Coplanar

Here you can see such a CPW (...this illustration comes from

the very good Designer’s Online Help....).

The central signal line is “embedded” into ground planes at
the left, the right and the under side. This gives less crosstalk

from other signal lines and better “shielding”

influence of the metal cover HU.

And so comes here the new task:

-- and less

Match the radiating resistance (136 Ohms) of a Patch
Antenna at the GPS-Frequency (1575 MHz) to 50 Ohms,
using a Quarterwave-CPW-Transmission Line on a
Rogers R04003 — Substrate.

Start a new project, choose “Insert Circuit Design” and “FR4-Material, 60 mil”. Save the project under a new name
(here: “lambda_03") and open every directory and folder in the Project Management.

Substrate Definition

N

Substrate Mam

Substrate Typ !Grounded Coplanar W’aveguidej

Cover —
Air
I etalization hU
Dielectrc, H
Er, Tand
Ground

N

change at once the Line Type from “Microstrip” to “Grounded Coplanar Waveguide”.

r Diglectric

H
— Material reference; FmmiaeLial™ [im)
Er I
TAND I |
P .
H I_@T‘ sokst.|
Edit |
I etalization

!Specif_l,l by Material or Resistivity j

b aterial

I Fiesistivity i Thickre

i Unit

i
|—
2
3

Copper

1.724138

1
I

Roughness: I 6.1 mi -

Elear Wateral

substrate properties (see last project!) to

o]

Cancel |

Open the Property
Menu for the
substrate by
double-clicking on
“FR4” in the
“Data”-folder of the
Project
Management. At
first change now
the metalisation --
so click “Enter” in
the lower right
corner and enter
the new data

Thickness = 1.35
mil
Roughness = 0.1
mil.

Confirm with OK.
Now repeat the

opening
procedure, but

Then alter the

R04003 / Er=3.38 /

TAND = 0.0027 /

H=32mil |/

HU =500 mm
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Step 4:
Now let us continue with the circuit diagram. Our Microwave Port and the Terminating Resistor of 136 Ohms are
already well-known, but the CPW s still missing.

So change from the project to the

£ 27 Coplanar W aveguide Components and look for the “Grounded
E' 7 Filkers Coplanar Waveguide” — Menu.
&

-2 Five Layer
...

= % Grounded Coplanar W aveguide 'I

Use Drag and Drop to get the

GCPW Transmission Line, Physical
:;ll éends Length

el i : i
-l Capacitors on your editor screen (click “Merge Layers” on

w-g@l Coupled Lines the appearing menu...).

:+|ﬂ' Inductors Now do the necessary wiring and open the
- @@l Open Ended Lines Property Menu of the CPW with a double-click
}Igl Resistars on the symbol.

:+| -ﬂ' Shorted Lines

=@l Transmission Lines
¥ Hr L W d

—
= =¥ il 3
3 = GCPW Transmizssion Line, Physical Length
—- | I TR o g | ) ? - ?

2

e, Electnzal Length

=

Step 5:
Important notice: when using a CPW, you have (as usual) to enter the Line Impedance, the Electrical Length and
the Operating Frequency.

But You must also tell the program either the “Gap G” or the “Line Width W’ -- the other value will then
be calculated by the program!

So we use a gap of 0.5 mm (a good value for the PCB-production) , an impedance of 82.46 Ohms, an electrical
length of 90 degrees and an operating frequency of 1575 MHz:

Ground Coplanar Waveguide

— Dimensions = Upiks -

W |0.526626 5 DA
wi/D [0.344367 i clwle S [rom =]
o [ ] [ I Fre

{ qUERCY
’ AN R [ =]
H Er, TAND
F IS‘I.SBEIE B —
Frequency !Elhm
11-5?5 Analyziz I Auta Calculate OFF I Reset Al Electical
— Subsfrate — Metallization - Length
Layers Metal Mame ezistivity Thickness iD
H  {32mi ER|3.32 Eottom Iu:c:pper ﬁﬁr ﬁm =
Fesistivity
HU  [500mm | | [odhrem
TAND [0.0027 | e ! |
Do the 4 entnieg! thien

chgk ['Synthesis” and "OK" =2 « | e
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W=0.526626mm

G=0.5mm By the “OK’-click the calculated line parameters were
P=31.9896mm automatically transfered to the CPW property menu
and to the symbol on the editor screen.

36

1

So please repeat the necessary procedure:

Prepare an analysis from 0 to 5 GHz with 50 MHz —
steps, simulate and create a S11-report in a
e e Rectangular Plot.

Do You remember.....?

Ansoft Designer 5¥ - [XY Plok 1] =] x]

— | File Edit Wiew Project Report2D  Circuit Tools Window Help =] =]

DE W s BBSX oo

5 m [B] K % ® S E e R NG
<o+ 06 May 2005 Ansoft Corporation 09:09:55 i
: XY Plot 1
= (B Project3 Circuitt e
|_:| lambda_03*
- Cirouit1® 0.00
E| Data T T T T—T T T
L RO4OD T - - -
[&]) Excitations — _ T 1]
El Ports -10.00 _\ /
Eﬁ' Analysis J | o | / ! 1
[ i 4 . |
= Fesults E : : :
ko Fio = T i i i HE,
- Definitions E e
-30.00 U
-40.00
0.00 1.00 2.00 200 4.00 5.
1 | »] F [GHz]
|
Ready
dE.‘start| | @& =@ | 1] Ansoft.dac - Microsaft W... || & Ansoft Designer 5V - ... I E|ﬁ@g 2, (@ o910
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Project 5: Travelling around sharp corners and afterwards turning in the air

Education goal: a) Using “Bends*
b) 2D- and 3D-Layouts

It isn’t always possible to “go straight forward” with the microstrip
lines on a board. But every “bend” produces errors that must be
compensated by inserting such a model in our circuit.

[

In general we try to use a “right angle bend” because this case is
very well analyzed and You find a model for it in the Ansoft
Designer’s library.

When “bending” such a transmission line you get an additional
capacitance from this corner. So a piece of the edge is cut away to
reduce the unnecessary capacitor. This procedure is called “mitring”.

;Prﬂﬂll’h'll. Descripbes Uity Deteal Esage
L ‘WD af cerrier condudor; m Fequrad =D
rd a0 ea il m Eequarad =0

WW=0.526626mm

G=0.3mm
1
|| =
W=0 526E26mm Eo e
G=0.5mm = B
P=15.894Gmm o Eg
o
m‘% i So we bend the CPW of the last project an divide the 90
g@ d  degree-Quarterwave-Line into two pieces of 45 degrees,
connected by a “Grounded Coplanar Waveguide mitred
Bend” from the Components Library. Now we get this circuit

and the same gap for the bend as for the CPWs).

136

% diagram for the simulation (please choose the same line width

ﬂ 13 Jun 2005 Ansoft Corporation 03:32:15
Xy Plot 1 il
Circuit1 3
0. T T T T T =
1 L L : After the simulation you should examine
oS e — | the St1curve:
e \ / e e \\ / Caused by the inserted bend model we
S T O N N Y M : I get a lower “optimum matching
: ) N N Y I frequency”, and this is why we now
“‘“H]: 500 MHz V- must shorten the two line pieces!
N : : I
ey |
l.lJ 200 o 200 T 4) 3

F [GHz]

X1= 130G HZ
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== Tl

V=0 S26626mm S
=0 Smm The correction is quickly done:

[

W= S2BE2Emm
=0 Smim

P=1:3.23314mm

Reduce the length of the two CPW's by the factor
1500 MHz / 1575 MHz = 0.95238

and you get this new circuit.

W= 526626 mm
P=15.23314mm

0 Now you repeat the simulation with improved
i frequency resolution and you can at once admire
the result of the operation:
13 Jun 2005 Ansoft Corporation 212842
K5 Plat 1
Cirzuit1
0.00

-0 _-h-h‘-\'"

S

i

“1= 1.531GHT
V= -3505

reafk Dasimmar SW N acanar Sirnnlasbnnan darmbd=s 170
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_alEl =

Lavtad Crcud Took ‘Windaw el =% =)
(BB @ (Om ey ] (. e = =ffoe

[ T e By B A o

....and at last open "Draw” and click
"Align MW-Ports™!

ihe7:

1=
aﬁ

iid

click "Edit 2D-lLayout”.... ...then mark the
e (it | Elmuﬂ‘ with Your, mouse..,”

51 F_ﬂ bk D41 A% oed_Dintmmn;_Hodsboalo bl Daugres 54 Daugres- Sred st orere asbda_01 0] |

||
istat| | @ W [ J | [A AesuhtDesigner sy [ BineEE me

Now it looks much better.

Ansoft Designer S¥ - [ProjectT - Circuitl - Layouk]

— | File Edit Wiew Project Draw Layout Circulb Tools ‘Window Help

But now we want to
have a look at the
PCB-Layout.

1) Click the button
“Edit Layout” and
you will get a “rats-
nest”, built from our
lines and parts.

2) So mark the
complete circuit on
your screen with
the mouse.

3) Finally open the
“Draw” Menu and

press “Align MW

Ports”.

=18 %]
=181 x|

Dﬁm%Eﬂ@xﬂﬂmgmaammﬁﬁh%EMMMMw [zmi  =][<oef
tmwm ----- SEHEHN X B[ h R x@E99B A/ = c
o D 'n &% G
=10l =
E|-- Project?™
r:_| -tfl Circuit]® *‘l—€ ! i
- Data Fort = ;
j === RO4003 H 0
----- @ EHCItal‘IDnS 0 O
! @ Puorts N
'ﬁ' Analysis E E
Results 0 O
-] Definitions 0 O J
bl U
Froject | Components | Search | ﬂ _PILI
EII -- Project? [C:/Programme/dnzoft/D esigner SY/)
El
Ready M ezboon g 50000 Delta i ih2%0:  [Deka s &.1120 Distance: 17

thtartl J R “A Ansoft Designer SY - ...
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| Al Deemnyaee 54 - [ ILE - EWcLALE LML D SCTE

i i x|
Ozl &R
e e AE R I‘%ﬂlﬁﬁ

Hoisl

3 3D-Viewer

To see this View, simply click
on the 3D-Button in the menu.

If you like to turn this view in
every direction, do a right
mouse-click on your screen.

w o

ke
cteet) | @ R 4 || A Amanh Designer 59 - [ Ea% Xear

Under “View” you find a lot of
games to play.

Let’s hope that your PC has
a lot of RAM and a high clock
frequency. Otherwise it will
alt+Drag test your patience.

Shift+Drag
ale+shift+Drag

Scale Z Zoom In
Cross Section oo Sk
zeometry Invisible _
h Coordinate Axes e ChrkD
v Spin

Copy To Clipboard

Hlimace
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Project 6: Working with S-Parameter-Files (of the GaAs-FET ATF34143)
and N-Ports

Education goals: a) Working with N-ports
b) Simulating with S-Parameter-Files
c) First Meeting with the Noise Figure “NF*“ and the Stability Factor
‘K

S-Parameters are normally used to describe the linear RF- and Microwave properties of circuits and components.
That is why the GaAs-Fet “ATF34143” is our next toy. The S-Parameter-File comes from the Agilent Homepage
and you should save it on your harddisk in a “Datasheet Folder”. But you can also find it as an additional gift to
this tutorial.

Step 1:

Start a new project and choose “Insert Circuit Design”. Save it at once under a special name (here, “atf’ was
chosen) and copy the S-parameter-file of the ATF34143 into this project folder. Then make visible every folder
and directory in the Project Management. Use any substrate material of your choice (e.g. “FR4, 60 mil”).

Step 2:
Start the circuit drawing with two Microwave Ports.

Step 3:
R I T |
h &M | | @' Y O |J Click on “Add N-Port'......
Add MN-paort
____ _ ] 2| then
N-Port Data -l hetwark D ata ff Moize Datal (] Behaviorl Portlmpedancel
a) enter “atf34143” as name,
Circuit]

Hifintens M armne + Interpolation; fw i b? check “Interpolation =
Linear”

File

c¢) check “Data Source =

3& path
Import data”

" |n persanalib folder
™ Inuseilib folder
|1y syslib folder

ATF341430341 4323 52p

d) check “File = Use path”

—Data Source
| Enter data in spreadshest
éﬂport data
[ T Link ta file

and at last enter the correct
ey path to your used S-

After dit"_‘,‘kci”r"l‘gﬂaﬂde entering parameter-File.

(don’t be anxious, if you some day need more but 2 ports: simply change to the network data menu and
search....)

If this work is done, click “OK” and place the Symbol on the screen. But on the screen, the name of your used file
is still missing and not indicated!
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Double-click on the N-

Fropar Crrplaps Port-Symbol and change
i : : to the “Property
- Pl P Whodelay { Licoson | Display”_Menu” (1)
i IHPoiuts Fokbors

3 With “Add” (2) the Nport
Data-Value (3) is

accepted and by clicking

“OK?” (4) visible on your

screen.
(o Yo
™ | "
atf34143
1 2
Port1 Port2
PNUM=1 PNUM=2 So the screen should now look like.
RZ=500hm RZ=500hm
|Z=00hm IZ=00hm
06 May 2005 Ansoft Corporation 11:10:08 il 1] Step 3:
XY Plot 1 dBcs11y |
Circuitt LY Now prepare a
simulation from 0
20.00 ,\ ] vi—— to 10 GHz (steps:
] | | | | [ | [ 1 ] :ﬁ:??l 100 MHz), simulate
- { \SzJ\ { i and indicate all S-
Pl | el Parameters S11,
T ——= S21, S12, S22.
[i=i] dB(SZ 1) ’ ’
\"‘"——-—_‘_—_—‘ Huiaq
000 - Y]
_ S‘I 1 ' ' — p—— aBsz2) |
g | A
-10.00 R E E E |
-20.00 i —"—'-'%1’;5
y i | |
30'03.00 200 a0 £.00 200 10.00
F [GHz]
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Step 4:

After this success let us have a look at the Noise Figure NF in dB. Therefore click right on the “Report” — Symbol

in the Project Management for the order “Create Report”

Traces

Add Trace

Add BlankTrace |

Feplace Trace |

Remowve Trace

Remave &l Traces |

)

it

Design:

=

Soltion: | Mwis

=

Drarnair: I Sweep

Output Mariables...

=

Sweepsl kS o |

Categony: Function:

Wariables FrdIM <nones -

Output Variables abs

5 Parameter NT acos

' Parameter RM acosh

Z Parameter asin

H Parameter GOPT agink
YOPT atan
ZOPT
GFM

Set Teminations... |

Cancel |

Arlt Degages 54 - [2¥ 4t 7] al=l =l
] rie E Ve Propct PeportfD Ol Toob  Wdee  Hde =1 =|
-1~ IR T
Wk | LSS TR R

Ll ATV o g i M EE\.

T Lot =

= Cioatl”
= == Disla T80
RN ETTEE]
- Fr
Ef] Exxistiore .
- E Parts a
= fF Snavm
S bR
= |E| RAnziiz 150
B s Faki =
B Pl 1
B v Axa T i
41 L) Ditwraliom
I:-r-\\—f 1
BT i1 [ [T wida Wb

[1] [ ¥ k]
ﬂﬂ!ﬂﬂﬁ!ﬂ.‘]. ila
Fauchy
Wiswt| | 8 G [ || A reack Deigner wv- [ B A Dedges TR0 | B &5 =0

That means:

Please choose
now

“Noise” under
“Category”

“NF” under
“Quantity”

“dB” under
“Function”.

Then add the
trace, check the
correct function
“dB(NF)” and
press “Done”.

Please ignore the
“ripple” in the NF-
curve, because a
result can never be
better than the
accuracy and the
stepping of the
values, given by
the noise
parameters in the

But if you now
(when regarding
the good gain- and
NF-values of our
circuit!) believe,
that your amplifier
development is
already finished,
then your
experience
potential has not
reached his
maximum.....

Never forget to examine the stability properties of your circuit to avoid any self-oscillating!
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EEIEE i jﬂ To avoid these instabilities,
= EFEI # check the Stability Factor
;,{ || “K” by an additional report.
i e
gl | K>
i I M Trewe bk | o o | MeveeTuos | Fere il Treces | .
! in the complete frequency
z e 7 s L | range, then your circuit
:.E b P 1) works stable.
et ":“'h:“r'— So create your report and
MoF o e H Doged Vi choose
I s
i E;:m«e-" “Stability” under
5 D BT Foumrss “Category”
Duagust Wiaslsbbs: "
‘Eﬂh = “K” under “Quantity”
“abs” under “Function”
L Then add the trace and
Pt [T s | N ouee e | B press “Done”:
Fehy |
istrt| | @ [ F | [ oanit Denigner v - [ B]ar | B SR 1
I rie £l Vere Fropct PepoiD Croadt Tooh  Widow Hade :ﬁ__;jl

[ODE e8>
[ ) |2 B T B

- F]
B e
=5 Cosl®
= = Dadn

1P AIFmiad
- PP

L

Py
of 'St .W[j || A #onit Desigrer w7 - [ Em&mwm

P

On this screen You see -- nothing!

4 By 6

Ao Con i i
AV Pt 3
Ehrcui

L2

So double-click on the vertical axis
and activate “Rescale” in the menu.

oo

o

L) [T woh =)

_alEl =
-8 x|

LT
-
it

]

Fachy
A ‘wu || A Amndt Dasigrer 57 - [

F DM

gRe @ s

Switch “Autoscale” off and set the
scaling of the vertical axis to

0.....+2

|8 e

Now you see that still some work is waiting
for you to bring K in the complete frequency
range to values greater than 1.
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Project 7: Improving the Stability of the ATF34143-Amplifier
(from Project 6)

Education goals: a) Using N-Ports with reference points
b) More stability for Transistor Amplifiers

We need a direct connection to a Transistor’'s Emitter or a FET’s Source to insert a little inductor. By this manner
the stability can be improved without much degeneration of the Noise Properties.

Step 1:

We start a new project, choose “Insert Circuit Design” (with the FR4-Substrate...) and save it under a new name
(here: “atf_02"). Now we need two Microwave Ports and the N-Port. When placing the N-port, you get the familiar
menu.

N-port data T i x|
M-Port Data |Netwu:urk Dalal M oize Datal DC Behavinrl F'u:urtlmpedancel Name, Interpolation and File
Path are the same as in
Project 6.

|nterpolation: I Linear i i

M arke

But now we have to activate:

— Drata 504
" Enter data in spreadsheet

% Use path Show common
" Inn personaliib folder reference node.
(o g, [l

% |mport data
€ Link ta file

With OK you suddenly see he
desired “Two-Port with

Reference” hanging on your
s e W cursor. So please place it in
your circuit.
OF I Abbrechen
ATE34143 Now insert the inductor (a very small and short

Microstrip Transmission Line, Physical Length)
between the reference connector of the N-Port and
Ground.

1 Z

1
1

Now prepare the Analysis Setup for 0......10 GHz (with steps on 0.1 GHz) and create three different reports:

This Transmission Line now serves as “Negative
e Current Feedback” and improves the stability. Give the
length L = 3mm and the Width W = 0.3 mm.

Imm

Finally click on the N-Port-Symbol, go to “Property
Display”, press “Add” and OK — now the name
“ATF34143” should be visible beside the Symbol.

N=0_3mm
p=

a) for the S-Parameters S11, S21, S12, S22
b) for the Noise Figure NF in dB

c) for the Stability Factor K (absolute value)

So you can immediately recognise the results of any circuit modification.
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In the Project Management You now find under “Data” the chosen FR4-
Substrate and the S-Parameter-File for the ATF34143.

The three different reports house under “Results”. With mouse clicks you can
change between them.

The gain (represented by S21)
decreases more rapidly than before,
but at high frequencies you now get a
“peak”.

And this peak is dangerous: S11 AND
S22 are greater than 0 dB. So the

absolute values are greater than “1”
and that means

Negative Resistance
Values of Z;, and Z,,!!

Not very good for an amplifier....

The Stability is improved in the
frequency range from 1 to 2 GHz.
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You see that this would be a good starting position for the development of a 1.5....2 GHz-Amplifier, but some
development work is still waiting for you.

Important information:

Download the Agilent Application Notes 1190, 1195 and 1288, where the development work of these kind of
amplifiers is described in a good and informative manner.
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Project 8:
circuit (SnP-formate)

With an S-Parameter-File you can describe the linear properties of any part or circuit at high frequencies. So, if

Creating and saving the S-Parameter-File for a selfmade

you have finished the developement of such a circuit, create such a file and you can then use it as a module
(called N-Port) which can be inserted in another circuit or be connected with other N-Ports to a chain or a
complete system. Let us take the circuit of Project 7 and demonstrate the S-Parameter-File-Creation for it.

AiEelt egigaes 54 - [ _0F- Choutl - Schvemsbe] alof=
T re EE Ve Propct Dren Schenads Crok Tosh Wieks Hep =] =)
e Tt M e L S T B e A o et e B e S B
o | S e
[Be (W A Ed H R R
-siei= =
ATF24142
1 2 :
T Click right on “results” in the
g Project Management to activate
4 = « »
= 5 E 4 > Create Reports”.
i :
- I 1 Hew =
P e e -, o
Crasbe ipeek T
Wiswt| | @ W F || A ok wr- [ et Deagr YT | Biufa 58 mae
AT 34443
Create Report - . x|
T arget Dezign: ||_“ir.:|_||['| j
Repart Type: |5 _I
But now select “Date Table” as Display Type.
[hzplay Ty
L
— O
Ml 25
|

Senarill Oosghgiver 59 - [Thatn Talie 1] el ]
—JFia BN Wen Prame Raperidh G Tose W Hab i Now create your report for the
e d R e four S-Parameters as columns
W (B M AR B RRES — —
.ﬂgg:' | | & 15.13' | 'ml =] S11 S21 S12 S22
E L P Heg iy Hig 2y Hzg & B b «
= [ 1] 000000 10000 000000 DOOOND  DOOOOD OOOOOOD OOOOD TOOONN 0NN and press "Done.
A 5‘: [ =] Omoom DA ESEE0 AEIETE  WEIBEAN NINED  FLMET LOAT R
- o) _i;F ; NI p724m A 19EN I TEUTIN QLGN BLSHEND D414 11935
R | B T ] AT 0o 1 Tman A e B - e
Attention:

Some strict rules exist for SnP-Files, which must never be ignored:

a) Do not merge the 4 Parameter-Columns in the Data Table

b) The Frequency must always be given in “GHz”
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Under “Report 2D” you find the necessary ... so save the Data Table as a simple text file

tool “Copy to File”..... (here: named “LNA_01.txt")
Speichern unter ed |
Speichein | ) ATF34143 7| = £ FH-
[_pakf_01.resulks
[E— 511 _jakf_0z.resulks
S A [Thatf_ref.results
rd By
Mnnai®®Ton o Clipbioard Bz 2
30715 -3
(TETIE a3 %
ong
Reset Order beon?

Accumulate

;ormat Units erds ol Dateiname: LHA_OT.txk Speichem I
— 99250 A

301.000000 0775054  -2¢ Drateityp: zsor format files(™ ) LI Abbrechen |

351.000000° 07548333  -2¢

i1

]

:a Table 1
Pl 1

¥

Ciakei Bearbeiten Format  Ansicht

LATF-34143 Low noise amplifier Lma_01
| =-PARAMETERS

Now load this text file
into your text editor,
erase all remarks and
comments (produced by

the Ansoft Designer SV)
ghz s ma r 50 and replace them by
0ao0o the necessary SnP-
0. 050000 0. 973440 -32.04807H B.B0O0E56 14 syntax
0.100000 0.972411 -34.186085 B.5957150 15
W WY ataTatal o GT RO %A an7oTs O 1 2ERAD 15

Now you can save the new file as “LNA_01 .sZp”.

But you should test the success and use this new file in project 6 with a N-Port-Simulation. If You get the same
results as with the complete circuit of project 7 -- congratulations!
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Project 9: Analyzing a 1 GHz — Microstrip-LPF
Education goal: Microstrip Lines and Steps in combinations

Remarks

If Low Pass Filters for cutoff frequencies higher than 1 GHz are needed, Microstrip versions are preferable. Here
a double-sided- copper-plated board is used. On the upper side you find the filter structure and the lower side is
the ground plane. This gives advantages in production costs, no alignment is necessary, there is nearly no
variation in the filter values and so on.

But you should only use the best substrate material as possible. The Teflon versions produced by Rogers (“RT-
Duroid...."”) are well known, but when handling they are like chewing gum. So you should prefer their new
materials from the “R4000”-series that can be drilled or milled without any problems. They are cheaper than the
Teflon versions and have a loss tangent of half the Teflon versions at 10 GHz (there LT = 0.027 and if you reduce
the operating frequency, the Quality Factor Q increases with the root of the frequency).

If possible, do not use the FR4-Epoxy-substrate versions. These are very cheap, but already at 1.5 GHz you have
to calculate with a LT of 0.02 (= miminum 10.....20 worse than R4003-Material!) and the Loss Tangent is rapidly
increasing from this point while the Dielectric constant decreases....

Analysed Circuit:

To demonstrate the Designers capabilities for these circuits, a circuit already analysed in the author’s article serie
“Praxisprojekt: Streifenleitungs-Tiefpasse fir verschiedene Frequenzbereiche” in the “UKW-Berichte”-Journal
(VHF Communications Magazine, “Microstrip-Lowpass-Filters for different frequency regions”) is used. There you
can read all the background for the design of this filter type, the measuring techniques etc.

In part 3 of this article you find the following filter specifications:

Filter Degree: N=5

Filter Type: Chebychev, parallel capacitor version
Maximum Ripple in the Passband: 0.1dB

Ripple Corner Frequency: 1 GHz

System Impedance: 50 Ohms

Substrate Data for the used Rogers R04003-material:

Thickness: 32 mil (= 0.813 mm)

Copper Cladding: 1 oz (copper thickness = 1.35 mil = 35um)
Dielectric Constant ER =3.38

Loss Tangent 0.0027 at 10 GHz (gives ca. 0.001 at 1 GHz)

The Board Size is 30 mm x 50 mm and the housing is milled from an compact aluminium block. Cover height is
HU =14 mm.

- . Now let us have a look at the board layout.

a 3;”2@@5 |.'_|::| 1@@@'«4‘1 n-ﬂ'l At the left and the right you find two short 50 Ohm —
Microstrip-Transmission Lines (width = 1.83 mm) as a feed
and for the transition between the SMA-connector in the
housing wall and the board.

They are followed by two pieces with a width of 17 mm and a
length of 4 mm. Like the centre piece (width = 22 mm / length
= 5.08 mm) they serve as capacitors. Between them you find
the “inductors” as very small lines (width = 0.25 mm / length =
15.9 mm).

0 o
[ 'I'|'.a"1 I::I 'EJ r'":] ﬂﬂ A So you get the Standard LPF of the “parallel capacitor type”.

Now let us find out the properties of this circuit.

Step 1:

We start a new project, choose “Insert Circuit Design” (with the familiar FR4-Substrate...) and save it under a new
name (here: “Ipf1000”). Then make visible every folder and directory in the Project Management. Use any
substrate material of your choice (like “FR4, 60 mil”).
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Step 2:

Open the Property Menu for the substrate by double-clicking on “FR4” in the “Data”-folder of the Project
Management. At first change now the metalisation -- so click “Enter” in the lower right corner and enter the new

data
Thickness = 1.35 mil
Roughness = 0.1 mil.

Confirm with OK.

Now repeat the opening procedure and alter the substrate properties to

R04003 / Er=3.38 /

TAND =

0.0027 / H=32mil /

HU =14 mm |

To check your success, here you have the result:

Substrate Definition I

Substrate Mame: |[E5

Substrate Type: | Microstip

Cover —

b

Ground

b etalization

Substrate
Dielectnic
Er. TAMD
b agrietic
MEAT
FMBEM
TARM

Step 3:

=101 %

— Diglectric

H | 32 |mi
— Material reference: Rogers BO4003 [tm)
Er

TAND | [.0027

.38

=

TANM | fl

b5 at

hBem | ]

HU | 14 |mm ;I Select ., |
Edit |
— hetalization

Specify by Matenal or Resistivity ;I

b4 aterial I Feziztivity | Thicknessz [t
1 COpper I 1.724138 1.35 mil
2 |
3 |
Roughness: 01 Imil ;i M‘

]

Cancel |

Now place two Microwave Ports, two Ground Symbols and seven “Microstrip Lines, physical length” for the circuit
drawing. Additionally we need 7 “Microstrip Steps” (path: “Components / Microstrip / Microstrip_General
Components / Mstep”). But pay attention: every step has a broad and a small side -- insert them in the correct

direction in the circuit....

On the next side you see the complete circuit with all details, but you need still some additional information for the

steps.
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As you can see in the picture (from the Online Help!), the
Designer wants also to know the Offset “D” between the
two lines.

D can easily be calculated by the formula

D (w1;w2)

and the result must be noted in the property menu of every
step. (W1 is always the smaller line).

Because you find several different steps in the circuits, here
comes a nice little table with the complete list of property
values:

a) Step from 1.83 mm to 17 mm: W1=183mm / W2=17mm / D=7.585mm

b) Step form 17 mm to 0.25 mm: W1=025mm / W2=17mm / D=8.375mm

c) Step from 0.25 mm to 22 mm: W1=025mm / W2=22mm / D=10.875mm

For “Step a” as an example you get the following property menu:

Parameter Yalues |General| S_l,lranII Froperty Displa_l,lsl

M ame I W alue I Lrit I Diescription I Owveride I

Wi 1.83 il Conductor width at node 1 v
W2 17 i Conductor width at node 2 Fﬂ'
D 7.585 i Difzet between lines ¥
5UB RO4003 | Substrate name 2
Statusz ‘Active |
Infa MSSTER | .

Arrsslt Degajaes SY - [2¥ (9ot 7]

e rch Ve Progt Paportd O Toob Wandow  Hel
Ol e P oo
R Y S TRl

=212l Step 4:
Now prepare an analysis for the
frequency range from 0 to 4 GHz

Lo e a— A0 i o s
T - ’ XY Pic 7
¥ g “‘;;:: Ciecudd
= f w00k
=4 Cacut o

o (with steps of 10 MHz), start the
T . .

«=n — | simulation and create and S11 +

S21- report as a rectangular plot.

5 55 s
]
B9 Exxiations
£ Pat: ]
= o
g st
=[] Awcatz
B Pt
P
il Doz

L P R

L&}

A

-

This looks very nice, but in the
marked region You find something
which does not exist in the real world
-- produced by a bug in the
software. There seems to be a
“resonance Fips” and this irregularity
cannot be found when simulating
with other programs (APLAC,
EAGLEWARE-Genesys, PUFF).

4 l‘l g . F Ok

Foumchy
o stat | W[4 || A fewnd Designer 57 - [ gmmwm

Ansoft knows this bug and promises
debugging for the next release.

R LT T OK, let us accept that for this time....
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15 May 2005 Ansoft Corporation 16:44:41  But now you should zoom the
%Y Plot 1 amplitude range to 0...-1 dB and so

Circuit1 make the “Chebychev-Ripple” visible
in the passband. Therefore click right
with the mouse on the diagram,
choose “zoom in” and then rescale
the vertical axis by hand.

0.00

026 It is not very difficult to imagine the
correct curve without the “Fips” and it
will be very interesting to see the
measured network analyser results of

J the prototype board.
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Here still some important relations for the analysis:

For a Chebychev filter you get to following relations between the reflection coefficient and the passband ripple in
dB:

Ripple=10o|og(1 1 zj indB
-r

If you measure the ripple and want then to know the actual value of the reflection coefficient, calculate

Nearly all Simulation Programs present the S11-value in dB. To compare the results with the above calculations,
use

$11=20log(r) =20 slog) [1-— - |(dB)

10 10

Our LPF was designed for a maximum ripple of 0.1 dB. If we use the above formula, we should get an S11-
maximum of

S11=-16.4dB

in the measured curves.
If you measure a greater ripple value, don’t be sad but enjoy the advantage: in this case the transition from the
passband to the stop band is less flat....

So let us have a look at the measuring results and compare them with the Ansoft Designer SV prediction.
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In the passband the
difference between S21
of simulation and
prototype is only max.
0.12 dB.

A little “cutoff frequency
shift” from approx. 1050
MHz (simulated) to
1075 MHz (measured)
can be found.

If you set the vertical
axis calibration to

0....-40 dB,

You get convenient
values for S11 in the
passband and identical
S21-curves for
Simulation and
Measurement in the
stop band.

Very good results and a
good starting position if
you intend to optimise
the prototype.
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Project 10: Optimizing the LPF of Project 9

Education goals: a) Using Local Variables
b) Working with the “Accumulate®- Function

In the full licensed version of the Ansoft Designer there is a “Tuning” tool, but this is missing in the Student
Version. So let us do the optimising procedure by hand.

Optimisation Target:

After the optimisation procedure the manufactured prototype should have

a) a cutoff frequency of 1 GHz and
b) a maximum ripple of 0.1 dB in the passband resp. S11-Maxima of -16.4 dB.

The problem is solved in three steps:

1) Modify the Microstrip Line data in your simulation so, that you get exactly the measured values of
the Prototype.

2) Now modify these data to fulfil the desired specifications

3) Now calculate the differences between a) and b) and modify the “Line start values” by these
differences.

Part 1: Prototype Simulation

Step 1:
e v it . -l#/ = Open the last
O & . S e E ey E T2 0N 9 @Ep project 9 with the 1
=N r GHz- LPF, but
save it under
— =] another name (a
simple precaution
if something
undesired happens
. during your
I’:'- work.....)
%
!* Now go to the
£2  “Circuit’-menu,
1L search “Design
properties” and
“Local Variables”.
i
{41 'J”l ]
P w5 41 |57 — o
Fuachy
ifiset] | @ W 3 || A Aesok Designer - [ B9 Aot Desgne W T | A T

Press “Add”, call the three Line Lengths “L1”, L2”, “L3” and enter the three line values.
L1 =4 mm (width = 17 mm)
L2 =15.9 mm (width = 0.25 mm)

L3 = 5.08 mm (width = 22 mm).
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WE=22mim

W2=17mm

W=l 25Tm

W =025mm

LI L =E2/A
WWLES b= LA

LAUGE &=
WIS | =pd
al ]

wWe=17mm  P=L1

P=L2

-E - WY L=ZM

g Er_"-l-l'-l-lﬂ'a" k=L

WG f=e
WIIES L=

Step 2:

In the circuit
diagram

EVERY line
length in the
filter structure is
now replaced by
its Variable.

(The 50 Ohm

feeder need no
optimisation....)
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Step 3:
If you now press the “Analyse”-Button. you should get exactly the same simulation results as in Project 9.

Step 4:

Now we’ll modify the Variables L1 /L2 / L3 to get exactly the
measured curves. We start with the correction of S11
(measured: one maximum with -17 dB, the other with -15 dB).
So please press at first the “Accumulate Reports”-Button to
watch the curve variations.

|.ﬁ.ccumulate Repl:urt5|

17 May 2005 Ansoft Corporation 10:01:30
XY Plot 2
Cireuitt Now open “Circuit / Design properties /
-10.00 Local Variables” and enter a new L1-
‘ ‘ ‘ ‘ ’ value of 4.15 mm.
81 1 for L‘I = 4, 1 5 mm After the simulation and with “Zoom in”

You see, that “both hills” are growing.

\ So repeat the procedure, but now reduce
I the Variable L2 to 15.5 mm. This reduces
T 1500 the height of the “right hill” and holds the

height of the left hill.

(to “empty the bucket with the
accumulated curves”, press the
“Accumulate Reports™-Button twice).

J Finally you can do the “Fine Tuning” by
-20.03.00 020 \ 0.40 08D , 080 100 1. additionally varying L3.

F [GHz]

S11 Start Value (L1 = 4mm)

1T May 2005 Ansoft Corporation 10:16:16
XY Plot 2
Circuit1
-10.00 ‘
| L1 =4.15mm
| L2 = 15.5 mm

S11 ca. -15dB | mstenm

give the desired result.

= -15.00
>_

|

|

|

I
S11 ca. -17dB

T

0.an 020 0.40 0E0 0.0 100 1.
F [GHz]
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Hipple Corner Frequen
ca. 1050 MHz
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Now we have to examine the ripple cut-
off frequency. As discussed at the end
of Project 9, the prototype has a
measured fcorner = 1075 MHz. As you
see in the left diagram, our simulation
gives only 1050 MHZ.

So we shorten the three values L1, L2
and L3 by the same factor

1050 /1075 = 0.9767441

and use the new values
L1 =4.05mm

L2 =15.14 mm

L3 =5.06 mm

for the next simulation.

The red curve in the left diagram shows that by using shorter line lengths the cut-off frequency (as desired) has

moved to 1075 MHz.

The right diagram proves, that the values of -17 dB and -15 dB for the S11- maximum values have not been

influenced by the frequency shift operation.

1T My TS Anmo Conpat flom BT
B P i

Ch

=] ines L1, L2, L3:=
4157155/ 5,18 mm

““Lines L1, L2, L3:
40571514 /5,06 mm

vl [E] oan [T [T T 5] T
Fuig]

17 My s

Ay i [uad s w7
AV Piot 7
Cheut]

LY i

.

Maximum Values
for 511;

[T [-1d
17 dB

o

o (] CE3 )

F0Hc]

[ 3 F:J

So the first part is done: we have now a simulation circuit that describes exactly the properties of the prototype.

46



Part 2: Optimising the Prototype to fulfil the specifications

At first we bring the “Height” of the two S11-“peaks” to the same value of —16.4 dB. Then the circuit must be
modified to get a corner frequency of 1000 MHz.

Step 1:
inkag o e === After several trials and using the Accumulate Function you find the
B new Line Length Values for the left diagram:
: L1=4.06 mm
Maxima of 511 now L2 =15 mm
at appr. -16.4 dB L3 =5.25 mm

Now the two S11-peaks have the same height of -16,4 dB.

o 3 -4
— Step 2:
Eo T o The Ripple Cutoff Frequency is at 1050 MHz. So we increase L1,
nye L2 and L3 by the factor
. i 1050 / 1000 = 1.05
| and get the new values
The Ripple Comer Frequenc L1=4.26 mm

i= still at 1050 MHz L2 =15.75 mm
o L3 =5.51 mm.

for our simulation.

After the simulation you can see that now everything is nearly OK -- only the ripple cut-off frequency still has a
value of 1010 MHz. This equates a difference of 1%, so you only have to enlarge the three values L1, L2 and L3
by 1%. The result is shown below.

e I ':T‘\..,_‘_H___,_ﬂ__&u
The new Line Length Values
of 43 mm / 15981 mm / 5.57/mm H'|

give a 511 of max. -16.5 dB

= il

[‘ The.new Line Length
Values of l'.
A4.3mm 1 159t mm f 557 mm
give a Corner Frequency |

=r

T [F.] [F ] fg?m 0 ] . Df 'I ﬂ Hz x P pag e
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Part 3: Calculating the final values for L1, L2 and L3 for use in the new PCB-
Layout.

This is really an easy exercise.
From Part 1 You got the values for simulating the Prototype properties: 4.05 mm 15.14mm  5.06 mm
From Part 2 You got the values to fulfil the desired specifications: 4.30 mm 1591 mm  5.57 mm

This gives the following length differences for the Layout:

Enlarge L1 by 0.25 mm
Enlarge L2 by 0.77 mm
Enlarge L3 by 0.51 mm

With the length listing for the manufactured and measured prototype (4 mm /15,9 mm /5,08 mm) You get the
new Layout Values:

L1: width =17 mm / length = (4 mm + 0.25 mm) = 4.25 mm
L2: width=0,25mm / length = (15,9 mm + 0.77 mm) = 16.67 mm

L3: width =22 mm I length = (5,08 mm +0.51 mm)=95.59 mm

Finished!
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Project 11:

Bandpass Filter

Education goals:

b) Successfully using coupled lines

a) Design of such a filter type with the integrated Filter Designer

Complete Design of a 1575 MHz — Microstrip edge coupled

This filter type is often used in the frequency range above 1000 MHz because of it’s reliable reproduction, cheap
and simple production and high accuracy. An additional advantage: the mechanical dimensions decrease linearly

with frequency.
Specifications:

Input and Output Impedance:
Passband ripple of S21:
Filter Order:

Passband Centre Frequency:
Ripple Bandwidth:

Board and Substrate Properties:

Substrate:

Thickness:

Dielectric Constant:

Loss Tangent:

Copper cladding (up and down):
Cover Height:

Z =50 Ohms

0.1 dB ( gives S11-maximum of —16.4 dB)
n=3

1575 MHz ( = GPS-reception)

200 MHz

Rogers R04003

32 mil (= 0.813 mm)

3.38

0.0027 at 10 GHz (gives ca. 0.001 at 1 GHz)
1 oz (thickness = 1.35 mil = 0.035 mm)

14 mm

Part 1: Working with the Filter Design Tool

Filter Design Wizard - Properties

|deal Digtributed -
R Lurmped with [reerters
Diztributed with lnverters
Stubs zep.by Transm. Line
Coupled Resonator Li
Tubular

Combline - Tapped input
Combline - Capacitive inpu

Load Wersion 8.x file... |
Change Unitz... |

i~ Advanced Spec: —

Ripple ¢ Carners... |
0 factors... |

Waveguide:.

Topology Apg

Gaussian
Trang. Gausgsian to B-dB
Trans. Gaussian to 12-dE
Legendre

Constricted passband
User defined

Stripline
Microstip

Rectangulariar
Slabline

Cancel

< Bach I Mext >3 I

We start a new project
and choose “Insert
Filter Design” in the
“Project Menu” of the
programs task line.

Then mark

Bandpass
Edge Coupled
Chebychev
Default

Microstrip

on the screen.

Finally press the button
“with the coil and the
capacitor” and click
“Next”.
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Filter Design Wizard - Medium Properties
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|0¢=f¢=1000

R=50.00H

Substrate diel.const, Er

Substrate heigh

Conductor thickness, t [mm]
Cover height, ch [mm]

Frequency, f [GHz]

|E Fard Lol o |
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an
=il
i.43 1.5 Le? 137
Frsg [dHE]
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Units, Ranges... | [T Caloulate it egual inewidts
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Zoe=89.940H
Zon=62.970H

Z0e=39.940H

[ 1 1 zoo-szaron

Zoe=108.40H

[ ] zeo-57.080H

#1 Now continue in the left list and

choose

Filter Order =3
Ripple = 0.1 dB

Centre Frequency fo =
1.575 GHz

Bandwidth BW = 0.2 GHz.

If you now do a click on “fp1” or
“fp2”, the software
automatically calculates these
two values for the cut-off
frequencies.

Please try it out!

Continue with clicks on “Analyse”
and then “Narrow Band” to get
the characteristic filter curves.

Now the Filter Designer
likes to know the
Substrate Properties.
So please enter

Er =3.38

Substrate Height =
0.813 mm

Conductive
Thickness = 0.035mm

Cover Height =14 mm

Centre Frequency =
1.575 GHz

I
=

R=AMN NOH

<¢ Back I Mest > I

Cancel |

If you now press the upper button in the left column (signed with a inductor and a capacitor), you see at once the
circuit diagram.

And with the buttons in the right column you can vary the part descriptions from “nothing to be seen” to “complete
part list. Please test this yourself and then click “Next”.
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At first you still see the BPF-circuit-

=] diagram. But if you click the marked
button, you get a nice little table with
the mechanical line data.

] Pl =
ETEET]

@

Attention:

Please print out this table at
once, because with the next
step there is a bug in the
program and these are still
the correct values for the

Layout work.........
So click “Finish”....
=|
I #
gt [remgueka]  cove |
& angolt Desgaes 59 -[Fle] alE] =] ) .
]t ro Ve Progct PRm Tooh Wndea el ~l# = This looks like very
(Ol el e B T ERORiTanrea s nice, but somewhere
| | there is a little rat
=8zl ini, Lol e ] Fabilara[dE] Z trap""
S P PomcB ' T 1
_q?_::,...,. To find out the errors
= [ tetsTE O caused by the bug, do
e a double-click on the
L Ao e first coupled line pair to
31 Exxiatorn A BEOT B4 open its Property Menu
L E‘:;m el R with Even- and Odd-
B o Impedance and Line
3 [0 Anata e e Length.....
B %R i
=B r_wm,u. S0
J L
H- L0 Dafraiarm
4] e—] 1K) e 157 177
Pt [Eorgonta]_ o T g o]

[ T E575,IM 1T Pagmrarmrect T i 54 Famase b1 S75_010)

4]
i e
iotat| | @ | [ A soack extgner wr- [ Bt Desgie STl | o I
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Open-Open Interdigital B

...and only bad experience teaches you, that

PARAMETER Wi LIE this calculated Line Length is only valid for
T 1000 MHz, but not for our centre frequency
Zoe [OH] 1013, 3595653 of 1575 MHz!

Please compare this value with the value in the
Zoo [UH 5030012 printed-out table and you see what | mean.

47586111

(A test with the full licensed Designer Software
Re=-FRp 1 shows that the bug also exists in this big
version and you get this wrong calculation for
all line pairs of the filter).

Part 2: Circuit Design

We start a new project, choose “Insert Circuit Design” (with the now familiar FR4-substrate...) and save it under a
new name (here: “bpf1575_02"). Then make visible every folder and directory in the Project Management, double-
click on “FR4” under “Data” and set the properties of the metalisation to “Copper / Thickness = 1.35 mil /
Roughness = 0.1 mil”. After OK repeat this procedure to modify the substrate entries to

Substrate Name Rogers R04003

Thickness = 32 mil
Dielectric Constant ER = 3.38
Loss Tangent TAND = 0.0027
Cover Height HU = 14 mm

Now search in the Task Line for “Circuit”, open “Design Properties” and then “Local Variables”. Press “Add”
to enter the following list of Variables for the different length, width and gap values:

WCL1 = 0.64 mm

S1 =0.29 mm

L1 = 30.6mm

WCL2 =0.82 mm

S2 =0.67 mm

L2 =30.22 mm
Add Property

If you now click “Add”, you get this window. Enter under

MName @ “Name” the first variable name (WCL1).

In the “Value” — line the program needs an initial value for
this variable. So please read the recommendations and then
enter

0.64mm,$WCLA1

(.G, 44/ CL1

IEnter initial value into Walue field. This zhould be a number, ve
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properies x

Parameter Defaults  Local Yariables | GenEIaII

Dezcription | Head-nnlyl Hidden |
2 [
~ Iv
3 [
3 [
2 I
2 I
¥ Show Hidden
Add., Remove

0K I Abbrechen

Repeat this procedure for all the six variables and you get this table.
Then activate “Hidden” in each line and “Show hidden”.

Close with OK.

And now let us draw the complete circuit.

Start with two Microwave Ports and the microstrip-feeder (Z = 50 Ohms, Width = 1.83 mm, Length = 10 mm) at
every port connection.

The filter circuit consists of 4 coupled lines (path: “Components / Microstrip / Coupled Lines / MS Coupled
Lines with Open Ends, symmetric”). And at every connection between lines with different widths you need a

Step (path: “Components / Microstrip / _General Components / MS Step”).

See the complete circuit for your own work on the next page.
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Now prepare every part in the circuit.

A) There are no problems with the two feeders. Double-click on the symbol and enter in the Property Menu

a width of 1.83 mm and a length of 10 mm.

Properties x|
Parameter alues | Generall Symboll Property Displa_l,lsl
Mame W alue | Lt | Description | Owerride | .
W Conductor width Ir3 B) L_JSG the defln?d
=i = Variable Names in
5 Conductor spacing |7 .
— . every coupled line
|_[* Physicallength v air as values for
SUB Fi04003 Substrate name = p N R
— : width “W” | gap
TRL TRL TRL properties = (Separation “S,,)
CoSimulator Circuit |_ -
— s and physical
CoSim5 tackup Layout stackup |_ length “P”
Statuz Active I~ 9 '
Info MSCPLO -
™ Sheow Hidden

0k | Abbrechen |

B) Pay attention when entering the properties for the steps. At every step you should define Width W1 and W2
and the Offset between the two lines. And for the Offset you must use a formula to say...”take half the

difference between the two line widths”....

Farameter Values | Eenerall S_l,lml:u:ull Froperty Digplays

...So that looks like for the step

Fararmeter Values IGeneraIi S_l,lml:u:ull Froperty Dizplayz

y Yalue
W
W2
D
SUB RO4003
Status Achie

MHame Value between the 50 Ohm-feeder and the
first coupled line pair...
Wi WL
W 1.84
D (1. 84mm-wCLT)/2
SLB RO4003
Status
Lk MCCTER

....and so for the step between two
different coupled line pairs.

Attention:

Did you recognise that the two
steps in the right hand side of the
schematic diagram are flipped?...
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oo,

Anscft Corporation
HY Plot 1
Circuit1

By % =

2312239

-0,

1

these sort of filters:

(. LE, T
F [GHz]

1.8

RAPIDLY.

Prepare a sweep from
0......4 GHz (with steps of
10 MHz), start the Analysis
and afterwards create a
S11- and S22-Rectangular
Plot.

This is what you get on
Your screen....not so bad
for the first trial!

So use “Zoom in” (after a
right mouseclick on the
diagram) to examine the
result in the passband
region:

As you can see, there are
still two effects:

a) the maximum S11-
values in the passband are
not equal and not at the
desired values and

b) the centre
frequency is still differing
from the desired value of
1575 MHz.

Here come the tricks for the
correction procedure for

1) Increase (or decrease) the length L1 of the two outer line pairs in little steps as long as you get exactly
the same “height on the two S11-peaks”.

2) Now vary the Separation S1 of this two line pairs as long as you get the correct value of S11 =-16.4 dB

on both S11-peaks.

3) Now extract the correct actual value for the centre frequency (middle “hole” in the above S11-curve
(please use a “Tag” for this procedure!), take your pocket calculator and modify both Line Lengths L1
and L2 by the same factor

(actually watched centre frequency) / 1575 MHz
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tame WalLe Unit
WCL1 064 i
a1 0.3 i
L1 .02 — ' If you play this game to the end,
i — ! you will get this table:
WCL2 082 i
52 0.6a i
L2 294 Frri

...and the following Analysis Result:

25 b=y 2005 Ansoft Corporation 0g:14:22
XY Plat 1
Circuit1
e
_—*_.....
=100
:\;_
=200 /
=300 .
20 1.20 1.40

The work is done......
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Project 12: Optimising the 1575 MHz — BPF (Project 11) using the Network -
Analyser Measurements of the manufactured Prototype

Some remarks before

This part of work cannot be avoided when realising and manufacturing a prototype after the simulation. The
measured results differ “a little bit” from the desired specifications and if you want errors less than 0,5%, you
sometimes have to repeat this work. But always remember the “fundamental natural law for PCB-developement”:

You never get a PCB ready for serious production until having produced and
tested 3 Protoypes!

This does not depend on your personal knowledge or any property, but depends on the fight against physical
problems and other things. In most cases, after PCB number 2 (which already seems to run well!) somebody
comes and wants to change the circuit or some specifications or wants to offer a “property, desired by an
important customer” or the total system concept is modified.... or.....or.....or.

P — : Tackling the Job
L Ed Please have at first a look at the prototype in its self-

" |

f - L
_,; "” B - = = milled aluminium case. Very good can be seen the
% -,.q’-: ﬁ“EOFl—-—D | transition from the SNA-Connector to the 50 Ohm-
5 - " | centre-feeder. The filter structure itself is produced with
g high accuracy (and a big compliment goes to the
colleague who does this job). The R04003-substrate is
not delivered with any light-sensitive coating for
production. So he does this work by hand with a little
spray pot -- and very good results!.

B E i *—ﬁ'—m—:—f‘

But now let us compare the measured results and the simulation. Please remember:

Always watch the S11-curves (reflection curves) when reducing too big ripple values in the passband.
These curves are much more sensitive instruments than S21-Transmission-Curves. S11-Variations of (let
us says) 10 dB often produce only ripple variations less than 0.1 dB....

Let us now talk about the “Insertion Loss”. Caused by the components or the substrate, this only gives an amount
of additional loss and the typical ripple of the choosen filter type is added to this “constant value”. A reduction can
be achieved by using better components or better substrate material or (sometimes!) another filter type.

6 Jul 2006 Aneci Conporntion of:24:08 [T
oY Pl 2

This fundamental relation can be
seen in the left curve.

o

1210

But if you have a very sharp look at
these two curves, you see at once
that three tasks must be done to
fulfil the specifications.
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a) The insertion loss is better than expected and predicted. So let us have a close look at the substrate’s

properties.

b) The ripple is not as good as expected -- it's greater and not equal on different frequency ranges in the

passband.

c) There is a shift of the centre frequency to lower values.

Part a) Correction of the Insertion Loss

The Rogers Datasheet gives us a tand-value of 0.0027 for the R04003-substrate. But this is valid for 10 GHz and
if you reduce the operating frequency, the loss tangent decreases with the root of the frequency ratio. So please

calculate

For 1.6 GHz. tand = |COOMHZ L6 5007 —0,00108
\' 10000MHz

5 Sl 2035 Anand Comoration [t G - T
A£Y Mol 2
L= e
Bz
asd | W
| |
| |
an | 1
L I -

=T H x |
- ) il Ay | - | 4
M all| -~ ™. oot

SV, _.r? il _‘.p"‘u 1 \ | i
o III. x .'-I I
. xf f I I % |II {
TREF |II T ‘ 1
| |I 1 |
I:tl.l., T 1 £ 183 T | E

¥ ]

=== Now we open the “R04003” —

Property-Menu in the “Data”-Folder
of our project and use tand = 0.0011
instead of 0.0027.

Then we repeat the simulation and
examine the improvements: not so
bad!

But it seems that a value of tand =

0.0015 would do the job a little
better.

Part b) Correcting the Ripple and the Reflection

o gl 3588 Ao Coegeral ki [ S E
EFFial T
Circuiih

: : S -If,,--"\'s.',.,

T -15dB
L ] i
| B, j
5w | I| .'.-. H"\-_ £ ’ he
% 1 b Y |:' L |I
||_.- | II| [ II||I [
| Ly i |
W0 1 1 |
-"“-I e 5 18 1.7 18
¥ k]

We talked about the problem a little
earlier:

S21-Ripple-corrections shall only be
done and tested by watching the
sensible curve of the reflection
property S11.

So we see that the increased ripple in the
passband is caused by the two “S11-
peaks” of -13 dB and -15 dB instead of —
16.4 dB.
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Now we modify our circuit diagram to
simulate exactly the measured reflection
curves. This is done by changing the values
of the length, gap or width of the coupled
line pairs.

5 minutes of playing this game gives an
S11-curve which coincides perfectly with the
measured S11.

Only one little difference must be eliminated:
The centre frequency lies at 1580 MHz
instead of 1575 MHz.......

Here you can see the necessary
modifications in the list of Local Variables
for the above result -- no terrible efforts.

& Walue  Mphimization € Tining Bty
To shift the centre frequency, simply
. increase the lengthes L1 and L2 by the
MHame LiE I Lt I Ewaluated Y alus I factor
_I WL mm 0.68mm
N o1 0.31 e 0.3 mm 1580 MHz / 1575 MHz = 1.0031746
—I it e ] and you’ll get
WCL2 082 mm 0.82rmm
52 063 i 0.68mm L1=29.89 mm
294 e 29 B L2 =29.89 mm.

Now You should have a simulation result that is similar to the measured curves and Ansoft Designer tells You,
that the following table of physical line properties produces exactly the Network Analyser Data Output:

WCL1 0.68 mm
S1 = 0.31 mm
L1 = 29.89mm
WCL2 = 0.82 mm
S2 = 0.68 mm
L2 = 29.89 mm
This means:

WCL1 must be increased by 0.68mm - 0.64 mm =

L1 must be shortened by 29.89 mm - 30.02 mm =

L1 must be increased by 29.89 mm - 29.8 mm =

to simulate exactly the measured prototype.

0.04 mm,
-0.13 mm,
0.09 mm,




Part c) Creating the modified Layout

Marme I Walue I it I
WL 0.64 mm
BE 0.3 -
B IE 30.02 —-
I CE 082 -
52 .68 I
I E 298 -

Therefore we need at first the Local
Variable Table of Chapter 11 — Project
(manufactured prototype).

And now let us modify WCL1, L1 and
L2 as simulated,

but in the opposite
direction!

Then we come from the measured
prototype and its simulation to the ideal
circuit with the demanded
specifications!

Here comes the final result in form of physical dimensions for the next prototype PCB

WCL1

S1

L1

WCL2

S2

L2

0.64 mm -0.04 mm =

30.02 mm + 0.13 mm =

29.8 mm - 0.09 mm =

0.60 mm
0.31 mm
30.15 mm
0.82 mm
0.68 mm
29.71 mm

Personally | use the free “Target* test version (download from www.ibfriedrich.com) for this Layout Work -- it is
simple, effective and intuitive to use.

It is sad to say that Ansoft has not included the Gerber Plot etc. for the quick and effective PCB-production -- but
they are right, because lot of people and companies would prefer to use the free Designer version for their daily

work. Not so good for the Ansoft Sales Department...

But anyway: our Ansoft toy has demonstrated its power and the second PCB-Prototype now shows differences in
the 0.1%-region between properties and specifications (.... But 0.2% mean a difference of 4 MHz at 2 GHz, and
that is why in such a case one can hear you say:....."the same procedure as before...”)
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