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1. Introduction

SONNET is an EM simulator (using the method of moments) for every kind of planar structures like microstrip ,
stripline or coplanar circuits (= couplers, matching lines, filters, gaps, stubs, patch antennas...).

But if you are only familiar with SPICE or S — Parameter simulation, you’ll get problems: EM simulation is
something completely different!.

At first the structure must be divided in a huge collection of little “cells”. The properties of each cell are then
analyzed and computed by the software and at last the sum of all cell properties is found by integration.
Therefore Sonnet uses a rectangular ,,box“ consisting of four walls (material = lossless = with infinite
conductivity), but bottom and top material can be defined by the user. So a lot of settings is necessary.

Using lossless material for the wall means that they now act as ,,mirrors® for the fields
in the box. But this fact is not necessary for bottom and top: e. g. when simulating an
antenna structure the radiated energy must have a chance to escape out of the box!
So you have different material options like ,lossless” or ,,wave guide load“ or ,free
space” or a material due to your choice from a list in the library (e. g. copper or gold).

The field distribution in such a box is well known and thus the simulation and calculation gives a high precision
(when using very, very small cells). But simulating with small cells results also in long computing times and big
result data files...and this is the only serious problem for the Snnet Lite user with its memory, restricted to 16 MB!
So as a Sonnet Lite user you can expect a simulation accuracy between 1% and 5%.

But caution:

In this case when simulating radiating structures like a patch antenna the calculated resonating frequency is
always a bit higher than the frequency value measured at the manufactured prototype.

For beginners it is important to know -- to avoid any disappointments:

With Sonnet you can draw and simulate your structures and animate your fantasy -- but the program can
only test YOUR ideas!

Using an EM simulator is completely different from simulating with SPICE or S parameters -- it needs
more effort and peparation!

If you accept this than the success will follow because this tutorial uses practical projects to demonstrate the
complete way “from the idea to the manufactured prototype”, showing all tricks and secrets.

But what are the “dark sides” of Sonnet Lite? Only one sad fact: the far field simulation for radiating structures is
switched off, still today ignoring all crying and praying and calling of the Sonnet Lite users all over the globe.

2. Installation and Licensing
Download the software from the Sonnet homepage (www.sonnetsoftware.com) and install it. The program will run
at once but

now you have only 1 Megabyte of working space in your RAM -- not enough for serious work. So use the
chance for licensing and the available memory space will be expanded to 16 MB.

(Open the “Admin“ Menu and activate ,,Register Sonnet Lite“. Send the email to Sonnet and you get the
necessary license file which you need for the licensing procedure. It is all free).

16 MB will do the job for most of your application. Perhaps with less accuracy because sometimes you have to
increase the cell size to press the structure into the limitation. But the Sonnet Research and Development
Department is permanently trying to safe memory space by improving the software. So the situation is getting
better and better for the Lite user. But the far field simulation, the missing far field simulation...




3. First Project: 5.8 GHz — Patch Antenna with Microstrip Matching

3.1. Applications

When some years ago at Tettnang / Germany the new ,Museum for Electronic History“ was opened there came
very soon the demand for video monitoring to protect the exposed objects. But the museum at the second floor
and the monitor at the entry of the historic building (including the restraint to drill holes through the walls for a
cable connection) led to a wireless solution.

So on the windowsill of the museum a 5.8GHz ISM module was installed which feeds a patch antenna with the
camera signal. The radiated signal of the patch antenna is reflected by the wall of the neighbour’s house to the
museum’s entry and to the ISM receiver including the monitor. A solution which works fine!

3.2. Preparations
From the Internet we can get the following information concerning this ISM band:

It consists of 16 channel with a spacing of 9 MHz. Channel 1 has a centre frequency of 5732 MHz, channel
16 uses 5867 MHz.

So the centre (=resonant) frequency of the
antenna must be 5800 MHz and we need a
H o bandwidth of 9 MHz x 16 = 144 MHz.
o chorsberyses =50 Ohm

pool) D 7 el S 6= ma Input Resistance at 5800 MHz must be 50 Q.

_l I.ll-- rhf'd i"1_l.|"l.l'h'“ -m]
Polarization of Propert:es of the used Rogers RO4003 PCB
material:

the E - field

er = 3,38
Thickness = 32 MIL =0,813mm
Loss Tangent = 0.001
Copper cladding =35 um

The outlines of the board are 50mm x 50mm.
So we find at any point of the antenna a
minimum distance between the antenna
structure and the board’s edges of more than
L7 @2 2030 half a wavelength.

ot gls WL Matching of the radiation resistance to 50Q is
realized by a microstrip A/4 —line.

To connect the end of the matching line and the

i centre conductor of the semi rigid cable (length
MatChlng =10 cm) at the board’s edge we use a 50Q
line microstrip line (= “feed line”).

Semi rlgld i Very important is a correct connection between
cable i the semi rigid cable and the feed line to avoid

reflections.
The realization can be studied on the next side:




Cut the cable with a saw and use a
file to get a clean and plane surface

Remove the rest of the
outside conductor and free
the centre conductor from

Saw along the outside of the
centre conductor using a jigsaw

Mow sold the centre conductor
to the feedline

"

Substrate

Sold the rest of the outer conductor
to the ground plane of the PCB




3.3. Design Procedure

In the internet you find articles and programs to this subject “patch antenna”. But the simplest method seems to
be not so bad:

Regarding the illustration in the last chapter we find one patch edge marked by “Polarization of the E field”. This
means that the length of this edge must be equal to half the wave length (on the substrate!) of the resonant
frequency. If you use a microstrip calculator (which can easily be found in the Web) then you get a half
wavelength of 14mm on the used RO4003 substrate material for a microstrip line which is wider than 5 mm.

If you now take into account an “open end extension” (= “fringing”) of half the substrate thickness at each of the
patch and reduce the length by this amount you will find a final length of 13.2 mm.

Normally a square patch is used. Increasing the width of the patch reduces the radiation resistance and increases
the bandwidth.

Second possibility:
Search ,microstrip patch antenna calculator” with Google and you get this link to an online calculator, which is
used very often (http://www.emtalk.com/mpacalc.php):

Microstrip Patch Antenna Calculator

: patcﬁ—\
RF Filters, Bandpass.RFI
Directional Couplers, Circulators Power Dividers, L
Duplexers, RF Cahble
WL, 3 e o m L W

RFEMicrowave Design Made Easy Antenna Add-in
to Solidvorks

. & Mo s, Gom

RF/Microwave Design ‘

hI dielectric (¢,)

Measurement service

Permittivity ( at 10 pHz -110 GHz) tan 4, Substrate Parameters
permeability, shield effect

ground
J © emtalk.com

Dielectric Constant (s |3.38
ads by Google e
Dielectric Height {h): 0.8134 mrm ¥
Physical Parameters
Resonant Frequency @
Length {L): |13.8071765459
T
= Width (W |1?.4?5955582? |mm v!
Input Impedance (Edge)} |197.1 Thrn

e

Enter the dielectric constant (3.38), the dielectric height (0.813 mm), the resonant frequency and press
,synthesize“. Then you get a patch length of 13.8 mm and a patch width of 17.48 mm. The radiation resistance
will be 197Q.

So let us now examine these proposed values.



3.4. First Simulation using Sonnet Lite

3.4.1. Preliminary Work

The program must be installed and licensed. So we can use a memory space of 16 MB: let’s go!

% Sonnet Task Bar 12.53-Lite

Project Wiew Admin  Help — I(_ieﬁ click on ,Edit Project” and select ,New
eometry” .

v b
Edit fiew View Manuals
Projec urrent  Far Field

Now you see two menus on the screen:

B = Quick Start Guide  [?[X]
Click step= to complete the action.
" Create new project
Specify units™
Specify dielectric layers
Specify cell and box size
Specify metal types®
Add polygons
Add ports
Add reference planes™
Specify frequencies
Analyze project
“iew response

The left one is the “Toolbox“ to draw the structure
which shall be analysed.

The right one is the Quick Start Guide which guides
us through the range of the steps.

,Create new project” is already done and already
marked.

So let us continue with ,Specify Units“. Press “Circuit”
in the menu bar and follow to ,Units".

[ s A S I et R L S I S A N

* optional

<Switch guide type
[™ Dant show me Quick Start Guide

Close Help

B Units-untitled A3 Please examine:
Unit Definitions Is ,mm* chosen for the
LE“!]“‘ ij' - Resistance |ghms - length?
Inductance Im Is the first Iim_a marked ]
under “Applying new units

Frequency |GHz - Capacitance Iﬁ will....*?

Is “GHz” used for the

™ Remember settings frequency?

Applyi its will: .
PPIYING NEw units wi Are the correct units chosen

aintain Physical [example: 10mm length converts to 1 cm] for resistance, inductance

i ?
" Maintain Value [example: 10 mm length converts to 10 cm] and capacitance?

Cancel Help




Now continue with ,Specify dielectric layers“. The menu can be found when selecting “Circuit‘ and

,Dielectric“ in the menu bar.

M Dielectric Layers-untitled

Thickness Mat. Erel Dielectric Diel Cond
{mm) Mame Loss Tan (Sm)

0 0.0 ~| Unnamed 1.0 0.0 0o
m B nnamed

[ i

Cancel Help

Now enter all the values for the Rogers RO4003 substrate and press OK:

Ml Dielectric Editor-untitled

Select dielectric from library...

Mat. Name|R04l]l]3
Thickness |0.813

[~ Anisotropic

~| [mm]

At first mark the second line
for the substrate. .

Press ,Edit“ to open the
substrate menu.

Cancel Help

Erel Dielectric Diel Cond Mrel Mag Loss Tan
pss Tan [Sim)
.A
- m ~| Jo.0 | 10 | |00 -

Ml Dielectric Layers-untitled

0.813 ¥ | RO4003

Please check the
entries in this line....

Thickness Mat. Erel Dielectric  Diel Cond
{rnrm) Mame Loss Tan (Sdrn)
EE MBUnnarmed

0.001 0.0

...then edit the
air layer line.

Library...

K

<

Cancel |

Z-Parts...

But now the same
procedure for the air
layer above the
substrate.

At first check all entries
for the RO4003 substrate.

Then edit the first line (=
air layer) and enter the
values given on the next
page.




Ml Dielectric Layers-untitled

Thickness hat Erel Dielectric  Diel Cond
Mame Loss Tan (S/m)

For antenna simulations the thickness

(see the Sonnet manual)

of the air layer should be half a wavelength

OK Cancel |

M Metal Editor-untitled

Library...
Z-Parts...

This fact must be known when designing
Above... a patch antenna...

The calculation of half the wavelength with
a pocket calculator gives 25.86mm for 5.8
GHz

(..but an entry of 26 mm would also do the
job..)

£\
Type |Nurma| j

Select metal from library... e

Pattern

Conductivity |58000000.0

Thickness 0.0359

Current Ratio |0.

Cancel

* Thickness is only used to calculate loss. See Help.

Now let us set the entries fort he
metallization. Select ,Circuit”,
then ,,Metal Types*“. But you find
only the entry “lossless”. So left
click on ,,Add“ and open this
menu. Select ,Copper” in the
library but do not forget to enter a
thickness of 0.035mm.

If everything is all right --
including the green pattern area --

Help

B Metal Types-untitled

m Lossless: Cnd:IMF

Please check all entries!

»

OK | Apply Cancel

Help

press OK
Metal for New Check all entries and use copper
Polygons as metal for new polygons.
S
Then press OK.
Add...

Edit...

Remove

Library...

ok




Now the heavy work: the antenna structure must be divided into “cells” and the dimensions of the box must be
defined.

The length ,,y“ and the width ,,x“ of a cell can be chosen freely by the user and you need not use the same
value for both. But these dimensions should be in a value range between 1% and 3% of the wavelength on the
substrate. Values below 1% increase the accuracy but also the computation time and the occupied memory
space (...not so good for Sonnet Lite). But values of 5% and more rapidly reduce the simulation accuracy.

Sonnet recommends everywhere a distance of 1...3 wavelengths between the structure to be analyzed
and the walls of the box. For patch antennas prefer 3 wavelengths....if this is still possible with Sonnet

For antenna simulations the top of the box must not consist of metal. Please use in this case always “Free

Space“ to give the radiated energy a chance to escape from the box!

Use COPPET for the bottom of the box.

Let us begin:

The free air wavelength of a 5.8 GHz signal is nearly 52 mm. Due to the calculation result of the antenna
calculator (chapter 3.3) the patch width should be chosen to 17.5 mm and the length to 13.8 mm.

If we add a distance of 1.5 wavelengths to the wall at every side we get the following box dimensions:

X direction: 17.5mm + 2 x78mm = 173.5 mm. Let us choose 180 mm
Y direction: 13.8mm + 2 x 78mm = 169.8 mm. Let us also choose 180 mm

When selecting the dimensions of a cell please remember that the wavelength on the substrate is only 26 mm. So
we use 0.25 mm for cell length and cell width -- this is 1% of the wavelength and a good value when drawing the
structure. But with this value the patch dimensions must be modified to 17.5 mm x 13.75 mm to coincide with
the grid.

Step 1:
Bl Box Settings-patch_5g8.son W Open ,Circuit* and
the box menu. Enter
Sizes Covers all values due to the

left illustration.

Top Metal
i ook - Note:
@ ----------- k I |Free SREEE JI With ,estimate

Cell Size

] memory“ you can
Box Size M [LOE3 Bottom Metal check whether you
Num. Cells

have enough
I Lock memory space for
the project when
Set Box Size with Mouse | using the LITE
version. But at first
you have to draw the
structure, add a port,
set the analysis, save
the file....

Cell Size Calculator | [ Symmetry

Current Units: @

OK | Apply | Cancel | Help |

10




£ xgeom 12.53Lite - [patch_5g8.son]
4 Fle Edi View Tools Modfy Creut Analysis Project Window Help

SIE EIE A E S RN ES W AR IEI

-] EE[O) (=] (2]

Step 2: Now draw
the patch rectangle

First select

..then click and drag

the rectangle to the desired + Sneciy Feguancias
dimensions (17.5mm x 13.75mm)| oz paiect

=3witch guide type
[~ Dont show me Quick Start Guide

If necessary
afterwards left click
. the patch and

oV
ST ove it to the centre
of the box by drag
and drop.

Click steps to complete the action.
+ Create new project
+ Specify units*
+ Specify dielectric layers
+ Specify cell and box size
+ Specify metal types™
+ Add polygans
% Add ports

Add reference planes®

[ I SR IR R RN )

Wiew response
* optional

"Add a rectangle" -

4«

Close Help
) — D T

[ Click or drag to select objects, drag to move them

£} Start % paint Shop Pro

Project  window Help

Jo] ] st =)

= Sarnet Task Bar 12...

[Painter

Important:

First click left the "Measuring Tape Button:.. There is a wonderful

measuring tape in the
menu bar.

2l Use it as often as possible

T ER to check the correctness
lenth: 22.255617 of dimensions and
positions!

n the
dicated

...then left click on this corner.

11



Step 3: Now a port must be added to the centre of the lower patch edge. Sonnet will do this job perfectly.

First select "Add Port"....

CAUTION:

Never forget to check that
the patch area always must
be green (= copper)

and not red (= lossless)

...then click anywhere at this

edge. Sonnet will automatically set
the port at the centre of the edge!

Then set the port’s property to “Autoground”.

M Port Properties-patch_5g8.son

Autognd Port Data

Port Number I
1 Ref. Plane II].I]
Cal. Length II].I]

Reactance Inductance Capacitance

[Ohms] [nH) (pF]
|5[|.u .0 |u.u Iu.u

Iy Cancel | Help |

First right- click on the port symbol, then
open "properties” and select "Autoground”

12



m 12.53-Lite - [patch_5g8.s0n]
Edit  Wiew Tools Modify  Circuit #nakesis @B Project  Window  Help

][ W2 DICHE TS

B Estimated Memory-patch_5g8.<0n

Estimated MEmOry:
Subsection total:

First select "Analysis",

Subsections by level and type:

Memory by type:

System matrix: Z ME
Elewmental subsections: 0 ME
Fourier transform: & ME
Waveguide mode: z MEBE
Adaptive band synthesis: 1 ME
Miscellaneous: 1 ME

ievel 0: e then "Estimate memory"
Ground Plané:
Via: 7a

4

K1 =

Close | View Subsections... Help |

Step 4:

Do not forget this
check. You know
that you get
problems (or a
simulation abort)
when you use
more than 16MB.

But 14 MB will do

the job perfectly..

13



Step 5: programming the sweep

¥= xgeom 12.53-Lite - [patch_5gB.son?
%F\Ie Edit View Tools Modify Circuit JRanalkysis

EEEIER

Project  Window  Help

M Analysis Setup-patch_5g8.son

~Options

@Hhﬁﬁh{é'E'd??é'ﬁi'ﬁéﬁ'é'i& Speed/Memory... | This is the Star‘t Button
e e _ tdvanced. | for the simulation!

Analysis Control
ilAdaptive Sweep [ABS) i =] -_—
M Quick Start Guide X
Start Stop G ree n a re a Click steps to complete the action
[GHz) [GHz) = ] e i
i — Create new project ?
‘i: : ’ . ( copper) c " Specily units* 2
v Specify dielectric layers 2
,TI Cancel | Help + Specify cell and box size 2
+ Specify metal types® rd
+ Add polygons ?
So a Autoground Port ¥ Addporte 2
t I k Ik | Add reference planes™ ?
mus 00 IKe! " Specily frequencies ?
. v Analyze project 2
Settings for sweep — -
- . * optionsl
and activating the current
density computation 2 i
+ I Dont show me Quick Start Guide
1 Close Help
4 |»
‘ Click or drag to select objects, drag to move them | 1.0x | Pos: 76.25, 71.0 mm | Pointer

o r;',? Start SR 2 ite - [P, ik onnet_Ersa...

Note:
The sweep range from 5.4GHz to 6.2GHz is used to get 5.8GHz as centre frequency.

Please enable also the computation of the current density!

14



3.4.2. Simulation and Simulation Results

If all settings are OK: please start the simulation.

amy patch_5g8.son Simisnad on CHEF (Local)
File Edit

View Ru

o o B,

&dd to Graph
hew Graph

When the computation is
done, open ,View Response*
in the project menu.

Wi Sponse
View Current
W Far Fiels

Open | 3%k Bar But to view the S11-curve first

click on Add to Graph*.
Unlock, .

Auto Documentation eted Thu Feb 11 0.
View Log k

View: v S-Parameters v

This is the simulation result:

emgraph 12.53-Lite - [~ ..." 5gB8_calculator.son] |;||E”’X‘

aFile Edit Yiew Output urve Equation  Project ‘window Help = | &

EEE RN B E |

Cartesian Plot
Z0 =500

-1
Left Axis \
patch_5g8_calculater O

Select "Graph", then "Type"
15N\ for the Smithchart presentation

Right Axis
[empty]

-2

-3

PoaCcC ~—3JQ o<
1
]
3]

(dB)-35

Resonance at 5,
-4 S$11=-4,35dB

5 / atch_So8_calculator:De-Embecded Adaptive Data
5'4 55 56 57 5'8 £.825GHz, DB[S11] -4.35043 (dB) 6'1 62
/ ol Software Inc Frequency (GHz)

5.825GHz, DB[S11]:-4.35043 (dBE)

|F‘U\mer

ig Start W\ Ansoft Designe. . % Paint Shop Pra = Sonnet TaskB... iZlj Tutarial_Sonry

If you left click anywhere on the curve you find the actual frequency and the S11 magnitude for this point indicated
at the left lower corner of the screen.

Select now Graph, Type and “Smith” for a Smith chart presentation!

15



mgraph 12.53-Lite - [patch_528_calculator.son]

¥ Fl= Edt view Output Graph Curve Equation FProject Window Help z
EHEEREE NS |
Smith Plot
Impedance
Z0 = 50.0
patch_5g8_calculator O

[s11] ——

Sonnet Softvars Inc

‘S.SQSGHZ [511]: Mag=0B06008 Phase=-0.39564 Pointer

Exactly at the resonating frequency point you don’t find any inductive or capacitive component when regarding the

input impedance - only a resistor!

So with the magnitude of S11 = 0.606 and a pocket calculator you get the value of the input resistance to

~ 1+0.606

N = *50Q = 2040
1-0.606

Output S,Y ,Z Parameters-patch_5g8

gormat Data Type

CBX

|De-Embedded

clude SOmments v Include Adaptive Data

|Mag—AngIe

SJonnet Data File
From: emgraph Version : 12.53-Lite
From Emgraph Data: patch Sg8

'< HDATE 02/14/2010 07:09:45
'< MDATE 02/14/2010 07:09:45
# GHZ 3 MA R 50.00000
5.40000000 0.525108 110.52

S5.40250000
-40500000

0.826657 110.18

0.825195 109.85
.40750000 0.823721 109.51
.41000000 0.822237 109.17
-41250000 0.520741 108.83
.41500000 0.519234 105.459
.41750000 0.517715 1058.14
.42000000 0.516186 107.79
. 42250000 0.514644 107.44

Data File Written: 02/14/2010 07:21:01

'< P1 F=5.4 Eeff=(undefined: ar) Z0=(undefined:

ar) R=-0.5104753 C=0.3414000z

4 fn o

[~ Remember settings

Close

Help

This S parameter file (=
Touchstone file) can
now be saved.

Please select ,Output” in
the menu bar, check all
settings and save it in a
folder (where you are
able to find it again some
times later...).

16



3.4.3. Calculation of the Antenna Radiation Resistance
This isn’t very difficult:

Set all losses (dielectric = RO4003 material and metal) to zero, set all metal areas to lossless and the
remaining rest of loss must be the pure antenna radiation resistance!

(Caution:
Do not forget to open the box menu and to switch the bottom of the box to ,,lossless*)

And at last: do you now really see a red coloured patch area of lossless material???

17| emgraph 12.53-Lite - [patch_5gB_calculator.son, patch_5g8_calculator_lossless.son]

&)X
File Edit “iew Output Graph Curve Eguation Project  Window Help =,
-l
= Y RN R = =Y |
Smith Plot
Impedance
Z0 =50.0

patch_bg8_calculator_lossle
[511] e

i atch_SuE_calculator lossless:De-Embedied Adaptive Data

[6.8275GHz [S11] Mag=0 629658 Phase=-0 01855

/

5.82758GHz [511]: Mag=0.629650 Phase=-0.01858

Sonnet Software Inc.

|F'Uimer

| Sorvet TaskB.. | @ Tutorisl_Sorns...

% omgraph 12.53..  DE @ Lk

When simulating you find at the resonating frequency a S11 magnitude off 0.629

So the radiation resistance is

R, =500170629 5500
1-0.629

17



3.5. Matching to 50Q

3.5.1. Matching by using a A/4 transmission line

We found a value of 209Q for the real input resistance at the lower edge of the “lossy patch”. This value must be
transformed to 50Q using a transmission line with an electrical length of 90 degrees at the resonating frequency.
The characteristic impedance of this transmission line can be calculated to

Z.ne =+/50Q 02090 =102Q

Now use a good Microstrip-Calculator to determine the dimensions of this A/4 microstrip transmission line. For this
purpose the integrated calculator of the free microwave CAD program “Ansoft Designer SV* was used. (Attention:
Ansoft Designer SV is no longer available in the Ansoft homepage, but the author is authorized to host this
software for interested people. So open his homepage (www.elektronikschule.de/~krausg) and you can download
this microwave CAD program and a huge tutorial).

Please enter the necessary values for the characteristic impedance of 102Q, the resonating frequency of
5.8GHz and the electrical length of 90 degrees.

All dimensions are given in mm.

Then press ,,Synthesis“ for start.

Microstrip single

Electrical itz

‘ Dimenzion
Freguency

rJ

H Er, TAND, MSAT, MREEM, TANK

Impedance

Frequency Ohm
Bhalysiz | Auta Calculate OFF | Reset Al | Svnthesiz @ Electrical
Substrate etallization Length

Layers Metal Mame Code  Resistivit  Thickness

H 32mil Er 338 Batton  |copper | 17241 |3um o
Resistivit
HU  |13mm  TAMD |0.007 Middle |*Mone® | | | %

Moat |0 Tamm [0 Top  |"None* | | |
MRem[D RGH  [2um

Dretailsy > 0k | Cancel

The result is a width of W = 0.43mm and a physical length of P = 8.34 mm for the microstrip match line.

In the left lower corner you find the entries for the RO4003 substrate. Metallization property is given at the centre
of the lower half of the page.

18



Caution:

Do not forget to re-enter the values for all losses (dielectrical loss tangent = 0.001 for RO4003, copper for
all metal areas including the bottom the box).

Now continue and add the matching line. The dimensions should be:
width W = 0.43mm, physical length P = 8.33 mm.

But with a cell size of 0.25 mm x 0.25 mm we use

w=0.50 mm, P =8.25 mm

and accept a little bit of inaccuracy.

At first the port must be deleted (= left click on the port an press ,DEL" on the keyboard).

Then mark the centre of the lower edge using the ,measuring tape“. First press the measuring button and then left
click on the lower left corner of the patch. Now when moving the cursor a measuring tape is shown which refers to
this marked lower left patch corner. Move the cursor to the centre of the edge (position =8.75 mm x 0 mm) and
left click, followed by “ESCAPE”.

%= xgeom 12.53-Lite - [patch_5g8.s0n]

ﬁFi\e Edit Wiew Tools [odiy

Circuit  Analysis  Project  Window  Help

LR ERRAENEEE EOREE

At first click on the "Measuring Tape" button...

olbox  [X] Check:
RER / green area = copper?
Y :
ATl Then roll along this
edge to the centre

= (8.75 mm, 0 mm)
SE ||....then on this and left click.
patch corner. \c’ Be aware of this appearing

little triangle at this
centre point...

§.750000, 0.000000
length: 8.750000

R e I Now select ,Add a rectangle”
EEls REEEEERE sEy - EEE | and place it at the centre of

the lower patch edge.

The dimensions for this
rectangle (= the match line)
are

Check:

_—-—
Add a / green area = copper?

rectangle\ 0.25mm x 8.25mm.

Check the correct position of
Aadport the match line with the
measuring tape.

Rectangle with Finally add the well known
0.5 mm x 8.25 mm Auto ground Port.
Autoground Port
Now save all, click on
»2Analysis“ and ,Estimate
memory*“. The result is 14MB
y and this will not cause any
T (| [ a7 Problems. Now it is time to
 ageom 12 5 e simulate.
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emgraph 12.53-Lite - [patch_5g8_calculator.son, ... , patch_5g8_calculator_matched.son]

EEX]
8 Fie Edt View Output Graph Curve Equation Project Window Help

B EEER S eI |

Smith Plot

Impedance
Z0 =50.0

patch_5g8_calculator_matck
[511] o

/ Sonnet Software Inc.

5 B8GHZ [511]: Mag=0.027341 Phase=163.6633

=

Paointer
ARSI LI, - ran Shop Pro = Sonnet TaskB... il Tutorial_Sorne. ..

Information delivered by the Smith Chart:

Caused by the cell size of 0.25 mm x 0.25 mm the match line is wider than desired (0.5 mm instead of 0.42 mm).
So the input resistance value is lower than 50 Ohms.

But the frequency for best matching has suddenly decreased by 140 MHz!

It will be interesting and exciting to find out the reason for this problem.
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3.5.2. Reasons for the Resonating Frequency Deviation

A patch antenna is in principle a wide microstrip line. And at the open end of such a transmission line you have
the phenomena of “fringing” (= a “hang over” of the electric field lines). This extends the electrical length of the
line and decreases the resonating frequency of the antenna..

This “fringing” results also in a radiating effect at both ends and causes the fact that the both ends act as ,in
phase fed slot antennas”. But not only is the resonating frequency reduced by the so extended patch length.
When the match line is connected to the edge of the patch another effect will happen:

The short piece of the match line which ,,is in the shadow of the fringing electrical field lines of the patch”
acts as part of the patch and must not be taken into account when measuring the length of the match line.
So the length of the match line must be increased by this ,,non active piece” (= approximately half the
substrate height).

Additionally we have a ,,step” between the huge patch width and the small match line width. This causes
also “frequency reducing effects” and modern Microwave CAD programs use microstrip step models
from their libraries for a correct S parameter simulation.

So use the free and excellent and powerful Ansoft Designer SV Microwave CAD software for this purpose. It is a
pity that this free software is no longer offered by Ansoft, but the author is allowed to host it in his homepage
(www.elektronikschule.de/~krausg). There you also find a complete tutorial with a lot of practical projects.

Now the Patch Antenna is modelled as an ,open ended stub” (this is a short open ended microstrip line. So the
“fringing effect” is automatically included in the Ansoft model). Between patch and match line a ,Step” is inserted.

Do not forget the 220Q radiation resistance at the input of the patch. All losses of metal and dielectric
material are taken into account by entering the dielectric material “R04003” with its properties.

This is the schematic to be analyzed with the Ansoft Designer SV.

& Ansoft Designer SV - [patch_528_matched - Circuit1 - Schematic] 5
:l File Edit Yiew Project Draw  Schematic Circuit Tools  Window  Help - g x
DEd e8> cvamk ik r@as M BRBEL FaS S xEEr|aeBan|rE ¢

>o0N0OA

_._]g ]_o W

ONJ-TE] . . 3
+ patch_Bg8_matched MlcrOStrl p Step
i pee Match Line M
+ 1=
| |—|_|
Yi=0.5mm
PHUN=1 S Patch antenna
il as open ended
|Z=0Chm p =
Microwave stub
Port~ i
_Project [ Components | Search (_'—LNME—] / > S
Patch Radiation Resistance
y =
E A
Al

=]

Nurmber of selected items: 0

———— — = — — — — m——
:;’ Start & Anscft Designer, .. = Paint Shop Pro-... = Sonnek Task Bar... @l Tutorial_Sorinet. .. xgeom 12.53-Li. .. " patch_5g3 _calc... £7% emgraph 12,53-... CE ’<’,| 09:25
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DeH

& Ansoft Designer, SV - [Smith Plot 1]
:l File Edit Wiew Project Report2D  Circut  Tools  Window  Help

WM ESERRE B

&\ X

@ )

= patch_Saf_matched®
= 4{ Circuit1”

+ Data

E xcitations

+ E] Puorts

+- % Analysis

= Fiesults

£8 Smith Plot 1

+-[_7 Definitions
+] Project2

Pro|ect Compnnents S earch

MP: 0.052 141.424
RX: 0.920 + j0.060
GB: 1.083 - j0.0T1
Q: 0.065

VSWR: 1.110

- patch_5g8_matched [D:/Eigene_Tutorialz/Tutorial_SonnetAdersion_1_1/4nzoft_Simulation/)

Resonance at 5.688 GHz.
Magnitude of S11 = 0.04

o

Ready

‘s Start @ ansoft Desig...

What a surprise and a joy:

Two completely different programs and simulation methods (EM
simulation vs. S parameter simulation) give nearly identical results
at nearly identical resonant frequencies!

|5 Paint Shop Pro

i
hAP0.040 172 360

Perfect Mats

.

™

[ = Sonnet Task ... | @l Tutorial_



3.5.3. Optimizing

a) A coarse correction of the resonant frequency deviation can be done by a new radiator length. So using the
pocket calculator we get:

_ 5.68GHz

neu = ¢13.75mm =13.47mm
5.8GHz

b) The patch width determines the radiation resistance and the bandwidth. This will not be touched.

c) The match line width was in chapter 3.5.1. calculated to 0.43mMmMm and now this value can be used in the S
parameter simulation. But the length of 8.25mm should be modified and shortened by the same factor as

the patch length. This gives for 5.800 GHz a value of 8.08mm.

d) The prototype needs also a 50Q Microstrip Feed Line from the match line’s end to the edge of the PCB to
connect the semirigid cable. The microstrip calculator of the Ansoft Designers delivers a width 1. 83mm for

a 50Q microstrip on R04003 material. Length is 35mm. But for the simulation you must not forget
a step between match line and feed line.

This is the used simulation schematic:

& Ansoft Designer SV - [D:/Eigene_Tutorials/Tutorial_Sonnet/Version_1_1/Ansoft_Simulation/patch_528_ matched_02]
:l File Edit Wiew Project Draw Schematic Circuit Tools  Window Help - 8 x

T EELEE e R EIEEEY FRR LT A TR ket NI R

JoNQOA

&2 Te

|

-1
i Feed Line Match Line
W2=1.83
W1=0 43m Step
[, T}ﬂ
L |
W=1.83mm LV‘ Wy=0.43mm
P=35mm Step P=8.08mm w;ﬁ’jgm
Patch Antenna
PNUM=1 9
RZ=500hm N as Open Ended
1Z=00hm Stub .
Microwave Port o
Radiation Resistance
Project | Components | Search :—JMJ | 5 4
ﬁ - _A
o ~
Al

" (e f = [ == e
is Start @ Ansoft Designer 5¥ -... “% Paint Shop Pro =2 Sonnet Task Bar 12.5... & Tutorial_Sonnet_engli... & Tutorial_Sonnet_d_Y... DE ’<J_1 % 07:51

...and this is the simulation result:
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& Ansoft Designer SV - [Smith Plot 1]

T Fle Edt View Project Report2D  Circuit Tools window Help
DEW s BRSXc|«dm
_
WhipE D H DR
= — | B x| ] v
= patch_5g8_matched_02°
[ Cirevit1”
[+ Data
Excitations
= EI Parts
1+ BB Analysis
[= Results

& Srrith Plot 1 0 20
+1- [ Definitions L]

] Project2

MP:0.015 -84.473

MP: 0.039 -153.750
RX: 0.931 -j0.032
GB: 1.072 + j0.037

Q:0.035 L
Project J Components | Search VSWR: 1.082 \

5.800GHz
x|
o

:s Start &

'3ink Shop Pro

That will do....now it is time for the first PCB prototype.
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3.5.4. Determination of the Power Bandwidth

This is more difficult because now we must think in ,powers*. The unit for the incident and the reflected wave is
»Volt* but you should remember:

In reality powers are travelling on a transmission line -- the incident wave from the generator to the load
at the end of a cable and the reflected wave back from the load to the generator.

So the unit “Volt” comes from applying a square root to the powers when regarding these waves -- to avoid
“Watts” and to measure “Volts” in practice and in a circuit.

If you now are looking for the frequency values at which the radiated power is reduced by 30% due to reflection
you need to calculate as follows.

In this case 30% of the incident power are reflected and travel back to the generator:

2
|:,reflected — (Ureﬂected j — 0 3 — r2
Pincident Uincident

Now you get ,r (which is the magnitude of S11) to

r=+0.3 =0.55

So use the cursor and travel along the S11 curve to find out the two
frequencies at which the magnitude of S11 has risen to 0.55. Then calculate the
frequency difference.

This gives the “bandwidth for less than 30% of radiated power reduction”.

Frequency decreased:

& Ansoft Designer SV - [Smith Plot 1] FEx
"] File Edit ‘iew Project Report?D Circuit Tools Window Help - 8| x
= = S &|x 4 @M

Wh vE@ S B 'R R G

WL == i
= patch_Bg8_matched_02

-4 Cireuit”

& [0 Definitions MP:0.555 -117.030

+ [E Project2

MP: 0560 -117.227
RX:0.376 - j0.545
GB: 0.857 +j1.242
Q: 1.449

Prcject [ Components | Search VSWR: 3.541 5 670GHz

Ready

= -
15 Start W Tutorial_Sonnet_engli... | 2N Tutorial_Sonnet_d_¥.. | bl sloopib - NvPlayer @ Ansoft Designer 5¥ -..

25



Frequency increased:

& Ansoft Designer, SV - [Smith Plot 1]
jFﬂE Edit ‘iew Project Report2D  Circuit Tools Window Help -5 %

DEE$ 228X |« m
B
WHITE S T DHRNEGY

=218 =] = |
= patch_5g8_matched _02%
[ 4 Cirevitl”
4[] Definitiors MP:0.561 -46.218

=+ Project?

MP: 0518 -38.959
RX: 1.581 - J1.409
GB: 0.352 +0.314

Q:0.891 4
Project J Components | Search VSWR: 3.153
A
A
4

1'.? Start @l Tutorial_Sonnet_engli... i3l Tutorial_Sonnet_d_¥... 201 cloopib - K @ Ansoft Designer Y -... % Paint Shop Pro

So the bandwidth for less but 30% radiated power reduction is

5900 MHz - 5670 MHz = 230 MHz

(Sorry for the usage of S parameter simulation software, but with Sonnet Lite it is impossible to simulate that with
full accuracy -- only a full, unlimited Sonnet version would do this job).

26



3.6. View the Current Density on the Patch

If you did not forget to select ,Compute Current Density“ (see the end of chapter 3.4.1, Step 5) then the current
density on the patch can be demonstrated:

Fipatch_5g8_matc’ neuso. Finished on ACER-9CH

File Edit Yiew R Project

A,
! rrent
Boen Taskgehr

Unlack. ..

Auto Documentation eted’
View Log 3

View: v S-Param

Response Data

Run 2: Thu Feh
Em wversi

...and you can see this result on your screen (....after zooming a little bit and selecting the actual resonant
frequency)

= emyu 12.53 Lite - [patch_5g8_calculator_matched.son (JXY Magnitude at 5.69 GHz)] = 5
File Edit ¥ew Plot Animation Project Window Help BIEES
%

BIEREEEE e - ] H
AmpsiMeter
7.70

7.06
6.42
5.78
5.13
4.49
3.85
i
2.57
1.93
1.28
0.64

0.00
‘ Prints current file 7.0 ‘ Faintar

/4 Start & nso

Very nice, indeed!
And if you want, use the ,Animation” option.

Note: you find a constant current density on the match line. This proofs the good quality of the matching process
because there are no reflections or standing waves on the line.
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4. Another possibility: Feeding from the Backside:

Using a match line and a feed line increases the dimensions of the PCB for the antenna. So another way was
tested out. On the patch we find a voltage distribution with a sine wave form. At every radiating edge we find a
voltage maximum but at the centre the voltage crosses Zero.

At the radiating edge a radiation resistance of 220Q can be measured but when moving in
direction to the centre the resistance decreases to Zero (due to a voltage amplitude of Zero at
this point). So on this way we pass an input resistance of 50Q and we can now at this point
feed the antenna by a SMA connector which is soldered on the backside and it’s centre
conductor passes through the R04003 material.

To find out this point we regard the first patch design of chapter 3.4.1. The patch dimensions were

17.5mm x 13.75 mm and at the patch edge an input resistance of ca. 200Q (exactly: 204Q) can be
measured.

The voltage at the edge equates to the maximum value of a sine function at an angle of 90 degrees:

Ugage = Unnax ®SIN(90°) =U

max max

We need an input resistance of 50Q which equates to a quarter of 200Q. But power changes with the square of
the voltage and so we get at the 50Q point half the voltage amplitude for the same input power. Due to the sine
variation of the voltage along the patch this means that we find an angle of 30 degrees for a sine value of 0.5 --
and 30 degrees are 90 degrees divided by 3. So it is now easy to find the feed point, because 90 degrees equate
half the patch length of 13.75mm:

X = [1) ° (MJ = 2_3mm
3 2

This is measured from the centre in direction to the patch edge.
Otherwise when starting at the radiating patch edge we find the point for the necessary “Via” (to solder the centre
conductor of the SMA socket to the patch) at

_13.75mm
2

Y —-2.3mm =4.575mm

The centre conductors diameter is 1.27mm and is value is also used for the diameter of the Via.

So let us start with patch dimensions of 17.5mm x 13.75mm and a Via (with a diameter of 1.27 mm) placed
at a distance of 4,5 mm from the patch edge. The feeding port must then be placed on the lower side of
the PCB.

! a1 At first we draw the patch with 17.5mm x 13.75 mm at the centre of the box. Please verify
- — the dimensions and the position by the application of the measuring tape.

o =L S

Then we need a “circular via” (see left figure).
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Circle Attributes £d] Select a diameter of
1.27mm and 10

Diameter numeric sides for the
via.
Num. Sides
N Place this via at the
Sides =101 centre of the lower
v Center Justified patch edge but 4.5mm

above this edge.

—m| Diameter |-—

0K | Cancel Help

Window  Help

Then add a port exactly at the via centre. If you want to see
the installed port, switch to the layer “Ground”.

Now start the simulation -- and you get a bad surprise. The allowed memory space of 16MB is exceeded and the
simulation aborts. So reduce the box dimensions form 180 mm x 180 mm to 170 mm x 170 mm.

=
EIEEiE
Smith Plot
Impedance

Z0 =50.0

patch_5g¢8_insert O

This is the best result for
Sonnet Lite with restricted
memory space.

Painter

ig Start ®]

DE @)
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Let us do an S parameter simulation using the Ansoft Designer SV. This schematic shows the status after
optimizing the design.

& Ansoft Designer SV - [D:/Eigene_Tutorials/Tutorial_Sonnet/Version_1_1/Ansoft_Simulation/patch_5pB_insert] |ZHEHZ‘

:lFiIa Edit  Wiew Project Draw Schematic  Circuit Tools  Window  Help = | &

ErT-FL T EESIRPRICIE REY R T .Y L TR SRS E XY LYl R

(T oNDOA

e Radiation Resistance j
-+ Ei Parts ] =1
ey ¥ Via (diameter
€8s Smith Plot 1
(2 Definitions
4 ) P2 Open End Open End
Extension worsm=Xtension
Microstrip eokommm  MliCrostrip
Transmission Line, Transmission Line =
(W =17.5 mm R7=500hm (W =17.5 mm
P =4.3 mm) ooy P=9.16 mm)
Microwave Port

Pioject | Components | Search | EF—JMEJ > 5

=]

o

A

Réédy

———— - —
:'.‘f Start il Tukorial_Sonnet_engl... % Bilder_deutsch £ Bild_17.4iF - Irfantview % Paint Shop Pro Y- DE Q".[? %1014

The result looks very well...

lolxl

&N Ansoft Designer SV - [Smith Plot 1] EEX]

T Fle Edit View Project ReportD Circuit Tool Window Help _ & x
DEFEEREXx e |«v2'm H H H

' Optimization
WHEET B RN T information.

womess | The sum of the two

microstrip lines gives the
patch length and
determines the resonant
frequency.

So when changing the
resonance frequency both line
lengths must be altered in the
same manner.

- Definitions
B Froject2

Changing the line lengths in
opposite manner varies the
transformation ratio and
shifts the S11 curve to the
right or to the left.

MP: 0.032 EB& QCt MatCh

RX: 1.002 +j0.063
GB:0.994 - j0.063
Q:0.063

VSWR: 1.065

5.800GHz

Proj
i
o
4

14 Start

Now is the time for the next prototype.
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