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Overview

The software is split in two parts: Smith-Chart and S-Plot

Smith-Chart

Features:
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S-Plot

Features:

&
&
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&
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Matching ladder networks with capacitors, inductors, resistors, transformers, serial
transmission lines and open or shorted stubs

Free settable normalization impedance for the Smith-Chart
Circles and contours for stability, noise figure, gain, VSWR and Q
Edit element values after insertion

Tune element values using sliders (Tuning Cockpit) new in V4.0
Sweep versus frequency or datapoints

Serial transmission line with loss

Export datapoint and circle info to ASCII-file for post-processing in spreadsheets or math
software

Import datapoints from S-parameter files (Touchstone, CITIl, EZNEC)
Undo- and Redo-Function

Save and load designs (licensed version only)

Print Smith-Chart, schematic, datapoints, circles and S-Plot graphs
Copy to clipboard for documentation purposes

Settings for color and line widths for all graphs

Read S-Parameter - Files in Touchstone® -, CITI- and EZNEC- Format
Graphical display of s11, S12, S»1 and Sx»

Graphical display and listing of MAG. (maximum operating power gain), MSG (maximum
stable gain), stability factor k, u and returnloss.

Linear or logarithmic frequency axis.
Cursor readout at gain and return loss graphs.

Convert and export S-Parameter to normalized or unnormalized H-, Z-, Y- or A-
Parameters in Touchstone® - Format files.

Export s1; Or Sy to Smith-Chart

Print all graphics or listings

System requirements:

Windows Vista, Windows 7, 8, 10
.NET Framework 4.6.1 or higher



Smith-Chart

Activate Smith-Chart in menu ,Mode*

or
sc

toggle between “S-Plot” and “Smith-Chart” with = "™
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The display has following features:

+* Smith-Chart
Use the Smith-Chart the same way as on paper. Additionally comfortable tools like circles and
locus are available. Window can be resized and moved to any position on display. Size and
position of windows are saved on exit.

Datapoints input with mouse, keyboard or from S-parameter file are labeled with DPn. n is the
number of datapoint, starting with number 1.

Datapoints transformed by circuit elements are labeled with TPm. m is the number of
transformed datapoint, starting with nya,+1.

Transformed datapoints resulting from sweeps are labeled with SPp. p is the number of
transformed datapoint, starting with 1.



% Schematic-window
Networks on Smith-Chart are displayed as schematics. Window can be resized and moved to
any position on display. Size and position of windows are saved on exit.

Schematic EI 3
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In “Tools - Settings” the schematic can be rotated to vertical.
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+* Datapoints-window
Values for all datapoints are listed here. Window can be resized and moved to any position on
display. Size and position of windows are saved on exit.

Datapoints input with mouse, keyboard or from S-parameter file are labeled with DPn. n is the
number of datapoint, starting with number 1.

Datapoints transformed by circuit elements are labeled with TPm. m is the number of
transformed datapoint, starting with np,a+1.

Transformed datapoints resulting from sweeps are labeled with SPp. p is the number of
transformed datapoint, starting with 1.

et =EEEa

Start DP | Point | Z | @ | Frequency

 DP1 (28700-113.800)Q Q=0481 1.300GHz
TP2 |(28.700 +34.832) Q | Q=1.214 | 1.800GHz

TP3 |(69.465-10.239) Q |Q=0.147 | 1.800GHz
SP1 |(53290+[3.989)0 |Q=0.075 | 1500GHz
SP2 |(64.497-3.338)Q | Q=0.052|1.700GHz
SP3 |(72618-[19.372) Q | Q=0.267 | 1.900GHz
SP4 }(_69.350-}40.445)_0_ Q=0.583 | 2.100GHz

¢ Circles-window

Information of all circles is listed here. Window can be resized and moved to any position on
display. Size and position of windows are saved on exit.

| Circles 3 gfg{

Visible | Highlighted | Details

G1: input plane const. gain circle ;Vp=12.94dB ;Gmax=12.94dB ;511=0.12 < -149.00°; $12=0.11 < 59.40%, 521=3.76 < 78.90%; 522=0.41 < -54.50°, 2.0GHz

:(32: input plane const. gain circle ;Vp=12.70dB ;Gmax=12.94dB ;S11=0.12 < -149.00°; S12=0.11 < 59.40%; S21=3.76 < 78.90%; S22=0.41 < -54.50°; 2.0GHz

| G3: input plane const. gain circle ;Vp=12.50dB ;Gmax=12.94dB ;511=0.12 < -149.00%; $12=0.11 < 59.40%; S21=3.76 < 78.90%; $22=0.41 < -54.50%; 2.0GHz
‘ S1: Input plane stability circle; stable inside; K=1.17; S11=0.12 < -149.00°; $S12=0.11 < 59.40°; S21=3.76 < 78.90°; 522=0.41 < -54.50%; 2.0GHz
S2: Output plane stability circle; stable outside; K=1.17; $11=0.12 < -149.00%; $12=0.11 < 59.40°; S21=3.76 < 78.90%; $22=0.41 < -54.50%; 2.0GHz

N1: Constant 3.60dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz

| N2: Constant 3.80dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz

‘ N3: Constant 4.00dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz
N4: Constant 4.20dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz

EURUEURURURURURY

L

Gn = Gain circle number n
Sn = Stability circle number n
Nn = Noise circle number n

% Cursor-window

Display of actual values for the mouse cursor (Return Loss, VSWR, Q, I' (Gamma),
Admittance Y, Impedance Z, normalizing impedance Z, and Frequency of datapoint from
which network is starting).



Cursor

Return Loss [20.63 dB VSWR [1.20:1
Q [o.14 r [0.093/132.879°
Y |(22.48-3.09)mS Z |(43.67+6.00)Q
Zo [50.00 Freq |1.800GHz

Menu and Toolbarwmenu:

File Edit Mode Tools Zoom  Window Help

44 @ Circles  CteleT

MNew Ctrl+N
Sweep

Open Project Remove Sweep

b SaveProject Ctrl+S TS | Rearrange all

Save Project A ? i
ave Project As Settings  Ctrl+E ¢ Help Smith  Ctrl+F1
Save Metlist Abeut Smith
g - ] :
Export Smith Chart  Ctrl+M 4 Zoomin Cirl+1
. S-Plot Ctrl+M =, Zoomouwt Cir+2
= Print
1 Zoom 1:1 Cirl+3 |
Print Preview £y Undo Ctrl+Z
Recent Files 3 @ Redo SIS
X it E‘E"‘ Copy to Clipboard
Toolbar:

All toolboxes in the toolbar are docking-toolboxes. They can be placed to any position on screen.
Position of toolboxes and windows are saved on exit.

é;u 3')(35;'3{":( 111 %; Swp & Tune | Mouse Keyboard S11 szziizzgﬁgEEEEE

=)

Toolbox “Standard”
R H 89 ¢ &

Open project (.xmlsc or .smc for V2.03 and older)
Save project (.xmisc)

Print

Undo (Circuit elements, Datapoints and Sweeps)
Redo (Circuit elements, Datapoints and Sweeps)
Copy to clipboard

Toolbox “Zoom”

é(\"‘{ 'E{ 1:1

Zoom in
Zoom out
Zoom 1:1



Toolbox “Mode, circles and settings”

(@) Cir
@. . Swe g Tune

SPlat

Toggle between Smith-Chart and S-Plot
Open Circles Dialogbox

Open Settings

Open Sweep Dialogbox

Clear Sweep

Open Tuning Cockpit

Toolbox “Datapoints”

Mouse Keyboard 511 522

Input Datapoint

Mouse
Keyboard
S, from file
S,, from file

Toolbox “Elements”

Tz ETITEET

Insert Serial Element Insert Parallel Element
Capacitor Capacitor

Inductor Inductor

Resistor Resistor

Transmission Line Open Stub
Transformer Shorted Stub

R-L-C R-L-C



Input of Datapoints

There are four options to input datapoints:

Mouse

Keyboard 511 522

Input Datapoint

Mouse
Keyboard
S, from file
S,, from file

Input with mouse:

-

Y ¥ ¥ ¥ ¥

Select ,Mouse” in toolbox. This is a toggle-function ON/OFF. The button color turns to
green for ON, blue for OFF.

Move mouse cursor to desired datapoint in Smith-Chart. Watch window Cursor for actual
data values.

Left mouse click sets datapoint.

Enter frequency in dialogbox.

Continue with input of next datapoint.

'tl)'lerr;\inate datapoint input with clicking to “Mouse”-button in toolbox (color turns back to
ue

or
select a circuit-element

Input with Keyboard:

-
-

Select ,Keyboard*®

Enter values in dialogbox. Data can be input as impedance, admittance or reflection
coefficient in cartesian or polar notation.
Enter frequency in dialogbox.

Import from S-Parameter Data File:
Datapoints can be imported from S-Parameter files or exported from S-Plot. See ,S-Plot, Export to
Smith Chart,. S-Parameter file can be in Touchstone-, CITI- or EZNEC-format.

-

Click on ,S11“ or ,S22°“.



s-Parameters

h SeiechiIeI v OKI X cancell ? Help’

> Select File.
Open X
+~ |] » ThisPC > Documents > _Aktuell > Smith Test v O Search Smith Test pel
Organize v New folder =~y 1 @
~

Otk sccass A Name Date modified Type Size

S5 b @ epivaamoszp 260720002334  S2PFile 4Ke

| Lilreries * [Djereasese 050120051246 S2PFile sk

I Desktop » | BFRODAH.S2P 13.07.1990 15:36 52P File 2K8

& Downloads #* 7| BFRO1AD.S2P 03.08.1990 12:29 52P File 2k8

¢ Dropbox # (7] BFR93AA.S2P 03.08.1990 12:51 S2P File 2k8

@ ; ) BFR121_5V02M0.52P 24111997 19:19 S2P File 3KB

a iCloud Drive -

] Pictures @ | BFRS05B.52p 30.06.2009 16:31 S2P File 3K

5 2 A (]| BFRS20B.52p 30.06.2009 16:31 S2P File 3KB

'oCuUmel

2= (] BFRS208_NoNoise.s2p 17.11.2009 20:16 52P File 2k8

[ Bilder ) co2vo1sm.s2p 190219962049 S2PFile 2k8

|| Help V40 v [ galists2p 11.03.2004 16:35 52P File 3KB v

File name: [BFG33G.52P v|
S1p-files (*.s1p)
EZNEC-files (*.td)
L CITI-Files (*.CITE*.CTI)
> Choose file format:

Touchstone format (*.s1p, *.s2p)
CITI format (*.citi, *.cti)
EZNEC format (*.txt)




s-Parameters
N
[F,;;“z‘]‘e“cy S11 Mag S11 Angle 521 Mag $21 Angle $12 Mag S12 Angle 522 Mag s22Ange
40.000 0883 -10.000 14292 170.500 0.010 84700 0.977 5600
100.000 0846 24300 13.459 158.300 0.024 76.900 0936 -13.200
200.000 0.737 44,900 11,641 141.400 0.043 68.100 0833 -23.000
300.000 0630 -61.300 9877 128,800 0.057 63.200 0732 -29.100
400.000 0542 74,500 8377 119.200 0.067 60.500 0653 -32:600
500.000 0473 -84.800 7479 112.000 0.076 59,600 0.595 -34.700
500.000 0.420 -93.500 6.263 106.300 0.084 59,600 0.554 ~35.700
700.000 0375 -101.200 5539 101.400 0.092 60.300 0.524 -36.100
800.000 0.337 -107.900 4952 97.200 0.100 61.000 0.501 -36.100
900.000 0.306 -114.900 4479 93.300 0.107 61.700 0.434 -36.000
1000.000 0.280 122100 4078 89,800 0.115 62,400 0.469 -35.900
1400.000 0235 -146.600 3.068 79.100 0.147 64,500 0.427 -37.200
1800.000 0193 164,600 2462 70.600 0179 56.000 0.417 -38.200
oo o oo i mao  owe w0 ows a0
2200.000 0.202 168.900 2093 63.100 0214 66.000 0.386 -39.000
2400.000 0.220 163.000 1977 59.200 0233 65600 0.369 -41.700
2600.000 0.221 160.700 1842 55.100 0.250 65.100 0.361 -45.100

v

[ SelectFiIel / OKI 7( Cancel] ? He|p|

> Select datapoints to import using <shift> and <ctrl> for multiple selection. Terminate with
OK.

Input of Circuit Elements for the Network

Check setting of reference impedance Z,. Click menu “Extras-Settings”, Tab “Smith-Chart” and set Z,
to desired value (usually 50 Ohm). Z, is displayed in Cursor- window.

Before selecting network elements from the toolbox, at least one datapoint must be placed.

If more than one datapoint is placed, select the datapoint from which the network transformation
should start by clicking to the desired datapoint or the checkbox in the window “Datapoints”. The
selected datapoint is marked with a bold square.

- Click on one of the circuit elements in the toolbox.

From the toolbox following elements can be selected:

Insert Serial Element Insert Parallel Element
Capacitor Capacitor

Inductor Inductor

Resistor Resistor

Transmission Line Open Stub
Transformer Shorted Stub

R-L-C R-L-C

Except for serial or parallel-R-L-C and serial transmission line with loss, a locus for transformation is
drawn in Smith-Chart and the element is added to the schematic. Move the cursor along the locus
while watching cursor and values in Cursor-window and schematic.



> Click at desired value. This terminates the element insertion.
For RLC, input element values in dialogbox.

> Undo with right mouse button if desired.
- Change element value by double-clicking on element or element-value in Schematic-
window.

Serial transmission line:

- If attenuation o is 0 dB/m a locus for transformation is drawn in Smith-Chart and the
element is added to the schematic. Move the cursor along the locus while watching
cursor and values in Cursor-window and schematic.

‘ Line impedance - O X

Z0 Line impedance rEr
om— I

a dB/m (phys. length)

|0
(' OKI /< Cancel ? Help|
> If attenuation o, is >0 dB/m the line length in A must be defined. No locus for cursor

moving is drawn on Smith-Chart.

i Line impedance S O X
|

~Z0 Line impedance Er

R [

“Lelectr. in A

0.28

a dB/m (phys. length)

(’ OKI /< Cancel ? Helpl

10



Circuit Elements

Edit circuit element values
To edit circuit element values:
p 2 Double-click on element or element-value in Schematic-window.

> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.

Edit Element - O X

Typein the new value(s)

[ [m =] -
L
| o liz] -
C
[ |pF =] -
Trafo n=
——
Z0 Line impedance Er.
50.000 o] 2.0000 -
L electr. in A L electr. in mm L phys. in mm Change Values
|191.9000 |135.7000 -
a dBim (phys. length)
2500 -
Click Draw and watch Smith-chart,
o . [ schematic and window ,Datapoints® how
- I R .
this affect transformation
J 0K| > Cancel| ? Help|
i OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of 0 can cause an error.



Tune circuit element values, Tuning Cockpit
To tune circuit element values with sliders:

> Use menu “Tools”, “Tune” or button in toolbox to open tuning cockpit

Tools | Zoom  Window

(&) Circles  Ctrl+T

Sweep 1

Remove Sweep

Tune
Settings  Ctrl+E Tune
Tune @] 2
(£ 0] [2__Hen] Select in schematic window elerent(s) to tune
> In schematic point and click to desired element to add it to the tuning cockpit. Selected

elements are marked with a red rectangle.

Tune 2
Schemati — Remave |
[ — B 20 Line impedance L electr. in A
— Max. Max. Max.
I I . 1 : [asE2 : [eea = [32E
i E
e s w = (4]
] o o 92 =
X oy B o % E Value Value Valug
=] T 3= 3.00pF 50.000 0.2600
hR, [=]
= Ef
w = o
= =2
= 3% Min. Min Min.
& H H H
6 =4 24512 4641 2.086-1
(4]
3 o
= oS
fm E]
= 3
" =)
= Reset Min/Max ‘ Remove all ‘
Help Select element to tune in schematic window

The tuner starts with the element value from schematic for mid position of slider. With the
slider the element value can be tuned to maximum of 120% and minimum of 80% of
starting value. Maximum and minimum values cannot be changed.

st Using “Reset Min/Max” button the actual element value is taken

for new mid position of slider. Maximum and minimum values are adjusted to new mid
position value.

12



Before “Reset Min/Max”

Tune
T Remove
c
Max
3 36E-12

After “Reset Min/Max”

Tune
T Remove emove
= 20 Line i nce L
Max
2226612 le.576E=1

n
: |2.156-12 : s |4.384E+1

[ resvivo | remoweal |
EiS FER Select element to tune in schematic window
p 2 Move slider and watch Smith-Chart

(=== ===

=
z
|
1
uz—2
@

HUG'0b
diz
0Ll
Hup's

0ps d
2067 0=HIL/APOIUR PG

ZHNO 005 LIS 9l-28 22)

R i i i
_ Remove | Remove element from tuning cockpit with remove button.

Remove all . .
Remove all elements from tuning cockpit.

For final closing of tuning cockpit and terminate all tuning functions remove all elements in
Tune window. The red marking rectangles of the elements in schematic are deleted.



Capacitor  (Serial or parallel element)

==
. . . . c c
Model: Ideal capacitor, Q = infinity —
Parameters:
Name | Description Units
C ** Capacitance pF, nF, uF
** VValue adjustable in tuning cockpit
To edit capacitance value:
> Double-click on element or element-value in Schematic-window.
> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.
Edit Element == ] *
Typein the new value(s)
R
| |m','.' J
I
[ [on |
C
[oF - <— Change value
Trafo n=
————
Z0 Line impedance Er
[ o | —
L electr. in A L electr. in mm L phys. in mm
| | |
a dBim (phys. length)
—
Click Draw and see on Smith-chart,
_ ! schematic and window ,Datapoints“ how
ok| X Cancel| ? Help| this affect transformation
T OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of O can cause an error.

Netlist:
CAP nl n2 C=capacitance_in_pF



Inductor (Serial or parallel element)
e
s B
Model: Ideal inductor, Q = infinity —
Parameters:
Name | Description Units
L ** Inductance pH, nH, uH

** VValue adjustable in tuning cockpit

To edit inductance value:

-
-

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.

Double-click on element or element-value in Schematic-window.
Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.
Edit Element — O X
Type in the new value(s)
R
[ [m =]
L
20264} [nh ~] <— Change value
c
| [oF ]
Trafo n=
————
Z0 Line impedance Er
[ o [
L electr. in A L electr. in mm L phys. in mm
| | |
—————

Diraw

Click Draw and see on Smith-chart,
| schematic and window ,Datapoints“ how

oK| g< Cancel

? Help

!

In some special cases a value of O can cause an error.

Netlist:
IND nl n2 L=iductance_in_nH

this affect transformation

OK when done

15



Resistor (Serial or parallel element)
A D
R R
Model: Ideal resistor —_—
Parameters:
Name | Description Units
R ** Resistance mOhm, Ohm, kOhm, MOhm, GOhm

** Value adjustable in tuning cockpit

To edit resistance value:

>
-

Double-click on element or element-value in Schematic-window.

Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-

Chart is updated.

Edit Element — O X
Type in the new value(s)
R
51112 [ = <— Change value
13
| [or =]
c
[ [oF =
Trafo n=
Z0 Line impedance Er
[ o [ ]
L electr. in A L electr. in mm L phys. in mm

Diraw

a dB/m (phys. length)

=

Click Draw and see on Smith-chart,
| schematic and window ,Datapoints® how

OK| p< Cancel

?  Hep this affect transformation

!

OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of 0 can cause an error.

Netlist:
RES nl n2 C=resistance_in_Ohm

16



Physical Transmission Line (Serial element)

—=-
Line

Model: Physical transmission line -
Parameters:
Name Description Units
Zy ** Line impedance Ohm
Er (g) Effective relative permittivity None
L electr. in A ** Electrical length in wavelength None
L electr. in mm Electrical line length m, mm
L phys. in mm Physical (mechanical) line length m, mm
o Attenuation (frequency dependent) dB/m physical length

** VValue adjustable in tuning cockpit

o is modeling the conductor loss (which is usually dominant) and is frequency scaled by

oc(f):oc fL

DP

fop = frequency of the datapoint for the network.

The physical line lengthis L_, = Loeor

phys
‘\/ €re

To edit element values:

> Double-click on element or element-value in Schematic-window.

> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-

Chart is updated.

17



Edit Element — O X

Typein the new value(s)
R

| |n‘.'.'; J

L

| [oh 2

C

| [oF =l

Trafo n=

Z0 Line impedance Er

50.000 0 2.0000 -

L electr. in A L electr. im mm L phys. in mm

|226.0000 |159.8000 <— Change values

a dBim (phys. length)

2.500 -

Click Draw and see on Smith-chart,

Draw <—|7 schematic and window ,Datapoints® how

- this affect transformation
v OK| ‘K Cancel

t

? Help

OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of O can cause an error.

Netlist:
TLINP nl1 n2 n3 Z=line_imp_in_Ohm L=length_elec_in_mm K=eff_dielectric_const_Ere
A=attenuation_in_dB/m F=0

Z, LK AF
Mo {——F o n2
nN3o———— o5 n3

n3=0

Remark on relative permittivity (relative dielectric constant) &, using lines:

If the line consist of microstrip, stripline or other planar line, use effective relative permittivity &, .

& is afunction of substrate &, W/h, t and frequency.

For microstrip lines it can be approximated by

t=0 f >0

—0.555
Ere =%”+5f‘1(1+10%j w/h>1

Sometime instead of &£, the relative velocity V, is used.

V, isrelated to &, by

r
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Open ended Transmission Line, Open Stub (Parallel element)

s

Model: Ideal transmission line —
Parameters:

Name Description Units
Zy ** Line impedance Ohm
Er Effective dielectric constant None
L electr.in A ** Electrical length in wavelength None
L electr. in mm Electrical line length m, mm
L phys. in mm Physical (mechanical) line length m, mm

** Value adjustable in tuning cockpit

The physical line lengthis L_, = Loeor

phys
&, €re

To edit element values:
- Double-click on element or element-value in Schematic-window.

> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.

Edit Element = O X

Type in the new value(s)
R

| [m =]

L

| [t =]

c

| [oF =l

Trafo n=

Z0Line impedance Er

50.000 0] 2.0000 -

L electr. in A L electr. in mm L phys. in mm Change Values
|240.5535 [170.1000 -~

Click Draw and see on Smith-chart,
schematic and window ,Datapoints® how

’°—| this affect transformation
J oKkl X Cancel| ? Help|

!

Draw

=
=1 -

2|l @

5

OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of O can cause an error.

19



Netlist:
TLINP n1 n2 n3 Z=line_imp_in_Ohm L=length_elec_in_mm K=eff_dielectric_const Ere A=0 F=0

Z,L,K,AF
no{ —} o n2

nN3o——— o5 n3

n2=99 n3=0

Remark on relative permittivity (relative dielectric constant) &£, using lines:
If the line consist of microstrip, stripline or other planar line, use effective relative permittivity &, .

&, is afunction of substrate &, W/h, t and frequency.
For microstrip lines it can be approximated by

t=0 f >0

—0.555
£ :ng”ﬁfT_l[ulo%j w/h>1

Sometime instead of &£, the relative velocity V, is used.

V, isrelated to &, by
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Shorted Transmission Line, Shorted Stub (Parallel element)

T

Model: Ideal transmission line

Parameters:

Name Description Units
Zy ** Line impedance Ohm
Er Effective dielectric constant None
L electr.in A ** Electrical length in wavelength None
L electr. in mm Electrical line length m, mm
L phys. in mm Physical (mechanical) line length m, mm

** Value adjustable in tuning cockpit

The physical line lengthis L_, = Loeor

phys
&, €re

To edit element values:
- Double-click on element or element-value in Schematic-window.

> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.

Edit Element - O X

Typein the new value(s}
R

| [m =

L

| [oh 2

c

| [oF =l

Trafo n=

Z0 Line impedance Er

50.000 o] 2.7000 -—

L electr. in A L electr. in mm L phys. in mm Change Values
[131.3091 |79.9000 -

0.000

Click Draw and see on Smith-chart,

B < | schematic and window ,Datapoints* how

’—OKl x Cﬁml| ? Help| this affect transformation

!

OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of O can cause an error.



Netlist:
TLINP n1 n2 n3 Z=line_imp_in_Ohm L=length_elec_in_mm K=eff_dielectric_const Ere A=0 F=0

Z,L,K,AF
no{ —} o n2

nN3o——— o5 n3

n2=0 n3=0

Remark on relative permittivity (relative dielectric constant) &£, using lines:
If the line consist of microstrip, stripline or other planar line, use effective relative permittivity &, .

&, is afunction of substrate &, W/h, t and frequency.
For microstrip lines it can be approximated by

t=0 f >0

—-0.555
£, :‘%T”ﬁfT_l[ulo%j w/h>1

Sometime instead of &£, the relative velocity V, is used.

V, isrelated to &, by
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Transformer (Serial element)

n|1

Model: Ideal transformer
Parameters:
Name Description Units
n ** Voltage ratio (number of turn ratio) | None
O<n<e
** Value adjustable in tuning cockpit
To edit element value:
> Double-click on element or element-value in Schematic-window.
> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.
Edit Elerment — O x
Type in the new value(s)
R
| |m','; J
L
[ [k =
c
| [eF =l
Trafo n=
1272 <— Change value
Z0 Line impedance Er
[ o [ ]
L electr. in A L electr. in mm L phys. in mm
| | |
7

Click Draw and see on Smith-chart,

Draw <—|7 schematic and window ,Datapoints® how

’—"Kl x Cmel| ? Help| this affect transformation

t

OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of 0 can cause an error.

Remark: Impedance ratio is n’



Netlist:
TRF nl n2 n3 n4 N=turns_ratio R1=0

N:1

ni n2
R

n3 o o n4

n3=0 n4=0 R1=0
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R-L-C parallel connected (Serial element)

£

. . RLC
Model: Ideal Resistor, Inductor and Capacitor parallel connected S—
Parameters:
Name Description Units
R ** Resistance Ohm, kOhm, MOhm
L ** Inductance pH, nH, uH
C ** Capacitance pF, nF, uF
** Value adjustable in tuning cockpit
To edit element values:
> Double-click on element or element-value in Schematic-window.
> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-

Chart is updated.

Edit Element — O *

Typein the new value(s)

2000 B 2| D
L
[6.000 [nH = <— Change values
c
[10.000 |oF | -
Trafo n=
’7
Z0 Line impedance Er
[ o [ —
L electr. in A L electr. in mm L phys. in mm
| | |
a dB/m (phys. length
'7

Click Draw and see on Smith-chart,

Draw <—|7 schematic and window ,Datapoints® how

’—OKl x CElnceI| ? Help| this affect transformation

? OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of 0 can cause an error.

Netlist:
PRLC nl n2 R=resistance_in_Ohm L=inductance_in_nH C=capacitance_in_pF



R-L-C serial connected (Parallel element)

R
L

. . . C
Model: Ideal Resistor, Inductor and Capacitor serial connected =

Parameters:

Name Description Units

R ** Resistance Ohm, kOhm, MOhm
L ** Inductance pH, nH, uH

C ** Capacitance pF, nF, uF

** Value adjustable in tuning cockpit
To edit element values:
> Double-click on element or element-value in Schematic-window.

> Change value in dialogbox and click “Draw”. All calculations are redone and the Smith-
Chart is updated.

Edit Element — O *

Typein the new value(s)

2000 B 2| D
L
[6.000 [nH = <— Change values
c
[10.000 |oF | -
Trafo n=
’7
Z0 Line impedance Er
[ o [ —
L electr. in A L electr. in mm L phys. in mm
| | |
a dB/m (phys. length
'7

Click Draw and see on Smith-chart,

Draw <—|7 schematic and window ,Datapoints® how

’—OKl x CElnceI| ? Help| this affect transformation

? OK when done

Do not use values of 0 (zero), instead input a very small value, e.g. 0.000001.
In some special cases a value of 0 can cause an error.

Netlist:
SRLC nl1 n2 R=resistance_in_Ohm L=inductance_in_nH C=capacitance_in_pF

n2=0
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Edit Datapoints

> Double-click on datapoint in Smith-Chart.

> Change values in dialogbox. All calculations are redone and the Smith-Chart updated.

Edit DP. Nr. 1

' impedance (Q)
(" admittance (Siemens)

" reflection coefficient

e M
124.139062 |—124516934

% cartesian

" polar

—frequency

[ss0 MHz |

(exponential format, e.g. 567.34e-3)

«’ OK| X Cancell ? Helpl

Zoom-Function

Use menu “Zoom” or shortcuts or buttons in toolbox.

Zoom | Window Help

1% Zoomin  Cirl+1

=, Zoomout Ctrl+2

There are 3 options for zooming:

e “Zoomin” Shortcut “Ctrl+1”
e “Zoom out” Shortcut “Ctrl+2”
e “Zoom 1:1” Shortcut “Ctrl+3”

The center of zoom is always the center of the Smith-Chart.

1 Zoom 1:1  Ctrl+3 @( R 1:1
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Undo and Redo

Undo and Redo works on circuit elements and datapoints only, not on circles or other operations.
> Undo:

e Right mouse button
e Menu ,Edit*

° 53
Button in toolbox ?
e Shortcut “Ctrl+2”

> Redo:
¢ Menu ,Edit*

° .'QJ
Button in toolbox
e Shortcut “Ctrl+Y”

mH a9c¢

Sweeps
There are two possibilities to sweep a network:
Frequency sweep

> Datapoint Sweep

Use menu “Tools”, “Sweep” (“Remove Sweep”) or button in toolbox to invoke or clear a sweep.

Tools | Zoom  Window

{i&  Circles  Ctrl+T

Lty

Sweep

Remove Sweep

Tune ;
. SC (‘@\'

: Cir
Settings  Ctrl+E TN Swp Tune

Swp

Before doing a sweep design a network starting from one datapoint. For datapoint sweep all
datapoints must be input before starting a sweep.

Frequency sweep:

Example:

Match 25 Ohm to 50 Ohm using a 6 element lowpass at 400 MHz. Use a frequency sweep from 300
MHz to 800 MHz to find out the matching performance (VSWR) for this network versus the frequency
range from 300 MHz to 800 MHz.
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Schematic @] &= |
SN SN PR R RN
PO A R
I I -
~ ol @ @ < @© =
a s € g2 5 3 =
=] T I Bl T E
Lt
=]
=]
i<
®
B
3
o
=
T
N
< >
Datapoints o e
Start DP | Point | Z | a | Frequency

Sidai (25.000 +]0.000)Q  Q=0.000 | 400.000MHz

TP2 |(25.000 + [12.566) Q | Q=0.503 | 400.000MHz

" sweep over datapoints ' sweep overfrequency (single datapoint) TP3 |(31.315+j0.213) 0 | Q=0.007 | 400.000MHz

= ey TP4 |(31.315 +[16.047) Q | Q=0.512 | 400.000MHz

Sweep over all datapoints [s00 funz TPS |(39.537-(0.170)Q | Q=0.004 | 400.000MHz
The datapoints may have differentfrequencies

N TP6 |(39.537 +[20.188) 0 | Q=0.511 | 400.000MHz

D [z =] TP7 |(49.844-[0.151)Q |Q=0.003 |400.000MHz

SP1 |(42.769 +19.434)Q |Q=0.221|300.000MHz

]:;ep a1 SP2 |(47.378+/5.607)Q |Q=0.118 | 350.000MHz

SP3 |(49.844-10.151)Q | Q=0.003 | 400.000MHz

[Rdmberetpaints ] SP4 |(49.277-6.127)Q |Q=0.124 | 450.000MHz

f SP5 |(46.305-]10.454) Q | Q=0.226 | 500.000MHz

SP6 |(42.484-]12.323) Q | @=0.290 | 550.000MHz

Draw | SP7 |(39.171-j11.998)Q | Q=0.306 | 600.000MHz

[/  ox] X cance| 2 ren SP8 |(37.144-10.127) Q |Q=0.273 | 650.000MHz

SP9 |(36.823-i7.316)Q | Q=0.199 | 700.000MHz

SP10

(38.603 - j4.092) 0

Q=0.108

750.000MHz

SP11

(43.095-j1.154) Q

Q=0.027

800.000MHz

-

Datapoint sweep:
Example:

After invoke of a sweep, edit element values to watch changes of swept points.

An antenna has different impedances at different frequencies. This datapoints are loaded from a S11-
file. Match the antenna at 1.9 GHz to 50 Ohm using a 50 Ohm transmission line and a parallel
capacitor. Use a datapoint sweep to find out the matching performance (VSWR) for this network for all

datapoints.
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Sweep

o sweep over datapoints

Sweep over all datapoints
The datapoints may have differentfr

(@ sweep over frequency (single datapoint)

zZHoR L @UI0s 802 98)

N

'z

410619 —{—

{(nosja)wwyz gzl(siydjwwz 9z
099} 0=¥|w/gapoz-311U00S

uz—™

z

Q

Fregquency

(36.000 - j16.000) Q

=0.444

1.600GHz

(37.000 - j13.000) 0

Q=0.351

1.700GHz

start frequency

[100 [z

I

stopfr

[s00 [nahz

=l

-
=
-
v

DP3

DPS

(36.800 - j11.000) Q

(36.500 - 5.500) Q

Q=0.299

Q=0.178

1.800GHz

DP4 (36700-j8.500)Q Q=0.232 1.900GHz

2.000GHz

DP&

(36.900 - 2.400) Q

Q=0.065

2.200GHz

[ step

[s0 bz

I

—number of points

—

I

Draw

V4 OK| X Cancecl ?

Helpl

DP7

(36.700 +j1.400) Q

Q=0.038

2.400GHz

TP8

(44,472 +116.472) Q

Q=0.370

1.800GHz

TP9

(50.573 - j0.046) O

Q=0.001

1.900GHz

SP1

(36.407 + 4.112) Q

Q=0.113

1.600GHz

SP2

(41.298 + j3.227) Q

Q=0.078

1.700GHz

SP3

(45.629 +2.530) Q

Q=0.055

1.800GHz

sS4

(50.573 - j0.046) O

=0.001

1.800GHz

SPS

(54,609 - 3.814) Q

Q=0.070

2.000GHz

SP6

(57.461-j15.643) 0

Q=0.272

2.200GHz

SP7

(53.522-26.933) Q

Q=0.503

2.400GHz

>

After invoke of a sweep, edit element values to watch changes of swept points.
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Circles

Use menu , Tools", ,Circles” or shortcut “Ctrl+T” or button in toolbox.

Tools | Zoom  Window

(21 Circles  Ctrl+T

e

Sweep

Remove Sweep

Tune

©

Settings  Ctrl+E

There are following options:

Q-Circles
Gain-Circles
VSWR-Circles
Stability-Circles

Noise Figure Circles

Constant Q-Circles

p 2 Select menu ,Tools*, ,Circles” or shortcut “Ctrl+T”
=N

'@j

or click button in toolbox and select tab , Q"

> Enter Q for the locus

This draws the locus (ellipse) of all points for

Im(Z2)

Q =const. = Re(Z)
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Circles

@ |ean | vswR| stabiy | NoiseFigure |

—Defined —Select other

10 R4

I™ 50 28 Insert I
v 20 Select all |

™10 Clear all I

¥ 05 Clear all |
" o2

J OK| X Cnncell ? Help

Q-circles are not listed in window “Circles”.



Constant Gain Circles

> Select menu , Tools*, ,Circles” or shortcut “Ctrl+T”
(=
®

or click button in toolbox and select tab ,Gain".

> Select “Available Power Gain”, “Operating Power Gain” or “Unilateral”.

Use “Available Power Gain” for low noise amplifiers.

Use “Operating Power Gain” for amplifiers with maximum output power, best efficiency or lowest
intermodulation.

Use “Unilateral” for first approximation of matching network.

- Enter S-parameter or import parameter from a file.
> Enter desired Gain for the circle (must be less than Gmax).

If Stability factor K<1, Available Power Gain and Operating Power Gain are undefined and circles are
for conditionally stable twoports. Be careful your amplifier may oscillate. One possibility to avoid
oscillation is to stabilize the twoport in advance (serial or parallel resistor at input and/or output, until
K>1).

For unilateral devices S12 is assumed to be zero.

> Click “Draw”.
> Continue with entering gain for next circle. Click “Draw”, etc.
| Circles
a  Gan |vswr| stabity | NoiseFigure
Select gain 1 Import
(% Available Power Gain { Operating Power Gain S-Parameter |
€ Unilateral Gain to show
K Power gain [dB]
Source Load
[5.679 16.074

Frequency

SN s12

Magnitude Angle [7] Magnitude Anale[7]

0.147 |-0.168 0.012 1.384

@ Polar " Cartesian " dB @ Polar (" Cartesian " dB

s21 s22

—~Magnitude- Angle [] Magnitude Angle[T]

5673 [2871 0.422 -0.189

¢ pPolar (" Cartesian [~ dB @ Polar ¢ Cartesian (" dB

Draw I

oK| X Cancel’ ? Help‘

Constant Gain circles are labeled with ,Gn". n is the number of the circle, starting with number 1.
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Zoom if necessary.
The Constant-Gain-Circle will be described in window “Circles” with following data:

e Gn Gain circle number n
e Input or output plane

e Gain for the circle

° Gmax

e S-Parameter

e Frequency "

Circles 7337‘
Visible | Highlighted | Details =
v v G3: input plane const. gain circle Vp=12.50dB ;Gmax=12.94dB ;S11=0.12...

B | G4 input plane const. gain circle :Vp=12 3008 ;Gmax=12.84dB 511=0.12... |
Iv| | S1: Input plane stability circle; stable inside; K=1.17; $11=0.12 <-143.00°;...
v I S52: Output plane stability circle; stable outside; K=1.17; 511=0.12 <-143.0... ‘_
v r MN1: Constant 3.60dB noise figure circle; NFmin = 3.60dB; T _NFmin = 0.42 ...
v v N2: Constant 3.80dB noise figure circle; NFmin = 3.60dB; T NFmin = 0.42 ... A

With the checkboxes in window “Circles” the visibility and highlight of the circle on Smith-Chart can
be switched on and off.

To remove a circle from Smith-Chart highlight appropriate line in window “Circles” and press
“Delete”.

2 Frequency is only assigned to circles if parameters are input from a S-parameter-file. If
parameters are input manually or altered, no frequency will be assigned.
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Constant VSWR Circles

> Select menu ,Tools*, ,Circles” or shortcut “Ctrl+T”
. . © “
or click button in toolbox and select tab ,VSWR
- Enter VSWR for the circle
The circles are always centered to the center of the Smith-Chart.
Circles
Q Gain VSWR lStabilityl NoiseFigure
—Defined ~Select other
[T~ 10 1.7
.'_ 50 17 Insert |
T 30 Select all |
| Delete |
v 20 Clear all I
15 Clear all |
|V 12
VSWR |T| RL
1 0 infinity
1.02 0.01 40.1
1.065 0.03 30.0
1.1 0.05 26.4
1.2 0.09 20.8
1.3 0.13 17.7
1.5 0.20 14.0
1.8 0.29 10.9
2 0.33 9.5
3 0.50 6.0
5 0.67 3.5
10 0.82 1.7
/ OK| )( Cancell ?

Help

VSWR-circles are not listed in window “Circles”.
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Stability-Circles

> Select menu , Tools", ,Circles” or shortcut “Ctrl+T”

©)
or click button in toolbox =" and select tab ,Stability".

> Select Input plane or Output plane.

> Enter S-parameter or import parameter from a file.

> Click “Draw”.

> Continue with entering S-parameter for next circle. Click “Draw”, etc.

Stability circles are labeled with ,Sn“. n is the number of the circle, starting with number 1.

Circles
Q |Gan |vswr Stabity | noiseFigure |
Select Plane —Import
Input | Output | S-Parameter
Frequency
-S11 gl -512
Magnitude Angle[’] Magnitude- AnglefT]
0.147 [-0.168 0.012 [1.384
% Polar " Cartesian { dB @ polar " Cartesian{" dB
S21 S22
Magnitude - Angle[] | Magnitude Angle[]
5.673 j2.871 0.422 -0.188
@ Polar { Cartesian [ dB * Polar (" Cartesian{ dB
Draw |
F 4
v OKI X Cancell ? Helpl

If the circle lies outside the Smith-Chart zoom out.
The Stability-Circles are described in window “Circles” with following data:

e Sn Stability circle number n

e Input or output plane

e Stable inside or outside of the circle
e Stability factor K

e S-Parameter
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e Frequency "

Circles El . S@
Visible | Highlighted | Details =
¥ | ®  |G3: input plane const. gain circle ;Vp=12.50dB ;Gmex=12.94dB ;511=0.12... |
v \ r | G4: input plane const. gain circle ;Vp=12.30dB ;Gmax=12.94dB ;511=0.12...
| (51 Input plane stability circle; stable inside; K=1.17; 811=0.12 <-149.00°;...
M ‘ r 182: Output plane stability circle; stable outside; K=1.17; 511=0.12 <-148.0... ||
7l7 [ ,I_, 7|N1: Constant 3.60dB noise figure circle; NFmin = 3.60dB; I_NFmin = 0.42 ...
Vv v IN2: Constant 3.80dB noise figure circle; NFmin = 3.60dB; ™ NFmin=0.42 ... | ¥

With the checkboxes in window “Circles” the visibility and highlight of the circle on Smith-Chart can

be switched on and off.

To remove a circle from Smith-Chart highlight appropriate line in window “Circles” and press

“Delete”.
1)

parameters are input manually or altered, no frequency will be assigned.

Constant Noise Figure Circles

p 2 Select menu ,Tools”, ,Circles” or shortcut “Ctrl+T”
©
or click button in toolbox and select tab ,Noise Figure®.
> Enter noise data or import parmeter from a file:

e Minimum noise figure NFmjn in dB
e G_ NF, (reflection coefficient corresponding to NF)

e« Equivalent input noise resistance, normalized or
unnormalized

p 2 Enter desired Noise figure NF for the circle in dB (>NF )
> Click “Draw”.
- Continue with entering NF for next circle. Click “Draw”, etc.

Frequency is only assigned to circles if parameters are input from a S-parameter-file. If

Constant Noise Figure Circles are labeled with ,Nn“. n is the number of the circle, starting with number

1.
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Circles

a | can | vswR| stabity NoiseFigure |

—D:\MyDocuments\_Aktuell\Smith Test\Tests und Doks\S2P-—— [~ Import
330 820
If[MHzI Fmin mag angle[’] S Dardmets
500 3.1 0528 53 1.18
1000 3.1 0.477 127 1.33

2000 36 0.418 391 0.98

IIOOOMHZ |3.101

—Frequency —— ’—Noise figure to show [dB] -

Draw

[~ Minimum noise figure NFmin [dB]
|3.1

—Reflection coefficient corresponding to NFmin
rmag—— | [-angle[]
[0.477 ﬁu]

@ polar (" Cartesian (" dB

—Equivalentinput noise resistance

l1~33 ' Normalized " Not normalized

J OKI X Cancell ? Help

Zoom if necessary.

Remark: Touchstone files have normalized noise resistance info. CITI-files can have normalized or
not normalized noise resistance info. Check appropriate radio button in window above.

The Constant Noise Figure Circle will be described in window “Circles” with following data:

e Nn Noise Figure circle number n
e NF for the circle

e NFmin

* T_NF,,

e Equivalent input noise resistance
« Frequency”

Circles == Eom
Yisible | Highlighted | Details )

v v G3: input plane const. gain circle Vp=12.50dB ;Gmax=12.94dB ;511=0.12...
G4: input plane const. gain circle ;Vp=12.30dB ;Gmax=12.94dB ;S11=0.12...

S1: Input plane stability circle; stable inside; K=1.17; S$11=0.12 <-149.00°;...
S52: Output plane stability circle; stable outside; K=1.17; 511=0.12 <-149.0... | |
N1: Constant 3.60dB noise figure circle; NFmin = 3.60dB; _NFmin = 0.42 ...
N2: Constant 3.80dB noise figure circle; NFmin = 3.60dB; ™ NFmin=0.42 ... | ¥

CUEnIEn = Am




With the checkboxes in window “Circles” the visibility and highlight of the circle on Smith-Chart can

be switched on and

To remove a circle from Smith-Chart highlight appropriate line in window “Circles” and press

“Delete”.

1

off.

Frequency is only assigned to circles if parameters are input from a S-parameter-file. If

parameters are input manually or altered, no frequency will be assigned.

Settings

> Select menu ,Tools®, ,Settings” or shortcut “Ctrl+E” or click button in toolbox

Tools | Zo

om  Window

{21 Circles

Sweep

Tune

Ctrl+T

Remove Sweep

Settings  Ctrl+E

Tab Smith-Chart

- Line width and colors
- Z,for Smithchart
- Default frequency for datapoint

- Labels

- Z-plane, Y-plane on/off

©

Settings

Smith-Chart ]S—Plut ] General]

—Lines and colors

Z-Plane lines
Y-Plane lines

Datapoints circles

Color Line width

[
| [

Ref. Z-circlelines
Ref. Y-circle lines

Datapoints lines

- [~ Smith Chart

Color Line width

-
- 1 :]' V¥ Z-plane (on/off)
- 1 e [V Y-plane (on/off)
-m I Connectdatapoints
! m [V Chartlabels (on/off)
- m [V Label DP (on/off)

[V Label TP (on/off)
¥ Label circles (on/off)
[V Label SP (on/off)

[” Expanded

e

Schematic

[V Show auto labels

Q-Circles - 2 v Temp. lines
Stability-circles - 2 ~|  Elementlines
Gain-circles - 1 v
VSWR-circles | |B =
Noise-circles | IE =
Sweep-lines - 1 v Sweeppointcircles
IF=1-circle | |E =
General r
Default Zo 50 [o] v

—Circuit orientation™ 7 | ~Schematic orientation

—Datapoint @ Toward generator € Vertical

Default frequency 500 MHz

% Horizontal

, |
Restore defaults I Y, OK ]( Cancell ? Help
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Tab S-Plot
- Line width and colors
- Labels
- Z-plane, Y-plane on/off

Settings

Smith-Chart  S-Plot I General |

[~Lines and colors —S511 to S22 Window

Polar grid lines - 1 vl ¥ Z-plane (on/off)
MAG line - m ¥ Y-plane (on/off)
e - m V¥ Chartlabels (on/off)

V¥ Datapointcircles (on/off)
Kline - |2 'I
yline - ]2 'I
Return Loss S11 line - =]
Return Loss 522 line - |2 :I'
Grid lines Gain Graph - ]1 'I
Grid lines Return Loss Graph - 1 :']

Restore defaults | / OK| x Cancell ? Help
Tab General
- Default start mode (Smith-Chart or S-Plot)
Settings
Smith-Chart | S-Plot  General
Default start mode
(!7 Smith Chart ™ S-Plot

Restore defaults | / 0K| x Cancell ? Help
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Print the Smith-Chart

- Select “Print” or “Print Preview” in menu “File“or click button

=

or deselect appropriate items in dialogbox.

Print

Smith Chart
[V Smith Chart

vV z-Chart

[V Y-Chart

[V Circuit Elements ¥ Noise-Circles

Vv Q-Circles

[V VSWR-Circles

v sSchematic
v Datapoints
¥ Circles

e Smith-Chart:

¢ Schematic:
o Datapoints:
¢ Circles:

[V Stability-Circles

[V ConstantGain Circles

13 1
A <

[V Labels

[V Sweep-lines

J OKI /< Cancel ? Help

Print Smith-Chart

Print schematic

Print window “Datapoint”
Print window “Circles”

in toolbox and select
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Copy to Clipboard

> Select ,,Copy to Clipboard® in menu ,Edit* or click button in toolbox and select

appropriate item.

A copy of the selected item is put to the clipboard for insertion in office applications.

vCopy to Cﬁpboard

Smith Chart SPlot

€ Schematic / \ € Fileinfo
y ; L y
o — = - - Lt S e $ 4~ 512 =
L

sl
h

 Datapoints \\ / ¢ iGanatie

€ circles

/ OKl X Cancel| ? Help

Shortcuts

Following shortcuts can be used for best productivity:

File New Ctrl+N
Open Ctrl+O
Save Ctrl+S
Edit Undo Ctrl+z
Redo Ctrl+Y

Mode Toggle Smith-Chart/S-Plot Ctrl+M

Tools Circles Ctrl+T
Extras Settings Ctri+E
Zoom Zoom in Ctrl+1
Zoom out Ctrl+2
Zoom 1:1 Ctrl+3

Help Help F1



Save Netlist

> Select “Save Netlist” in menu “File”.

| File | Edit Mode Tools
; New Ctrl+N

Open Project

k- SaveProject Ctrl+S
Save Project As

Save Netlist -
Export

Print

e

Print Preview

Recent Files »

2\ Exit

Save an ASCII-file in Touchstone netlist format. This format is used by several linear simulators.
CKT is standard file extensions.

The generated netlist include:

Comments:
Comments are ignored by the simulators. They can be added anywhere in the file by a preceding
exclamation mark (!).

DIM Statement:
The DIM statement set the units.

CKT block:
This block contains the description of the circuit. At the end of this block the statement DEF2P define
the network as a 2-port.

FREQ block:
Defines the frequency for analysis.

Example:

I SMITH-CHART NETLIST GENERATOR VERSION 1.0
I'INPUT FILE: Example_netlist.xmlsc

I OUTPUT FILE: Example_netlist.ckt

I GLOBAL

DIM FREQ=1e6 RES=1e0 IND=1e-9 CAP=1e-12 LNG=1e-3 TIME=1e-12 COND=1e-0
I

CKT

SRLC 1 0 R=33 L=22 C=18

TLINP 12 0 Z=50 L=37.8 K=1 A=2 F=0

RES 2 3 R=46.08

IND 30L=13.18

CAP 34 C=19.4

DEF2P 1 4 A! A'is actual passive Network

I

FREQ

FIXED 500
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Export Data

> Select “Export” in menu “File”.

Export datapoints or circle data to an ASCII-file for post-processing in spreadsheets or math software.
Delimiter format: None, semicolon or comma.

File | Edit Mode Tools
New Ctrl+N

:i Open Project

kel SaveProject Ctrl+S
Save Project As

Save Netlist
Export
= Print

Print Preview
Recent Files »

/X Exit

Data file examples:
Export datpoints

Start DP  Point R[Ohm] X[Ohm] Q Frequency[Hz]
true; 1; 20.000; -12.000; 0.600; 450000000.000
false; 2; 20.000; 12.033; 0.602; 450000000.000
false; 3; 27.180; 1.281; 0.047; 450000000.000
false; 4; 27.180; 16.280; 0.599; 450000000.000
false; 5; 36.855; 1.679; 0.046; 450000000.000
false; 6; 36.855; 21.754; 0.590; 450000000.000
false; 7, 49.695;  0.006; 0.000; 450000000.000

Export circles

G1;input plane const. gain circle;12.94;12.94;0.12;-149.00;0.11;59.40;3.76;78.90;0.41;-54.50;2.0GHz;
G2;input plane const. gain circle;12.50;12.94;0.12;-149.00;0.11,;59.40;3.76;78.90;0.41;-54.50;2.0GHz;
G3;input plane const. gain circle;12.00;12.94;0.12;-149.00;0.11,;59.40;3.76;78.90;0.41;-54.50;2.0GHz;
N1;3.60;3.60;0.42;39.10;0.98;2.0GHz;

N2;3.70;3.60;0.42;39.10;0.98;2.0GHz;

N3;3.80;3.60;0.42;39.10;0.98;2.0GHz;

N4;3.90;3.60;0.42;39.10;0.98;2.0GHz;

N5;4.00;3.60;0.42;39.10;0.98;2.0GHz;

S1;Input plane stability circle;stable outside;1.17;0.12;-149.00;0.11;59.40;3.76,78.90;0.41;-54.50;2.0GHz;
S2;0utput plane stability circle;stable outside;1.17;0.12;-149.00;0.11;59.40;3.76;78.90;0.41;-54.50;2.0GHz;

For meaning of values see window “Circles”
Circles E X3

Visible Highlighted Details
‘ G1:input plane const. gain circle :Vp=12.94dB ;Gmax=12.94dB ;S11=0.12 < -149.00%; 512=0.11 < 59.40°; 521=3.76 < 78.90°; 522-0.41 <-54 50°; 2.0GHz
EGZ: input plane const. gain circle ;Vp=12.50dB ;Gmax=12.94dB ;S11=0.12 <-149.00%; S12=0.11 < 59.40°; 521=3.76 < 78.90°; 522=0.41 < -54.50°; 2.0GHz
| G3:input plane const. gain cicle :Vp=12.00dB :Gmax=12.34dB :511=0.12 < -149.00% $12-0.11 < 59.40°; 521=3.76 < 78.90°; S22=0.41 < 54 50°; 2.0GHz
‘51: Input plane stability circle; stable inside; K=1.17; $11=0.12 < -149.00%; $12=0.11 < 59.40%; 521=3.76 < 78.90%; 522-0.41 < -54.50%; 2.0GHz
“ S2: Output plane stability circle; stable outside; K=1.17; $11=0.12 < -149.00%; $12=0.11 < 53.40°; $21=3.76 < 78.90"; 522=0.41 < -54.507; 2.0GHz

i EN1 : Constant 3.60dB noise figure circle; NFmin = 3.60dB; I'_NFmin = 0.42 < 33.10; rnoise = 0.98;2.0GHz
| N2: Constant 3.70dB noise figure circle; NFmin = 3.60dB: I_NFmin = 0.42 < 39.10: fnoise = 0.96:2.0GHz

| N3: Constant 3.80dB noise figure circle: NFmin = 3.60dB; T_NFmin = 0.42 < 39.10; Foise = 0.98:2 0GHz
“ N4: Constant 3.90dB noise figure circle; NFmin = 3.60dB; _NFmin = 0.42 < 39.10; rnoise = 0.98:2.0GHz
! N5: Constant 4.00dB noise figure circle; NFmin = 3.60dB; I'_NFmin = 0.42 < 39.10; rnoise = 0.98;2.0GHz

@ |

=)
OEEDOODOoE O

44



S-Plot

Export
Print S-Plot

Read S-Parameter - Files in Touchstone® -, CITI- and EZNEC- Format and display the data in
different graphs and listings.

Convert and export S-Parameter to normalized or unnormalized H-, Z-, Y- or A-Parameters in
Touchstone® - Format files.

Export s1; Or Sy, to Smith-Chart.

Print all graphs or listings.

> Select ,S-Plot* in menu ,Mode*.

Smith VA0 8 x
Fle Edt Mode Eport Window Help

im A a9CEi L O o S Tue =

1 Ee]=]| e El@=]] o _Artuell Smith TestiTests s 3 =@l
[Faename  BFGI3G 520 Verson 20
! Prigs part # 86 33 Oate. Jul 1960
Blas condton: VeessV, ce1
/4 LIE PRNING: same data a5 wi cross emiter phning.
s wz s uA R SO
s s sz sz v
48 1336 171 o5 B9 94 481 M0
o 813 M9 12673 teds o1z 193 4 mst %1
200 72 235 12218 155 o2 20 e 231 e
0 6 47 nss w1 on &2 w2841 7
@0 se6 456 109 121 0¥ €8 7M. M| 258
03 08 09 12
Froquency (MHz] | WAG 48] [ETT] 7] ) | s12(08)
300000 |— = lossz losts 3am
00000 = 27 osss ose7 2853
500 000 — 2730 0837 =3 27331
700,000 — 2218 0781 075 25514
200000 = 2150 o8 = 24883
500,000 = 2773 oz oan3 282
1000009 - 20137 084 083 2608
of o o grogh se]=]
Disgram
Gaingraph
T 2 — G
T 15 — MSG
ey A =  —f
Bl L E—F — 05
I
O00ED 12063 240E3 360E3 4B0E3  600E3
Tl
0308 09 12 Return Lom graph Sle]=|
Disgram
Returnlass graph
< = Retanloss S11
.
e8]
000E0 120E3 24063 360E3 480E3 6.00E3
) v

> Load S-Parameter file with ,Open” in menu ,File®.
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> Choose file format:
Touchstone format (*.s1p, *.s2p)
CITI format (*.citi, *.cti)
EZNEC format (*.txt)

S11 and S22 are plotted to a Smith-Chart, S12 and S21 to a polar plot.

There are additional windows for:
e Source file

Open X
™ > ThisPC > Documents > _Aktuell > Smith Test v O Search Smith Test »p
Organize v New folder v [H o
# Quick access 2 Name Date modifie: Type Size od
) 2 1] 6P1V54MO0.52P 3:34 S2P File 4KB
Libraries o il BFG236.52p $2p File 4K8
I Desktop of | BFR90AH.S2P S2P File 2KB
¥ Downloads 2 "] BFR91AD.S2P S2P File 2KB
% Dropbox - 1 BFR93AA.S2P S2P File 2KB
8| iCloud Drive 2 | BFR181_5V02M0.52P S2P File 3KB
= Pictures 3 | BFRS505B.52p S2P File 3KB
5 | BFR520B.52p S2P File 3KB
%] Documents sl
= - _ | BFR520B_NoNoise.s2p S2P File 2KB
Brides "I CD2V015M.52P S2P File 2KB
Help V4.0 ) ) galis1.s2p S2P File 3KB o
File name: | BFG336.52P | [s2p-files (*s2p)
S1p-files (*.s1p)
- EZNEC-files (*.bd) i
I CITI-Files (*.CITI;*.CTI)

e Gain table with listing of MAG[dB] (maximum available operating power gain), MSG[dB]
(maximum stable gain), stability factor K, stability factor us (Mue) and S12[dB]
e Gain graph for MAG[dB] (for K>1) and MSG[dB] (for K<1), stability factor K and stability factor

us (Mue)

e Return Loss graph for S11[dB] and S22[dB]

The selected line in window “Gain table” highlights the corresponding datapoint in all graphs.
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Frequency [MHz] MAG [dB] MSG [dB] K[
40.000 —_— 34.264 0.250
100.000 e 30.237 0.241
200.000 —_— 27.445 0.354
300.000 —_— 25731 0.457
400.000 R 24714 0.555
500.000 —_— 23.730 0.837
600.000 —_— 22,991 0712
700.000
800.000 R 21.530 0.845
900.000 —_— 20.773 0.896
1000.000 e 20.137 0.945
1200.000 18.082 - 1.022
1400.000 16.521 —_— 1.057
1600.000 15.228 — 1.085
1800.000 14.055 —_ 1.122
2000.000 12.943 —_— 1.166
2200.000 12.045 —_— 1.199
2400.000 11.267 —_— 1.227
2600.000 10.588 —_— 1.239
2800.000 10.152 R 1.230
3000.000 9.547 — 1.246
3250.000 8.882 —_— 1.263
3500.000 8215 —_— 1.291
3750.000 7.7%0 —_ 1.299
4000.000 7.189 —_— 1.313
4250.000 6.911 —_— 1.302
4500.000 6.408 —_— 1.319
Gain table
| Diagram | Frequency [MHz] | MAG [dB]
Logarithmic 40.000 —
Linear 100.000 SR
Show marker info 2 — MAG G =
0 :' MSG 300.000 B
\ = E 400.000 S
25 ~ —— e — B =15 500.000 -
o 3 1
15 / 800.000 S
104— e 900.000 —
v / | - 1000.000 —_—
5= 1200.000 18.082
0 0 1400.000 16.521
0.00E0C 1.20E3  240E3 3.60E3 4.80E3 6.00E3 1600.000 15.228
f[MHz] 1800.000 14.055
— 2000.000 12.943
: Cursor position
MAG - | MSG 2222 | K 078 | u 076 2200:000 12:045
2400.000 11.267
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Return Loss graph

Diagram
Logarithmic

Linear

Show marker info

e |

@8] -10

N

\V/
-20
4.00E1 4.00E2 4.00E3
f[MHz)
Cursor position
RLST1 -825 | RLS22 -491
Equations:

S.e

(K— K2—1) S K>1

MSG = C:"pmaxstabil = @ ; K <1
S,
K = 1_|311|2 _|822|2 +|A|2
2'|312 '821|
A=35-5,—5,"Sy
U = 1_|822|2 >1
i |Sl1_A'S;2 +|821812|

S11[dB] = 20log(|S,,|)
$22[dB] = 20l0g (|S,,)

$12[dB] = 20log |S|)

= Return Loss S11
= Return Loss S22

Gain table

Freguency [MHz] MAG [dB]
40.000 e
100.000 e
200.000 e
300.000 R
400.000 —
500.000 B
600.000 |—
800.000 e
$00.000 —
1000.000 -
1200.000 18.082
1400.000 16.521
1600.000 15.228
1800.000 14.055
2000.000 12.943
2200.000 . 12.045
2400.000 [ 11267
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Export

Export H-, Z-, Y- and A-Parameter to File
Export CITI to S-Parameter Touchstone File
Export S11 or S22 to Smith Chart

Export H-, Z-, Y- and A-Parameter to File
After loading an S-Parameter file in S-Plot, the file can be converted to H-, Z-, Y- or A-Parameter
(normalized or unnormalized) and saved in a file.
All converted files are in Touchstone® - Format.

> Menu ,Export®, ,s- to x-parameter-file“.

Export | Window Help

s- to H-parameter - file

s- to Z-parameter - file
s- to Y-parameter - file
s- to A-parameter - file

ClTl-to S

511 to smith chart

s22 to smith chart

Equations Twoport Parameter Conversion
S-, Z-, Y-, H- and A(ABCD)-Parameter:

‘ (apostrophe) denotes normalized parameter.

S = (Z I11 1)(2'224'1)_ Z'12 Z'21 7' — (1+ 811)(1_822)+ S12821
" (2'11"'1)(2'22"'1)_2'12 ZI21 " (1_811)(1_822)_812821
s _ 27", = 25,
12 \ } ) )
(Z 11+1)(Z 22+1)_ L2y (1_811)(1_522)_812821
5 - 27", - 25,
21 . ' ) )
(Z 11+1)(Z 22+1)_ L2y (1_811)(1_822)_312821
S. — (2'11"'1)(2 I22_1)_ z I12 z I21 7' = (1_811)(1"'822)"' S12821
# (ZI11+1)(Z'22+1)_ZI12 Z'21 2 (1_811)(1_822)_812821
z, = = 2, = & 2= “a Z'p = %2



(l_y'n)(l"'ylzz)"'yllz Y . (1_811)(1"'822)"'812821

S = 1 1 1 1 y =
" (1+Y11)(1+y 22)_Y12 Yau . (1+811)(1+ SZZ)_812521
e -2y, v = -2S,
12 ! ! ! ! 12
(1+y11)(1+y 22)_Y12 Y (1+811)(1+822)_812821
S. = _2y.21 y- _ _2821
21— ! 1 ! ! 21
(1+Y11)(1+y 22)_y12 Yo (1+811)(1+822)_812521
. (1"' ylll)(l_yI22)+yI12 Y'a v (1"'811)(1_822)"'512821
822 - 1 1 1 1 y 22 -
(1+ y 11)(1+ y 22)_ YiYa (1+811)(1+Szz)_s12821

y'11 = yllzo yllz = ylZZo Y'21 = yZIZo ylzz = yzzzo

_ (h '11_1)(h '22+1) h '12 h I21 (1+ Sll)(1+ S22 ) - S12821

= h' —
" (h'y+1)(h'y+1)=h',hy, " (1-S4)(1+S,)+S,S,
s - 2h', v 25,
2 (hu+1)(h',+1)=h', by, 2 (1-5,)(1+5S,)+S,S,
- —2h", h = -2S,,
* (hu+1)(h'p+1)=h', 0", #(1-S,)(1+S,)+S,5,
_ (1+ hlll)(l_hlzz)+ hl12 hlzl h'. = (1_822)(1_811)_812821
Sy = : ; T 2=
(h'y+1)(h',+1)—h", h', (1-S,,)(1+S,,)+S,,S,,
h l11 = ﬂ h I12 = hlZ h I21 = h21 h '22 = hzzzo

z

0

_ 1 (1+ S11)(1_822)"'812821 Zo [(1+511)(1+522)_812821
2821 Yo [(1_ 811)(1_ Szz ) - S12821 (1_ 811)(1"' S22 ) + S12821

Szi A+ ALY = Al — Ay Z(Aquz_AizAm)
A 2 _Au + A12Yo - Azlzo + Azz

Al = Au + A12Yo + Azlzo + Azz
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Export CITI to S-Parameter Touchstone File
A CITI-file loaded in S-Plot can be saved as S-parameter file in Touchstone format.

>  Menu ,Export, ,CITI- to S*.

Export | Window Help

s- to H-parameter - file
s- to Z-parameter - file
s- to Y-parameter - file
s- to A-parameter - file

ClTl-to S

511 to smith chart
s22 to smith chart

Export S11 or S22 to smith chart

>  Menu Export‘, ,s11 (or s22) to smith chart".

Export | Window Help

s- to H-parameter - file
s- to Z-parameter - file
s- to Y-parameter - file
s- to A-parameter - file

CITl-to S

511 to smith chart
s22 to smith chart




s-Parameters

Freguency

MHZ) S11 Mag S11 Angle S$21 Mag S21 Angle S$12 Mag S12 Angle S22 Mag S22 Angle
40.000 0.828 -4.800 13.346 173.100 0.005 83.900 0.964 -4600
100.000 0.813 -11.900 12,673 164.500 0.012 79.300 0.941 -11.500
200.000 151.500
300.000 141.100
400.000 132.100
500.000 124.800
600.000 118.100
700.000 112.400
800.000 107.600
900.000 103.700
1000.000 100.300
1200.000
1400.000 0.184 -118.200 5.207 89.700 0.083 60.000 0.441 -49.700
00.000 0 ) 00 620 0 0.0 9.900 0 0 00
1800.000 0.146 -135.900 4151 82.400 0.100 59.900 0.422 -53.400
000.000 00 900 0.10 9.400 0 0 00
2200.000 0.115 -169.800 3.454 75.800 0.116 58.700 0.391 -56.400
0.000 0 0 9 0 0 0 0 60.10
2600.000 0.143 168.900 2955 69.700 0.131 §7.100 0.368 -64.900 =
1 I
|n  Select Filel v OKI X Cancell ?  Hep
- Select appropriate parameter lines using <Shift> and <Ctrl> for multiple selection. Terminate

with OK.
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Print S-Plot

-

Print

Select “Print” or “Print Preview” in menu “File“or click button

or deselect appropriate items in dialogbox.

SPlot
v v v s11
[~ v v s21
~ v IV Fileinfo
v 72 [V Gain table
v ~

=

in toolbox and select

v s12

v 322

IV Gain graph

[V Return loss graph

J OKI /< Cancel ? Help

S11, S12, S21, S22: Print window S11, S12, S21, S22
Gain table: Print Gain table

Gain graph: Print Gain graph

Return loss graph: Print Return loss graph
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Copy to Clipboard

.l.‘ J

3=

> Select ,,Copy to Clipboard® in menu ,Edit* or click button = in toolbox and select
appropriate item.

A copy of the selected item is put to the clipboard for insertion in office applications.

Smith Chart SPlot

© Fileinfo

{{C 5120 =

" Gain table

" Gain graph

e — a4

€ s21+—

" Return Loss graph

V4 OK| x Cancell ?  Hep
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Smith-Chart Basics

Smith-Chart Construction
Stability Circles
Source Stability Circles
Load Stability Circles
Constant Gain Circles
Transducer Power Gain
Operating Power Gain
Max Available Gain MAG and Max Stable Gain MSG
Available Power Gain
Unilateral Transducer Gain
Simultaneous Conjugate Match
Constant Noise Figure Circles

Smith-Chart Construction

The Smith-Chart is a bilinear transformation introduced by Philip Smith in 1940. Still in the Gigahertz-
clocked-computer-age the Smith-Chart is the most important visualization tool for transformation
networks in the impedance, admittance or reflection coefficient plane. Even the best mathematical
software tool cannot beat the graphically based procedure of the Smith-Chart to design matching
circuit topology. Of course Math-software is doing the number-crunching much faster and you get
more digits in the results. In my opinion we can’t miss either.

For my students and for the interested reader, here are some basics for the Smith-Chart construction:

The definition of the reflection coefficient I (gamma) is
Z'-1
Z'+1

I=

with normalized impedance

yZ
ZO

Solved to Z' and separated to Real- and Imaginary part
1-u>—vi+j-2v

R+ j-X'=
J 1+u?+v2-2u

with T=u+ jv

From
1-u? —V?

R'=
1+u®+vi-2u

= const.
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we get, after some algebraic manipulations,

[+~ -
U-= TV = e
R'+1 (R"+1)

This is the equation of a circle. Thus, constant resistance R (real part of impedance) in the impedance-
plane map into a circle in the s-plane.

Similarly, we find by setting X’ = const.

oy LY _ 1
(u=23 +(v X’j (X’)z

Thus, constant reactance X (imaginary part of impedance) in the impedance-plane maps into a circle
in the s-plane.

The same procedure in the admittance-plane results also in circles in the s-plane:

Y-l _G4jB

!

G Y 1Y
u+ +V2 =
G'+1 G'+1

Thus, constant conductance G (real part of admittance) and constant susceptance B (imaginary part of
admittance) in the admittance-plane map into a circle in the s-plane.

A graphical representation of this equations results in the Smith-Chart:
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Constant Resistance R
Constant Reactance X

Constant Conductance G
Constant Suszeptance B

A Powerpoint presentation referencing this subject can be found on my homepage
www.fritz.dellsperger.net
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Stability Circles

Source Stability Circles

Load Stability Circles

Stability
Unconditional stable:

L[S, [su Al

K 1
2(S1,S|

and

|A|<1

|A| = |811322 - S12821|

or

K = 1_|Szz|2 _|811|2 +|A|2 -1
2|S,,S,|

and

B=1+|S,[ ~|S,,| —|Af >0

or

(Rolett stability factor)

Graphically defined stability according to Edwards/Sinsky [6]:

Source plane

- 1-[S,,[" N
S = *
‘Sn —A-Sy, +|821812|
Load plane
1-[s,[’

,UL:‘

" >
S22 _A'Sn +|821312|




Stability circles:

SlZSZl

=l—"" Radius source plane
|Sll| _|A|

SS

_ (811 ~AS,, )* _ S, —A’S,,
|Sll|2 _|A|2 |511|2 _|A|2

s Center source plane

Sp—-ASL) S A"
Cis :( z_ 112) _ Sz . A 8121 Center load plane
|Szz| _|A| |Szz| _|A|

S12821

=|—22"2 Radius load plane
|322|2 _|A|2

LS

Stability circle

The stable region is inside the stability circle when the center of the Smith-Chart is enclosed, and

outside if the center is not enclosed. If the circle lies completely outside the Smith-Chart or completely

encloses the Smith-Chart the twoport is unconditionally stable.
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Source Stability Circles
The Source Stability Circle is the locus of all source impedances for which the magnitude of the output
reflection coefficient of the twoport equals 1.
The stable region is inside the stability circle when the center of the Smith-Chart is enclosed, and
outside if the center is not enclosed. If the circle lies completely outside the Smith-Chart or completely
encloses the Smith-Chart the twoport is unconditionally stable.

Load Stability Circles

The Load Stability Circle is the locus of all load impedances for which the magnitude of the input
reflection coefficient of the twoport equals 1.

The stable region is inside the stability circle when the center of the Smith-Chart is enclosed, and

outside if the center is not enclosed. If the circle lies completely outside the Smith-Chart or completely
encloses the Smith-Chart the twoport is unconditionally stable.
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Constant Gain Circles

Transducer Power Gain

Operating Power Gain

Available Power Gain

Maximum Available Gain MAG and Maximum Stable Gain
MSG

Unilateral Transducer Gain

Simultaneous Conjugate Match

Gain Definitions

ap b2
— —
Zs b:

“a,
[ b Transistor
I:Sn S12:| Z.
S21 S22 4_‘ ’_>
I
Z

o Iy
YA

N o~ 4

[%2]

N

[y

2 =L

Transducer Power Gain:

Arbitrary I' and I'|

Power deliveredtoload R

G. = _ -
T Power available from source P,

Operating Power Gain:
Independent of Ty (arbitrary T', with I’y =T7)

_ Power delivered toload _ R
® Power input to network P,

G

Available Power Gain:

Independent of T', (arbitrary T'g with T', =T7,)

_ Power available from network P,

G,= .
A" Power available from source P,
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Transducer Power Gain

Transducer Power Gain

Arbitrary I'g and I'|

Power deliveredtoload ~ P

G. = _ _
T Power available from source P,

Zy
| X Transistor
npu
matching {Sll 812}
network SZl 522

(1_ |Fs |2)|821|2 (1_|FL|2)
‘(1_ rsSn) (1_ 1Hl_Szz) o S12821rsr|_‘2

1_|FS|2 2 1_|FL|2
s
|1_FSF1| |1_F|_Szz|

S,.S,. I

.= 129217 L

1 Sll+1—822FL

or

S T LW
T =—2'|321| N oo 2
[1-TsS,| 1-T.T,|

S,,S.,. I

I.=S 12921 s

2 224_1_8111—‘S

Output
matching
network

jzc,
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For:Zo=2,=2, (I's5=0,I =0)

G‘TZO = |821|2
G, [dB]=10log|S,| = 20log|S,|

Operating Power Gain

Operating Power Gain
Independent of T (arbitrary ', with [’y =T7)

Use “Operating Power Gain” for amplifier design with maximum output power, best
efficiency or lowest intermodulation. Choose I'| for maximum output power, best efficiency
or lowest intermodulation. Match input conjugately to resulting I";, (I'g = FI).

SlZSerL

r=S,+
1 11 1_SZZFL

_ Power delivered to load _ R
 Power input to network P,

G

Zo
P nout Transistor o
npu utput
matching {Sll 812} matching Zo
network
521 522 network
FS = r]_* r]_ F2 r|_
Zs=21* Z4 Z, Z,
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|821|2 (1_|FL|2)
(1-I0f)p-sr.f

G =

p

_ |S21|2 (1_|FL|2)
1-S,T [ ~|S, —Ar [

5
|521|2 (1_|FL|2)

1[I0 (S, -[AF)-2Re[T (S, - Si)]

|821|2 (1_ |FL|2)

2
Sy —Al 1-S,r [
1-S,,I',

A=35,5,—S5,5,
Constant Operating Power Gain circles:

The Operating Power Gain Circle is the locus of all load impedances for constant operating
power gain. The input is conjugately matched to the resulting input reflection coefficient.

_ \/1_2K |S12821| 9, +|812821|2 9;2;
19, (1S -[4f)

b Radius load plane

_ g, (822 _Sl*lA)*
" l+g, (|322|2 _|A|2)

Center load plane

g, = P P Gain reduction for circle

G,: Desired gain
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Maximum Available Gain MAG and Maximum Stable Gain MSG

Maximum Available Gain:

MAG=G, =G, :%(K—\/Kz—l) (K >1)

1A [Sul 8wl

K >1
2'|Slz| ) |521|

Maximum Stable Gain:

MG = 21 (K <1)
Sl

Available Power Gain

Available Power Gain

Independent of T, (arbitrary T's with [', =T7)

Use Available Power Gain for low noise amplifier design. Choose I'g for lowest noise

figure. Match output conjugately to resulting I', (I'| = F; ).
SlZSZIFS

r,=S,+
2 22 1_Sllrs

G = Power available from network P,
» Power available from source P,
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Zo

Transistor
Input S S Output
matching { 11 12} matching
network twork
821 822 networ
I's I I, T'n=IY*
Zs Z; Z, Z, =17y

_ (1_|FS|2)|521|2
" p-sarf (1)

_ (1_|F5|2)|821|2
1= (Sl + [0 (8.l ~ A" )~ 2Re[ T (S~ S ) |

Constant Available Power Gain circles:

The Available Power Gain Circle is the locus of all source impedances for constant available
power gain. The output is conjugately matched to the resulting output reflection coefficient.

_ \/1_2K 1512521/ 94 +|512321|2 g
9, (|8l -1f")

Radius source plane

9a (511 - S;ZA)*
= Center source plane

" g, (suf -[af)

Gain reduction for circle

Ga: Desired gain
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Unilateral Transducer Gain

Unilateral Transducer Gain

S12 =0 - I = S11 r,= Szz

Use Unilateral Transducer Gain for first approximation of matching network.

Output
matching
network

GL

Zy
Input Transistor
matching
network
Gs GO
'y Sty Sy I,
Sy
" |:|-_F5811|2 B |1_FL822|2
GTU :Gs 'Go 'GL
1-|ry[’ 1-|r,f
s = % G, :|821|2 G, = %
[1-TsSy,| [1-T.S,|

Maximum unilateral gain can be achieved by conjugate match:

=S, and T =S,°

1 1
- = G =-——>—
Sax 1 _ |Sl1|2 Limax 1 _ |522 |2
1 2 1
=— = IS f—=
e Tl T

»Unilateral Figure of Merit* U:

U = SellSallSul|Sz|

(115 )a-ls.f)
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Error boundaries:
1 GT 1
2 < < 2
(1+U)" Gy (1-U)

1010 [(1+1U )2 ] <10log (%} <10log [ﬁ}

£ E'<E, <E”

Maximum error in dB

1 1
o 57 oo

On error larger than 1 dB (U>0.1) unilateral approximation is not valid.

E. [dB] = +

Constant unilateral gain circles:

\/1_ Osu (1_ |811|2)

* felsaf (g )

Radius source plane

*

_ 9suSu
2
1+|811| (gsu _1)

sU Center source plane

G
gy, = G—S =G, (1—|811|2) Gain reduction for circle

Smax

Gs: Desired gain

\/1_ gLU (1_ |Szz|2)

el (0 )

Radius load plane



*

_ 9.y Sy
2
1+|822| (9., -D

LU Center load plane

Oy = GGL = (3L (1—|822|Z) Gain reduction for circle

L max
G,: Desired gain

Simultaneous Conjugate Match

Simultaneous Conjugate Match
I'i=I, r=r, K>1

Give maximum gain. Device has to be unconditionally stable (K >1).

o B,— /B2 -4[C,[

SCM 1 2Cl
Source
B, =1+S,[" ~|S,,| —|Af
Cl = S11 - SSZA
L B - B2-4lc,f
LCM 2 2C2
Load

B, =1+|S,,| —|S4|" —[A
Cz = Szz - S;lA
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Constant Noise Figure Circles

Noise Figure

2
4. I, 1_‘S - 1_‘Sopt

(1-Irsf )+

min 2

Sopt

NF,

min

F.i, =Minimum noise factor = 10 1°

NF ., = Minimum noise figure in dB

I = equivalent normalized noise resistance =

r

Sopt

Constant noise circle:

\/Nf+ Ni(l—\rSopt
RFi =
1+N,

)

Sopt

14N

Ni — |:I _Fmin .
ar

n

2

1+

Sopt

F. = desired noise factor (> F,

n

0

= source reflection coefficient that produces F_;,

min )

Radius

Center
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File format info

Touchstone®

Twoport-Parameter - Files (S-, H-, Z-, Y- and ABCD-Parameter) in Touchstone® - Format must follow
the rules below:

% In one line all characters after an exclamation-mark ,!“ are comment only. The line terminates
with carriage return and line feed

< In front of data there must be a parameter-line:
# <Frequency unit> <Parameter-designation> <Format> <R n>

e #: Parameter-line designator
e <Frequency unit>: ,GHz*, ,MHz*, ,kHz" or ,HZ"

e <Parameter-Designation>:
,S" for S-Parameter
,H“ for H-Parameter
LZ* for Z-Parameter
,Y“ for Y-Parameter.

e <Format>:
»-MA": magnitude-angle
,DB*: decibel-angle
»RI“: real-imaginary

e <R n>: n =normalization impedance in Ohm (e.g. R 50)

< Data:
Each line contains the data for one frequency. The parameters are separated with one space
minimum. Data must be in following sequence:

Frequency

Magnitude, decibel or real part of x11
Imaginary part or angle of x11
Magnitude, decibel or real part of x21
Imaginary part or angle of x21
Magnitude, decibel or real part of x12
Imaginary part or angle of x12
Magnitude, decibel or real part of x22
Imaginary part or angle of x22

© o N ORrwDdNPRE

X=S,H,Z orY.
Frequencies must be ascending sequence

At the end of the twoport parameters, noise parameters can be added:

Each line contains the data for one frequency. The parameters are separated with one
space minimum. Data must be in following sequence:

1. Frequency
2. Nfmin Minimum Noise Figure in dB
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3.  Magnitude of reflection coefficient for NFmin
(Gamma_opt)

4.  Angle of reflection coefficient for NFmin
(Gamma_opt) in degree

5. Normalized equivalent noise resistor

The lowest noise parameter frequency must be less or equal to the highest S-
Parameter frequency.

Example:

I SIEMENS Small Signal Semiconductors

I CF750

! GaAs Microwave Monolithic Integrated Circuit in SOT143

!VDGND=3.8V ID=2mA

I Common Source S-Parameters: April 1992

I Parameters valid for V D-GND between 3.0 and 5.0 VDC

I for Id=1.6mA MAG[S21] is abt. 10% lower

I for Id=2.8mA MAG[S21] is abt. 20% higher

I >>>>>> Source bypass capacitor must be low inductance!!

#GHz S MA R 50

I f Si11 Ss21 S12 S22

1 GHz MAG ANG MAG ANG MAG ANG MAG ANG
0.010 0.9700 -1.0 1.780 179.0 0.0020 89.0 0.9800 -1.0
0.100 0.9700 -3.0 1.780 175.0 0.0080 84.0 0.9800 -2.0
0.250 0.9600 -8.0 1.760 169.0 0.0150 78.0 0.9700 -6.0
0.500 0.9400 -16.0 1.730 155.0 0.0270 75.0 0.9500 -11.0
0.750 0.9100 -26.0 1.700 141.0 0.0390 71.0 0.9300 -16.0
1.000 0.8700 -34.0 1.680 127.0 0.0460 64.0 0.9100 -22.0
1.250 0.8300 -42.0 1.650 118.0 0.0540 62.0 0.8900 -26.0
1.500 0.7800 -49.0 1.620 108.0 0.0610 57.0 0.8800 -30.0
1.750 0.7200 -57.0 1.590 95.0 0.0660 55.0 0.8700 -34.0
2.000 0.6600 -65.0 1.540 82.0 0.0690 52.0 0.8600 -38.0
2250 0.6100 -73.0 1.510 71.0 0.0710 54.0 0.8500 -43.0
2500 0.5600 -81.0 1.470 60.0 0.0730 60.0 0.8400 -48.0
2750 05200 -87.0 1.450 52.0 0.0740 63.0 0.8300 -52.0
3.000 0.4900 -93.0 1.420 450 0.0750 66.0 0.8200 -56.0

|

I NOISE

I f Fmin  Gammaopt rn/50
! GHz dB MAG ANG -

0.900 1.60 0.63 26 0.98
1.800 190 0.52 51 0.72
I

! SIEMENS AG Semiconductor Group, Munich

Touchstone®: Copyright by Keysight/Agilent/EEsof
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CITI

(Text adopted from Agilent)

Overview

CITlIfile is a standardized data format that is used for exchanging data between different computers
and instruments. CITlIfile stands for Common Instrumentation Transfer and Interchange file format.
ClITlfile defines how the data inside an ASCII package is formatted. Since it is not tied to any particular
disk or transfer format, it can be used with any operating system, such as DOS or UNIX, with any disk
format, such as DOS or HFS, or with any transfer mechanism, such as by disk, LAN, or GPIB.

By careful implementation of the standard, instruments and software packages using CITlfile are able
to load and work with data created on another instrument or computer. It is possible, for example, for a
network analyzer to directly load and display data measured on a scalar analyzer, or for a software
package running on a computer to read data measured on the network analyzer.

Data Formats

ClITlfile uses the ASCII text format.

The ASCII format is accepted by most text editors. This allows files to be created, examined, and
edited easily, making CITlfile easy to test and debug.

CITIfile Definitions

This section defines: package, header, data array, and keyword.
Package

A typical CITIfile package is divided into two parts:

e The header is made up of keywords and setup information.

e The data usually consists of one or more arrays of data.

The following example shows the basic structure of a CITlfile package:

 CITIFILE &.01.00
Header 1IAME MEMORY

VAR FREQ MAG 3

| DATE S RI

 BEGIU
-3.54545E-2,-1.38601E-3

Data 0.23491E-3, -1.39883E-3

2.00382E-3,-1.40022E-3

____ EID

When stored in a file there may be more than one CITlIfile package. With the Agilent 8510 network
analyzer, for example, storing a memory all will save all eight of the memories held in the instrument.
This results in a single file that contains eight CITlfile packages.

Header

The header section contains information about the data that will follow. It may also include information
about the setup of the instrument that measured the data. The CITIfile header shown in the first
example has the minimum of information necessary; no instrument setup information was included.
Data Array

An array is numeric data that is arranged with one data element per line. A CITlfile package may
contain more than one array of data. Arrays of data start after the BEGIN keyword, and the END
keyword follows the last data element in an array.

A CITlfile package does not necessarily need to include data arrays. For instance, CITlfile could be
used to store the current state of an instrument. In that case the keywords VAR, BEGIN, and END
would not be required.

When accessing arrays via the DAC (DataAccessComponent), the simulator requires array elements
to be listed completely and in order.

Example: S[1,1], S[1,2], S[2,1], S[2,2]

Keywords

Keywords are always the first word on a new line. They are always one continuous word without
embedded spaces.
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CITIfile Example

2-Port S-Parameter Data File

This example shows how a CITlIfile can store 2-port S-parameter data. The independent variable
name FREQ has two values located in the VAR_LIST_BEGIN section. The four DATA name
definitions indicate there are four data arrays in the CITlfile package located in the BEGIN...END
sections. The data must be in the correct order to ensure values are assigned to the intended ports.
The order in this example results in data assigned to the ports as shown in the table that follows:

CITIFILE A.01.00

NAME BAF1

VAR FREQ MAG 2
DATA S[1,1] MAGANGLE
DATA S[1,2] MAGANGLE
DATA S[2,1] MAGANGLE
DATA S[2,2] MAGANGLE
VAR_LIST_BEGIN

1E9

2E9

VAR_LIST_END

BEGIN

0.1, 2

0.2, 3

END

BEGIN

0.3, 4

0.4,5

END

BEGIN

0.5, 6

0.6, 7

END

BEGIN

0.7, 8

0.8, 9

END

DATA FREQ = 1E9 FREQ = 2E9

s[1,1] s[0.1,2] s[0.2,3]
s[1,2] s[0.3,4] s[0.4,5]
s[2,1] s[0.5,6] s[0.6,7]
s[2,2] s[0.7,8] s[0.8,9]

For more information see Keysight/Agilent documentation.



EZNEC

EZNEC is a very powerful antenna simulation tool. It creates a datafile “Lastz.txt”.
The Lastz.txt file is created when a Frequency Sweep or SWR sweep is run. It contains, in comma-
delimited ASCII format, the impedance and SWR at each source and frequency. It remains in the

EZNEC program directory after the program ends and can be used for other purposes if desired. Text

headers in the first line identify the field contents.

Freq MHz Frequency in MHz

Src# Number of source

R Real part of impedance

X Imaginary part of impedance

SWR (50 ohms) VSWR referenced to 50 Ohms

SWR (alt Z0) VSWR referenced to other specified resistance
Example:

"EZNEC+ ver. 5.0"

"Vertl3m h=2,5m 4xRad6ém Hut4x7m","10.09.2008 12:48:36"

"Alt Z0: ", 75

"Freq MHz","Src #","R","X","SWR (50 ohms)","SWR (alt. Z0)"

3.4,1,30.0344,-104.4704,9.427082,7.611355
3.45,1,31.09572,-87.45639,7.006533,5.937705
3.5,1,32.19752,-70.44454,5.082611,4.596093
3.55,1,33.35558,-53.0484,3.573638,3.53528
3.6,1,34.53947,-35.95722,2.484591,2.770061
3.65,1,35.77891,-18.79243,1.733638,2.262968
3.7,1,37.08047,-1.231948,1.350235,2.02335
3.75,1,38.42399,16.13573,1.567183,2.071931
3.8,1,39.82835,33.66065,2.157393,2.371814
3.85,1,41.2804,51.10541,2.964938,2.861347
3.9,1,42.81051,68.93056,3.993486,3.518317

For more information see EZNEC documentation.
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License, Demoversion and Contact

The unlicensed Demoversion allows 5 elements and 5 datapoints only. Save project and save
netlist are disabled.

If you are interested in a licensed version with full capabilities send an e-mail to

fritz@dellsperger.net

Commercial licenses are priced to US$ 120
Licenses for universities, students and Ham’s with callsign are priced to US$ 80

Demoversion and additional documents related to the Smith-Chart can be downloaded at
www.fritz.dellsperger.net
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It’s a long way to a perfect software...

If this ever exists...
While using our Smith software you may find bugs or new features to implement.

Send me a mail.
For next version we will fix the bugs and maybe put a few new ones.
We will also think about new features...

We’re working hard...

Prof. Fritz Dellsperger
Dipl. Ing. Michel Baud

October 2016
May 2010
January 2010
October 2009
September 2005
November 2004

Former team members at

Bern University of Applied Sciences

Engineering and Information Technology

Division of Electrical- and Communication Technology

Jirg Tschirren

Roger Wetzel

Martin Aebersold
Stephan Roethlisberger

April 2004
March 2004
July 2002

July 2000
February 1998
August 1995



History

Version 4.0 to Version 4.1, January 2018

Fixed bug in labels of circles (VSWR, Q)

Solved Problems with multiple datapoints and editing or tuning serial line

Solved Problems with multiple datapoints, datapoint sweep and tuning serial line length
Corrected text for Operating Power Gain Circles in circle window

Fixed bug with input for “number of points” in frequency sweep

Corrected CITI file load problems in S-Plot

Corrected S21 and S12 swapping in s2p file from “Export > CITI-to S” in S-Plot

Fixed different labels and minor bugs in “Smith” and “S-Plot”

Version 3.01 to Version 4.0, October 2016

Added Tuning Cockpit to tune element values with sliders

Fixed bugs in element definitions, frequency sweeps and other subjects
Solved problems with Decimal Symbol in window settings

Corrected file load problems in S-Plot

Minor changes in menue and dialog boxes

Version 3.01 to Version 3.10, May 2010

Added Frequency and Datapoint Sweep

Serial transmission line with loss (attenuation)

Export datapoint and circle info to ASClIlI-file for post-processing in spreadsheets or math software
Linear or logarithmic frequency axis in S-Plot graphs

Cursor readout in S-Plot graphs

Minor changes in toolboxes and settings

Version 3.0 to Version 3.01, January 2010

Fixed problem with key-files including “Umlauts” and other vowel mutations

Allow delete of manually defined VSWR-circles

Solved problems with gain-, noise- and stability-circle dialogbox

Automatic update of values in schematic on selecting active datapoint and insert circuit elements
Fixed bug for line length units in schematic

Last input of Er on line elements will be default value for next line insertion

Replaced “Ohm” with greek Q in some dialogboxes

Removed unused checkbuttons in window “Datapoints”

Correct frequency assignment from datapoints to circuit elements

Version 2.03 to Version 3.0, October 2009

n Complete redesign

Version 2.02 to Version 2.03, September 2005

Version 2.01 to Version 2.02, November 2004

Version 2.00 to Version 2.01, April 2004

Version 1.92 to Version 2.0, March 2004

Version 1.91 to Version 1.92, July 2002

Version 1.90 to Version 1.91, July 2000

Version 1.82 to Version 1.90, June 2000

Version 1.71 to Version 1.82, February 1998

Version 1.0, August 1995
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