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« Scattering (S-) parameters
* Break
 Measuring S-parameters with a VNA

* Applications
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1. A different angle.to dc

2. a and b.instead of v6itage and current
3. Complex reflection coefficient
4. S-parameters
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A different angle to dc
h Law (1)

Voltage U

heat
power
Georg Simon Ohm U _ R I Hochschule Ulm
(1789-1854) — ‘ Sy
)
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()NMS I\

| 4 low resistance R<R,

q; golden standard
5 resistor R,

high resistance R>R,
>

U

different resistors R

Hochschule Ulm
S
DN
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Normalizing Resistor R to

Reference Resistor R,

We scale arbitrary resistors in multiples of
our reference resistance R, :

= — normalized r

Resistor R

Resistor R, | “— . =—=1 |normalized 1

- O Hochschule Ulm
S
DN
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New Units for Voltage and Current:

Normalization of U und /via R,

Focus on power P dissipated in Ry:

— B
JP=UT= ==y
\RO Q/RO )

Hochschule Ulm

A

=J17-R, =1 R, =i

HAM RADIO 2013 Resistor R, In circuit :




New Units for Voltage and Current:

Focus on power P dissipated in Ry:

-l :”u -
[I=| ﬂ} \/E \\/RO Lj

u and i are still voltage and current, but units
have changed.

u and i have identical units, namely \Watt

. - N
HAM RADIO 2013 Resistor R, In circuit :
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New Units for Voltage and Current:

Focus on power P dissipated in Ry:

[izl-ﬁjzﬁzfu —J

ﬁ \RO Y,

Here special case u=i=VP
Reason: R =R,
.e. U=Ryl ——

. - )N
HAM RADIO 2013 Resistor R, In circuit 1
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Ohm's Law still applies:
u=r-i

because: Normalized
U resistance!

u_ R U R_V
T \/ R, |-R, R, r
N

AV RADIO 201 ‘ Now arbitrary resistor R!/! ‘ )
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- y,
still applies
because:
: U
Rreduce! Hochschule Ulm

S
)N

AV RADIO 201 ‘ Now arbitrary resistor R!/! ‘ )
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Ohm’s Law with new Voltage and Current

| A  low resistance R<R,

qi golden standard
¢ resistor R,

high resistance R>R,

>

11
u

Still looks like before.
BUT: Ryeurve is angle
Bisector Now:.

angle bisector
u=i

Hochschule Ulm
S
N

HAM RADIO 2013 13

13



Now we get down to business:

A different angle to dc...

| A  low resistance R<R,

qi golden standard
¢ resistor R,

high resistance R>R,

>

11
u

Nep<e
a=lb-cooradinates nsteaad
of U-f-coordinates...

angle bisector
u=i

Hochschule Ulm
S
D
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From Voltage and Current...

HAM RADIO 2013

b shall yield zero
for R=R,,
l.e.foru =i

Hochschule Ulm
h=— A

2 I
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From Voltage and Current...

R
AN

> U a-axis shall be

\ perpendicular
to b-axis

1 Hochschule Ulm
\ {b _u-i } A

Dy
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This works the other way round, too:
Voltage and Current from a and b

Arbitrary resistor R can be
described equivalently in
(u,i) or (a,b)-coordinates.

Hochschule Ulm
N
D>
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A different angle to dc:

Dissipated power In resistor R

- i
& S|
2 K2
s 1 |[P=a’-b
> I
» . because
N Py
Hochschule Ulm
=P=a’ =a’—b? A
DN
HAM RADIO 2013 18

18



Conclusion: aandb

Instead of current and voltage

P=a’-b>

Power P < a*
If b=0, i.e. R=R,then P = a7

a and b contain identical information as u and /:
u=a+b uU+I=2a

Hochschule Ulm
| — 3 — | = N
I=a-b u-1=2b o8
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The Golden RF Reference Resistance:

Characteristic Line Impedance Z,

——_in

Most power dissipated inZ | (P =|a —|bP
forb=0,l.e. Z=Z, i.e. for
cand  b=0

matched line termination!
By - if  Z=2,

a = wave incident to Z .
b = wave reflected from Z A

[

Dy
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Now we apply ac!

Complex Reflection Coefficient S = b/a

E———_in

a, b = complex numbers, contain amplitude and phase
iInformation, because we apply ac.

C )
i u_ _ /
S=E:u !—' L_z-1 with Z = —
a u+i Y+1 z+1/ Z,

Hochschule Ulm

e.g. Short: z=0—> S =-1 A
J))N
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We can see a and b using the VNWA

E.g. Short Circuit S=-1

m PC and Instrument Hardware Related Setup

USB Seﬁingsl Audio Settings  Audio Level | Instrument Settings | Misc. Settings
Left = Reference +

= 1
—
(8]
I
N
N
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We can see a and b using the VNWA

E.g. Open Circuit S=+1:

m PC and Instrument Hardware Related Setup

| X

USB Settings | Audio Settings  Audio Level | Instrument Settings | Misc. Se’rtings'

Left = Reference

\*(+1) S=+1-
i - DI\I‘AI\“IAIA W :-’-L\Al l-’- “L\Af\f\ IAN
Right = Thru/Reflect j Reriection without phase lag

| Stop I Reflect

Leve| =54

 — 1

I
HAM RADIO 2013 ) 23




Complex Reflection Coefficient S = b/a

A Imag (S)
-+ +j
Short Open

S =-1 7-1 S=+1

\. S:z+1 /

I 1 >

-1 0 7 *1 Real(S)
Match 7 — —
S =0 Z,

Hochschule Ulm
S

1 - N

HAM RADIO 2013 24
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Complex Reflection Coefficient S = b/a
and Smith Chart

Short / I Open
S—_1 /% S=+1
Match

S _ O -160
Z, =500 \

HAM RADIO 2013



Complex Reflection Coefficient S = b/a

and Voltage Standing Wave Ratio VSWR

- O

)
X = X 3
2 g S 8
] = O
0 3 N Q
S — O
O © - 2
o % o

| -
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Complex Reflection Coefficient S = b/a

and Voltage Standing Wave Ratio VSWR
S|=0,5 VSWR =3 ¢\S\=1 VSWR = o0

- w Hochschule Ulm
N
>
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Complex Reflection Coefficient S = b/a

Calculus Example: Reflected Power
ﬁfAntenna S=0,1+j-0,2{%

X P=1W
<:I e
a=.1W =1JW
bh=S-a=(0,1+ j0,2)- /LW =0,1JW + jO,2+W
Reflected Power:

P =|b[f=0,1°+0,2° W=0,05W

Hochschule Ulm
S
N
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Complex Reflection Coefficient S = b/a

Calculus Example: VSWR
ﬁfAntenna S=0,1+-0,2 %

X P=1W

<:I e
a=1J/W b=0,1JW + j0,2dW

VSWR:

S|= +/0,12+0,22 ~0,22
1+ 1S z1+0’22z1,6
1-|S| 1-0,22 —

[
Dy
HAM RADIO 2013 29
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Complex Reflection Coefficient S = b/a

Calculus Example: Antenna Voltage

ﬁfAntenna S=0,1+4j-0,2 %

<:I e
a=1J/W b=0,1JW + j0,2dW

Effective Voltage at Antenna:
U = a+b=11JW +j0,2JW
U = u-JZ,=u-/50Q~7,8V+jL4V

2 2 Hochschule Ulm
Uy= |U[=47,82+1,4° V7,9V A
eft Zy»

HAM RADIO 2013 30
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Complex Reflection Coefficient S = b/a

We call it Scattering Parameter now!

Optics
d

incident ) ? |
b \

Scattering and
albsorption of

reflected waves at one
Elektrical @[ﬁt
-—- ;r
DUT DEVICE UNDER TEST Hochschule Ulm

&(r
J))“
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Scattering Parameters or short S-

Parameters: Now two Ports!

Optics

d,

incident )

b,
S » transmitted

Lens

b,

reflected

Electrical 1 2 b
B e ;’ ] DUT [ :2» ——

DUT DEVICE UNDER TEST Hochschule Ulm
&(r
J))N
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S-Parameter S,; (used to be S)

| S;4| — Return Loss

b,

Fefl
0dB

1 144 0MHz =381
2. 146.0MHz 531

S11 —

+1S,,

e
d, 1-(S,

- v S Ref3
Start = 95 MHz Center = 145 MHz Stop =195 MHz ;
Span =100 MHz —
T~
N
D)
HAM RADIO 2013 33
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S-Parameter

- | S, | =

821 [] [] ]
Transmission Gain

BB/
14 145 3MHz -0.34dB
2:==1: 5.00dB -3.34dB
3-2: 1793 MHz  -334dB
4 145 2MHz -0.34dB
Cal
Start = 95 MHz

HAM RADIO 2013

<Refl
0dB

b,
ST P

3

Certer = 145 MHz
Span =100 MHz

S21

Stop =185 MHz

| — "f/\
I
34
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General:

S-Parameters S,

2 N\ 2-Port Device
S, = i,k =1... number of ports
\ kj HocZ&Fr’;UIm

[

Dy
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General:

S-Parameters S,

2-Port Device
Scattering parameters S,,, S,,, S,,, S,
completely describe linear two port device!
=> useful for simulations

Hochschule Ulm
S
N
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Measuring S-Parameters using a Vector-

Network Analyzer

1. Measurement Setup using a VNWA
2. Error Correction by Calibration
3. Application Examples

Hochschule Ulm
S
N
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Measurement Setup using a VNWA

Example 1-Port Device:

1kHz-1.3GHz

1
v g— ;’ M DUT
Hochschule Ulm

DUT : DEVICE UNDER TEST &&((&

[
Dy
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Measurement Setup using a VNWA

Example 2-Port Device forward:

i e e

1kHz- 1.3 GHz

TX Out

1 2
vo—— ;’ [ DUT [ —> —[—V

Hochschule Ulm

DUT : DEVICE UNDER TEST &&((&

[
Dy
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Measurement Setup using a VNWA

Example 2-Port Device reverse:

i e

| _@

1 kHz - 1.3 GHz

e

TX Out

i I S,

S

DUT : DEVICE UNDER TEST reversed!

\ 4
S — ;’ ||||||||| ) [T

Hochschule Ulm
S
D
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Error Correction by Calibration

Error Sources

VNWA generates errors

Lines generate additional errors

e——

DUT

oy Jmm.erroﬁ_ n

x -_l-—l

Hochschule Ulm

We calibrate here! We want to measure here! A
7>
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SOLT-Calibration removes Errors from

VNWA and Test Cables...

Female Calibration Kit

Load
¥ <« 50 ohm

16.9ps
A/ P

Position of the
Physical Short

<+ Short

§  Thru&
!Qk(Dpen

$  Endpoint Radiation

t

I<— S11 and S21 Calibration Reference Plane
43

T Connector Reference Planes

http://www.hamcom.dk/VNWA/

HAM RADIO 2013



... as long as the Properties of the

Calibration Standards are known!

(=4 Calibration Settings

-OSL Calibration Standard Setup

X
General Seftings  Simple S0OLT Model Setftings |5DLT Sirmulation Seﬁiﬂg5| Special Settings | | 4 | 4

OPEN:  Delay = == oneway electrical length = -11 665 mm

SHORT: Delay = -140.2

ps => oneway electrical length =-14.721 mm

Laab: R = bl

Ohms Cll = [30 fF

Mote: The Delays above are correction values, i.e. the NEGATIVE of the delays of the standards!

-THRU Calibration Standard Setup

THEL: Transmission Factor

1l
—

== gitenuation = 0.000 dB

THREU: Transrission Delay = R3 2

ps == electrical length = 11.172 mm

ile Ulm

D

44
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050 Calibration Standard Setup

OPEN: Delay=  [111.1 oS
Thru &
e
% g, Open
T ? o Endpoint Radiation
Connector Reference Planes

Signal travels standard twice, namely forth and back:

r=-2x(53,2ps+2,34 ps) =-111.08 ps

T
DY
HAM RADIO 2013 45
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Now, connect standards to VNWA and

calibrate
x

Calibration Menu | Correction

needed for
Save cur ster cal.
S11’ S22 821’ S12

~Reflect C Thru Calibra

/ Short Crosstalk Cal e—.}'—m
Thru Cal . M on/o

Load . ‘g Thru Mateh Cal El .j an f off
\Gal ¥ on/off ./

us@ally omit

=

Open

Invalidate All Thru Calibrations i

46
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Assumption'

A RN
. !ﬁ _”r___

S 4 BXtPort]
S Ext. Port 2
22

=277 mm

chule Ulm

Velocity Factor: 07 v Port Ext. ON F‘((f

))

HAM RADIO 2013 47

47




Wrong Cal Parameters cause Port Mismatch

Example: open 50 Ohms — Line (1)

VNWA  TX - offen

r=1800pS —07m7m8M 1

=] Calibration Settings

SOLT Simulation Seﬁiﬂgs| Special Seftings | Measurement Simulation

S11 = [lexpi{"w"1800e-12]

Ie |S11| = 1 tOtaI power reﬂeCted Hochschule Ulm
Phase(S;,)=-w-1800 ps A

[
Dy
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Example: open 50 Ohms — Line (2)

Simulated with Amphenol Female Parameters

0.06de/  Delay /—_\ 1800 ps

<Ref3

2bps! 1800ps

dasS
Syl = 1 expected / Sl = 00B _

<Ref’
0dB

Cal

Start =1 MHz Simulation in Stop =600 MHz
VNWA Software

onoiood-Simulate A-port measurement and do 12 Term correcion




Example: open 50 Ohms — Line (3)
Let software think standards are ideal:

0.06dBf 1: BOMHz 080+ 054 -0.03dE  1680.63ps

2. 465MHz 0.19+103  040dB  1749.93ps <Ref3
“ofes 1800ps
0,4dB
Dela
{ Error!!!
T, 1 <Ref
/ 0dB

S .
Cal : v

Previously simulated measurement data
corrected again using ideal cal parameters

50




Hochschule Ulm

019 SEBIPUY

Gerdsen - Krager  Digitale Signalverarbeitung in der Nachrichteniibertragung

Lehrbuch der Ico:mﬁmn:msnﬂmoszmwy i

33\-@ il .“_3_.,.\‘ 1

(g

N0 X1
ZHO €1 - ZHY |

Sywns O
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n
m

oooooooooo

B 1 Y
AL AL AR

oooooooooo

oo@o@to
® & @ 0@ o o

Calibration Short:

Standards:
Load =47Q):

Hochschule Ulm

M
Open = n.c. Thru: ] %

[
DY
HAM RADIO 2013 52
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Measuring ,Load"-Resistor without SOL-

Calibration?

VNWA Works, because
VNWA TX and RX

port impedances
E are exactly 50 Q.
RX

50 Q
5O

a
X 3
7 » only Thru
=X calibration
T required!

Z, =47 Q vyield =3,4 dB
Insertion loss. ”°C*:§;;U'm
Dy
53
53
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Measuring ,Load"-Resistor in Transmission

(=S,,-Measurement)

1234567 | i 931587

@) T! OO0 ;‘; O a

OGIDOO®O
[GWaW=S=

Y YoYe X YoRe
0000000

Measurement:
Resistor between
TX and RX

Hochschule Ulm
M
>

54
54

'J Thru Match Cal
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Measuring ,Load"-Resistor

Result = 46,6

1dB/ 1: 10.0MHz -3.33dB 46.64o0hm 0.01ochm [=] Enter Expression
01ohm/ 2: 830.0MHz -3.32dB 46.58c0hm 0.160hm i

0 1ohm/ 1 5
= = Expression:

t2s(s21)
D
O ®©
<Ref? n ©
650hm || L
& O
ca | inductive part |l 27

— =
Start =003 MHz Center =30015 MHz Stop =60 MHz Gaim © qi_J
Span = 59970 kHz )
= Continuous + =
oo =0k Ms21 B Mizs ImagZ ®
*=im

o21 R ||Merﬂ1 | Mizs  Realz T Single Sweep

mvreoozos Analysis with Custom Trace

@sméer

NP L

&)

(&)
()]



Simple Calibration Standard Model:

Only measured Load-Resistance
x

General Settings Simple SOLT Model Setiings |8DLT Sirnulation Seﬁinga| Special Seﬁings|
-5 Calibration Standard Setup

OFEN:  Delay = 0 ol == oneway electrical length = 0000 mm
SHORT: Delay = 0 S == oneway electrical length = 0.000 mm
Laal: R = Ohms cl = |0 TF

Mote: The Delays above are correction values, e the NEGATIVE of the delays of the standards!

~THEL Calibration Standard Setup

THEL: Transmission Factor = 1 == attenuation = 0000 dE

THRU: Transmission Delay = |0 [l == electrical length = 0.000 mim
HAM RADIO 2013 56
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A %
P

HANERAD[@ 20 Boff .

Thru Calibration
Crosstalk iii;o

Thru Cal

Thru Match Cal

Invalidate All Thru Calibrations

'HLoad

» O

)00 0
O §

00000

T
L

O0CCGO0O0O0u

0060000 %

O¢€

b

Hochschule Ulm
N
Iy
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Reflexion Measurement (S,,) of a

1:

10.0MHz -0.82-i 0.56

2: 30.0MHz -09%i0.14

-0.01dB
-0.04dB

1027 95pF
1474 90pF

0.02ochm
0.11ohm

0.1cB 1 1 /\
- <Ref?
Wi
2000pF |S | _0dE
0.1ohmy| 1 11 , 5 j/
7 kT
capacitive
2
Cal ESR = |OSSR )
Start = 0.03 MHz Center = 30015 MHz Stop =60 MH;EII EteiiﬁDpF
- Span = be970 kHz
XA =0dB Msi1 osmith Msi1oci coninuous
s21 v == | IMem1 | 511 dB ¥sS11 RealZ Single Sweep

B
— = i
e B
p :-‘,..‘\"' '
I‘ 1
| Sl J \
l 5 " 4
11 ¥ .5
X o % X
av e =
.
L

1 nF Capacitor

Resonance
due to
component
wires

Capacitor reflects almost total power, |S,,|=0dB £ &

HAM RADIO 2013

Hochschule Ulm
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Modelling of Measurement Result in VNWA
using Custom-Trace

m Enter Expression 2 for trace 2:

~_Impedance to Reflecion coefficient
Expression:

1/(j*w*0.984e-9)+j*w*9.3e-9+0.22)

CYTNYTYT N -

0,984 nF 9,3 nH 0,22 Q Hochschule Ulm

S
[ \./ ﬁ
einfaches Modell )

HAM RADIO 2013 59
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1.00-1 0.02 1.00-10.02 984 1/pF 984 00pF
2: 54 6MHz -099+ 0.01 -0.99+ 0.01 -6172.96pF -662564pF

<Hefd

o
o
1

g Induktive !

Center=30.010 MHz Stop =60 MHz

Continuous

1: 0.0MH=z
2000pF)
2000pF)
2z
] [
Cal
Start = 0.03 MHz
. Span = bB970 kHz
(s SRS VSl Smith MSil ol
B v

>| ¥sim smith Msim i Single Sweep

60



Two Port Measurement of a 12 kHz Band
Pass Filter

» S-Parameters applicable to low
~ frequencies as well.
+ The VNWA too!




l:] PC and Instrument Hardware Related Setup

USB Seftings Audio Settings | Audio Level | Aux. Audio Level | Instrument Settings | Misc. Settings

~Audio Capture Device

IEingang {IOT High Definition Au

" 8 Bit

El

e

Misc Audio Seftings
Audio Buffer Length in Samples

Samples / |F Period 1

¥ == |F=

® 16 Bit
" 24 Bit

# Fresamples

rxDC Resolution

=TT

Lowest sample rate 300 Hz IF must be within Codec

— Nyquist limit 150 Hz frequency range

— Measurements down to (20 Hz...16kHz)
=150 Hz possible

Hochschule Ulm
S
N
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-
By 1234587

AOO0COGOOA
60000G0

O =

L N o
3N "5 -
» MO NS )

0000

00000600 N
00CO0C00u

(o &

-

Thru f“allbratlcl_oad

Short Crosstalk Cal
Open Thru Cal
Load ‘ Thru Match Cal | . [v on | off

lhschule Ulm

&(r

Cal [ on/off J)W

HAM RADIO 2013

Invalidate All Thru Calibrations
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Beware: Steep Skirt Filters require Time to

settle to changing Stimulus!

(=4 DG8SAQ - Vector Network Analyzer Softwa
File Measure Settings Tools Options Help
=R ef]
10dE/ 0B
10dE/ : <R ef?
95 s sweep time 0dB
0,3 s sweep time
Cal
Start = 10 kHz Center =11 kHz Stop =12 kHz

HAM RADIO 2013 Span = 2000 Hz 64
P 64



Two Port Measurement of a 12 kHz Band

Pass Filter

=) DG8SAQ - Vector Network Analyzer Software -

File ‘ Measure Settings Tools Options Help
Direction 4

10dB/ Callhrate

3-Port F3 to File

Slel=t; Port Extensions P

We need to measure all four S-parameters
(811’ 821! 812, 822) M“fhgg;eUIm
D>

HAM RADIO 2013 65
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Two Port Measurement of a 12 kHz Band

Pass Filter: Forward Measurement

Multiport S-Parameter Measuremen

Terminal 1 == Terminal 2

CO0OCO0DOI

Hochschule Ulm
A
D>
66
66

g Y o EaE-
=
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Two Port Measurement of a 12 kHz Band

Pass Filter: Reverse Measurement

Multiport S-Parameter Me

Terminal 2 => Terminal 1 TX

Hochschule Ulm
N
D>

67
67

Sy, S,, measured

DIO 2013

s



What are measured 2-Port S-Parameters

(=4 DG8SAQ - Vector Network Analyzer Softwa

File Measure Settings Tools Options Help

=R efd
10dB/ 0dE
10dB/
Cal Optimum Match?
Start = 10 kHz Center =11 kHz Stop =12 kHz
. Span = 2000 Hz
_ — — Continuous

XAl =048 vso1 a8 Msi2 B |

S R | IMem 1 w| Ms11 Smith V522 Smith  Single Sweep

68
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Matching AnaIyS|s VNWA Matching Tool

Optimum: Z.
=Rtk
10dB/f 0dE
10dE/
Start =10 kHz Ceﬂ’[er—ﬂ kHz Stop =12 kHz
[=1 Recalculate to new source and loac - ‘D‘ X
—Fart 1 Fort 2 ..
Part 1 Impedance E10 Ohm = Part 2 Impedance E10 Ohm _*
C parallel - C parallel -
[heq. possible) . pF — [heg. possible] . pF —
69




11 kHz
se00| BPF  |s600

Hochschule Ulm

500 +560 Q=610 Q <&

HAM RADIO 2013 70



10dB/ 1: 11.068kHz -24.48dB  -2.65dB | ﬂiéﬂ

10dE/ Fetf’

Simulated with ~ 21.8 dB0dE
Matching Tool

Measured with

resistive match
_al

start =10 kRz Center=11khz stop =12 kHz
Span = 2000 Hz

v s21 dB
HAM RADIO 2013 FMEI‘I’H dB 71
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Effect of two 560 Q) Resistors in Signal Path:

VNWA Complex Calculator

Workspace History
>> db(s2t(z2s(2*560))) =~

Variable
ans

alls =

-21.727196613495 |

21,7 dB additional attenuation v "™

[
Dy
HAM RADIO 2013 72
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& Qucs 0.0.16 - Project: 11kHzBPF

File Edit Positioning Insert Project Tools Simulation View Help

| 18=#B330ad 10 AL AGALINEDE 52 &/ RE L - GLIY K
%1 ¢ 11kHZBPF.5ch | ¢ 11kHZBPF. dpl |

o [simulations <

2 |

-?C_’_J‘ |

o dc Transien

o [simulao  t = S-parameters

o n simulatio Il . . . . . . T' ) .| ....................................

c|l ... e=lin. . . . . . . ... . . .

s n G from s2p-file

wn

= ac S-param

D | simulatio E=ES

ol n simulatio

° = CR1T . fRef Rz P2
Harmoni Paramet || - - - F 4™ . R=6600hm-| - - - R=560Ohm- - DI L

¢ ersweep Y Y D = B,
balance T T T
5

dlgltal Optimiza‘t ;l ;l ........................................... ;I;l

M RADIO 20713

|
no warnings |0 0




»+" Qucs 0.0.16 - Project: 11kHzBPF
File Edit Positioning Insert Project Tools Simulation View Help

[ISRSIZRE I I=IeiE JE 4 LG AGTEDR ST/ RE Lg% w

' [clagrams 2| & 11kHzBPF.sch |@11kHzBPF dpl \[}3imulate 2)
%) |~
e I~ ) 0.1g .
0 | Cartesia Polar Tabular
- n
© & &) .
e 0.01H
S | smith Admittan Standard dlag mm

Chart ce Smith -

output a bit strange

2l @ & P g
e | Polar-S Smith-P FilEs,
o) .
g— mith olar i i
S C°jlbi cog»i — Export simulation resulit a
- 1e-04|-

3D-Carte Locus t NWA

sian Curve
Timing Truth Te-0pixrs . . =104 :
Diagram Table A - '|_|
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Comparison QUCS-Simulation vs.

Measurement

<Hef?

10dB/ 1: 11.068kHz -24.48dB  -24 38dB 0dB

10dB/ Q:
simulated

with QUCS

measuerd with
VNWA

PERFECT!

(al

start =10 kRz Center=11khz stop =12 kHz
Span = 2000 Hz

v 521 dB
HAM RADIO 2013 FMEI‘I’H dB 76
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Free Filter Design Software (1):

Elsie — for LC-Filters

ﬁ Elsie Student Edition - Welcome !

This is the Swudent Edition of
* http://[tonnesoftware.com/elsiedownload.htmi
 LC-Filter Designer and Analyzer
« Student version restricted to 7 dipols

 Numerical simulation results export easily to
s2p-file!

Hochschule Ulm
S
D
HAM RADIO 2013 4
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Free Filter Design Software (2):

Dishal — for Crystal Filters

Sif Crystal Ladder Filter Calculator "DISHAL" Vers. 2.0.3 HF Tools by DJ6EV - |El|ﬂ

SaveWindow Cohn QER(G3UUR) Xtal Table LC-Match Cs2Cp Colours Info Help

Select either Lm or Cm of xtal
{ﬁ [ 7 mH | 5000 | 4 | o8 .1 2 | 10 Calculate |
C om Series Freq. fs [kHz] Cp [pF] E3db [kHz] FE ripple # of xtals Display Freq ]
Bmax=3717kHz [0.3db]  (2.14) Span [kHz] LOG—>Lin
- Xtal Parameters 0db
Lm = 70mH fs=  5000,000 kHz ‘

 http://www.bartelsos.de/dk7jb.php/quarzfilter-
horst-dj6ev

Crystal filter designer and analyzer

Simulates without crystal losses

S,.-simulation results can be exported

Hochschule Ulm
N
D>

HAM RADIO 2013 78
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Free Filter Design Software (3):

AADE Filter Design - for all filters

m. About Filter

AADE Filter Design and Analysis

I
B

1=

Directory=CA\Program Files (x86 \Filter
Version 4.5

 http://aade.com/filter32/downlioad.htm
* Univeral filter designer and analyzer
* Free, but with nag screen
- Easy to use
* Numerical simulation results cannot be ... um
exported %‘“@
)}
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Design 3 Pole Butterworth 1m-Band Pass

for 5 MHz with 3 MHz Bandwidth at 50

1 y 3
50 954,93nH  >39Trull 954.93nH 50
| |
190,986pF
L — p—
1061,03pF 1061,03pF
5M 5M 5\

Hochschule Ulm

Filter Design with Elsie ™

[

Dy
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Save design | CGet design

HAM RADIO 2013

Schematic | Edit | Analysis | Plot | Tabulate | Print | Write | Help = About | Exit |
Tunewidth | Tunepart | Saveoveriay | Getoverlay | Stepsize% | MonteCario | End | Optimize | Limits | Markers |
Transmission, ¢B Return, dB
N a — 0
it -6.667 N AN -6.667
LS \
s
— _ N -
L 13,33 / \ 13,33
—20 / \\ -20
|,J\‘ -26.67 -26,67
| |
—_— ! -33.33 -33.33
=
' —40 —40
= 2M 3M aM 5M 6M &M 10M
RS Hochschule Ulm
S A

D>
81
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Modify Components to standard Values and

Schematic | Edit | Analysis | Plot | Tabulate | Print |
1 2 3
50 5,6uH 50
TuH P H TuH
180pF
f-\'\-_j/ J— J—
1000pF 1000pF
Q values: 5,0329M 5,0129M 5,0329M
Inductors: 50 - - . S +.<<.Chule Ulm
Capacitors: 1E+07 simulation with finite Q (A
)N
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...and export Simulation into s2p-file for

Comparison with Measurement.

Design | Schematic | Edit | Analysis | Plot | Tabulate | Print
Tune width | Tune part | Save overlay | Get overlay | Stepsize % l Monte Carlo | End I Optimize
Transmission, diB Return, dB

»

.. XK |

N v

—_— m28. 87 / \/ 26,67
L —10 // u 40
LN

E I Ry
// \_80

500k 1M 1.5M zM 5M 10M 20M
Hochschule Ulm

| (A
¢ | Iy
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Comparison

Measurement vs. Elsie Simulation

Sy, S¢qy measured - Plot1, Plot2 Elsie simulation

<R efl
10dB “ O
0dB
oS
)
10cB Q =
220
© 0.9
525
o L o
Cal
Stat =04 MHz Log Frequency Sweep Stop =60 MHz
iy Cont |
= — — CrTInUous
Uesean, SveE v521 dB v Plot] dB
1521 =] = ||Mem1 ¥| ¥S11 Smith ¥ Plof2 Smith Siﬂgle%@eﬂ
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Measuring / Selecting Crystals:

VNWA Crystal Analyzer

e.d. transmission
(S21-measurement)

OGO O OO
S NeoRe HBEDAS RD

-‘) 1234557- -

Y (] --""h‘ = .
e CO0O00O0OO

3
hiﬁiﬁhd == INC-O@ - )

e ) _')t‘{"”-'.‘ . . ;l. ______ .
OOOQOOCO :

OO0 O 0O

iy L "

——

-
r
¥
e J

Thru standard m
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The VNWA Crystal Analyzer Tool:

Find 3 similar Crystals...

(2 Crystal Analyzer - Analysis will be performed into 3-port datz

Equivalent Circuit L= 95399917 mH
L ¢ R
D_{rwm_”_:q_o C= 6.4b6461 fF
| R = 27285283681 |Ohm -
CO = 246571041218 |pF A
F=li2afI.C = |1299b886978f |MHz -
auto-optimize R.g=4LIC = 18967918117 {«1000 | Q= 69517
source = 521 ¥ | TestligImpedances= |50 Ohms
Batch Crystal Analyzer | Mmeasure | Ssave list clear list
fidHz ® LiH CiF B{OhmICOF fiaure of rn -

12995916.37 48842 0.02349916516 £.382263946E-15 39.29 2 468043934E-12 0.000775 |
12996592772 b4196 002368969902 6.3309710084E-10 3569  2420346928E-12 000116
1299588693 69517 002322917961 £6.4b6461114E-15 2729  2465710412E-12 0.0015

87
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With these we want to build a Crystal Filter
— Enter Crystal Parameters into AADE

Enter data
2. 468040

Cancel u

1 129959715 37 458842 002349916016 6 382203045E-10H 39 29 2 ARE0A3934AE-12 0000775
DY
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i ] 66pF ]| 66pF FE . 1860Q

Hochschule Ulm
S
N
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Simulation in QUCS at 50 Q using standard

Component Values

HAM RADIO 2013 90






Crystal Filter:

Measurement vs. Simulation at 50

S,4, S4y measurement - Plot1, Plot2 QUCS simulation
10dB/ A {ﬂigﬂﬁ

1odE/

al
Start =12 987 MHz Center=12997 MHz Stop =13.007 MHZ
. Span = 20 kHz
_ _ _ Cortinuous
TXA =0dB V521 dB v Plotl dB

ISH A IF’|GT2 | 3511 smith ™ Plot? Smith Single Sweep

| 4
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Crystal Filter:

Measurement vs. Simulation at 186
Sy1, S11 measurement - Plotl, Plot2 QUCS simulation

10dB o
10dB
Cal

Start = 12.987 MHz Center = 12.997 MHz Stop = 13.007 MHz
. Span =20 kHz
Uzsaan, -0 els V521 dB v Plot! dB Fonfinuous
1521 w| == ||Pot1 =] ¥S11 Smith ¥ Ptz Smith | Single Sweep

| 4
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 Measure components
* Design filters

» Simulate filters
* Measure filters

Have fun at the workshop! S
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Do | get this right? You tell your wife:
“Sorry dear, not tonight. | have a head-
ache” and then you can sit all night and
work with your Vector Network Analyzer!?!

.':-:. | \n 1 ]
e T | TN

s £ .-. : il : -
| i =y,






