The following chapter explains what a two port device is and how it is being described. Next, actual examples of how
two port device measurements are being performed. Finally, the measured data is being analyzed in order to find out
what we can do with it.

1. Principles of 2-Port device parameters and their measurement

2. Practical example on performing a 2-Port measurement
3. Interpretation and Usage of 2-Port measurements
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Electrical two port devices are devices with two ports or two connectors, where a signal can be sent into one port and
be detected at the other port. Typical examples are attenuators, amplifiers and filters.

The description of electrical two port devices follows closely the description of optical devices like a lens. A lens is also
a two port device, where a beam of light shines onto one side of the lens. Some of the incident light gets reflected back,
some of the light entering the lens will be absorbed and converted to heat, while the rest will be transmitted from the
other side:

Optics

Incident

m Transmitted

Reflected Lens

Electro-
maghnetics

m?

DUT : DEVICE UNDER TEST

" DUT [ —=p ™2

An electrical two port device behaves quite similarly, when inserted between two transmission lines, where the left one
is guiding an electrical wave into the device. Some of the electrical power might get reflected at the device input
(reflection loss), some will be converted into heat inside the device (dissipation) and the rest will come out of the device
at the right hand side.

As alens can be used to shine light through it it both directions, also an electrical two port device can be operated in
reverse direction. Thus, waves may enter the device from both sides (incident waves). Likewise, waves will leave the
device from both sides (evanescent waves). Electrical two port devices are being characterized in terms of these
incident waves denoted by a and evanescent waves denoted by b. The two ports are being numbered (1=left, 2=right)
and the waves carry subscripts denoting on which side of the device they exist, e.g. a1 is an incident wave (a) coming
from the left (1).

Twe Port

The complex wave amplitudes a1, a2, b1 and b2 are complex numbers that carry both the wave amplitude and the wave
phase information.
For linear devices there are linear relationships between these:

by =S8 a+ 5y, a
b,=8,-a,+S,-a,
The complex numbers S11, S12, S21 and S22 are called scattering parameters or S-parameters. These fully

characterize the two port device for linear (=small signal) operation.
Now, we will investigate the meaning of these S-parameters.
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Consider a situation where there is a wave a1 being sent into the left side port 1 of our two port device, but nothing is
sent into the right side port 2, i.e. a2=0.
In this case the above equations simplify to:

bl :Sll'al
b,=S,,-q,

2

These simplified equations allow us to interpret the S-parameters as well as to understand how to measure them.

Let's look at the first equation. Solving it for S11 shows, that S11 is the ratio of reflected wave b1 to incident wave a1 at
port 1:

S-Parameter S,
m) 1/|S,,| = InputReturn Loss

Refl
OdE

1: 144.0MHz  -38.14dB 103
2. 146.0MHz  -3319dB 104

Sll = ﬁ
a,

Start = 95 MHz Center = 145 MHz Stop =195 MHz |
Span = 100 MHz

- 1+|S,]
S11|

Ref3

VSWR

Cal

The inverse of the magnitude of S11 is known as input return loss. |.e. a device showing a return loss of 10dB will yield
|S11|=-10dB. This means, the reflected wave is 10dB weaker than the incident wave or 1/10th of the incident power is
being reflected. But, since S11 also carries the phase information, also the input impedance of our DUT cann be
calculated from S11.

Solving the second equation for S21 shows, that S21 is the ratio of the transmitted wave b2 to the incident wave a1:

Page 98



S-Parameter S,

) 1/|S,,| = Transmission Loss

BdBf
<Refl
0dB
14 1453MHz =0.34dB
Ze=1: 3.00d8 -3.54d8
92 1798MHz  -334dB
4 145.2MHz -0.24d8
Cal
Start = 85 MHz Canter = 145 MHz Stop = 195 MHz
Span = 100 MHz BhEE

The inverse of |[S21| is known as transmission loss. For example, a 10dB / 50 Ohms attenuator will show S21=-10dB.

Now, it is clear that in order to measure S11 and S21 we must feed power into port 1 and detect the incident wave a1,

the reflected wave b1 and the transmitted wave b2.
This is exactly what the VNWA is doing:

SRR-Kits |

S, e ] S,

Y ou— )? I

DUT : DEVICE UNDER TEST

If we want to know S12 and S22, we can measure this in a similar fashion by sending power into port 2. As the VNWA in
its standard version is unidirectional, i.e. only the TX port can deliver a signal, we have to interchange ports 1 and 2 of
our test object, i.e. turn it by 180 degrees in order to measure S12 and S22:

SQR-Kits |
Szz e— S12

) —p —™——_V
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But why should we be interested in how our device performs in reverse direction, when we will only operate it in forward
direction in the final application?
There are several answers to this.

Imagine, your test object is a low pass filter to be placed in between a power amplifier and an antenna. Clearly, only the
power amplifier will feed power into the low pass fillter and all that counts is how much power arrives at the antenna. So,
S21 being a measure for the transmission loss is crucial. But, as we do not want power to be reflected back into the
power amplifier, we have to make sure that amplifier and filter are impedance matched. So, S11 being a measure for the
filter input impedance is crucial. Likewise, we want the antenna to be impedance matched to the filter output. Thus, S22
being a measure for the filter output impedance is crucial, too, even though we won't actively feed power into the filter
output. If there is no perfect match between filter output and antenna, which will lead to signal being reflected back into
the filter, S12 will become important, too.

Another scenario is a filter, which is to operate in the final application in an impedance environment very different from
the 50 Ohms environment of the VNWA like a high impedance crystal filter. The VNWA cal only measure the filter
S-parameters in its 50 Ohms environment. Once, the full set of S-parameters is known, it is possible to use these to
simulate and optimize the filter performance in any final application with an arbitrary impedance environment. Such an
example will be shown in page "Interpretation and Usage of 2-Port Measurements".

The following page "Practical Example on Performing a 2-Port Measurement" will present a step by step example on
how the full set of S-parameters is being measured.
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The following example demonstrates how the VNWA can be used to measure two port S-parameters of a narrow band
10.7 MHz two pole crystal filter.
We connect the filter using test cables and a test board between the VNWA TX port and RX port:

It is recommended that you number your test object ports to make very sure that you always measure in the proper
direction:

| 1. Setting up

First, we need to set a frequency range reasonably covering our test object.

To find it, we will do a first transmission measurement without calibration over a relatively large frequency span.

To make sure that we capture all interesting features, we will set a large number of data points (here 8000) and a the
fastest sweep time (0.16ms per data point) by pressing the s-key or by selecting Settings-Sweep:
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m VNWA Sweep Settings

~Sweep Control

Number of Datapoints = ISOOO

Measurerment Time: %

Time per sweep = 1.28 secs

Time per data point = 0.16 ms

~Sweep Progress Displa

v Progress Bar On - Progress Bar Color

[~ Progress Text On

Next, we set the instrument to the desired frequency range e.g. by double-clicking the "Stop" label or by simply pressing

the f-key on the keyboard.

Unit

IMHZ VI

Center Span

[105 [MHz =] [1000 [kHz |

Sweep Mode  # X-Divisions
[near =] f10 oK |

Mouse Wheel Increments for ...
Center, Start, Stop Span

|1 MHz |1000 kHz

We select S21 (=transmission) for a trace as shown below and do a single sweep by pressing the "Single Sweep"

button:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ | : - |EI|£

File Measure Settings Tools Options Help

<Refl
10dB/ 0dB

Start=10 MHz Center=105 MHz Stop =11 MHz
Span = 1000 kHz

Continuous
¥s21 dB

Single Sweep

4

The span (1MHz) is much too high and the center frequency is off. We place a bandwidth marker by right-clicking onto
the main grid in order to determine the optimum center frequency and span:

= DG8SAQ - Vector Network Analyzer Software - DGESAQ licen - |EI|£

File Measure Settings Tools Options Help

=Refl
10dB/ 0dB

Add Frequency Marker 4 Normal

Maximum
Minimum
Delta

Clear last Marker
Clear all Markers

Add Trace M
Bandstop
Marker Caption > Max Left Down
Cursor » Max Right Down
Realtime Expression Evaluator *» Min Left Up
Min Right Up
Start=-  1race Options Center = 10.5 MHz Stop = 11 MHz
_ Grid Options Span = 1000 kHz
T AR =0dB Ms21 dB Continuous
== ||Mem1 = Single Sweep

| y

We want a higher bandwidth level, so we right-click on marker4 caption to change it...
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ

File Measure Settings Tools Options Help

10dB/

14 10689MHz -7.88dB

2==1. 1000dE -17.88dB

3-2: 289kHz -17.88dB

4 10 689MHz -5.13dR

Position ’
Style ’
Set Bandwidth Level
Clear Marker k

Start=10 MHz Center=105 MHz

Span = 1000 kHz

¥s21 dB

<]

M

<Refl
0dB

Stop =11 MHz

Continuous

Single Sweep

4

... to 40dB:

X
|40 |dB ~|

Ok | Aport |

Now, we can read off the desired center frequency and span:

(=] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ

File Measure Settings Tools Options Help

1048/ 41 10.689MHz  -7.88dB
2:<=1: 40.00dB  -47.88dB
3-2: 50.71kHz -47.88dB
4: 10.696MHz @-23.51dB

Start=10 MHz Center=105 MHz
Span = 1000 kHz

TXAM =0dE ¥ 521

= | Mem 1 w -

o] e

<Refl
0dB

Stop =11 MHz

Confinuous

Single Sweep

[Bandwidth Level = 40.00dB down maximum

4

We decide to use a center frequency of 10.7MHz, a span of 80kHz, 500 data points and a total sweep time of 4s, i.e.
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8ms per data point:

(=) DG8SAQ - Vector Network Analyzer Software - DGSSAQ lice —|o| x|
File Measure Settings Tools Options Help
<Refl
10dB/ 0dB
Start= 10.66 MHz Center=107 MHz Stop=10.74 MHz
- Span = 80 kHz
_ Continuous
T AT —O dB Ms21 dB
] => | Mem 1 - Single Sweep
| Y.

This way, we have a good view of the passband of the filter (between the two maxima) and we also see some of the

nearby stopband. Note, that the filter passband is not flat, because the filter is not impedance-matched to the VNWA
impedance level of 50 Ohms.

Now, we reduce the number of frequency points to a reasonably low number (500 is quite sufficient) and in turn increase
the measurement time such that the whole sweep takes about 4 seconds. Note, that quartz filters have relatively high Q
values. Therefore, they need time to settle to a new frequency stimulus. Thus, it is crucial to sweep them slowly. Play
with sweeping speed and see how the passband changes. In below view (200 points only), the red trace is sweeped
within 30ms, while the blue trace was taken within 4s:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - |I:| |£

File Measure Settings Tools Options Help

10dB/ %E%ﬂ
10dB/

Start = 10.66 MHz Center=10.7 MHz Stop =10.74 MHz
Span =80 kHz
==
TxX At =0dB Mso1 dB Continuous
521 =] EWGW | PMem1dB Single Sweep

| y

Clearly, the red trace was taken at a too high sweep rate as the maxima are shifted to the right and the filter is ringing
after the maxima (marker arrow).
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Finally, we activate a second trace for S11 by pressing the + key on the keyboard, we select it to display a Smith chart
and we sweep again:

[-] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed ; - |EI|£
File Measure Settings Tools Options Help

=Refl
10dB/ 0dB

Start = 1066 MHz Center=10.7 MHz Stop=10.74 MHz
- Span =80 kHz
T At =0dB Mol dB Continuous
[s21 ] = ||Mem 1 >| Msi1 smitn Single Sweep

| 4

The just measured S11 reflection data is partly outside the Smith chart because our VNWA is not yet calibrated. The
data is not valid yet.

Now we are ready to calibrate the VNWA for a two port measurement, which consists of transmission measurements
(S21,S12) and a reflection measurements (S11,S22).

| 2. calibration

We want to perform a calibration using a female Amphenol calibration kit available through SDRKits:

Female Calibration Kit

Load
<+ 50 ohm

16.9pS
/ Position of the
.i Physical Short
<+ Short
26.6pS
53.2pS

Thru &
4+
"2, Open

s Endpoint Radiation

Connector Reference Planes

<— 511 and $21 Calibration Reference Plane

We want to perform a center of thru calibration...
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Short

Open
O
Load

Female Calibration Ki

Thru

Calibration ¥

f Thru

‘/Cf-n——te—ri'/

B Calibration Settings

| Gervral Setings Srople SOL Model Seltings | 301 Srmulalion Setfings |
| L clrstonstand el ek e,

o= (30

Sawe Seltings ] Load Sattings

meo: A = [50.01 Ok

OFEM: Delap- |[-57.9 = oewar clectical kagh - -8.68 5mm
|| SHORT: Delyy= |-87.0 e = onewap elechical kngh = -13.050mm

F

... which places the calibration plane exactly into the middle of the Thru calibration standard.
The above calibration kit data was compiled by Kurt Poulsen and is available from his web page
http://www.hamcom.dk/VNWA/ also for different calibration kit builds and manufacturers.

We open the calibration kit settings window by pressing the k-key on the keyboard, select "simple model custom

calibration standards"...

=] calibration Settings
General Settings |Simple SOL Model Settings | SOL Simulation Se‘rtings|

® SOLT

C TRL

Save Settings Load Settings

Isimple rnodel custom calibration standards Ll

Last loaded/saved: DivNWANNWAZ DWAmphenolFem.ckf

Comment: Amphenol fernale

... and copy the calibration kit parameters from Kurt Poulsens document:
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http://www.hamcom.dk/VNWA/

=] calibration Settings

General Settings : Simple SOL Model Settings | SOL Simulation Settings

~OSL Calibration Standard Setup

QOPEN:  Delay= |‘57-9 ps == one way electrical length = -8.685 mm
SHORT: Delay= &7 ps == one way electrical length =-13.0%0 mm

LOAD: R = |5O Ohms cll = |30 F

Note: Before performing any calibration measurement, make sure, that the instrument sweep rate is set to the lowest
value you intent to use the calibration with, otherwise your later measurement results will be dominated by the noise of
your calibration measurements. We have selected a total sweep time of 4s above which is as slow as we want to

sweep, so we're ok.

First, we do a reflect calibration of the TX test cable end.

Our test cables remain connected to the VNWA TX and RX ports. We connect our open calibration standard (in this
case identical with the female-female through connector) to the far end of the TX port test cable:

We select "Measure-Calibrate" or simply press the c-key on the keyboard, press the "Open" button, confirm that the

open standard is connected and observe the instrument measuring the standard.
When the measurement is completed, the red Open light turns green:

(=] Full calibration

Calibration Menu | Correction Schemes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ on /loff
Open . Thru Cal . [ on/ off
—=
Load . Thru Match Cal . [ on/off
Cal I_ ony/ off . Invalidate All Thru Calibrations
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In similar fashion we measure the load calibration standard...

... and the short calibration standard:

Finally, all reflect calibration lamps should be green:

(=] Full calibration ﬂ

Calibration Menu | Correction Schemes

save current calibration as master cal.

Cal [v on/off Invalidate All Thru Calibrations

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ om/off
Open . Thru Cal . [ on/ off
Load . Thru Match Cal . [~ on/off

Next, we need to calibrate the VNWA for transmission. We therefore connect the test cable ends of TX port and RX port
with the Thru standard...

... and press the "Thru" button and let the instrument do the calibration sweep.
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The "Thru-Match" calibration step requires the same thru standard as the thru calibration. While the thru calibration
step measures transmission, the thru match calibration step measures reflection of the RX port in order to numerically
compensate deviations from a perfect 50 Ohms RX port match.

So, once the thru calibration sweep is done, we press the Thru Match button.

We do omit the crosstalk isolation as this is usually not required. Finally, all lamps except for the crosstalk calibration are
green:

=] Full calibration ﬂ

Calibration Menu | Correction Schemes

save current calibration as master cal.

~Reflect Calibration Thru Calibration
Short . Crosstalk Cal . I~ on/off
Open . Thru Cal . [v on/off
Load . Thru Match Cal . [v on/off
Cal v on/off . Invalidate All Thru Calibrations

We close the calibration window and double-check the calibration by measuring the "Thru" calibration standard.

(=) DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - |El|ﬂ
File Measure Settings Tools Options Help
1
v
10dB/ Rerl
1: 10.7000MH=z 0.00dB -0.01+i 0.00 0dB
1
W
Cal
%8’@1:10.66 MHz Center=10.7 MHz Stop=10.74 MHz
. Span = 80 kHz
Tx At =0dB M55l dB Continuous
[s21 ] = ||Mem 1 >| Msi1 smitn Single Sweep
[Trace 1 / Marker 1: 10.7000MHz 0.00dB 4

As our Thru standard has by definition 0dB attenuation, we obtain teh flat blue 0dB line. We have also measured the
reflection coefficient of the RX port (red trace reduced to a dot, barely visible without marker), which is very close to zero
for all frequencies.

Next, we must move the calibration plane from the center of thru position onto our device test board to the wire position

of our test object using port extensions. We therefore insert the test board without the test object with port 1 connected
to the VNWA TX port ...
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(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed

File Measure Settings Tools Options Help

10dB/ e
1: 10.7400MHz -93.41dB 1.00-i 0.01 -0.81° 0dB
0.1
dB | <Ref3
Smith 0°
Redl
Other Polar » Imag
Impedances » Mag

1
3 L AL M.ML N MMM’\.IMN Jl‘thI’InIM* Get Scales from ’ ?n?:;ddBB IInT?

Start = 1066 MHz Center = Hz
_ Span = 8 Save Display Data to File M
=> . , c.Phase ‘t'

- Move Display Data to inuous
TXAtt. =0dB Ms21 dB 'S11 Phiase -.Phase/f
52 = = |[Mem1 =] Fsi1 smim Delay > Swoep
|Reference Position = 4.95 — 4

Then we open the port extensions menu by pressing the p-key on the keyboard and place the port extensions window
next to the main window so both remain visible:

(=] Port Extensions _ ﬂ

Ext. Port 1 o5 lps | =22mm

Ext. Port 2 |0 ps =0m
Delay Thru IO ps Welocity Factar:
Delay S21= 105.00ps Ext. on lv_% |0-?

We check the Ext. on box (mousepointer) and set focus to the Ext. Port 1 by clicking on it. Next, while observing the
green S11 phase trace in the main window, we turn the mouse wheel or edit the field until the the S11 phase is zero:
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(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ : <Refl
1: 10.7400MHz -93.41dB 1.00+ 0.00 0.00° OdB
0.1% %
1 1
oo T e L
o

Cal Lol AL AL, DDA M ot Dt Pk A Ao o i B s el . nm.f

Stop =10.74 MHz

O Start= 1066 MHz Center =107 MHz
. Span =80 kHz
_ Cortinuous
TRt =0k Msol dB MS11  Phase [
Single Sweep

;2 =] = [[Mem1 =] Fsi1 smin NG SWEeP |
7

|Reference Position = 4.95

Note, that the reflection coefficient S11 is now exactly 1+i0, which is the open reflection condition, corresponding to a
dot at the right edge of the Smith chart.

Next, we reverse the empty test board, such that port 2 is connected to the VNWA TX port:

We add a fourth trace S22 also showing the phase and we reverse the measurement direction by clicking onto the
direction arrow (hand mouse pointer in below figure):
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ . =Refl
1: 10.7400MHz -101.90dB 1.00+i 0.00 0.00° -90.00° 0dB
01
0.1
1 1
el . e WWR@T@
0

S it d ARt AN P AR 0 A B Mt A At el

Bl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
K _ Continuous
ft =0dB ¥s21 dB ¥s11  Phase —
[Mem4 w|[l=21|s22 | Ms11 Smith VS22 Phase Single Sweep
|

4

Note, that reversing the VNWA measurement direction arrow does not physically change the measurement direction.
The signal still comes out of the TX port. That's why we have physically reversed the test object. Reversing the direction
inside the VNWA software causes the reflection data to be collected in the S22 rather than in S11 as before.

Now, do a single sweep and observe data being collected in S22. S21 and S11 data remain untouched by this sweep.
Go to the still open port extensions window (or reopen it by pressing the p-key) and change the Ext. Port 2 value while
observing the pink S22 phase trace ...

{=] Port Extensions ﬂ

Ext. Port 1 106 s ~| =22mm

Ext. Port 2 [132 ps =27.7 mm
Delay Thru IO ps Welocity Factor:
Delay 521= 237.00ps Exton v |07

.. until the phase is exactly zero:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DGESA| - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ . e
1: 10.7400MHz -101.90dB 1.00+i 0.00 0.00° 0.00° 0dBE
01°
017
1 1
b ROy P A T R et R o3
i

S gt d ARt AN PR AR 0 A B Mt A At e

DIY%STEM: 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
" Span =80 kHz

- Continuous
XAt 2048 Mso1 a8 MS11 Phase —
[Mem4 w|[l=21|s22 | Ms11 Smith VS22 Phase Single Sweep
|

4

Note the labels Cal and Dly in above figure at the mouse arrow indicating that a calibration is active and port extensions
(=port delays) are activated.

Note, that the Delay Thru setting in the port extensions window remains zero for the Amphenol calibration kit. Looking
at our port extensions, we observe, that the path from the test board connector to our test object on port 2 side is
somewhat longer than on port 1 side, which is confirmed by visual inspection of the test board.

Now, the VNWA is fully calibrated and ready for measuring two port s-parameters and we can close the port extensions
window.

| 3. Measurement

Next, we put our test object (=crystal filter) onto the test board and connect the test board to the VNWA such that port 1
is connected to the VNWA TX port and port 2 is connected to the RX port, ...
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.. switch the software to measure forward direction by clicking the arrow do a single sweep:

= DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

=Refd
10dB/1: 10.7000MHz  -15.58dB 0.92-i 0.13 195.43dB 1.00-i 0.00 Odeé

10dB/

Q

o 1MV Tt Vi B e AR M A st A o

Dl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
Span =80 kHz
==
- Continuous
XAt 2048 Mso1 a8 Msi2 aB —
[Mem 4w => i|822 ~| s smith  Ms2z swmith Single Sweep
Trace 2 / Marker 1: 10.7000MHz 0.92-i 0.13 => Z = 312.86- 549.46 Ohm = 1277.85 Ohm || 20.44 pF Y

Now, we have already measured S21 and S11. Note, that the S11 data now lies completely inside the Smith chart as
must be for a passive device. When clicking onto the red Smith chart marker 1, we get additional information on the S11
data at the marker position in the bottom status line. We do not only see the measured reflection coefficient
(0.92-i*10.13), but also what this means in terms of impedance in the series equivalent circuit model (Z=312.86
Ohms-i*549.46 Ohms) as well as in the parallel equivalent circuit model (Z=1277.850hms || 20.44pF). So, the input
impedance of our filter is quite high.

We could now collect reverse data by reversing the test object and manually reversing the measurement direction. But
there is a more convenient way to collect 2 port data, which is the 2 port measurement assistant. We launch a 2 port
measurement into memory by pressing the F2-key or via the main menu:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - ||:| |ﬂ

File | Measure Settings Tools Options Help

Direction » | e
10dB/ 5 58dB 0 92-1 0.13 -95 43dB 1.00-i 0.00 0dB
Callbrate [I 1

el 3-Port F3 to File

Port Extensions P / \

The assistant instructs us that the signal flow is Terminal1 => Terminal2, which means that the TX port should be
connected to port 1 and the RX port to port 2.
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Multiport S-Parameter Measul ﬂ

Terminal 1 => Terminal 2

oK Abbrechen

After inspection, that this is indeed the case, we press OK and observe how S11 and S21 are being remeasured:

=l DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

Refd
10dB/1: 10.7000MHz -15.61dB 0.92-i 0.13 7195.43dB 1.00-i 0.00 <OdeB

10dB/

@

o 1ML Tt Vi B e AR M A bt A

Bl Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
e Span =80 kHz
_ Continuous
TRA =0dB ¥s21 dB ¥s12 dB —
Mema ~| =522 =] W11 smith 522 Smin Single Sweep
7

[VNWA USB Mode started.

Note, that meanwhile we have chosen to display all four S-parameters S11, S21, S12 and S22.

When the forward sweeps are done, the assistant pops up again indicating that next the reverse direction is to be
measured:

Multiport S-Parameter M ' ﬂ

Terminal 2 => Terminal 1

OK Abbrechen

This means, that we have to reverse our test board, i.e. connect port 2 to the VNWA TX port and port 1 to the VNWA RX
port:
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Once we are done with reconnecting the test board, we press OK on the multiport assistant and observe S12 and S22
being measured:

= DG8SAQ - Vector Network Analyzer Software - DGSSAQ licensed to DG8S - ||:| |ﬂ

File Measure Settings Tools Options Help

<Refd
10dB/1: 10.7000MHz -15.55dB 0.92-i 0.13 i15.54dB 0.91-i 0.13 0dB
10dB/
Cal
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
_ Cortinuous

At =08 Mso1 a8 Msi2 de —

< :_>| |S22 vl V's11 smith  ¥s22  Smith _Single Sweep |
|S-parameters acauired successfully y

Note, that the forward Sparameters (S21, S11) might slightly change during the reverse measurement as the software
uses the additional information of the reverse measurement to correct the forward measurement results in order to
obtain the highest possible accuracy.

Note, that S12 and S21 are identical as must be the case for reciprocal devices like passive filters. S11 and S22 are
quite similar indicating that the filter input and output are designed in similar fashion.

Finally, we save the full set of measured S-parameters into a Touchstone s2p-file for later use:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DGESA| - ||:| |ﬂ

File Measure Settings Tools Options Help
Exit
SaveScreen » 5.55dB 0.92-i 0.13 7115.54dB 0.91-i 0.13 0dB

<Ref

Print Ctrl+P

Export Data 4 Trace * |

Import Data 4 Real-Imag

Save 4 S3p 4 Mag-Phase

Retrieve b dB-Phase  Shift+Ctrl+2
Software Updates »

We may add a comment to the s2p-file...

(=] Enter Comment ﬁ

[MCF 10F154]

No Comment QK | Abort |

... and save it:

b= Speichern unter ﬂ
Ll & @ cf Ev

Speichern in: I | S-Parameter

g Name - |+ | Anderungsdatt
Es wurden keine Suchergebnisse gefunden.
Zuletzt besucht

Desktop

Bibliotheken

i

Computer

Netzwerk

« i

Dateiname: I'I O0F15A j Speiche

Dateityp: ITouchstone files (*.52p) Ll Abbrechen

1]

Now, that we have obtained the full set of S-parameters, what can we do with them?
This will be demonstrated on the following page "Interpretation and Usage of 2-Port Measurements".
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In the previous page "Practical Example on Performing a 2-Port Measurement" we have demonstrated how to measure
the two port S-parameters of a two pole crystal filter:

[=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - |IZI |ﬂ
File Measure Settings Tools Options Help
; . <Refd
10dB/ 1:  10.7000MHz -15.55dB 0.92-i 0.13 i15.54dB 0.91-i 0.13 0dB
10dB/
Cal
Ol Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
- Span =80 kHz
- Cortinuous

At =048 Mso1 a8 Msi2 de —

Al ||822 vl ¥'s11 smith  ¥s22  Smith Single Sweep
|S-parameters acquired successfully A

Now, what can we learn from these and how can we make use of them? We can do some simple analysis right inside
the VNWA software. For more sofisticated simulations we need to make use of network simulation software, which will
be described at the end of this page.

| Analyzing S-Parameters inside the VNWA Software

Note, that both S11 and S22 data lies at the open circuit side in the Smith chart, i.e. our filter appears to have a
relatively high input and output impedance compared to 50 Ohms. We have measured the transmission in the 50 Ohms
impedance environment of the VNWA, though. Now, it could be interesting to find out, how the same filter would behave
in a high impedance environment, i.e. in an environment where both the filter input and output are power matched. We
actually can do this analysis inside the VNWA software using the Matching Tool, which we activate by pressing the
m-key on the keyboard:

(=] Recalculate to new source and - |D|ﬂ

Pt 1 Part

Fort 1 Impedance I IDhm - l Port 2 Impedance ISD IDhm b I
C parallel I I l C parallel I I I
[heg. possible] 0 Pk = [heg. possible) 0 pF i
MHote, that the matching networks will transform to the conjugate Port1 /2 impedances!

M atching Metwork:

Input Impedance ISD IDhm - l Output Impedance ISD IDhm - I

C parallel I I l C parallel I I I

[nepg. pozzible) 0 Pk e [nepg. pozzible) 0 Pk e
I'I - l tatching Metwark. Y ariant I'I - I

Lp Lp
|nv—-§“—o— Part 1 Sii Part2 —o—”—-? Out
Cs DUt Cs

Lp=74.3pH Lp=74.3pH
Cs=297nF 10.7 MHz Cs=297nF

tatching Metwark. Y ariant

We can now modify port 1 and port 2 impedances by using the keyboard or the mouse wheel (right-click onto the edit
fields to change the mouse wheel increments) and observe in me main window how the S-parameters change when
transformed to different terminating conditions, e.g. changing the terminating impedances on both sides to 1550 Ohms
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(2] Recalculate to new source and - |I:I|£

—Port 1 Fort

Part 1 Impedance Ih B50 IDhm - l Part 2 Impedance |1 550 IDhm > I
C parallel I I - l C parallel I I - I
[heg. possible] 0 Pk [heg. possible] 0 23
MHate, that the matching netwaorks will transform to the conjugate Port] /2 impedances!

—tatching Metwork:

Input Impedance ISD IDhm - l Output Impedance ISD IDhm - I
C parallel I I - l C parallel I I - I
[heg. poszible] v rF [heg. poszible] v rF

b atching Metwark. Y ariant I'I = l I atching Metwark ' ariant I‘I - I

Lp Lp
In °—| Port 1 Sii Poit2 |—e Ot
Ce DUt Cs

Lp=4.2pH Lp=4.2pH
Cz=h4.3pF 107 MHz Cz=54.3pF

... will yield a reasonable power match condition and a flat passband:

= DG8SAQ - Vector Network Analyzer Software - DGB8SAQ licensed - ||:| |ﬂ

File Measure Settings Tools Options Help

1 4
10dB/ ; ; e
0dB
10dB/
4
11 106929MHz  -059dB 0044004  -058dB 0.00-0.00
2.<=1: 300dB  -359dB -0204064  -3.59dB -0.30- 0.61
3-2: 17.16kHz  -359dB 045+ 044 -359dB 039+ 051
Cal 4 106963MHz  -0.76dB 0.18-0.10% -0.76dB 0.1540.09
Ol Start = 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
Span =80 kHz
==
- Continuous
At =048 Mso1 a8 Msi2 aB —
= |[s22 =] Mt smith sz smin Single Sweep
| 4

We can easily implement this impedance condition in an experiment by connecting 1500 Ohms resistors in series with
the VNWA RX and TX ports. The RX and TX port impedances of 50 Ohms will add to these 1500 Ohms to yield 1550
Ohms impedance at the filter:
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VNWA

50 Q

X
P
500

X

1500 Q 1500 Q

We therefore modify the bottom of our test board ...

o ~
=y

: '!mﬂll!ﬂ‘ b ﬂd P ﬁ b"- o @I;‘m]lll

. 4

-

... to include two 1500 Ohms resistors:

We connect the modified test board with the crystal filter to the VNWA and do a single sweep in forward direction using
the original calibration and settings from the S-parameter measurement:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ <OF;eBT$
10dB/
1 106930MHz -30.47dB 097+001 -059dB 0.02 0.00
2.<=1: 300dB  -33.47dB 0964001  -3.03dB -0.32- 054
32 1711kHz  -33.47dB 099+ 002 -4.06dB 0.45+ 051
cal 4 108967MHz  -30.73dB 097+ 0.00. -0.74dB 0.14- 0.09
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
- Continuous
A, SO Ms21 dB Msi2 dB

v :_>||S22 ~] Fsi1 smin  Fs2 smin Single Sweep

|Reference Position = 10

4

Indeed, the filter passband is flat now, but the insertion loss has increased by about 30dB in comparison to our S12
trace which has survived from our software matching experiment!
We get a better comparison when we adjust the scales and shift the reference level of the blue S21 trace to -30dB:

(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ lice - |I:| |£

File Measure Settings Tools Options Help

Stle -30dB 0dB

3dB/

11 106930MHz  -30.46dB -0.58dE
2:2=1: 3.00dB -33.46dE -3.02dB
3-20 1711 kHz -33.46dE -4.06dE
4. 108967MHz  -30.72dB -0.74dBE

Cal
Dl Start= 10.66 MHz Center = 10.7 MHz Stop = 10.74 MHz
Span =80 kHz
==
_ Continuous
TRAl =0dB Mso1 a8 sz dB —
Mem4 =| = ||822 | st smith [ s22 Smitn Single Sweep

<Refl <Ref3

|Reference Position = 10

4

So, except for the high loss, our measurement looks like anticipated.

The 30dB extra loss is no surprise, though, as we have effectively introduced 2x1500 Ohms=3000 Ohms into the signal

path.
Next, we want to quickly find out, how much extra loss 3000 Ohms in the signal path will yield. We add another trace
and make it a Custom trace:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ lice - |El|ﬂ
File Measure Settings Tools Options Help
<Reff
10dB/ 0dB
$21
10dB/ si1 -
S12
S22
el Memory 4
Plot P
11 106930MHz  -30.46dB  -0.69% $21/Mem3
2<=1: 3.00dB -33.46dB -3.02c  Export Trace to sip
32 17.11kHz ~ -33.46dB 4060  [moort sip St1/Memd
cal 4 106967MHz  -3072dB -0 74« 3-port
Ol Start = 10,66 MHz Center =107 MHz Clear Trace
. Span = 80 kHz Add Trace Time-Domain
- _ Off Frequency-Domain €
Tra, =3eB Mol dB Msi2 dB ¥ Srr—us

[Mem4 ~] =2 ||522 ~| sl smith  ["s22 Smith m
| Cus2 Z

The custom trace editor will open:

m Enter Expression 1 for trace 5:

Expression:

Is2t(z2s(3000))

Aliases: % Caption:

S22 = | |8k

Memd = I

Mem1 = Mem2 = Mem3 =

sai= [ sn= [ [
[ [ [

no Errors

ok Save | Load

We edit the expression for the function to be plotted as shown above. The number 3000 denotes our resistor of 3000
Ohms which we want to simulate. The function z2s() converts this resistance into a reflection coefficient. The outermost
function s2t() converts the reflection data (which could also be measured as S11 with our 3000 Ohms connected from
the TX port to ground) into transmission data (which could be measured as S21 with our 3000 Ohms connected
between TX port and RX port). We also assign a descriptive caption, which will later show on the main window. Closing
the custom trace editor, the new trace will be computed and plotted:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - ||:| |ﬂ

File Measure Settings Tools Options Help

1 4
10dB/ : g o
0dB
10dB/ 2 | % 3
10dB/
11 106930MHz -30.46dB  -059dE  -29.83dB
2.<=1: 300dB  -3346dB  -302dB  -29.83dB
32 1711kHz  -3346dB  -406dB  -29.83dB
cal 4 108967MHz -30.72dB  -0.74dB  -29.83dB
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
- Continuous
XAt 2048 Mso1 a8 Msi2 a8 Mak  dB —
[Mema =] =522 =] [s11 smith [ 522 Smitn _Single Sweep |
[Trace5: s2t(z2s(3000)) Y

For clarity, we have reverted to the original scales 10dB/ and a unique reference level of 0dB on top. We can read off
the black 3k simulation trace, that 3000 Ohms will introduce an extra loss of 29.83dB, which looks about right compared
to the blue S21 trace.

Now, can we correct the green S12 trace by the just computed attenuation to directly compare it to the measured blue
S21 trace? Yes, we can. We open the custom trace editor again by double clicking onto the black 3k label and modify
the experssion such that we multiply S12 with the previous expression:

m Enter Expression 1 for trace 5:

Expression:

ls12*s24(z25(3000))

Aliases: Caption:

s21= | sti= [ si2= [ s22= | [3k
Mern1 = I Mem2 = Ii Ii Mernd = Ii

Mem3 =

ik Save |

Load

Indeed, the simulated black transfer characteristic and the measured blue S21 trace are in good agreement:
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(=] DG8SAQ - Vector Network Analyzer Software - DG8SAQ licensed to - ||:| |ﬂ

File Measure Settings Tools Options Help

10dB/ 0dB
10dB/

10dB/

11 106930MHz  -30.46dB -088dB  -30.42dE
Z<=1: 3.00dB -33.46dB -3.02dB  -32.85dB
3-20 17.11 kHz -33.46dB -406dB  -33.89dB

- 4 108967MHz -30.72dB  -0.74dB  -3057dB
Bl Start = 10,66 MHz Center = 10.7 MHz Stop = 10.74 MHz
. Span =80 kHz

- Continuous
XAt 2048 Mso1 a8 Msi2 a8 Mak  dB —
ena = = |[s22 =] 11 smih [ 522 i _Single Sweep |

<Reff

[Traceb: s12*s2t(z2s(3000))

4

We have arrived at our black simulation curve in a handwaving way. Next, we want to verify it by doing a real network

simulation

| Playing with S-Parameters using the Network Simulator QUCS

QUCS is a powerful yet free network analysis software available for download at http://sourceforge.net/projects/qucs/.
In the following, we will set up a QUCS project using our crystal filter S-parameters which we have just measured. First,

we want to simulate how the filter behaves in between the two 1500 Ohms resistors as measured above.

After launching QUCS, we create a new project by clicking onto New in the Projects tab and by assigning a new
project name:

File Edit Positioning Insert Project Tools Simulation View Help

| 1AM d O s 3AAAKNHEDRISF/ RELo-DIY W

An untitled schematic opens:

N ‘ o ‘ Delet ﬂ| untitled
2 pW pen elete B
2 counter
a |digital e
— |pf . . . . . . « & & b 4 a4 e & e s a4 e s e a4 a4 e e s a4 e e e s a .
o Itiplier v
"g' :gu P .2 Create new project ﬂi]

r EEmms— L L
O Project name: ‘ 10F15A1 |
*2 o opennewproject |
2 ‘ Create | Cancel |
o
o
E ..............................
o | s
O
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http://sourceforge.net/projects/qucs/.

" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

IR N5 s XRREN3

DA IMAKRAQGNEDR IS F/ RE L -BLIYW

bx

untitled

Content of "10F15A1" | N«

VHDL
-Verilog-A
-Verilog
-Octave
- Data Displays
-Datasets
- Others

ants  Content Projects

We save it ...

Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

LGN EDQ Y F/ REL-a1% R

| New Ctrl+N

= New Text Ctrl+Shift+V

(= Open... Ctrl+O

& Close Ctri+wW

3 Save Ctrl+S

9 Save All Ctrl++
Save as... Ctrl+-

= Print... Ctrl+P k
Print Fit to Page... Ctrl+Shift+P
Document Settings... Ctrl+.
Edit Circuit Symbol  F9
Application Settings... Ctrl+,
Exit Ctrl+Q

... and thus assign a name to it:
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* Enter a Document Name

kd

(L) ||~ Baier v qucs ¥ 10F15A1_prj - (@ [ 10F15A1_prj dur... @

Organisieren ¥  Neuer Ordner = - .@.
.7 Favoriten 2! Name ~ | Anderungsdatum | Typ
B Desktop
I3 Downloads Es wurden keine Suchergebnisse gefunden.

< Zuletzt besucht

.~ Bibliotheken
=L Bilder
_*, Dokumente
& Musik

g Videos

ad; Heimnetzgruppe

& Computer Ll <

Dateiname: | illgkY.vENl =

I i
Ei

Dateityp: ISchematic (*.sch) ﬂ

(= Ordner ausblendenl

Spei ch%rn | Abbrechen
4

We change to the Components tab, ...

Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

[ a=A@MQE]E 6 A

lx

=[o/x]

LG ARGNEDQ I F/ REL-ELY N
10F15A1_1.sch|

Content of "10F15A1" | N
= Schematics

S 10F 15A1_1.sch
-VHDL

-Verilog-A

-Verilog

-QOctave

-Data Displays
-Datasets

-Others

Projects

ponents | Content

Com

Fﬁampanents and diagrams|

| I

...select lumped components dropdown menu and add two resistors and two ground symbols:
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Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

IS =) =

O ARD[AARG[REDR IS F/ RE L -BLIY N

lumped components

10F15A1_1.sch |

R = =

Resistor Resistor
us

Projects

-

Inductor
.

i o
Ground Subcircu
it Port
3 ¥
Transfor symmetri
mer c
Transfor

Components Content

Next, we select the sources

/& Quecs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

Dl (e

R1 S R2

dropdown menu and add two power sources.

_lo]x

[ 1=8=R3a2

Jeo o3RG GRGMEPR ST/ REL-ETY R

x

¥ ¢
dc dc
Voltage Current
Source Source
¢ ¢
ac ac
Voltage Current
Source Source
3 e
Power Noise
Source Voltage
% Source
] 3§

Noise  Voltage

Projects

Components Content

& 10F15A1_1.sch |

.

.. R R
- S Num=1 ‘R=50 Ohm - . L
o :Z=5_0'0|'II‘_'I‘I' - - R

Z 70

e T CB pe
E ' E-ZUI'ZIFZZ

R=50 Ohm

N

Frarrmmt Mambealla

Then, we switch to file components and add a 2-port S parameter file component (and from the lumped components
another ground component which we have previously forgotten) :
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" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

W=

| 1RO E¢ e A+ GARArEDRISTF/ REL-GTY ¥

4 10F15A1_1.sch |

Llﬁ

file components

]

SIS[ei=y 1-port S
BEIEY paramet
er file

s o
2-port S n-port S

Projects

Content

.% paramet paramet SRR
g erﬂle% er file RIS e
2 = E 5 |
§ | subcircu - FNum=t1 - R=50 Ohm - -
it . Z=50 Ohm- o
ye

X1

File=test.s2p - -

5__:__:

e

R2.
R=50 Ohm

NZ"U

e

um= 2 )
=50 Ohm

We need to change our resistors to 1500 Ohms, therefore we right-click the resistors and select Edit Properties:

" Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

_lo]x

| 1RO E¢ O A+ GARArEDRISTF/ REL-GTY ¥

4% 10F15A1_1.sch |

Llﬁ

file components

e

S 1-port S .
WEIEY paramet :
er file

s o
2-port S n-port S

Projects

Content

We highlight the R-property and change the value to 1500 Ohm

% paramet paramet B o
= erfile  erfile R oy T
g ..E.m.......m_
8 | subcircu - W Num=1 R=1500 Ohm -
it .- . Z=50-Ohm- - - o S
<

X1

File=tégt.s2p- -

;;_;_;;_
R= Move Component Text Ctrl

e

Set on Grid
| Copy
L Paste
-« Delete

Ctrl
Citrl
Ctrl
Del
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;™ Edit Component Properties ﬂﬂ

resistor

Name: |R2 ~ display in schematic

- Properties

Name |Value IR
50 Ohm ohmic resistance in....

Temp 26.85 ||1500 Ohm
Tc1 0.0 Edit | Browse

Tc2 0.0
~ display in schematic

Tnom 26.85
ﬁ||J—| Add |/ Remove

OK M Apply | Cancel

In similar fashion, we edit the property of the 2-port S parameter file component by right-clicking on it and selecting

Edit Properties:

.+ Edit Component Properties ﬂﬂ

S parameter file

Name: |X1 ~ display in schematic

- Properties
Name value File
test g2 NAMe of the s....
Data rectan test.s2p
Interpolator linear Edit Bmw??
duringDC open _ _
Ports 2 ~ display in schemati
<] | | Add | Remove |
OK | Apply | Cancel

Here, we browse for our measured S-parameter file which we have saved from the VNWA software in the previous

section.

Next, we wire the components:
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* Qucs 0.0.16 - Project: 10F15A1

-l

File Edit Positioning Insert Project Tools Simulation View Help
| 12@AFQad L A+ M ARARGNEDRISFAREL -G TY v

=
Q|10F15A1 1.sch -
g file components - = | h“""e (Ctri+E)) -
. e F
0 |Biyle=s 1-port S .
— [EUEY paramet
= .
7] er file
=
sl = = .
2-port S n-port S X1 _ S _
£ | paramet paramet File=D:/S-Parameter/10F 15A.S2P
Q| erfile erfile — T —
o : 3 LT fil I 4 o
g_ = . Pl . pT . R P2. . .
8 | Subcircu P Num=1- R=1500 Ohm - R=1500 Ohm | Num=2
it . Z=50Ohm- - - o ) . o i o Z=50 Ohm

The sematic is done. It looks like the hardware in our previous measurement.

Now, we have to tell the simulator what kind of simulation we want. We change to the simulations components and add
an S parameter simulation:

- Qucs 0.0.16 - Project: 10F15A1

-lolx]

File Edit Positioning Insert Project Tools Simulation View Help
[ 12=RA3Qad L 13 AAAGNEDNISF/ 2EL -G TY ¥

ET— A

o | dc  Transien - |'S parameter||

o |simulatio  t -~ |simulation ||

c . . . .

gl " s'ml:aho . skt

8 - =1 Type=lin

E . Start=1GHz

5 |arrato oo Stop=10 GHz

g |Simulatio. eter Points=19 S

o n simulat . .

(&} File=D:/S-Parameter/10F 15A.S2P
Harmoni Paramet P 'RT' _ _ - _ _ IR?I _ Chie2

c er sweep R Num=1 'R=1500 Ohm . _ _ " R=1500 Ohm T Num=2"

balance . Z=50 Ohm - T . T T 7Z=50 Ohm
digital - optimizat e e et ane e N N 2T
simulatio ion 0 . ) -

We edit the S parameter properties by right-clicking them and entering the desired frequency range and number of
points:
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.+ Edit Component Properties ﬂﬂ

Sweep |Properties

S parameter simulation

Sweep Parameter: [frequency  display in schematic

Type: linear jw display in schematic

Values: ridisplay in schematic

Start: 10.66 MHz * display in schematic

Stop: 10.74 MHz  ~ display in schematic

Step: 0160321 MHz

Number: 500 ~ display in schematic
OK \J Apply Cancel

We use the same frequency grid as in our S-parameter file. Now, we can launch the simulation by pressing the
Simulate button:

¢ Qucs 0.0.16 - Project: 10F15A1

ol

File Edit Positioning Insert Project Tools Simulation View Help

(IR0 =N L'Jn| [OOSR ESR Y F /2B L-IY% v
P smuiations e N Egi_m_ul_at_e (F2)L .
g‘ — o R
@ | dc  Transien S parameter
& [simulatio t simulation
‘E " Slml:,latlo SP1 S o
O - - Type=lin
@ S-pam ~ Start=10.66 MHz
c | ) Stop=10.74 MHz
= simulatio eter ~ Points=500 S o
a n simulatio B . o o
E » S Xt
O s v oo s v oo File=D:/S-Parameter/10F15A.S2P
)
Harmoni Paramet P1 - {5d2 -
¢ ersweep Numet R Ref R2
L opumEL R=1500 Ohm = 'R=1500 Ohm
balance | z=zsoOMm - . S
digital optimizat 1 1
simulatio  ion B B

0:0 .

no warnings

The plot window opens, but it is empty. We still need to add a diagram component. We select a Carthesian plot...
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;'- * Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

[18=Rma s

diagrams

~ @

Projects

- n
5 ® @
8 Smith Admittan
Chart ce Smith
t e o
S Polar-S Smith-P
g- mith olar
8 Coz{:i Cgbi

3D-Carte Locus
sian Curve

=
Timing Truth

Diagram Table

Ca ia Polar Tabular

-0 x|
DA RAAG DN SR/ REL-GIY R
j +10F15A1_1.sch |"o“‘F“‘1"“"“"“1 dpl| |
N El

f

no wamlng

s0:

... and add it to the document. The diagram properties pop open. We add an S21 trace by double-clicking onto the
highlighted S[2,1] property ...

2~ Edit Diagram Properties

Data | Properties | Limits |

ik

- Graph Input
|S[2,1]
Color: - Style: |so|id line j Thickness: |H
y-AXis: |Ieft Axis 'I
- Dataset - Graph
10F15A1_1 j S[2,1]
Name Type | Size
frequency indep 400
S[1,1] dep frequency
dep frequency
Ndep frequency
dep frequency
New Graph
Delete Graph
OK Apply Cancel
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... and specify that we want a logarithmic left axis:

, & Edit Diagram Properties 2| x|
Data | Properties |Limits |

X-Axis Label:

left Axis Label:

right Axis Label:

Label text: Use LaTeX style for special characters, e.g. \tau

~ show Grid

Grid Color:

Grid Style: |solid line
r logarithmical X Axis Grid

~ l%ogarithmical left Axis Grid

r Iarithmical right Axis Grid

A

OK Apply Cancel

So, finally, we see our simulation result:

& Ques 0,0.16 - Project: 10F15A1 =|& ﬂ
File Edit Positioning Insert Project Tools Simulation View Help
ARG e EEHGLEDR IS F A REL SN R

, 2| 4 10F15A1_1.sch | & 10F15A1_1.dpl |
2 diagrams j .
] T i =
= @ [hE 0.1
o |[PEREEE] Polar Tabular
£ == .
2 B @
3 Smith  Admittan
Chart ce Smith o —
o ) / B
sl e
S Polar-S Smith-P / N
E— mith olar = \\
S | Combi Combi o 0.01+ = .
2 (0} / .
3D-Carte Locus i N
sian  Curve ~
= ﬁﬂ //r. \\\“\._
Timing  Truth /_/ ~
Diagram Table P hﬁx'“‘m_
16 3 EE07E 5E06 FE0B TSR0 SE0BE5E 0B SRS 5A0T d00705E07 T EOT7E SE07 TE0T 35607407
framianmi -
L L

no wamings 0: 0

The plot is not very nice, and we want to compare this simulation with our previous measurement. Therefore, we are
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going to export the simulation data back into the VNWA software.
To do so, we right-click the bulu simulation curve and select Export to CSV:

& Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

e is ls R

CACMGAHRGIREDR IS F/REL -0 ¥
21 $10F15A1_1.sch | < 10F15A1_1.dpl

diagrams

d

_lslx]

@ [

Projects

(o= CHIE] Polar Tabular

0.1

® @
Smith Admittan
Chart ce Smith
Polar-S Smith-P
mith olar
Combi Combi
3D-Carte Locus
sian  Curve 4
Bl
Timing Truth
Diagram Table

0.01+

Components Content

S[2,1]

L

Edit Properties
« Delete
Export to

framiiamme

: C:'N.+Sh ift+C

1e07

L

Convert graph data to CSV file

We save the simulation result as csv-file on disk:

no wamnings 0 : 0

j: * Enter an Output File Name ﬁ
@Ov | ¥ Computer * Volume (D:) * S-Parameter v @JI S-Parameter dur... @
Organisieren ¥  Neuer Ordner = v @
«» Zuletzt besucht A Name ~ | Anderungsdatum | Typ

J:lJJ Bibliotheken Es wurden keine Suchergebnisse gefunden.
= Bilder
= Dokumente
@ Musik
& Videos
@& Heimnetzgruppe
& Computer P
& Lokaler Datentrage
. Volume (D:)
< fs (\\hs-ulm.de) (R
Viahima (VY Ll 1 | _}l
Dateiname: Isim1| ﬂ
Dateityp: ICSV file (*.csv) ﬂ
'+ Ordner ausblendenl Speichern Abbrechen
| 4

And we switch over to the VNWA software, which still has our old measurement and our handwaving simulation result on
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screen. There, we import the just saved QUCS simulation result into Memory 1:

(=) DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed to DG! —|o| x|
File Measure Settings Tools Options Help
Bxit <Ref
SaveScreen 4 -30dB
Print Ctrl+P
Export Data >
Save » s2p Ctrl+2 to S11
Retrieve ’ s3p 4 to 512
T tos2
Software Updates 4
to Memory 2 Ei
to Memory 3
to Memory 4
cal to Plot 1
Start = 10.66 MHz to Plot 2 Stop = 10.74 MHz
== to Plot 3 ;
T Al =0dB Ms21 dB to Plot 4 ok dB Continuous
=» | |822 - I Single Sweep
|[For Trace 6 aet scales from Trace 1 4

We select file type QUCS, ... (*.csv) and select our simulation file from disk:
(=] Offnen ﬂ
Suchen in: | | S-Parameter Ll N Sl d=he

h: )

Zu Ietzt_-besucht

=

Desktop

Bibliotheken

v | Anderungsdatt

Computer

Netzwerk
< |
Dateiname: ISi"ﬂ ﬂ Offnen |
Dateityp: IQUCS, Exeter files (*.csv) % Ll Abbrechen |
4

We open another trace to display our QUCS simulation in Mem1:
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(-] DG8SAQ - Vector Network Analyzer Software - DGS8SAQ licensed - ||:| |ﬂ
File Measure Settings Tools Options Help
z
<Reff

SdByf 2 30dB
3dB/
3dB/
SdB/f

14 106930MHz  -30.46dB -058dE  -3042dE  -30.42dB

2:==1. 3.00dB -33 46dB -303dB  -328bdE -3254dB

3-20 1711 kHz -33 46dB -4 07dE  -3389dE -33383dE
Cal 4. 106967MHz  -30.71dBE -074dE  -3067dE  -3067dE

Start = 10.66 MHz Center=10.7 MHz Stop = 10.74 MHz
. Span =80 kHz
- Continuous
A, SO Ms21 dB Msi2 dB Mak dB [
| == ||S22 vl ¥ Meml dB Single Sweep

|[For Trace 6 aget scales from Trace 1 4

Note, that our handwaving black simulation agrees with the red QUCS simulation to almost the last digit. Therefore, the
black trace lies hidden behind the red trace.

What else can we simulate with our S-parameters?

We can simulate what our filter would look like in a 1550 Ohms environment like we have done with the VNWA matching
tool. To do so, we remove the resistors and change the sources' impedances to 1550 Ohms:

* Quecs 0.0.16 - Project: 10F15A1 - I:I|ﬂ
File Edit Positioning Insert Project Tools Simulation View Help
[RRSEE A M= KX e 3MGAKANHEDR IS F/ RE LY N

10F15A1_2.sch | &10F15A1_1.dpl | 10F15A1_2.dpl ‘@10F15A1 1.sch |

S parameter ||
simulation
SP1 -

Type=lin
Start=10.66 MHz
Stop=10.74 MHz
Points=500

X1 S
File=D:/S-Parameter/10F15A.S2P
{2 —

P1 Ref
Num=1 _ﬁﬁﬁﬁﬁ Num—2""

Jﬁﬁ_ﬁﬁﬁ'__'ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ_ﬁﬁﬁﬁﬁﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬁ ﬁﬁﬁﬁﬁﬁﬁﬁ;ﬁlj

ho warnings| 0:0 ,

|
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Not surprising, the result is identical with the VNWA result:

¢ Qucs 0.0.16 - Project: 10F15A1
File Edit Positioning Insert Project Tools Simulation View Help

1
N =
- oL =
o D)
()
0.14
frequency _
frequency
frequency
K Ll_l
Eowamingi 0:0 .

We have added a Smith chart to display the simulated S11 and S22.

Note, that the stopband attenuation of our two pole filter is not very high. We might improve it by cascading two of these
filters. We can easily simulate the expected performance by adding another S parameter file component which actually
points to the same file as the first one, since we want to cascade two identical filters:
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’ =" “ Qucs 0.0.16 - Project: 10F15A1 ngﬂ
File Edit Positioning Insert Project Tools Simulation View Help

|1 2ERA®00]d 0 A+ SARAA[REPE 987/ REL-@L% W
10F15A1_1.sch 10F15A1_2.sch | 10F15A1_3.dpl |

- |s parametery
|simulation |

SR
CType=lin.
. Start=1066MHz
o Points=500 . .
A

- File=D:/S-Parameter/10F15A.S2P File=D:/S-Parameter/10F15A.S2P - -

gt T
P2
“Num=2_
Z=1550 Ohm - -

P1 : .

7=15500hm - | - |

no warnings 0:0 ,

The simulated S21 data shows an ugly hump at the high frequency skirt which is due to internal mismatch between the
two pole filters:

’ =" “ Qucs 0.0.16 - Project: 10F15A1 dglﬂ
File Edit Positioning Insert Project Tools Simulation View Help

[V =2=3@30ad 1O 3I[AAALNHMPDQAIEF / REL-BIY W
10F15A1_1.sch | 10F15A1_2.sch | 10F15A1_3.dpl < 10F15A1_2.dpl

1 —

0.1+

S[1.1]

S[2.1]
S[2,2]

0.01+

frequency frequency
frequency

. | g

no warnings 0:0 ,
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We add a capacitor to the internal filter connection to improve the match:

.&” Qucs 0.0.16 - Project: 10F15A1

File Edit Positioning Insert Project Tools Simulation View Help

= @AA0ad 0 4 3[ARARA[NHDR I T/ 2EL - BLIE[w

10F15A1_1.sch | 10F15A1_2.sch | 10F15A1_3.dpl | ¢ 10F15A1_2.dpl &[10F15A1_3.sch|

- Start=1066 MHz =~

Xt X2
- File=D:/S-Parameter/10F15A.S2P File=D:/S-Parameter/10F15A.S2P
e R

P1. . ...

S “Num=2

|

- |s parametery
|simulation ||

O A
S Type=slin.
CStop=1074MHzZ
CPoints=500

Z=1550 Ohm -

no warnings| 0:0 ,

Now, we have a decent passband and a considerably larger stopband attenuation.
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-~ Ques 0.0.16 - Project: 10F15A1 = |I:I|ﬂ
File Edit Positioning Insert Project Tools Simulation View Help
[12@E@02[d 0 4e3ALAARNENR YT/ RE L - GLIY v
10F15A1_1.sch | 10F15A1_2.sch [10F15A1_3.dpl| | ¢ 10F15A1_2.dpl | & 10F15A1_3.sch |
1 ==
0.1
= N =
N AN
@ 0.014 @
1e-03} i
frequency
A AT T U7 e 07 o0 frequency
frequency
< JJ
no warnings| 0: 0 y

We could easily continue to optimize internal and external matching and thus design a perfect four pole crystal filter.
Obviously, a simulator like QUCS together with the VNWA for acqgiring S parameter data is a powerful pair for RF

design.
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