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2 Calibrate Part 2 - What's new

2.1 Magi-Cal - Automatic Calibration Function for the VNWA
The newly introduced "Magi-Cal" Automatic Calibrator for the ;
VNWA3 or VNWASE is a very convenient Tool offering significant

time savings and improved efficiency when performing calibration.
In addition, it saves wear of the Rosenberger Short, Load, Open and
Thru calibration components. Normally automatic calibration is only
available on the most expensive Vector Network Analyzers used in
the industry, costing often as much as a full-size car. Credit is due to
Thomas Baier DG8SAQ and his team of supporting developers who
have made such a function available to a much wider public through
the budget priced VNWA.

Measurement results with vector network analyzers are only as good as the quality of the calibration performed. In
event of a bad calibration with incomplete electrical characteristics and mathematical models, the measurements
will not be accurate and in worst case may be completely wrong. At frequencies from VHF band and higher the
quality of the calibration becomes increasingly important.

The Magi-Cal is designed to provide calibration of the full frequency range of the VNWA3 to 1.3 GHz. The quality of
the calibration is better, compared to a good calibration set with the Rosenberger elements (the kit serial number
579 - 18.4.2016 was used for comparison). Each Magi-Cal Automatic Calibrator is individually commissioned and
calibrated prior to shipment to the customer after manufacturing. The calibration data is stored in each Magi-Cal and
must be transferred to the VNWA via USB.

2.1.1 Securing the old settings

First, old calibration kit settings from my calibration kit with Rosenberger elements s/n # 579 are saved.

Saving is done in the VNWA folder “DefaultCalKits” by selecting the tab “Single SOLT Model Setting” and “Save
Settings” button. Enter a suitable file name and the previous calibration kit setting will be saved together with other
Default Calibration Kit files in the VNWA Folder “DefaultCalKits”

Y
General Settngs | Simple SOLT ings | ings | SOLT Simulation Settings | Simulation |
@ BOLT,  [simple model custom calbration standards ]
SaveSeftings |  Load Settings
General Settings  Simple SOLT Model Settings | Special Settings | SOLT Simulation Settings | Measurement Simulation |
Flosenberger SMA Female kit Please walch Measure/Caibration/Cal Kit/Infa for a ful description ### PLEASE NOTE You =
must change the load value 50 ohn to the exact value provided by SDR Kits for both Simple and Arbitrary custom calibration 0SL Calibration Standard Setup
standards. The Rosenberger kit consist of folowing calibration standards: 1 pc 50 ohm SMA 1W Jack (female) Load for Load
calibration partno 32K15R-001E3 # 1pc 0 ohm SMA Short Jack (female) for Short calibration partno 322114-000L5 # 1 pc. OPEN:  Delay = ﬁ ps  => one way mechanical length = -8.887 mm
SMA Jack-Jack (female - female] adaptor for Open and Thiu calibration partno 32K101_K0OLS # 1 pc SMA Plug - Plug (Male
- Male) adaptor partno. 325103-500L5 used as DUT gender changer ™= Both Simple and Arbitrary custom calibration : - r A . T
Bl eirhiopbiasti s SHORT: Deley= [5382 ps  => one way mechanical length = 5,647 mm
0 & THRU LOAD : Delay= ps = onewaymechanical length=0m
g e @)
@ ..... L & L0aD: R=[14 o CI -2 FoL=[0 H
P Note: The Delays above are correction values, i e. the NEGATIVE of the delas of the standards!
@ m \3 J ~THRU Calibration Standard Setup
THRU: Transmission Factor = [T = alienuation= [0.0000 B
L Gender Changer s
— : THRU: ission Delay = [4243 ps  => mecharical length = 8.304 mm
Spline bult successfuly Z

[ 10pen Calbration Kit File =

GomsePath Home \ew Delete Fie

[« Speichern unter

Speichemin: [ ), WA R N ol

Name = | +| And t... | +| T
DefauitCalkits 27.06.201921:02  Dateiordner
DGBSAQ-USB-Driver 08.06.2019 14:47  Datelordner
di_devices 08.06.2019 14:47  Datelordner
frmwares 08.06.2019 14:47  Datelordner
Linux 08.06.2019 14:47  Dateiordner
tmp 27.06.2019 20:55  Dateiordner
VNWA_TCP_Client 08.06.2019 14:47  D:
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| currently use a pre-production model of the Magi-Cal with the serial number # 3 and the VNWA software 36.7.7. |
assume that in subsequent versions of the software, the menu may change slightly. This chapter will then be edited.

The Magi-Cal is connected via a USB cable to the PC. Only when the Magi-Cal Automatic Calibrator has been
detected, the corresponding menu for this hardware will be shown. | personally recommend the Magi-Cal is directly

connected to the PC or laptop without a USB hub.

When the Magi-Cal has been detected, an entry will be found by clicking on Menu “Settings” and on dropdown item

“Calibration Kit” (K). The first tab "Calibration Settings" is now shown. Load the Magi-Cal settings by using a Right

Hand Mouse click on the button "Load Settings”. A drop-down menu now appears and select “Download Model

from Magi-Cal device”

All calibration data and models for the calibration of Magi-Cal will now be transferred from the Magi-Cal to the

VNWA. These settings apply only to the Magi-Cal that is connected to the Computer. Each Magi-Cal has their own

settings.

After successful loading of the Magi-Cal calibration file, the
window will change, as shown in the accompanying
picture.

Calibration with the Magi-Cal unit is done by clicking on the
tab “Magi-Cal” and next a drop-down menu now appears.
Here you can choose between a SOL or SOLT Calibration.
Click your choice and Calibration now will be done
automatically and you can monitor progress by observing
the status of the Calibration LED.

SOL: Short, Open, Load
SOLT: Short, Open, Load, Thru

B Calibration Settings X

General Settings | Arbitraty SOLT Model Settings | Special Settings | SOLT Simulation Settings | Measurement Simulation !

-] *

@ SOLT [avbmavy model custom calibration standards

Save Settings | {"Load Settings

Clear ALL

Last loaded/saved: from Magi-Cal Devic

Download Model from Magi-Cal device } h
MagiCal version 2.0 |
Download Cal Kit File(s) from Web ‘
= SDR-Kits
Model type 2 downloaded successfully
[ Full Calibration - Magi-Cal auto-calibrator ONLINE} x|

Exit Calibration Master Calibration CalKit | Magi-Cal

Carrection Schemesl Magii  SOL
SOLT

|Master Calibration Activated ‘

Thru Calibration

Crosstalk Cal | . I=ton  off
Thuu Cal I D oo
Thiu Match Cal I @ I= on /off

Invalidate All Thiu Calibrations

Reflect Calibratior

Short
Open &0
Load

Cal [V on/off };gg
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2.1.3 Checking the quality of a SOL calibration with the Magi-Cal

The quality of a calibration can be easily checked with the following method. After a Short Open Load (SOL)
calibration has been performed, makea an S11 measurement using a specially prepared approximately 35cm length
of UT-141 rigid line. This test method is even more precise than the T-Check Method which is recommended by
Rohde & Schwartz (R&S). The Measuring Cable should be built
from a straight length of UT-141 rigid cable which has never been
bent before.

On one side a female SMA connector is soldered.

On the other end, the rigid pipe has been cut with a coping saw

and the cut surface smoothed at a perpendicular angle with a
fine file. The entire line is about 35 cm long.

Calibration with the calibration kit with the Rosenberger elements:
The figure below shows an S11 measurement of 0.1 MHz to 500 MHz with 201 measurement points and maximum
sweep time measurement (Tab “Settings” and “Sweep” sample time = 100mS).

The S11 trace shows the Smith chart circles that are

S| e TE
slightly spiral. The spiral shape is caused by low wel s waws| o e ///_\ Rosentierger Gal
attenuation of the measuring line. The red curve b
shows the measured S11 measurement with 0.1 dB ‘ \
per box. Clearly, the attenuation can be seen. The / \_‘J/WT Vv\ -
slight wavy line is caused by very small errors in the
calibration. This test method shows that the changes
in attenuation up to 500 MHz are very small and the b
calibration elements are very good. In the last three \\ " //
years, these calibration elements have been \\ )/7
frequently used. Of course, the calibration elements “ oo \EJ@%@E‘) o
were in better shape on delivery and the results [ P P TP s e
were better. | :
Nevertheless, the results are now still very good.
The small spikes are spurious responses, which cannot be avoided.
Note: the fine subdivision of 0.1 dB / Div! Overall a very pleasing result.

WE R T T vagical

e . . . | | drs oamom 2

The side figure shows a calibration with the new N i
Magi-Cal. Again this is a measurement from 0.1 3 -
MHz to 500 MHz, done with 201 measurement
points and maximum sweep duration selected
(VNWA “Settings” “Sweep” Sample time =
100mS)
The ripple is even smaller, indicating that the
calibration is excellent. A\ :

i s0im Fee o e

SEM | = |[Mem2 x| s ¥ 511 Smith ™ s2de 5imle5weep|
[ 7
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DGBSAQ Vector Network Analyzer Software
27.06,2019 16:40:00

1. 325MHz  -0.14dB

2 343MHz| 012

018/ 3 360MHz| -012
T4 378MHz

5. 395MHz

6 500MHz

F—7: 1000MHzt-  -0.32dB~

//‘_\\ The figure on the left shows an S11

N measurement from 0.1 MHz to 1300 MHz with
—\ 201 measurement points and maximum

/‘/ | measurement duration (VNWA Settings Sweep)
after calibration with the Magi-Cal. More

o~ - % spurious responses are visible at frequencies
= - above 500 MHz and at the highest frquencies the

m \ o

\ s V ~ VNWA becomes slightly less accurate, but it still

N\ \l \\,/V shows a very acceptable calibration of the
\\ . V VNWA.
S TR

Start =01 MHz Center = 650.05 MHz Stop = 1300 MHz
Span = 1293300 kHz

Cal

TXAR =088
s &8 S11 Smith

Conclusion: Personally, | am delighted with the usefulness and accuracy of the calibration with the new Magi-Cal
Auto Calibrator. The method is accurate as well as quick and convenient. | wish | had this powerful tool years many
years ago.

2.1.4 Calibration with the Magi-Cal and external Attenuator
If you want to do measurements on an Amplifier there are two

"
AL ~0dB ¥ 521 o8 ¥ 521 cPhas
Set Levels

Define TX Level q Rate!

‘Wheel Increment > +/-0.1dB
+/-1dB
+/-5dB
+/-10dB

possibilities.

The first is for the level of the RF Output on the TX SMA port to be reduced
in order to avoid over-driving the VNWA RX port (or the input or output
limits of the Amplifier!).

When the VNWA is calibrated using the Magi-Cal, no precautions need to be taken in this case, see picture on the
right.

If you wish to measure an amplifier whose output power could destroy
the VNWA, it can be useful on the RX side of VNWA to insert an
attenuator component between Port and the cable to the RX port. Then

, SDR-Kits
F ®
for S11 or S21 measurement it effectively belongs to the RX port of the Magi-Cal
Automatic Calibrator
VNWA. The calibration is then easily performed with the attenuator SMA SOLT
inserted between the output of the amplifier and the cable to the RX ed. = o
port. The option of using an external attenuator is only necessary when '\

protection of the RX port of the VNWA is needed.

Normally, a reduction in the TX Output level will be sufficient. ) r ' v

Off =Thru
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What can go wrong?

The following procedure leads to incorrect results. If the attenuator is inserted after successful Magi-Cal calibration
(Thru calibration without an attenuator) this of course leads to incorrect results.

Remedy: Always calibrate the Attenuator (if fitted) together with the Magi-Cal.

When removing the Attenuator, the Magi-Cal Thru calibration is no longer valid and a new Magi-Cal calibration
needs to be applied

2.1.5 How can you tell whether the Magi-Cal has been correctly identified?

B Fy)l Calibration X

Exit Calibration Master Calibration Cal Kit

If "Magi-Cal" is not shown in the Calibration Kit menu then the

=y

h“ Correction Schemesl

Magi-Cal Tab Not

USB link with the PC has not been established. In this case it is [ ‘ T

also not shown in the tab "Setup” and “USB Settings”. The USB Feflont Calbaatin e Calbats

link can be restored by pressing the the button "Rescan USB Shor . Crostal Cal | . I on/of

BUS". The line: ”"DG8SAQ-MagiCal" is displayed when both - -

VNWA and Magi-Cal USB links are available as shown in the Open ® e (@

picture below. Load | @ ThuMachcs | @) oo
Cd [ on/off . Invalidate Al Thru Calibrations |

2 PC and Instrument Hardware Related Setup X

USB Settings IAur.in Setlngi| Audio Lewel | Aux. Audio Level | Instrument Setlingsl Misc. Settings

Rescan USB Bus bus/device idvVendor/idProduct ~
bus-0/A% \ibusb0-0002-0x20a0-0x4118  0x2040/0x4118
- Manutacturer : wenw, sdr-kits. net

-Product @ DGBSAQ-MagiCal —

- Serial Number. Nong
Verify Fitmware wTotalLength: 18
Egum\nteﬁace‘j: ‘ 1
onfiguration alue: 1
Flash Fimtare iConfiguratior: 0

brodttributes: 80h
MaxPower: 50
binterfaceNumber. 0
bélternateSetting 0

bNumEndpoints: 0
binterfaceClass: 0

binterfaceSubClass: 0

VWi Enerqy Seltings: Protacol: 0

b
5 iinterface:
Firmyare Energy Settings bus-0AN \ibush0-0003-0x20a0-0x4118  Dx20A0/0x4118

<] |-Manufacturer : v, sdr-kits.net
OFF onponer e =] | o YA 3.0

- Serial Number: None

Software Energy Setlings wTotalLength: 18
ON if software stated = bMumlnterfaces: 1 v
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2.2 Checking the quality of a SOL calibration (Short, Open, Load)

The quality of a calibration can easily be checked with a trick. After a short-open-load calibration (SOL) has been
carried out, an S11 measurement is used to measure a specially
prepared approx. 35 cm long UT-141 Rigid cable. This test
procedure is even harder than the T-check recommended by R & S.
The measuring line: The measuring line is built from a straight
UT-141 Rigid line that has never been bent. On one side is a female
SMA connector. On the other side, the rigid cable was cut with a

jigsaw and the cut surface was smoothed vertically with a fine file.

The entire pipe is about 35 cm long.

Calibration with the calibration kit with the

o % Jone| alen Denors A Rosenberger Cal
Rosenberger elements: The following figure shows PPy ez | 41160 0%ana) //
an S11 measurement from 0.1 MHz to 500 MHz % ns
with 201 measurem‘ent points and maX|mu.m / ~ —-”/rw VYL\
measurement duration (VNWA Sweep Settings). I —_—
The S11 trace shows circles in the Smith chart that “‘
are slightly helical. The spiral shape is caused by the \ /
slight attenuation of the measuring line. The red \ | /
trace shows the S11 measurement at 0.1 dB per div. N
Very clearly the damping can be seen. The slight N : Z
wavy line is caused by the smallest errors in the o m
calibration. This very sharp test procedure shows ST B ors oo - one —

[ 4

that the wave motion up to 500 MHz is very small

and the calibration elements are very good. In the last three years, the calibration elements have been used very
frequently. | assume that the results were even better on delivery. Nevertheless, they are still very good now.
The small spikes are secondary reception points that can not be avoided. Note the extremely fine subdivision of
0.1dB / div! Overall, a very pleasing result.
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3 amplifiers measure

When measuring the active components may endanger to destroy the VNWA. All levels greater than 0 dBm can
cause irreparable damage to the VNWA! The measurement of an amplifier should always start with the
measurement of the level maximum occurring with a power meter. A fault or a swing may occur quickly.

The VNWA works with levels to -17 dBm. All major levels lead to an overload. There are ways to avoid such a
distortion. Either an external attenuator during the calibration is reduced with looped or is at VNWA the
transmission level. Refer to VNWA-helpfile,

At this point | would like to present a good amplifier for the range of shortwave example, the gain is switchable. The
amplifier is measured and interpreted the

Cubic amplifier # 13

results. The amplifier is more accurately switchable gain
described here: Position 1 Switch position 2
https://www.bartelsos.de/dk7jb.php/der- reinforcement 521=3.8dB $21=9.6dB
. noise NF=3.0dB NF=2.2dB
kubik-verstaerker -
IP3 based on the starting OIP3=40.5dB OIP3=41.9dB
This amplifier offers in the shortwave band a IP3 referred to input IIP3=37.2dB [IP3=32.7dB
very good adaptation and isolation at almost operating voltage 12V at 72 mA 12V at 72 mA
Kubik #13

constant gain. He works very stable in

responding almost without reaction to Us4
- o, BN61-2402
mismatches at the other port. At the same w 5.8 1 us2 B I
) o Eo || NE46134 1\dg :
time the noise is low and the IP3 value very [ P
high.
8 o 5 18 Jaon
GND
The behavior of an amplifier to mismatch can X
. Ubasis, RS Bgs7 R1Z_ 11,29V g N
easily be tested by not completed after a S11 1,37V ak7 :[];; . +T
. 6 BN43-2402
or S22 measurement with the second port 50 = on b ~ a
_Lcs LEDL iw cs J_c?
ohms. then changes when re-measurement, ol & T T Tmu T
n n u
the adjustment of the amplifier is not T
GND
rickwirkungsfrei.Man, the reverse gain S21,
and the port adjustments S11 (Port 1) and S22 (Port 2) look at each other.
1048/ 10d8¢
2 3 4 H [ F
104/ 10dE Akl ax 24 I
2 3 4 g g F
10d8.F~——— . 1048/
Refd Refd
1048/ |08 108/ baE
k|
" |
_,.—-SE"'##—-F B! | e ]
4 L] ki 3 o A
ﬁ»ﬁ/)s ; e 124 4 v ¢ |
— L~ g ——
k! i ..-—"'"'-—-_—- / L "
g .—-"""Sf el _é/j
4 ¥
] ] \y/
1: |1.0MH{ A94dB | -35.33dB A7.42dH -28[A1dB 1: |1.0MH{ q80de | -32.9%4B  @2B048  -27)38dB
2 |5.0MHZ A73dB | -3330dB 5353 3197 dR 2 |5.0MH Af2de | 30 FEdR @Fd4FdH 4B SRAR
3 10.0MHE A72dB | -31.00dB  pO18dH -31]95dB 2 [0.0MHE 95048 | 206 4B -H415dH -42f40dE
4: PO.0OMHE 47348 | -26.63dB 951348 -31}804B 4: P0.0MHE 4748 | -30.33dB P9.23dH -33)534B
A ROOdHE fatul =} B a1 -A1 7hd -1 |FRdR B[R0 OkdHE 44rR =9 14k -[47 53 =3 AR
£ R0.OMHE A7ade | 182848 -BESSAH -20034dB £ F0.OMHE q31dE | -2412dB -B1.34dH -23[55dE
Cal 7. 100.0MHz AE0dE | 102348 P9.334H 0 -23)964B Cal 7 100.0MHz A54dE | 12.74dB -R427dH -15(04dB
Start =1 MHz Center = 50.5 MHz Stop =100 kHz Start =1 MHz Center = 50.5 MHz Stop = 100 MHz
- Span = 99000 kHz _ Span =959000 kHz
T At =048 W 521 dB W 512 6 Continuous | TRAR ~0dB W 521 dB W 512 dg _ Continuaus
=] = |[Mem1 =] = o118 ¥ 522 & Single Sweep | [ERWE=] = [[Merm1 =] = 5118 W 522 B Single Sweep
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4 inductors

This chapter inductors be examined more closely. It is wound as a toroidal T50-6 that an inductance of 1uH results.
Toroidal cores can be easily calculated with the program "Mini Ring Core Calculator":http://www.dIOhst.de/mini-
ringkern-rechner.htm

Experience has shown that the program for the number of turns indicates always one or two turns too many. A
toroid T50-6 is so then wound with 14 turns of 0.4mm-CU.

4.1 The S11-measurement
Inductors | always Vermesse with a self-made measuring adapter.

The picture shows my measuring adapter for measuring S11 and my
Kalibrierstiicke. For such an ideal calibration Calibration is turned on. Load as two
parallel-connected 100 ohm resistors are used. Either very precisely measured
resistances or two 0805 SMT resistors with an accuracy of 0.1% .Not forgotten to
change after this measurement back to the normal calibration back!

With a freshly calibrated VNWA an S11 measurement is then performed (SOL calibration). is measured in the
frequency range 1-200MHz, with 801 points and a longer sweep time.

e N

4.2 Frequency dependence of the inductance ™,
2H/ / \l\%\

The diagram shows a dependence of the inductance of the '
frequency. With increasing frequency, the value of the inductor
increases until it decreases again. At 180 MHz, the coil self-

resonance is. Together with the parasitic capacitances of the :

In the diagram we let the inductance (L) and view the Smith
chart.

windings, a resonant circuit which occurs at this frequency in
resonance forms. At still higher frequencies, the coil can act only

capacitive. \
1 2 1
_'__'___'___,_—'—-"-‘d
Fiefd
T 73MHz  -006+089  1.020H OpH
2 300MHz  DEF+i048  10d4H
3 180.0MHz 0984000 -0.17pH
Cal
Start = 0.7 MHz Center = 100.05 MHz Stop = 200 MHz
~ Span = 193300 kHz
Foan oo ¥ 511 %mith
¥ 511 L~
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4.3 Q of the coils used

In the diagram we let the inductance L and the quality QL,
and show the real part of the impedance Zreal and the
imaginary part of the impedance Zimag.

The quality of a coil QL calculated from the quotient QL =
Zreal / Zimag

The quality of this coil exhibits a pronounced maximum at
around 8 MHz. In the design of bandpass filters must be
taken to ensure that the inductors used have their goodness
maximum at the calculated angular frequencies. Only the
attenuation of the bandpass filters as small as possible and
the selectivity is as high as possible.

The determination of the quality is always difficult, there is
formed in the calculation of the quotient of two measured
values which have a big difference. This quickly leads to
larger measurement errors. The value for Zreal is very small
and the value for Zimag relatively very large. Only with a

Jorn DK7]B mail @dk7jb.de
50/
1 |
Q L  Z{Real) Z{lmag)
1. 73MHz 17837 1.02pH 0.26ohm 46.630hm
2 300MHz  109.96 1.04pH 1.790hm 196.720hm
2uH/ 3 180.0mHz 0.02 -017pH  825457ahm  -188.810hm
1000000chm/
100000 0chm, aal
L \
1 2
_.——'—"_'-'-__-
<Fef4
OpH
/ \/
2
e
1|2 ]
Cal kv i —— i Fleff
Start = 01 MHz Center = 100.05 MHz Stop = 200 MHz g,
~ Span = 193300 kHz
Teat 0 ¥ 511 0L ¥ 511 RealZ
W 511 L~ [ 511 Imag2

fresh calibration and long measurement period is obtained reasonable results. Even if you work very carefully, |

expect an error of about 10% -15%!
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5 Filter design with Elsie and vote by Time Domain
Here | describe two options for the design of bandpass filters. The dimensions of the filter presented here draws on
an example from the help file of VNWAs and should present the steps that are necessary to the draft.

5.1 Filter design with the program ELSIE

Used Filterberechungs- and Simmulationsprogramm ELSIE: http://www.tonnesoftware.com

On this website you will find other interesting programs.

There is a "Nodal capacitator coupled bandpass" elected by a "Butterworth" filter shape and with a filter center of
7.15 MHz, a 715 kHz bandwidth and an order of the second Then played with the filter impedance "Input
termination" until the values of all capacitors and inductors are in a reasonable range. In this example, I've chosen a
filter impedance of 647 ohms, since an inductance of approximately 1 uH can wrap well. In a later design stage, the
subsequent adjustment to the 50 ohm environment is. The wiring diagram can be found under "Schematic".

SEIE
Save | Get Schematic | Edit | Analysis | Plot | Tabulate | Print | Write | About | Exit | Restart Manual |
Nearest 5% | Specify L | Swap end-end | Singly-ferm Cheby | Diplexer | Lumped to tubular | Z match | Wind L | Find L | Toroid | Bisection |
348
r Topology - Family Bandwidth (Hz) (Fc)

@ Butterworth 2 ek

€ Chebyshev

© Capacitor-input lowpass
€ Inductor-input lowpass -
& Nodal capacitor-coupled bandpass
¢ Nodal inductor-coupled bandpass ‘

Center frequency (Fo!
" Cauer quency (Fo)

" Bessel 7154

' Gaussian
¢ Shunt-input bandpass  Gaussianto 12 Order (N) [7 max]
€ Series-input bandpass  ConstantK IT il
¢ Wesh capacitor-coupled bandpass  M-derived

€ Caueronly handpass

€ Capacitor-input highpass
€ Inductor-input highpass .
¢ Series-input bandstop T
¢ Shunt-input bandstop “

Input termination (Rs)

See normalized values 647

Passband ripple (Ap)

——

© Manual entry

bkl EEEEEE S

r Cauer even terms.

Stopband wid
@ Best selactivity Stopband width (Fs;

€ Equalterms.

rDimensions —————————————
Add title to printout |

© cm ' ~ Cauer BPF topoloo Stopband depth (dB) (As;
Addinfo to Elsie file

& & HNormal

Entry assistance I € Zigzag

The following figure shows the result of the design.

"I Elsie 2.78 - Schematic - =@ x|
i Save Gel | Desin | schematic | Eat | napsis | Pt | Tavuime | Pimt | wie | Avout_| Exit
1 2 3
50 =
847 1,01837uH SRR 1,01837uH B47

s R ]

452,143pF 452,143pF

7417040 7,41704M
Design data Qvalues: Maximum / minimum ratios: Unbalanced preview ———————————
Bandwidih: 715k Inductors: 180 Capacitors: 13,142 e CATETEETY
Center: 7,15 Capacitors: 2000 Inductors: 1 Binemal rnbaianced
Family: Butterworth Balanced - A
Passband ripple: 0 Balanced-B
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This image shows the settings required for the proper setting of the graph and the subsequent creation of the S2P

"I Flsie 2.78 - Analysis Menu - o =1
Save | Get [ Besion | schemaic | Eat | Anaysis | Pot | Tabue | Pint | wie | About Bxit
Madulation | Transient | Noise | Phase lin. |
Analysis start frequency Transmission botiom (dB) Q of inductors
6,15MHz. -50 180
Analysis stop frequency perintenval: 10 dB
8.15NHz Q of capacitors
Span: 21k Nx;mneI of Y intervals oK
Sweep Transmission
© Log Delay top (secs) @ Absalute

@ Linear 309,40 " Relative

perinterval: 161,9nsecs
Number of X intervals
10 il Transmission magnify
Impedance top (ohms) @ Normal
200kHz per interval 993 43  Magnify

perinterval: 198,69 ohms
MNumber of analysis steps

500 Return loss reference (ohms)
VSWR top 50
7
Width 715k perinterval: 12
Center: 7,15M Plotline width

2
Entry assistance AutoScale I|

Here is the result of our design. It must be noted that at this time an impedance mismatch exists.

"I Elsie 2.78 - Plotted Output - _18] x|
Save Get Schematic | Edit | Analysis | Piot | Tabulate | Print | Write | About | Exit |
Tune width | Tune part | Save overlay | Get overlay | Stepsize % | Monte Carlo | End | optimize | Limits | Warkers | AutoScale |
; Transmission, dB Retum, dB
| 0 0
e -10 -10
LA / \
:‘? 20 &= -20
=N 30 a0
= | 40 -40
D
50 -50
6 15M 6 35M 6 55M 6 75M A 95M 715M 7 35M 7 55M 775M 795M 8 15M
Freq: Trans: ngle Return Delay: VEWR: Zmag - Zangle: Real Imag -
-
1 7art -1,0585 126,16 -1,0277 729,5n 16,923 810,61 16,607 7768 23168
2 72M 0774133 78,733 173308 624.2n 13079 653,62 1842 653,28 21,01

Now, the impedance matching of the output of 647 ohms and Filtereingangs- takes place after 50 ohms. Simply go
back to the "Design" window and click "Z's" and follow the input. The following figure shows only the first window of
the impedance matching routine. Everything is intuitive.

16 from 31


mailto:dk7jb@yahoo.de

Workshop Notes - Volume 2

Filename: workshop_notes_volume_2_english_version_006.docx

Elsie 2.78 Impedance-matching

647

(M} 452,143pF TI % 1,01837uH

Impedance-matching

Input Termination Routine

50

i

[ E—
333,262pF = % 1,01837uH

128,837pF

Selecti
50 626,23pF
. .
\j 1626 460F = 1,01837uH
Currentinputtermination. 847 Select2
Newnputtermination: [ 50 - -
50 3,8458UH
Input options preview | — _
(A 571.024pF &S 1,01837uH
Select3
50 735.2670H
New design | ) 2830080 =L 452.1430F
Accept and retum to Design page | Selectd o

Ignere and return to Design page |

Here is the custom for a 50 ohm environment filter curve:

Joérn DK7]B mail @dk7jb.de

] Flsie 2.78 - Plotted Output - D:\Programan \Ebektroaik | Elsie|LASTSESSTONLCT 1ol x]
Save \ Get | Design | Schemac | Edt | Anaysis | Plot |  Tebulate pint | wiie | About| it |
Tune width Tune part Save overlay | Get overlay Stepsize % ‘ Monte Carlo End Optimize ‘ Limits ‘ Markers | AutoScale |
i Transnission, 4B Retun, dB
f‘:}i 0 0
— |
~%
,J\\
LN |
LA
LRy
= 2 / 20
D
&

-30 30

-40 40

50 50

6,15M 64M 685M 69M 715 TAM T.85M T9M 8,15M
1 2 3 4 5
50 128,8‘3‘7pF 1,01837uH 34,40ﬁ1pF 1,01837uH 128,B|3‘7pF 50
I I I
v pr— e
333,262pF 333,262pF
8,63924M 8,63924M
Design data: Q values: Maximum / minimum ratios:

Bandwidth: 715k
Center: 7,15M

Inductors: 180
Capacitors: 2000

Capacitors: 9,6867
Inductors: 1

Family: Manual entry

From the plot window out a S2P file can be written out. The S2P file can then be passed to the VNWA software and
contains all the necessary RF information about our sample bandpass. Click the button "Write S_parameter file" and
follow the Elsie program.
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Choose SnP File Options
File-writing routine

‘Write tabulated data file (scientific format) |

‘ & S2P [2-porf]  $1P [1-por] ‘
VVrite tabulated data file (easy-to-read format) |
@ DB [decibels] © MAvolishali]
Write LTspice® schematic file (ASC) |
S ————
Starting frequency: 6,15M
Wite SPICE subcircuit file (SUB) | ‘

* Hz  kHz  MHz © GHz ‘ Ending frequency: 8,15M

Number of frequencies: 501
Write LTspice® symbol file (ASY) |

Linear sweep
‘  Version 1.0 " Version 2.0 ‘
‘Write generic SPICE netlist (.CIR} |

Write S-parameter file | \ Continue with SnP operation |

Return to Elsie |

Raiurn to Elsie I a nd then

The S2P file can now be read with the VNWA software. (File - Import Data - S2P)

5.2 build filters and vote

The filter assembly of 2 or 3-pole bandpass filters is simple if one assesses the Kondenstoren accuracy of 1% and
misses the inductors with the VNWA at the mesh frequency. By slight displacement of the windings on the toroidal
core, the measured filter curve of the simulation can be adjusted (from Elsie program). If necessary, the coupling
capacitors must be then adjusted slightly. This process starts with a little practice easily and quickly. The measured
values for S11 and S21 can be found on the next page.

My example filter I've designed so that all series capacitors are provided with a trimmer, so that the adjustment can
be practiced.

As a little exercise and as an addition | want to introduce another option at this point that can complement the
intelligent and iterative try and speed. With the time-domain method can be measured over into an S11
measurement in the filter. It is so the influence of each individual filter element visible. Both methods of filter tuning
complementary.

The following figures show the settings in the VNWA software. After setting the display settings you have to run to
arrive at the time domain settings for the displayed curves 5 and 6 in VNWA main window using the mouse double-
click "TIM5" and "tim6" (bottom).
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i Miscelansou

Grid Color I~ nnne- RefLine Color W none -

Smith Grid Calor [ rone C] RefCircle Color W none -

RefCircle R = ID 5

Background ™ none [:]

v extend background to full window Text Color -

Trace Line ‘width = |3 - Grid Line width = [1 -

Trace Enable

v 1 v 2 v 3 v 4 v 5 v B ‘

Enable Trace Marker.

V1 vz W 3 V4 V5 v B ‘
rTrace 1 Trace

E =l [ =]
Trace Trace &

E = | [« =]
rTrace 5 Trace &

E e =]

m'ﬁme Domain Settings - Trace 6 il

Source for time domain transformation:

Time domain response Im
[ r—T—

Mode
Window Type
Impulze Response

Low frequency data

[ -]

Start Time Stop Time Unit
05 IE s =l
Welocity Factar: IDEB— v /2
Length: Start =-49.4 m Stop=296m

x
Saurce for time domain transformation: -

Tirme domain response lm
[rormaized o e bt =]

Mode
“window Type
Impulse Response

Low frequency data

Start Time Stop Time Unit

05 [3 Js |
“elocity Factor: IUBE— e /2

Length: Start=-49.4 m Stop =296 m

GdB/

SdB/

Refd
B

>
5dB/ / \
GdB/

< | )
™~

10dB/|

10d8/|

//

521\

\ |/

T /st
/

<Fef®
OdE

-

Time Domain

/_____.
N

N

N\
\/
N

N

MC
Start = 6150000 Hz Center = 7150 kHz Stop = 8150000 Hz
Start Time= 0.5 s Span = 2000 kHz Stop Time= 3 s
T, <0 ¥ 521 & ¥ Mem! dB W timG B Continuous
7] Memz db F i o Single Sweep

s ] - |zl P osnow
[

4
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The picture now shows the simulated
and measured waveforms of the
examined here bandpass. There are the
S21, the S11 appears and the time
domain curves. For this | have exactly
matched my bandpass. the VNWA
please help file can extract more
information about the Time Domain
measurements and adjustments of
bandpass filters in the chapter
"TUNING FILTERS IN TIME DOMAIN".

In the diagram, the predicted filter data
are superimposed with the
measurement curves.

VNWA-Help File:

Tuning filter in Time Domain

"Set the center frequency to the frequency
resontant because the resonators must be
coordinated. If you do not do that, then the BPF are
tuned to the wrong frequency. Place the chip on
the two to five times the bandwidth of the BPF. Put
the mouse wheel Increments to 5 KHz. "
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6 Quartz filters for VNWA workshop - work in progress -----

In this chapter | will describe as a 4-pole crystal filter is designed. starting the measurement of the crystals.
Subsequently, the quartz filter is calculated and set up. everything is then measured with the VNWA and a virtual
impedance matching performed by software.

In a subsequent chapter, the RF simulation program QucsStudio is presented and the quartz filter simulated and the
results compared with the real measurement result.

6.1 Crystals measured

| measure the 13 MHz crystals that have been delivered on VNWA Test Board Kit = oo o oo ooere w0 v

(see Workshop Notes Volume 1). The VNWA did your quartz tool with which the E:Zj WWEHZ G ety b5 8

surrogate parameter of a crystal can be determined. You can find it under "Tools- T

Crystal Analyzer". ZWF:GL;: :m
=

Just as in Chapter 4.11 described revert to self-created adapter with homemade —

Kalibrierelementen. Please make sure to read through the instructions in that :E'ﬁﬁ:"e"tT | 3|

Chapter.

Crystals have legs that are slightly thinner than the twisted bushes of self-
developed measuring adapter is often provided. The twisted sleeves and wear
out quickly. If you want to measure crystals, you should create you such an
adapter fresh.

With a fresh calibration, | mean that you do not work with a master calibration
and the calibration has been performed directly before the measurement.

But now for the exact measurement procedure:

In the first step, the frequency range

5dB/ B

must be set. At this time, still working

with the previous master calibration. As

the center frequency, the frequency is

entered, which is printed on the quartz. 1712995 7kHz | -15/51dB

As tension we provide a 100 kHz.

MC

Start = 12.95 MHz Center = 13000 kHz Stop = 13.05 MHz
Span =100 kHz

=
T Atk =0 0B
M 511 o
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(=) DGBSAQ - Vector Network Analyzer Software - A5477 licensed to DK7JB =] |
Fle Measure Settings Tools Options Help

Ref2
5dB/ 0de

17 12995.7kHz | -15.54qB
MC
Start = 12.97 MHz Center = 13000 kHz Stop = 13.03 MHz
Span =60 kHz

=>
Te . —0dB Continuous

| = |[Mem1 =] W 511 Single Sweep
‘Marker walues written to Windows dipboard. A
[ Crystal Analyzer - Analysis will be performed into 3-port data spaces s_| |

Equivalent Circuit L= 221923mH Extended Resonance Info
L c R Model Simulation:
C= B758344 fF £1: 2l masimum: 13.0071795 MHz

f2 ImZ)=0:  13.0071763 MHz
f3: ] minimumn: 12 9356721 MHz

R = |35.734114720152 IDhm -
CO = |3.8156692578079. IpF =

€0 s ij2rJIC - [12395673768016 [MHz >
auta-optimize R.g=JIf¢ = 1912095527526 [0 =] 0= so7i0s5

[souce =511 Ohms

Measurement:

fé: 2] mawimum: 130071793 MHz
fG ImZ) =0: 130071473 MHz
f&: 2] minimum: 129956738 MHz

Transmission Test Jig Impedances =IED i  Merit = 0.0006841
igure of Merit =

Batch Crystal Analyzer ( single sweepn contswesp |

{1
0.02213230125

savelist | clearlist | load list |

[cnsE
381566925712

[/ b
EkE]

[1 17T

1 12995673, 768

o C (e f medt =
50711 B 758344453615 0.000841

auto-optimize | R-Q=m = |1B12.31 B5208393 I:-c‘l ooa j

Tranzmizsion TestJig Impedances =|5IJ

Recammendation: Start < 12984 MHz, Stop > 13.019 MHz !)

gource = 511 -

Batch Crpstal Analyzer  single sweep | cont. sweep | zawe list
# li /H- o L /H Ic+E
1 12995673 7GR a0711 002219230125 67582

[=] calibration Settings

General Settings | Special Settingsl Measurement Simulatinnl

[

Sawe Settings | Load Settings

Last lnaded/zaved:

tagi-Cal werzion 2.0
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[ DGBSAQ - Vector Network Analyzer Software - A5477 licensed to DK7IB 1Ol =l
File Measure Settings Tools Options Help
Ref2
5B/ \| 0de
17 12995.7kHz | -15.13qB
Cal
Start = 12,96 MHz Center = 13000 kHz Stop =13.04 MHz
Span=80kHz
%; At =0dB Continuos |
=3 ||Mem1 =| W 511 dE Single Sweepl
S
[=JCrystal Analyzer - Analysis will be performed into 3-port data spaces x|

Equivalent Circuit

L= 2219302 mH
L ¢ R C= E.756292(F
o—1t R = [5.686174201671 [Obm 7]
T _ : =
| C0 = [24195701940155 [pF =]
o

F=112rI € = [12995677497069. [MHz =]

auto-optimize | R.O=+Lic = |18126450389953 [1000 ~]

0= 503225

Isource =511 vl Tranzmizzion Test Jig Impedances =|5I:| Ohms

Fecommendation: Start < 12.978 MHz, Stop > 13032 MHz |

Extended Resonance Info

Madel Simulation:

f1: | masimurm: 13.0138454 tMHz
[ ImZ] =0 130138435 MHz
f3: | minirmum: 129956772 bMHz

Meazurement:

fd: £l maximurm: 13.0138645 MHz
5 ImiZ) =0 130138713 MHz
f&: | minirmum: 129956797 MHz

Figure of Mernt = 0.000738

Batch Crystal Analpzer  single sweep | cont. SWERD | zave list | clear list | load lizt |
i lisH o L :H IcE B Ohm lcoAF | fiowre: of mesit -
1 12995677497 50523 0.02219902872 6.756292443E-15 3567 2A14870194E12 | 0.000738
| ]
| v 4
is first
2,48pF Tonghui Electronics TH2821A LCR Meter
# f/Hz Q L/H C/F R/ Ohm CO/F figure of meri
1 12995664,3 52332 0,02225448 6,74E-15 34,72 2,08E-12 0,000491
2 12995827,7 75316 0,02302515 6,51E-15 24,96 1,96E-12 0,00177
3 12995753,8 74671 0,02283838 6,57E-15 24,97 1,86E-12 0,00445
4 12995771,6 66362 0,02287513 6,56E-15 28,15 1,96E-12 0,00325
5 12995728,6 69814 0,02265086 6,62E-15 26,49 2,10E-12 0,00131
outlook
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6.2 calculate quartz filter

Selent sither Lm o1 Cm of #tal
& Lm 12995.7286 2 1.0 0.2 3 10 Calculate
22.65086 mH
 om Seiies Fieq fs[kHz]  CplpF]  B3dn[kHz]  FBrpple  #ofstas  Display Freq -
Broas=0967 kHz [0..3dbl  (2.14]  SpanlkHzl LOG-->Lin

tal Parameters 1db
Lm= 2265086mH Ffs= 12995729 kHz

Cm= 6621468 F  fp= 13017224 kHz A0db

Filter Parameters

Type: Chebychev PB-Ripple: 0.2db 20db
Impedance [Ohm]: 96,2 # of Ktals: 32
Center Frequency [kHz]: 12996.393 30db

BW( Bdbl 1.13kHz Bw [E0db): 851 kHz
BW(20db) 1.85kHz Bw (80cb): 2142kHz || 40db
BW(40db)  386kHz B/ (100db) 220,33 kHz

S0k
Coupling [Shunt] Capacitances [pF]
Cki2= 1233 CkS6= S0cb
[ T— CKE7=
CkM- Ck7B- F0db
Ckd5= -
Tuning [Series) Capacitances [oF] A
equiv. Freq. Offset [Hz
Csl= 1233 323 -S0db
Cs3=
Csd= 00ds :
Cs5= j— -5.00 kHz fm = 12996.393 kHz +5.00 kHz
Csb=

Ultimate Atteruation = -102.5 db
Cs?= _ Show Table
[ Mesh fraquency = 12336, 405 kHz |

dibev)

6.3 build crystal filter

6.4 Measurement results (in 50 ohm environment)

File | Measure Settings Tools Options Help
Direction 3
10dB.  Enforce Sweep

-

41dB -0.04dE 0.03de -4

10dg,  Calibrate C

S-Parameters to Memory F2

Power Sweep  Alt+P 3-Paort F3 to File
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10dB/[ 1. 12.99639MHz| -5.44d8 -1036dE  534dE  -963dE
1008/
Rl
3 0de
108/ / \
10dB /
/1
// \
Lt}
Cal
Start =12.9914 MHz Center = 129964 MHz Stop =13.0014 MHz
Span=10kHz
=
TS A4, =20 dB W 521 dB W 512 dB
vV 511 dB IV 522 dB

6.5 Measurement results with virtual impedance matching

= =]

Fart 1

Port 1 Impedance

|1DD IDhm 'I

Fart

Port 2 Impedance

|1DD

IDhm 'I

C parallel I I .I C parallel I I .I
[neg. possible) o PF [neg. possible) D PF
10dB/| 1. 12.99639MHz| -4.23dB  -21.02dB -412dB8  -18.39dB
10de/
Refd
0de
10d8/ / \
10dB 7 \
/// \\
L)
Cal
Start =12.9914 MHz Center = 129964 MHz Stop =13.0014 MHz
- Span=10kHz
AL =20 dB ¥ 521 dB W 512 dB
¥ 511 a8 ¥ 522 dB

More information

l C_H1 CUXE'C H2 l
T~

Reflection (S11)

L c
|
1

M

G Il

CO Xtal

L

CH2l
1

O

-|- C_Hf
-

Transmission (S21)
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7 Introduction to the RF circuit simulation with the example of a quartz filter
QucsStudio
The RF simulation program used in the industry, are very expensive. Therefore, it is very gratifying that many years
ago a software group has begun around Michael DD6UM to write such a program itself. Started the project under
the name Software Qucs has. After a few years, the group Qucs and QucsStudio has disconnected and there are two
projects emerged. In this chapter | describe the free program QucsStudio. Further background can be found in the
tutorial by Gunthard Kraus, who also wrote a great tutorial for getting started with QucsStudio:
http://www.gunthard-kraus.de/qucsstudio/index gucsstudio.html

In this chapter | describe how a quartz filter is simulated. The quartz filters from Chapter6 serves as example.The
circuit consists of two parts, the actual circuit and a sub-circuit having the equivalent circuit of the quartz as Sub-
Circuit.Am end of the chapter will be discussed possibilities of optimization of RF circuits, as well as the export of s2p
files.

7.1 install and set QucsStudio

The software can be found on the homepage of Michael DD6UM: http://dd6um.darc.de/QucsStudio/index.html
Just download and install it.

Special setting: Open QucsStudio with parameters

| install my Ham program always in a separate folder outside the C partition and my project files in the cloud, so | can
access two remotely. Should this be of interest to you, you must locate the installation folder and locate the file
manager the file "qucs.exe". From this file you created then a link that can be copied to the desktop. Right-click the
"Properties" must then be selected. more parameters under "Target" then the program path also be added:
[Program Path] - [path for the project folder]

D: \ Program Files \ QucsStudio-2.5.7 \ QucsStudio \ bin \ qucs.exe C: \ Users \ Joern \ Dropbox \ QucsStudio \
Projects

First, the program path and then behind a minus of the path comes to project files.

.
7.2 Open project Nl R N
[1-amaded]s 0 aes]a

8 % | wheramt [ |

After the QucsStudio program has started a new project called "VNWA crystal
filter" will be opened. §— ||t

. Neues Projekt erzeugen 21

Projektname: [VNWA_Quarzfilter

¥ neues Projekt affnen

e

Zal

| Komponenten | Inhal

7.3 Create sub-circuit with quartz diagram

First we need to create a component for a real crystal by creating a sub- § Qucsstudio 257 - projet: A Quargter
Datei Bearbeiten Positionieren Einfligen Projekt Werkzeuge Simulation Ansicht Hilfe
diagram, in which we, the parameters of our quartz measurements from [0-9mRA@e S|4 6 v "'v\ﬂsglm
& X | aystal_equivalent_drauit.sch [
Chapter 6 can enter. e e 1

With File New A new circuit diagram is opened and saved under
"crystal_equivalent_circuit". Then the equivalent circuit diagram of the quartz
is drawn, please just like in the picture. To help some controls of the program
are highlighted.

E-]
—| Da
g
5
s
2
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x| 3 arystal_equivalent_dreuit.sch [ |

|- mEA@e
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%l konzentrierte Knmpnnenten) ﬂ XTALQ
=1 e R e R L D e A o
~ | Widerstand Widerstand US Kondensator _Spule T Al S S
| pocernd - ey XU R el L
L o 3K £ R=Rm Cc=Cm L=Lm

Masse Apschlyss Tranformator 3-Spulendrafo
Gleichstrom-Abblockung Gleichstrom-Zufihrung 11
HT Ed E;g: . T — |

2 o oo Co .

BiasT gekoppelte Spulen 3 gekoppelte Spulen ’
gexopp P gexopp P C:CD

Komponenten

é %ég% o o o |Gleichung -
D | gekoppelte Spulen F 4 -
| Eqgn1

Cmi=1/(4*pi*pi*fs*fs’Lm) -
Rmi=2*pifs*Lm/Q C

With the right mouse button, the properties can be adjusted. Then everything is stored.

You can check if everything was done correctly, by restarting the program
and the project on the right tab opens with projects and double-clicking the JTEJ i;mé%q Egghpmzwmé Sl_;:

mouse on the project name. BX [ wnbenamt @

Neu I Offnen | Lisschen

. . . YNWA_Quarzfilter
Now the rider would have to "content" as open in the image.
Doppelklick mit der Maus

Double-click with the mouse

.+ QuesStudio 2.5.7 - Projekz: VHWA_Quarzfilter
Datei Bearbeiten Positionieren Einfiigen Projekt Werkzeuge Simulation

I Inhalt | Projekte

e LYEY 2 &

2 X | nbenannt [ I

MR ENZ A N NR e

; Inhalt von "YNWA_Quarzfilter' Mote
2 I —
; ystal_equivalent_drcuit.sch 2-Port

~Verilog
- YHDL
~Octave

~ C++ Quellen

- Datenanzeigen
- Platinen-Layout
-~ Datensatze

- Anderes

nenten | Inhalt

7.4 drawing diagram

# QucsStudio 2.5.7 - Projekt: VNWA_Quarzfilter

Datei Bearbeiten Positionieren Einfugen Projekt Werkzeuge Simulation Ansicht Hilfe

= e i ALY QAR RXHDA Y

= Neuer Text Strg+Umschalt+V . . . .

f% Offen Srovo =gl vren0 we start the circuit diagram with the template "template's
Vorlagen D BJT_characsch n H

@ Schiegen Strg =W . parameter.sch" and save the document newly opened in

M@ speichem Strg+S e nad=ent . .

3 Atespecrem g FET_sharacsch "quarzfilter_3polig.sch" from.
Speichern unter... Strg+- gui“mefl’plit —

2 Drucken. Strg+P octave functionm

Drucken auf Seite angepatt..

Strg+Umschalt+P

.
octave_mex.c P2

Exportiere als Datei... ;;:lzzrl:eiirsch & gggﬂ;éhm :

Dokumenten-Einstellungen. Strg +. templatey -

Schaltungssymbol editieren F9 templateva

Applikationseinstellungen... Strg+, fensliiins) Qleichung

[ ‘Q'F'CIIGIIIULU Eant

SchlieBen Strg+Q H H £an

sekoppelisSpaien (Simulation > up=gm(si2 1))
3 ST S11_dB=dB(S[1,1])
- Type=log $22_dB=dB(S[2,2])

3 gekoppate Spulen Start=10MHz . . 554 ppase=wphase(S[2,1])
gt Stop=10GHz = ’

Points=151

aekoppelte Soulen

The circuit diagram can now be drawn. The following figure shows the Crystals and capacitors used by me. In the
picture | showed excerpts from the program so that the search for the components and subcircuits easier.
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fs=12995.7286 kHz

f5=12995.7716 kHz

f5=12995.7538 kHz

C5 C3
C=115.9pF C=121.7p
D) - 0 - ] ]
% P1 XTAL1 -|_ C1 XTAL2 -|_ c2 XTAL3 ¥
Num=1 Lm=22 65086 mH C=120.86p Lm=22 87513 mH C=120.96p Lm=22 83838 mH
“l 7=100 Q=69815 Q=66362 Q=74671 il
Cp=2pF I Cp=2pF I Cp=2 pF

S-Parameter
Simulation

SP1

Type=lin
Start=12.991 MHz
Stop=13.001 MHz
Points=801

|G\E|Chung
Eqgn1
521_dB=dB(5[2,1])
511_dB=dB(S[1,1])
522_dB=dB(S[2,2])
521_phase=wphase(S[2,1])

Gleichung
Eqgn2
cc=123 pF

Now please save everything. Now, only the output is missing as S-parameter diagram.
Graphics output as shown in the picture to find "components Diagrams" tab. Please

pull into the diagram window.

It automatically opens another sub-window setting options. the graphs S21_dB and
S11_db must be inserted. Also possible is the input dB (S [1,1]) and dB (S [2,1])

. Eigenschaften des Diagramms editieren

Daten I Eigenschaften | Grenzen | Legende |

~"QucsStudio 2.5.7 - Projekt: VNWA_Quarzfilter

Datei Bearbeiten Positionieren Einflgen Projekt Werkzew

" QuecsStudio 2.5.7 - Projekt: VNWA_Quarzfilter
Datei Bearbeiten Positionieren Einfligen Projekt

P2
Num=2
Z=100

Werkzeu

IR LELE

IR R

[
m
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m
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4 x
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B B @
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> 3 @ 3¢

Verstarker Isolator Zirkulator Gyrator
=
Phasenschieber Verzogerung Koppler Hybrid

B 5

Operation Schalter Relay Frequenzbereich

| Bibioﬂ‘lekd Kompanenten ) Inhalt | Projekte

fd )3

—Eigenschaften des Graphen

|511.08

y-Achse: |linke Achse -

¥ Farbe: - Stil: Idur:hgezogeneLin\e ~| Dicke: [0

—Datensatz Graph

crystalfilter_02 - 521 _dB

I = 511 dB

Name Griifie ILI

== 1

521 dB frequency

s11 dB frequency MNeuer Graph | 4
522_dB frequency

521_phase frequency - Graph léschen | G

Ok I Anwenden | Abbrechen |

Now the simulation has to look exactly like the following picture.
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C5 C3
C=1159pF C=121.7p
il 1 ' i ' I il
4 P XTAL1 -|_ C1 XTAL2 -|_ c2 XTAL3 P2
Num=1 Lm=22 65086 mH C=120.86p Lm=22 87513 mH C=120.96p Lm=22 83838 mH Num=2
Y Z=100 Q=69815 Q=66362 Q=74671 ) 2-100
Cp=2 pF Cp=2 pF Cp=2 pF
fs=12995.7286 kHz fs=12995.7716 kHz f5=12895.7538 kHz =
S-Parameter
Simulation
SP1
Type=lin

Start=12.991 MHz
Stop=13.001 MHz
Points=801

Gleichung

Eqgn1

521_dB=dB(5[2,1])
S11_dB=dB(5[1,1])

522 _dB=dB(5[2,2])
521_phase=wphase(S[2,1])

Gleichung
Egn2 107
cc=123 pF | | | | | : | | |
1.2991e7 1.2992e7 1.2993e7 1.2994e7 1.2995e7 1.2996e7 1.2997e7 1.2998e7 1.2999e7 1.3e7 1.3001ei
frequency
frequency

7.5 export graphs from QucsStudio and import them into the software VNWA

# QuesStudio 2.5.7 - Projekt: VNWA_Quarzfilter
Datei Bearbeiten Positionieren Einfigen Projekt W

. . , , IR EE S
After a successful simulation, the S2P parameter file can be exported very easily. A >

Unfortunately, this is not intuitive. The picture shows the hidden export function that e e
can only be seen by right-clicking the mouse on the corresponding record. This will
open a new dialog, which must be followed easily.

Projekte

- crystal_equivalent.sch 2-Port
- grystalfilter_02.sch
Verilog
-VHDL
Octave
-C++ Quellen
Datenanzeigen
i Quarzfiltter_003c.dpl
- crystalfilter_02.dpl
- Platinen-Layout
tensatze
-Quarzfilter_003c.dat

On VNWA the S2P file can now be read.

File Measure Setlings Tools Options Help
Exit
Savescreen 3
Print Ctrl+p
Export Data

Import Data

Save

Offnen
Infos
Umbenennen
Loschen
Gruppe lgschen

- Anderes

| Biblicthek | Komponenten | Inhal:

- B3

- v

Retrieve

s3p 3

Software Updates 3 display last comments

v auto-display comments on import

Any ASCII Import I

Shall simulation data are imported into the VNWA software, | recommend the following procedure. First, the
simulation S2P data is imported into the VNWA software and copied to Plot1 to Plot4. the measurement of the real
quartz filter is then performed with subsequent port matching subsequently.
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8 Filter design with Excel sheet by Horst dj6ev ---- work in progress -----

Horst dj6ev wrote an Excel sheet, which allows you to create very simple three- or four-pole bandpass filters.
Explanations can be found here:
http://www.bartelsos.de/dk7ib.php/bandpaesse-horst-dj6ev

Although this method has proven successful for me, it will not be described here. Follows please just the link.

In the craft diary to my DIY project TRX2012 you will find many additional information and examples in the field of
band-pass filters:

http://www.bartelsos.de/dk7ib.php/selbstbau-trx-2012
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9 Links ----- ----- work in progress
On my homepage (DK7JB) you can find many more examples and links: www.bartelsos.de

For example: http://www.bartelsos.de/dk7jb.php/links-zum-vnwa

Orhttp://www.bartelsos.de/dk7ib.php/projekte/quarzfilter-und-bandfilter/

10 What is still missing? ----- work in progress -----
LCR meter

Banpassfilter: Pre3 and Mesh3

Check calibration with T-check

If there are problems: see book by Gerfried

S-Parameter Test Set

& Condenser coil with the equivalent circuit diagram, L-curve, power curve, Optimize, LCR meter self-resonant
Insertion of a matching messenmit the matching tool

Matching Tool see 383
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