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_- Splitter

Equivalent Source Match

The following equations describe the equivalent source match for
port 2 and 3 of the splitter.

535 5235
rEq2:522_ﬂ rEq3:533_M
531 521
Tracking
The following equation describes the tracking of the splitter.
Tracking = E
S31
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_- METAS VNA Tools

METAS VNA Tools is a software which is designed to compute
uncertainties of S-parameter measurements:

> It uses a VNA measurement model for N-port Vector Network
Analyzers.

> |t supports the following calibration types: One Port, SOLT,
GSOLT, QSOLT, Unknown Thru, TRL, Juroshek and
Optimization.

> [t allows the definition of all influences that affect VNA
measurements.

> |t uses the Linear Propagation module of METAS UncLib to
propagate all uncertainties through the VNA measurement
model.

> |t can visualize S-parameter data with uncertainties.

Michael Wollensack METAS 5 3. June 2015
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_- METAS VNA Tools - Step by Step

The following steps describes the typical use of VNA Tools:

1.

o kW

Specify all uncertainty influences in the Database of VNA
Tools.

Collect raw measurement data and protocol the measurement
process in the Measurement Journal.

Configure a VNA calibration and compute the error terms.
Error correct the raw measurement data.
Post processing of error-corrected data (optional).

Visualize the error-corrected data in the Data Explorer.

Michael Wollensack METAS 6 3. June 2015
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METAS UnclLib
UnclLib is a generic measurement

uncertainty calculator.

The user specifies
> input quantities X with
input covariance matrix Vx

» measurement model f

METAS UncLib computes

» output quantities Y = f (X)

» Jacobi matrix Jyx of f using
automatic differentiation

> output covariance matrix
!/
Vy = JyxVxJyx

Michael Wollensack METAS 7

Juroshek Method Demo

Input quantities
AVANN
- —
X1 Xz
VAN

X3
Measurement model
Ll [f]

} ;

Output quantities

>
Y1 Y2

Figure : METAS UncLib
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_- 3-Port Method

Measurements and Calibration

1. Measure open, short, load at VNA YN Fort!

ports 1, 2 and 3. \ %%
2. Connect splitter and measure all 9 R %@
S-parameters S,.,,. L

3. Measure the switch terms.

4. Compute 3-Port Unknown Thru & e
Calibration, where the splitter is @
used as unknown thru between <
ports 1, 2 and 1, 3.

Post Processing VNA Port 2

5. Call SParamTools.EquivalentSourceMatch(S,,) method
in a script.

Michael Wollensack METAS 8 3. June 2015
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_- 3-Port Method - Calibration

92 UThru 02 calcfg - METAS UNA Tools Il ‘ [E=EE =)

© GlobalRaotPath: ||~ & + 1THF ~ 25Llabor-QS - S0 Messdsten - 217.015-Parameter = Ldme ~ 20150110 Splitter Paper ~ 5 L New Project |5 Browse - | 2 Options - | About

Diata Explorer | Database | M Jounal | Edlirafion Coriig | Eror Corection | Sliding Load | Seipt | Cal Std Model Fit|
[ New - |[F Load Canfig

Save Config = | b Start Computation 4 Cancel Computation

Caibation Type FaotPath
UrknownThi | 57217 HF\25 Labor-G5%50 Messdaten217.01 5-Parameter'2 4mm 20150113 Splitter Paper\3P N62254 Spiiter 2. 4mmi+-_01

Measurement Joumal Paih

Optmizistion Corfig Journsl_01.nalog

2ZiReal  2rimag Desciption Measuement Defiition
(Ohm)  (Ohm)
» Measurements_0T\CafStandarcs\P1_Openff51111_01\P1_Openffl 511T1_01... |2 4mm\850564\850584_Openif)cabstd
Reflection 1 Measurements_015CalStandards\P1_Sho(f 747_01%P1_Shon(fl 747_01_03.5... |24mm\e50566\850568, Shonfcalsd
0 Reflection 1 Measurements_01\CalStandards\P1_Loadifl_2357_01\P1_Loadifl 2957_01_02... |2 dmnLoads\MMOD4654_Load() 2357\MMD04B64_Loadifl_2957_20110315_
Reflection 2 Measurements_01\CafStandards\P2_Openff51111_014P2_Openffl 51111_01... |2 4mm\850564\850584_Openif)castd
Reflsction 2 Measurements_015CalStandards\P2_Shorlf 747_01%P2_Shott(f 747_01_0.5... |2 4mnn\a50568\850564_Short.calad
Reflection 2 Measurements_1\CalStandards\P2_Loadifl 2957_01\P2_ Loadif) 2957_01_03... |2 dmn\Loads\MMOD4864_Load() 2357\MMD04864_Lnadifl_2957_20110315_
Reflection 3 Measurements_IM\CalStandards\P3_Open(f|_51111_014P3_Operffl_51111_01... |2 4mnh\G50568\B50588_Openf] calstd
Reflsction 3 Measurements_01\CalStandards\P3_Shortf 747_01%P3_Shott(fL747_01_04.5... |2 4mmn\a50568\850564_Shortcalad
Reflection 3 Measurements_01\CalStandards\P3_Loadfl 2957_01\P3 Loadfl 2957_01_02... |2 dmm\Loads\MMOD4564_Load() 2957\MMD04564_Loadifl_2957_20110315_
SwitchTemn 1 Measurements_(H\C lStandards\P12_SwitchTerms_01.sdath
ichT ML 2_SwitchTemms_01.sdath
ichT . ML 3_SwitchTems_01.sdath
Trarsrission 1.2 Measurements 010U Ts\Spiter+1_1033_01_P123\SpliteFF)_1033_01_P1... |UnknownThru.calstd
Transrission 1.3 Meastrements_01%DUTs\Spitter{+1_1033_01_P123\SpliteF#4)_1033_01_P1... |UnknownThru.calstd

Figure : 3-Port Unknown Thru Calibration Configuration
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_- 3-Port Method - Post Processing

T3 Compute_3P_Meas_Splitter EQSM_02.py - METAS VNA Tools I

= | © [

GlobslRootPath: || - & » 21THF ~ 25labor-QS ~ 50 Messdaten - 217.015-Parameter ~ 2drm « 20150119 Spliteer Paper ~

Diata Explorer | Database | M Jounal | Caliration Config | Error Corection | Sliding Load f S¢1pt | Cal Std Model Fi

o 3 NewProject | [ Browse - 2] Options ~ | About

) New Script |25 Load Script ~ bl Save Script = B Run Script 4 Abort Script

1 dmport clr
2 . clr.AddReference (' Systen. Findows.Forms')

5 | clr.hAddReference (' Netas.Vna.Tools')

4 | clr.AddReference('letas.Vna.Dacal |

5 | clr.RddReference['Netas.Vna.Optinization!)

& clr.hddReference (' li=tas. Unclib. Core')

7 clr.AddReference (' letas. Unclib. LinProp')

5 elr.AddReference (' letas.Vna.lise')

5 from System import lrray

10 from System.Threading import Thread

i1 from System.Vindows.Forms import NessageBox

12 | from Metas.Vna.Tools import Script

1 from Metas.Vna.Data import SParambata

14 from Netas.Vna.Data import SParamTools

15 | from Metas.Vna.Optimization import OptiParanTaols
16 from Metas.Vna.Misc import ThreePortTools

17 | from Metas.UneLib.Core import Complex

15 from Metas.UncLib.LinProp import UncNumber

20 = = Seript{RootPath)
23 | s.SaveSParamdata('Calc_02)\3F_Weas_Splitter (£-I-f)_1033_D1_P123_Ol.sdach', di]

24 oz = SParamTools.EquivalentSourceNatch{Unchusber] (al):
25 | s.SavesParamdata('Calc 02)\3F_Heas Splitter (£-2-f) 1033_01 P123 01 EQSM.sdath', &2)

22 | dl = s.LoadSParamData('UThru_02_suth\DUTs\iSplitter (F-f-£)_1033_01_P123\\Spliteer (f-f-f) _1033_D1_P123_D1.sdath'):

[ i

Ready

Figure : Script which computes equivalent source matches of the splitter.
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il 2-Port Method (Palmer)

Measurements and Calibration

1. Measure open, short, load at VNA
ports 1 and 2.

2. Connect splitter and measure all 4 *
S-parameters Sy, raw With a load L &
at the splitter port 1.

&
g

3. Measure the switch terms.

ﬁ% VNA Port 2

4. Compute 2P Unknown Thru Cal. o
5. Measure S¢port raw With a short at
the splitter port 1.
Post Processing VNA Port 1

6. Call SParamTools.EquivalentSourceMatchPalmer(
Sioad corr Sshort cor) method in a script.

Michael Wollensack METAS 11 3. June 2015
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il 2-Port Method (Palmer) - Calibration

B s e T T T
© GlobalRootPath: || - D: - work - VnaTools - Projects - Examples - 04 Splitter Palmer_Example 2 dmr(f-f-f) ~ | New Project | [ Browse | (=] Options - | About
Data Explorer | Database | Measurementdoumal | Caibration Conig | Evror Corection | Siding Load | Script | Cal Std Model Fit|
) New ~ |5 Load Config + [ Save Canfig ~| B Start Cornputation 4 Cancel Computation
Calbraton Type RootPath
UrknownThis | D:\eorkWnaT ooks\Projects \Esamples\D4_Splttst_Paimer_Essmple. 2 (1)
Measurement Joural Path
Optmiziation Corfig Joumal_0T wnalog
ZiRed  Ziimag Measuement Definion
(Ohm)  (Ohm)
» 0 Measurements_11\CalStandards\P1_Openifl_975_01. sdatb 2 4mn\Dpens'E sample_Dpen(f_375\Example_Openifl 975_201 20906 calstd
0 [ Reflection 1 Measurements_014CalStandards\P1_Shor(f 747_01.scltt 2 4mnShots\E rample_Shon(fl_747\Example_Shon(f)_747_20120906.cakstd
* Reflection 1 Measurements_(\CafStandards\F1_Loadif_451_01.sdatb 2dmn"Loads\Example_Loadlfl_451\Example_Load]_451_20120306 calstd
Flflection 2 Meastrements_(M\CalStandards\P2_Openifl_975_01. sdatb 2 4mn\Dpens'E sample_Dpen(f_375\Example_Opeif_975_201 20906 calstd
Felection 2 Measurements_(\CalStandaids\F2_Shor(747_01.scetb 2 4mnhotsAE rample_Shor(fl_747\Esemple_Shor)_747_20120906.calstd
Reflection 2 Measurements_(\CafStandards\F2_Loadif_451_01.sdatb 2 AmnALoads\Example_Loadlf]_{51\Example_Load]_451_20120306 calstd
SwichTern 1 Measurements_(1\CafStandards!\SwichTems,_01.sdatb
Hch T M - 01 sty
Transtission 1.2 Measurements 010U Ts\Spiter(+£1033_P1_Lozdin_01 sdats UnkrownT . calstd
Ready

Figure : 2-Port Unknown Thru Calibration Configuration
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_- 2-Port Method (Palmer) - Post Processing

Conclusion
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23 Compute_Palmer_Splitter EQSM_OLpy - METAS VNA Tools Il

= | © [

Global RaotPath: || + D: ~ work - VmaToals ~ Prajects ~ Examples ~ 04_Splitter Palmer_Exarnple_2.4mm(-£-f) ~

Diata Explorer | Database | M Jounal | Caliration Coriig | Error Corection | Sliding Load £ $¢7pt | Cal Std Model Fit|

(3 New Project

(7 Browse - | =) Options ~

About

) New Script |25 Load Script ~ bl Save Script = B Run Script 4 Abort Script

import clr
clr.AddReference (' 5ystem. Tindows. Forns' )
clr.AddReference (' Netas. na. Tools ')
clr.AddReference (' Netas. Vna.Data' )
©lr.AddReference | etas. Unelib. Core')
clr.AddReference (' Hetas. Unclib. LinProp!)
from System import irray

from System import Dewuble

from System.IO import File

£rom System.I0 import FileInfo

from Systew.Threading import Thread

from System.Vindows.Forms import MessageBox
from Netas.Vna.Tools import Soript

from Netas.Vna.Data import SPacamdata

£rom lletas.Vna.Data import SParamTools
£rom Netas.UncLib.Core import Complex

from Netas.UncLib.LinProp import UncHumber

5 = Script(RootPach)

=.LoadSParambata (' UThru_01_outi4DUTs\ySplitter (f-£-f)_1033_P1_Short{m]_01i.sdath'}
5.LoadSParamData (' UThru_D1_outhyDUTs\ySplitter (£-£-£1_1033_P1_Lead () _D1.sdach')

d = SParamTools.EquivalentSourceliatchPalmer [Unclurber] (nl, w2, True):
s.SaveSParamdata('Splitter (£-I-L) 1033 _EQIM.=dath', d)

Ready

Figure : Script which computes equivalent source matches of the splitter.

Michael Wollensack METAS 13

3. June 2015



00000 o) [Ye)

_- Juroshek Method

Measurements and Calibration

Introduction 3-Port Method 2-Port Method Juroshek Method Demo Conclusion

1. Connect splitter port 1 to VNA VNA Port 1

port 1 and splitter port 2 to VNA
port 2.

2. Measure open, short, load at
splitter port 3.

3. Compute Juroshek Calibration. %s

4. T gq3 is the match term of the R4
calibration error terms.

Post Processing \

VNA Port 2
» Not needed.

Michael Wollensack METAS 14 3. June 2015
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_- Juroshek Method - Calibration

ey '

© Global RootPath: || - D: - work - VnaTools ~ Projects - Ecamples ~ 03_Splitter Jurshek Exarple NE-F-) -

Demo Conclusion
(o] o]

| New Projact | [ Browse - &) Options - | About

Data Explorer | Database | Measurementdoumal | Caibration Conig | Evror Corection | Siding Load | Script | Cal Std Model Fit|

) New ~ |5 Load Config + [ Save Canfig ~| B Start Cornputation 4 Cancel Computation

Caibation Type FaotPath
duroshek | D:\wiorkWnaT ooks\Projests\Examples\03._Spliter_Juroshek_Example_N(H]

Measurement Joumal Paih

Optmizistion Corfig Journsl_01.nalog

ZiReal  Zrlmag Desaiiption Measurement Definiion
(Ohw) _ (Ohm)

Measurements_OT\CalStandards\x_Spltter_17116_P3 Oper{ml 1041_01.sdatb | N50+850548\850548_Openr.calstd
Measurements_DT\CalStandards\Gs_Spliter_17116_P3_Short(m]_1203_01.sdatb | NG0‘G50548\85054_S hor{ml.ealstd
* Reeflection 1E Messurements_0T\CalStandaics\Sx«_Spltter_17116_P3_ Load(m]_245_01.sdatb

50 0 Reeflection 1E

NSOLoads\E xample_Loacim]_245\Example_Loadm]_245_201 10609 calstd

Ready

Figure : Juroshek Calibration Configuration
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= [ [
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Freq List
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| iata Explerer | Database | Measurement Joumal | Calbation Conti
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< (3 New Project

[ Browse - | ) Options -

About
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[ Browse | On
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E

sa27
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c_02 Il

L
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2P _Meas_SpiitetH_1033_01_P123_01_P3_
2P _Meas_SpiiteitH4_1033_01_P123 01_P3_
3P_Meas_SpiiterFH41033_01_P123 01 sda
3F_Meas_SpiitailfF4 1033 01_P123_01_E0¢
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_- Conclusion

» Definition of influences that affect the measurement.

» Linear propagation of uncertainties through the measurement
model.

> Visualization of S-parameter data with uncertainty budget.

» VNA Tools supports 3-Port, 2-Port (Palmer) and Juroshek
methods for characterizing a splitter.

» Different methods can be compared.

[1] J. Hoffmann, M. Wollensack, J. Ruefenacht, M. Zeier, " Comparison of Methods for Measurement of
Equivalent Source Match”, 45th European Microwave Conference, EuMC 2015, Paper ID: EuMC40-01,
September 2015.
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