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Motivation

reference: www.rosenberger.com

Measurements on star-quad (HSD) cables.
Error-model with 15-term error-networks.

Self-calibration is advisable to reduce the effort in
manufacturing the standards.
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[1] 5 Wegner. 5. Kalb, and B. Siolle, “Scli-calibration of differential cable-
Adapters with imme-mode cosstalk” Gernnan Micrmovwe Coglerence
(GeldiC), pp. £21-424, A6
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Motivation

Ports adjoin each other at short distance, which prevents a
direct and ideal THRU.

A LINE connection with a homogenous impedance will be
difficult.

:> 15-term self-calibration without a THRU or LINE
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Motivation

Applying the novel 15-term procedures for wafer-
probe self-calibration.

Pointing out possible advantages compared to the
state of the art.

reference: www.cascademicrotech.com
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Basics of VNA Calibration

2-Port Network Analysis

* measurement of complex wave-
parameters to calculate Z-, Y-,
scattering-parameters (S-
parameters), etc.

* linear errors up to a reference
plane can be described with
error-networks

* high accuracy by system error-

correction
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Basics of VNA Calibration

7-Term Calibration
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error networks puT

7 unknowns describe the error-networks
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Basics of VNA Calibration

15-Term Calibration

error networks
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Basics of VNA Calibration

15-Term Calibration

Error-network contains crosstalk between
both ports.

-> 15 unknowns

Determination of the error-terms:

 direct calibration (with fully known
standards)

eTTor networks DUT  self-calibration (with partially
unknown standards)
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Novel 15-Term Self-Calibration

NMRG2 Self-Calibration

NMRG2 1. 2. 3. 4. fully known:
name N M R G * network: g1, g2 & t
St gl m g r * match: m
Sy, = t 0 0 0 unknown:
S, = t 0 0 0 * reflections: g & r
S,,= q2 r m g
[2]5 Wagrer amd T, Seclle, " 1%-Term Sell-Calibration withoot sa ideal THRLU- o
LAKNE-Sin | rnl,” ®lat ANFTG Wiorowms Wonsmmmomen! Canformor GIRETE ]
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Novel 15-Term Self-Calibration

NMRG2 Self-Calibration

name N M R G
511 gl m g r
S;,= t 0 0 0
S, = t 0 0 0
S,,= g2 r m g
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Novel 15-Term Self-Calibration

NMRG2 Self-Calibration

* based on the so called ,,General NMRG" theory (by Gronefeld & Schiek) (3]

measurement values

trace{[AM s, - AMp v - AMEY: - AMg ) = by = detfAM 'y, - AMEg x - AMZY AMe ol = by =
trace ﬂﬂfqlgﬁr -ASp .y - ASp - ASc.m S-matrices det{ASL 4 - ASpw - ASp - ASc vl

* with the calibration standards in the table shown before, two equations for the
determination of the unknown factors r & g can be found

dependent on:

r = f(bl,b2,q1,q2,t,m) * measurement values

* known calibration standards

g=/f(b1,b2,q1,q2,t,m,1)

[ ]

eaCh Other [3] M. Creomefeld and B Schiek, “Metwork-analyner self-calibration wish
four v Evp slandards for the |5-lom eror-madel” J907 TEEE WTT
5 Inreraiionul Wicaans Syiporiam Dipaat, vol. 3, ppe A3S5-165K
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Novel 15-Term Self-Calibration

MONSS Self-Calibration

MONSS5 1. 2. 3. 4. 5.

name MM OO SS UR N fully known:
S, = 0 0 S ra na * reflections: 0 & s
S;,= 0 0O 0 o0 t unknown:
S, = 0 0 0 ¢ * reflections: ra & rb
. = 0 o s b nb ° network: na, nb & t
22
unknowns O 0 0 2 3
Ryl e o icimmbtseszmbapef ey
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Novel 15-Term Self-Calibration

MONSS Self-Calibration

MONSS5 1. 2. 3. 4. 5.

name MM OO SS UR N
S;;= 0 0 S ra na
S, = 0 0O O 0O t
S, = 0 0 O 0O t
S,,= 0 o s rb nb
unknowns 0 0O O 2 3
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Novel 15-Term Self-Calibration
MONSS Self-Calibration

* based on the so called ,,General MURN* theory (by Heuermann)®!
* provides 5 nonlinear equations for maximal 5 unknowns

* with the calibration standards in the table shown before, all equations for the
determination of the unknown factors can be found

[5] H. Heoermpsn, “Seme methods of of-waled s&EMerng parmmeer mdi-
supcmenis wilth self-mabibrlion procedures,” ASFTG Microwae Meo-
siremendys Conderence-Sprang. 4780, yol. 29, pp. 136145, 1996,
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Measurements

Measurement Setup

* R&S ZVA24

* 3.5 mm coaxial standards

* f=10 MHz — 24 GHz
l . * X-talk: 6dB attenuator

attenuator
* |F-bandwidth: 1 kHz

* UOSM/SOLR reference meas.

DUT

HSA _ired
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Measurements

DUT

Reference Measurement of the
DUT with UOSM/SOLR

* R&S ZVA24

* 3.5 mm coaxial standards

f=10 MHz — 24 GHz

IF-bandwidth: 1 kHz

same match standard

COMP/\SS 202
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Measurements
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Measurements
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Measurements

0
-5
EOMAARAAAN ’V\ﬁ /\[\(
=
@ -15 v :
—— MONS5
—20 4
NMRG2
==== ref. Meas
—25
0 9 10 15 20)
f/ GHz
mprﬁszmﬁ 24 Institute fR E:SAt'.;etd l.'ri Hochschule Augsburg
J Transmissi th Processing = Universiiy of Applied Sclences



Measurements
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Measurements
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Measurements
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HSD-Cable Measurements

Measurement Setup and Error-Model
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HSD-Cable Measurements
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Possible Application

GSSG Probes
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reference: www.cascademicrotech.com

error networks

reference: www.cascademicrotech.com
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[7] M. Waltiowekd, V. Lemakes, . Bomtiner, wad T Weigel “Multisods THL Calilen-
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Possible Application

Calibration of measurement setups with GSSG

probes: 0. prr—————
* at frequencies of about 10/20 GHz 15-term u'm[
calibration is advisable %—m
%
* NMRG2 & MONSS5 should give highest Eﬂ:l
accuracy 80
0 20 40 60 67

[7] %0 Wbk, V. Tmaliewr, 3. Summtier, and B Wedgel, *Multimods TRL Caliles-
bico Tickalgue for Clarmetersation of Dilfeeenlal Deviess,” JEEE Trunctims o

Uhrmsare Thenry and Tecbwagens, vl 80, s T, pp FERH-IMT, W02
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Possible Application

Characterization of GSSG probes at high frequencies:

* pre.-cal. at coaxial connectors & cal. of probe directly

at the pins

error-network describes behavior of probe

investigations about symmetry / mode conversion (to

check the manufacturing quality)

deembedding without calibration

Other non-metrology interfaces with 15-term error-
networks.

reference: www.cascademicrotech.com
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Possible Application

Possible advantages, depending on the application:
* no limitations for the reference plane

* less effort in manufacturing the calibration-

standards

* using on-wafer-probes up to higher frequencies (if

the crosstalk is the limiting factor)

* no ideal MATCH is necessary

reference: www.cascademicrotech.com
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Conclusion

presentation of two novel 15-term self-calibration procedures NMRG2 and

MONSS5

successful verification of both novel procedures on a coaxial measurement setup

successful application for star-quad cable measurements

discussion of further possible applications
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Thank You!

For questions, please contact:
Sebastian Wagner
Augsburg University of Applied Sciences
sebastian.wagner@hs-augsburg.de
+49 821 5586-3646
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