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Setup



Setup

L = 430 nH

C = 5 pF

r ≈ 1Ω

R = 10 kΩ

K = 1,1 pF

Fernando Gonzalez-Zalba's setup

in Cambridge
(1801.09759v1 [physics.app-ph] 29

Jan 2018)



Background measurement

I Inhomogeneous output from RF

synthesizer

I Losses in cable and connectors

I Inductive elements in couplers (noise)

I Behaviour for Open(R →∞),

Short(R → 0) and Matching

(R = 50Ω) termination



Background measurement



Background measurement

∆f ≈ 34MHz

→ d ≈ 3m

Cable lenght from sample:

l ≈ 120 + 200 cm



Background measurement



Raw sample data
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Raw sample data



Normalization

I Inhomogeneous input to sample

I What happens if we have a "small"

(|Γ| ≈ 0) resonance at a background

peak?

I We need to normalized the raw

measured data, but how? Fernando Gonzalez-Zalba
(1801.09759v1 [physics.app-ph] 29 Jan 2018)



Simulation

Numerically solved

Γ = Z−Z0
Z+Z0

at given

frequency points

For the 10k and 2k peaks

(f ,|Γ|):
I

10 kΩ:(98,6MHz,0.60)

I 2 kΩ:(99,3MHz,0.04)



Poor man's normalization

I |Γ| ≤ 1

I Let's divide the full

re�ection dataset

with the sample

dataset!

I |Γ(fi )| =
VSample (fi )
VOpen(fi )



Poor man's normalization



Poor man's normalization

Notes:

I After resoldering the

resistance

capacitence changed

(shorter leg, more

soldering lead,

geometry...)

I 10k: ∆|Γ| =
||Γsim(f0)|−|Γnorm(f0)||

|Γsim(f0)| =

5%

I 2k: ∆|Γ| = 150%!



Richer man's normalization

I Previously only

calculated with

Vrefl ∼ |Γ|
I Transform it back to

Γ = |Γ|e i ·ϕ

I Divide the complex

numbers!



Richer man's normalization

There is no di�erence!



Millionare's normalization

One port error modell

I These errors are

constant at given

frequency

I If we know the

response for

well-de�ned |Γ|, we
can calculate these

errors, and from it we

can know the true |Γ|
I We need 3 standard

for 3 parameters.



Millionare's normalization

http://emlab.uiuc.edu/ece451/appnotes/Rytting_NAModels.pdf



Millionare's normalization



Comparison



Comparison

I The di�erence in |Γ(f0)| is
around 0,01!

I In frequency ∼ 0,2 - 0,5MHz

I Measurement time is twice as

much for the one port modell!

(take into consideration

cooling)

I Let's see what happens if we

try to �t on the dataset



Comparison
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Comparison



Thanks for your attention!
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