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Information for Authors

This is a small, but independent, 1low profile Journal, in
which we are all—Authors, Reviewers, Readers, and Editors—
free at last to be Peers in Knowledge, without suffering from
Journal roles or positions, Professional-Amateur—Academic sta-
tuses, or established "impact factorizations", under the fol-
lowing guiding principles:

Authors — We know what Work means, we respect the Work of
the Independent Researcher in Science and Engineering and we
want to exhibit his Work. Thus, we decided to found this Free
and Open Access Journal in which to publish this Work. Fur-
thermore, as we care indeed for the Work of the technical au-
thor—especially a young or a beginner one—we strongly sup-
port the publication of his Work, as follows:

1 We do not demand from the author to transfer his own copy-
right to us. Instead, we only consider papers resulting from
original research work only, and only if the author can as-
sure us that he owns the copyright of his own paper as well
as that he submits to the Journal either an original copy or
a revised version of his own paper, for possible publica-
tion after review—or even for immediate republication, if
this paper has already been published after review—but, in
any case under a Creative Commons Attribution, CC-BY 3 Un-
ported or CC-BY 4 International, License, only.

2 We encourage the author to submit his own paper written
just in Basic English plus Technical Terminology.

3 We encourage the author even to select a pen name, which
may drop it at any time to reveal his identity.

4 We encourage the author to submit an accepted for publica-
tion paper, which he was forced to decline that publicati-
on because it would be based on a review with unacceptable
evaluation or derogatory comments.

5 We encourage the author to submit any paper that was rejected
after a poor, impotent, inadequate, unreasonable, irrespon-
sible, incompetent, or "just ticking" review.

6 We encourage the author to submit an unreviewed paper of his
own that he uploaded on some Open Access repository.

7 We encourage the author to upload his published paper in our
Journal to at least one Truly Free Open Repository, e.g.
such as http://viXra.org and https://archive.org.
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8 We provide the author with the ability to update, at any
time, the reference links of his paper.

9 We provide the author with a decent, express, peer review
process, of up to just 4 weeks, by at least 2, either
anonymous Or onymous, reviewers.

10 We provide the author with the option to choose from 2 re-
view processes: the traditional, anonymous, close one, as
well as, a contemporary, onymous, open review in our pri-
vate mailing list for Peer Discussion.

11 Under the Clause 1 : We immediately accept for publication
a research paper directly resulting from a Project Report,
or a Diploma-, Master-, or PhD-thesis, which already the
author has successfully defended before a committee of ex-
perts, as long as he can mention 2 members of this commit-
tee who approved his Work.

12 Under the Clause 1 : We immediately accept for publication
any paper which is not Openly Accessible on the Internet.

13 We immediately publish online a paper, as soon as it is
accepted for publication in the Journal.

14 We quickly publish an extra issue—that is in excess of
the 3 issues we publish a year—as soon as the review
process of 3 papers is completed.

Reviewers — Every peer may voluntarily become a reviewer
of the Journal in his skillfulness for as long as he wishes.
In addition, each author of the Journal must review one paper
in his expertness for each one of his published papers.

Readers — Every reader 1is a potential post-reviewer: we
welcome comments and post-reviews in our private mailing list
for Peer Discussion.

Editors — Every editor owns a PhD degree—to objectively
prove that he really has the working experience of passing
through the dominant publishing system. An editor pre-reviews
a paper in order to check its compliance to our guiding prin-
ciples and to select the appropriate reviewers of it. We can
accept for consideration papers only in the expertise areas
currently shown in the Editorial Team page, above. However,
since we are very willing to amplify and extend the Scope of
the Journal, we welcome the volunteer expert, in any related
subject, who wants to join the Editorial Team as long as he
unreservedly accepts our guiding principles.
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TELECOMMUNICATIONS ENGINEERING METROLOGIE

Comparing a NanoVNA with a LabVNA
Part 1: One-Port Measurements

N.I. Yannopoulou, P.E. Zimourtopoulos

Antennas Research Group, Austria - www.op4.eu
Abstract

The great development of the electronic industry in high
frequency applications and the predominance of the digital
world in measurement instruments brought to the first 1line a
new very small, portable, low-cost, easily available, not too
demanding in technical and scientific knowledge, "toy" like,
constantly under development Network Analyzer called NanoVNA.
In this paper a first verification of the software core for
one-port measurements of such a NanoVNA is given and a com-
parison with our conventional VNA, LabVNA, is presented. For
this purpose the well known, 50-0Ohm box, unknown DUT, mea-
sured repeatedly by us for the last almost 30 years with con-
ventional LabVNAs, was used in order to compare both VNA sys-
tems results. A first attempt for the uncertainty estimation
of NanoVNA one-port measurements using our method of Complex
Differential Error Regions, DERs, and their corresponding
Differential Error Intervals, DEIs, in polar and rectangular
form was accomplished. Parts of this work are already pub-
lished on the forum groups.io/g/nanovna-users and are now Sys-
tematically presented here.

Keywords

microwave measurements, network analyzer, differential er-
ror region, differential error interval, calibration, NanoVNA

Introduction interested users, but also as

The last years the growth
of digital electronics in the
field of high frequencies and
the continuous size reduction
of the components resulted in
the creation of an extremely

indicated by the application,
a rather reliable Vector Net-
work Analyzer, the so-called
NanoVNA. Since its first in-
troduction by Edy555, who de-
veloped an open-source hard-

Smalll easy to use, available ware and software platform in
at an affordable price for the 2016, a lot have been written
FRIDAY 31 MAY 2024 vli-7 FUNKTECHNIKPLUS # JOURNAL



N.I. YANNOPOULOU, P.E. ZIMOURTOPOULOS

and said, and different ver-
sions have been released both
in hardware and software [1]
- [3]. Thus, it was inevitable
for us, after so many years of
our experience with conven-
tional LabVNAs and the sub-
ject we were most interested
in - to determine the mea-
surement uncertainty for one-
and two-port DUTs - although
we were skeptical in the be-
ginning, to seize the oppor-
tunity and try one such Nano-
VNA.

First, we verified from
the available source of the
software that the well-known
one-port error model of Fig.
1 was used with the corre-
sponding relation for the re-
flection coefficient (1) [4],
[5]. The difference is that
the kernel program of NanoVNA
uses the Cartesian form of
this complex relation, that
is, the expression 1is given
separately for the real and
the imaginary parts.

Then, the well-known one-
port unknown Device Under
Test (DUT), that is, the well
closed aluminum box with a
typical resistor of a nominal
DC impedance 50Q *20% toler-
ance soldered on a type-N
base connector [50-Ohm box],
was used in order to test the
functionality of NanoVNA. The
results are presented here,
in comparison with the re-
sults of our LabVNA. Two dif-
ferent ways regarding the used

FUNKTECHNIKPLUS # JOURNAL
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calibration standards and the
measurement reference plane
were applied with almost the
same final result.

1
o> -
m DY AM p
Oo— -}
R
Fig. 1: Full one-port Error
Model
m-D
- - (1)
P M(m-D)+R
In order to achieve a bet-
ter view and understanding
for the compared results and
the existing analogy shown

between our NanoVNA and our
LabVNA, a simplified version
of the basic relation (1) was
given, both for the re-
stricted SLO calibration of
NanoVNA and for the most com-
plicated one for three gen-
eral standard 1loads without
substitution of their values
with -1, 0, 1, the p-mini ex-
pression. The whole process
of extraction and justifica-
tion of p-mini will be pre-
sented in a forthcoming work.

Finally, we tried to im-
plement our work [4] to de-
termine the measurement un-
certainty in NanoVNA measure-
ments, a rather complex task,
as there was not any informa-
tion on the actual measured

ISSUE 34 — YEAR 11



COMPARING A NanoVNA WITH A LabVNA PART 1: ONE-PORT MEASUREMENTS

values but only their trans-
formation through the soft-
ware 1in real and imaginary
part with seven (7) digits,
to the best of our knowledge
so far.

For this work, we tried to
remain unaffected by the com-
ments and observations alrea-
dy announced, Kkeeping only
what concerned the operation
of NanoVNA itself. Thus, we
used the simplest way to col-

gram with the USB port of a
computer [PuTTy]: raw data and
data after calibration [6].

Working Formulas
a. NanoVNA p expression

The simplest way to gain
confidence in NanoVNA's out-
put is to express the rela-
tion in complex numbers (1)
with its real and imaginary
parts, and then to compare them
with what is contained in the

lect all the measured data publlcly available NanoVNA
through the communication pro-  source code [1]:
. (mr+imi)_(Dr+iDi)
p_pr+lpi_(Rr+iRi)+(Mr+iMi)[(mr+imi)—(Dr+iDi)] -
_ ( _Dr) i_Di) _
[R, +M.(m, - D,) - M;(m; — D;)]+ i[R; + M.(m; - D;) - M;(m, - D,)]
_x+iy _ (x+iy)(z—iw)_xz+yw L ZYy-XW (2)
z+iw 2% +w? Y lzz+w2
And the corespondence is:
sllar:pr:%, sllai:pi:w (3)
Z°+w zZ°+w
with
x=m_-D, =meas(0)-ED(0)=s1imr (4a)
y=m; - D; =meas(1)- ED(1)=s1imi (4b)

z=R,+M.(m -D.) -M,(m;

1 1

=ER(0)+s1imr ES(0) - s11mi ES(1) -

=err

FRIDAY 31 MAY 2024
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-D;)=R,+m M -m;M; -M_D_+M, D, =

ES(0) ED(0)+ES(1) ED(1)

(4c)
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w=R;+M(m-D;)+M;(m -D.)=R;+m M, +m;M -M, D -MD, =

1

= ER(1)+s11mr ES(1) + s11mi ES(0) - ES(1) ED(0) - ES(0) ED(1)

=—eri

Where the subscripts r, 1
correspond to real and imagi-
nary part in all the above
relations and D, M, R and m
stand for ETERM_ED, ETERM_ES,
ETERM_ER and s1im repsective-
ly, as we extracted them from
the source code in C language
of NanoVNA by applying '"re-
verse engineering". The built
-in program of NanoVNA uses a
vector/matrix/array notation
for real and imaginary part
of ED, ES, ER as: index 0 for
real part and index 1 for
imaginary part, for example

float sliimr = measured[0][i]
[0] - cal_data[ETERM_ED][i][0]

where [i] counts the number
of frequencies.

b. p-mini expression

After that, and 1looking
above to (1) with the general
expressions of D, M, R from
[2] and in order to corre-
spond to the most known SLO
calibration [7], we decided
to substitute the symbols a,

b, ¢, A, B, C with the s, 1,
o, S, L, O respectively,
small letters for measure-

ments and capital letters for
the standard 1loads. Thus, we

FUNKTECHNIKPLUS # JOURNAL
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(4d)

produced for the first time,
the simpler, exact relation
between the reflection coef-
ficient of an unknown DUT and
all the involved quantities
for its measurement, given in
(5), bypassing the intermedi-
ate so-called "System Er-
rors", D, M, R, as they are
not actually needed at all
for the computation of this
p. Then, by substituting the
nominal values of S, L, O
standards, as, -1, 0, 1 re-
spectively, the absolutely
simplest expression 1is taken
in (6) which was defined by
us "p-mini".

For clarification and
since the commonly used 1in
bibliography symbol for re-
flection coefficient is the
Hellenic capital letter I, we
adopted the capital letter G
in the first appearance of
expressions (5) and (6) dur-
ing the related discussion in
the NanoVNA group [8], and
small letter g for its mea-
surement and thus (6) was
"called" G-mini. In order to
be consistent with all our
previously published work,
hereby G corresponds to p and
g to m, therefore G-mini is
called p-mini (rho-mini).

ISSUE 34 — YEAR 11



COMPARING A NanoVNA WITH A LabVNA PART 1: ONE-PORT MEASUREMENTS

S(L-0)(ms+10)+L(0-S)(ml+0s)+0(S~-L)mo+sl) (5)

p:

_ (m-1)(o-s)
= m-o0)(s-1)-(m-s)(L-o0)

Two programs were written
by us to justify both numeri-
cal and symbolic the validity
of relation (6), as /F/L/0/
S/S/ Free Libre Open Source
Software under 'The MIT Li-
cense':

a) The [TheLeastVNA] version
20191020, which was written
using BBCBASIC DEMO 6.12a, in
order to compare numerical
results of (6) with the imme-
diate output from NanoVNA.
Since BBC Basic does not in-
clude complex numbers, (6)
expressed in its real and
imaginary parts. The program
takes as input the four files
of measurements and a fifth
file with frequencies and
outputs the calculated re-
flection coefficient as func-
tion of frequency. In addi-
tion, version 20191017 was
written to compare specific
results for p and Z, with Z
to be given from

1+p
1-p

z=2, (7)

where Z, stands for the char-

FRIDAY 31 MAY 2024
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(L-0)ms+1lo)+ (0-S)(mL+os)+ (S-L)mo+sl)

(6)

acteristic impedance [9]. A
screen capture of this appli-
cation with the comparison
for both real and imaginary
parts of p as Gr, Gi and Z as
R, X respectively, 1is shown
in Fig. 2, for the specific
frequency of 405.0275 [MHz].

b) The [G-MINI-20191109.MC]
was written in Maxima [10]. A
symbolic comparison 1is car-
ried out between (6) and the
solution of the 4x4 system of
equations, given in (8), cor-
responding to the most gen-
eral form of a one-port net-
work, shown in Fig. 3, for
SLO calibration. The A, B, C
letters correspond to three
general standard loads and a,
b, ¢ to their measurements.
Substituting A, B, C with S,
L, 0 and then with their well
known values -1, 0, 1 and a,
b, ¢ with s, 1, o as the mea-
surements of the SLO calibra-
tion standards then the solu-
tion of the system is com-
pared symbolical with the ex-
pression given in (6) and the
result is shown in Fig. 4,
when we select from the File
Menu the Batch File Silently.

FUNKTECHNIKPLUS # JOURNAL
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(untitlec
TheLeastUNA - Version 26191817 - for BBCBASIC DEHMD 6.12a
Copyright (C) 2819 Nikolitsa I. Giannopoulou OE3ZGN/SU7DMC and Petros
. Zimourtopoulos DE3ZZP/SU7BAX - Antennas Research Group - Informal
578 Association of Individuals - Ho Finance Involved - ARG IAOI NFI -
880 Austria EU - www.op4.eu - gin&pez@arg
598
608 gsr=gr-sr Permission is hereby granted, free of charge, to any person obtaining
618 gsi=gi-si A copy of this software and associated documentation files (the
6208 ‘Software’'), to deal in the Software without restriction, including
630 nr=glr=osr-glixosi distribute, sublicense, and/or sell copies of the Software, and to
640 ni=glr=osi+glixosr permit persons to whom the Software is furnished to do so, subject to
650 ithe following conditions:
668 er=gor=slr-goissli
670 ei=gor=sli+goixslr The above copyright notice and this permission notice shall be
6808 included in all copies or substantial portions of the Software.
698 Fr=gsr=lor-gsixloi
788 Fi=gsr=loi+gsixlor THE SOFTWARE IS PROVIDED 'AS IS', WITHOUT WARRANTY OF ANY KIHND,
718 EXPRESS OR IMPLIED, INGLUDING BUT HOT LIMITED TO THE WARRANTIES OF
728 dr=er-fr MERCHANTABILITY, FITHESS FOR A PARTICULAR PURPOSE AND NONINFRINGEMENT .
730 di=ei-fi IN NO EVENT SHALL THE AUTHORS DR COPYRIGHT HOLDERS BE LIABLE FODR ANY
70 CLAIM, DAMAGES OR DTHER LIABILITY, WHETHER IN AN ACTION OF CONTRACT,
750 d2=dr=dr+disdi TORT DR OTHERWISE, ARISING FROM, OUT OF OR IN CONMECTION WITH THE
760 SOFTWARE OR THE USE OR OTHER DEALINGS IN THE SOFTWARE.
770 Gr={ nr=dr+ni=di)/d2
780 Bi=(-nr*di+nixdr)/d2 /F/LF0/S/S/ Free Libre Open Source Software under 'The MIT License®
798 " approved by 0SI Open Source Initiative wwu.opensource.org/licenses/HIT
8ae
818 “Gr : 8172343674 [HanoUNA] & sma/M-to-typeN/F-500HH & ref2007box + LO5 + SHO + 00A
828 "Gi : 9.859218938 iF = 405.8275 MHz
83
Bu@ Z20=50 5 = -0.084500668
8-0 51 : B.@78727439
868 UpGr=1+Gr lr = -B.886456219
870 UmGr=1-Gr 1i : -0.0884560099
886 D2= UmGr=UmGr+Gi=Gi jor = -B.885774516
89o oi : -8.886100399
988 R=(UpGr=UnGr-Gi=6i)=208/D2 gr - -0.981663459
918 X ={UpGr*Gi+Gi=UnGr)*20/D2 igi = -8.818751967
928
238 “R : 78.2077822 = “;R
ouB "X @ 8.68087858 = ;X Gr - 8.172343674 = 0.172343674
958 Gi : 8.059218938 = 6.85921893
268 R - 708.2877822 = 70.20877022
W - 8.60087358 = 8.600B785
Press F1 for Help ANST -
Fig. 2: Comparing values of p and zZ
_ S128x1 P (8a)
Mm=3Sy+ 3 S, p Sa1
22 O—{> -
a=S. + S12S,1 A (8b)
! Y A
1-S,,A m - Si S22 p
b=S. + S125,: B (8c) o— -
- 11 512
1-5S,,B
S.S.C Fig. 3: General one-port
_ 12°21 (8d)
C=Su+ 375 ¢
22
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Maxima 5.36.1 http://maxima.sourceforge.net

using Lisp SBCL 1.2.7

Distributed under the GNU Public License.

See the file COPYING.

Dedicated to the memory of William Schelter.

The function bug report() provides bug reporting information.
(%il)
* 3 UCCE®S S * rho= ((m-1)*(o-3))/((mo)*(z-1)—(m-3)(1l-0))

(%12)

Fig. 4: Maxima's successful comparison

An excellent agreement be-
tween the compared values was
achieved with the first pro-
gram, and the identity of the
two relationships is shown in
Fig. 4, and so it is, with
the already used software by
the Antennas Research Group.
This agreement proved that p-
mini was an adequate well

formed expression for one-

port measurements.

Notably, it is easy to show
that the full expression of p
(5) as well as the expression
of p-mini and finally the one
of Z can be written as Moe-
bius transformation [11].Thus,
by rearranging the terms in
(5) we take:

p[ (L-0)ms+1lo)+ (0-S)(ml+os)+ (S-L)(mo+sl) =

= S(L-0)ms+1lo)+L(0-S)ml+0s)+0(S-L)(mo+sl) =

=>p{[S(L-0)s +L(0-S)L +0(S
+ [S(L-0)lo +L(0-S)os+0(S
= [ (L-0)s + (0-S)L + (S
+ [S(L-0)lo +L(0-S)os+0(S

and if we consider that

P:=[S(L-0)s +L(0-S)1L +0(S-L)o ]

Q:=[S(L-0)lo+L(0-S)os+0(S-L)s1]

T:=]

U:=[S(L-0)lo+L(0-S)os+0(S-L)sl]

then (5) can be written as

FRIDAY 31 MAY 2024

(L-0)s + (0-S)L + (S-L)o |

v1l-13

Lo Im +

L)sl] } = (9)
Ljo Im +

L)s1]

(10a)
(10b)
(10¢)
(10d)
p:% (11)
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An analytic discussion for
this subject with an attempt
to explain theoretical the
one-port error model as an
approximate reduction of the
actual multi-port network in-
volved in VNA measurements,
as well as, some useful prop-
erties of the Moebius trans-
formation, especially for 2Z,
will be presented in a forth-
coming work of the authors.

NanoVNA and PuTTY

Our NanoVNA is working in
the frequency range of 50 kHz
to 900 MHz. It can be used
either directly showing the
measurements result on its
display or/and indirectly by
saving all the measurement
data to a computer for a la-
ter processing. For this la-
ter purpose we have chosen to
use the PuTTy application in
order to collect the data
right after each measurement
in a direct communication via
the USB port of our computer
through the Serial connecting
type and the available PuT-
Ty’s console [12].

As soon as we connected
the NanoVNA to USB under both
wxp32&sp3 and wxp64&sp2, win-
dows immediately opened the

series of windows shown 1in
Fig. 5, to install "new hard-
ware", automatically. It ga-

ve its presence to the device
manager, as in Fig. 6. With
the NanoVNA connected to the
USB port, a blue led is on to
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show that the device is con-
nected to the supply but in
Computer Manager the Virtual
COM port we just configured
has a problem as indicated in

Fig. 7(a). Notably, as we
"discovered", it is only af-
ter we turn on the small

switch on the top of our de-
vice that the Virtual port,
COM3 for us, 1is really pre-
sent, as in Fig. 7(b). A sec-
ond blue 1led shows that the
device is ready to work and
the communication with our
computer is established.

After that, we installed
the 0.63 version of PuUuTTY ap-
plication both in wxp32&sp3
and in wxp64&sp2. Fig. 8 shows
the twelve (12) windows from
running the installer.exe to
the first console window. We
left the application to be
installed to its default di-
rectory -Fig. 8(c), (d)-, we
enabled all the check buttons
-Fig. 8(e)-, and in Figs. 8
(f), (g) the installation pro-
cedure is completed success-
fully. When we run PUTTY from
the start menu, as in Fig.
8(h), window of Fig. 8(1)
opens and there we selected
the option [Serial] and in
[Serial 1ine] we changed COM1
to COM3 -Fig. 8(j)- as this
was our available virtual port
for NanoVNA. The [Open] com-
mand-push button with the Na-
noVNA turned on and connected
to our computer, opens the
console window of Fig. 8(Kk).

ISSUE 34 — YEAR 11
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Found New Hardware Wizard

Welcome to the Found New
Hardware Wizard

This wizard helps you install software for:
ChibiOS/RT Vitual COM Part

'\') I your came with an i ion CD
g2 orfloppy disk. insert it now.

‘What do you want the wizard to do?

Click Nest to continue.

< Back I Nex > I Cancel

Found New Hardware Wizard

Please wait while the wizard searches... .
@ ChibiQ'S/RT Virtual COM Port

a

et > Cancel

Found New Hardware Wizard

Completing the Found New
Hardware Wizard

The wizard has finished instaling the software for
,_?) STMicroelectronics Vitual COM Port
=

Click Finish to close the wizard.

N G |

Fig. 5: Setup the connection of NanoVNA with USB portable
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General |PnrtSettings| Driver | Detailsl

(S S TMicroslectionics Wilual COM Port [COM3)

Device type: Ports [COM & LPT)
STMicroelectronics

Location 0 [Chibi0S /AT Yirtual COM Port]

Manufacturer

Location:

Device status

=]

This device iz warking properly.

If you are having problems with this device, click Troublezhoot to
start the roubleshonoter.

Device usage:

Use thiz device [enabls]

YANNOPOULOU, P.E. ZIMOURTOPOULOS

General  Port Settings IDrivar I Detailsl

Eits per second: [ -
Data bits: IS 'l

Barity:

Staop bits:

Flow contral: Iﬁ

Advanced.. | Festore Defaults |

Genarall Port Settings  Driver |Detai|s|

5

STMicroelectronics Virtual COM Paort [COM3)
Driver Provider:  STMicroelectronics
26.04.2010

1310

Driver D ate:
Diriver Wersion:
Digital Signer: Microsoft Windows Hardware Compatibility Publ

To view details about the driver files.

To update the driver for this device.

Update Driver...
Boll Back Driver
Uninstall

If the device fails after updating the driver, roll
back to the previously installed driver.

To uninstall the diiver [Advanced)

GeneraIIF‘DrtSathngs Driver  Detalls

g STMicioelectranics Vitual COM Port [COM3)

Property

Walue
USBYWID_04836PID_57400400

0K | Cancel |

Cancel |

Fig. 6: COM Port for NanoVNA
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- ol x|
=l File Action View Window Help N
e R Y
B Computer Management (Local) E--g ZXZ
= i Systen Tools %4 Computer
+ [ Event vViewer % Disk drives
+ 3 Shared Folders 52 »-! Dizplay adapters
@-ﬂLocal Users and Groups ¥ Floppy disk controllers
+ 8 Performance Logs and Alerts = Floppy disk drives
LB Device Manager # Floppy disk drive
= & storage @ @8 Human Interface Devices
é-gRemovable Storage #-Z) IDE ATAR/ATRPI controllers
..l Disk Defragmenter -2 Keyboards
B Disk Management -y Mice and other pointing devices
@ Services and Applications 2] »-j Monitors
+ B8 Network adapters
=% Ports (COM & LET)
I
#Communications Port {COM1)
r'L,"l?rlntel: Port (LPTI1)
# %8 Processzors
# €= 5C8I and RAID controllers
=@, sound, video and game controllers
#-HY System devices
[]-ﬁ' Universal Serial Bus controllers
(a)
- ol x|
=l File Action View Window Help | 185

e R Y

B Computer Management (Local)
= f System Tools

[l Event Viewer

L2 Shared Folders
@-ﬂLocal Users and Groups
& Performance Logs and Alerts
LB Device Manager

& storage

é- & Removable Storage

..l§ Disk Defragmenter

B Disk Management

@ Services and Applications

=8z

-4 Computer

# % Disk drives

# @ Display adapters

#-iZ) Floppy disk controllers
= Floppy disk drives

# Floppy disk drive

& @8 Human Interface Devices
@) IDE ATA/ATAPI controllers
- Keyboards

B '.') Mice and other pointing devices
# @ Monitors

+ B8 Network adapters

5% Ports (CoM & LPT)
MCommunications Port {(COM1)
¥ Printer Port (LPT1)

# ¥ Processzors

# €= 5C5I and RAID controllers

=@, sound, video and game controllers
#-MY System devices

[]-ﬁf;' Universal Serial Bus controllers

Fig. 7: COM Port Enabled in Computer Manager of Windows
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| Preparing to install...

Cancel |

(a)
{51

Welcome to the PuTTY Setup
Wizard

This will install PUTTY version 0.63 on your computer,

It iz recommended that you close all other applications before
continuing.

Click Mext to continue, or Cancel to exit Setup.

Cancel

(b)
{51

Select Destination Location
Where should PUTTY be installed?

"J Setup will install PUTTY into the following folder,

To continue, dick Mext. If you would like to select a different folder, dick Browse.

Browse... |

Atleast 3,5 MB of free disk space is required.

< Back I Mext = I Cancel

(c)
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S setup - PuTTY

Select Start Menu Folder
Where should Setup place the program's shortcuts?

Setup will create the program's shortcuts in the following Start Menu folder.

To continue, dick Next. If you would like to select a different folder, dick Browse.

Browse... |

[~ Don't create a Start Menu folder

< Back I MNext » I Cancel

(d)

setup - PuTTY - o] x|
Select Additional Tasks
Which additional tasks should be performed?

Select the additional tasks you would like Setup to perform while instaling PUTTY, then
dlick Next.

Additional icons:
¥ Create a desktop icon for PUTTY
& For all users

™ For the current user only

[V Create a Quick Launch icon for PUTTY (current user oniy)
Other tasks:

¥ Associate .PPK files (PUTTY Private Key) with Pageant and PuTTYgen

< Back I Mext = I Cancel

(e)
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++Setup - PuTTY

Ready to Install
Setup is now ready to begin installing PUTTY on your computer,

Click Install to continue with the installation, or dick Back if you want to review or
change any settings.

Destination location: -~
H:\Program Files\PuTTY

Start Menu folder:
PUTTY

Additional tasks:
Additional icons:

Create a desktop icon for PUTTY

For all users

Create a Quidk Launch icon for PUTTY (current user only)
Other tasks:

Associate .PPK files (PUTTY Private Key) with Pageant and PuTTYgen _lLI

3

K|

< Back

Cancel |

(f)

Completing the PuTTY Setup
Wizard

Setup has finished installing PUTTY on your computer. The
application may be launched by selecting the installed icons.

Click Finish to exit Setup.

{51

(9)
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) Cardpeek

Z0O0I

i’ Sony Digital Voice Editor 3
» ) Faststone capture

» W] wordweb

, (@) camstudio 2.7

Brother

open Watcom

PosteRazor

) MB-Ruler
7 softPerfect Network Scanner
iCare Data Recovery Pro

- v v =

»
3
» B Pageant

» g PSETP
 EETE
» & PUTTY Manual

> PuTTY Web Site

If& puTTY [ B® PuTT¥gen

(h)

2N PUTTY Configuration

Cateqony:
[=]- Session | Bazic options for your PuTTY seszion |
L Llcugglng  Specify the destination you want to connect bo
=1 Terminal
Hozt Mame [or IP address] Port
- Fewboard
~ Bel [ |22
- Features Caonnection type:
= Window " FRaw  Telnet © Flogin & S5H Segal
- hppearance B .
- Behaviou Load, save or delete a stored session
... Tranzlation Saved Sessions
- Selection
EDID_L"S Default Sethings Load |
[=]- Connection
- Data Save |
- Prosy
- Telnet Dielete |
- Rlogin
- 55H
- Genal Cloze window on exit:
O Always T MNever ) Orly on clean exit
about Help | Open I Cancel
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22 PuTTY Configuration 2| x|
Ew | Basic options for your PuTTY session |
EI _l_:"" I_.oglglng  Specify the destination you want to connect to
=]~ Terminal
- Keyboard Serial line Speed
- Bel [coma {9500
- Features Connection type:
- Window " Raw ¢ Telnet " Rlogin ¢ S5H & Seral
- Appearance
J;‘:Eavinur  Load, save or delete a stored session———
.. Translation Saved Sessions
- Selection
+ Colours Default Settings Ter
[=- Connection =
- Data Save |
- Prosgy
.. Telnet Delete |
- Rlogin
- S5H
-~ Seal Close window on exdt:
" Aways 1 MNever ' Onlyon clean exit
Hhout Hep | Open Cancel

(3)

=1k
-

ch> info

Kernel: 4.0.0

Compiler: GCC 5.4.1 20160919

Architecture: ARMve-M

Core Variant: Cortex-MO

Port Info: Preemption through NMI

Platform: ETM32F072xE Entry Level Medium Density devices

Board: NanoWVNA

Build time: Aug 2 201% - 16:40:01

cn> i
B

(k)

FUNKTECHNIKPLUS # JOURNAL vl-22 ISSUE 34 — YEAR 11



COMPARING A NanoVNA WITH A LabVNA PART 1: ONE-PORT MEASUREMENTS

PuTTY Error

X

COoM3

Unable to open serial port

Unable te open connection to

(1)

Fig. 8: PuTTy installation 12 steps

The [info] command was ex-
ecuted -Fig. 8(k)- and the
communication 1line was ready.
If NanoVNA is not connected
to the USB port of the com-
puter, or it is turned off,
then the [Open] button re-
sults the error message shown
in Fig. 8(1l) and the applica-
tion is terminated.

NanoVNA measurements

The most critical point in
the whole procedure of using
a NanoVNA for one-port mea-
surements is the calibration.
A faulty calibration will
cause unpredictable results,
which in most cases will mis-
lead us. Thus, after a numer-
ous trials and errors, we
concluded that the best way
to ensure a successfully car-
ried out measurement of the
three standard loads, is to
wait a few moments after con-
necting each standard to the
output port for the device to
make a few sweeps and reach a
stable state and then to take

habit is to apply what is
suggested in Note 20 of [13]
for what 1is expected to be
seen in the Smith Chart for
each of the three standards.

We decided to wuse the
sweep mode with the built in
consideration of frequency
steps in order to keep the
procedure as simple and quick
as possible, although with
our LabVNAs we always use the
CW mode for more accurate re-
sults.

The commands to NanoVNA
using PuTTy [14] are: [info],
[frequencies] and [data], as
these are shown as headers
inside our data files, in or-
der to make perfectly clear
what we are talking about,
that is:

[info] to get the specific
NanoVNA firmware information

[frequencies] to get the 101
frequencies at which our Nano-
VNA makes its measurements by
default, into a file with a

its measurement. Then, a good hame clearly showing the let-
ter f
FRIDAY 31 MAY 2024 vi-23 FUNKTECHNIKPLUS # JOURNAL
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[data] to get the 101 mea-
surements at these 101 fre-
guencies, right after the con-
nection and measurement of
each of the four (4) needed
loads, as follows:

SHORT, into a file with a
name clearly showing the let-
ter s,

LOAD, into a file with a name
clearly showing the letter 1,

OPEN, into a file with a name
clearly showing the letter o,
and

S11, into a file with a name
clearly showing the letter m
for the measurement of the
unknown DUT.

These data were shown in
PuTTy's console window and
then selected, copied, and
pasted to the corresponding
file. Then the files were
edited in order to remove any
headers and leave just 101
lines of data, as the number
of measurements in terms of
frequency of our NanoVNA.
Thus, they were ready to use
them as the required input
files to our programs, 1in
their current version, for the
determination of either the
reflection coefficient of the
DUT or its input impedance.
Fig. 9 shows a part of Putty's
console window after [fre-
quencies] command 1in (a),
where the frequency is given

FUNKTECHNIKPLUS # JOURNAL

vl-24

YANNOPOULOU, P.E. ZIMOURTOPOULOS

in Hz, and a part of the con-
sole after [data] command for
the measurement of the OPEN
standard in (b), with the
first column to correspond to
the real part and the second
to the imaginary part. Both
includes the [info] command
in order to keep track of the
specific NanoVNA version.

It is worth repeating here,
for the sake of completeness,
the steps we followed for the
process of calibration and
measure of the unknown DUT.
Let suppose that we selected
the position 3 [SAVE 3] to
save our calibration. Then
the steps are as follows:

1. MENU — RECALL/SAVE —
RECALL — RECALL 3

2. MENU — BACK

3. MENU — CAL — RESET -
BACK — CLOSE

Now NanoVNA 1is ready for a
new calibration that it will
be saved in position 3.

4, MENU —» STIMULUS — START -
50 kHz — BACK — CLOSE

5. MENU — STIMULUS — STOP —
900 MHz — BACK — CLOSE

6. MENU — CAL — CALIBRATE

From this setting we will do
the measurement of the three
calibration standards, being
patient as we already noted
above and taking care to let
NanoVNA to make some sweeps
before we save the measure-
ment.
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_lalx]

-

ch> info
Kernel: 4.0.0
Compiler: cce 5.4.1 20160919

Architecture: ARMv6-M
Core Variant: Cortex-M0 —

Port Info: Preemption through NMI
Platform: STM32F072xB Entry Level Medium Density devices
Board: NanoVNA

Build time: Aug 2 2019 - 16:40:01
ch> frequencies

50000

9049500

18049000

27048500

36048000

45047500

54047000

63046500

72046000

81045500

90045000

99044500

108044000 |

(a) [frequencies]

Il

|»

ch> info
Kernel: 4.0.0
Compiler: cce 5.4.1 20160919

Architecture: ARMv6-M
Core Variant: Cortex-M0 —

Port Info: Preemption through NMI

Platform: STM32F072xB Entry Level Medium Density devices
Board: NanoVNA

Build time: Aug 2 2019 - 16:40:01

ch> data

-1.123727679 -0.077697709
-1.049401521 0.000369531
—1.051908493 0.000793278
-1.050615429 -0.000664697
-1.047242760 -0.000547744
-1.046640872 -0.000948438
-1.044593691 -0.000594047
-1.042493224 -0.000293397
-1.039987206 -0.001018553
-1.036368250 -0.001330488
-1.033150911 -0.0009567677
-1.028973817 -0.001051925
-1.024846434 -0.001264760 =

(b) [data]

Fig. 9: PuTTy's [frequencies] and [data] console window
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In order to take the data to
our computer we select from
NanoVNA the following com-
mands

7. MENU — STIMULUS — PAUSE
SWEEP — BACK — CLOSE

and then through PuTTy with
the [data] command we trans-
fer the measurement to our
screen. After that we execute
once more the above 7. com-
mands in order to start again
the sweep. The next load is
connected and the correspond-
ing standard is selected from
CALIBRATE: [OPEN-SHORT-LOAD]
for one-port measurements and
[ISOLN-TRHU] if we want to
continue with two-port mea-
surements. When this series
is finished we select

8. MENU —» CAL — CALIBRATE -
DONE and BACK

The so-called "ERRORS" D, R,
S, T, X are shown in the dis-
play of NanoVNA accordingly.
We are now able to save this
calibration set by selecting

9. MENU — RECALL/SAVE —
SAVE — SAVE 3

and C3 will be written on the

tion is a toggle key and
needs extra attention. The
term "correction" refers to

whether or not the calibra-
tion will be taking into ac-
count. Without '"correction"
what we get is what NanoVNA
measured while with "correc-
tion" we get the reflection
coefficient of the DUT after
calibration.

Application

The DUT we used for the
initial measurements with our
NanoVNA was our standard 50-
Ohm box as we mentioned al-
ready above. It is a DUT that
we use almost from the begin-
ning of our work with VNA
measurements back on 1990
decade. So 1its behavior is
known and stable all these
years and with different
VNAs, a fact that ensures to
a great extent the reliabil-
ity of the results we will
get. All the results will be
presented in comparison with
the results of our LabVNA.

Two different ways regard-
ing the used calibration
standards and the measurement
reference plane were applied
with almost the same final
result. The first attempt was

display. After that the un- carried out using the SMA
known DUT can be measured. calibration standards that
wWith the option came with the NanoVNA, di-
rectly on the NanoVNA Si11
10. MENU — CAL — CORRECTION port. The mismatch of the
we can see the result with and connectors between the test
X . ort SMA-female and the
without [CORRECTION]. This op- port, !
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DUT,
the

type N-male, resulted in
use of an intermediate
adapter SMA-male to Type-N-
female. The frequency range
was 0.05 - 900 MHz in sweep
mode, as already mentioned
above. The reflection coeffi-
cient p is shown in Fig. 10
in the complex plane while
the 1impedance in real and
imaginary part in Fig. 11. As
it is obvious there is a sig-
nificant difference with the
corresponding measurements of
our LabVNA.

This difference is almost
eliminated when we remove
mathematically the influence
of the intermediate adapter
by considering a 3.1 cm seg-
ment of a transmission 1line
with 50 Q characteristic im-
pedance. The results are
shown in Fig. 12 and Fig. 183.

At the second attempt we
tried to keep, as much as
possible, the same conditions
as for the measurement with
our LabVNA. That is, we used
exactly the same Type-N male

SLO calibration standards,
and the same reference plane
for the measurements. Un-

avoidable this required the
use of an SMA male to Type-N
female adapter at the test
port of NanoVNA, which how-
ever will not have any effect
to the result after calibra-
tion. Fig. 14 shows the re-
flection coefficient and Fig.

FRIDAY 31 MAY 2024
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15 the impedance in real and
imaginary part.

In order to justify that
the results for p and Z of
Fig. 14 and Fig. 15 are the
same with those displayed di-
rectly on NanoVNA's screen
Fig. 16 and Fig. 17 shows a
comparison for the frequency
range 0.05 - 900 MHz between
three results:

a) the results of (6) and (7)
for what we get with the
[data] command through PuTTy,
in red color,

b) the result of NanoVNA it-
self with [CORRECTION] en-
abled and the command [data
0], in blue color. The label
"w/-c" 1is wused to indicate
"with correction", which ac-
tually means that the inter-
nal relations have been used,

c) the results of (6) and (7)
for what we get with [data 0]

when [CORRECTION] is dis-
abled, in green color. The
label "w/o0-c" means "without
correction".

It is obvious that these
results are almost the same,
and the slight difference be-
tween them could be attrib-
uted to the fact that NanoVNA
continuously measures while
different options from its
menu are selected.
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0.2 T T T T T T
ss | abVNA
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-0.2 ] —]
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i 900 oS |
1289 ‘., PO,
Brvneatt 0000
0.4 ‘..“ ®oss @0 ot® oee® ]
—O . 6 L | | | I |
-0.4 -0.2 0 0.2 0.4

Si1

Fig. 10: S11 - SMA standards - intermediate adapter
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Fig. 11: Impedance - SMA standards - intermediate adapter
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O . 2 I | 1 T I T
| s LabVNA |
ss NanoVNA FIMHz]
s 0 2 \‘
11 les
;5
| o~ ]
1289 K
L 900
0.4} N T —
—O . 6 | | ] | I |
-0.4 -0.2 0] 0.2 0.4

S

Fig. 12: S11 - SMA standards - intermediate adapter removed
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Fig. 13: Impedance-SMA standards-intermediate adapter removed
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Fig. 14: S11 - Type-N standards
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Fig. 15: Impedance - Type-N standards
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0.1 I 1 ___l_ 1 I 1 I I
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In order to implement our
method of Complex Differen-
tial Error Regions, DERs, and
their corresponding Differen-
tial Error 1Intervals, DEIs,
in polar and rectangular form
for the uncertainty estima-
tion of NanoVNA one-port mea-
surements [15] - [17] and since
there was no information for
its accuracy, we decided to
assume a rather arbitrary er-
ror margin for 1its measure-
ments. So, we considered a
+0.001 in accuracy on magni-
tude and +0.01 of degree on
phase for all NanoVNA mea-
surements. With these inaccu-
racies we evaluated the DERs
and DEIs for NanoVNA measure-
ments.

Tab. 1 contains the stan-
dard loads uncertainties that
were adopted for the pre-
sented results based on avail-
able manufacturer's data [18],
[19].

Tab. 1: Standard Loads

Uncertainty
S, 0 L
-0.01, 0 +2° 0.029
Fig. 18 shows the polar

DEIs of the reflection coef-
ficient magnitude and phase.
There is a region in low fre-
quencies where the near zero
value of p magnitude result a
rather large, mathematically
unavoidable, interval for its
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phase wuncertainty. Fig. 19
shows the rectangular DEIs
for real and imaginary parts
of impedance Z. In both fig-
ures the results are compared
with those for LabVNA mea-
surements. As it was expected
they are almost coincide.
Since the calibration stan-
dards were the same the only
difference is due to the as-
sumed measurement inaccuracy,
which for LabVNA was #1 digit
in LSD for magnitude and pha-
se as in [4]. [5] and [18].

For a direct comparison
between DERs of the two in-
struments we found eight (8)
frequencies with a difference
lower than 0.05 MHz. In Tab.
2 the polar DEIs for magni-
tude and phase of p is given
to those frequencies rounded
to two decimal digits, and
Fig. 20 shows the comparison
for p-DERs with the solid
lines to represent NanoVNA
DERs (down and 1left axes)
while the dashed 1lines to
correspond to LabVNA DERs (up
and right axes).

The output of NanoVNA for
D, M, R (Directivity, source
Match and Reflection tracking
error) with the commands:
data 2, data 3 and data 4 re-
spectively, is shown in Fig.
21 in comparison with the
same quantities resulted from
the SLO measurements. The
slight difference in M has no
effect on p as shown in the
last frame. Finally, Fig. 22
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contains D, M, R for both
systems. Obviously, there is
a great difference. But since

these are only intermediate
quantities, as we already for
the first time presented abo-
ve, directly dependent on the
measured values of standard

loads, the result for p 1is
not affected, most likely due
to the special properties of
the applied bi-linear - Moe-
bius transformation of the ca-
libration technique, that is
a matter which needs further
discuss in a future work.

Tab. 2: Reflection coefficient polar DEIs

f [MHz] NanoVNA LabVNA
-, p, + -.03, .03 .03
54
-, Zp°,+ 0, 76.43, 360 0, 75.53, 360
-, p, + .03, .08, .03
171
-, Zp°,+ 24., 58.03, 24. 25.41, 57.45, 25.45
-, p, *+ .03, .13, .03
288
-, Zp°,+ |15.22, 38.40, 15.22|15.51, 38.12, 15.53
-, p, + .03, .18, .03
405
-, Zp°,+ |11.28, 18.96, 11.24 |12.84, 18.35, 12.85
-, p, + .03, .23,.03
522
-, Zp°,+ 9.36, -2.23, 9.34 |10.80, -1.58, 10.78
-, p, + .03, .27, .03 .04, .28, .03
639
-, Zp°,+ 8.34, -21.96, 8.33 |8.36, -21.58, 8.37
-, p, + .03, .31, .03 .04, .32, .04
756
-, Zp°,+ | 7.75, -42.69, 7.78 | 9.07, -41.69, 9.07
-, p, + .04, .36, .04
873
-, Zp°,+ | 7.37, -59.67, 7.41 |7.76, -60.71, 7.80
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Conclusion
A first attempt of Anten-
nas Research Group to use

NanoVNA for one-port measure-
ments was presented here. A
verification of the used re-
lations in 1its source code
was carried out, showing the
completely agreement to the
model used in a common Lab-
VNA. A few tests have been
made in order to prove the
consistency of this instru-
ment, all with good results:
measurements with different
standard loads, different re-
ference plane, comparison of
directly output results with
those produced after manage
processing on raw data.

Some remarks that need fur-
ther investigation are:

a) the clear difference on

YANNOPOULOU, P.E. ZIMOURTOPOULOS

b) the lack of any speci-
fication regarding the uncer-
tainty of the given SMA loads
and the measurement accuracy
of NanoVNA itself, in order
to make an adequate estima-
tion of the final uncertainty
for p or Z of the DUT.

Here we have 1limited our-
selves to the demonstration
of the actual facts. NanoVNA
though small in size, appears
to has nothing 1less than a
LabVNA, at least for a pas-
sive load. The very good, al-
most absolute, agreement be-
tween NanoVNA and LabVNA mea-
surement results for reflec-
tion coefficient and imped-
ance of our standard closed
passive DUT, the 50-0Ohm box,
is undeniable. A detailed in-
terpretation of this finding

intermediate D, M, R quanti- ; .
ties and q will be presented in a future
paper.
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A faded synthesis of an anthemion rooted in a meandros

The thirteen-leaf is a symbol for a life tree leaf.
"Herakles and Kerberos", ca. 530-500 BC,

by Paseas, the Kerberos Painter,

Museum of Fine Arts, Boston.

www.mfa.org/collections/object/plate-153852

The simple meandros is a symbol for eternal immortality.
"Warrior with a phiale", ca. 480—460 BC,

by Berliner Maler,

Museo Archeologico Regionale "Antonio Salinas" di Palermo.

commons.wikimedia.org/wiki/
File:Warrior_MAR_Palermo_NI2134.jpg
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