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TELECOMMUNICATIONS ENGINEERING MÉTROLOGIE

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 line 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-Ohm 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
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
small, easy to use, available
at an affordable price for the

interested users, but also as
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-
ware and software platform in
2016, a lot have been written
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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 is 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 50Ω ±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

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

Fig. 1: Full one-port Error
Model

ρ =
m – D

M(m – D) + R
(1)

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  loads  without
substitution of their values
with -1, 0, 1, the ρ-mini ex-
pression.  The  whole  process
of extraction and justifica-
tion of  ρ-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

FUNKTECHNIKPLUS # JOURNAL v1—8 ISSUE 34 — YEAR 11
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values but only their trans-
formation  through  the  soft-
ware  in  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,  keeping  only
what concerned the operation
of  NanoVNA itself. Thus, we
used the simplest way to col-
lect  all  the  measured  data
through the communication pro-

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

Working Formulas
a. NanoVNA ρ 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
publicly  available  NanoVNA
source code [1]:

ρ = ρr + i ρi =
(mr + i mi) – (Dr + i Di )

(Rr + i Ri) + (Mr + i Mi)[(mr + i mi) – (Dr + i Di )]
=

=
(mr – Dr) + i(mi – Di)

[Rr + Mr(mr – Dr) – Mi (mi− Di)] + i[Ri + Mr(mi – Di) – Mi(mr – Dr)]
=

=
x + i y
z + i w

=
(x + i y)(z – i w)

z2 + w2
=
x z + y w

z2 + w2
+ i

z y – x w

z2 + w2
(2)

And the corespondence is:

s11ar = ρr =
x z + y w

z2 + w2
,     s11ai = ρi =

z y – x w

z2 + w2
(3)

with

x = mr – Dr = meas(0)–ED(0) = s11mr (4a)

y = mi – Di = meas(1) – ED(1) = s11mi (4b)

z = Rr + Mr (mr – Dr) – Mi(mi – Di) = Rr + mr Mr – mi Mi – Mr Dr + Mi Di =

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

= err (4c)
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w = Ri + Mr (mi – Di ) + Mi (mr – Dr) = Ri + mr Mi + mi Mr – Mi Dr – Mr Di =

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

= eri (4d)

Where  the  subscripts  r,  i
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 s11m 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 s11mr = measured[0][i]
[0] - cal_data[ETERM_ED][i][0]

where [i] counts the number
of frequencies.

b. ρ-mini expression
After  that,  and  looking

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, c, A, B, C with the s, l,
o,  S,  L,  O  respectively,
small  letters  for  measure-
ments and capital letters for
the standard loads. Thus, we

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
ρ. Then, by substituting the
nominal  values  of  S,  L,  O
standards, as, -1, 0, 1 re-
spectively,  the  absolutely
simplest expression is taken
in (6) which was defined by
us ″ρ-mini″. 

For  clarification  and
since  the  commonly  used  in
bibliography  symbol  for  re-
flection  coefficient  is  the
Hellenic capital letter Γ, 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 ρ and
g to m, therefore G-mini is
called ρ-mini (rho-mini).

FUNKTECHNIKPLUS # JOURNAL v1—10 ISSUE 34 — YEAR 11
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ρ =
S(L – O)(ms + lo) + L(O – S)(ml + os) + O(S – L)(mo + sl)
(L – O)(ms + lo) + (O – S)(ml + os) + (S – L)(mo + sl)

(5)

ρ =
(m – l)(o – s)

(m – o)(s – l) – (m – s)(l – o)
(6)

Two programs were written
by us to justify both numeri-
cal and symbolic the validity
of relation (6), as /F/L/O/
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  ρ  and Z, with Z
to be given from 

Ζ = Ζ0
1 + ρ
1 – ρ

(7)

where Ζ0 stands for the char-

acteristic  impedance  [9].  A
screen capture of this appli-
cation  with  the  comparison
for both real and imaginary
parts of ρ as Gr, Gi and Ζ as
R, X respectively, is 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  is  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, c to their measurements.
Substituting A, B, C with S,
L, O and then with their well
known values -1, 0, 1 and a,
b, c with s, l, 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.
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Fig. 2: Comparing values of ρ and Z

m = S11 +
S12S21 ρ

1− S22 ρ
 (8a)

a = S11 +
S12S21 A

1− S22 A
 (8b)

b = S11 +
S12S21 B

1− S22 B
 (8c)

c = S11 +
S12S21 C

1− S22 C
 (8d)

Fig. 3: General one-port
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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 ρ-
mini  was  an  adequate  well

formed  expression  for  one-
port measurements.

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

ρ[ (L – O)(ms + lo) + (O – S)(ml + os) + (S – L)(mo + sl)] =

= S(L – O)(ms + lo) + L(O – S)(ml + os) + O(S – L)(mo + sl) ⇒

⇒ ρ { [ S(L – O)s + L(O – S)l + O(S – L)o ] m +

+ [ S(L – O)lo + L(O – S)os + O(S – L)sl ] } =

= [ (L – O)s + (O – S)l + (S – L)o ] m +

+ [ S(L – O)lo + L(O – S)os + O(S – L)sl ]

(9)

and if we consider that

P := [ S(L – O)s + L(O – S)l + O(S – L)o ] (10a)

Q := [ S(L – O)lo + L(O – S)os + O(S – L)sl ] (10b)

T := [ (L – O)s + (O – S)l + (S – L)o ] (10c)

U := [ S(L – O)lo + L(O – S)os + O(S – L)sl ] (10d)

then (5) can be written as
ρ =

T m+ U
P m + Q

(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 Z,
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  in
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

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, is really pre-
sent, as in Fig. 7(b). A sec-
ond blue led 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 PuTTY 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(i)
opens and there we selected
the  option  [Serial]  and  in
[Serial line] 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(k).
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Fig. 5: Setup the connection of NanoVNA with USB portable
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Fig. 6: COM Port for NanoVNA in Device Manager of Windows
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(a)

(b)

Fig. 7: COM Port Enabled in Computer Manager of Windows
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(a)

(b)

(c)
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(d)

(e)
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(f)

(g)
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(h)

(i)
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(j)

(k)
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(l)

Fig. 8: PuTTy installation 12 steps

The [info] command was ex-
ecuted  -Fig.  8(k)-  and  the
communication line 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(l) 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
its measurement. Then, a good

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

We  decided  to  use  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
name clearly showing the let-
ter f 
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[data]  to  get  the  101  mea-
surements at these 101 fre-
quencies, 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 l,

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,  in
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  in  (a),
where the frequency is given

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  is  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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(a) [frequencies]

(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
display. After that the un-
known  DUT  can  be  measured.
With the option 

10. MENU  CAL  CORRECTION

we can see the result with and
without [CORRECTION]. This op-

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  its  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
carried  out  using  the  SMA
calibration  standards  that
came  with  the  NanoVNA,  di-
rectly  on  the  NanoVNA  S11
port.  The  mismatch  of  the
connectors  between  the test
port,  SMA-female,  and  the
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DUT, type N-male, resulted in
the  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  ρ  is shown in Fig. 10
in  the  complex  plane  while
the  impedance  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 line
with 50  Ω  characteristic im-
pedance.  The  results  are
shown in Fig. 12 and Fig. 13.

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.

15 the impedance in real and
imaginary part. 

In order to justify that
the results for ρ 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"  is  used  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/o-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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Fig. 10: S11 - SMA standards - intermediate adapter

Fig. 11: Impedance - SMA standards - intermediate adapter
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Fig. 12: S11 - SMA standards - intermediate adapter removed

Fig. 13: Impedance-SMA standards-intermediate adapter removed
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Fig. 14: S11 - Type-N standards

Fig. 15: Impedance - Type-N standards
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Fig. 16: S11 NanoVNA - Comparison

Fig. 17: NanoVNA Impedance - Comparison
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In order to implement our
method  of  Complex Differen-
tial Error Regions, DERs, and
their corresponding Differen-
tial  Error  Intervals,  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 its 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, O 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 ρ magnitude result a
rather  large,  mathematically
unavoidable, interval for its

phase  uncertainty.  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 ρ is given
to those frequencies rounded
to  two  decimal  digits,  and
Fig. 20 shows the comparison
for  ρ-DERs  with  the  solid
lines  to  represent  NanoVNA
DERs  (down  and  left  axes)
while  the  dashed  lines  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  ρ 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  ρ  is
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

54
–, ρ, + -.03, .03 .03

–, ∠ρ°,+ 0, 76.43, 360 0, 75.53, 360

171
–, ρ, + .03, .08, .03

–, ∠ρ°,+ 24., 58.03, 24. 25.41, 57.45, 25.45

288
–, ρ, + .03, .13, .03

–, ∠ρ°,+ 15.22, 38.40, 15.22 15.51, 38.12, 15.53

405
–, ρ, + .03, .18, .03

–, ∠ρ°,+ 11.28, 18.96, 11.24 12.84, 18.35, 12.85

522
–, ρ, + .03, .23,.03

–, ∠ρ°,+ 9.36, –2.23, 9.34 10.80, –1.58, 10.78

639
–, ρ, + .03, .27, .03 .04, .28, .03

–, ∠ρ°,+ 8.34, –21.96, 8.33 8.36, –21.58, 8.37

756
–, ρ, + .03, .31, .03 .04, .32, .04

–, ∠ρ°,+ 7.75, –42.69, 7.78 9.07, –41.69, 9.07

873
–, ρ, + .04, .36, .04

–, ∠ρ°,+ 7.37, –59.67, 7.41 7.76, –60.71, 7.80
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Fig. 18: Reflection coefficient polar DEIs

Fig. 19: Impedance rectangular DEIs
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Fig. 20: ρ-DERs comparison

   

   

Fig. 21: DMR and ρ comparison
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(a) LabVNA

(b) NanoVNA

Fig. 22: D, M, R for both LabVNA and NanonVNA
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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  its  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
intermediate D, M, R quanti-
ties and 

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 ρ or Z of the DUT. 

Here we have limited our-
selves  to  the  demonstration
of the actual facts. NanoVNA
though small in size, appears
to  has  nothing  less  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-Ohm box,
is undeniable. A detailed in-
terpretation of this finding
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.
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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.
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