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Preface

It all started in Japan in 2016 when Tomohiro Takahashi (a ka. edy555) created
the open sounce NanoVNA profect on GitHub. In early 2019 Hugen In China completed
the device with significan! improvements, changed the name o NanoVNA-H and star
mass preducing. Other Chinese manufaciurers soon siaried producing and selling
clones.

And then everyeone started talking about NanoVINA. It can measure this and that,
low price €1t ._'so | declded to order one from China. When # finally arrived, | faced the
prabiem like everyone else - the lack of any instructions. There i a huge amour! of
information about Veclor Network Analyzers on the intemet, but very littie for absolute
beginner. A greal help'in my search were the links from the Wiki page of the nanovna-
users group htips//groups io/gfnanovna-usersiwiki so | stared reading and laking
notes. This guide is created from these notes.

The goal of this guide i5 10 get us Tamiliar with NanoVNA so we could use it 1o
leam about rAadio engineering. There are many good mstructions for NanoVNA on the
nanovna-users group Wiki page See the excellent NanoVNA User Guide edited by
Lary Rothman - file NanoVNA-User-Guide-English-reformat-Jan-15-20 pdf.  This
Beginners Guide is not a2 substitute for already great instructions, but a supplement for
us complete beginners: '
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NanoVNA HARDWARE VERSIONS

There are several versions and clones of NanoVNA although they are all hased
on the same open souice NanoVNA project created by edy555. The anginal Nano VNA
was not properly cased, but was supplied as a "sandwich board”. Even today, you can
buy clones without a case (Fig, 1).

@) Difterent hardware versions of NanoVNA use different firmware.

Figure 1
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Hugen's improved models, the
NanoVNA-H 28" and NanoWVNA-H4 47,
come in a proper piastic case. We call
Hugen's: models "classic™ models (Fig.
2, 3and4),

Figure 2



NanoVNA-H

2.8" display

“classic model” by Hugen
(Fig. 3)

Hanavaa |

Figure 3
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|_|_ 2ol Nano\VNA-H4
V| 4" display
' upto 15 GHz
“chassic model"
by Hugen
(Fig. 4).

L \'“‘""t""«'r*}i '

srew praaan sen ms  NOROYNA

Figure 4

NanoVNA-F in an aluminum box
4 3-inch display

manufactured by BHSHNU

{Fig. 3).
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NanoVMA V2 with push bations (3-A-A-2)
by OwoComm

V2 Plus V2.3

2 8" dispiay

50 kHz — 3 GHz

(Fig. &),

Figure &

NanoWMA V2 with push butlons (S-A-A-2)
by OwOComm

V2 Plus4 V2 4

4" display

metal box

frequency range extended fo 4 GHz

(Fig. 7).

Figure T

NanoVNA V2 SAA-3N with N canneciors 4"
display

metal box

50 kHz — 3 GHz

(Fig. 8),

Figure 8



OVERVIEW

Depending on where you purchased it, the NanoVNA comes with calibration set
(3 pcs - open, shorl, load), two SMA mate to male cables, USB C fo USB-2 cable, SMA
female-female adapter, guiiar pick to operate the menu system and. if you are lucky,
you have got prinied NanoVNA Menu Structure Map. Olherwise, you can downigad this
map from the nanowia-users group files section. Folder " Miscellaneous”, ile: nanoViNA
Menu Siructure vi1 1.pdf by Lamy Goga,
hitps faroups lo/ginanovia-usersfilesiMiscellansous

There are several versions of NanoVNA but the main paris on all are the same
(Fig. 9} The screenshots in this document were taken from the classic NanoVNA-H.
You may have another NanoVMNA madel and / or have different firmware installed, so
the screenshols on your NanoVNA may be slightly different, but in principie there is no
difference.

= e

Battery LED|  SystemLED|  [Multifunction switch

Figure @

Power OFF/ON swilch turns the NanoVNA on and off. After switching off the batiery
LED stays cn for a while. It's nermal.

USB-C port is used o charge the battery and send data to a PC. It doesn't matter how
the USB cable is insered:

The multifunction switch has multiple functions, such as selecting and executing
commands and moving markers. '

- press the multifunction switch to open the menu or to execute the selected menu
command



- slide the multifunction switch to fhe right or lefi to select 2 command from ihe
ment

- slide the multifunction switch to the right or lefl to move selecied marker along
the trace on e screen

Battery LED - consiant light is an indication of a charged battery. It flashes when the
battery is charging.  During normal operation, flashing indicates low power - connect the
chamer to charge the battery

System LED fiashes dunng nomal NancVNA operation

PUSHBUTTON SWITCHES
LEFT - MIDDLE - RIGHT

Figure 10

Instead of a multifunction swilch, some versions of NanoWNA Have three mini
push button switches that perform the same function as the multifunction switch (Fig. 10
— push buttons on NanoVNA S-A-A V2 model) The middie button opens a menu or
exacutes a selected command from the menw The left and right buttons are used 1o
selecl a command from the menu or to move the selected marker along Lthe trace.

CHARGING THE BATTERY

The first thing to do 15 charge the battery by connecting the-USB-C port of the
NanoVNA to a2 PC or via 3 3V charger. It doesn't matier how the USE cabie |s inserted
mio the USE-C port Batiery LED Is an Indication of baftery charge The LED flashes
when the batiery Is chaming A-steady ight is an indication of a charged batiery

When charging the battery, the NanoVNA can be tumed off or on.



TOUCH SCREEN CALIBRATION

We control the NanoVNA by selecting a command from the menu. The menu can
be opened by lapping (pressing with a stylus) the touch screen or with the multifunction
swilch. For proper operation, the touch screen should be calibrated and the calibration
should be stored in the NanoVNA memory

The touch screen is of resistive technolegy and needs the night amount of stylus
pressuie o work property

1. Select CONFIG from the NanoViNA menu

W SR LI =

= (e R
= NPT ToPLEy

As the touch screen 15 not yet calibrateg,
press the muitifunction switch. This will
open the menu as In Figure 11

UM R

Slide the muifunction swiich to the right
several times o highlight the CONFIG
RECTLL menu opfion

Now press the multifunction switch to
exetule the selected CONFIG
command This will open the submenu
as In Figurs 12

Figure 11

2 Open the TOUCH CAL command from the new menu

L e e = Lk "h‘.‘il 1‘I| Toory R

TMER TEET
Siide muiiifunction swiich to the lef
several times to highlight the TOUCH
CAL menu option. Now, press the
multifunction swilch 1o exscule ihe
selecied command.

i ekl

= HRCH

Figure 12



3. On the new screen, touch the upper left corner of the screen with the stylus (Fig. 13)

SoO0W UREEDE LEFT

Figurs 13

4 MNow touch the lower right comer of the screen with the stylus (Fig 14)

TOUCH LoWEs KEuit

Flgurs 14

SAVE screen calibration (Fig. 13)
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Sihde multifunction switch to the nght to
mighlight the SAVE menu option, and
then press the multifunction switch to
execute the SAVE command.

rigure 15



After callbration, we £an open the menu by tapping the stylus or 2 gultar pick
anywhere on the NanoVNA screen or by pressing the mulfifunction switch

'—“‘_-_._‘J."-.-—l

To verify the accuracy of the touch
screen calibration, selecl CONFIG -
TOUCH TEST Draw on the screen
with 1he stylus. The touch screen is.of
resistive technology and nesds the
right amount of stylus pressure to work
property. IT necessary, repeat the touch
=¢reen calibration

Figurs 16

A BRIEF THEORY OF THE VNA

Veclor Network Analyzer, VNAL 5 an instrument thal measures network
parameters of electrical networks, such as antenna or anlenna system, fillers, individual
components, elc. The WYNA sends a known signal (an electromagnetic wave of known
magnitude and frequency) into a device under lesl DUT, and measures how much of
that wave reflects from the device (reflection) and how much transmils through the
device (lransmission), The VNA capiures boih magnitude and phase of reflecied wave
from the DUT or magnitude and phase of the wave thatl has passed threugh the DUT.

When measurmg one porl devices, such as an anienna or individual
components. the YNA transmils a signal of known magnitude and frequency from it's
Fort 1 into the DUT and measures magnilude and phase of the reflected signal from the
DUT on the same port, VNA Por 1.

When measunng two ports devices. eg. filters, the WNA transmiis a signal of
known magnitude and frequency from it's Port 1 into the DUT and measures the
magnitude and phase of the signal passed through the DUT to the VINA other port. Port
2

All other "measurements” are calculated in the VNA based on measurements of
the magnitude and phase of the reflected and transient signal

(That's a very ssmplistic expianation but enough to get us started)



HOW DOES NanoVNA DISPLAY MEASUREMENT RESULTS?

The NanoVNA draws the measurement resull on ihe screen as a graph (trace) of
the measured quantity versus frequency and / ar an the Smith Chart

The frace that NanoVNA draws on the screen s similar o the graph that we
could draw by hand on'a piece of paper. Take SWR measurement as an exampie. How
do we do thal by hand? With tRnsmitter and SWR meter! We measure the SWR al
regular poinis, eq at every 20 kHz in the frequency range of interest, enter the
measured values into the coordinate sysiem and finally connect all data poinis to get 3
graph: In Figurs 17 SWR was measured in the frequency range from 3500 to 2800 kHz,
in regular frequency intervals of 20 kHz

ikt A picture s worth a
\ thousand words! On  the
- drawn graph, we sse the
Wi | i mufﬁm i SWR of our antennia on the
<l whole band al first glance
For example, ¥ we are
[l¥ interested in. SWR at a
ViR frequency of 3580 kHz, we
: draw a vertical line from the
: 3580 kHz iabel on the x-axis
to the graph. From this point
_ , of intersection, we draw 3
L : ) b= horizontal ine to the y-axs
I and read the SWR from the
y-aXis.

Fing T

The above procedwre took us some
time. NanoWNA can produce a similar
graph (a trace in the VNA jargen) on the
screen in a second (Fig. 18) In the
ManoVMA we set up the frequency
span, choose which trace we want to
see on the screen and connect the
antenna. The rest is NanoVNA's job

FigutE 18



However, there s an Important difference between our graph on paper and ihe
display en the NanoVNA screen. There are no X and y axes on he NanoVNA screen as
on fhe graph. Inslead of the x and y ades, the screen is divided by horizontal and
vertical lines, and fhere is a marker thal we can move aiong ine trace The marker
position on the. trace Indicates he frequency and SWR and reveal these values
numernically atthe 1op of the screen (Fig. 18 and 19},

Figure 19

Horizontal and vertical lines are a kind of substitute for the x and y axes. The
vertical lines automatically scale the set frequency span to equal paris 325 we see at the
notiom of the screen (Figure 20). Horizontal lines scale unit of measurement. We sel
the scale of the unit as most appropriate with regard 1o the type of measurement

Figure 20

NanoVMNA can dispiay up to four fraces or three traces plus a Smith Chart
simultaneously Each trace has its own marker that we can move along the trace. By
moving the marker {changing markei's position) we select the frequency of interest

The numencal values comesponding to the active marker of each trace are
displayed at the lop of the screen (Fig 12) Depending on the installed firmware, the
active channel is highlighted or marked with a triangie

Current numerical value is measured value at-a marker posifion M1 |1 e, at 3741
MHz (Fig 21). It is shown as CHANNEL - FORMAT - SCALE - Current value

CHO SWE 1.68) 1.:

cHANNEL| |FORMAT | o oaiE

Current value |
Figure 21



CHANNEL - the channel from which the measurement was taken (CHO or CH1)

FORMAT - measurement type (SWR, PHASE, SMITH, RESISTANCE, et¢ )

SCALE - number of units of measure per division (between each homnzonial ine en
the screen)

Current value - measured value al ine selected frequenty

B SUE 1607 15787 | CHG R &8.65 38.9820 |
CHE2T 2007 6204 ML 3741 009 MHz

TRACE STATUS
CHANNEL = CHO
FORMAT = SWR
SCALE=1
VALUE =1.3707

REFERENCE
POSITION

SWEEP FREQUENCY
START = 3.000 000 MHz
STOP = 4,300 900 MHz

Figure 22

As we can see in the example from Figure 22 there are three traces of different
colors with a8 marker on each trace The marker M1 is on position of 3.741 MHz. The
yellow trace is measurements from the CHO channel and shows the SWR on a scale of
1.00. The SWR valug 15 1. 1.3707. The blue trace iIs resistance (iaken from CHO on a
scale of 20 ohms per vertical division and current value of 38.932 ohms), and the oreen
trace is reactance (taken from CHO on a scale of 20 ohms per verticall division and
current value of 86204 ohms)

Trace REFERENCE POSITION indicates the reference position of the
comespending trace. It is henzontal gnd line. The bottom line 1s ine-number 0, and the
1op line is line number 8. The reference position of the corresponding race is indicated
by a tnangle along the left:edge of the screen (Fig 22).



FREQUENCY SWEEP RANGE

VERY IMFORTANT Il

NanoVNA does not generate frequencies continuously butin 101
DISCRETE FREQUENCY STEFS in the selected frequency range.

Whenever we work with the NanoVNA, we, the users, have 1o sei the frequency
range in which NanoVNA measures. So for example, 7 we sel ihe frequency range from
410 30 MHz, NanoVNA will generate a signal in increments of about 267 kHz (27000
kHz/101 steps) In other words. it measures at every 267 kHz. which is not accurate
enougn.

To improve the accuracy of the measuremeant, we need 1o namow the frequency

range and thus get a lot more dala points. This I5 not a serious limilation, especially If
we carefully choose the frequency span in which we measure.

NanoVNA's PORTS

NanoVNA has two parts fabeled: CHO (Port 1) and CH1 (Port 2) (Fig. 23),

On CHO NanoVNA measures he reflected signals from the DUT (e g. anienna)
On CH1 NanoVNA measures ihe signals hat have passed through the DUT {e.qg. fitter),

(LU

Figure-23



NanoVNA MENU SYSTEM

There are no buttons and knobs on the NanoVNA. Instead, we use a menu
system 1o msue the command. IT you did not get printed NanoVNA Meny Structure Map
with your dewvice (Fig 24) you can downioad this map from the files section of the
nafovia-users group, fiins /groups. io/g nanovia- =)
usersfiles/Miscellaneous/nancVNA%G2OMenuS: Z0Siuc iure3.20v1 1 paf

NanoVNA Menu Structure Map
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Figure 24

_ Depending on the Installed firmware, this meny structure may differ slightly from
the menu en your device.



OPENING AND CLOSING MENU

15 EEIE

figures 25

We open the menu by tapping any pan
of the screen with the stylus or guitar
pick of by pressing the muitifunction
switch. This will open the home menu as
shown i Figure 25,

Close the menu by tEpping on the
screen of by sliding the muflifunction
switch to the lefi

SELECTING AND EXECUTING A MENU COMMAND

STYLUS

To selecl and/or execute a cormmand from the menu, tap the command with the
stylus. The command briefly changes the background color and is executed

MULTIFUNCTION SWITCH

bty

ATIHULLS

ALl

e

Figure 25

70 -select a command from the: open
menu, shde the multifunciion swiich to
the nght Thne selected command
changes its background color, As we
¢an see from Figure 26, the background
color of the DISPLAY command is
green, which means that DISPLAY |s the
selected command.

To execute the selected command
press the muitifunction switch,



NanoVNA MEASUREMENT CONFIGURATION

Before each measurement we need 1o configure NanoViNA Tor the type of

measurement:

- ‘which traces we want (o dispiay (up 1o four or three plus Smith Chart)

- lrace channel {CHD REFLECT or CH1 THROUGH) for each rate separaiely

- trace format (unit of measurement of each format)

- Scale (how many units of measurement per each honizantal fine, for each trace

separately)

- reference position for each trace separately
- sweep frequency (stimulus frequency range)

- calibrate the NanoVNA

SELECT THE TRACE

The order of the setling is nol imporiant excent of the calibration, The calibration must
be donelast As you will ses t5ler, the calibrabion also saves the display settings, so

vou can easily recall the whole setup.

NanoVMNA can dispiay up to four fraces or three traces plus a Smith Chart
simultaneously By choosing a trace from the TRACE menu, we select the frace(s) that

NanoVNA will display

& QAEH

Figures 27

The NanoVNA can display up to four
traces, TRACE 0, TRACE 1, TRACE 2
and TRACE 3 As Wwe can see from
Figure 27, traces number 0, 1 and 2 are
highlighted, (the background color of the
trace names is highlighted in the same
color as the color of the trace) This
indicates the traces thal NanoyWNA will
display. The background color of
TRACE 13 s white — it Is not used at the
morment



DESELECT THE TRACE

Deselect (cancel) the unwanted trace from the TRACE submenu.
Open DISPLAY | TRACE and:

WITH STYLUS
Tap on the highlighted TRACE one or two times.

WITH MULTIFUNCTION SWITCH:
Highlight the TRACE you want to deselect (slide the multifunction switch to that trace),

a) it the trace is pnot an active frace, press the multifunction swiich two times
D) if the trace is ap active trace, press the multifunction switch once.

(The active trace Is labeled with a tnangle or its channel text 1s inverted )

ACTIVE TRACE

VVe can only change the properties (e g format scale reference position and
channel) of the active trace The NanoVNA can display up to four traces, but only one is
the active trace. We can only activate selected. highlighted. traces. Depending on the
installed fimware, the active trace i labeled with a tnangle or s channel text is
inverted (Fig. 28).

To activate the trace:

WITH STYLUS: B
Tap on the highlighted TRACE once.

WITH MULTIFLINCTION SWITCH:
Slide the muitifunciion swiich to highlight menu option of the trace you want to set active
and press the mulkiifunction switch

| 1

|

Active trace

Active trace inverted
labeled ‘ channel fext
with 2 triangle

Figure 28



TRACE FORMAT

Each trace has its own format Format is a type of measurement that the trace
will display on the screen, such as SWR, Smith Chart. reaciance, resistance, sic. To sel
or change the trace format we have to activate the trace (Fig. 28).

DISPLAY | FORMAT opens the FORMAT submenu as in Figure 29 to select the
format you want.-e.g. SWR. We can use a stylus or a multifunction switch.

’ )
Fifli Spa0ma

Al
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Figure 29



TRACE CHANNEL

NanoWNA has two ports, labeted as CHO and CH1. On some models the ports
may be iabeled as Port 1 and Port 2. We need o select at which NanoWNA port (CHO or
CH1) we measure, for each trace separately.

First, activate the trace (see ACTIVE TRACE chapter). The active trace is labeled
with a triangle or inverted iext. Now, open the home menu:

WITH STYLUS - tap anywnere on the screen
WITH MULTIFLUNGTION SWITCH - press the multifunction switch

.=:-'.':-..'|'|I 1|.Ii"llllii:lll o

HRFHEDN

Open the DISPLAY menu

BTTHULAE

WITH STYLUS. tap on DISPLAY

WITH MULTIFUNCTION SWITCH:

slide the muflifunciion switch to nhighlight
COMT T the DISPLAY menu opfion and then
press fhe switch

FECALL

FEETIT

Open the CHANNEL submenu
WITH STYLUS 1ap on CHANNEL

WITH MULTIFUNCTION SWITCH:
shide the muliifunciion switch to hightight
pepuiets  the CHANNEL menu option and then
press the switch

T inrone

TTHF . B G

Figure 31
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Now, select CHO REFLECT or
CH1 THROUGH (Fig. 32)

WIiTH STYLUS tap on CHO REFLECT
or CH1 THROUGH

WiTH MULTIFUNGTION SWITCH.

slide the mulifunction switch to highlignt
ine CHC REFLECT or CH1 THROUGH

menu opfion and then press the switch

Fing T



SCALE

The ManoVMA screen s divided into 5 honzontal sections. The SCALEI/DIV
defines a number of units of measure per division (between each nonzental line on the
screen). In Figure 22 we see that the SWR 1s on a scale of 1 and the resistance; R. and
reactance, X are on a scale of 20. To set the scale per division open the SCALEIDIV
submenu: ISPLAY — SCALE -SCALEDIV

This opens the keypad screen as In Figure 33. Tap a number to enter the
numpers) you want. Finally iap on x1 0 set the scale and close the keypad screen. To
exit the keypad screen without changing anything, delete the eniry with the back key.
Vhen all characiers are de:eted, the back Kay closes the keypad screen

Figures 33

REFERENCE POSITION

The reierentce posiiion of a trace s one of the horzonta) lines on the scraen
There are 9 horizonial lines. The boitom line is line number 0, and the top ling is ling
number & The reference position of the corresponding trace is indicated by a triangle
along the left edge of the screen (Fig 22) Toe sel the reference position open the
REFERENCE POSITION submenu DISPLAY — SCALE - REFERENCE POSITION

- AT

HE Ly

In the keypad screen (Fig. 34) tap 3
number for the reference position you
want and then tap on x1 o close the
keypad screen.

EEFEREM
PEFTIEIEF

ﬁnll_';‘.:-l' 413

To exit the keypad screen without
changing anything, delete the entry with
the back key. When all characlers are
deleted, the back key closes the keypad
SCIeen.

HEFPEE

Figure 34



STIMULUS FREQUENCY

Stimulus frequency is the frequency range-at which we measure, from the initial
1o the final frequency. We can set the frequency range by setting the START and the
STOP frequency separately.

To setihe START frequency, open STIMULUS | START

This opens a keypad screen similar to
thase for a reference position or scale
(Fig. 35).

Figure 15

Nole lhe letters G, M and K on stimulus frequency keyboard screen

G=GHz, M=MHz k= kHz Each ietter muliiplies the cument input by the appropriale
unit and terminates input immediately, For example, for 3.5 MHz, 3p 3 . 5 and then
tap the ietier M. This mufiiplies the cument input by Megaheriz unii and terminates input.

For frequency in Heriz_enter the value and tap x1

To set the STOP freguency. open STIMULUS | STOP
The procedure is the same as for the START freguency

To exil the keypad screen without £hanging anything, delete the eniry with the
back key. When all characters are deleled, the back key closes the kevpad screen



CALIERATION

The proper NanoVNA calibration is absolutely crucial for correct
measurameant.

o For one port measurement. e.g. SWR. we only need OSL (OPEN, SHORT,
LOAD) calbration. The first three steps as descnbed below.

o For two port measurement, £g fiter, we need full calibration. All five steps as
described below.

Calibrate the NanpoVNA  with ihe
calibration standards hat came wifh fhe
device OPEN, SHORT and 50 ohm (Fig
36),

Figure 38

| use a shor fiexible cable such as the RG174 o
relleve the mechanical stress on the SMA connector
on my NanoWMNA (Fig 37) This means that the
calibration must be done at the end of that cable nol
ofn the NanDVNA

F||;_|urE IT

If you use cable as in Figure 37, connect it to the CHO of the NanoVNA. To the
other end of the cable connect the SMA female to female connector.

Before calibration we have to configure: TRACE(s} we want 1o display, TRACE
FORMAT, SCALE, REFERENCE POSITION, CHANNEL and STIMULUS frequency.



When all parameters are set (frequency, tracels), eic.), open CAL | RESET from

the hame menu

ERRL D I TE

= Gk

Figure 30

Resel the current calibration state — @3p

HEWI oy RESET (Fig. 38)

Connect OFPEN calibration standard ©
the othar end of the cable connecled o
CHO port and tap on CALIBRATE, then
tap on OPEN {Fig. 39)

After one second 8 | is highlighted in
black and SHORNE is green (selecied)

Now, connect SHORT calibration
standard and tap on SHORT (Fig. 40).
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Figure 43
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When i5 highlighted in black
and NanoVNA |5 ready Tor the next
callbration  step, connect  LOAD
callbration standard and tap on LOAD
(Fig. 41).

MNow, connect LOAD calibration standard
io CH1. If using short pigtall cable on
CH1, connect LCAD' calibration
standard to the other end of the cable
and ftap on ISOLN (Fig 42)

Connecl a cable between the CHO and
CH1 ports, and exscute THRU (Fig. 43)

If you use cables. connect the cables
with SMA female-female adapter



|
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Fing 24

The calibration must be siored in one of
the NanoVNA memornes named SAVE 0
ic SAVE 4. Select the desired memory
location and tap it In Figure 45 selected

location 15 SAVE 1.
= BACH

Figurs 45

L
—

Notice the calibration status Indicators, C1 D R § T X characlers, vertically
along the left edge of the screen (Fig 46). This indicates that the NanoVvNA
has been calibrated and is using calibration settings from a memony
location number 1

o e T

=

Figure 48

NanoWNA has five memory locations where we can save calibration setlings for
iater uyse. Note that affer swilching on, NanoVNA always joads the calibration from
memory location O

Remember, before any calibration we have 1o reset the existing calibration. After
the reset we see that the calibration Indicators have gone away (Fig. 39), Only then we
can procesd with the calibration



VERIFY THE CALIBRATION

It is wise o check that the calibration is well done. If you did not select one of the
iraces o be Smiith Chart already, lempoerarily change one trace (o Smith Chart

DISPLAY | TRACE | <aciivale the frace you chanoe = | BACK | FORMAT | SMITH

Connect the OPEN calibration standard
The marker on the Smith Chart sholld
be all the way to the right (Fig 47)

SUTHRT LR BAD TR

Figure 47

Connect the SHORT  calibration
standard. The marker on the Smith
Chart should be all the way 1o the jefl
(Fig. 43)

e B RRAL 2.
b hagn r.1l'.1.ll 19ele

Connect e S50 OHM  calibration
siandard. Tne marker shouid be 3 the
center of the Smith, Chart (Fig 49)

Figure £5



RECALL THE CALIBRATION

When you save a calibraiion, if also saves all configuraiion setiings, (frequency
range. the settings for each lrace, channel, and whch measurement the lrace shows,
.0 LOGMAG or SWR), so you can easily recall the whole setup.

To open saved calibration and configuration settings, select RECALL from the
home menu (Fig. 50) and then select the previously saved calibration

— Tl
NI =l 15t

.. -1} NUSECH iz
MRAT SHLH B R A

e e THIE |

TimEl= HECHLL &
RECHLL 3

RECALL &

e i

Figurs 50

When powered on, the Nano VNA automatically loads the calibration saved In
position RECALL ©:



NanoVNA FIRMWARE UPGRADE

The capabiiities of NancVNA are largely determined by the Installed firmware
When you bought your NanoVAN, it probably came with old firmware. There are. now
many newer firmware versions developed by independent developers with many
improvements and it is 2 good idea o upgrade the firmware. Before the upgrade, we
need to install two sofiware components Tor the personal computer: the driver and the
fimmware u de software. There are at least two different firmware upgrade software,
but only one dnver.

The firmware upgrade proceduse described below applies to the Windows 7/10 and has
been tested on NanoVNA-H 2 8" (classic model) and USE 2.0 port

Some users have reported problems when using the USE 3.0 port and have resolved
the jssue.using the USB 2.0 port

To upgrade the firmware you need:

a) USB cabie (you got it wilh your NanoyVNA)
b) install the appropriate driver for PC

) install the software for fimmware upgrade

d) the firmware file for YOUR NanoVNA model

You have a USB cable, so the next step is to insiall the driver.

THE DRIVER INSTALLATION

To communicate with 2 personal computer and upgrade the firmware, we need o
install the STM32 microcontrolier driver. The driver creates a virtual COM port through
which NanoVNA, in normal operation, communicates with the sofiware. We use the
same driver io upgrade the firmware,

There are two ways to install the driver,
a) install the driver only

b} install the driver along with the firmware Upgrade program (DfuSe DEMO -
because the driver s an imiegral par of thal saffware)



First, let's |ust install the driver, not the DfuSE DEMO sefiware.
The drver can be downloaded from the STM32 microcontrolier manufaciurer's website:

hitps Awww st comien/development-tools/sisw-stima32 102 himl

Get Software

Ry Mo & Swennl TEEcTirhon S e ey i Seippifon Uizl

= -I.-.II .-..‘I lIL:. s Ixrl”‘ € +l|l. 4 r 9 = = m

=

Figures 51

When yvou click on ' ESEISGNEE - the site will ask your e-mail address to send
you an email with 2 download link. Click on the link inside the received e-mail to
download zip file to your computer. Save the file sn.scsw-=scn32i72.2:z N3
separate Tolder and unzip it The unzipped file contains four dnvers as in the Figure 51.

I HAM & ManoVhA VCP Dehver w0 B Tpam
- Pamee ) Dty e Tl
§ engtes-#tmiZ 102 g T 13000 T3
5| readmetxt 2SN 185
WA STEW-STREITOR - ST Vistusl COM P 17, 70.20080 12074
BB VLR V150 Setup WT_x6d Blbib.exe § 123017, 2038
B vCp V130 Setup WT a3 Dbdsese 5120017 20
B VCP1, 5.0 Setup WE x84 bt e §1AmIT. =I5
E'#'EP_\"I.!.H_EHUF_WH_:M_RHHE.E 21017, MR
] verslortrt 22 M8 1 1
Figure 51

The a file contains drivers for Windows 7 and Windows 8, 32 and 64-bit.

MNanoVMNA shouid nol be connecled to a PC yell

To begin the instaliation, double-click the appropriate file, 32 or 84-bil
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Click Next .. {Fig 52)

It aliShi<ld Wizard

[:i' *

Welgome to the InalaliSbield Wieard for Virlual
Campoil Diiver '

The Tt alSEussd® Wiz ad will wiolsd Vil Tediesi Dijve
wry woy copsetlis T erinleaie elich el

Figure 52

_._again Next

...-accept default destination Tolder and click Next (Fig. 53)

IrstallShipld Wiz
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Device Driver Inztallstbrn Wizakd

Completing the Device Driver
Installation Wizard

The drvee were sweosadhaly mraalled an B compmute

Yol o fitee cahiect pour device 13 this conpldes F ol devics
came wikh mRtnactions, pleass mas ihem

vl P et

W STMiceolectroess f=n.  Fesdyip upe

. Firmsh  |._| Cante
———— 15

Figure 54
Click Finish (Fig 24)
Ifthe installafion procadure asks you for program Up{!alES, select " No, 5|'Ei|'.l this
step " and click Finish

Now. cannect the NanoVNA to a PC with a USEB ¢able and tum it on

0 On Windows 7, wail a mamen! for the driver instaliation to compiete (Fig 55),

STHicrostectronics Virtual COM Port (COM4 ] RS
wdfj Device omver soffuare ingtaled successfully

HEt |2

Figure 55

The next step is to verify the driver installation.



VERIFY THE DRIVER INSTALLATION

Depending on the mode in which NanovNA is connected fo the PC, Windows
Device Manager displays the driver differently.

When NanoVNA Is connected in nomal maode (for working with programs on a

VWhen NanoVNA is connected for a firmware upgrade (in DFLU mode) we see the
driver as ¥ S Reacein DFU Mode
NanoVNA in NORMAL MODE

Connect the NanoVNA with a USE cable 1o the PC and tum it on. Now, open the
Device Manager (Fig 56).

A Desics Menagsr L:i‘ — [ b3
Ble Acion Yien Helo
e = Bm

I Moniton ”
& Network adapters
Py i Ports {COM A LTS
§ Commiiniczticn: Pest (COMI)
@ ELTINEE Virtual Sevial Part (COMS)
B ELTIVA Virtuat Sens] Port (COME)
W ELTIVES Virtusl Serigl Port (COMT)
h ELTINAA Yttt Senia Pare (COME]

I Sonind, viddes amd garme comriilers
Sa Storage corarolles

Ex Ssferm devics

§ Universel Serial Bus controlien

Figura 56

In the Ports (COM & LPT) section you should see STMicroelectronics Virtual
COM Port (COM4), (Your COM number may be different).

Disconnect the USE cable from the NanoVMNA and the STMicroslectronics
Virtual COM Port (COM4) will ﬁlsappear Reconnect and the STMicroelectronics
Virtual COM Port ({COM4) will reappear.



NancVNA in DFU MODE

Pul NanoVNA in DFU mode as described in the "PUTTING NanoVMNA in DFU
MODE" section below. When the NanoVNA in DFU mode (ifs screen is blank) is
connected wilh the LISB cable to the PC, open the Device Manager. In Universal Serial
Bus controllers section, you should s2e STM Device in DFU Mode (Fig 57).

A Desjes Mansge — = *
Fle Action  Yiew Hnlr.'r

o (m B

@ Hetwork sdapten -
v |§i Ports (COM & LPT)
@ Communicaticns Part (COMT)
f ELTIMA Virtuwi Semal Port (COMS
B EETIMA Virtual Seriel Port (COMS;
B ETIMA Vidual Seria] Part (COMT
@ ETIMA Virtusl Serial Post (COME]
B ELTIMA Virnual Sailel Bort (COME|
= Pt guedes
O Proceson
B Seftware devices
Il Sound vidss snd gaime contiollzs
& Storege conbmlles:
B Satern denees
v § Unperal Seemi Bus controlien
¥ Etron /5B 30 eXrentible Host Controfier - 1.0 (Micr
i Genenc USB Hub
P Gensic USE Hub
v rrmeum. 8 Sriec/ TN Seres Chipres Famity USE Ent
; et Family USB Ent

Figure 57

Nate that there is no longer STMicroelectronics Virtual COM Port under Ports
(COM & LPT). This is normal because NanoVNA cannot be connected to two

connections at the same time:

If you have a waming in the Device Manager, a yellow trnangle with an
exclamation mark (Fig 58), ignore it for now. We still need to install the DfuSe firmware
upgrade software. The sofiware may also fix the driver.

§ IeiteltR) 6 Series/C200 Sevies Thipset
A 5TM Davice it DFU
¥ USE Mazs Stojage Devi

Figure 58



DfuSe Demo INSTALLATION

Diuse Demo is finnware upgrade sofiware via USB cable (Using virtual CCOM
port). Although it has a DEMO in its name, it Is fully functional sofiware Download It
from:

htps Awww st comdenidevelopmeni-toolsistsw-stm32080 himl

Get Software
Brpny Blumubasy & T = Dt
S STMS00 Gol SoMwar
Figure 59

As when you were downioading the virtual COM port driver, the site will ask your
e-mall address to send you an email with a download link. Click on the link Inside the
received e-mall to download zip file 10 your computer. Save fhe file =n. sc=w—

=tm32580 .21 In & separate folder and unzip it. After unzipping, you get the files as in
the Figure 60. '

HAM  » | DfuGe DEMID o 0y T4

& Mame [Fate rovodiied
E Euse Pemp V306 Sup.sie (1020018, 13
=] readime i 152018, 1:D8
£ SLADML e [1 2208, 04
= vesion et I152ME 23

Figure 60




Double click on DfuSe Demo V3.0 6 Sefup exe
Click Next, again Next - accept default destination Tolder and click Install (Fig. 61).

=

ﬂ DfuSe w305 - InetziiShisid Wised

Heady to Istall the Program
The wizard 14 ready o bagn rstalisten,

IF ol ‘weanl be revioss o) idhafige ey of o installsbon settingd, SocBath. Oick Cencel to

Corment Settngs:
Selue Ty
Tyl

O \Program Fles (k881 STMiaos=nonics\Softnars)|

Hame; Martn
Comparmy:

Jeni=pS e

1B DfuSe 306 - InstallShield Wz X
InstalShick! Wizard Completed |

The ratsiSheld Wieard has scresshlly rataled [ifds
¥3,0.5. Chck Fitnsh to exif the wirard,

|53 Lmanch the pragram

Finally click on Finish (Fig.62) .
i35 !
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_..and It will open DfuSe Deme (v3 0.6) (Fig 63)
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Figure 63

Note that the software does nol yet see NanoVNA (there is nothing under Avaiiable

DFU Devices).

To upgrade the firmware, we need the appropriate DFU file, which we don't have

yetl.

For now, close DfuSe by clicking Quit

Recheck the driver instaliation as described in the "VERIFY THE DRIVER

INSTALLATION" section above.

If you still have a waming (vellow tnangle with exclamation mark) see the
"TROUBLESHOOTING THE DRIVER INSTALLATION" section below.



TROUBLESHCOTING THE DRIVER INSTALLATION

The driver is included with the DfuSe software that was installed, but for some
reason the driver was nol inslalled propesty and you have o install t manually. There
are mulliple driver directonies, so you need 1o select ihe comeet one.

On my system, the cotrect directory and files are here (Fig 64)

Program Files{a36), » STMrroslectromes » Software » BfuSev30E » Bm » Dhneer » Winld

e

Slarma Dt oo Tvpe
=0 22 SR 1EES fifie folider
¥
x50 0 M AT File foiii
r . :
N, dpirist_amdbd 23010 2084 hpphcstine
o N dpmat x2S FLMM0. 2HY Appiraticn
4 o sttube AR Feconty Gareing
| STube FTAETTR-X] Seliity Infebrubcn

You may need to move to a different directory for your version of Windows
operating system.

Select the correct exe file for your system and execute it

Once the dmver I1s installed, if you close and re-start the OfuSe soffware and do
not see the device, there are three possibie reasons:

a) ManoWVNA is not connected 1o a PC with a USB cable

D) If conpected, NanoVNA is not in DFU mode

c) The dnver is-still not installed comectly. See "UPDATE DRIVER FROM DEVICE
MANAGER" section below.



UPDATE DRIVER FROM DEVICE MANAGER

if the STM Device In DFU Mode Is missing from your USB Serial Bus Controliers
Tist. or you still have yellow Triangle with exclamation mark as in Figure 65, you may iry
ta install the driver from Device Manager.

& ST Devicein OFY
8 LISH Mess Storane Dende

Figure 65
FIRST METHOD

a) connect and tum on NanoVNA

b) cpen Device Manager (right-click on “This PC" icon)

c) select Properties

d) select Device Manager

€) open Ports (COM & LPT), Fig. 66

+ 5 Hetwork adepres
v i@ Ports (COM&LET)

i Communicatians Part [COMY)

B ELTIMA Virtual Serial Port (COMS)
B ELTIMA Vimual S2ral Port (COMS)
 ELTIMA Vistual Seral Port [COMT)
i ECTINAS Vistual Sefal Port (COMED
i ELTIMAA Virtueal Seral Port [COMI)
8 USE Sesial Devite (COMS

y 055 Print sjueiss | Updse diive -.'.n;!_ |
? Processpes E'-_”'I' l;ﬂw;-ﬁ
) Softweaes dences . =
5§ Sound videoand same con Uriinstall deifice
Figure 86-

i select the appropriate COM port (Fig 686), ITyou do not know which ane, simply
tum nanoVNA ofifon to see which disappears and reappears.

g} nght-click and select Update Driver, (Fig 65)

h) select Browse my computer for driver software (Fig 67)

=2 Browse my computer for driver sgitware
Logate s matall driiver sedbwaee 1!1!4{}“1'.

Figure &7



|} find Local Disk {C:) and click on Program Files (xB8), (Fig 68)

Hrowse For Falde w

St e Toldar It cortaing drves B wur edware.

v b Local Dk (01 -
¥ HAN
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ITDHeE
MNTF
Perflogs
Hrograrm Files
Program Files 26)
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o ] o

|} click on DfuSe v3.0.6 (Fig 63)

Hrowa= For Frlder 4

“Sesert the Tolder Haal comtaing drivers e wour hafdware,

= HaSe w105 -~
W Bm
Poc
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k) click on Bin (Fig 69)



1) click on Driver (Fig 69)

Hrowss For Fnldes 4
Sedext the folder et comlaing drivess for oy fesdware.
L*] Bin -
it
- m—-ﬁr
winv
Wind
Wing.1
w Winth
uf!
3
. e v
L ¥
foicaet I a4
I
Figure 64

m) Click on Win10 (ar Win7/8 for your operating system) (Fig 70)
n) Cilick on x64 for 64-bit Windows or x86 for 32-bit

o) Click OK



SECOND METHOD

if ihe above procedure Talls, Iy fhe same procedure, but now select the driver from
C\Program Flies (x88)\ STMicroelectronics\ Software\ Virtual comport driver\ Wing
{for Win10) or Win7 (Fig 71)

Fisinse Fos Faldles o

Sy the-toider It contamn gmers B your Erdware

kASR il -
Mitre POF
; Feference Sssemblies
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Figure T1




THIRD METHOD

It is worih frying the procedure described i the first and second methods but now
with NanoVNA connecied in DFU mode.

Connect the NanoVNA with a USB cable to the PC and tum it on, Put the NanoVNA in
DFU mode (s2e *PUTTING NanoVNA IN DFU MODE" below) and open the Device

Mariager (Fig 72},

A Device Manager =
File Action  View Help
o= Hm

¢ b Seaind, video and garme controllers

+ R Sorage controller

+ B8 Sesten devices

v § Universsl Serial But cuntrollers

§ Etron USE 10 eltesulble Hout Contralier - 1.0 (Microseft)
§ Geneyic USH Hub -
§ Gerene USE Huls
§ IrteltR) 6 Series/C 200 Serics Chiprat Familly LiSE Embancad Hi
§ InteliR) B Series/C20D Serles Chipset Family USB Enhanced He
B, STM Device in DFU Mode
§ USHMaes Storage bvice
§ USH Root Hub

Figure 72

In LISB Serial Bus Controllers list ﬂghf—tﬁl:k the STM Device in DFU Mode and
proceed from g) of the first method (select Update Driver, eic ),



THE FIRMWARE UPGRADE PROCEDURE

The capabifities of NanoVNA are largely determimed by the Installed firmware
Once you gol fhe confidence to navigate e menus, upgrade fimware. Please
remember, the touch screen calibration should be done after every firmware
upgrade,

NOTE 1 | have used ts process several times on my MNanoVWNA-H 28 (classic
modeal), hardware version 2 3, but | can NOT guarantee that it will work for YOUI There
are many differeni hardware versions and clones oul there thal may behave differently
| apoiogize if-it does not work for you. Please proceed at your own niskl

A NOTE 2 You canl hurt your NanoWVNA by uploading incorrect firmmware. It just won'l
work. Simply repeat the process with the comect DFLU file

The firmware upgrade Is three-step process:
Pownloading the appropnate DFU file for your NanoVNA model

T
2. Putting NanoVMNA in DFU mode
3. Flashing the fimware

Before searching for the firmware, it would be a good idea to check which version of
the firmware you already have in your mode! of the NanoVNA

Cpen CONFIG menu, then VERSION. it will open the screen similar as on Figure 73.

HanolUHA

2016-2020 Coswrisht Gody533

Licersed undar OPL. Sest hitegi/ivi
Lonset tase plthdbcon/ L Lechanolia

Build Timet Jun™i§ 2028 - 2316182

Hernall WA
Comoileri GO 8.2.1 20

Architeclury! ARMVS-M CN
Fori Infol Fresmeiion :

Installed version

Figura 73

Among oiher information, we see the firmware version.
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How to Find a DFU File for Your NanoVNA ?

‘Gyula, HA3HZ. maintains a st and infonmations of different firmware versions on
his websiie hito /ma3hz huhuhometop-navi12-seged-berendezesel/ 1 5-nanovna

@ = G i N fonrials: Makeyou i aasier aid bok TR DFU
file formats only.

Flgure 74

Click an the highlighted text opens a PDF file with firmware informatien. When
you find which fimmaare you want and whether it its your NanoVNA model, downioad
the file from GitHub or from file section of nanovna-users group. Al you need is just one
DFU Tile.

Links to some active firmware developers (December 2020)

edy555 (s the orginator of the NanoVNA
hitps Zgithub comatriechiNanoVNAreleases

Hugen who created the 2.8 NanoVNA-H version
A ub. ¢ -Hit

DiSlord fixed many bugs and addeq additional functions. His latest version of
NanoVNA-H and NanoVNA-H4 firmware, in a rar file, can be downloaded from the
nanﬂvnamrsgmup o i o

OneGfEieven is developer of NanoVNA-App software for MS Windows. Her firmware
version for NancVNA-H is even part of the NanVNA-App software for MS Windows.
hitps #github com/OneGTEleven/NanoVNA-Hirse/masier/Release.

| 28 L



PUTTING NanoVNA IN DFU MODE

The upgrade process reguires NanoVNA to be in DFU mode (Device Fimmwars
Upgrade mode) Pepending on the NanoWNA model, there are several ways 1o enter
DFU mode.

ENTERING DFU MODE FROM THE MENU

On classic NanoVNA and NanoVNA-H by Hugen and clones, enter DFU mode
froam the menu by selecting CONHG then DFU and RESET AND ENTER DFU.,

Here s an example of NanoVNA-H 2 8" entering DFU mode (Fig. 75).

TR o0 o

T TEET

utril

WERE

" T"I- B i

Figure 75

FUl Device Firmuors Urdate Hode
To evit IFU mod: please reset device seursulf,

Figure 76— NanoWVNA-H in DFL mode



In DFU mode (Fig 76), NanoVNA-H 2 8" may display the Infarmation;

DFT: Device Firmware Trdgate Made
Tz =it IFY menE ploase rEgel gevios yourasiE,

Gther models show nothing but a blank screen, Gepending on e NanoVNA
medel, the screen may remain dark ar white in DFU mode.

ENTERING DFU MODE BY PRESSING MULTISWITCH

on some models you can get into DFL mode by:

a) tumn the unit off,
b) heid the mulfifuncion switch in and tum the unit on,

c) release the mulifunction switch.

The screen will turm biank (black or white, depending on the model, e.g. black on
MNanoVNA-H4) and T will stay so: Itis indication that the NanoVNA Is In DFIJ mode.



ENTERING DFU MODE WHEN NOTHING ELSE WORKS

When the normal DFU eniry method mode does not work Tor any reason, e.g.,
you upgraded the wrong firmware and NanoViMA froze, there is no reason o panic

To gel back into DFU mode, all
yvou have to do is boo! the
§ NanoVNA whilst you have the
i two VDD and BOOTO points on
the printed circuil bord shoried
together (Fig. 77).

oy

shor-circLiit i -
VDB and BOOTO i
: First, switch off the NanoWNA
8 and open the case. With a piece
e of wire temporarily connect VDD
5 1o BOOTO (Fig. 77). Swilch on
the manoVNA. LCD turns biank
(black or while). That is normal.

Remove the connection wire
. from VDD and BOOTO. While
| the NanoVNA i1s in DFU mode
©  [wire removed !) connect it to the
| computer with the USB cable
and redo your firmware upload
as per normal.

Figure 77



FLASHING THE FIRMWARE

To my knowledge, there are at least two firmware upgrade software: DiuSe by
STMAZ microcontroller manufacturer and ManoVMNA-App for PC by OneCiEleven, Boih
uire the inEtaI |

sofiware lhe iate firmware upgrade driver_The driver

The firmware upgrade process is flashing the appropriate firmware file to the
NanoVNA processor memory. Ne additional hardware needed. just USB cable.

FIRMWARE UPGRADE USING DfuSE DEMO v3.0.6

While the NanoVNA is in DFU mode connect it to the computer with the
USB cable.

Then, open the DfuSeDemo sofiware. The softwars should recognize the
NanoVNA in DFL mode (Fig. 75).
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Next step is to epen DFU file for your model of the NanoVNA.
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— e
Figure 79

We have two Choose... buttons 1o sefect the DFU file. Click the one in the
"Upgrade or Verify Action” section as shown In Figure 79.

Find your DFU file and click Open (Fig. 50)
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Figure 80



Notice the message at the bottom of the DiuSe software: FlE BT oamed
(Fig. 81)

Now, click Upgrade (Fig. 81},
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Figure 81

Click Yes fo continue {Fig. 82)
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Figure £2

Upgrading has stared (Fig 78).
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When you see the message: EPGIONes SUpessml you may click Quit to clese
DiuSe Bemo (Fig- 84)

Cippration durahion

itk e 1) Ehignes E Uperade I el

Target 00; Lparade suciednful |

Figure 24

Restart your NanoVNA — turn it off and on.

chances are-it will nol work well S0 the first fhing o do s calibrate the-touch

You have 3 "brand new” NanoVMNA now. As the iouch screen is not calibraieq,
A screen Don't forget to save the touch screen calibration.

And finally, you £an check your new firmware version. From NanoVNA menu
open CONFIG, then VERSION. You have new version successfully installed (Fig. 85)
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Figure 85

Remember, after the firmmware update, all calibrations. including touch screen
A calibration, must be done again When powered an, the Nano VNA autematically loads
the ealibration saved in posibon CIO

video ¥ 320; How to update the NanoVNA-H4 firmware using Windows 10 and DFU file

o If you prefer videos lo written texd, check out Alan Wolke, W2AEW, excellent YouTube
https./iwww, youlube comdwatch?v=Nc Xz TPPT A




FIRMWARE UPGRADE USING NanoVNA-App for Windows
by OneOfEleven

require the DFU device dnver and the DfuSe sofiware. The nstallation

o Please note that to use NancVNA-App to install a firmware-upgrade, you still
Instructions-are provided earlier in the document.

NanoVMNA-App by OneCfEleven is NanoVNA software for Windows that is very
actively developed S0 we ofien have a new version. Bownload the latest version from:

hitps github.com/CneOfEleven/NanoVNA-Hiree/masterRejease/

Download the ¥azovia-Zoc . xax fle-and unrar i o a separate folder. The
program does not nesd to be m‘stalied Dnuble{:m:mng the ¥snoTE—2ec . =x= Will TUn
the software. You can aiso make a shortcut 2nd copy it to yvour deskiop.

It works on my NaroVNA-H 2.5 and Windows 7 84-bitWindows 10 v1508 ﬁ#—hlL butl
can NOT guarantee that it will work for YO Please proceed at your own nisk!

To upgrade the firmware, first put NancVINA in DFU made, connect it 1o your
computer with a USH cable, and then run the NanoVNA-App software (Fig. 85)
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Click Upload VNA firmware button (Fig. 87),
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Figure 87

Now, ciick “open folder” butten to open your DFU Tile (Fig. 88)
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Figure 88
If you don'l see a DFU Device, one of all of the following may be the cause:
= NanoVNA Is not connected to your PC with the LUSB cable

« NanoViNA 1s not in DFL mode
= You have not instalied the DFU dnver
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‘Selet the DFU file and click Open (Fig. &8),

Fagame  ao\iAH Y1025
Bedboe Ao

Figure 33

The firmware upload has staried Wail 2 moment and when you see the message
"The VNA now needs to be power cycled” the upgrade is over (Fig. 90)
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A Remember, aflerthe firmware update, all calibrations must be done again,

Restart the NanoVINA and check your new firmware version. Connect NanoViNA
10 your PC and in NanoVNA-App click on Setfings bution (Fig- 21).

=)

| Board: ManaoViva: )
2019-2000 Copyrigit #0dSlord (bssed on fedyS5S source)
Licaneed undsr GPL. Seei httes://github.com/TiSlora/NanoiTia-0
verzion: 1.0.45 [paim), {Fi12e, ADC:190k, Lcd:32ea24d]
Bulid Time: Oec 1% 1834 - 90043
Kemel: 4.8.0
o lar:

¥ou now have the latest firmware installed.
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An Example Of The SWR Measurement

We will measure SWR of 80m antenna in the frequency range from 3 o 4.3 MHz
and use NanoVNA instead of our lransmitter. The antenna is a .one port device’, so we
will use CHO only. NanoVNA generates (fransmits) a signal from CHD (Part 1) The
measured SWR wiil be displayed as a lrace on the NanoVNA screen.

To connect the PL252 lo the SMA connector on NanoVNA we need a suitable
adapter. Do nol connect the RG-212 directly to the NanoVNA. Use the 30 cm RG174
cable provided with the NanoVNA to relieve the mechanical siress on the SMA
connector (Fig 93)

Figurs 93

Before measurament we have 10 configure:

- which traces we want ta display
- trace channe!

- trace format

- scale

- reference position

- sweep frequency

- calibrate the NanoWVNA



Slep 1. TRACE SELECTION

Figures 84

Step2: CHANNEL SELECTION

Figure 98

= BALH

in this example we will use only one
trace, TRACED

Open the menu DISPLAY | TRACE and
deseiect all traces except TRACE O (Fig
94) Notice:- how the yellow fmangle
activates the yellow TRACE D

Finally. tap BACK to retum to the
previous menu

We measure SWR, 50 we use channel
CHO

Tap on CHANNEL | CHO REFLECT
(Fig, 95)

Trace format Is what we measlre. so we
choose SWR

Open the menu DISPLAY | FORMAT |
SWR (Fig. 95)



Slep 4. SCALE SELECTION

ZCALE defines the number of units of measurement per horizontal line, for each trace
separately. For SWR we will set it o 1

LT T

RERLESULY

RELFCACMOE
PETITLEN

g

Open DISPLAY | SCALE | SCALEDIV

This will open the keypad screen as in
Figure 97 Tap a number 1. Finally f3p
on x1 o sel the scale and close the
keypad screen

o 4

Figure 97

Step-5: REFERENCE FPOSITION SELECTION

Open DISPLAY | SCALE | REFERENCE POSITION

ELREEAILY

This will open the Keypad screen similar
to SCALE keypad screen {Fig. 89). For
the reference position, select the second
bottem line. Enter number 1 and {2ap an
X1 This is the line where the SWR s 1
1. In Figure 98, nolice that the yellow
trangle, the one without the number on
it, Is on the secand line from the bolitom

HEFEREMCE
PEELT E'gﬂ

1

TEFPLS

Figure 98



Slep 6. STIMULUS FREQUENCY SELECTION

Te sel the frequency r@Ange, the simplest methed 1s 1o set the START and STOP
frequencies. Care should be f@ken not to select an excessive frequenty range
Remember, NanoVNA generates a sigmal in 101 discrete frequency steps. The
frequency range from 3 1o 4.3 MHz s 1200 kHz wide. This means that NancoVNA wiil
generale signais in steps of 1300/101 = 12.87 kHz which is satisfactory for this SWR
measuremsnt.

Fram home menu open STIMULUS | START (Fig. 59)

On the keypad screen enter 3 then fap
on M (for MHz} In the kevpad umit
column

Figure 89

Now, open STIMULUS | STOP (Fig. 100)and enier4 . M

Figure 160

Selected sweep frequency are displayed as START and STOP frequencies at the
pottom of the screen.



Slep 7 CALIBRATION

For refiection measurement on CHO, SOL calibration is sufficient. 30OL = Shor,
Open, Load, This means that we-only have t© do the first three calibralion sieps as
described in the Calibration section. Whnen calibrate, after the LOAD tap on DONE and
store the callbration setings 10 memory location .0 SAVE 2.

Remember 10 verify the calibration on the Smith Charnt (see the seclion VERIFY
THE CALIBRATION)

Step § CONNECT DUT {Device Undar Tast)

Connect your antenna using ShA to SO230 adapler (Fig 23 and 101)
The restis NanoVMA's job.

Figure 101

| SWR FREQUENCY

Now, we mave yellow trace on the
screen. 11 is a graph of SWR versus
frequency. Nolice the yellow marker,
fhe yeliow triangle with number 1. The
position of the marker on e brace
reveals he frequency and the SWR at
firat frequency. In Figure 102, the
cursor is at 3 MHz and the SWR at that
frequency is 1: 4.67

Figure 102



The besl SWR 15 where the graph is
closest 10 he reference line (Fig 103)
The marker can be moved by sliding
mulifunciion switch or by dragging with
the stylus.

Figure 123

Although we only Irave one trace on the screen notice the yellow triangle at the
top of the screen, in front of CHOD. Thiz is the label of the active trace

Move the marker of the aclive trace by shiding the mulfifunction swifch fo the right,
on the location closest o the reference line (Fig 24), The besi SWR is 1.18 at the
irequency of 3. 611 MHz. \We see the frequenty in the upper right comer of the screen
as M1: 3511 000 MHZz. M1 indicates marker number 1 and 3.637 U000 MBz s
frequency of marker 1



Matching The Antenna Coupler

Just for the demonstration, (and for a fun of i), instead of our TX, we will use
NanoVNA 1o “tune the antenna tuper”.  Antenna coupler ("antenna tuner") acts as a
transformer 1o transform the impedance on the coaxial cable side to the impedance (50
ohm) on the transmitter side.

N B OUT
e°e@

ANTENNA TUNER

Flgu:e 104

Ve will try to match the 160 m antenna o 80 m band, to around 3.650 kHz. The
antenna is connected to the OUTPUT of the tuner. CHO of the NanoVNA is connect
1o the tuner's INPUT (Fig. 104).

As always, before each measurement, we have 1o configure certain parameters
in the NanoWNA. The procedure is very similar to that for SWR measurement

TRACE -select TRACE 0 and TRACE 1

CHANNEL - select:CHO REFLECT for both traces

FORMAT  -Tor TRACE D select SWR, for TRACE 1 select SMITH

SCALE -select 1 for SWR and SMITH

REFERENCE FPOSITION — select 1 for SWR

STIMULUS -select START and STOP frequency (3500 and 3800 kHz respectively)

CALIBRATE - calibrate OPEN, SHORT, LOAD and save 10 a memory location (e.g.
SAVE 3). Since we are only doing reflection measurement on CHOD we only
have to do an OPEN, SHORT and LCAD.

VERIFY THE CALIBRATION

Now connect the antenna 1o the output and the NanoVNA o the input of your
antenna tuner,

Tweak the controis of your tuner so that you can see the yellow SWR curve and
the blue curve on the Smith Chart as on Figure 95 Before proceeding, move ine b1
marker io ine desired frequency, e.g. on 3650 kHz
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The biue trace on the Smith Charl is plot
of the impedances of the antenna over
the selected Tfrequency r@nge. The
controls of antenna tuner twist and roll
the trace on the Smith Chart. Dur goal is
o move the blue trace 1o cul the
homizontal fine of the Smith Chart and
center the marker M1 maht in the center
of the Smith Chart (Fig. 106 and 107)

il I ST TN
B T Py R

Slowly tune the controls of your tuner o
move the blue M1 marker fo the center
The yellow SWR trace moves to the
battom (s reference line) at a same
time. The best malch should look as in
the Figure 107

Figure 107



Filter Measurement

FigutE 104

To measure the filter. we use CHO as the sowrce and CH1 as the recelver (Fig
103). NanoWNA sends signals in the seiecied frequency range from CHO to the filter
input. On CH1 NanoVNA measures the signals that have passed through the filier and
displays the result as a trace on the screen. This trace is 1he ratio of the magnitode of
the signal senl from CHO to the signal passed through the fiter, in decibels (Fig. 108,
110 and 111)

Figure 110



Figurs 111

In this exampie, we measure the attenuation of a high-pass filter in the frequency
range from 1 MHz to 800 MHz, In decibels. Smce we are measurmg attenuation, we will
select a honzanial line at the top of the screen for the eference position, and scale of
10 dB per division

Let's set the measurement parameters:

TRACE  -select TRACE O

CHANNEL - select CH1 THROUGH

FORMAT - LOGMAG

SCALE - select 10

REFERENCE POSITION —select 7

STIMULUS - select START and STOP frequency (1 MHz and 900 MHz respectively)

CALIBRATE - We need to do a full calibration as described in the CALIBRATION
section (OPEN, SHORT, LOAD, ISOLN, THRU). Calibration must be done
at the ends of the connecting cables not an the NanoVNA.

SAVE AND VERITY THE CALIBRATION

Now connect the filter input 1o CHD and the output io CH1 We gol a lrace as in
Figures 109, 110 and 111. Move the marker aloeng the trace to read the attenuafion at
ihe selecled freguency. InFigure 108, he marker Is atl a frequency of 9.99 MHz and fhe
attenuaftion of the fiiter is -54.20 dB. Figure 110 = 168.0 MHz and -31.65 dB, Figure 111
= 545 38 MHz and -D.54 dB



SOFTWARE FOR PC AND SMARTPHONES

There are zame advaniages of PC software over the small NanoVMNA screen
The computer screen 1= much easier to read fhan e NanoVNA display, you can see
many paramelers al once and easily save the images, some sofiware may spiit a
frequency range into mullipie segmenis © increase resolution, elc.. Different sofiware
offers different options. and some software only works with certaln firmwares.

NanoVNA communicates with the software via a virtual COM port. Remember
we Installed the virtual COM port when we. Instzlled the driver. In Windows, Device

Manager - Ports (COM & LPT), we have W SMecretectromis Winual COM Par (COM)

Connect NanoVNA to the PC with a USB cable. No matter what software you
use, In that sofiware, first select the virtual COM port used by vour NanoWMNA

Everything else 1s-on the sofiware

For more information regarding software for personal computers and
smartphones visit Wiki page of nanovna-users group:

hitps. /groups iv/amanovna-usersiwikiESoftware

Here are just a few examples of available free soffware

Figure 112 — Nano\WWNASaver by Rune B Broberg, 5QSR
Itios-laithub comiMNanaVNA-Saverfnanavna-saver
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Figure 113 - NanoVNA-App by OneOfElevan
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Figure 114 - Android NanoVNA-App by CHO45
hiips fplay google com/store/appsidetails 7id=net lowreal nanovnawebapp




SUMMARY

Can NanoVNA be compared o professional devices that cost several hundred
times more? Let's be serous, it can'tl Does NanoVNA have any value for the average
radio amateur? Definitely YES! For those without elecironic and radio engineering
background, but willing to leam, here is a greal reward waiting Just around the comer.

It i5 the safisfaction of undersianding how something works in the world of radio
technology that the money can'l buy. NanoWNA can greatly help you in claiming the
reward.

in these three examples, we just scraiched the suriace. NanoVNA can do much
more. Figunng out everything the NanoVNA can do could take menths, even years. But
Wwith NanoVNA, leaming is a ot easier and more fun

For further assistance see the nanovaa-users group Wiki pags

hiips_#groups. ie/o/nanovna-usersiwiki

There are plenly YouTube wideos about NanoVNA but by Tar the best are by Alan
Walke WIAEW

http Mewaw voautube comiw2aew
Look Tor his NanoVNA videos from #312 to #5328

nittps Avwww voutube com/playlist?lisi=PL4ZSD4omd AyIEYNCQYRIRCEBIoUKPE]

All of Alan's videos are ouistanding and highly recommended.



