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. Presentation Outline

. What is a Network? One Port, Two Port?

. How can we measure in RF networks? S-Parameters
. What is a Vector Network Analyzer?

. How does the Vector Network Analyzer work?

. Why do you need to Calibrate the Network Analyzer
. Short, Open, Load, Through Calibration Kit

. How to use the Nano VNA Menu and Displays



Bio of WA1JXR

First licensed as WN1JXR in 1967
Upgraded to General and then Extra class

Ham radio lead me to a career in Electrical Engineering earning BSEE & MSEE from
University of Rhode Island.

Retired in Dec. 2019 from Raytheon Co. after 42 years where | worked as a Senior
Principal RF/uW Electrical Design Engineer

Not Contester or DX chaser, just Rag Chew OP
Enjoy restoring 40’s, 50’s & 60’s Old Tube Rigs

Enjoy Teaching new hams, QRP Operation. Instructor and Forum Leader for the Long
Island CW Club, CW is the original Digital Mode

ARRL Western Mass Asst. Section Manager and ARRL WMA Technical Coordinator



What is a Network?

One Port Network

Typical One Port Network Devices
Amateur Antenna
RF Load

RF Transmission Line Open or Shorted
Stub

Input
Port 1




What is a Network?

Two Port Network

Typical Two Port Network Devices

R

R
R
R

Input
Port 1

- Amplifier
- Transmission Line (Coax)
- Filter

- Phasing Stub Lines

Output
Port 2




Measuring RF Networks

With low frequency Audio and IF circuits we can measure
the input and output voltage and current. Z, Y, and h
parameters.

With RF circuits we can measure incident, reflected and
transmitted power. S (scattering) parameters.
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Network S — Parameter Measurement

Forward (S11,521) and Reverse (S22, S12) Measurements
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How a Vector Network Analyzer works

A, B, & R are RF Measurement Receivers that measure signal
magnitude (strength) and phase (phase of the measured signal
compared to reference signal)
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The Nano VNA

Controls and Connectors on the Nano VNA

ON !/ OFF
Power Switch

Battery LED

System LED
Multifunctional
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The Nano VNA

Use of “Connector Savers” on the SMA Connectors

SMA Male to Female adapters on the
two Ports of the Nano VNA is highly
recommended to save wear and
damage to the instrument ports from
multiple connects and disconnects.




The Nano VNA H4 Specifications

Frequency range : 10kHz to 1500MHz (300 - 1500MHz with harmonics)
RF output: 0 dBm (maximum 2 dBm) , so approx. 1.0 mW

Dynamic range : 70dB (50kHz - 300MHz), 60dB (300MHz - 900MHz), 40dB
(900MHz - 1500MHz)

Display: 4.0 inch TFT, resolution 320x240 ... like the “new” Nokia 3310 !

USB interface: USB type C (power/charging + data connection to PC)

Power: USB 5V 120mA , LiPo battery +/- 500 mAh

Number of points : 101/401 (fixed) [ biggest disadvantage !

Display : 4 traces, 4 markers + 5 memories for calibration & settings (C0-C4)

Frequency error : < 0.5 ppm (e.g. 50 Hz error at 100 MHz)



Block Diagram of the Nano VNA

What’s Inside

RF Directional

_ RF Mixers
Bridge
o SAB12AD
x3 N3
X W flect |
1_ ;: ; IN2 I2S Codec
5 o] TLV320 Analog to Digital Converter
- AIC3204
L IN1
RX thru ‘
) 12S
100k~
200MHz oo Push SW
LO 5 STM32 — Microprocessor CPU
RF Signal FO72C8T6 ool Lever SW
MCLK Cortex-M0O
VCTCXO [ 48MHz ) USB
26.000MHz I DAC .. .
RF Synth Source ‘lﬂ" S|5351A ILI9431 320x240 | LiPo




Block Diagram of the Nano VNA

How it works —reflection measurement S11

) SAB12AD
Bridge x3 IN3
—
Tx floct
_E I12S Codec
'5 TLV320
- AIC3204
— RX
12S
100k~ -
200M
STM32
FO72C8T6
MCLK Cortex-MO
VCTCXO [ 48MHz
26.000MHZz ———J DAC
{0} Si5351A ILIS431 320%240
—{ sPILCD |

Push SW

%o Lever SW

uUSB

3.3V




Block Diagram of the Nano VNA

How it works — transmission measurement S21

. SAB12AD
Bridge x3 IN3
—
TX floct
_E I12S Codec
'5 TLV320
- AIC3204
— RX
12S
100k~ -
200M
STM32
FO72C8T6
MCLK Cortex-MO
VCTCXO [ 48MHz
26.000MHZz ———J DAC
{0} Si5351A ILIS431 320%240
— sPiILCD |

Push SW

%o Lever SW

usSB

3.3V




The Nano VNA
A look at the inside of the Nano VNA




Nano VNA Vector Calibration

Short, Open, Load, Thru (SOLT) Calibration of Vector Network
Analyzer

« response (normalization)
« simple to perform
= only corrects for tracking errors - {1
« Stores reference trace in memory, thru
then does data divided by memory
e vector
« requires more standards
« requires an analyzer that can measure phase
« accounts for all major sources of systematic error
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Calibration Error Terms

Vector Network Analyzer Calibration Error Terms

Crosstalk

Directivity e
* ff; hh“
&%) — X \
i I Dburt [3 AR
Frequency response
» reflection tracking (A/R) Source Load

« transmission tracking (B/R) Mismatch Mismatch

Six forward and six reverse error terms yields
12 error terms for two-port devices
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HOME
MENU

DISPLAY

MARKER

MARKER MENU MAP

STIMULUS

CAL

RECALL

CONFIG

CLOSE

A\ 4

SELECT
MARKER

>START

>STOP

>CENTER

>SPAN

<BACK

A 4

MARKER 1

MARKER 2

MARKER 3

MARKER 4

ALL OFF

<BACK




STIMULUS MENU MAP

HOME
MENU
DISPLAY
MARKER
STIMULUS ,| START
CAL STOP
RECALL CENTER
CONFIG SPAN
CLOSE CW FREQ
PAUSE
SWEEP

<BACK




HOME
MENU

DISPLAY

MARKER

STIMULUS

CAL

CALIBRATION MENU MAP

RECALL

CONFIG

CLOSE

A 4

CALIBRATE

SAVE

RESET

CORRECTION

<BACK

A\ 4

SAVE 0

SAVE 1

SAVE 2

SAVE 3

SAVE 4

<BACK

A 4

OPEN

SHORT

LOAD

ISOLN

THRU

DONE

<BACK




RECALL MENU MAP

HOME
MENU
DISPLAY
MARKER
STIMULUS
CAL
RECALL RECALL O
CONFIG RECALL 1
CLOSE RECALL 2
RECALL 3
RECALL 4

<BACK




HOME
MENU

DISPLAY

MARKER

STIMULUS

CAL

RECALL

CONFIG

CLOSE

TOUCH
CAL

TOUCH
TEST

SAVE

VERSION

CONFIG MENU MAP

>DFU

<BACK

RESET AND

"| ENTER DFU

CANCEL




NanoVNA Mens Stractere Map

NanoVNA H4 Menu

ENMEE
HEEY
DIsPLAY | TRACE - o TRACE O
MARKER | SELECT MARKER FORMAT P LOGMAG LIN STRACE 1
STIMULUS - START SEARCH SCALE P SCALE/DIV | PHASE LOG aTRACE 2
> SEARCH [ CHANNEL REFERENCE | | DELAY
CALIBRATE P CALIBRATE |— STOF CLEFT S11{REFL) POSITION Rz +Im oTRACE 3
RECALL — POWER CENTER il::E:}':_ TRAMNSFORM E- DEL&Y SMITH R+jX STORE TRACE
SHOW GRID
MEASURE > OFF SAVE SPAN OPERATIONS BANDWIDTH 1 SWR R+L/C CLEAM STORE
RESET n .
S0 CARD LT MATCH AL FLANGE CW FREQ STRACKING DATA SMOOTH  f— oDOT GRID RESISTAMCE G+jB =BACK
CONFIG Rt RESET PR B <BACK <BACK REACTANCE G+L/C
[511) 0 far auto
RESONANCE SWEEP :
TOUCH CAL L] il POINTS —b-l MURERIC »{ S11{REFL) ) = s
5‘“:{';1"": <BACK :';:EE'; KEYPAD T =MORE Rp +L/C
5
TOUCH TEST 521(THRU) |
SERIES LC
EXPERT |:|.11:- =BACK =5TART 2000H: <BALCK <BACK
= - L AUTO
SETTINGS SERIES >5TOP MARKER 1 1000Hz
¥TAL (521} -
SAVE CONFIG Mc:sum: 2mA L OPEM POLAR
=500 >CENTER MARKER 2 333Hz KEYPAD
COMMECTION il = 508 4mé SHORT LINEAR
<BACK >SPAN 100H;
MARKER 2 z TRANSEORMA
VERSION EmA LOAD - % REAL
#E-DELAY MARKER 4 30Hz
BRIGHTMESS L sAVESIP 2mA 1S0LN Llﬁﬂ"::‘f;: IMAG |  SERIESC
<BACK MARKERS <BACK
=BACK SAVE 52P =BACK THRU LOWPASS STEP QFACTOR SERIES L
- MARKER &
SCREENSHOT DONE » C1 point DO BAMDFASS CONDUCT PARALLEL R
UsB — RECALLOD MARKER 7 » Geom avg
<BACK DONE IN RAM 101 point TooTh WINDOW SUSCEPT PARALLEL X
SERIAL REEAIET MARKER 8 OFF
SERIAL =BACK 201 point E — VF'E‘:DT [¥] PARALLEL C
| THRESHOLD RECALL 2 *
SPEED 304 point ALLOFF = =BALK haRe FARALLELL
<BACK RECALL 3 — - SAVED b
e 401 point DELTA <BACK “BACK
WBAT OFFSET RECALL 4 SAVE 1 <BACK x4 MINIRIUKA
<BACK
s IF OFFSET RECALL S SAVE 2 *5
SEFARATOR SREMEMBERS RECALLS SAVE 3 MAXIMUN ) i [: MAXIMUM j
CURP MamoWN&-HS onl
FIRMWARE SET DATA <BACK SAVE &4 MINIMURE ) <BACK ¥
LoaD *l HUMERIC | MicroSD card support uired.
CONEIG.INI SET TIME SAVE S KEYPAD [ sy ]
CLEAR On-board WART expansion port.
CONEIG =MORE SAVE B
<BACK =BACK ZRACK Based on DiSlord's v1.1 firmware.




Nano VNA Users Group

Documentation that comes with the Nano VNA is almost
nothing so you need to join the User Group

nanovna-users@groups.io

nanovna USers nanowna.-usersigro
Greup Description
USers of nanovna smal YINA

Fies: MpEAgoups iR nanayna-userses

YAk hil IIGUCS DY TNoVNa-Usrers'wikl
Greup Information

a2 605 Members
® 726 Topks, Last Post:
O Startecdon Jun 3

|

-42am



Nano VNA — Saver Software

NanoVNA - saver v0.2.0.exe

It can easily be copied to a USB stick and operated from there. After starting the program,
wait 10 seconds because a dark DOS Screen appears followed by this picture:
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Nano VNA App Software

2 HanoVRA-App v1.1.27 by OneOfEbeven .. HanoVA-H4 .. L0339 - IS x
Disconnected COoMF = (921800 = -ﬁi— - [C1] = e 4 g Frequency bands LC martching 4
Conmeched 192, 168, 1.40 B3B3 CLiztaim - 0.71 Sweeep name | 145Hz Helcal Fiter
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Start (MHZ) 003 B smith 511
= mlf B
Stop (MHZ) 200

3
: Center (MHZ)
k

Span (MHz)

Save Image

Point bandwidth (Hz) LiY -
Pairiks par segment m -
e-delay (ne) 0

521 attenuation [d8) 0

Mg, segments 1 {401 pts)
Time averaging off
Traoe smoothing aff
TDR. wardow r
VSWH scake 3.00
Output power auto

Set Nomm | Live
Load M1 Set M1
Load M2 Set M2 M2

Load M3 Set M3 M3
Markers
Clear

155 PO BR@ WD
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Capacitive

-’_Thu 15 Ot 2020 204700 Scans 103 Seg 141 Hiigt 5 /6 Pairiks 401 Step 2249875 MHz Bat 4. 148 W Thireshald 300 bMHz BW 4 kHz 561 points/sec




Summary

This is end of NanoVNA Partl Introduction
Stay tuned for Measurements & Workshop

Hope this presentation provided you with what the Nano VNA
IS and how it works.

Where to get support for the Nano VNA.

If you have questions after you can reach me via e-mail at
waljxr@comcast.net or waljxr@arrl.net

Questions??

73’s Greg WA1JXR



Questions and Answers

Beginning now




