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Agenda

I WHY do we want to talk about this?

Ridiculously inexpensive ($50$60) NanoVINA
makes VINAs accessible to hobbyists

I First1 what is a Vector Network Analyzer
I Secondi what is a VNA good for
I Theni alook at the NanoVNA
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What iIs a VNA?

N

AVNA= Vector Net work

I An Instrument that measures the magnitude
and phase of the reflection and transmission
properties of the ports of a device vs.
frequency. )
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VNA | s é

N

A Instrument that is used to
characterize RF devices

A Used to be only used by
RF engineers due to cost

A Professional units cost
thousands or more!

A Lots of acronyms and
terminologyé
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The DUT

N

A DUT = Device Under Test
I Affects signal going thru it

I Input impedance affects f DUT
the applied signal IN ouT >
A Max Power Transfer \ /
I R=Rg Source
I In more general sense:
Rst]Xs = R X,

(complex conjugate)

A Important to measure complex Z to design
matching networks
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Signhals as Waves

N

A In RF, we think of \//\ )

sighals as wavesi with
magnitude & phase

Transmission__ = ~\
. DuT
— IN_[> | OUT ==> DUT reflection and
?\ y transmission alter the
Source \ magnitude & phase
Reflactioh of the source signal
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TRANSMISSIONneasurements based on B/R:
A Gain/Loss
A sS21 (S12)

Basic VN

N

A Transmission Coefficient
A Insertion Phase / Group Delay

Results are collected
and computed

Receiversmeasure
magnitude & phase

Directional couplers or
bridges pickoff forward
and reflected signals

REFLECTIONneasurements based on A/R: 4 DUT )
A VSWR
A Reflection Coefficient, S11 (S22) R
A Return Loss IN ouT
A Input Impedance

\_ J
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Single Port

A Reflection
I SWR of Antenna
I Complex Impedance
I Components (R,L,C)
I Feedline Length
i Distance to fault

What is a VNA good for?

Two Port
A Transmlssmn

Filter shape/loss
Loss in feedline

Delay in DUT

Amplifier gain & frequency
response

Measure antennas, duplexers, diplexers, filters, inductors,
capacitors, amplifiers, splitters, baluns, chokes, phasing networks,

attenuators, etc.
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S)éy -

a
Response at port x resulting /t:-:)
from stimulus applied to port y —

AfhScatteringo
A Simply ratio of a measured response to stimulus

par amet er

What are S-Parameters?

r

Reflection at a DUT port ; Sll . a/ r

(r=the app
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VNA User Calibration

N

A Why we need a User Calibration:
I Large dynamic range
I Phase measurement
I Measurement plane
inFactory Cal o canodot accou

AWhenever therebds a conf i
I New cables, adapters or fixtures
I New frequency range
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VNA User Calibration

A Corrects for Systematic error sources:

Tracking : Source and Rx Frequency response
Matching : Source/Load mismatch

User cables/fixtures/etc.

Leakage : Directivity & Crosstal :

e,

Establish a
Measurement Plane

Port 2

at DUT IN/OUT

L E=your—

1IN
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Common VNA Display formats

N
N

A Most measurements made vs. Frequency
I Reflection Coefficient or S11--- LOGMagnitude
I VSWR--- linear ratio x.x : 1
I Complex Impedance --- Smith Chart
I Transmission Coefficient or S21--- LOGMagnitude
I Delay, Insertion Phase, Group Delay--- linear

A The TRANSFORM measurements are vs Time
I Often helpful to use nLI
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The NanoVNA

N

A Several developers
& variants:
I Ori gi nal ( H)
I-H4 with 40 displ ay
I -F al so with Rt
I AV20-2% PoR/IAGHZ
A As of Winter-2020/2021.

i | like the H4 (stable, good support, easy to get, $60)

I SAA2 (NanoVNAV2) better performance t ha
but now avail abl e -oonneclors?4 SAAZN s pl avy

I SAAZ2 guys developing improved units T NanoVNAV?2 plus 4, etc.
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A All are 2-Port, 1-Path

A H4 goes to 1.5GHz

A Standalone operation

A PC application available

(NanoVNASaver and others)
A https://nanovna.com/

T https://groups.io/g/nanovna -users

= About NanoWMNA

= Start using NanoVMNA

A There are separate groups + How o ead NanoVA sreen
for SAA—Z, V2 plus 4’ etC - Start measurement

« Upgrade NanoVNA use DFU
T https://nanorfe.com/nanovna -v2.htm| - NanoVNA-Web-Client / WebApp
« ManoVMNASaver
= NanoVNA Menu Structure Map
= Wiki & User group
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NanoVNAIT Under the hood ...

N

[ Bridge used instead of

p
Mixers down-convert RF to Audio for
directional coupler

L Reference, Reflection and Thru measurements

SAG612AD
IN3 p .
~5 X —@ﬂz Stereo Audio CODEQused
= na| 128 Codec _7@ ADC of audio signals )
o el TLV320
L. RX ,"m Microcontroller i all control
and computations

— 128
~ N 100k~
ARFO Sjour co@um: o Push SW
STM32 =

221 F072C8T6 || Lever sw

o

MCLK Cortex-M0
VCTCX [ 48MHz —— USB
{0} Si5351A ILI9431 320x240 I LiPo
SPI LCD nen H#
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NanoVNAT user interface

f\

I Up/Down/Push
A Touch screen

I Tap/Slide
A Fairly simple menus
ASetup/ Cal

A USB charging and PC
Interface

AnJa/vghee/I/ \

~~ ~~ . s

HOME
MENU

stop 1500000 000 m= NANOVNA

e o Sl ot s

DISPLAY

L Traces, channels, format, scale, etc

MARKER

— Add, function, search, etc.

STIMULUS

L Start, Stop, Center, Span, etc.

CAL

L Calibration process

RECALL

CONFIG
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NanoVNACalibration

N

A Only 101" points per sweep

A Wide range calibration will
have coarse spacing
I Spacing = SPAN/10T
AMost Ainterpao™at eo bet

; Firmware from other

POl Nt s, b ut €& |developers, like DiSlord
have increased this to 201

A ALWAYS a gOOd Idea tO or even 401 po/n[s/
calibrate over your range
- And V2 Plus4 has 201 pts

4
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NanoVNACalibration conté

A Display indications

Required for all
measurements

C. Calibrated for current frequency’t
c: Calibratio

ge
oaded but

0,1,2,3,4,*: Calibration valu
(D: Directivity error correction applied (CHO)
- R: Reflection Tracking error correction applied (CHO)
S: Source Match error correction applied (CHO

~ T. Transmission Tracking error corr. applied (CH1)

: X: Crosstalk error correction applied (CH1) )

storage location (*=none)
- a

Required for
transmission
measurements
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NanoVNACalibration Process

Q¥ N N .
Required for ALL
AttaCh — measurements
to CHO .
Only required for
S21 (CH1)
0] DISPLAY 1] CALIBRATE ] | CALIBRATE measurements
HARKER SAVE SAVE
STINULUS RESET / RESET
CAL ORRECTION ORRECTION
RECALL + BACK + BACK
CONFIG

CHO
Connect all of the Hit DONE and then save to to
CAI;stan(;Iards where desired slot (0, 1, 2, 3, 4) . CH1 )
DUT will connect Slot 0 recalled on powerup
/\/\/
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Calibration Plane and Port Extension

A When possiblei connect CAL:
standards same as the DUT

AThis Aremoveso

connections to the DUT ports

A When you must use an adapter,

coax, fixture, PCB trace to
attach DUT T use Port
Extension to move the
Measurement Plane

A Only important when you
must have accurate Phase
measurement

A

NanoVNAcalls this
ELECTRICAL DELAY

A Adjust using short/open at
DUT location until phase
rotation is removed on the

Smith Chart
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Channels

A CHO: Reflection
(Portl)
I S11: reflection coefficient
I VSWR
I Input Impedance
I Distance to fault

(transform)

A CH1: Transmission
(Port2)
I S21:loss/gain
I Group Delay

Traces

A Four traces
Can be assigned to any CH
Each can be on/off

NanoVNAChannels & Tr

DISPLAY

TRACE

aCes

/‘\/‘\/

When a trace is

selected, it appears
as [IN\A=38S] text on

the display

MARKER |

FORMAT

STIMULUS ¢

SCALE

CAL

CHANNEL

CHO

RECALL

TRANSFORM

REFLECT
CH1

THROUGH

CONFIG |

<BACK

<BACK

CLOSE
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Common Trace Formats

A CHO: Reflection S
i LOGMAG: S11
I Smith: complex Z
i SWR g |

A CH1: Transmission
I LOGMAG: S21 (loss/gain)

I Phase: S21 (insertion) —

I Delay (group delay)
AMor e é
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