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Agenda

ïWHY do we want to talk about this?

ÅRidiculously inexpensive ($50-$60) NanoVNA 
makes VNAs accessible to hobbyists

ïFirst ïwhat is a Vector Network Analyzer

ïSecond ïwhat is a VNA good for

ïThen ïa look at the NanoVNA
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What is a VNA?

ÅVNA = Vector Network Analyzeré

ïAn instrument that measures the magnitude 
and phase of the reflection and transmission 
properties of the ports of a device vs. 
frequency.

ÅWTH?
ÅLetôs break it downé
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VNA isé

ÅInstrument that is used to 
characterize RF devices

ÅUsed to be only used by 
RF engineers due to cost

ÅProfessional units cost 
thousands or more!

ÅLots of acronyms and 
terminologyé
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The DUT

ÅDUT = Device Under Test

ïAffects signal going thru it

ïInput impedance affects
the applied signal

ÅMax Power Transfer

ïRL=RS

ïIn more general sense:

ÅRS+jX S = RL-jXL

(complex conjugate)

ÅImportant to measure complex Z to design 
matching networks
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DUT

IN OUT

Source
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Signals as Waves

ÅIn RF, we think of 
signals as waves ïwith 
magnitude & phase
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DUT

IN OUT

Source

Transmission

Reflection

DUT reflection and
transmission alter the
magnitude & phase
of the source signal
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Basic VNA
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R Rx A Rx

Port 1 Port 2

DUT

IN OUT

Receiversmeasure 
magnitude & phase

REFLECTIONmeasurements based on A/R:
ÅVSWR
ÅReflection Coefficient, S11 (S22)
ÅReturn Loss
Å Input Impedance

TRANSMISSIONmeasurements based on B/R:
ÅGain/Loss
ÅS21 (S12)
ÅTransmission Coefficient
Å Insertion Phase / Group Delay

Compute and display results

B Rx

Source

Directional couplers or 
bridges pickoff forward 
and reflected signals

Most ñproò 
VNAs have 

couplers/source 
on both ports

Results are collected 
and computed
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What is a VNA good for?

Single Port 

Å Reflection

ïSWR of Antenna

ïComplex Impedance

ïComponents (R,L,C)

ïFeedline Length

ïDistance to fault

Two Port

Å Transmission

ïFilter shape/loss

ïLoss in feedline

ïDelay in DUT

ïAmplifier gain & frequency 
response
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Measure antennas, duplexers, diplexers, filters, inductors,
capacitors, amplifiers, splitters, baluns, chokes, phasing networks,
attenuators, etc.
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What are S-Parameters?

ÅñScatteringò parameters

ÅSimply ratio of a measured response to stimulus
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Sxy
Response at port x resulting
from stimulus applied to port y

S11 : a/r
S21 : b/ r

(r=the applied signal reference)

r

a

b

Reflection at a DUT port

Responsethru a DUT
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VNA User Calibration

ÅWhy we need a User Calibration:

ïLarge dynamic range

ïPhase measurement

ïMeasurement plane

ïñFactory Calò canôt account for these things

ÅWhenever thereôs a configuration change

ïNew cables, adapters or fixtures

ïNew frequency range
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VNA User Calibration
ÅCorrects for Systematic error sources: 

ÅTracking : Source and Rx Frequency response

ÅMatching : Source/Load mismatch

ÅLeakage : Directivity & Crosstalk

ÅUser cables/fixtures/etc.

1/15/2021Page 11

R Rx A Rx

Port 1 Port 2

Compute and display results

B Rx

Source

DUT
IN OUT

Establish a
Measurement Plane

at DUT IN/OUT
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Common VNA Display formats

ÅMost measurements made vs. Frequency

ïReflection Coefficient or S11 --- LOG-Magnitude

ïVSWR --- linear ratio x.x : 1

ïComplex Impedance --- Smith Chart

ïTransmission Coefficient or S21 --- LOG-Magnitude

ïDelay, Insertion Phase, Group Delay --- linear

ÅThe TRANSFORM measurements are vs Time

ïOften helpful to use ñLinearò to get sharper peak
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The NanoVNA

ÅSeveral developers 
& variants:

ïOriginal (H) w 2.8ò display

ï-H4 with 4ò display

ï-F also with 4ò display

ïñV2ò SAA-2 ïto 3/4GHz

ÅAs of Winter-2020/2021:
ï I like the H4 (stable, good support, easy to get, $60)

ï SAA-2 (NanoVNA-V2) better performance than H4. Initially 2.8ò display, 
but now available with 4ò display and N-connectors ïSAA-2N

ï SAA-2 guys developing improved units ïNanoVNA-V2 plus 4, etc.
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NanoVNA ïmore details

Å All are 2-Port, 1-Path

Å H4 goes to 1.5GHz

Å Standalone operation

Å PC application available
(NanoVNASaver and others)

Å https://nanovna.com/
ï https://groups.io/g/nanovna -users

Å There are separate groups 
for SAA-2, V2 plus 4, etc.:

ïhttps://nanorfe.com/nanovna -v2.html
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https://nanovna.com/
https://groups.io/g/nanovna-users/wiki
https://nanorfe.com/nanovna-v2.html
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NanoVNAïUnder the hood (H, H4)
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CH0

CH1

Bridge used instead of 
directional coupler

Mixers down-convert RF to Audio for 
Reference, Reflection and Thru measurements

Stereo Audio CODECused 
for ADC of audio signals

Microcontroller ïall control 
and computations

ñRFò Source
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NanoVNA ïuser interface

ÅñJog-wheelò

ïUp/Down/Push

ÅTouch screen

ïTap/Slide

ÅFairly simple menus

ÅSetup/Cal ñsaveò slots

ÅUSB charging and PC 
interface
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Traces, channels, format, scale, etc

Add, function, search, etc.
Start, Stop, Center, Span, etc.

Calibration process
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NanoVNACalibration

ÅOnly 101* points per sweep

ÅWide range calibration will 
have coarse spacing

ïSpacing = SPAN/101*

ÅMost ñinterpolateò between 
points, buté

ÅALWAYS a good idea to 
calibrate over your range
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Note: 
Firmware from other 
developers, like DiSlord, 
have increased this to 201 
or even 401 points!

- And V2 Plus4 has 201 pts
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NanoVNACalibration conté

ÅDisplay indications
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C: Calibrated for current frequency range
c: Calibration loaded but doesnôt match frequency range
0,1,2,3,4,*: Calibration values storage location (*=none)
D: Directivity error correction applied (CH0)
R: Reflection Tracking error correction applied (CH0)
S: Source Match error correction applied (CH0)
T: Transmission Tracking error corr. applied (CH1)
X: Crosstalk error correction applied (CH1)

Required for all 
measurements

Required for
transmission 
measurements
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NanoVNACalibration Process
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Attach 
to CH0

CH1

Coax
CH0 
to 

CH1
Hit DONE and then save to 
desired slot (0, 1, 2, 3, 4)

Slot 0 recalled on powerup

Only required for 
S21 (CH1) 

measurements

Connect all of the 
CAL-standards where 

DUT will connect

Required for ALL 
measurements
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Calibration Plane and Port Extension
ÅWhen possible ïconnect CAL-

standards same as the DUT

ÅThis ñremovesò the phase of the 
connections to the DUT ports

ÅWhen you must use an adapter, 
coax, fixture, PCB trace to 
attach DUT ïuse Port 
Extension to move the 
Measurement Plane

ÅOnly important when you 
must have accurate Phase 
measurement
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DUT

Å NanoVNAcalls this 
ELECTRICAL DELAY

Å Adjust using short/open at 
DUT location until phase 
rotation is removed on the 
Smith Chart
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NanoVNAChannels & Traces

Channels

Å CH0: Reflection 
(Port1)

ïS11: reflection coefficient

ïVSWR

ï Input Impedance

ïDistance to fault 
(transform)

Å CH1: Transmission 
(Port2)

ïS21: loss/gain

ïGroup Delay

Traces

Å Four traces

ïCan be assigned to any CH

ïEach can be on/off
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When a trace is 
selected, it appears 
as INVERSEtext on 

the display
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Common Trace Formats

ÅCH0: Reflection

ïLOGMAG: S11

ïSmith: complex Z

ïSWR

ÅCH1: Transmission

ïLOGMAG: S21 (loss/gain)

ïPhase: S21 (insertion)

ïDelay (group delay)

ÅMoreé
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