Nano VNA Slide show by K3EUI

Which device would you rather have in your ham shack?
They each cost about $50




Nano VNA your antenna stethoscope

What can you conclude about the health of your
heart with a stethoscope?

What can you conclude about the health of your
antenna with a Nano VNA?




If you saw your own EKG could you interpret w
It says about the state of health of your heart
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If you saw thisSmith Chartof your 80m antenna
would you know how to interpret it correctly?

511 Smith Chart
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Would you know what thiPHASEjraph is revealing
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On thisResistanc€BLUE) anBeactancdRED) graph
On what frequency would you expect this antenna to work best
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Goals of this presentation

Learn about the various ways that a
VNA can be a useful tool in your toolbox
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How Is a VNA like an active SONAF




TheVNAsends a pulse of RF out on a feedline
and measures the V(forward) and V(reflected)
at various frequencies
(both magnitude and phasg
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Network Analyzers Vs Spectrum Analyzers
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[ Network analyzers:

. measure components, devices,
circuits, sub-assemblies

» contain source and receiver

 display ratioed amplitude and phase
(frequency or power sweeps)

« offer advanced error correction

a3

( Spectrum analyzers:

measure signal amplitude characteristics
carrier level, sidebands. harmonics...)

can demodulate (& measure) complex signals
are receivers only (single channel)

can be used for scalar component test (no
phase) with tracking gen. or ext. source(s)

Vector Network Analvzer
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Can you afford this beauty? 10 MHz to 20 GHz
Four ports and 9 graphs in color
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Some practical uses for a VNA

Check out bandpass and band stop filters
Check out long lines of coax for attenuation

Check out your antenna system
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using BOTH ports of the VNA
Drake: 52 ohm, 80 dB attenuation above 41 MHz
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Lowpass filter- 0 0 Sy dzI G S
to avoid TVI in VHF/UHF bands

S21 Gain (dB)

GKFNY2YAO:
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Measure Cable Length and Attenuation

open ended cable

/,/f//// Calibrated nanoVNA

Unknown cable length




Measure TIME from a sharp pulse sent into cable
to reflected pulse from far end of cable

Transmission and Reflection in Cables, Impedance Matching,

and Time Domain Reflectometry

<

Lengthcap. = Light speed « VF cqp0 *

TripSlgnal around the cable
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Rioad = Rsource

ZLoad > ZCable z

ZLoad < ZCable m

Zioad = Zcable e




TDRdisplay: Belden RG8X cabMF(= 0.82
Determine coaxLENGTHrom time and check for breaks in cable

5 TDR

RG-8X (Belden 9258) (0.82)
Velocity factor 0.82
Estimated cable length: 17.091m (56ft 0.9in)

TDR
6




Measure the attenuation (dB loss) of the cable
FNRY nom ( 2 mann al l
note: -3 dB (50% power loss) at 50 MHz

S11 Return Loss (dB)
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Two or Three band TRAP dipole
Check how well TRAPS are isolating different k

Insulator Insulator Insulator
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Traps act as HIGHWIPEDANCE parallel resonant
circuit to isolate two bands in one antenna
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80/40m Trap Dipole: Return Loss plot
looking at the trapresonance 7 MHz

S11 Return Loss (dB)
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VSWR: 2.0




CKAAd A4 RSaADHYER Wakhan
Resonance (SWR) check on both 80m and 40m

S11 VSWR




What instruments can we use
analyze our antennas?




Antenna /Analyzers

come In various sizes, shapes, displays, @t T




RF POWER and SWR meters
What do they share in common?
What do they NOT measure?

barjan 300-PDC2
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Why would | wanta VNA to
analyze my antenna?




¢CKAA f 221 &aF SRE] SRALR
but how doesGrampyknow WHEN to push?




Even young kids know this

oGrampy please pushin-phase with my natural
agAy3IAy3a G2 AYONSI




Antennas work the same way

¢CKS AYyLJzi dLIHzaAKE FNRY 0K

In-phasewith the natural vibrations of current in the
antenna conductors

2 S Ol frésonanké a QA

Can the Nano VNA determine resonance freqguencies?



What happens if Grampy pushes
too soon? too lat@
These will make grandchild quite unhappy!




At resonance the current and the voltage
are INPHASE at the feed line connection
and maximum current occurs in the antenna
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- 1/4 Wavelength f  1/4 Wavelength
Insulator T F Insulator
Insulator

-~

Center Stranded
Conductor Shield Copper Wire

RG-58 or RG-8
Coaxial Cable

ARRLO113 To your transceiver

. the dipole is too short anc
itive reacta




Off resonance a dipole now shows
REACTANCE (phase errors)
and behaves like a serid?LCcircuit




Resonance will make your grandkids happy
so CANCEL that antenna REACTANCE




How can my antenna analyzer tell me |
Ye |[YyuSyyl Aa




Antenna Characteristics that a VNA
can measure or calculate

Resistance R (ohms)
Reactance X (ohms)
Impedance Z (ohms)

Phase ° (degrees)

Reflection Coefficient " | | v
RETURN LOSS (dB) |5 | 4
SWR | [

Smith Chart



If SWR meter at feedline/antenna junction reads 2:1
What will SWR meter 2 read closer to shack?
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REALLYimipaporntanio soneept

re measuring the FORWARD and REFLECTED
d by the VNAN the shackand NOT AT THE A




Feed Line alters impedance measurel
at different locations from antenna

As you change the LENGTH of feed line
The magnitude of voltage and current changes
The impedance (R and X) changes
The PHASE changes

But
The SWR doewmt change
(other than small attenuation changes)



Impedance Z changes as resistance R and reactance X cha
over the course of
Y wavelength of feed line (if SWR not 1:1)
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.e.

The measuredRESISTANC

EACTANCEMPEDANCE

and RESONANFREQUEN®@Y the antenna system
will not be the samen the shack and at the antenna

X® | b[ 9{{

the feed lineis ¥2< or an integemultiple of %<

or the antenna and feed line are a
perfect 1:1 match with zero attenuation



HOWEVER
assumingvery lowlossfeed line
and that theshield is not part of thantenna

TheREFLECTION COEFFICRRNTURN LOSSd the measure SWR
will be (almost) the same value in the shack and at the antenna itself,
regardless of the length of feed line.

The SSV¥Rdcloast change
wiltlh a sm@lll dhapgenndeeddmeiength
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If we are clever

we can take measurements with the VNA
In the shack

And calculate what these measurements
would be if taken at the antenna




10 meter Vertical: 106 RG213 5@hm feed line
Smith Chart and SWHhaieasured in shack

S11 Smith Chart
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10 meter Vertical witlt feet extra 50o0hm coax (1/4 wave)
{YAOGK / KIFENI KFa GNRGlFIGSRE my
but SWR of each marker hast changed

S11 Smith Chart
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Enter theNano VNAInstrument USB connectivity
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¢ 62 & LXhlaadCOhl
4 traces In 4 colors, touch screen




Measurement limit of 101 data points
Internal battery for field work




Important Parameter Definitions

Reflection coefficient= V (reflected) / V (forward)
m(gamma) = a complex number
absolute value |gamma| =" (rho)

0< <1

RETURN LOSS (dB)20 log ()

usually written as @ositivenumber since log ) is <O

SWR= (1+ )/ (1c’) = V(max)/V (min)



R E F L ECTI O N Param et@iESTech great resour

Reflection Parameters

Z,-Z,

Reflection = Viefiected _
Coefficient * ~ V -

pl @ =

incident ZL + Zo

Return loss =-20 log(p), 2 = IT|

Voltage Standing Wave

Vimax Ratio
Vinin VSWR = Vmax
Vmin

No reflection Full reflection
(Z. = Zo) (Z. = open, short)

0

Agilent Technologies




VNA Measurements

Calculated

Calculated

REFLECTION COEFFICIENT

RETURN LOSS (dB)
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p = V(reflected) / V(forward)

RL= -20 log(p)

SWR = (1+p) / (1-p)




Reflection Coefficient”™ vs. VSWR
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RETURN LOSS (dB) vs. VSWR
(you want a high RETURN LOSS)

~ Retum Loss“ vs. VSWR
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Take a deep breath
We are now entering into the
SMITH CHART realm




mith Chart is just expressing values of resistaRteand reactanceX
inad L2t NE O22NRAYI OGS a

Smith Chart Review

Polar plane g¢°
+X

-jX
Rectilinear impedance plane
Constant X
Constant R

Smith Chart maps
rectilinear impedance
plane onto polar plane

Z,=0 (short)
['=1/4%180°

Smith chart

‘- Agilent Technologies




Resistance values are plotted on therizontal axis in a no#inear scale
Usually500hms is plotted atdea® Sy G SNJ o . dz




Every impedance consists of Z = R X/
Resistance value R and reactance value X

j50




Capacitive reactanck. (ohms) curves are plotted BELOW X axis
Inductive reactance X{ohms) curves are plotted ABOVE X axis




Every impedance Z has a unigue location: X+
Where is (50 + j0) located on the chart?




WSYSYo SNY S glyld 2dzNJ FyiaSyylF G2
where impedance is 50 ohms to match 50 ohm coax




Smith Chart (think DART BOARD)
reflection coefficient© and SWR
dzf £ Qa4 9@& S b0 ohdSHWtH 210 fefledfdd povér




20% of incident voltage is reflected
All points on the circle represent impedances with
"=0.20 and SWR = 1.5:1




