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VNA (Vector Network Analyzer) measures the frequency characteristics of
reflected power and passing power of a high frequency network (RF Network).
NanoVNA measures the following elements:

*Input voltage | / Q signal

*Reflected voltage | / Q signal

*Pass voltage | / Q signal

|/Q Signal — (In-phase and Quadrature)

 Two measurements, separated by 90 degrees at a
constant frequency.

From here we calculate: Nano VNA performs 101 measurements with

*Reflection coefficients S11 frequencies varied between the start and end
*Transmission coefficient S21 frequencies specified by the user

Nano VNA then can calculate and display. Calibration of the Nano-VNA is necessary to
*Reflection loss maintain accuracy of the 1/Q Signal measurements.
*Passing loss
*Complex impedance

* resistance
* reactance
*SWR
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Smith Chart Background:
Nano VNA Calibration:
Short
Open
Load (50 Q)

Impedance Example (f from 0 to 100MHz,
R,=50Q)
* L=100nH,C=40pF,R=25Q
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Ideal Dipole Example:

Input Impedance for a Thin Dipole Impedance as a function of wavelength

— Real (Impedance) * Resonance impedance (X =X.=zero)
+ Imaginary (Impedance) « Resonance impedance R+j0 = 73Q

Standing Wave Ratio for R,,4 = 50Q

 SWR=15
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www.antenna-theory.com
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Sweep control

start | oMbz | center | 15Mhe]

stop | aoMbz||span | 1omhe]

Segments 100.0kHz/step

Marke

Frequ
Impec
Series
Series

Marker 1

- Frequeney: -
Impedance:
Series L:
Series C:
Parale R:

12.5000 MHz - - -
$8.646.40
-81.549 rH
19879 rF
%9.9680

Te ect

VSWR: - - - - A

Return Inss
Quality f.:m:
511 Phase:
521 Gain:

-23.572 dB
0,132
-98.40°
-80.733 dB

adio Club - NAGTC

20m Dipole Antenna (14.2MHz):
Ideal Length: 16.4ft per leg
Actual: 16.5ft at 30deg inverted dipole

Sweep settings ...

I -

Sweep

- ' : ~130ft RG8x feedline

Markers

w1 oows] 8]0
w2 o [1]® |
s o] WO | o

[ Enable Delta Marker Impet
Show data Locked () ::::::
T parale | FTEQUENCY: 14,2000 MHZ i
Estimated cable length: 41.667 m b IWE: 92 E +]5 L 3 ﬂ -7 1 2? dE
Time Domain Reflectometry ... Series L 574, 54 nH 0,552
SeriesC:  -218.85 pF 30.38°
PaalelR: 121130 T 8L3%de
ParalelX:  2.4584 4 39,33°
Marke i

Frequ

Impec
Series L¥ -129°29 A Quality factor: 0,915
Series C: 509.49 pF 511 Phase: -141.53°
ParallelR:  31.358Q 521 Gain: -80.819 dB
Paralel X:  232,51pF 521Phase: 37.27°

NanoVNASaver Software
https://nanovna.com/?pa
ge_id=90

Reference sweep

Set current as reference

<

Reset reference
S11

Serial port control Min VSWR:  1.142 @ 12.5000MHz

Return loss: -23.572dB
COMS (NanoVMA) ~ Rescan £1urn 1oss:

521
Disconnect Manage

Min gain: -101.871dB @ 18.0000MHz

Hee Calibration ... Max gain: -101.871dB @ 18.0000MHz

Display setup ... About ... Analysis ...
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Live Example:
Find characteristics for mystery antenna.

Use Nano-VNA and NanoVNASaver windows PC Software

Power up NanoVNA and NanoVNASaver
Set frequency range

Calibrate — Short, Open, Load

Find minimum SWR, and resonance
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Sweep control

Start | 350Mkz]| | Center [ aoomz |

Stop | asombiz||span [ 100wz

Segments 1.000MHz/step
Sweep settings ...

I

Sweep

Markers

Marker 1 seomtz | [ O
Marker 2 3e0.8MHz | |l @
Marker 3 2amHz | |l O

[] Enable Delta Marker

Show data Locked ()

TOR
Estimated cable length: 3.255m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Resetreference

Serial port control

COMS (ManaVMA) ~ Rescan

Disconnect Manage

Files ... Calbration ...

Display setup ... About ...

Marker 1

Frequency: 380,000 MHz
Impedance: 86.44§25.3 0
Series L: 11.165nH
Series C: -17.508 pF
Paralel R:  93.81Q
Parallel X1 141.94nH

Frequency: 391.000 MHz
Impedance: 48+j235m Q
Series L: 95.719 pH
Series Ct -L.731nF
ParallelR:  47.963 2
Parallel X:  3.9819 pH

Marker 3

Frequency: 418.000 MHz
Impedance: 59.4+37.3 0
Series L: 14.192nH
Series C: -10.215pF
ParallelR:  82.312Q
Parallel ¥:  50.284nH

<

VSWR:

Return loss:
Quality factor:
511 Phase:
521 Gain:

521 Phase:

VSWR:

Return loss:
Quality factor:
511Phase:
521 Gain:

521 Phase:

VSWR:

Return loss:
Quality factor:
511 Phase:
521 Gain:

521 Phase:

1.939
-9.911dB
0.292
24.29°
-76.560 dB
126.61°

1.043
-33.579 dB
0.005
173.28°
-74.234dB
97.51°

1997
-9.562dB
0.627
56.98°
66,760 dB
170.98°

511

Min VSWR: 1,043 @ 391.000MHz

Return loss: -33.572 dB

521

Min gain: -83.712 dB @ 450.000MHz
Max gain: -83.719 dB @ 450.000MHz

Analysiz ...

511 Smith Chart

Frequency:
Impedance:
Series L:
Series C:
Parallel R

Parallel X:

391,000 MHz
43+j235m Q
95,719 pH
-1.731nF
47.963 0
3.9819 pH

VEWWR.:

Return loss:
Quality factor:
511 Phase:
521 Gain:

521 Phase:

1.043
-33.579 dB
0.005
173.28°
-74.234 dB
97.51"
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Sweep control

Start | 300Mbz| | center [ 400mhz |

Stop | soombz||span [ 200mme|

Segments 2.000MHz/step

Sweep settings ...

I -

Sweep

Markers

veier 1]  smawe| (W] O
otz [ seawe] (1 O
R =T [

[] Enable Delta Marker

Show data Locked ()

TDR
Estimated cable length: 49.324m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

COMS5 (ManaVMA) ~ Rescan

Disconnect Manage

Files ... Calibration ...

Display setup ... About ...

Marker 1

Frequency: <438.000 MHz
Impedance: 55-j6.07 Q
Series L: -2.2041nH
Series C: 59.905 pF
ParallelR: 556620
Parallel X: 720,04 fF

Frequency: 354.000 MHz
Impedance: 50-9.08
Series Lt -3.9689 nH
Series C: 48.169 pF
ParallelR: 516522
Parallel ¥:  1.5366 pF

Marker 3

Frequency: 454.000 MHz
Impedance: 55.7-4.61%
Series L: -1.6175nH
Series C: 75.978 pF
Parallel R: 56,0542
Parallel X: 518,32 fF

€

VSWR: 1.161
Return loss:  -22,533dB
Quality factor: 0.11
511Phase: -47.23%
521 Gain: -68.113 dB
521 Phase: 67.21°

VSWR: 1. 195
Return loss:  -20.877 dB
Quality factor: 0,182

511 Phase: -84.73°%
521 Gain: -75.748 dB
521 Phase: 127.60°

VSWR: 1 14
Return loss:  -23,208 dB
Quality factor: 0.083

511 Phase: -36.63%
521 Gain: -74.,366 dB
521 Phase: 168.48%

511 Smith Chart

511

Min VSWR:  1.111 @ 500.000MHz

Return loss: -25.572 dB

521

Min gain: -95.355 dB @ 450.000MHz
Max gain: -95.355 dB @ 450.000MHz

Analysis ...

Ed Fong J-pole Antenna
70cm
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Sweep control

Ed Fong J-pole Antenna
511 smith Chart
Start | 100MHz | Center | 150MHz | Frequency: 148.000 MHz VSWR: 1.556
Impedance: 42.3+19Q Return loss:  -13.255dB
Stop | 20oMHz||span | 100wz ! )
Serieg Lt 20.39nH Quality factor: 0.44% - = = x -
= r r I
Segments 1.000MHz/step | SeriesC:  -56.714pF S1iPhase:  100.58° ——— T
- .
FrereriTE o Parallel R:  50.7720 521 Gain: -77.289dB - -
Parallel X:  121.71rH 521 Phase: 33.17° e ‘
# i . [
I - - . ? -
% ) ]
> 8 FIR-RE =
Sweep Stop . " % |
| ]
'y
Markers b Y 1
g % 20.2 V\. ¥ |
Marker 1 14embz | |0 O / L 1
Y \
Marker 2 145.6MHz | || @ 7 1 i
Marker 2 % [ ] [ ]
18.6 - - -
Feer® veavz| (0] O | Fequency: 146.000MHz VSWR: 2617 4 \ '
[] Enable Delta Marker Impedance: 22.84§19.9% Return loss:  -6.293dB f ) | 1 .,-\%ﬂ
. - 4 %
e Lodked O Serieg Lt 21,65 nH Quality factor: 0.873 y 17.0 ' ! |
Series C: 54.589 pF 511Phase: -128.64% % ]
TDR. Parallel R:  40.089 0 521 Gain: -78.738 dB F L v ™~ 3 1| {
Parallel X:  23.732 521 Phase: 13.27= v h 1
Estimated cable length: 0.888 m erale PF ase { | 15.4 . ] | I |
Time Domain Reflectometry ... 4 " |} ']
[
% ]
L] 13.8 1} 1 | I |
i N
k' 4 A | ]
! i 3 \ ]
) 12.2 R H
Marker 3 N L} § 1
]
Freguency: 149.000 MHz VSWR: 2.362 ¥ | | y .
¥ ]
Impedance: 72.3+j48.4% Return loss:  -7.847dB 10.6 i | [ i
Series L 5L.701nH Quiality factor: 0.669 | 1 ., |
¥
Series C: -22.088 pF 511Phase: 43.64% | F | |
ParallelR:  104.720 521 Gain: -77.076 dB L ;| | J a0 L]
Parallel X:  167.17rH 521Phase:  31.02° 1 ' '
#
. [} &
% | ]
5 7.4 2
%
g .
Reference sweep ) A
5.8 8
Set current as reference N :/ 11
< > y
Reset reference : . - 7
511 . . - p 42 i
Serial port control Min VSWR: 1,556 @ 148.000MHz - - \
. * -
COMS (NanoVA) Rescan PR G e " . |
- . 26 ¥3
Disconnect Manage =2 - - . - v
Min gain: -90.557 dB @ 176.000MHz - m| ‘
Files ... Calibration ... Max gain: -90.557 d5 @ 176.000MHz -
Display setup ... About ... Analysis ... 100.01 150.0M 200.0M
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Sweep control Marker 1
511 5mith Chart
Start | 140MH2| Center | 145MH2| Frequency: 142.600 MHz VEWR: 1.313

Impedance: 42,1+9.73Q Return loss:  -17.377dB
Series L: 10,863 nH Quality factor; 0.231
Segments 100.0kHz/step SeriesC:  -114.67 pF S11Phase: 122,997 m
Sz ParalelR: 443610 521 Gain: -77.201dB
Parallel X:  214.23nH 521 Phase: 23.05°

I -

Sweep
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stop | 1sombz| | span | oMz

Markers

et [ e {0
Marker 2 196.5MHz | | @
Rak=s 150tz | M| O | eequency: 146.500 MHz VSWR: 1.100

|:| Enable Delta Marker Impedance: 47.8-4.13Q Return loss:  -26.451dB
Series L: -4,4316 nH Quality factor: 0.086
Series C: 263.35pF 511 Phase: -115.729°
DR ParalelR:  48.19Q 521 Gain: -76.963 dB
Parallel X:  1.9442 pF 521 Fhase: 23.44%

Show data Locked ()

Estimated cable length: 42.935m

Time Domain Reflectometry ...

Marker 3
Frequency: 150.000 MHz VSWR.: 1421
Impedance: 41.9+j14 2 Return loss:  -15.187dB
Series L: 14.83nH Quality factor: 0.334
Series C: -75.915 pF 511 Fhase: 111.56%
ParalelR:  46.53Q 521 Gain: -77.706 dB
Parallel X:  147.87 nH 521Phase:  23.85°

Reference swesp

Set current as reference
<

Reset reference
511

Serial port control Min VSWR:  1.061 @ 144.700MHz

Return loss: -30.556 dB
COMS (NanaVNA) ~|| Rescan stum loss

Disconnect Manage ==

Min gain: -79.496 dB @ 149, 100MHz

Files ... Calibration ... Max gain: -79.496 dB @ 149. 100MHz

Digplay setup ... About ... Analysis ...
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VHF/UHF Comet Vertical

Start ‘ 440MH2| Center | 445MH2| Frequency: 444.700 MHz VEWR: 1.135
Impedance: 44, 1+j606m 2 Returnloss:  -23.964dB

@ﬁ% Te ’C/nectﬁ\dio Club - NA@TC

Stop | 4sombz| | Span | 1oz

Series L: 215.94 pH Quality factor: 0.014
Segments 100.0kHz/step Series C:  -520.44 pF S11Phase:  173.79° ‘ I I I

Sweep settings ... Parallel R:  44.079 2 521 Gain: -60.794 dB

Parallel ¥:  1.147pH 521 Phase: -85.58°
I

Sweep

Markers

Merker 1|  asawe| (8] O
Marker 2 +43.293606MHz | || @
Marker 3 446.88982Hz | |l O Frriar VSV

[[] Enable Delta Marker Impedance: Return loss:
Series Lt Quality factor:
Series C: 511 Phase:
TOR Parallel R: 521 Gain:
Parallel X: 521 Phase:

Show data Locked ()

Estimated cable length: 2.053m

Time Domain Reflectometry ...

Marker 3
Frequency: VSWR:

Impedance: Return loss:
Series Lt Quality factor:
Series C: 511 Phase:
Parallel R: 521 Gain:
Parallel X: 521 Phase:

Reference sweep

Set current as reference

<

Resetreference
s11

Serial port control Min VSWR:  1.003 @ 442.500MHz

Return loss: -47.317 dB
COMS (NanoVNA) Rescan S foss

521

Disconnect Manage
Min gain: -74.957 dB @ 448. 200MHz
Files ... Calibration ... Max gain: -74.957 dB @ 448.200MHz

Display setup ... About ... Analysis ...
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Sweep control Marker 1
511 5mith Chart
Start | 100MHz ‘ Center | 300MHz ‘ Frequency: 452.000 MHz VSWR: 1844
Impedance: 31+15.4 0 Returnloss:  -10.550 dB
Stop | S0OMHz| | span | 400MHz] ! '
Series Lt 5.4333nH Quality factor: 0.498
Segments 4.000MHz/step Series C:  -22.819 pF S11Phase:  130.13°
Sweep settings ... Parallel R:  33.6820 521 Gain: -80.287 dB
Parallel ¥:  27.364nH 521 Phase: 73.48°
I
Sweep Stop
Markers
Marker 1 450z | B O
Marker 2 170.4MHz | | @
Marker 3 3760z | B O | prequency: 172,000 MHz VSWR: 3.488
[] Enable Delta Marker Impedance: 140-65.8 & Returnloss: -5.124dB
s -
Series L: -60.913 nH lity factor: 0,471 -
Show data Locked () eries n Il " -
Series C: 14,056 pF 511 Phase: -17.10°
TOR Parallel R: 170,86 521 Gain: -76.754 dB 1 a
v
Parallel X:  2.5486 521 Phase: 12.45° h
Estimated cable length: 0.083m arale PF ase b
%
Time Domain Reflectometry ...
%
Marker 3
Frequency: 376.000 MHz VSWR: 6.975 é, -l
Impedance: 18.2450.3 0 Return loss:  -2.508 dB
Series Lt -25.538 nH Quality factor: 3.319 4 "
Series C: 7.0157 pF 511 Phase: -76.30° AN
Parallel R:  218.410Q 521 Gain: -71.624 dB ik
Parallel X:  6.4318 pF 521Phase:  107.54° Rt
Ry
.
1
L]
]
e W 4
Reference sweep } Ea
i P
!
Set current as reference ~ .'. L '. - g
< > F
Reset reference 3 +
s11 - e
Serial port control Min VSWR: 1,844 @ 452,000MHz
Return loss: -10.550 dB
COMS (NanoViA) ~| | Resean Sl foss
521
Disconnect Manage
Min gain: -83.705 dB @ 404.000MHz
Files ... Calibration ... Max gain: -83.705 dB @ 404.000MHz
Display setup ... About ... Analysis ...

w

114 1
[ ]

10.6 IR
]

9.8 &

9.0 — 1

8.2 -

7.4 g

6.6 P 111

4.2 )

26

10
100.0M 300.0M

500.0M




285

o - = Telle ¢ AU

/4

D —

Sweep contral
Start | 100MHz] | Center | 300MHz |
Stop | 500MHz] | Span | 400MHz |

Segments 4,000MHz/step

Sweep settings ...

-

Sweep Stop
Markers
o1 [ owa] ] O
Y — | ik
w3 mnara] [0 ®

[] Enable Delta Marker
Show data Locked ()

TOR
Estimated cable length: 0.038 m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

COMS (ManoVMA) ~ Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... About ...

Marker 1

FT3d Rubber Duck

Freguency: 136,000 MHz VSWR.: 3.549
Impedance: 148-j62.7 02 Return loss:  -5.031dB
Series L: -73.407 nH Quality factor: 0.424
Series C: 18.656 pF 511Fhase: -15.03% Z
Parallel R 174650 521 Gain: -73.115dB
Parallel ¥:  2.8384pF 521 Phase: 12.72°
]
218 1 .-
|
]
(]
5
20.2 - - = |
1 i %
¥
q ]
1 (]
o 186 r 1 i %
Frequency: 228.000 MHz VSWR.: 4.151 - | ]
Impedance: 68.7-j88.70 Return loss: 4,269 dB i 1
Series Lt -61.922 nH Quality factor: 1.291 7.0 1 1 1 ]
Series C: 7.8691pF 511Phase: -41,31® =
i
ParallelR:  183.220 521 Gain: -67.530 dB 1]
Parallel ¥:  4.9172pF 521 Phase: -5.94% 154 ’ ™
g T 1 ¥ %
[ ] 3
13.8 - - - T
[
122 - 1 1 ]
Marker 3 q e [ 1 LI |
[l
Frequency: 500,000 MHz VSWR; 14.676 ¥ i,
Impedance: 8.26-j59.45 Return loss:  -1.136 dB ) 068 |
Series L: -18.896 nH Quality factor: 7.183 X I
Series C: 5.3622 pF 511 Fhase: -79.58° s | | | ]
[}
Parallel R: 434680 521 Gain: -74,706 dB F ) - 1
Parallel X:  5.2602 pF 521 Phase: 53.22° FLo. —_—n g ’ N
2 N | I
Ao
ekt 74 1 1 11
¥ ]
y ]
. / [ | ]
-
5.8 1 e
< >
[
|
s P

Min VSWR: 3,549 @ 136.000MHz

Return loss: -5.031 dB

521

Min gain: -81.872 dB @ 404.000MHz
Max gain: -81.872 dB @ 404.000MHz

Analysis ...

2.6

1.0
100.0M 300.0M 500.0M




