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Uses For the NanoVNA

* VNA — Vector Network Analyzer

 Make a wide range of transmission Line and
Antenna measurements.
* Will discuss only two tonight:

— Transmission Line loss
— SWR



Transmission Line Loss

* To evaluate the quality of your transmission
line you need to make two sets of
measurements as follows:

— DC Continuity between the ends of the
transmission Line with an Ohmmeter.

— RF loss versus frequency and compare this loss in
dB/100 ft. with the manufacturer’s specification.
This is best done with an Vector Network Analyzer.
A NanoVNA and the free NanoVNA Saver
software can provide excellent cable loss analysis.



NanoVNA-F Used

NanoVNA-F Vector Network
Analyzer SWR Meter Smith
[Upgraded] Hardware
V3.1,10KHz-1.5GHz 4.3 Inch IPS
TFT Shortwave MF HF VHF
Portable Handheld Antenna

Analyzer
Brand: HKCNMA.COM

WY ~ 47 ratings | 13 answered guestions

Price: $149.73 & FREE Returns




Combined Purchase
(Amazon)

Frequently bought together

- Total price: $165.32
& 'l“?f | Add all three to Cart |
+ Rl
"L vy

o These items are shipped from and sold by different sellers. Show details

This item: NanoVNA-F Vector Network Analyzer SWR Meter Smith [Upgraded] Hardware V3.1,10KHz-1.5GHz 4.3 ... $149.73
DHT Electronics Handheld Antenna Cable SMA Male to UHF 50-239 Female Connectors 6" Pack of 2 $6.80
SMA-UHF RF Connectors Kit SMA to UHF PL259 50239 4 Type Set SMA Jack/Plug to UHF Nickel Gold Plated Test C... $%8.79



Connector Adapters-page 1

DHT Electronics Handheld Antenna Cable SMA
Male to UHF SO-239 Female Connectors 6"
Pack of 2

Brand: DHT Electronics
Wl d&yr v 1,721 ratings | 22 answered questions

in Cable Gender Changers by DHT Electronics

Price: $6.80 Get Fast, Free Shipping with Amazon Prime & FREE Returns

Get $50 off instantly: Pay $0.00 $6-86 upon approval for the Amazon
Rewards Visa Card. No annual fee.

Connector Type RF Connector

Cable Type Coaxial
Compatible Devices Amplifier
Brand DHT Electronics



Connector Adapters-page 2

SMA-UHF RF Connectors Kit SMA
to UHF PL259 SO239 4 Type Set
SMA Jack/Plug to UHF Nickel Gold
Plated Test Converter Pack of 4 ...

Visit the onelinkmore Store
Wi &yr v 1,322 ratings | 9 answered questions

for "sma to pl259 adapter”

Price: $8.79 Get Fast, Free Shipping with Amazon Prime
& FREE Returns

Color: Black

:"’:" $11.98

L

9%, $8.79

® SO239 FEMALE jack to SMA MALE plug RF coax adapter
included

® SO239 FEMALE jack to SMA FEMALE jack RF coax adapter
included

® PL259 MALE plug to SMA MALE plug RF coax adapter
included

® PL259 MALE plug to SMA FEMALE jack RF coax adapter
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Connector Comment

e Several articles on the use of the NanoVNA to make
antenna and cable measurement recommend using a
flexible cable jumper cable, as shown on page 6, to
connect a stiff, heavy cable to the NanoVNA.
Apparently the connectors on the NanoVNA are solder
directly to the PC board and can easily be broke off by
applying bending moments to the small SMA
connectors.

* This said, | have found that when doing a remote cable
calibration as discussed on page 40, that | must
connect the remote test cable directly to the NanoVNA
via the SMA to UHF adapter without even the short
extension cable.



NanoVNA Saver Software Download

(QST — May 2020, pages 39 —43)

https://nanorfe.com/nanovna-v2-software.html

NanoVNA Saver

v0.3.8 (Latest version)
Linux executable

MacOS executable

Windows 64 bit

Windows 32 bit

< NanoVMNASaverx64(2).zip 713/2021 1:31 PM WinZip File 75,649 KB

Unzip

|

H nanowna-saver.exe 11/1/2020 12:33 PM Application 76,167 KB


https://nanorfe.com/nanovna-v2-software.html
https://nanorfe.com/nanovna-v2-software.html
https://nanorfe.com/nanovna-v2-software.html
https://nanorfe.com/nanovna-v2-software.html
https://nanorfe.com/nanovna-v2-software.html

Connect Nan

A To Computer
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Running NanoVNA Saver

* Connect NanoVNA to computer USB port as
shown on page 10.

* Turn on NanoVNA.

 Computer should acknowledge driver loaded
(beep)

* Double Click on ® nanovna-saver.exe



NanoVNA Saver V 0.3.8 Display

Sweep control Marker 1
S11 Smith Chart 511 Return Loss (dB)
Start | | | conter | | | Fremuency: YSWR:
Impedance: Return loss:
Stop ‘ | Span | | . .
Series L Quality Factar:
Segments E Hefstep | Series C: 511 Phase:
L e m— Parallel Rt 521 Gain:
Parallel =: 521 Phase!
0%
Sween Stop
Markers
Mot [ ]
L @ Frequency: YSWR:
Marker 2 l:l O Impedance: Return loss:!
Series L Quality Factar:
vrea (WO | L. -
[] Enable Delta Marker Parallel R: 521 Gain:
Show data Lacked O) Parallel =: 521 Phase!
TDR
Estimated cable length:
. 8 521 Polar Plot 521 Gain (dB)
Time Domain Reflectometry ... Marker 3
Frequency: WSWR:
Impedance: Return loss:
Series L Quality Factor:
Series Ct 511 Phase!
Parallel R 521 Gain:
Farallel =: 521 Phase:
Reference sweep
Set current as reference

Reset reference

511
Serial port contral Iin WSWR:
Return loss:
COMS (ManoVTa) || Rescan St loss
521
Connect to device Manage
Min gain:
Files ... Calibration ... Bedoan]
Display setup ... About .. Analysis ...

Connect computer to NanoVNA




Connect to Device Result

Sweep contral

Start | 10kHz | | Center | 500.005MHz |

Stop | 1GHe | | Span | 999.98MH |

Segments 10.000MHz/step

Sweep setkings ...

Sweep Stop

Markers

vt 1 1o
o
10

[] Enable Delta Marker

Shows data Locked ()

TOR
Estimated cable length: 4.678 m

Time Domain Reflectometry ..

Reference sweep
Set current as reference

Reset reference

Setial port control

COM3 (Manatha) w Rescan

Disconnect Manage
Files ... Calibration ...
Display setup ... Abaut ...

Matker 1

Frequency: 10,0000 kHz WSWR: -221,868
Impedance: - -j4.58k 0 Return loss: 0,078 dB
Series Lt -72.876 mH Quality Fackor: 1.895
Series C 3.4758 nF 511 Phase: -0.96%
FaralelR: - 521 Gain; -93.153 dB
Parallel X1 27186 nF 521 Phase:  -14.04%
Frequency: 500,005 MHz WSWR: 1.820
Impedance: 52.9+j31.1 Q Return loss:  -10.729 dB
Series Lt 29,9061 nH uality Fackor: 0,588
Series C: -10,228 pF 511 Phase: 67.87°
Parallel R 71,199 Q 521 Gain: -69,659 dB
Parallel X 38,512 nH 521 Phase:  -165,92°
Marker 3

Frequency: 1,00000 GHz WSWR: 1.452
Impedance: 49.9+j18.8 Q Return loss:  -14.683 dB
Series Lt 2.9543 nH uality Fackor: 0,376
Series C: -8.4879 pF 511 Phase: 79.61°
Parallel Rt 56,966 Q 521 Gain: -51.960 dB
Parallel ;24,139 nH 521 Phase: 132720
511

Min WSWR: -221.863 @ 10.0000kHz

Return loss: 0.078 dB

521
Min gain:
Max gain:

-106,990 dB @ 10,0099MHz
-47.038 dB @ 980.000MHz

Analysis ...

511 Smith Chart

521 Polar Plat

511 Return Loss (dE)
10

=30
10000 333.3M 666, 7M

521 Gain (dB)
-40

-50

-0
10000 333.3M 666, 7M

1000,ar

100o,ar
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Frequency Span Setting

* The NanoVNA takes only 101 data points
across the complete frequency span setting.

* For maximum accuracy distribute these data
points across your frequency band of interest.

* For example, for NVIS antenna and cable
measurements, use 10 KHz to 10 MHz. You
can narrow this range to 2 — 10 MHz or even
more narrow range to detect sharp
resonances.



Set Frequency Span Then Calibrate
#1 set span (10 KHZ - 10 MHZ)

Sweep control Matker 1
511 smith Chark 511 Return Loss (dB)
Start | 10kHz | Cerkerl  5.005MHz | Frequency: 10.0000 kHz WSWR: -221.368 10
Impedance: - -j4.58k 0 Returnloss:  0.073dB
Stop | | | span J| 9.09mez '
Series Lt -72.876 mH Quality fackar: 1.595
egrents 93.90kHz/step Series O 3.4753nF Si1Phase:  -0.98° s
S s ... ParallelR: -0 521 Gain: -958.153 dB
Parallel %  2.7186 nF 521Phass:  -14.04° B
[t
Sweep Stap 7 =
Markers 7 -10
Warker 1 e
Frequency: 500.005 MHz WSWR 1.820 15 ¥
Marker 2 500.005MHz O Impedance: 52.94+31.1 %2 Return loss:  -10.729 dB
Series L: 9.9061 nH Guality factor: 0.558
st | |0 O | s 102 PF 511 Phaser  67.87° 20
[ Enable Delka Marker Parallel R: 71,199 Q 521 Gain: 69,659 dB
. . o -25
Show data Locked O Parallel X: 38,512 nH 521 Phase: 165.92°
TOR -30
10000 333.3M B66,7M 1000.0r
Estimated cable length: 4,678 m
- - 521 Polar Plot 521 Gain (B}
Tirne: Domain Reflectometry ... Marker 3 40
Frequency: 1.00000 GHz WIWR 1.452
Impedance: 49.9+j18.8 0 Return loss:  -14.683 dB -
Series Lt 29543 nH Quality fackar: 0.576 T
Serigs Ct -8.4879 pF 511 Phase: 79617
Parallel R: 56,966 O 521 Gain: -51.960 dB -60
Parallel ;24,139 nH 521 Phase: 132.72°
Reference sweep 70
Set current as reference x
Reset reference -80
511
Serial port control Min ¥SWwR: -2Z1.868 @ 10.0000kHz a0
COMS (Nanchiua) Rescan Relamtes) G0E3
521
Disconnect Manage -100 Y
Min gain:  -106.990 d& @ 10.0099MHz
En Ealfbrtifam o Max gain: -47.038 d& @ 950.000MHz 10
el S o abauk AT 10000 333.3M 666, 7M 1000.0r

#2 calibrate r




Calibration Screen

FETEER IR Te] L

B Calibration — O
Active calibration Calibration standards
Calibration: Device calibration Use ideal values
Saource: ManoWNa Shart
Calibrate L {H(e-123) o
Short Unicalibrated L1 (H{e-247) 0
i Open Lncalibrated LZ (H{e-33}) 0
Click to brin gup load | Uncalibrated L3 (Hle42)) [0
Offset Del o
Ca I i b ratio n Thraugh IUncalibrated sek Delay (ps)
. Isolation Uncalibrated e
Assistant et |0
Offset delay 0.00ps = C1 (Fle-27)) 0
> Calibration assistant C2 (Fle-36)) ]
Apply Reset 3 (Fle-450) 0
I Offset Delay {psy |0
Motes
Load
Resistance (52 50
Induckance (Hie-12)) |0
Offsek Delay (ps) 0
Through
Qffset Delay (psy 0
Saved settings
Trles
I Files

Load Save Delete
Sawe calibration Load calibration




Calibration Assistant

—— g o= ==y -

1]

[ B Calibration assistant

application, It will sweep the standards For wou, and guide wou through the process,

o This calibration assistant will help you create a calibration in the ManoYhNaSawver

Before starking, ensure wou have Open, Short and Load standards available, and the

cables wou wish to have calibrated with the device connected,

If wou want a 2-port calibration, also have a "through” connectar to hand.

The best results are achieved by having the Nano¥NA calibrated on-device
for the full span of interest and saved to save slot 0 before starting.

Once ol are ready to proceed, press Ok,

F

i_ancel




Calibration Connectors
DC-6GHZ

OPEN  SHORT LOAD

-

C) " U

hollow needle stainless
steel
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Note: Port 1 on this
NanoVNA is their Port O

Step 1

Step 2

Step 3

Step 4

Calibration Steps

\

s

o Please connect the "short” standard Eorport 0 of the ManoWMa,

Press Ok when you are ready to continue,

Carce

B Calibrate open

Please connect the "open” standard to port O of the Manothla,

Either use a supplied open, or leave the end of the cable unconnected if desired.

Press Ok when vou are ready bo continue,

Cancel

Calibrate load hod

o Please connect the "load” standard to port 0 of the ManoVia,

Press Ok when vou are ready to conkinue.

Conca

| e 0 Ik it Bt U D et DA et e e e BN e

B T-portcalibration complete

o The required steps For a 1-port calibration are now complete.

Yes Cancel

IF you wish to continue and perform a 2-port calibration, press "yYes", To apply the 1-
pork calibration and stop, press "Apph

Apply

&
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Save Calibration

B Calibration

Bckive calibration

Calibration: Application calibration (101 points)
Source! Calibration assiskant

Calibrate
Short Set (101 poinks)
Qpen Set (101 painks)
Load Set (101 poinks)
Through IUncalibrated

Isolation Inealibrated

Offset delay 0.00 ps

4k

Zalibrakion assiskant

Apply Reset

Maokes

Save your Fies
Ca I i b rat i O n _Aave calibration ?d calibration

Zalibration standards

Use ideal values
Short:

L0 (H{e-12))
L1 (H{e-24))
L2 (H{e-33))
L3 (Hie-42)

Offset Delay {ps)

Qpen

€0 (Fle-151)
€1 (Fle-271)
£2 (Fle-361)
3 (File-451)

Offset Delay (ps)

Load

Resistance (02)

0

=0

0

0

a

a

50

Inductance (H{e-12)) 0

Offset Delay (ps)

Through

Offset Delay {ps)

Saved settings
W

Load

1]

0

Save

O

Delete

X

After shutting down Nano VNA, must load Cal file
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Calibration Files Example

« v » This PC » Docurments » ManoWhMa
A s
[ Desktap Mame
s OneDrive E'IU MHZ CAL
a L et E firsteal
B This PC &) ManoWMa Training

J 30 Objects
[ Desktop
=| Dacuments
Affirmatech
Cyberifienis
hALRE
Manoha,

Date modified

32041 2238 PR
1272041 159 A
372021 2:26 PRI

Type Size

cal TKB
cal TKB
OpenDocurment P.., 137 KB
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Test Sweep with 50 ohm load

Sweep contral

Start | 10kHz | | Center | 5.005MHz |

stop | 10MHz| | Span | o990z

Segments l:l 99,90kHz/step

Sweep settings ...

WEED Stop

rs

Marker 1 10kHe | || @
Marker 2 5,005MHz O
Marker 3 1ovHz | (B O

[] Enable Delta Marker

Shaw data Locked ()

TOR
Estimated cable length: 990,155 m

Time Domain Refectometry ...

Reference sweep
Sek current as reference

Reset reference

Serial port control

COM3 (NanovMA) Rescan

Disconneck Manage
Files ... Calibration ...
Display setup ... About ..,

Marker 1

Frequency: 10,0000 kHz VIWR: 1.001
Impedance: 50-j51.5m & Return loss:  -65.693 dB
Seties Lt -816 nH Quality Factor: 0,001
Jeries C: 310.42 F 511 Phase: -80.87°
Paralel R:  50.008 & 521 Gain: -91.851 dB
Parallel : 326,29 pF 521 Phase: -149,42°
Frequency: 5.00500 MHz WSWR: 1.000
Impedance: 50-j2.57m Return loss:  -77.344 dB
Series L: -&1.636 pH Guality Factor: 0

Seties C! 12,386 pF 511 Phase: -169,10°
Patallel i 49.987 @ 521 Gain: -96.556 dB
Parallel ¥:  32.673 fF 521 Phase: -109.65°
Marker 3

Frequency: 10,0000 MHz VSWR: 1.000
Impedance: SO+jE91p Q Return loss:  -52.564 dB
Series L: 10.994 pH GQuality Factor: 0

Seties C! -23.041 pF 511 Phase: 174.67°
Parallel R:  49.993 & 521 Gain: -inf dB
Patallel ¥ 57.585 mH 521 Phase: 0.00°

511

Min ¥SWR: 1,000 @ 409.600kHz

Return loss: -96.940 dB

521

Min gain:

Max gain:

-inf dB @ 9.10090MHz
-90.434 dE @ 109, 900kHz

Analysis ...

511 Smith Chart

521 Palar Plot

511 Return Loss (dB)
-60

65

=70

-a5

-100
10000 3340k 6.67M

521 Gain (dB)
-a0

-95

-100

-105

-110

-115

-120
10000 3340k 6.67M

10.0M

10,00
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Cable Sweep — RG8X

Sweep contral

Start | 1okHz | | center [ s.008MHz |

Stop | 10MHz| | Span | s.oomHz |

Segments 99,90kHz/step

Sweep settings ...

/ Sween Stop

Matkers

Marker 1 e
ater2 [ somwa] (] O
e 3 "o

[] Enable Delta Marker

Show data Locked ()

TOR
Estimated cable length: 24.60Z m

Time Domain Refleckometry ...

Reference sweep
Set current as reference

Reset reference

Setial port contral

COME (ManobhA) Rescan

Disconnect Manage

Files ... Calibration ...

Display setup ... About ..

Marker 1

Frequency: 10,0000 kHz
Impedance: - -j2.41k &
Seties L: -38.43 mH
Series C: 6.5913 nF
ParallelR: - Q

Parallel ¥:  5.5197 nF

Frequency: 5.00500 MHz
Impedance: 7.66-j49.7 O
Series Lt -1.5802 pH
Series C: 639.91 pF
Farallel R:  329.93Q
Parallel ¥:  625.05 pF

Marker 3

Frequency: 10,0000 MHz
Impedance: 6.57-j110m @
Seties L: -1.748 nH
Series C: 144,91 nF
Parallel R: 6.5745Q
Parallel X: 40,452 pF

WSWR:
Return loss:
Quality Factor:
511 Phase:
521 Gain:

521 Phase:

WSWR:
Return loss:
Quality Factor:
511 Phase:
521 Gain:

521 Phase:

WSWR:
Return loss:
Quality Factor:
511 Phase:
521 Gain:

521 Phase:

-130.923
0.133 dB
2,27
-1.99°
-91,397 dB
74.93%

13.047
-1.334 dB
6,485
-89.65%
-23.215 dB
-74.05%

7.607
2 e—— — |
0.017

-179.74

102,540 dB

-146.531%

511

Min ¥SWR: 130,923 @ 10.0000kHz

Return loss: 0.133dB

321

Min gain:  -110,969 dB @ 3, 70630MHz
Max gain: -86.153 dB @ 6.50320MHz

Analysis ...

511 Smith Chart

521 Polar Plat

511 Return Loss (dB)
10

0

-10
10000 3340k 6671

521 Gain (dE)
-80

-100

-105

-110

-115

-120
10000 3340k B.67M

10.0M

10,0




Cable Length?

Sweep control

start | 10ktz | | Corter | 5.008MHz |

stop [ 10MHz| | Span [ o.09MHe|

Segments 99, 90kHzstep

Sweep settings ...

Sweep Stop

Markers

Marker 1 1e®
ater2 o
ater 1o

[] Enable Delta Marker

Show data Lacked ()

TDR
Estimated cable length: Z4.60Z m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

COM3 (ManoWMA) ~ Rescan

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

Marker 1

Frequency: 10,0000 kHz WSWWR: 1153 406
Impedance: 184-i3.26k & Return loss:  -0.015 dB
Series Lt -51.812 mH Quality Factar: 17,65
Series C: 4.8889 nF 511 Phase: -1.75%
ParalelR:  57.657 ko 521 Gain: -95.346 dB
Faralel ¥:  4.8733 nF 521 Phase: 110,562
Frequency: 5.00500 MHz WSWWRL 13,681
Impedance: 7.39-j50.2 0 Return loss:  -1.272 dB
Series L: -1.5979 pH Quality Factor: 6,603
Series O 632.83 pF 511 Phase; -59.09°
Parallel R 349.24 521 Gain -91.959 d
Parallel x: 619,44 pF 521 Phase: -56,317
Marker 3

Frequency: 10,0000 MHz WSWWRL 7.985
Impedance: 6.26-j57.6m 0 Return loss:  -2.187 dB
Series L: -915.596 pH Quality Factor: 0.009
Series C; 276,54 nF 511 Phase: -179.87°
Paralel R:  6.2624 521 Gain -96.819 dB
Parallel x: 23,358 pF 521 Phase: -146,31%
511

Win SR 7.985 @ 10.0000MHz

Return loss: -2.1567 dB

S21

Min gain:
Max gain:

-113.010 dB @ 9.20080MHz
-57.014 dB @ 6.40360MHz

Analysis ...

511 Smith Chart

521 Polar Flok

511 Return Loss (dB)
o

-0
10000 F340k B.67M

521 Gain (dE)
-80

95 o

-100

-105

-110

-115

-120
10000 F340k B.67M

10.0M

10.0M
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Using TDR function to get Electrical
Length and Check for damage

B’ TDR — | >
The correct Velocity e el e B DS <
Factor must be entered — velocity factor 0.82 \
to get actual Iength Estimated cable |EI'II;||:|'I: 30,566 |:1|:||:|ﬂ: 3.4i|‘|:| Select Cable type
TOR : :
535 6 \ Or dielectric
30.57m

716.8 \
F Cable Length

493.7

0.0m 307.5m 615.2m
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Cable Loss — RG8X

The Return Loss, S11, on page 23, for 10 MHz is -2.297 dB.
This is the two way loss, out and back, so the cable loss is
one-half this amount or 1.1485 dB.

Loss is specified in dB per 100 ft. This cable happens to be
100 ft. length as both physically measured by me and also
measured by the TDR routine as shown on page 25. So the
measured loss is 1.1485 dB/100 ft.

To adjust for other cable lengths, multiple the length by 100

and divide by the physical length to calculate the loss/100
ft.

The specified cable loss for this ABR Industries RG8X, as
shown on page 27, is 0.9 dB/100 ft. at 10 MHz. So this
several-year-old cable is still good and this difference is well
within the manufacturer’s variability.



ABR Industries RG8X Specification

Gas Injected Foam Polyethylene Dielectric VP: 80%

our Closed-Cell-GIFP dielectric is a major advantage over standard RG8x; those products use a chemical foam dielectric; which causes higher losses, will-not stand-up to heat, and
that will cause the center conductor to migrate into the braid, and short-out.

Voltage DC: 1500Volts RMS: 5000

Maximum permissible D.C. voltage level is conservatively 3 times the A.C. level.
PP kW: 5.6

RoHS Compliant.

Overall Diameter: .242"

Weight 4#/100ft

All cable are fully tested. Hi-Pot® and continuity.

Nominal Attenuation-per 100ft/Power Rating{kW)/Efficiently%

0.9dB @ 10MHz/2.16kW/80% E.

1.6dB @ 30MHz/1.24kW/69% E.
2.1dB @ 50MHz/.96kW/62% E.
3.6dB @ 150MHz/0.55kW/43.5% E.
6.3dB @ 450MHz/0.31kW/23.2% E.
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Cable Loss — RG8/U

Losses in coaxial cable increase with frequency, so a better loss test might
be to sweep from 10 KHz to 30 MHz or even up to 100 MHz. Check the
manufacturer’s specifications so you can duplicate their measurement.

For example, a test of an old 73.5 ft. length of JSC 3030 RG 8/U resulted in
a measured loss of 2.56 dB/100 ft. at 100 MHz. The manufacturer’s spec
is 2.2 dB/100 ft. at 100 MHz. | recalibrated the NanoVNA for a new
frequency range of 10 KHz to 100 MHz and saved this calibration also. |
did measure the actual length rather than using the TDR. | have found
that assuming a specific type of cable and center insulator type, i.e. PE,
many not result in the correct physical length. Better to simply measure
the physical length. The return loss is not affected by the TDR length. This
measurement is only used to adjust the loss to dB/100 ft.

| would recommend that you run a sweep on a new cable and save the
results so that any cable deterioration over time can be detected.

Remember, a 3dB loss is a loss of half your transmit power!



Other Measurements, SWR,
pedance, etc.

B Display settings — d *
il Options Chart colors
i Return loss is: (®) Megative ] Use custam chart colors
() Positive Chart background
[ shiaw lines Displays a thin line between data points
Chart foreground
[] park mode Black background with white text
Chart text |
Sweep color
Second sweep calar Fenkt
Improvement .
Font size | & ~
h | Reference color
tO g ra p Bands

i Second reference color

readability |

(] show bands

Paint size 4px = |
= Chart band
) Line thickness | 10px | art hands
Marker size | px = | Manage bands
[] shaw marker numbers  Displays the marksr number next to the marker WSWR Markers
[ Filled marksrs Shows the market as a filed triangle
YS'WR Markers
Daka point is: (®) Ak the center of the marker
N
Oth () &k the tip of the marker one h
er 3 Add ... Remowe
i Displayed charts
Charts
} 311 WEWR ~ 1511 Return Loss ~  Mone w
511 Re+i¥ ~ | |511 2 “| Mone w
Markers

fdd Remove Settings ...




SWR and Impedance — Auto- Tuned

Antenna at 5.202 MHz

Sweep control

start | 10kHz | | center | 5.005MHz |

stop | 10mHz| | Span | 90wz |

Segments l:l

Sweep settings ...

SwWeEp Stop

99,90kHz/step

Markers

Warker 1 1e
Worker 2 O
Vorker 3 1o

[] Enable Delta Marker
Show data Locked ()
TDR.

Estimated cable length: 36,45 m

Time Domain Refleckometry ...

Reference sweep
Set current as reference

Reset reference

Serial port contral

COM3 (ManohA) o Rescan

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

Marker 1

Frequency: 5.20480 MHz
Impedance: 46.2+j24.7
Series Li 753,76 nH
Series C: -1.2405 nF
Parallel R: 59,334 @
Parallel %:  3.3986 uH

Frequency: 5.00500 MHz
Impedance: 123+j1l.1 %
Series L: 353.82 nH
Series C -2.8579 nF
Parallel R: 124,428
Parallel %: 43,882 uH

Marker 3

Frequency: 10,0000 MHz
Impedance: 114228 Q
Series L: 363.13 nH
Series C: -697.56 pF
Parallel Rt 58,482 Q
Parallel ¥:  446.8 nH

WSWR:

Return loss:
Quality Factor:
511 Phase:

WShWR:
Return loss:
Cuality Factar:
511 Phase:
521 Gain:

521 Phase:

WSWR:
Return loss:
Quality Factor:
511 Phase:
521 Gain;

521 Phase:

1671
-11.998 d&
0,534
84.45°
-96.476 dB
130.00°

2,492
-7,365 dB
0.09
4,95°
-116.990 dB
-45,00°

5,555
-3.162 dB
2.083
129.18°
-103.010 dB
171.87°

511

Min ¥SWR: 1,337 @ 5,10490MHz

Return loss: -16.519 dB

521

Min gain:  -116,990 dB @ 5,00500MHz
Max gain: -86,10& dB @ 809,200kHz

Analysis

F11 YR
25
0.z
154
10,6
5.4 v
1.0 %
10000 a340k 66T 10,01
R= 511 R4 -
6100
447.3
2847
1272.0
-40.67
2033
1,000 N -386.0
10000 0k 6.57M 10,0M

511 Return Loss {d&)
0

20
10000 3340k 6.67M

s11 2|
£70.0

558.0

446.0

334.0

224.0

112.0

0.000
10000 T340k, 6.67M

10.0M

10.0mM




VHF/UHF SWR Measurements

Ay 2005
DuEh

\

Experimental Setup



New Calibration Files

Mame

B 10 MHZ Cal
B 100 MHz cal

Date modified

TI5/2081 2038 PM
752021 308 &M

B 100-180 MHz Cal
B 100-200 MHz
B 400-500 MHz

6/6/2021 10:28 &M
T 420 PM
TE3/2081 36 PM

H cable cal 1
Efirstcal

i NanoWMNA Training

7115/2021 8:44 AN
TH/2041 753 AM
6702021 10:25 AM

Type Size

cal TkE
cal TkE
cal TkE
cal TkE
cal TkE
cal TkE
cal TkE
OpenDocurnent P.., 446 KB




Swieep control Marker 1
511 ¥SWR
Start | 100 MHz | Gy ‘ 140MHz | Frequency: 118,400 MHz VSR 2,652 ;
Impedance: 20.3+j12.8Q Returnloss:  -6.691 dB
Stop | 130 MH2| Span ‘ SEIMH2| . .
Series L 17.162 nH Quality Factor: 0,629
Segments E 800.0kHz/step | SeriesC: -105.29 pF S11Phase:  146.44°
_ 6.5
Y —— Parallel R 28,334 @ 521 Gain: -36.189 dB
Parallel ¥: 60,577 nH 521 Phase: -110,25°
6.0
Sweep Stop
Markers
5.5
Marker 1 184mHz | 0| @
Frequency: 152,800 MHz WSWR: 1.411
Marker 2 152,8MHz O Impedance: 64.7-j13.1 @ Return loss:  -15.359 dB
Series L: -13.659 nH Quality Fackar: 0,203 5.0
Marker 3 164, 8MH;
arker 2| MO | s 7043 oF S11Phase: 35,220
[] Enable Delta Marker Paralel R:  67.357 & 521 Gain: -89.469 dB
Show daka Locked O Parallel ¥:  3.1344 pF 521 Phase; -112.75° 45
TDR.
Estimated cable length: 4.463 m 4.0
Time Domain Reflectometry ... Marker 3
Frequency: 164,800 MHz WSWR: 1,293
Impedance: 38.9-j2.42 Q Returnloss:  -17.575 dB 35
Series L: -2,3364 nH Quality Fackor: 0.062
Serigs T 399,18 pF 511 Phase: -166,14°
Parallel B 39,056 2 521 Gain: -61.514 dB 30
Parallel ¥:  1.5377 pF 521 Phase; -112.46°
Reference sweep v
25
Set current as reference
Reset reference
Si1 2.0
Serial port control Min YSWR: 1,283 @ 165.600MHz
Return loss: -18.127 dB
COMB {NanoVHAY ~| | Rescan S foss
1.5
521
Disconneck Manage
Min gain:  -102,147 dB @ 120.500MHz v
Files .. Calibration ... Max gain: -51,055 dB @ 150.000MHz i,
. . iDU.DM 111.4M 122.9M 134.3M 145.7M 157.1M 168.6M 180.0M
Display setup ... About ... Analysis ...




2m/70 cm Mag Mount

Sweep contral

start | 400MHz | | center [ 4s0Mbz |

stop | so0mhz||span | 1oomHz]

Segments l:l 1,000MHz/step

Sweep seftings ...

Sweep Stop

Markers
- 50
ot 2 o
Marker 3 qszamHz |l @
[ Enable Delta Marker

Show data Locked ()
TOR

Estimated cable length: 5.085 m

Time Domain Reflectometry ...

Reference sweep
Sek current as reference

Reset reference

Serial port cankral

COM3 (ManoWMA) ~ Rescan

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

Marker 1

Frequency: 414,000 MHz WAL 1.186
Impedance: 43.3+j4.23 & Return loss:  -21.382 dB
Series Li 1.6263 nH Quality Factor: 0,098
Series C -90.874 pF 511 Phase: 145,317
Farallel R 43.669 Q 521 Gain: -75.409 dB
Parallel X! 171,65 nH 521 Phase: 101,91
Frequency: 433,000 MHz WSWR: 1,098
Impedance: 50.1+j4.69 0 Return loss:  -26.584 dB
Series L: 1.7252 rH Quality Factor: 0,094
Series C! -78.31 pF 511 Phase: 86,55
Paralel R:  50.503 Q 521 Gain: -78.889 dB
Parallel x; 197,99 nH 521 Phase: -28.37°
Marker 3

Frequency: 452,000 MHz WIWR 1,113
Impedance: 47.6+i4.65 2 Return loss:  -25.435 dB
Series Lt 1.6361 nH Quality Factor: 0,095
Series C! -75.78 pF 511 Phase: 114.53%
Parallel i 43.06 @ 521 Gain: -77.772 dB
Parallel ¥; 173,38 nH 521 Phase: 56,68°

511

Min ¥SWR: 1,095 @ 433.000MHz

Return loss: -26.584 dB

521

Min gain: -97.496 dE @ 453, 000MHz
Max gain: -65,995 dE @ 442,000MHz

Analysis ...

S11 WSWR,
3

2.83

2.33

2.0

1.67

1.0
400.0M 414.3M 428.6M 442,90

457.1M

471.4M

485.7M

S00,0M




NanoVNA Accuracy Verification Tests

* The NanoVNA accuracy was evaluated using a Array
Solutions AIM 4170C at HF and VHF frequencies for
cable loss and VHF SWR. See page 31 for experimental
setup.

 The Array Solutions VNA 4170 was evaluated by ARRL
Test Labs as reported in a QST article of Aug 2007 when
the 4170 was favorable compared with an Agilent
42918, a laboratory grade network analyzer.

* Therefore comparing the NanoVNA against the AIM
4170 will provide a valid accuracy comparison with the
Agilent 4291B.



HF Cable Loss Comparisons

CABLE NanoVNA AIM 4170C Difference Measurement Units

RG8X 1.15dB 1.03 dB .12 dB dB/100 ft. at 10 MHz
RG8U 2.56 dB 2.4dB .16 dB dB/100 ft. at 100 MHz



VHF SWR Comparison

(See Plot Comparison on page 38)

Freq. MHz NanoVNA AIM 4170C Difference
118 3.39 3.22 0.17
153 1.29 1.31 0.02

165 1.44 1.37 0.07



VHF SWR Plot Comparisons

NanoVNA

AlM 4170C




Making Remote Measurements

The NanoVNA running the NanoVNA Saver can be calibrated to
make measurements at the end of a test coaxial cable as if the
NanoVNA were located at this remote location.

To successfully calibrate the remote test cable, it must be directly
connected to the NanoVNA via a SMA to UHF adapter as shown on
page 40. Using the short jumper cable, shown on page 6, did not
result in a valid calibration that produced accurate measurements.

To remote calibrate, follow the procedure found on pages 15-22.
Connect the calibration connectors (short, open, and load) to the
end of the test cable as shown on page 40. Remember to set your
frequency range before doing this process, then save the results i.e.
“Remote cable cal 10 MHz”. Remember to do a sweep with the
load connector installed to verify that you see 50 ohms at the
highest sweep frequency.



10N

ibrat

NanoVNA Remote Cable Cal

40



Remote Calibration Result

e After this remote calibration process, | repeated the cable
loss measurement, discussed on page 26, for the 100 ft. of
RG 8X cable and got the exact same return loss.

* This remote measurement technique should allow the
SWR and impedance to be measured at the end of a ladder
line, or balun, of a wide-bandwidth dipole. This
information would allow the selection of the best balun for
this antenna and provide an estimate of the expected
coaxial cable loss from the balun to the rig-located tuner
using SWR versus frequency.

* | have not yet fully explored the higher frequency (100+
MHz) performance of this remote measurement method.



Summary & Conclusions

e The NanoVNA with the NanoVNA Saver software
can make a wide variety of useful antenna and
transmission line measurements. This can
include coaxial cable loss and antenna SWR.

* The cost of the NanoVNA and its free software is
magnitudes cheaper than any other Vector
Network Analyzer with similar capability.

* The NanoVNA Saver software is user friendly and
provides very accurate results without having to

rely on the rather difficult NanoVNA display
buttons.



