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 Configure as a full, two-port VNA, time-domain
reflectometer, vector voltmeter, cable and antenna
analyzer, and more.

* Measure all four S-parameters simultaneously
with a single connection and up to 90 dB of
dynamic range.

* Perform accurate testing with QuickCal, full two-
port unknown thru Cal, and Thru, Reflect, Line
(TRL) calibration in the field.

« Measure average and pulse power easily with a
USB power sensor.

-WKEYSlGHT ContactUs L W & Q

PRODUCTS AND SERVICES LEARN BUY SUPPORT

A lightweight, durable, full two-port network analyzer,
cable and antenna analyzer, distance-to-fault tester,
power meter, and vector voltmeter

Sold by: Keysight Online Sales

Chooge Configuration Cancel

» N9923A 4 GHz RF vector network
- ; US$ 10,209
analyzer, transmission/reflection

+ Show Details
® Add to Cart
W 5 Week Delivery — Included

» N9923A 6 GHz RF vector network
analyzer, transmission/reflection US$ 11,165

+ Show Details
M 5 Week Delivery - Included W Add to Cart

£ LOGAG 1648/ 52,608
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NANOVNA-F V2 3 GHz Mini Vector Network Analyzer is a new
generation of portable, stand-alone VNA, featuring a 4.3 inch IPS LCD
screen, metal enclosure, 5000 mAh battery and SMA connectors. The
measurement frequency range of NanoVNA-F V2 is up to 3GHz. The S21
dynamic range is greater than 70dB at 50kHz-1.5GHz and greater than
60dB at 1.5GHz — 3GHz. $ 190 USD




AE5X Conclusion : 1to 4 GHz: nanoVNA 2 Plus4 vs. Keysight FieldFox

A 4 GHz FieldFox costs $12,000 - this does not include the calibration terminations -
they're an additional $800. We have ours professionally calibrated every year in June -

the one used for these comparisons was just calibrated.

The nanoVNA costs $160, includes three SMA terminations (SOL) and has no means

of being internally calibrated.

How can anyone not be impressed by the close correlation of these two VNA's,
especially given the huge price delta? No, I'm not getting paid to say that and am in no
way affiliated with anyone having anything to do with nanoVNA sales, development or

anything else.




Vector Network Analyzer

A vector network analyzer (VNA) is a device used to measure the electrical
properties of RF and microwave devices and networks. It does this by sending a
signal down a transmission line and measuring the reflected and transmitted
signals. The VNA then uses these measurements to calculate the S-parameters of

the device or network.
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Vector Network Analyzer Measurements

1. Complete characterization

of linear networks

2. Complex impedance

needed to design
matching circuits

3. Complex values
needed for device

modeling
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6. X-parameter (nonlinear) characterization
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High-frequency Device Characterization
Transmitted
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Vector Network Analyzer Block Diagram

Reference measurement X
receiver receiver '

DUT
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NanoVNAH
0.5 MHz - 1.5 GHz
2.8" TOUCHSCREEN

NanoVNA SAA2N
0.5 KHz - 3.0 GHz
4" TOUCHSCREEN

NanoVNA H4
0.5 MHz - 1.5 GHz
4" TOUCHSCREEN
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NanoVNA V2 Plus4
0.5 KHz - 4.0 GHz
4" TOUCHSCREEN

NANO VNA-F V2
50 kHz - 3 GHz
4" TOUCHSCREEN




Vector Network Analyzer Clones versus Original
V2.2/SAA-2 (clone) V2.2 V2 Plus & Plus4

m # 511 - o 511 5

o

>

200MHz - 3GHz 200MHz - 3GHz 200MHz - 3GHz
501 points 501 points 501 points

2x averaging 2x averaging 2x averaging
Both ports open Both ports open Both ports open

$ 267 $388 |




Vector Network Analyzer NanoVNA H

Marker 1 - =
511 5mith Chart 511 Return Loss (d) ® Impedance ) Admittance
Frequency: 49.9851MHz VSWR: inf =
Impedance: - 280 2 Returnloss:  0.041d8 20 Frequency from | 1M to [1G
Series L -590.43 nH Quality factor: 72.98
Series C: 11,386 pF 511 Phase: -20.27* 1.5
ParallelR: -0 521 Gain: -89.147 dB
Parallel X:  11.384pF 521Phase: -135.27°
10
0.5
00 My W\
Frequency: 143.997 MHz VSWR: 307.041 ) : ¢
Impedance: 335m-51.4Q Return loss:  -0.057 dB 0.5
Series L: -56.854 nH Quality factor: 153.5
Series C: 21,487 pF 511 Phase: -88.37° -1.0
Parallel R:  7.894 k0 521 Gain: -84.577 dB
Parallel ¥:  21.486 pF 521Phase: -89.10° e
-2.0
1.000M 500.5M 1000.0M
Marker 3 S11VSWR 521 Gain (dB)
Frequency: 431.970 MHz VSWR: inf 100.0-%- 7 =
Impedance: - +40.9 @ Return loss:  0.056 dB -
Series L: 15.059 nH Quality factor: 151.5 E
Series C: -9.0145 pF 511 Phase: 101.47° 3
Paralel R: -2 521 Gain: -72.405 dB i
Parallel X: 15,06 nH S21Phase:  156.15° e
50.5
S11
Min VSWR: 61.839 @ 757.548MHz
Return loss: -0.281dB
25.8
521 -100
Min gain: -104.885dB @ 45.5319MHz
Max gain: -55.378 dB @ 990.103MHz
1.0 -110
i 1.000M 500,5M 1000.0¢  1.000M 500,5M 1000.0M

Calibrated Instrument provides Quantitative Measurements




511 Smith Chart 511 Return Loss (dB)
i Accuracy
i designates how close a measured value is
-50 g . .
to the true quantity of what is being measured.
-60
| . Resolution
- is the smallest increment the system can
g0 1%, display or measure.
100~ - —— Repeatability
-110 . 0
100.0M 550.0M 1.000G describes how well a system or device can
S11VSWR 521 Gain (dB)
o = reproduce an outcome.
60
1.75
-0 NOT ACCURATE VERY REPEATABLE VERY ACCURATE
NOT REPEATABLE NOT ACCURATE VERY REPEATABLE
-80
1.5
-30
-100
1.25
-110
1.0 & -z
100.0M 550.0M 1.000G 100.0M 550.0M 1.000G




NanoVNA Saver Software

B NanoVNA Saver 0.4.0 (Sweep: 2024-01-21 08:04:49 @ 101 points) = o B NanoVNA Saver 0.4.0 (Sweep: 2024-01-21 07:58:25 @ 2020 points) [m}
Sweep control Sweep control
511 Smith Chart s 511 Return Loss (d8) 511 Smith Chart 511Return Loss (dB)
Start | Mz | | center | s00.5mHz | . - hs Start | Mz | | center [ 500.5wHz | e
stop | 16Hz| | span | soombz] P % stop | 1Grz| | Span | 9oomhz | -
Segments 1 9.990MHz/step 0z Segments 0 454, 8kHz/step 0.3
Sweep settinas ... { 0.2 Sweep settings .. 0.2
a g e
Sweep Stop % 0.0 Sweep Stop 0.0
Markers 4 # 01 ' Markers 0.1 3
Marker 1 s0.95MHz | W @ . ._' 0.2 = Marker 1 49.985101MHz | [ B @ 0.2 %
Marker 2 140ja6MHz | W] O g : 0.3 Marker 2 143.908911MHz | B O 0.3
Marker 3 430.5mMHz | B O " B 0.4 Marker 3 431.969925MHz | W] O 0.4
[ Enable Delta Marker e g 0.5 | [] Enable Delta Marker 0.5 |
1.000M 500.5M 1.000G 1.000M 500.54 1000.0¢
show data Lacked O Show data Locked O
S11VSWR 521 Gain (d8) S11VSWR 521 Gain (dB)
TOR 400 =N L . 50 . TOR 00 L 20
Estimated cable length: 0.167m o 4 Estimated cable length: 0.171m N -
Time Domain Reflectometry ... v -60 Time Domain Reflectometry ... ”
300 300 z 60
Reference sweep Reference sweep g
i i 70
Set current as reference 70 = TR Set current as reference I3
Reset reference 200 A - = i Reset referance 200 % 80
S -a0 & X
Serial port control Serial port control - 20
" 2 -
Port | COM7 (H) V‘ Rescan 01 - | . Port | COMZ (H) Rescan 101 g -100
G0 1
Disconnect Manage Discornect Manage ;.
Files Calibration ... 10 -100 Files Calibration ... 10 120
1.000M 500.5M LO0OG  1.000M 500.5M 1.000G 1,000M 500.5M 1000.0¢  1.000M 500.5M 1000.0M
Display setup .., About ... Display setup ... About ...

1 MHz - 1000 MHz, 1 Segment

1 MHz - 1000 MHz, 20 Segments




Vector Network Analyzer Time Domain Reflectometry

=p= 5~
P
e Identify both distance and
s = magnitude of impedance
= discontinuities along a
1 transmission line.
= 5
N 1 Commonly called distance to
e fault (DFT).

TDR nanoVNA, 10 feet cable, 50 feet LMR400, open load




Vector Network Analyzer

511 Smith Chart

511 VSWR
20.0-—=

15.2

10.5

5.75

1.0
1.000M 500.5M

511 Return Loss (dB)

-10
1.000M

521 Gain (dB)

-120

1000.0M  1.000M

500.5M

500.5M

1000.0M

1000.0M

Frequency Domain Analysis

plastic jacket

dielectric insulator

metallic shield

centre core

TDR nanoVNA, 50 feet LMR400, open load




Vector Network Analyzer

511 Smith Chart 511 Return Loss (dB)
-10
-15
0 5
-25
-30
1.000M 500.5M 1000.0M
511 VSWR 521 Gain (dB)
20.0 -50
-60
15.2 -70
-80
10.5 -30
-100
5,75 -110
-120
1.0 it L = -130
1.000M 500.5M 1000.0M  1.000M 500.5M 1000.0M

Frequency Domain Analysis

plastic jacket

dielectric insulator

metallic shield

centre core

© - —y

TDR nanoVNA, 10 dB Pad, 50 feet LMR400, open load




B TDR

LMR400UF {0.83)

Velocty factor

Estimated cable length: 15.271m {50ft 1.2in)

TDR
a0.0

15.27m
g

57.5

353.0. =

2.5 =

0.0m 4.0m 3.0m 12.0m 15.0m 20.0m 24.0m

LMR 400 50 feet 50 ohm Load 1 MHz - 1000 MHz Sweep




5 TDR

LMR400UF (0.83)
Velocity factor 0,83

Estimated cable length: 15,325m (50ft 3. 3in)

TDR
20.0

15,32m
.'-&'-

57.5

525 | | 4 i

0.0m 3.9m 7.9m 11.9m 15.9m 20.0m 24.0m

LMR 400 50 feet 50 ohm Load 1 MHz - 100 MHz Sweep




R TDR

— O X
RG-58/U 520 PE (Belden 9201) (0.66) >
Velodty factor .66
Estimated cable length: 0.159m {0ft 6. 3in)
TOR
0.0
0. 1am
[
L
L
57.5 .-
G50
52.5 4
B ]
0. 0m 4,0m 3.0m 12.0m 15.0m 20.0m 249.0m

RG58 50 feet 50 ohm Load 1 MHz - 1000 MHz Sweep




UHF Resonant Cavity Bandpass Filter Testing

= | B Sweep analysis = o X 511 Smith Chart 511 Return Loss (dB)
; | 0
Select analysis
Analysis type | Band-pass filter ~
-2
Run analysis
[ run automatically 1
A \
Analysis Ij
Band pass filter analysis H
i
Please place Marker 1in the filter passband. -6 :_!
Result: Analysis complete {5050 points) g
Center frequency: 432, 111MHz 4 *
Bandwidth {-3 dB): 245.520kHz
Quality factor: 1759.98 "
Bandwidth {-6 dB): 422,928kHz 428.0M 432.0M 436.0M
] " | . —
= = e 511 VSWR 521 Gain (dB)
. \‘ﬁv I Cutoff frequency: 431.989MHz (-3.0 dB) % A T Ly g
H Y » | -5 dB paint: 431.898MHz ik 5
-60 dB point; : 3 '
oto!o a ! Raoll-off: 3385.091dB [ octave 19.0 -10
| Rolloff: 11245.029 dB / decade
MECISION SELECTOR
Upper side:
CAVITY | 3.0 .
| Cutoff frequency: 432.234MHz (-3.1 dB)
| -6 dB point: 432,321MHz 5
-60 dB point: 436.6449MHz {derived)
Roll-off: 3599.42 dB [ octave 7.0 30
3 | Rolloff: 11957.015 dB / decade
Mooz, TU255 _ -
400- 470Mc I
I
[ 1.0 -40
MUFACTURED UNDER | 428,0M 432,0M 436.0M  428.0M 432.0M 436,0M
PATENT 2,837,182

g s

Center Frequency 421.111 MHz
Bandwidth 245.520 KHz




Test and Compare HF Low Pass Filters

Vintage versus Modern , how do they compare?




® dB ) Magnitude ) Real O Imaginary ) Phase ) Unwrap Phase () Group Delay () K-Factor () Gain () VSWR
K-Axis from | 1M t099.92965M Y-Axis from |-112.47459  to |0.03698
04 = =T - :
45"-—:__
1 | ! | I ! | I —1
4 =3
' ¢ \F)
= ] I |
60 . .
| Drake —
-804
-100
T T T I T =T T | T L T I T T LEES ) I T T LIS ) | T T T 1 I T T T T I T T T T | T T T T I T T T T I T T T T | T 1 T T I T T T T I T 1 T T | T T T T I T LI T I T T T 1 | T T LI I T T T T I T T T T
5M 10M 15M 20M 25M 30M 25M 40M 45M 50M 35M 50M 65M TOM T5M 30M &5M oM 95M 100M
Freguency (Hz)
% VNA Drake LPFs2p [V AI [V 511 []s12 [ s21 []523
% VNA MFIIPFs2p (V] Al W] s11 []512 [Ws21 []s22
Loading time < 1sec Points: 2020  Step Size: 48.034kHz  Ports: 2 Impedance: 50 Q - |mo

S11 , S21 Comparison Drake versus MFJ HF Low Pass Filters
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(0 dB ) Magnitude ) Real . ' Imaginary ":ihﬂe () Unwrap Phase O Group Delay _' K-Factar l Gain () VSWR
X-Adsfrom 1M to[1000M | V-Adisfrom |35 [to0

. ' ' ' g GaindE |
k_&ms

04 .\\... 1 I I ] I 11 ] I ] [ N N S A i Gzl | == (haindB.

g ! 1 - 1 (| | P | —— — it -
el YT T ———————p——— i T S o o oy 5 s S S = = "“----.!——-ll-—-..u._“'__“__-__--. T
e ..&mﬁ_‘_
| 1 ey g o]

= GaindB

Gain

== GaindB

50M 1000 150M 200M 230M 300M 350M 400M 430M 3000 330M B00M B30M T00M T30M £oom 830M a0om asoM  1000M
Frequency [Hz)

Digital RF Attenuator




Marker 1

Frequency: 7.01240 MHz VSWR: 1.036
Impedance: 50.6+H1.69% Return loss:  -34.951dB
Series L 38.407 nH Quality factor: 0.033
SeriesC:  -13.412nF 511 Phase: 69.16°
Parallel Rt 50.668 2 521 Gain: -0.078 dB
Parallel X:  34.394pH 521 Phase: -20.64%
Frequency: 14,0104 MHz VSWR: 1.035
Impedance: 48.5-+880m Returnloss:  -35.246 dB
Series L 9.5941 nH Quality factor: 0.018
SeriesC: -12.912nF 511 Phase: 148.39°
Parallel R:  48.557 0 521 Gain: -0.183 dB
Parallel ¥:  30.434pH 521 Phase: -§4,159°
Marker 3

Frequency: 144.016 MHz VSWR: 1.120
Impedance: 48.1+5.240 Return loss:  -24.947dB
Series L: 5.7944 nH Quality factor: 0.10%
Series C: -210,75 pF 511Phase: 106.39%
ParallelR:  48.7190 521 Gain: -39.463dB
Parallel X: 434,36 nH 521Phase:  -77.09°
511

Min VSWR: 1.008 @ 122.924vHz

Return loss: -47.875 dB

521

Min gain:  -56.321dB @ 199.902MHz
Max gain: 0.046 dB @ 1.00000MHz

Analysis ...

511 5mith Chart

S11VSWR
8

6.25

4.5

1.0 F
1,000M

100.5M

200.0M

511 Return Loss (dB)
1]

-50
1.000M

521 Gain (dB)
10

-50

60
1.000M

100.5M

100.5M

200.0M

200.0M

Duplaxear

Comet CF-530 Duplexer

Band Pass

Ins Loss

Max Power

Low Pass:
High Pass:

1.3 - 90MHz
125 - 470MHz

Isolation: 45dB minimum

.2dB
.2dB

600W PEP
600W PEP




511 5mith Chart 511 Return Loss (dB)
-10

-13

=20

C9 2

-30

-33

-40
1.000M 750.5M 1.500G

S11VSWR 521 Gain (dB)
2.0 -30

-40
175

-50

L5 -60

-0

N RF Coaxial Directional Coupler
! R 400 - 470MHz

I_l.[]D[]M 750.5M 1.500G 1.000M 750.5M 1.500G 40d B 500 Watt




S et

) dB () Magnitude U Real (J Imaginary () Phase () Unwrap Phase () Group Delay () K-Factor () Gain (@) VSWR
K-Axis frornfTM |to 156G ] ¥-Axis from |0 .t0j1.61448

16— — — L L Ll Ll | — | CH] [EE | e, S SR s L) L) A |

— SWR-S11
SWR-522

W SR

— T T T [ T v T T [ T T v T [ T T T T [ T ¥t T T [ T T T T [ T T T Vv ] T T T T [ T ¥ ¥ T [ T T T T [ T T T T [ T T T T [ ¥ T T T ] T T T T [ T T T T
0.1G 0.2G 0.3G 040G 0.5G (.60 076 0.8G 0.9G 1G 114G 1.2G 1.3G 14G 1.5G
Frequency (Hz)

All WEWR-511 YEWR-522

RF Coaxial Directional Coupler 400 - 470MHz
40dB 500 Watt




® dB O Magnitude () Real O Imaginary ) Phase ) Unwrap Phase ) Group Delay ) K-Factor () Gain () VSWR
X-Axis from [ 1M |ta 156 | ¥-Axis from |-80 | te|-30

-30

a0+

50 —_
= 50|

704

-80

_gu T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T

0aG 0.2G 0.3G 043G 0.5G 0.6G 0.7G 0.8G 0.9G 1G 116G 1.2G 1.3G 143 1.5G
Frequency (Hz)
Al []s11 []512 521 []s22

RF Coaxial Directional Coupler 400 - 470MHz
40dB 500 Watt




e sharametes
® dB ) Magnitude (' Real O Imaginary () Phase () Unwrap Phase () Group Delay ) K-Factor () Gain () WSWR
X-Auis from | 1M [to[156 | V-fods from [-45] L|t° -35
=36
_38 -
8 40+
.47
o !
A4
T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T I
0.1G 0.2G 0.3G 0.4G 0.5G 0.6G 0.7G 0.8G 0.9G 1G 1.1G 1.2G 136G 1435 1.5G
Frequency (Hz}
Al [s11 []s12 521 []s22

RF Coaxial Directional Coupler 400 - 470MHz
40dB 500 Watt
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Od (U Magnitude O Real ‘_"_\rna_gina;y () Phase O Unwrap Phase ) Group Delay @) VSWR
Yohisfrom[SOM_ [ta25ht Vhisfon1  t0/15

= VEWR-S11

WEWR

T T R T R e e e T R e T e T R e e e
50M L BM M 00M TIOM T20M T30M MOM T3M M TTOM 180M 190M 200M 210M 220M 220M 240M 250M
Frequency (Hz)

Al v VSWR-S11

50 cm Vertical Antenna
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NanoVNA RF Signal Generator
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. NanoVNA Frequency versus Tlme

. NannUNA frequent:yr

UIIIEIIl1ﬂlll15|||2ﬂ|||2-5
Elasped Time (hours)

NanoVNA RF Signal Generator @ 432 MHZ




Don has pursued a lifelong interest in science and engineering beginning as a
youth in western Canada. He received his first amateur radio license at the age
of 15 while attending high school in Edmonton, Alberta, Canada.

Don continued this interest and graduated from the University of Alberta
receiving a Bachelor Science in Electrical Engineering. During the last 41 years
he has worked in energy industry in Canada, the United States, Europe, South
America, the Middle East and the Far East.

His technical area of interest lead to publications of nuclear magnetic resonance
applied to reservoir characterization. He was granted numerous US patents for developments of pressure
core technology. Don was honored to be the Distinguish Speaker at the Harvard University Energy

Conference. During 2020, Don received the prestigious Hart Energy Innovators Award.

| obtained an amateur radio license in 1967 as VEGANW, a year later achieved the advanced certification
as VEGRI. I initially pursued 20-meter DX working. Soon after, | became interested in weak signal UHF
propagation. After more than 50 years have passed, | have rejoined the amateur radio ranks and

currently active on 20 meters and VHF / UHF bands.




Cable Test Experiment
RG 58a/u
Determine Cable Quality

CableA and CableB




DTF-RL (dB)

DTF Return Loss

Instrument File

0.00

£.00

12.00

18.00

2400

30.00

36.00

45.00

54.00

g0.00 '
30.

(=]
{u]

30.40 30.80 31.20

Resolution: 1033

Std: None

Date: Sunday, March 17, 2024
Model: 53310

SiteMaster S331L DTF

32.00

Distance (3000 -3400m )

CAL: On (InstaCal-Std)
Smoothing % OFF

Time: 4:14:05 P
Serial 1520069

32

A0

32.80 33.20

RF Immunity: High
Freog: Start/stop: 2.0 MHZ/Z2000.0 MHZ
Ins. Loss: 0.5994 dB/m

Prop »el: 0.730

Cable A

33

&0

34.

oo




DTF-RL (dE)

DTF Return Loss

Instrument File

0.00——
£.00——
12.00-F
18.00— -———‘f
24.00—= A ‘w
SD.DD—_Q\ ‘Vi_
36.00—— ﬂ
42.00-F
43.00 ; |
54.00——
60 00— A N Y Y O I /| N | S O A I
20.00 21.00 2200 253.00 24.00 25.00
Distance (2000 - 3000 m )
Resolution: 1033 CAL On (InstaCal-5td) RF Immunity: High
atd: Mone amoothing % OFF Freq: start/stop: 2.0 MHZ2000.0 MRz
Date: Sunday, March 17, 2024 Tirme: 3:48:31 P Ins. Loss: 0.594 dB/m
Model: 53311 Serial 1520069 Prop el 0.730

S

iteMaster S331L DTF

Cable B




B TDR - O X

RG-58/U 520 PE (Belden 3201) (0.66) v

Yelodty factor .

(o k]
[af]

Estimated cable length: 0.195m (0ft 7.7n)

TDR

131.0
0.2m

110, 1

89.3 |

47.7 M I.

0.0m 25.0m 50.0m

nanoVNA Cable A

' TDR == O ot
RG-58/1J 520 PE (Belden 'EIEDI;I {DEE] o
Velodty factor i, 66

Estimated cable length: 22.932m {75t 2.8in)

TOR
425.5
22.93m
o

331.0

230.0

142.1

45,7
0. 0 25.0m 50.0m

nanoVNA Cable B




Marker 1
511 Smith Chart 511 Return Loss (dB)
Frequency: 143.997 MHz WSWR: 1.057 T
Impedance: 52.3+1.652 Returnloss:  -31.144dB |
Series L: 1.825nH Quality factor: 0.032 ¥ |
Series C: -669.39 pF 511 Phase: 34.68° l
Parallel R: 52,358 Q2 521 Gain: -106.975 dB -10 : T
Parallel ¥:  1.8332uH 521 Phase: -171.60° i ‘é . f‘ f
i ;
: w NS hf
Ay
e B £ :
Y
A -30 g7
Frequency: 431.970 MHz WSWR.: 1.179
Impedance: 47.1+H7.46 2 Returnloss: -21.704dB g
Series L: 27478 nH Quality factor: 0.158
Series C: -49,403 pF 511 Phase: 106.88°
Parallel R:  48.277Q 521 Gain: -75.617 dB -
Parallel X:  112.33nH 521 Phase: -127.81° -50
-50
1.000M 500, 5M 1000.0M
Marker 3 511 VSWR 521 Gain {dB)
Frequency: 900,050 MHz VEWR: 2,087 4 T -50
Impedance: 25.6+H1L70Q Returnloss:  -9.012dB
Series Ls 2.0717nH Quality factor: 0,458 &0
Series C: -15.093 pF 511 Phase: 145.57°
Parallel R: 30,9380 521 Gain: -70.063 dB |
Parallel : 11,933 rH 521Phase:  -103.00° 3.254
2.5
511
Min VSWR: 1.003 @ 1566.758MHz
Return loss: -56.441dB |
1.75+
able A ~
Min gain: -112.243 dB @ 118,26 7MHz H i i ]
Max gain: -54.050 dB @ 979,218MHz w CF
10 ¥ £ ! -120 |
| - 1,1000M 500, 5M 1000.0M  1,000M 500, 5M 1000.0M
Analysis ...

nanoVNA Cable A




Marker 1

Fregquency: 143,997 MHz VSWER: 2,119
Impedance: 23.954.67Q Return loss:  -8.904 dB
Series L: -5.1646 nH Quality factor: 0,196
Series C: 236.53pF 511 Phase: -166.24°
Paralel R: 247780 521 Gain: -91,139 dB
Parallel X:  8.7344pF 521 Phase: -141.83%
Frequency: 431.970 MHz VSWR: 1.321
Impedance: 46.3412.90Q Return loss:  -17.186dB
Series L: -4,755 nH Quality factor: 0.279
Series C: 28.548 pF 511 Phase: -98.44°
Parallel R:  49.873 Q 521 Gain: -77.554 dB
Parallel X:  2.0599 pF 521 Phase: -47.21%
Marker 3

Freguency: 900,050 MHz VSWR: 1261
Impedance: 43.8+8.910Q Return loss:  -18.764dB
Series L: 1.5763 nH Quality factor: 0.204
Series C: -19.837 pF 511 Phase: 119.42%
Parallel R:  45.608 Q2 521 Gain: -72.829 dB
Parallel X:  39.621nH 521 Phase: -132.53
S

Min ¥SWR: 1.007 @ 937. 160MHz

Return loss: -49.621dB I B
521 a e

Min gain: -112.694 dB @ 143.450MHz
Max gain: -56.325 dB @ 961.405MHz

Analysis ...

511 Smith Chart

511 Return Loss (dB)

S11VSWR
25

13.0 ¢

10

II.DDUM 300.5M 1000.0M

-50
1.000M 500.5M

521 Gain (dB)
-50

-60

-70

-80

1.000M 500,5M 1000.0M

nanoVNA

Cable B




YEWYR

5.00

VSWR

Instrument File

2.80

5.00

4.50

4.00

3.50

3.00

2.80

2.00

1.50

1.00—+—

AR AN

| |
QDI1 g 401.6 GDlI 4 801.2 1,Dlﬁ1 0 1,200.8 1.400.6 1,6004 1,800.2
Frequency {2.000000 - 2,000.000000 MHz )
Resolution: 1033 CAL: On (InstaCal-5td) RF Imrmunity: High
Std: Mone Smoothing %: OFF
Date: Sunday, March 17, 2024 Time: 3:37:20 PM
Model: 53310 Seriall 1520089

SiteMaster S331L Cable A




VSWR

Instrument File

4.50

4.00—

3.50

VEWYR

3.00

2.50

2.00

1.50

1.00
20 201.8 4018 BDII 4 801.2 1,0411 A 1,2&0.8 1400.6 1,6&0.4 1,8&10.2 E,Déﬂ.ﬂ
Frequency {2.000000 - 2,000.000000 hMHz )
Resolution: 1033 CAL: On (InstaCal-5ta) RF Imrmunity: High
Std: None Smoothing % OFF
Date: Sunday, March 17, 2024 Time: 3:41:30 P
Model: 553310 Serial 1520089

SiteMaster S331L Cable B




Benchmark Tests

nanoVNA H

and

Anristu SiteMaster S331L




| B
e i

X ¥~ NanoVNA

TR Seu.T B

Anristu SiteMaster S331L NanoVNAH

2 MHz — 4 GHz 0.5 MHz - 1.5 GHz
$ 8500 $ 75




| NanoVNA Saver 0.4.0 (Sweep: 2024-03-17 10:13:30 @ 2020 points) — O x

Sweep control Marker 1
511 Smith Chart 511 Return Loss (dB)

Start m Center | 500.5MHz Frequency: 100,943 MHz VSWR: 12.446

_ _ Impedance: 33.2+1310 Return loss:  -1.399dB
Stop m Span QaaMHz Seriesl:  206.68nH Quality factor: 3.95

_ Series C: -12.026 pF 511 Phase: 39.70%
Segments 494, 8kHz/step Parallel R:  550.98 & 521 Gain: -82.836 dB

Ijl Parallel X:  219.94nH 521 Phase: -41.01°
| Sweep settings ... |
I -
Sweep Stop

Markers Frequency: 243.884 MHz WSWR: 8.056

= Impedance: 26,3587 52 Return loss:  -2.168 dB
Marker 1 B ® | Seriesl: -55.414rH Quality factor: 3.306

= Series C: 7.3205 pF 511 Phase: -56,48°
Marker 2 |8 O | paralelr: 313980 521 Gain: -71.807 dB

- Parallel X: 6,707 pF 521 Phase: -10.46°
e wo

[] Enable Delta Marker

-10 | ]
Hide data LeaediC) 1,000M 500.5M 1000,0M
Marker 3 S11VSWR 521 Gain (dB)
TOR
Frequency: 499.757 MHz VSWR: 5,626 80.0- -50
Estimated cable length: 12.119m Impedance: 16.5+45 0 Returnloss: -3.121dB .
: Series Lt 14,332 nH Quality factor: 2.721 0
Time Domain Reflectometry ... Series C: -7.0766 pF 511 Phase: 92.56° '
- - Parallel R: 1399 521 Gain: -71.945dB
Parallel ¥:  185.267 nH 521Phase:  -22.82° 4.2t i
Reference sweep [ -70
i Sét cur‘reni: as re.f;érence
=30
Reset reference 30.5 "
511 i an

Serial port control :
Min VSWR: 2.621 @ 789.710MHz

Port | comz (H) | | Rescan Return loss: -6,.982dB sagl | -100+

Discornect || Manage | 52 . _—
Min gain:  -113.816 dB @ 178.138MHz
Files Calibration ... Max gain: -53.997 dB @ 954.478MHz . 6
oS T e m e '1.000M 500.5M 1000.0¢  1.000M 500.5M 1000.0¥

nanoVNA_H LMR 400 15 m (50 ft) Shorted




Return Loss

Instrument File

: '| Ry flm'l

80 - war%mkﬂﬂ L.
;; %i_ |4M%%M%wMHftr @ W% |N |%Hﬂﬁhm .i M
1 i

';F**m e _#;L#q

G014 adl.2 ] ] 1.2 ]4||III 16004 1 _I_II_|.

D0000 MHz )
Resolution: 517 - Onln RF Immunity. High

SiteMaster S331L LMR 400 15 m (50 ft) Shorted




Return Loss 15 m LMR 400

2000

o7
.

nanoVNA_LMR400_Short | |
T, >
$

.,

)

*'

|
1500

S331L_LMR400_Short

1000

Frequency (MHz)

500

(gp) LIS

S11 nanoVNA H and SiteMaster S331L




VSWR

10.00 e 8

VSWR 15 m LMR 400
— T T |

e S331L_VSWR_LMR400_Short
«  nanoVNA_VSWR_LMR400_Short

0 200

400 600 800 1000

Frequency (MHz)

S11/ VSWR

nanoVNA _H and SiteMaster S331L




Benchmark Tests

Distance to Fault
nanoVNA H
Anristu SiteMaster S331L




K1 TDR

LMR400UF (0.83)
Velodty factor 0,83
Estimated cable length: 15.245m {50ft 0.2in)

TOR
1000.0

15.29m
e

) DTF = 15.245 m

576.8

470.9

o~

365.1

259.3

153.5 | I ! o

.
477 : 1 .
14.0m 14.2m 14.3m 14.5m 14.6m 14.8m 14.9m 15.1m 15.2m 15.4m 15.5m 15.7m 15.8m 16.0m

nanoVNA H LMR 400 15 m (50 ft) Shorted




DTF Return Loss

Instrument File

- DTF =

N
LA
R

! ! 1 ] | | | |
.80 153.00 15.

Distance (14 .00 - 1600 m )

Resolution: 217 CAL: On (InstaCal-5td) RF Imrmunity: High
Std: Mone smoothing %: OFF Freq: Start/Stop: 2.0 MHZ2000.0 MHZ

|

Date: Sunday, March 17, 2024 Time: 12:39:10 PM Ins. Loss: 0.135 dB/m
Wodel: 53310 serial 1520065 Prop el 0.820

SiteMaster S331L LMR 400 15 m (50 ft) Shorted




Some VNAs are capable of using inverse Fourier transforms to convert swept
frequency measurements into the time domain. In this way, data displayed in the time
domain allows the VNA to be used to find problems in cables and connections by
detecting the locations of impedance mismatches or discontinuities as the signal

passes through the DUT.

For time domain measurements, the ability to resolve two signals is inversely
proportional to the measured frequency span. Therefore, the wider the frequency
span, the greater the ability the VNA has to distinguish between closely spaced
discontinuities. The maximum frequency span is set by the user and may be defined

by either the frequency range of the VNA or the viable bandwidth of the DUT.




| 7 swespanass — O [ - o X
Odb O Magnitude () Red () megnary () Phese () Unwrep Prese () Group Dy 8 VR
B —i e 1 Select analysis LMR400UF (0.83) il
Achasfom M to 990.99818M Vhishom() o 4466474
Analysis type | Resonance analysis w| | Velocty factor i
Estimated cable length: 15.21m {49ft 10.8in)
Run analysis
SRS 77
i [ Run automatically #%72.8 15.21m
i1 e s
Analysis -
Settings 587.8 5
Description [Resonance N
507 3
Results wea
Resonance 3.96879MHz {959m-j8.58 &) 4
Resonance 8.42198MHz (33444805 7) 2
Resonance 12,8752MHz (1,444,583 €2) EZ2 e =
I- Resonance 15,8336MHz (370-j639 @) :
¢ Resonance 20,2972MHz (2.08-97.08 @) f;
47.7
% Resonance 24, 7504MHz (93349533 Q) 0.0m 17.5m 35.0m
2 Resonance 29, 2035MHz (2. 14-4+7.77 )

Resonance 33, 16 19MHz (235-§454 2)
Resonance 35.6255MHz (2,616,012
Resonance 41.0787MHz (1.05k-j37.5 &)
Resonance 45,5319MHz (2.68+8.78 &)
Resonance 48.9955MHz (2924448 Q)
Resonance 52.9539MHz (3.0154.93 Q) L M R 40 0 50 feet
Resonance 57,407 1MHz (720-§357 1)
Resonance 60.8707MHz (3.3149.23 Q)
Resonance 65.3239MHz (43847427 ) O pe N Loa d
Resonance 69,777 1MHz (3.33+H5.440)
Resonance 73.7355MHz (5224385 )
Resonance 77.1990MHz {3.66-18.43 ) 1 — 1 0 0 0 M HZ
Resonance §1.6522MHz (G00+306 22)
Resonance 86, 1054MHz (3.91+6.41 2)
Resonance 90,06338MHz (337-4350 )
Resonance 93.5274MHz (3.85-7.43 Q)
Resonance 97.9806MHz (665 +66.5 Q)

iy

il 1M M Bl T T A N 1 1 ! R 1 N I
Frequency ()




T ———

O de

) Magnitude (® Real
H-fuis from | 1

) Imaginary () Phase () Unwrap Phase

) Group Delay (7 VSWR
to 099,99918M |

¥-fuis from [-0,93006 | to [0.85574

—sil

oading time < 1 sec

LMR 400 50 feet

30M 55M gOM 65M oM T5M 20M 85M 90M
Frequency (Hz)

] Al [+ 511




0 dB O Magnitude ®) Real

_ Imaginary ) Phase

() Unwrap Phase

) Group Delay O VSWR

X-Axisfrom[1M | to|090,99918M ¥-Auis from [-0,93006 | to [0.95574
2327 —s1
G.g_ ] .
. G (36.624M 0.209)
:,za,ﬁgm,a.agzs}
0.88 - - E-ESZ.—BSTM.O.SSE)
] F{44.5?$,(}.8?8) ' 9
1 B (69.283M,0.874)
T A (80.871M.0.867
§0.86— | 4 ! N ! | |- ! Iy 1
| _ ¢ g7 aohmogs D (85.411M.0.861)
0.84
082
— [ | e e e — S S e S S e S S St S S S S S —
30M 35M 40M 450 50M 55M H0M 65M 70M 75M 20M a5M a0M
Frequency (Hz)

LMR 400 50 feet Short Load 1 -1000 MHz (detail presentation)




LMR 400 50 feet Short Load nanoVNA Data
« Peaks are 8.2 MHz Spacing
« LMR 400 Velocity Factor = 0.83
Since: A=cl/f
Then A= 0.83 * 3e8/ 8.2e6
A= 30.365 m ( 2 way length /time)
Thus Cable Length = 15.18 m (49.8 feet)




Fourier Transform an

B TDR

RG-584/U 540 Foam (Belden 8213) {0.73)

Velodity factor

Estimated cable length: 25.867m (84ft 10.4in)

TOR
580.1

313.9

2252

8.8m 19.1m 29.3m 39.5m 49.7m

25.87m
Leren,

| & Tor = O

R.G-58A/U 540 Foam (Belden 8219) (0.73)
Velocity factor .73
Estimated cable length: 25.432m (83ft 5.3in)

TOR
212.3

184.8

157.4

130.0

102.5

75.1

0.13m
47.6 T —

0.0m 9.8m

29.9m 39.9m

50.0m

1al Resolution

RG-58A/U 54 Foam (Belden 8219) {0.73)

Velodity factor

Estimated cable length: 25.345m (33ft 2.0in)

TOR
847.0

713.8

0.0m 10.0m 20.0m 30.0m 40.0m

50.0m

0.1 -10 MHz

0.1 -100 MHz

nanoVNA data

0.1 -1000 MHz




Benchmark Tests

Response > 1 GHz
nanoVNA H
Anristu SiteMaster S331L




Sweep control

Start | 1MHz | | Center | 750.5mHz |
Stop |  1.5GHz||Span | 1.499GHz]
Segments | 20 742, 4kHzfstep
Sweep settings ...
I, oo
Sweep | Stop

Markers

Marker 1 | 499924339z | || @
Marker 2 | 100033366260z | |0 O
Marker 3 | 1.300282256Hz | || O

[] Enable Delta Marker

Show data Locked ()
TOR
Estimated cable length: 0.147 m

Time Doméin R.eﬁed:omefry

Reference sweep
Sgt c:|.]rrer1t as refgrep.t_'e

Reset reference

Serial part control

Port | comM7 (H) «| | mescan
Disconnect Mana_ge
Files Calibration ...
Diplay setig AOOE

511 Smith Chart

S1LVSWR
2.0

175

1.000M

1.500G

S11Return Loss (dB)
-10

-20

-30

80 |
1.000M

521 Gain (dE)
-40

-50

-60

-120 |
1.000M

375.8M 750.5M 1,1256

375.8M 750.5M 1,125G

1,500G

nanoVNA 1 -1500 MHz 50 feet LMR 400 plus 50 ohm termination load




VEWR

VSWR

Instrument File

1.60

1.40

1.20

1.00

ol kbl b IO

o FTITTITTTITT T TTTT [ TTTT [ TTTIT[TTTT{TTTT|TTTI

Resolution: 1033

Date: Monday, March 18, 2024
hodel. 53310

1,001.0

Frequency {2.000000 - 2,000.000000 hMHz )

CAL: On (InstaCal-5td)
Smoothing %: OFF

Time: 8:40:53 Fi
Serial 1520069

SiteMaster S331L 1 - 1500 MHz 50 feet LMR 400 plus 50 ohm termination

AL

RF Immunity: High



Transmission Line Network

« RG58a/lu Z=50 ohm 75 feet
 RG 59u Z=75o0ohm 6 feet
 Load Z =50 ohm




DTF Return Loss

Instrument File

M2 B70dBE @ 2675 m

12.00-F I m

il i
s il | oz
S = Sl N A A ﬂ AW [ V\n J \ f

L A e p b TV W
| LV

: |
! | I i i
; - | 1

ED.DD—IlllllllyIIIIIIIIIIIIIIIIlllllllYIIJII |
20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 25.00 25.00 30.00
Distance (2000 - 3000 m )
Resolution: 1033 CAL: On (InstaCal-5t) RF Immunity: High
Std: None Smoothing % OFF Freg: Start/Stop: 2.0 MHz/Z000.0 MHz
Date: Tuesday, March 19, 2024 Time: 9:34:52 Al Ins. Loss: 0.994 d&/m

Model: 553310 Serial 1520089 Prop &el: 0.730




VSWR

Instrument File

WEWYR

|

b
| W/,ﬂﬁ,lﬁ A
T

S {TTTT T o AT T [ TTTT [ TTT T[T TITT [ TTTT|TTTT

———

Resolution: 1033

Date: Tuesday, March 19, 2024
hModel. 53310

SiteMaster S331L VSWR

1,001.0

Freguency (2.000000 - 2,000 000000 MHz )

CAL: On {InstaCal-5td)

Smoothing %: OFF
Time: 9:47:91 Ak
Seral; 1520069

RF Immunity; High

Transmission Line Network




i TDR

[RG-58A/U 5402 Foam (Belden 8219) (0.73)
Velocity factor 0.73
Estimated cable length: 0.12m (Dft 4. 7in)

TDR
303.5

0.12m
]

2
275.1..

246.7

189.9

161.5 -

133.1

104.3—-

7%.4 f‘ M | . |
I" i
,J\,,P “*\ L

0.0m Z.2m 4.49m 6.7m 11 im 15.6m 17.8m 20.1m 22.3m 24.5m 26.7m

27.43m
»

218.3 - I | | | | ! r—’—r_
{ )
i

L

nanoVNA DTF Transmission Line Network




B TDR = *

RG-58A /U 540 Foam (Belden 8218) (0.73)
Velocity factor 0,73
Estimated cable length: 0.127m (0ft 5.0in)

TOR
0.1

0.1
0.1
0.1
01
0.0
0.0 | | h i

0.0

21.8m 22.3m 22.8m 23.3m 23.8m 24.3m 24.8m 25.4m

nanoVNA DTF Transmission Line Network

27.43m
0.0 :

H
7
I

0

25.9m 26.4m 26.9m 27.4m 27.9m




B ManoVMA Saver 0.4.0 (Sweep: 2024-03-19 10:34:11 @ 2020 points) — O e

Sweep control
511 Smith Chart 511 Return Loss (dB)

Start | 1MHz | | Genter | 500,5MHz | i

Stop | iGHz | | span | oommhz |
-15

Segments E 494.8kHz/fstep

: Swieen settings ... | ) =

I

Sweep Stop

-30

Markers 2
-35

et e .
Marker 2 25.73995MHz | | M| O
Marker 2 s0.4709vHz | (W] O 45

[] Enable Delta Marker

-9 | | | |
Bt et \ocked O 1,000M 250, 500,5M 750.2M 1000,0M
511 VSWR 521 Gain (dB)
TDR
3 -50
Estimated cable length: 0.121m
-60
gigie Dol ety
2.5 ! ! ! 70
Reference sweep
i S.»e_.t cuneni as re.f::rence 80
S opa
Reset refer 2.0 I ! I LRl
sset reference =0 ‘-,'."'..i‘c%,._. B
Serial port control -100
Port | COM7 (H) ~| | Resean -iTh -
Disconnect | | Manage
fes i [t | 130 | | |
§ 100000 1,000M 250, 500,5M 750.2M 1000,0M
Display setup ... ) About ...

nanoVNA VSWR Transmission Line Network




Benchmark Tests

Dummy Loads

Anristu SiteMaster S331L




50 Q Smith Chart

Instrument File

Resolution: 1033 CAL: On (InstaCal-Std) RF Immunity: High

Std: Mone Time: 11:42:44 AM
Date: Tuesday, March 19, 2024 Serial: 1520069 Reference Impedance: 500
Model: S331L

SiteMaster S331L Smith Chart 50 ohm




VSWR 50 ohm Load

z_af— o 5331|__vsz_5o_ghm _
,6f| * mnanoVNA_VSWR_50ohm| -~ ]

30

VSWR

Frequency (MHz)

SiteMaster S331L and nanoVNA SWR 50 ohm Load




WSWYR

VSWR

Instrument File

3.00

2.80+

2.B0-

2.40-

2.20-

2.00-

1.80-

1.60-

1.40

e

1.20

1.00

o [TTTT|TTTI I|II‘IIII‘IIII‘IIII‘IIII‘IIII‘IIII‘IIII

401.6

Fesolution: 517
Std: Mone

Date: Sunday, March 17, 2024

Model 53311

1,001.0

Frequency (2.000000 - 2,000.000000 hHz )
CAL On (InstaCal-5td)

Smoothing % OFF
Tirne: 12:55:38 P
serial: 1520089

1,400.6

RF Immunity: High

SiteMaster S331L Dummy Load 1




WSWR

VSWR

Instrument File

280
2 60—
240
20—
2.00-—
1 .BU—:":—

1.60-—

140

401.

Resolution: 517

Std: Naone

Date: Sunday, March 17, 2024
Model 53310

801,

1,001.0

Time: 1:02:25 P
Serial: 1920069

1,200.8

Frequency (2. 000000 - 2,000 000000 MHz )

CAL: On (InstaCal-5td)
Smoothing %: OFF

RF Immunity: High

SiteMaster S331L Dummy Load 2

2,000.0




VEWR

VSWR

Instrument File
21.00— ;
19.00-
17.00-
15 00— /
13.00—
9.00-
700 /
5.00-
3.00
P——
T o e B e N W
100 | | ! N S Y Ll |
2. 2018 401 6 6071 .4 g01.2 1,Dﬁ1.D 1,200 8 1,400 6 1,600.4 1,800.2
Frequency (2.000000 - 2000 000000 MHz )
Fesolution: 517 CAL: On (InstaCal-5td) RF Immunity: High
Std: Mone Smoothing % OFF
Date: Sunday, March 17, 2024 Time: 1:10:00 P
Maodel: 53310 Serial: 1520069

SiteMaster S331L Dummy Load 3




VEWR

VSWR

Instrument. File

2.80—

2.60—

240

2.20—

2.00+

1.80—

1.60-

1.40

v

X

1.20

\

1.00

o

201,

Fesolution: 517
Std: Mone

Date: sunday, March 17, 2024

Model: 53311

g01.2 1,001.0 1,200.8

Freguency (2.000000 - 2,000 000000 MHz )

CAL On (InstaCal-5td)
Smaoothing %: OFF
Time: 1:158:06 PM
Serial 1520069

RF Immunity: High

SiteMaster S331L Dummy Load 4

1,800.2

2.000.0




Instrument File
3.00—
2.80-—
2.60-F—
2.20-F——
¢ 7
= 200
) =
= - / \d/
1.80-1——
1.50--2—
1.40-+——
1.20-F
= o e
1_00---|—'f———i’_”:‘__—"l__1’—*5-—”7’fllllllllllll||III|I||IIIII|IIII|
20 2018 401 6 G014 g01.2 1.001.0 1.200.8 14006 1.6004 1,800.2 2,0000
Freguency (2.000000 - 2,000 000000 MHZ )
Resolution: 217 CAL On (InstaCal-Std) RF Imrmunity: High
Std: Mane Jmoothing % OFF
Date: Sunday, March 17, 2024 Tirme: 1:36:09 P
Model: 5331L Serial: 1520069

SiteMaster S331L Dummy Load 5




VEVVR

VSWR

Instrument File

2.60

240

2.20

2.00

1.80

1.60

1.40

1.20

1.00

o

Resolution; 1033

Std: None

Date: Monday, March 18, 2024
Model: 53310

g0

Freguency (2.000000 - 2,000.000000 kHz )

i 1,0&1 0

CAL: On {InstaCal-5td)
Smoothing % OFF
Time: 10:56:27 Ak

Serial: 1520069

1,200.8

RF Irnrmunity: High

SiteMaster S331L Dummy Load 6




VEWWR

VSWR

Instrument File

3.00—
2.80-
2.60—

240+

2.20—

2.00-

1,80~
1.60-—

1.40—

1.20

1.00

Resolution: 517

Date: Sunday, March 17, 2024
Model: 53310

1,001.0

Tirne: 1:40:08 P
Serial: 1520069

Freguency (2.000000 - 2,000 000000 MHz )

CAL: On ({InstaCal-5td)
smoothing % OFF

RF Immunity: High
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Input Signal Output Signal

Slitee Reflected Signal

VNA —

g

PC & Display




{a) Frequency Range {E) Dynamic Range

(c) Trace Moisa (d) Meazsurament spaad




"-"'
Port 1 " Port 2
S-Parameter Forward Incident Transﬁﬁitted b,
ThEDI’Y * a3 DUT ) -
. S“ "
View . Reflected gy
1
512
b; Transmitted | Incident Reverse
e DUT 2, <l
K- 522
a;=0 Reflected
2
Forward: Reverse:
. Reflected _ b Reflected _ b;
Reflection: | Su = : = S = : =
ok "7 lncident T aila,-g | ¥ Incident  a2fa,_g
= Transmitted _ b Transmitted _ b
| S = - = e — : =
Transmission: a2 ==rrarelt - an a=0 | 77" Incident ~ azla,-g
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» Relatively easy to obtain at high frequencies

* Measure voltage traveling waves with a vector network analyzer

* Don't need shorts/opens (can cause active devices to oscillate or self-destruct)

» Relate to familiar measurements (gain, loss, reflection coefficient ...)
« Can cascade S-parameters of multiple devices to predict system performance
« Can compute H-, Y-, or Z-parameters from S-parameters if desired

* Can easily import and use S-parameter files in electronic-simulation tools

Incident S21 Transmitted
dl & O
S ; g b2
Reflected O DUT O S22
b Port 1 Port2 || Reflected
1 (: - L4 az
Transmitted S12 Incident

b1 = S1181 +S12 a2
b2 = S21 81 +822 a2




Incident S
R

Transmitted .
S 1 . Zﬂ
Forward Reflected g _ou p $zz| Load
1 a, =0
b
By, - Reﬁ'?cted _ e . - Reﬂe-cted _ 2
Incident a; |a,=0 Incident a, |a;=0
Transmitted b 2 Transmitted b 1
S, = = —— S 12 = =
Incident g4 |9z =@ Incident a, |9;=0
aj ] D > b 2
Ly |-32 o our S 2
Load - Reflected Reverse
< :
b, Transmitted S 12

{az
Incident




Port 1 DUT > Port 2

S, = forward reflection coefficient (input match)
S,, = reverse reflection coefficient (output match)
S,, = forward transmission coefficient (gain or loss)
S4, = reverse transmission coefficient (isolation)




V2 Plus4 fixes the drift and linearity issues with older NanoVNA/S-A-A-2 based
analyzers. It is a complete redesign using our new VNA-R architecture, which features the
following improvements:

Temperature drift cancellation, only available in the V2 Plus4 and VNAG00O series, gives you repeatable

and reliable measurements, allowing you to keep calibrations for longer (>3 months compared to <30 minutes for
earlier versions).

Synthesizer rated for the full frequency range - V2 Plus4 does not overclock the synthesizer or use
harmonics, making accurate measurements without interference from spurious signals.

Factory tuning of each individual instrument allows the V2 Plus4 to have trace noise 90% lower than
previous versions, and improved linearity eliminating harmonic response.

Improved USB protocol allows full speed streaming of measured data to the PC, achieving 4x faster
measurement than our earlier S-A-A-2 (6x faster for V2 Plus4 Pro).

The all aluminum enclosure and improved shielding allows the V2 Plus4 to reach >90dB real
dynamic range, achieving similar results as professional VNAs, and allows measuring duplexers.




NanoRFE portable VNA series Other portable VNAs

V2Plusk  V2PluséPro VNABDODA VNAsoooB | FEDPEFIBR X
Max dynamic range 90dB 980dB 95dB 110dB 72dB 100dB 100dB
Freq. range (Hz) h0k - 4G 90k - 46 50k-6G | 50k-6G M -6G 500k-6G |30k - 4G
Trace noise Low Lower Lower Lower Lower Lower Lower
Sweep time 0.255 <(.25 <025 <(.25 <0.1s <0.1s <015
Adjustable IFBW v Vv v v / J
Temperature dnft compensation | / v J v 7 ? ?
TOR J/ v J v v / J
TDR resolution Omm 9mm Gmm Gmm Gmm bmm 9mm
Weight 300g 300g 300g 300g 2.6kg J.5kg 3.1kg
Touchscreen v v J v / /
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BT TDOR

LMR400UF (0.83)

Velocity factor

Estimated cable length: 15.271m {50ft 1. 2in)

TDR
20.0

15.27m

| w m

5.5

5.0 -

925

0.0m 4,0m 5.0m 12.0m 15.0m 20.0m 24.0m

LMR 400 50 feet 50 ohm Load 1 MHz - 1000 MHz Sweep




R TDR

— O X
RG-58/U 520 PE (Belden 9201) (0.66) >
Velodty factor .66
Estimated cable length: 0.159m {0ft 6. 3in)
TOR
0.0
0. 1am
[
L
L
57.5 .-
G50
52.5 4
B ]
0. 0m 4,0m 3.0m 12.0m 15.0m 20.0m 249.0m

RG58 50 feet 50 ohm Load 1 MHz - 1000 MHz Sweep




B TDR

LMR400UF (0.83)

Velocty factor 0,83

Estimated cable length: 15,325m (S0ft 3. 3in)

TDOR.
&0.0

15,32m

57.5

55.0

e i | | i

0.0m 3.9m J.9m 11.9m 15.9m 20.0m 24.0m

LMR 400 50 feet 50 ohm Load 1 MHz - 100 MHz Sweep







(@) dB Unwrap Phase

X-fis from | Y-Axis from | |to

60

E =1
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2
‘=50 |
z
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45_ ..................................
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50M 100M 150M 200M 250M 300M 350M 400 450M 500M 5330M G00M 650M T00M 750M 200M 230M 200M 950M 1000M

Frequency (Hz)

Ml & z11

LMR 400 50 feet 50 ohm Load




Marker 1

Freguency: 1.00000 MHz VSWR: 1.067
Impedance; 49.4+3.19 0 Return loss:  -29.723 dB
Series L: 507.23 nH Quality factor: 0.065
Series C: -49.933 nF 511 Phase: L i
Parallel R: 43,589 Q 521 Gain: 0.028 dB
Parallel ¥: 122,29 pH 521 Phase: 52,75%

Freguency: 609,603 MHz VSWR: 2.171
Impedance: 23.345.23 2 Return loss:  -8.652dB
Series L: -1.3652 nH Quality factor: 0.224
Series C: 49,928 pF 511 Phase: -164.82"
Parallel R:  24.52Q 521 Gain: -2.972dB

Parallel X:  2.3845pF 521 Phase: -73.31%

Marker 3

Frequency: 863.929 MHz VSWR: 16.702
Impedance: 5.46-45.3 2 Return loss:  -1.041dB
Series L: -8.3383 nH Quality factor: 8.285
Series C: 4.0701 pF 511 Phase: 95.32"
Parallel R:  380.48 Q2 521 Gain: -30.979 dB
Parallel X:  4.0117 pF 521 Phase: 78.67°

511

Min VSWR: 1.011 @ 45.5319MHz
Return loss: -45.392 dB

521

Min gain: -32.433 dB @ 889. 169MHz
Max gain: 0.028 dB @ 1.00000MHz

Analysis ...

511 Smith Chart

S511VSWR
22 ¥

—

1.0 %o __.-—-—",

1,000M 500.5M 1000.0M

511 Return Loss (dB)

| <

-10

-20

-50
1.000M 500.5M 1000.0M

521 Gain (dB)
10

A\

-0
1.000M 500.5M 1000.0M

Low Pass

Filter
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S shaEmees

() dB ) Magnitude ) Real () Imaginary () Phase () Unwrap Phase (U Group Delay () K-Factor ® Gain () VSWR
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' ' | ' ' ' ' ' ' ' | GaindE |
k e e o B e e B L e et 8 P
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Gain

50M 1000 150M 200M 230M 300M 350M 400M 430M 3000 330M B00M B30M T00M T30M 400M 830M a0om asoM  1000M
Frequency [Hz)

Digital RF Attenuator




(0 dB (O Magnitude () Real O Imagl:narr____f:_:'_‘___l:_'hg;g_ ) Unwrap Phase () Group Delay () K-Factor @ Gain () VSWR
X-Axis from | 1M | to 999.99918M) ¥-Axis from 23 |to|-18 |

—Gai|1dB

Gain

-23 LI B B N S B N B B N I O B N O Y N N B N O B N Ny N B B B B B N B U O N N B I Ny L N B N N N N I L N N B N N O B O Y N S O N B E E I B B |

50M 100M 130M 200M 250M 300 350M 4000 450M 500M 550M GO0M 650M T00M T50M 800M 850M 900N 950M 1000mM
Frequency (Hz]

2 VNA Brick 20_dB_ATT.s2p Al [[] Gain Gainde [ | Gumax [ | GumaxdB
3 VNA_20_dB_ATTs2p Al [ Gain GaindB [ ] Gumax [ | GumaxdB
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{a) Frequency Range {E) Dynamic Range

(c) Trace Moisa (d) Meazsurament spaad
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Port 1 " Port 2
S-Parameter Forward Incident Transﬁﬁitted b,
ThEDI’Y * a3 DUT ) -
. S“ "
View . Reflected gy
1
512
b; Transmitted | Incident Reverse
e DUT 2, <l
K- 522
a;=0 Reflected
2
Forward: Reverse:
. Reflected _ b Reflected _ b;
Reflection: | Su = : = S = : =
ok "7 lncident T aila,-g | ¥ Incident  a2fa,_g
= Transmitted _ b Transmitted _ b
| S = - = e — : =
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Transmission Measurements Reflection Measurements

Incident Signal Transmit Signal

. : . Incident Signal |

Stimulus Stimulus = :

Signal Signal Reflected Signal

¢ Transmission Coefficients (S,,, S;;) * Reflection Coefficients (S, S;,)
* Gain * Return Loss

* |nsertion Loss/Phase + VSWR (Voltage Standing Wave
* Electrical Length/Delay Ratio)

Group Delay * |mpedance (R+jX)




Some VNAs are capable of using inverse Fourier transforms to convert swept
frequency measurements into the time domain. In this way, data displayed in the time
domain allows the VNA to be used to find problems in cables and connections by
detecting the locations of impedance mismatches or discontinuities as the signal

passes through the DUT.

For time domain measurements, the ability to resolve two signals is inversely
proportional to the measured frequency span. Therefore, the wider the frequency span,
the greater the ability the VNA has to distinguish between closely spaced
discontinuities. The maximum frequency span is set by the user and may be defined by

either the frequency range of the VNA or the viable bandwidth of the DUT.




| 7 swespanass — O [ - o X
Odb O Magnitude () Red () megnary () Phese () Unwrep Prese () Group Dy 8 VR
B —i e 1 Select analysis LMR400UF (0.83) il
Achasfom M to 990.99818M Vhishom() o 4466474
Analysis type | Resonance analysis w| | Velocty factor i
Estimated cable length: 15.21m {49ft 10.8in)
Run analysis
SRS 77
i [ Run automatically #%72.8 15.21m
i1 e s
Analysis -
Settings 587.8 5
Description [Resonance N
507 3
Results wea
Resonance 3.96879MHz {959m-j8.58 &) 4
Resonance 8.42198MHz (33444805 7) 2
Resonance 12,8752MHz (1,444,583 €2) EZ2 e =
I- Resonance 15,8336MHz (370-j639 @) :
¢ Resonance 20,2972MHz (2.08-97.08 @) f;
47.7
% Resonance 24, 7504MHz (93349533 Q) 0.0m 17.5m 35.0m
2 Resonance 29, 2035MHz (2. 14-4+7.77 )

Resonance 33, 16 19MHz (235-§454 2)
Resonance 35.6255MHz (2,616,012
Resonance 41.0787MHz (1.05k-j37.5 &)
Resonance 45,5319MHz (2.68+8.78 &)
Resonance 48.9955MHz (2924448 Q)
Resonance 52.9539MHz (3.0154.93 Q) L M R 40 0 50 feet
Resonance 57,407 1MHz (720-§357 1)
Resonance 60.8707MHz (3.3149.23 Q)
Resonance 65.3239MHz (43847427 ) O pe N Loa d
Resonance 69,777 1MHz (3.33+H5.440)
Resonance 73.7355MHz (5224385 )
Resonance 77.1990MHz {3.66-18.43 ) 1 — 1 0 0 0 M HZ
Resonance §1.6522MHz (G00+306 22)
Resonance 86, 1054MHz (3.91+6.41 2)
Resonance 90,06338MHz (337-4350 )
Resonance 93.5274MHz (3.85-7.43 Q)
Resonance 97.9806MHz (665 +66.5 Q)

iy

il 1M M Bl T T A N 1 1 ! R 1 N I
Frequency ()
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_ Imaginary ) Phase
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) Group Delay O VSWR

X-Axisfrom[1M | to|090,99918M ¥-Auis from [-0,93006 | to [0.95574
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LMR 400 50 feet Short Load 1 -1000 MHz (detail presentation)




LMR 400 50 feet Short Load nanoVNA Data
« Peaks are 8.2 MHz Spacing
« LMR 400 Velocity Factor = 0.83
Since: A=cl/f
Then A= 0.83 * 3e8/ 8.2e6
A= 30.365 m ( 2 way length /time)
Thus Cable Length = 15.18 m (49.8 feet)




Fourier Transform an

B TDR

RG-584/U 540 Foam (Belden 8213) {0.73)

Velodity factor

Estimated cable length: 25.867m (84ft 10.4in)

TOR
580.1

313.9

2252

8.8m 19.1m 29.3m 39.5m 49.7m

25.87m
Leren,

| & Tor = O

R.G-58A/U 540 Foam (Belden 8219) (0.73)
Velocity factor .73
Estimated cable length: 25.432m (83ft 5.3in)

TOR
212.3

184.8

157.4

130.0

102.5

75.1

0.13m
47.6 T —

0.0m 9.8m

29.9m 39.9m

50.0m

1al Resolution

RG-58A/U 54 Foam (Belden 8219) {0.73)

Velodity factor

Estimated cable length: 25.345m (33ft 2.0in)

TOR
847.0

713.8

0.0m 10.0m 20.0m 30.0m 40.0m

50.0m

0.1 -10 MHz

0.1 -100 MHz

nanoVNA data

0.1 -1000 MHz




VSWR

Instrument File

VEWR

1,001.0

1,200.8

Frequency [(2.000000 - 2,000 000000 MHz )

Resolution: 2065

Std: None

Date: Wednesday, March 20, 2024
Model: 53310

SiteMaster S331L Calibration

CAL On (InstaCal-5td)
smoothing % OFF
Tirne: 10:43:07 AM

Serial 1520089

2 —-2000 MHz

RF Imrmunity: High




Sweep control

Start | 1MHz | | Center | 750.5mHz |
Stop |  1.5GHz||Span | 1.499GHz]
Segments | 20 742, 4kHzfstep
Sweep settings ...
I, oo
Sweep | Stop

Markers

Marker 1 | 499924339z | || @
Marker 2 | 100033366260z | |0 O
Marker 3 | 1.300282256Hz | || O

[] Enable Delta Marker

Show data Locked ()
TOR
Estimated cable length: 0.147 m

Time Doméin R.eﬁed:omefry

Reference sweep
Sgt c:|.]rrer1t as refgrep.t_'e

Reset reference

Serial part control

Port | comM7 (H) «| | mescan
Disconnect Mana_ge
Files Calibration ...
Diplay setig AOOE

511 Smith Chart

S1LVSWR
2.0

175

1.000M

1.500G

S11Return Loss (dB)
-10

-20

-30

80 |
1.000M

521 Gain (dE)
-40

-50

-60

-120 |
1.000M

375.8M 750.5M 1,1256

375.8M 750.5M 1,125G

1,500G

nanoVNA 1 -1500 MHz 50 feet LMR 400 plus 50 ohm termination load




VEWR

VSWR

Instrument File

1.60

1.40

1.20

1.00

ol kbl b IO

o FTITTITTTITT T TTTT [ TTTT [ TTTIT[TTTT{TTTT|TTTI

Resolution: 1033

Date: Monday, March 18, 2024
hodel. 53310

1,001.0

Frequency {2.000000 - 2,000.000000 hMHz )

CAL: On (InstaCal-5td)
Smoothing %: OFF

Time: 8:40:53 Fi
Serial 1520069

SiteMaster S331L 1 - 1500 MHz 50 feet LMR 400 plus 50 ohm termination

AL

RF Immunity: High



Transmission Line Network

« RG 58a/u Z= 50 ohm 75 feet
« RGS9u Z=75o0hm 10 feet
» Load Z =50 ohm




DTF Return Loss

Instrument File

M2 B70dBE @ 2675 m

12.00-F I m

il i
s il | oz
S = Sl N A A ﬂ AW [ V\n J \ f

L A e p b TV W
| LV

: |
! | I i i
; - | 1

ED.DD—IlllllllyIIIIIIIIIIIIIIIIlllllllYIIJII |
20.00 21.00 22.00 23.00 24.00 25.00 26.00 27.00 25.00 25.00 30.00
Distance (2000 - 3000 m )
Resolution: 1033 CAL: On (InstaCal-5t) RF Immunity: High
Std: None Smoothing % OFF Freg: Start/Stop: 2.0 MHz/Z000.0 MHz
Date: Tuesday, March 19, 2024 Time: 9:34:52 Al Ins. Loss: 0.994 d&/m

Model: 553310 Serial 1520089 Prop &el: 0.730




VSWR

Instrument File

WEWYR

|

b
| W/,ﬂﬁ,lﬁ A
T

S {TTTT T o AT T [ TTTT [ TTT T[T TITT [ TTTT|TTTT

———

Resolution: 1033

Date: Tuesday, March 19, 2024
hModel. 53310

SiteMaster S331L VSWR

1,001.0

Freguency (2.000000 - 2,000 000000 MHz )

CAL: On {InstaCal-5td)

Smoothing %: OFF
Time: 9:47:91 Ak
Seral; 1520069

RF Immunity; High

Transmission Line Network




i TDR

[RG-58A/U 5402 Foam (Belden 8219) (0.73)
Velocity factor 0.73
Estimated cable length: 0.12m (Dft 4. 7in)

TDR
303.5

0.12m
]

2
275.1..

246.7

189.9

161.5 -

133.1

104.3—-

7%.4 f‘ M | . |
I" i
,J\,,P “*\ L

0.0m Z.2m 4.49m 6.7m 11 im 15.6m 17.8m 20.1m 22.3m 24.5m 26.7m

27.43m
»

218.3 - I | | | | ! r—’—r_
{ )
i

L

nanoVNA DTF Transmission Line Network




B TDR = *

RG-58A /U 540 Foam (Belden 8218) (0.73)
Velocity factor 0,73
Estimated cable length: 0.127m (0ft 5.0in)

TOR
0.1

0.1
0.1
0.1
01
0.0
0.0 | | h i

0.0

21.8m 22.3m 22.8m 23.3m 23.8m 24.3m 24.8m 25.4m

nanoVNA DTF Transmission Line Network

27.43m
0.0 :

H
7
I

0

25.9m 26.4m 26.9m 27.4m 27.9m




B ManoVMA Saver 0.4.0 (Sweep: 2024-03-19 10:34:11 @ 2020 points) — O e

Sweep control
511 Smith Chart 511 Return Loss (dB)

Start | 1MHz | | Genter | 500,5MHz | i

Stop | iGHz | | span | oommhz |
-15

Segments E 494.8kHz/fstep

: Swieen settings ... | ) =

I

Sweep Stop

-30

Markers 2
-35

et e .
Marker 2 25.73995MHz | | M| O
Marker 2 s0.4709vHz | (W] O 45

[] Enable Delta Marker

-9 | | | |
Bt et \ocked O 1,000M 250, 500,5M 750.2M 1000,0M
511 VSWR 521 Gain (dB)
TDR
3 -50
Estimated cable length: 0.121m
-60
gigie Dol ety
2.5 ! ! ! 70
Reference sweep
i S.»e_.t cuneni as re.f::rence 80
S opa
Reset refer 2.0 I ! I LRl
sset reference =0 ‘-,'."'..i‘c%,._. B
Serial port control -100
Port | COM7 (H) ~| | Resean -iTh -
Disconnect | | Manage
fes i [t | 130 | | |
§ 100000 1,000M 250, 500,5M 750.2M 1000,0M
Display setup ... ) About ...

nanoVNA VSWR Transmission Line Network




50 Q Smith Chart

Instrument File

Resolution: 1033 CAL: On (InstaCal-Std) RF Immunity: High

Std: Mone Time: 11:42:44 AM
Date: Tuesday, March 19, 2024 Serial: 1520069 Reference Impedance: 500
Model: S331L

SiteMaster S331L Smith Chart 50 ohm Load




VSWR 50 ohm Load

z_af— o 5331|__vsz_5o_ghm _
,6f| * mnanoVNA_VSWR_50ohm| -~ ]

30

VSWR

Frequency (MHz)

SiteMaster S331L and nanoVNA SWR 50 ohm Load




VSWR

Instrument File

VEWR

1,001.0

1,200.8

Frequency [(2.000000 - 2,000 000000 MHz )

Resolution: 2065

Std: None

Date: Wednesday, March 20, 2024
Model: 53310

SiteMaster S331L Calibration

CAL On (InstaCal-5td)
smoothing % OFF
Tirne: 10:43:07 AM

Serial 1520089

2 —-2000 MHz

RF Imrmunity: High




