Pizza Pan Antenna Test Fixture,
VSWR Bridges & NanoVNA

Allen Wolff - kc70

kc7owarrl.net
7 October 2020 - South Pasadena Amateur Radio Club via Zoom
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Topics

 Equipment & usability
— Traditional SWR bridge & use
— Antenna analyzer
— Network analyzer

« VHF/UHF antenna checks

— Pizza Pan
 Flexible
e Fast

 NanoVNA

— Vector Network Analyzer
— Overview . '
— Calibration B
Examples of use
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» Reads Standing Wave Ratio and Relative Power » Negligible Loss—Leave It in Line Permanently
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PSR

« Covers 1.8 to 432 Mc—Ham Bands, CB « Flexible 2-Unit Design—Coupler and Indicator
« Handles A Full Thousand Watts of RF Power o Also Works Well With Low-Powered Transmitters

The easy-to-build Model P-2 SWR /Power meter provides a constant check

£ B o SR P L TV 3 : ‘_-'.‘ﬂ_ Be sure you're getting the most from your transmitter and antenna system.
%y
| of your rig’s efficiency. Measures relative power fed to the antenna and

:: MZ Unit Design | standing waves reflected back from it. Lets you make your own matching

¢ N ilaaratt L . adjustments between line and driven element for maximum antenna effi-
Full Kilowatt :

g M j hl ciency. Covers 1.8 to 432 mc—Amateur bands, Citizens Band, other com-

! mmm ©  munications services. Has a full kilowait power capacity, works well with

oh low-powered transmitters, too. May be permanently left in the transmission
MMMI:I t0 20:1 ' line with negligible power loss. Uses popular SO-239 coax connectors.

uh m . I.- 2 4 Flexible 2-unit construction—coupler and indicator units connected by a
i ! " 4oot shielded cable. Requires no AC power or batteries. Styled in gray
as m m . satin—maiches the Knight-Kit T-60 and T-150A transmitters. With all paris,

7 225 ke _ instructions. Shpg, wt., 3 Ibs.

Accuracy Better than 10% ssvezzD.ImKitForm..................................... 15.95
Has Coax Connectors 83 Y 546-D. As Above, but factory assembled...................... 2295
 For Unbalanced 50-72 Ohm SPECIFICATIONS
i p m“u Frequency Range: 1.8 1o 432 mc (In-  Accuracy: better than 1096,
=i : S 3 cludes Amatour bands.) Moter Sensitivity: 100 wa. full scale.

I Minimum RF Power: 45 watls at 1.8 mc, 4 :

Range from 1.8 to 432 Mc Vawolh ot 433 mc for fullscale meter | SWR. 1A BN
‘ | I deflection. Sizes: , 22502 14"; indicator; 2%

"“ m "m | Maximum RF Power: 1 kilowalt, Gugﬁmng'wmbb 3

"‘ Wﬁ/ Input /Output Impedance: 52or 720hms.  Connectors: two SO-239 coaxial.

72 ALLIED 1 9 6 8 Knight-Kit Amateur Gear is Your Best Buy

SWR Bridges



Simplicity
SWR - Standing Wave Ratio
Or VSWR - Voltage Standing Wave Ratio
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1N34A Germanium Diode HR Pickup line D
~$0.25
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uses the same diodes I 1
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R =100 Q for 72 Q coax
R =160 Q for 50 Q coax
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New ceramic caps & shortening all component
leads makes these devices good through 2 Meters

This unit measured 1.3:1 into 50 ohms @ 450 MHz
It is reversible - forward &==) reverse

SWR animation
10/7/2020 https://en.wikipedia.org/wiki/SWR meter
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February 1993 — 73 Magazine

Number 6 on your Feedback card

Accurate Low Cost
VSWR Meter

Convert this CB accessory for 1.8-450 MHz operation.

Nolhmg beats a good VSWR meter when
it comes to playing around with new an-
tenna designs. Unfortunately, meters that
work up to 450 MHz can be quite expensive.
This article describes simple modifications
that can be made to popular CB-style VSWR
melers 10 enable them to accurately perform
up through the 3/4-meter ham band.

The Meter

Figure 1 shows a popular CB-type VSWR
meter. Made by many different manufactur-
ers. they use an internal directional coaxial
coupler. They were very popular up until a
few years ago when the transformer type
VSWR meter became more popular (un-
doubtedly due to their lower manufacturing
cost). The CB-type meter is widely available
at swap fests, and can be had for very litlle
money. I paid $5 for mine at one of our local
clectronic sidewalk sales.

Upon getting home with this unit, T
opened it up and was very impressed with

SWR

Sensitivity

Figure |. The once-popular CB-rype VSWR
meter.

18 73 Amateur Radio Today * February, 1993

by Phil Salas AD5X

the quality of the coaxial coupler itself. The
total internal coupler length measured five
inches. For best performance, a directional
coupler should be less than a quarter wave-
length at the highest frequency used. A quar-
ter wavelength at 450 MHz is about six inch-
es, 50 it appeared there was some potential
here. Unfortunately, the intemal components
had very long lead lengths and were poorly
d d. Sure gh, a precision 50 ohm
load measured with this meter showed a 2:1
VSWR at 146 MHz, and a 2.8:1 VSWR at
445 MHz. Obviously, this would not do.

Modifying the CB-type Meter

Figure 2 is an internal drawing of the
VSWR meter. The first thing | did was re-
move the detector diodes, 150 ohm terminat-
ing resistors, and bypass capacitors. | then
cleaned out all excess solder. Next, 1 made
new bypass capacitors by paralleling good
rectangular ceramic 0.001 and 0.01 pF ca-
pacitors, as shown in Figure 3. The 0.01 uF
capacitor is a good bypass at lower frequen-
cies, and the 0.001 uF capacitor is & good
bypass at higher fre-

Then I put in new 1/4 watt 150 ohm resis-
tors, as shown in Figure 2. Orient these resis-
tors 0 as to minimize lead length. Also, po-
sition the resistors so that the lead lengths
are identical on both resistors. It doesn’t
matter too much if there is some lead induc-
tance, but it's important that the lead induc-
tance on both resistors be the same.,

Next, 1 put in two new IN34A detector
diodes (available from Radio Shack) as
shown. Again, orient the diodes for mini-
mum lead length and ensure that the lead
length on both diodes is the same.

That's all there is 10 i. Now for some
measurements.

The Results

For my test loads, [ again used my 50-
ohm precision termination, a 75 ohm F-type
termination with a F-10-PL-259 adapter, a
home-built 100 ohm termination, and the
Radio Shack RS 21-506 15 watt DC-500
MHz dummy load. The 100 ohm termination
was built by sliding a | watt 100 ohm metal
oxide resistor (RS 271-152) into a RG-6 F-

quencies. Mount Results at 445 MHz
these capacitors di-
rectly to the termi- Measured VSWR Expected VSWR
nal strips at cither | 50 ohm precision load 1.05:1 11
end of the coupler, z :
attempting to make 50 ohm 15watt RS load  1.10:1 11
the lead lengths as | 75 ohm TV termination 1.50:1 1.5:1
;'315: 10 7610 35 POs- | 100 ohm termination 1.80:1 2:1
01 rF
ool uF
150 ohms i o =
~ A}
\
|
/ =\
. *mw
150 ohmg
Ly
001 uF

Figure 2. An internal view of the VSWR meter, showing the components o replace.

O1uF >

.001 uF —+P»
Minimize
all lead
lengths

(=)

Figure 3. Making new bypass capacitors.

56 connector (RS 278-214), A | watt resis-
tor fits perfectly into this connector, and a
1/2 watt resistor fits perfectly into the RG-
59 F-59 connector (RS 278-211). The mea-
sured results at 445 MHz were as shown in
the 1able.

Not bad! These results are certainly accu-
rate epough for virtually anything most
hams would want to do. Also, 1 was able to
get a full-scale forward meter deflection at
450 MHz with only a quarter watt of trans-
mit power,

I have described a means of modifying a
common variety CB-style VSWR meter
such that it becomes virtually a precision
VSWR meter up through 450 MHz. The
price is right and you'll have a piece of test
equipment you'll be proud of.
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Adjust for
Full Scale

Transmitter

10/7/2020

Forward
Reverse

kc7o

Antenna

12



Standing Wave Ratio
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MFJ-226 Network Analyzer
Can sweep a range of frequencies
from 1 to 230 MHz

Bt IR o HIE s “.E!E:i s :__ 5
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HH:

110230 MMz MFJ-226
Graphical Impedance Analyzer

S

1 to 230 MHz MFJ-226

kc7o

Graphical Impedance Analyzer
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Ability to read Real and * Imaginary 2

Capacitive reactance

10/7/2020
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Pizza Pan

Bandeja para Pizza

Steel construction
Fabricado en acero
—_—_—

Even heating

16 in dia (40.6 cm)

ing a magr

-
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Drearative infs not Midkdad
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Factory Certified
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NMO mag mount

BNC to
reverse SMA S0-239

PL-259 to NMO

PL-259
to SMA 2

to BNC



A quick Diversion

* Twin lead J-poles tend to have RF on the coax shield

« Check by mounting the J-pole in its PVC ray dome (on a ladder or such)

« Connect an antenna analyzer tuned to the minimum SWR point

 Grasp the coax beneath the J-pole with your hand and slide your hand
towards the analyzer

 Does the reading change? If so there should be decoupling added
« BTW, a ferrite is like chicken soup, it can’t hurt
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The mast goes here

The ferrite lives
about here

kc7o
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Setup for testing
a PL-259 antenna



S0-259 to NMO adapter
& PL-259 to BNC adapter



Using a PL-259 “Tee”
makes a connector holder
and handy handle



Wrapped up for
storage or transport



NanoVNA

Vector Network Analyzer
50 KHz to 900 MHz

Short Open 50 Ohm

10/7/2020 kc70 30



— amazon

@ Hello Best Sellers  Prime

Select your address

All =  nano vna antenna analyzer

Customer Service MNew Releases Today's Deals Find a Gift Whole Foods Books

Q Hellg, Sign in
Account & Lists ~

Kindle Books

Returns \ 0 /

& Orders Try Prime ~ =/ cart

Industrial & Scientific Lab Test & Measurement

¢ Back to results

T I e e
T =T T4 o -

Roll over image to zoom in

10/7/2020

Janitorial & Facilities  Food Service  Education  Material Handling Materials

[Upgraded] AURSINC Vector Network Analyzer
10KHz -1.5GHz HF VHF UHF Antenna Analyzer
Measuring S Parameters, Voltage Standing Wave
Ratio, Phase, Delay, Smith Chart(Latest Version
REV3.4)

Brand: AURSINC

¢r ~ 155ratings | 25 answered questions

Amazon's Choice for "nano vna antenna analyzer"

Price: $69.98 & FREE Shipping. Details & FREE Returns

# IMPORTANT NOTE: Please order in SHY Store which is the only AURSINC
authorized store. UPGRADED: Added battery circuit management, more
secure. Redesigned PCB, you can connect to mobile phone with Type C-Type
C cable( original PCB needs OTG cable), see a clear HD image on your phone.
Designed a practical and simple control application on PC, you can download
touchstone(SMP) files for radio design and simulation software. Added a case,
which is protective and dust-proof.

IMPROVED FREQUENCY ALGORITHM: The improved frequency algorithm can
use the odd harmonic extension of 5i5351 to support the measurement
frequency up to 1.5GHz. The 50K-300MHz freguency range of the si5351
direct output provides better than 70dB dynamic, The extended
300M-900MHz band provides better than 60dB of dynamics, and the
900M-1.5GHz band is better than 40dB of dynamics

* MULTIPLE FUNCTIONS: The default firmware main function is used for

- o —— femn

L]

kc7o

Metalworking  Electrical

$69.98

& FREE Shipping. Details
& FREE Returns *~

Arrives: Sunday, Sep 20 Details

Fastest delivery: Sunday, Sep 13
Order within 9 hrs and 47 mins
Details

In Stock.
Qty: 1 v
Add to Cart

Buy Now

B Secure transaction

Ships from Amazon
Sold by SHY store
prime
—1

Enjoy fast, FREE delivery,
exclusive deals and award-

31

Refresh your home
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- S21

Input Signal

Output Signal

Test (DUT)

Reflected Signal

vna
$

PC & Display
Reflection S11 Transmission S21
VSWR Gain/Loss
Impedance (Insertion loss)
Admittance Phase
Return Loss Group delay
(Delay time)
10/7/2020 kc70 34

From Tektronics



S11

Input Signal

Source

VNA

Tektronics — tech.com
70W_60918_0_Tek VNA_PR1.pdf

Reflected Signal

PC & Display

Reflection S11
VSWR
Impedance
Admittance
Return Loss

https://www.google.com/search?client=firefox-b-1-d&qg=70W 60918 0 Tek VNA PR1.pdf

10/7/2020 kc70 35
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I use the free computer software which is much easier



NanoVNA-Web-Client/WebApp
for Android - free



Active calibration Calibration standards

Calibration: Device calbration Ise ideal values
Source: ManoVMNA Short
Calibrate L0 (H{e-12)) ]
Short Uncalibrated L1 (H{e-24)) 0
Unicalibrated L2 (H{e-33)) 0
Load Uncalibrated L3 (H(e-42)) B

Offset Delay (ps) |0
Isolation Uncalibrated v (ps)

Through Uncalibrated SIET
C0 (F(e-15)) 50
Offsetdelay | 0.00ps 2] C1(Fle-27) 0
‘ Calibration assistant | €2 (Fle-36)) 0
| Apply | Reset ||| caCeas) o
Offset Delay (ps) |0
Notes
Load
Resistance (1) 50
Inductance (H(e-12)) |0
Offset Delay (ps) 0
Through
Offset Delay (ps) 0
Saved settings
. MNew
Files
Load Save Delete
Save calibration | | Load calibration

10/7/2020 kc70



Active calibration Calibration standards

Calibration: Device calbration Ise ideal values
Source: ManoVMNA Short
Calibrate L0 (H{e-12)) ]
Short Uncalibrated L1 (H{e-24)) 0
Unicalibrated L2 (H{e-33)) 0
Load Uncalibrated L3 (H(e-42)) B

Offset Delay (ps) |0
Isolation Uncalibrated v (ps)

Through Uncalibrated SIET
C0 (F(e-15)) 50
Offsetdelay | 0.00ps 2] C1(Fle-27) 0
‘ Calibration assistant | €2 (Fle-36)) 0
| Apply | Reset ||| caCeas) o
Offset Delay (ps) |0
Notes
Load
Resistance (1) 50
Inductance (H(e-12)) |0
Offset Delay (ps) 0
Through
Offset Delay (ps) 0
Saved settings
. MNew
Files
Load Save Delete
Save calibration | | Load calibration

10/7/2020 kc70



Calibration: Device calibration

Active calibration

Calibration standards

Source: ManoVMNA
Calibrate
Shart Uncalibrated
Cpen Uncalibrated
Load Uncalibrated
Isolation Uncalibrated
Through Uncalibrated
Offset delay | 0.00 ps
Calibration assistant
Apply Reset
Notes
Files

Save calibration

10/7/2020

Load calibration

Use ideal values Please connect the "short” standard to port 0 of the NanoVMA.,
Short
Press Ok when you are ready to continue,
L0 (H{e-12)) ]
Htieza D Cancel
L2 (H(=-33)) ]
L3 (H(=-42)) ]

Offset Delay (ps) |0

Open

C0 (F(e-15)) 50

v B T
C2 (F(e-36)) i o Please connect the "open” standard to port 0 of the ManoVMA,

C3 (F(=-45)) ] Either use a supplied open, or leave the end of the cable unconnected if desired.

Offset Delay (ps) [0 Press Ok when you are ready to continue,

Load

Cancel

Resistance (1)

Inductance (H(e-12)) |0
Offset Delay (ps) 0

Through

Offset Delay (ps)
Saved settings
Mew

Load

kc7o 41



Sweep ontrol

Start | 120z || center | 3toMee

Stop | Sz || Sen [ momhe

Segments 3.800MHzfstep

.. SNEEP Setlln_g_s o

I, o
Sweep Siop

Markers

vt |ae
w2 WO
wies[ WO

Shew data Locked ()

a TOR
Estimated cable length: 13.244m
Time Domain Reflactamatry ...

Reference sweep
Set ourrent as reference

Resgtreference

Serial part contral

Serial port |COM2 | | Rescan

Dizconnz it Marage
Files ... | Calbration ...
Display setup ... About ...

10/7/2020

S11VEWR
3

2831

2.5 -1

2.33

2,17

2.0

1.53

NanoVNA Saver

_(written m Python, _running on Wi_ndow_s, Mdc, Liﬁnux, etc.)

101 'sweep points (readings) |

Calibrated

A

1333 215.0M 246, 7 273,31 310.0M F4L.T™ 7L 405.0M

436,

H65.3M
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Sweep cantral S11 VSR

Start 120MHz | | Center 3omHz | | 28
Stop S00MHz Spen 350MHE
S=gments 1 3.E00MHz jst=p 10
Sweep settngs ...

I

210

Sweep Stop

Markers

Marker 1

Alinco Stock
e E— DJ-MD5TGP

TOR
Estmated cable length: 0.0m
Time Domain Reflectometry ...

446 MHz

Raference awesp
Set aurrent as refererce

Resetreference

Serial port contral 1 44 MHZ

Serial port | COM3 ~| | Rescan

Discannect Manage 3.0 < V )

Files .. Calbration ...

- 110 4 I ! | ! |
Display s=tup .. About .. | 1200m 15L7M 153.34 215,04 296,71 273, 310,08 341,71 373.3M 405,04 436.7M 458,3M 500.0M

10/7/2020 kc70 45



Sweep cantrol

Start L A0MHz Center F10MHz

Stop 500MHz | [ Span 3B0MHz

Segments 1 3.300MHz/step
Sweep settings ...
I

Stop

Eweep

Markers

Marker 1 1 ®

Marker 2 B O

Marker 3 l:l RO
Show data Locked ()

TOR
Ecfimated cable langth: 0.114m

Time Domain Reflectometry ...

Reference swesp
Sat current as reference

Resctreference

Serial port conrel
Serig port | COMB e Flest_ﬁn
Dizconnect Manag=s
Fil ... Calibration ...
Display s=tup ... About ...

10/7/2020

511 VEWR
5

3.0

210

Diamond
SRJ77CA
SMA handheld

19.0-

17.0

15.0-

11.0-

9.0

7.0

215.0M 246, ™ 278.2M 310.0M LM 373 M 435.7M 468.3M 500.0M
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Sweep control

Start 135MHz | | Center 317.5MHz
Stop S00MHz | | Span 365MHz
Segments 1 3.650MHzfstep
Sweep settings ...

I

Sweep Stop

Markers

Marker 1 146tz | |l @
vakerz|  +ovez| (RO
w3 |m]o

Show data Locked ()

TDR
Estimated cable length: 5.125m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial part control

Serial port | COMS3 ~ Rescan

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

S11VSWR
4

3.75

3.5

A 3

ANLI AT-2 NMO Dual Band Mobile

:1

€

275
2.5
225
2.0
175
L5

125

L0
135.0M

195.8M 226.2M 256.7M

287.1M

Y

347.9M 439.2M 469.6M

500.0M

10/7/2020
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SwWeep control £11vow
Start 135vHz | | center HEmHe 3 {

Stop 155MHz | | Span 20MHz 3 ‘1 ANLI AT'Z NMO Dual Band MObile

L]
Segmerts 1 200.0kHz fstep 283
Sweep settings ...
[
28T
SneeD Stop
Markers
2.5

Y ]| I
e | e
§

wiez WO % 135 to 155 MHz

Show |:ia|3 Lockad ()

€| R
Estimated cable lenath: 6.884m
Time Domain Reflectometry ...

Reference sweep
Set current as reference

Resetreference

Serial port control

Serial port | COM3 Reecan
Disconnact Manage Lir
Files ... Calbration ...
1.0
Cisplay setup ... About ... 135.0M 136, 138.0M 140.0M 141 M 143 145.0M 146.7M 143.0M 130.0M 1517 1533 135.0M
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Sween cantrol
Start
Sten
Sagments 1

120MHz | | Center 135MH=

4E0lHz | | Span FMHz
300.0kHz/step
Sweep settngs ...

I 0%

Stop

Suieen
IMarkers

vt |[m®
wake2[ |[mlD
] | il

Show data Locked ()

TOR
Estmated cable length: 3.06 m
Time Domain Reflectomatry ...

Re=f=renc= swe=p
Set current s reference
Resetreference

Serial port contral

Serial port | COMB - Rescan
Discornnect Manage
Files .. Calbration ...
Display sstup .. About

10/7/2020

S11 VS0
3

3:1 ANLI AT-2 NMO Dual Band Mobile

267+

25

420 to 450 MHz

20 -+

<2.2 SWR
Across the band

133}

167}

133

432.8M

430.0M

415,00 435.0M 437.5M 440,0M 442,5M 445.0M 447, 5M

450.0M
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Sweep control

Start 120MHz Center 150MHz
Stop 180MHz | | Span 50MHz
Segments 1 &00.0kHz/step

Sweep settings ...

™

Sweep Stop

Markers

Marker 1 146z | B O
e —
w3 |[mlo

| Loded O

| Hide data

TDR
Estimated cable length: 6.934m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

Serial port | COM3 w Rescan

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

Marker 1
Frequency:
Impedance:
Series L:
Series C:
Parallel R:
Parallel X:

Marker 2
Frequency:
Impedance:
Series L
Series C:
Parallel R:

Parallel X:

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

511
Min WSWR:

Return loss:

521

145.800 MHz
49.16 4j14.2Q
15.487 nH
-76.939 pF
53.255Q
201.43nH

VSWR:

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

521 Phase:

VSWR:

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

521 Phase:

VSWR:

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

521 Phase:

1.246 @ 149.400MHz

-19,199 dB

Min gain: -89.195 dB @ 136.200MHz
Max gain: -66.145 dB @ 161.400MHz

Analysis ...

1.331
16.961 dB
0.289
85.24°
-69.891dB
30.16%

S11VSWR
5

2.6

10
120.0M

511 Return Loss (dB)

o

-10

SWR

135.0M 150.0M 165.0M

Return Loss

135.0M 150.0M

180.0M

180.0M

511 Smith Chart

Smith Chart

R~ S11R+HX (@) X
115.0 73.3

98.2 53.8
813 34.2
64.5 1.7
47.7 4.8
30.8 -24.4
1 | -3
120.0M 140.0M 160.0M 180.0M
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Sweep control

Start 120MHz | | Center 150MHz
Stop 180MHz | | Span G0MHz
Segments 1 600, OkHz/step
Sweep settings ...

I

Sweep Stop
Markers
e 1 seowi] [0 O
vier2 | m@®
wrers[ |0

| Hide data | Loded O
G ToR
Estimated cable length: 6.934m
Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

Serial port | COM8 ~ Rescan

Disconnect Manage
Files ... Calbration ...
Display setup ... About ...

Marker 1

Frequency: 145,800 MHz
Impedance: 49.16 +14.20
15.437 nH
76,939 pF
ParallelR:  53.255Q
ParallelX:  201.43nH

Series L:
Series C:

Marker 2
Frequency:
Impedance:
Series L:
Series C:
Parallel R:
Parallel X:

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

Sii

Min VSWR:  1.246 @ 149.400M-
Return loss: -19.199 dB

521

Min gain: -89.195 dB @ 135.20C
Max gain: -66.145 dB @ 161,400

Analy

10/7/2020

R-
115.0

93,2

813

645

14

S11R4HX Q)

Marker 1
Frequency:

n Impedance:
Series L:

Series C:
Parallel B

Parallel X:

120.0M

kc7o

145,800 MHz
49,16 +H14.222

160.0M

=X
733

23.8

F——34.2
147
4.8
Lo-24.4
|

| a4
180.0M
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Sweep control

Start 120MHz | | Center 150MHz
Stop 180MHz | | Span 60MHz
Segments 1 600.0kHz/step
Sweep settings ...

I

Sweep Stop

Markers

s soawa] W]O
o — 1
e e | 1F

| Loded O

| Hide data

¢ TOR
Estimated cable length: 6.934m

Time Domain Reflectometry ...

Reference sweep
Set current as reference

Reset reference

Serial port control

Serial port | COMS e Rescan

Disconnect Manage
Files ... Calbration ...
Display setup ... About ...

Marker 1

Frequency: 145,800 MHz
Impedance: 49.16 +14.20
15.437 nH
-76.939 pF
ParallelR:  53.255Q
ParallelX:  201.43nH

Series L:
Series C:

Marker 2
Frequency:
Impedance:
Series L:
Series C:
Parallel R:
Parallel :

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

511

Min VSWR:  1.246 @ 149.400M-
Return loss: -19,199 dB

521

Min gain: -89.195 dB @ 136.20C
Max gain: -66.145 dB @ 161.40C

10/7/2020

R-
115.0

93,2

813

645

477

14

S11R4HX Q)

Marker 1

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

Parallel X:

120.0M

kc7o

145,800 MHz
49,16 +H14.222

=X
733

pF 53.8

1.43rH A
l
L34z
'8
4.9
244
1 Y

160.0M

180.0M
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Sweep control

Start | || center | |

stop | || span | |

| Show data |

Estimated cable length: 34.575m

Time Domain Reflectometry ...

10/7/2020

S11VSWR

40M Inverted Vee

6.5M

3:1

7.8M 9.1M 10.4M 1Lm 13.0M 14.2M 15.5M
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l 1 I #3 - ASSEMBLE VERTICAL

TABLE 1 wp _F4ometers)
40 Murter Semieg For "r" A PR v
Diesion F — AB & s
[ N_comn toe AC. Placo
-una-.mn-.uuwunc waart e TV1 wap, sat demansion A
m|-| -lw lﬂﬂ ¥ y
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4
TVAL TVA ind VS wih bes. warm chmps nd dmanwort thown 1
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(30 meters) € * FIGURE 5 1 on
ko 59 of e AH.
.
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e ® e (Sem)
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M
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0 AL L [
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™ 1T NETER 1w 1
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511 VSWR

| o Cushcraft R7

3

| | 0%

| Sweep | [ Stop | 7

Markers

Y — LA /\ /\
w0

e —C

| Show data |

TDR

Estimated cable length: 39.153m 1
8.5M 8.5M =yl 12.4M
Time Domain Reflectometry ...
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CrrTEe

Ty CAPLUG
IS-WETER PARASITIC TRAP (ATHESS)

//—IO—IIETEH TRAP (878740

2" CAPLUG

= ¥ T
\ DIRECTOR
ELENENT - T0-

BOOM BRACKETS
{SEE FHURE 4}

[+ B0UM SECTION

NOTE:INSTALL ALL TRAPS WITH 2 B4

DRAIN HOLES ON BOTTOM; 213 4cm ling)

MAKE CERTAIM PART NUMBER END i

IS TONARD BOOM . 1% (1330 emi

CENTER-TO-CENTER

<r

BOOM-TO-MAST BRACKET. FRONT

/,— g CAPLUG
|
I5-METER [RIVEN ELEMENT TRAF RF CHOKE LEADS
(876637} 4] (SEE FIGURE 14)
I0-METER TRAP (A78748) {DETAILS A B BI
- ! e—er——

DRIVEN ELEMENT

pi——— BETA MATCH
{SEE FiGURE 14)

BOON SECTION
2" ¢ gt
(213 4 on kmg |

T2 (184 8 cm)

[

-
e’ CAPLUG

I5-METER PARASITIC TRAP [BTAG6H4)

I0-METER TRAF [BTET49) |
1‘ 1 1

P — =y

:z' CAPLUG %" 16.6Tem) REFLECTOR

Sweep control S11VEWR

Start | | | center | | 8

stop | | | span | |

Segments Hz/step

| Sweep settings |

| 0% ¢

| Sweep | | Stop |

Markers

e We
e [ 11
s o €

| Show data |

TOR
Estimated cable length: 27.741m 1

5 13.0M 14.4M 15.8M 17.2M 18.7M 20.1M 21.5M 22.9M 24.3M 25.8M 27.2M 28.6M 30.0M
Time Domain Reflectometry ...
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Sweep control

S11VSWR
Start | | | center | | 4
stop | || span | |
Segments Hz/step

| Sweep settings |

6M dipole add-on TH-3

| | 0% 3(

stop

Markers

e 1 me
w2  |[M]O
) E—| 1]

| Show data |

TOR

Estimated cable length: 9.095m 1

50.0M
Time Domain Reflectometry ...

10/7/2020

50.3M

50.7M

51.0M

51.3M

51.7M

kc7o

3

1

52.0M

52.3M

52.7M

53.0M

53.3M

53. ™
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NanoVNA FEATURE

Two Port Measurement

Unit Under Test
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- S21

Input Signal Output Signal

Test (DUT)

Source

Reflected Signal

vna

>t

PC & Display
Transmission S21
Gain/IJOSS
(Insertion loss)
Phase

Group delay
(Delay time)
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Sweep control 511 YSWR

Start | || center | | = l |:-_-__l| g

Stop | || span | | 1
Segments Hefstep 21

\ Sweep settings | I:.?-ll

| 0% | 47

g
;
5]
(]
Q

1
31 E_D \ DM -Ell'lu m 3 46.7M 43.3M 50.0M

FIII

Estimated cable length: 4.031m 1

- 30,0M
Time Domain Reflectometry ...

521 Gain (dB)
"]

521 Gain {dE)
-zo 0 —

-30

Reference sweep

Set current as reference h)

Reset reference _ 1[] ~ 70db down
@ 46 MHz

Serial port control

Serial port| ‘ | Rescan | -60

Connect to NanoWVNA |

[ meeag/gliogsmen- | -20 61

‘ Display setup ... | About ... | 30.0M 31 46.7M 43.3M 50.0M




Sweep control

S11VSWR
Start | || center | | =
Stop | || span | | — SWR ~24:1
Segments Hzfstep 21
‘ Sweep settings |
| lon 17
Markers 13

®

@ 40.5 MHz

Estimated cable length: 4.031m

1

Time Domain Reflectometry ...

30.0M

41.M 43.3M 45.0M 50.0M

Reference sweep

521 Gain (d8)
0

Set current as reference

Reset reference

Serial port control

~70db down
@ 46 MHz

Serial port |

H Rescan |

‘ Connect to NanoVNA

Files 10/-’|7

kc70

Display setup ... | About ...

31M 35.0M 38.3M 41.M 43.3M

45.0M

50.0M




=f - RS

[ ®

iLike

jLIke

Locked ()

| JewECp A
Sweep control
s |__saow | comer |10 g
Stop sooMHz| | Spn [ 3
segnen's 38042
Marker 1 |
Sweep settngs ...
I
=] Marker 2 |
S eamn stop
Markers
. Marker3 |
Marker 1 1 !_l_
Marker 7 i
— E Show data
Marker 3 { 9 |!
Show data | Lockac
TDR
TCR,

Estimated cable length: 13.244m
Tme Domain Reflectometry ...

Reference sweep

Set current s reference

Reset reference

Serial port contral

Serial pert | COME v|| Rese

Digconnect | | Manage

Fles ... | |__C_ahbratior| i3

Display setup ... ! | Abaout ...

10/7/2020

Estimated cable length: 13.244m

Time Domain Reflectometry ...

Reference sweep

Set current as reference

Reset reference

2.5

2,17

2.0

1.83

1.67

1.5

g

Paolyethylene (0.66)

RG-8/U PE 500 {Belden 8237) (0.66)
RG-8/ Foam (Belden 8214) (0.78)

RiG-11/U 755 Foam HDPE (Belden 92932) (0.84)
RG-58/U 5201 PE (Belden 9201) (0.66)
RG-534/U 540 Foam (Belden 8219) (0.73)
R(G-59A/U PE 750 (Belden 5241) (0.56)
RG-594/U Foam 752 (Belden 8241F) (0.78)




Summary
 CB / old manual SWR bridges

— One frequency at a time =
— Uses the transmitter therefore RFI |pmes
— No external power needed
— $10 * at swap meets

 Antenna analyzers
— Portable

— Able to manually sweep a band
looking for minimum SWR

— Uses batteries
» Use external battery or DC supply

— to prevent battery leakage
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Sensitive to Static & Htgh RF - Blown SMD Diodes

..!.p

.

MFJ-259C

10/7/2020 66



S UMmMmary (continued)

 Scanning One Port VNA (MFJ-226)
— 1 -230 MHz

1 Hz resolution
— Handy uses 2 AA batteries
— Saves results for download
— Portable

* NanoVNA Two Port VNA
— 50 KHz to 900 MHz (newer models) -
— Portable with rechargeable battery
— Small but very hard to use manually
— Easy to use with a computer

— Measure characteristics of devices like
filters
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* So, what do you need?

» It depends
* For the average HF / VHF user
probably an Antenna Analyzer s 5%

— For HF and 2 Meters
— Adjust an antenna tuner
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Use a coax switch with good isolation to put an antenna analyzer
in place of the radio to tune antenna tuners

kc7o0
Recaivar 1 \/ \/ \/
- F i
S .
Coax Switch
Antanna Switch
O [
Antenna Tuner
Antenna Analyzer - ]
Amplifiar
r
HF Radio
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Use a coax switch with good isolation to put an antenna analyzer

10/7/2020

in place of the radio to tune antenna tuners

Receiver 1

kc70

Antenna Analyzer

— - —  Coax Switch
Antenna Switch

O c

. .

Antenna Tuner

Amplifier

P
-

HF Radio
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* So, what do you need?

» It depends

 For the average HF / VHF user
probably an Antenna Analyzer gy wy
— For HF and 2 Meters o
— Adjust an antenna tuner
— Cheap (used)

* Over the years I have used all of the
above and will keep them all in my
tool kit
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