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N-Port Linear Networks

* Examples of 1-Port Networks

 All of the basic circuit elements — R, L, C, Voltage and Current |

sources N, KZ\Port 2
 Complex impedances — e.g., LC tank circuits /' Y
* Antennas A

* Examples of 2-Port Networks o,
* Filters PR
* Matching networks
* Transmission lines
 Transformers a/ Ry o™
. ErEnTaII-signaI models for transistors (e.g., hybrid-rt models),

S

* Examples of N-Port Networks
* Duplexers, diplexers
* Directional couplers
» Power dividers/combiners (hybrids)

/
/)
v/



Two-Port Network Analysis

I I,
o <I_: |74 YA YA I
+ + 1{_ 411 12| 1 . _
Two Port [VJ [Zm 222] [12] Matrix Representation
Vl Network V2
5 ~ Vi= Zy11 + 74,1
Vo = Zy1h + Zy,15

* The 2-port network can be completely described by a set of 4 complex
impedance parameters Z44, Z15, Z; and Z,,

Vi Vi
- (12:0) Zip = —

L4 =

(I; =0) etc.

» Very difficult to directly measure RF current or to implement an open
circuit at very high frequencies (stray capacitance and inductance)



Scattering or “S” Parameters

Incident @1
Optical Analogy

Permeation b Incident & Reflected Waves

Reflection

b, So1 = by / a
Sn=b1/a1
[H: Ell ?2] [le Matrix Representation 4 %2
2 21 22 2 b, DUT b,
— >
b1 = S11a44 + 5124,

b, = S;1a4 + S33a,



b1=S113a1+812a2
b2=S821a1+822a2

Measuring S-Parameters

Incident S 2 Transmitted 2
a 1 % ﬁ}

Sy Lo

Forward Reflected Szz|  Load
b, a =0

_  Reflected _ b,
Incident T ay |lax=0

b

Transmitted >

. - Reflected _

Incident

Incident @ | ar =)

Transmitted
S = — —

Incident

al = 0 b 2
Z, |22 A ot [0 S 2
Liad Reflected Reverse
< 3a 7
b, Transmitted S 12 Incident
Notwork Anayzr Basics ~%%- Agilent Technologies s e s

a,=0 (a;=0) occurs when line is terminated with a
load having characteristic impedance 7|,




How does one physically measure a scattering parameter?

* Directional Couplers (limited bandwidth) b,

| bl | T -20 dB Coupled Port
+ 3. — o %5012 @H:
T dec: 2

|a1|,,;;j i =+ T
_'TL ,'\.';7 °1:—4-;—] d 1 @"“' 50 Qi
Heathkit SWR Bridge ~ ~ e Cospiearer -

Tapped Coaxial Line o™iy Stripline Coupler 1296/2300 MHz
* Wheatstone Bridges (wide bandwidth ~ multiple GHz)

eftoctim.inc

alni x| S ENTITEITEN T

Basis of NanoVNA

51—

o o
Zoc 55955
5 2
"
AN ——s
i
" ona
5. e L
e

“The Wheatstone Bridge: How Does It Impact VNA
Measurements?” Brian Walker, Microwaves & RF, 25 July 2018

Current through bridge resistor R5 directly

proportional to reflection coefficient at Test Port
(R4)

<on
ae witPort

Retlaction Bridge. Current throwgh 7% »
function of mpedance KL enly, (4D - Anj

s vi
{ )
3T 2 Let)
Jtran Ly
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Common Quantities in Terms of S Parameters

e Return Loss (RL)
RL — 1010g10

- —2010g10|511| dB

151112
* Voltage Standing Wave Ratio (VSWR)

1+1S
VSWR = LT 1511l

1 —|S11]

e System Gain (G) or Loss
G = 10/0gy10|S21]

* Impedance

7=2Z
1 -5,

“reflection coefficient” (0 < |I'| < 1)



Antenna Analyzers vs VNAS

RigExpert AA-600

* Antenna Analyzers 0.1 600

* Only measure one-port (two terminal) networks
* Antenna VSWR and driving point impedance
* Cannot remove effects of connecting cables, low-pass or high-pass filters, etc.

e Vector Network Analyzers

e Can measure two-port (four terminal) networks
* Antenna VSWR and driving point impedance

* Filter parameters, small-signal transistor parameters, multi-port
networks (e.g., duplexers, diplexers, couplers), transmission lines,
etc.

* Can remove effects of connecting cables and other passive
circuitry through calibration at measurement plane

NanoVNA
0.01 - 1500 MHz
$65.95

See, for example, the article by Denis Nechitailov, UU9JDR
https://rigexpert.com/a-short-review-of-antenna-and-network-analyzers/ 9



NanoVNA System Block Diagram

Gilbert Cell

Double Balanced Mixers

Resistive Wheatstone SA612AD Stereo Audio Codec
Bridge x3 N3
A
= - 12S Codec
5 j@ TLV320
&) AlIC3204
L IN1
RX u
32-Bit RISC
1 128 Microcontroller
100k~
200MHz o Push SW
o STM32 —
FO72C8T6 oo Lever SW
MCLK Cortex-M0
VCTCXO [ 48MHz —— USB
{0} Si5351A ILI9431 320x240 I LiPo
SPILCD e H#

Synthesized Clock Generator

Charge Management
Circuitry

Frequency Range: 10 kHz to 1500 MHz
RF Output: -13 dBm (-9 dBm max)
Dynamic Range:
70 dB (10 kHz to 300 MHz)
60 dB (300 MHz to 600 MHz)
50 dB (600 MHz to 900 MHz)
>30 dB (900 MHz to 1500 MHz)

Power: External: USB 5V 120mA
Internal: LiPo 400 mAH

USB Interface: Type C (power & data)

Display: 4 traces, 4 markers
5 memories for calibration

Frequency Accuracy: < 0.5ppm

Data: Internal 101 data points
Use NanoVNA-Saver software
for larger number of points

10



Smith Chart Basics

The Smith Chart is simply a plot of the
complex reflection coefficient I" overlaid
onto an impedance and/or admittance
grid referenced to a 1-ohm characteristic

impedance
[=g Z—Z,
-l T 742,

R=50Q C=227pF

; JIb F=7.0MHz
m,m-io z‘o\ W/ Z=50-j1000

11



Smith Chart Basics

Two Extremes on the Real Axis of the
Smith Chart Represent Short & Open
Circuits

Center of Smith Chart Represents a
Perfect Match (Z=2,)

Sh(;kff Circuw
Znérm;‘“vg o
(F —'—T 5 "'“'1 Calibration of a Vector Network

' s Analyzer is Performed at

these 3 points — Short, Open and Load

(Additional “Through” CAL for S,,)

FRes % W
sery o L. -
(3 S —— "o K
i i w0 12
= o
= wo %



Points with Constant VSWR Form Circle Around Center

"l - \lc\\
=2 " 038 037 5 P

The closer to
the origin, the
better the
VSWR

13



Why the Smith Chart?

)
SimSmith fi
?

R=62.42 SWR=1.278
X =-5.862 [ =0.122.-22

le s

L=

~W 0.985
1V,i=7.876,0.1256
[ 62.42)0hms |

HsealfomanaTesmeasSarEmith FiesSn
avelmages captures view help running notes

G

14MHz

| -5.862johms |

20m.s1p fil

e

Plots [Pt

type wrems  from

50Zo
useZo V

to name [swed’

lin|[ 100

13 15/ G.MHz| n
20m.s1p [clr]l Lfile | y
pol J-
[ |
st i il
i had B F
]I‘—r——f—"—[_TT_FL showing
| T 5 Sweep
MR
I1| 1 1
| -
8 ‘_—— H i \/ 1 v
L N \ r‘ il Mark  Plot L|G

Myantennas com EFHWS8010 at AK3Y
20 meter band (span 13-15 MHz)

Graphical method for visualizing complex
impedance, reflection coefficient and
VSWR as a function of frequency
Extremely useful for designing impedance
matching networks
* Interactive Smith Chart programs are
available, e.g. SimSmith by AE6TY
* http://www.ae6ty.com/Smith_Charts
.html
NanoVNA data can be exported to
programs like SimSmith using Touchstone
file format

14



Using the NanoVNA

Calibration

* The purpose of calibration is to

(a) align S;; measurements with the purely real -1, 0 and +1 positions
on the Smith Chart; and,

/
/
/

3

to account for cables, connectors or other devices which have been e e
inserted between the DUT and the VNA - -

(b) properly normalize S,; “through” measurements

g

* Calibration kit consists of an SMA short, open, 50Q load, (2) through
coax sections and SMA “bullet” for through measurements

* Calibration should be done (redone) whenever the frequency range of
interest changes, or changes have been made to the position of the
“measurement plane” (i.e., location of device under test)

* When using NanoVNA-Saver software, calibration should be done Short  Open Lload Through

within the software itself and not directly on the NanoVNA

* Store all calibration data in either on-board memory locations or in files

on your hard drive
15



Steps for Calibrating the NanoVNA

1. Determine the frequency range of interest — limit calibration to this range to provide
better accuracy (101 data points on NanoVNA, unlimited in software)

2. Determine the measurement plane(s) — this is the point(s) at which the characteristics of
the device under test (DUT) are to be measured

3. Onthe NanoVNA, perform a calibration RESET first (not needed when using NanoVNA-
Saver or NanoVNA-gt software)

4. Perform an SOLT calibration process (Short, Open, Load and Through)
On the NanoVNA, this is accomplished with the menu items
In the NanoVNA-Saver software, use the Calibration Assistant

5. Save the calibration results!
On the NanoVNA, use one of the nonvolatile memory locations
With software, save calibration files to disk

Calibrations will remain good if measurement configuration has not changed
“appreciably”, i.e. less than 0.1 A changes



Measuring Antennas

R=47.3 SWR = 1.062
X=-1.18 r=30.3m.-156

+~W 0.999
687601453
47.3/ohms 146MHz
-1.18}johms 50Zo

vavsoras 2o file useZo |V
Plots [Pt

type numPits from to 7n’ame71’me=p1
lin|| 100 1 30/G.MHz| n
M2LeoPack_2m.s1p | clr| L.file | y

Il L

1 I 1
| [ 1]
3 S =
==l
{p i i:rv. ,lr:,;{:

Rl
R

=

Measure S11 on NanoVNA

[Users/riontan aflastSimSmithClrouit1 7p2.ssx -SimSmith 17.2 n by AESTY-  Java:1.8.0_221

SimSmith file savelmages captures view help running notes Save to Touchstone File .Slp

Open .slp File in SimSmith

M? Leo Pack
144 MHZ eam y v i 125 146 1465 147 1475

Wi 1445 1455 14SWR
45M
40M Mo
35M
5.0
30M
______ 25M : 5 ; ; 3.0
A 20M
15M
_showing 10M
Both
SM—
' e s e o
0.0 Lo 1.0
T(a)Q 144.000 L.file 148.000
SWr
PUSIOUE G | lin SWR=1.001
2:x Mark|  Plot  L|G] & ; 145.7 MHz T = 400u.-107
Pwr: L 1440+ 147.7 <200 2=50.0-j38.2m
ua-\'."/ Mark| SWR: '_1,;‘ G: 1440 = 1480 <3.00  Y=20.0m+j15.3u

17



Measuring Passive Networks

49:1 Endfed Transformer

80 meters
151

1.01
3 MHz

40

30

20 17

= mw - s

i For anideal 49:1

transformer, 2400 Q is

transformed to 48.98 Q
(VSWR = 1.02:1)

1Z]|
VSWR -

48 Measured VSWR using 49:1 transformer

with 132 Foot Wire

Myantennas EFHW=8010
80 meter %2 A

15 12

P

30 MHz 18



Diplexer Performance

30.04

20.01

10.0

0.0

-10.04

20.0

-30.0

Diamond MX-3000N Triplexer

2 m Port 70 cm Port

e
-Boorv w

Manufacturer specifies -55 dB
isolation in ham bands

c
[~

r30.0

+20.0

+70.0

-80.0

Measure S21

NanoVNA

Port 1 Port 2

Measurement errors may be due to noise
floor limitations of VNA (-50 dB below 1.5
GHz for SAA-2N)

19



Measuring Filter Responses

15097 30¢ i opF [St o 2
g———l IF]j:—{i—:[I—lL—]:z) Ceramic Resonator
. *
< C SSB Filter
0
Insertion Loss 9.2 dB f’fssband Ripple +/-0.5 dB
A —— | ey {f"'" ‘~:\
-3dB Bandwidth ,"—' \
1.23 kHz \
-20 \
X

= N\
30 2

£ N

o~

o / R
-40 & Center Frequency =

. 496.10 kHz
,"/‘
-50 g
-60 ,."‘/u‘
: : NanoVNA Saver Qutput
Measurement Planes
-70 Frequency (kHz)
490 495 500

“Using the NanoVNA to Design an SSB Ceramic Resonator
Filter, Bob Fontana AK3Y, QEX Nov/Dec 2020, pp. 8-12

20



Resonance @ 18.003158 MHz

DeSigning CryStaI Filters with 10.3 pF loading

Step 1: Determine Crystal Parameters . f

Homebrew test fixture
ZIF connector -

fanala
o) %)
1aanl

NaroVNA
s - o N |
) \ |
X |
Y

\ |

Connect capacitors in series with crystal and measure

°
Crystal t tas resonances with NanoVNA (e.g., 0 pF, 10.3 pF and 30 pF)
Model *  Determine Ls, Cs and Cp (3 equations in 3 unknowns)
=g . . . .
SO B *  Use crystal parameters to determine optimum filter design*
e “Crystal Ladder Filters for All,” DJ6EV and G3JHIR, QEX Nov./Dec. 2009, pp. 14-18
¢ “Modern Network Theory Design of Single-Sideband Crystal Ladder Filters,” Milton Dishal,
_L = Proceedings of the IEEE, Sept. 1965
External CeCx *  Crystal Ladder Filter Design Software — www.arrl.org/gexfiles (look for 11x09_Steder-
Hardcastle.zip)
“Crystal Motional Parameters: A Comparison of Measurement Approaches,” J. Smith K8ZOA,

Capacitor
: ' : https://www.mikrocontroller.net/attachment/473317/Crystal_Motional_Parameters.pdf


http://www.arrl.org/qexfiles

Designing Crystal Filters (cont.)

Step 2: Determine Ladder Filter Capacitors

F Crystal Ladder Fiter Calculator “DISMAL Vers. 203 HF Taols by DIEEV - X 150 4 X 18 MHZ Cry5t3|$ 150
SaveWmdow Cohn QER(GIUUR) Xtel Table LC-Mstch C(s2Cp Colours Info Help
_s.eaﬁammucmax!a [T7ss4eez [3812 3 | [+ i Calculate .__l [———l D U(.,..“jl__ __l l
o LI T CeriesFieq fs(dHz] Cppf] Bidb[kHz PBrpple  Holxiah  DisplogFreq
Broawe1?753kHz 10,3000 2,141 Soanikial L06->Lin
Rial Parameters o e—————
Lm=  5720mH fs= 17994842 kHz / ! \ .__
Cm= 136565 IF fp= 18027047 kHz o / i \ =i
Filles Pasameters 4 \
Type: Chebychev PB-Ripple: 1db 20ds \\
Impodance [Ohm]: 549 ® ol Xtals: 4 \
Centes Frequency [kHz} 17996647 | Nk \ =
B Bdb) A17kH: BW(BDd} 11.854H: / \
EW(20d5) 414k BW(BDdE 25z | 40b 4 ! %
BW(40d5) 673kM: BW(100cb) S4434: =
S0
Coupling (Shunt) Capacitances [pf ] e
Ck12- 1146 CkS6=
Ck23- 1331 CkE7= -
R34 K78+ o & g o8 ~
ChAS- o~ 1o e
Measured Crystal Parameters Ty Py ||t e . Measured Response
. . Csl« 1331 240 o
Ls (motional inductance) =5.728 mH ce :
Csdw Aot
Cs (motional capacitance) = 13.656 fF o : - /
Cp (parallel capacitance) = 3.812 pF oRal = Sy
— | \
Filter Parameters = '

Measured
2.97 kHz
17.9959 MHz
3.37 kHz
11.70 kHz
1.1dB

Design

3.00 kHz
17.9966 MHz
3.17 kHz
11.85 kHz
1dB

-3dB BW
Center
-6dB BW
-60dB BW
PB Ripple

22



Measuring RF Amplifier Gain

10xlog101S21]

HanoVHNA vV2_2 270

SAA-2N USB MODE
NanoVNA

Gain
25.8 dB @ 144 MHz
23.2dB @ 432 MHz
15.4 dB @ 1296 MHz
9.2 dB @ 2300 MHz

18.04

Gain (dB)

Port O

20dB (6 GHz) ||

Attenuator 6 a0 LNA 50-4000 MHz

SPF5189 NF = 0.6dB

B8.04

Amplifier \
under Test

Frequency (MHz)

Signal output from Port 0 = +15 dBm
Added 20dB pad to prevent amplifier from going into saturation or overloading VNA
Attenuator and cabling “calibrated out” during SOLT calibration process

23



Measuring RF Amplifier Input Impedance

20 dB
Pad
Inductively Reactive NEmEis -
----------------- w 500 1K 1.5K 2K 2.5K 3SWR |
................ 45M
40M 10.0
35M
5.0
30M)
25M i 3.0
20M
2.0
15M
showing 441.4 MHz 10M 1.5
Both 230.7 « 3.000K <2.00 ’
o 50.10 « 3.000K <3.00 5M
SWR=1.687
Q N=0.256.-101 0.0 1.0
swr Z=40.3-j21.6 20.00 G.MHz 3.000K

Plot |L Y=19.3m+j10.3m




Measuring Coaxial Cable Characteristics

Characteristic Impedance Z,

Z, For a quarter-wave line
% N line Zioad _ Zo
Zin ZIoad ZO Zin
T Zy = \/Zloadxzin

Set Z,,.4 = 50Q and adjust frequency for an exact % wavelength
Measure Z;,, and compute Z,

Zi, =108Q at 25.9 MHz

Zo = sqrt(50 x 108) = 73.48Q

Increasing frequency

/ Frelj s iR Length = 73.5 inches (1.867 meters) = 1/4 A

line is 1/4 5.
Freq (free space) = 40.17 MHz

f=0Hz (50 Q) 25.9 Mz, Z = 1080 Measured 1/4A frequency = 25.9 MHz
Velocity factor = 25.9/40.17 = 0.654

RG59/U 73.5Q, velocity factor = 0.66

iy p, 500 SMD Resistor
< Termination



Coaxial Cable Loss vs Frequency

S11 Measurement with Z,,,4= 0Q (short) or Z,,,4 = infinite (open)
In both cases, all energy is reflected from the load back to the source

|S11| measures two-way path loss

I Sll | short

Cable Under Test

CHO I S11 | open

Cable Under Test Open

2
1{20xlog10|S11lsnort

ZOXlog10|511|open

Loss = E > >

*  Resonances cancel yielding more accurate response
*  Can be used when S,; measurements are impossible or
difficult (e.g., buried cables, tower installations, etc.)

-10

-14

e

Attenuation (dB/100 feet)

100 200 300 400 500
Frequency (MHz)
-
\
A b
\ o
Y *,‘\ )
VN
e

RG-223/U *uw'“‘?‘f\dnwﬁ"“% Jmﬂ‘

e Published Values l{

Extra loss due to SMA connectors! ‘
|
W1

Region where NanoVNA is using
harmonics of Si5351 synthesizer

26



NanoVNA as Grid/Gate Dip Oscillator

Sharp transition occurs
at circuit resonant frequency Coil is self-resonant
- at 250 MHz
(Matches result with
Millen 90661 GDO)

Construct small loop Display imaginary component
attached to SMA connector of CHO impedance

* Resonant circuit produces an abrupt impedance discontinuity at resonance
* No calibration required (need sufficient number of points for good resolution)

* Useful for determining self-resonance frequency of amplifier plate chokes,

tuned circuit frequencies of receiver/transmitter stages, etc.
27



Time Domain Reflectometry

Pulse Open En (| —
Cable assembly under test A_____A
Pulse !_ ------------------------ i Short at Cable End .—::I B -
Generator i I ‘ i v
i ! Matched Impedance (Telecom) ,.n:, n: :
' Load I A
| i .
' Jolnt [mn 34 [ "
Oscilloscope ! | A
! L s
! = | Short Core to Core [TrI 1
H H Parallel Resistance Core to Cora oot
Time Domain Approach e
Interrupt F‘:T:— ~—<.
. . . /r‘ 41‘\,7
* Generate an impulse or fast rising pulse waveform — -

* Observe reflections vs time on oscilloscope

* Difficulties in generating and measuring these pulses
Magnitude of reflection

_Za—Zy

As the pulse travels down the coax, any change in —
Zat+Zy

characteristic impedance will result in a portion of the
incident energy to be reflected back toward the source

28



Frequency Domain Approach (VNA)

Fourier transform — expresses a signal in terms of its frequency content

F(f) = [ f(De 2t

and vice versa! oo
F@=|  Fper

For a linear system h, the output y(t) is related to the input x(t) by
the convolution integral

y© = [ x@h - wau X(t) y(t)
In the fre domain: o ht)
quency domain:
Y(f) = X(f)H(f).

If the excitation signal x is an impulse, then one can show that
X(f) = 1 for ALL frequencies, and

S11 (reflection coefficient) is a function of
y(t) = h(t) and Y(f) = H(f) the distance from the source or, alternatively,
a function of time given the speed of propagation!

29



Time Domain Reflectometry with VNA

* Setup an excitation signal which covers a wide frequency range (near DC to a
frequency f .., where 1/f._, is the desired time resolution

The number of sampling points N multiplied by the time resolution 1/f ., is the maximum time
over which a reflection can be observed (max coax length)

* Measure S11(f), and then convert to S11(t) using the inverse Fourier Transform

This is done automatically in the NanoVNA-Saver software

* S11(t) will now show the discontinuities in the reflection coefficient (impedance
changes) as a function of time — system “impulse” response

* Convert time into distance from the source by taking into account the velocity of
propagation (e.g., 0.84 for RG-8X, 0.66 for RG-213. etc.)



Example TDR Response

E5tmatos cabm WAgTh 30463 M (901 0.0¢]

o0
2432

30.45m (99ft 11in)

" 1.10m (3t 7in) | //
o :

3-1/2 foot
RG-8X Jumper Cable

7.93m (26ft Oin)

22-1/2 foot 73 foot
RG-213 run to
outside wall

Alpha-Delta
Coax Switch

02 = 3 s l'
an
nw!, - PR :|!|'

NanoVNA calibrated from
0.1 to 1000 MHz

Calibrate from as low a frequency
as possible to minimize
sampling artifacts

132 foot
Endfed wire

RG-213 run to
Endfed transformer

Alpha-Delta MyAntennas
Coaxial Surge 49:1
Protector Transformer

31



Matching Networks Smith Chart Basics

Increasing Series L Decreasing Series C

ove |Users) ireuitd 7p2. sax -5 17.2nby AEETY- Java:1.8.0_241

SimSmith file savelmages captures view help running notes
?
I i L1l I Cllw Gi
i Ly
= \/A\u
? N/

J

5 EE——

R =43.68 R =51.02 R=51.11 SWR=1.028

X =-181.2 X=190.8 X=-0.8274 I =13.7m.-36
«~W 0.959 ~W 0.998 <W 1.000
1Vi=27.62,0.1482 1V,i=2762,0.2792 v,1=26.8,0.1399

437.1 pF
Series

[ 43.68bhms [ 8.288ulH 437.1plF 1.9MHz .
[ -181.2|ohms 200Q 2KIQ 5070 Capacitance,
160meters s1p file 0 @MHz 0@MHz | useZo |V
Plots |Plt
8188uH
Shunt
Indpictance
wnlelmnr-" from i to (?eli\nnll-ie sweep
lin|| 100 1.8 2/ G.MHz| n
160meters.slp clr] Lfile | y *  Use NanoVNA to measure S11

e *  Export S11 as .s1p Touchstone file
I ] *  Open .slp file in SimSmith
f |rD e ﬁ‘ *  Apply transformations (drag and drop)
_ﬁ T'_g = é :‘ g ~showing
| 1 Ca | J
. s 1;Both|_ Antenna impedance
95[%] : ugﬁ“ I ﬁ \A—O‘ measured from 1.8 to 2.0
— Q MHz (160 meters)
‘L_ P 2| 1<:\2 P % L - 1$Wf
) . N m; m 3w (Mark]  Plot L [u1]eT]G] ,

32



Matching Networks (cont.)

ece [Users/rfontanafiastSimSmithCircuit1 7p2.35x -SimSmith 17.2 n by AEGTY-  Java:1.8.0_241
SimSmith file savelmages captures view help running notes

? 11.56u

e || L1+ L2[ G

R=43.68  R=4451 R=50.29 SWR =1.006
X=-1812 X=-16.16 X=298.09m I =3.04m.19
+~W 0.980 ~W0.998 +~W 1.000
»Vn ~27.91,0.1498 V,1=7.091,0.1498 1V,i=7,091,51.4m
43.68ohms [ 13.83uH [ 11.56uH | 1.9|MHz
[ -181.2Jjonms 2000 200Q | 50/Zo
Qj@mHz 0 @mHz Vg;sZ_o_,V
Plots |Plt
type rumPoe:  from to name [swees|
lin[100[ 1.8 2| G.MHz | n
160meters.slp | clr| L.file | y
= | .
T
= £
showing
Both|

\/J—“’Q

1lswr

Mark|

11.56 uH

Shunt Inductance f

Plot

’
\

\
\

N\

13.83uH

Series
Inductance

117 1L7(cl

More than one way to
construct a matching
network!

Unfortunately, this matching
network will not work below
approximately 1.88 MHz — cannot
reach R =50Q curve!

Another reason why one matchbox

may work, while another cannot
find a solution!!
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Measuring Antenna Gain & Pattern

Transmit Receive
Antenna Antenna
3 P, P¢GGyA? . . .
<] [> P, = ——=""— Friis Transmission Equation
(4ntd)
B Range d |
< ” 2
‘ ‘ ‘ RF %: 1521 = —GJG;AZ
Amplifier t ( n )
Port 0 Port 1
Using identical antennas (G,=G,=G)
NanoVNA

4mtd
G :%\/|521| =G(f,0)

* Range d should be chosen to be in the far field of the antenna pattern; i.e., d > 2D%/A
where D is the largest (linear) dimension of the antenna (Fraunhofer distance)
* RF amplifier gain should be chosen to compensate for path loss between antennas
(e.g., if d =2\, loss = 28 dB)
* VNA calibration should take out the effects of coaxial cables, connectors and RF
amplifier gain
e Build antenna for higher frequency and scale! 34



summary

* In the past, vector network analyzers (VNA) were primarily used at VHF and higher frequencies where direct voltage and current
measurements were difficult, if not impossible, to achieve accurately due to stray reactances. In addition, these VNAs usually cost in the 4-

5 figures and higher, the price of a luxury automobile!

* The VNA measures incident and reflected waves, using directional couplers and I/Q signal processing to obtain the complex “scattering” or
“S” parameters of a linear, two-port network. These parameters completely characterize a linear system and can be used to determine

any one- or two-port parameters.

* With the advent of extremely low cost, microwave frequency synthesizers, wideband logarithmic detectors and high speed signal
processors, the “nano” VNA concept has become a viable option for the average ham shack

* To fully understand how to make the best use of a VNA, a solid understanding of the Smith Chart is a great first step

¢ References

* Rohde & Schwarz tutorials on S-params & Smith Chart

e https://www.youtube.com/watch?v=rUDMo7hwihs

e Smith Chart Basics by W2AEW

e https://www.youtube.com/watch?v=gw1TYWwfvGk

¢ NanoVNA-Saver software for PC, Mac, Linux

e https://github.com/NanoVNA-Saver/nanovna-saver/releases/tag/v0.3.9-pre

e SimSmith interactive Smith Chart software

e http://www.ae6ty.com
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Thank youl!

Bob Fontana, AK3Y
ak3y@arrl.net

A copy of the viewgraphs for this presentation
can be found at
http://www.ak3y.com/NanoVNA_MARC.pdf
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