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What is a VNA?
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How does a VNA work?

5 I

rts, and|the
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. VNA works by applying a known stimulus signal to one of its
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What can a (2-port) VNA meas

Reflection Coefficient (S, .

o ===

* Antenna feedpoint impedance

* Voltage Standing Wave Ratio (VSWR)

«Componentimpedance
Transmission Coefficient (S. )

217
F amplifier gain

oaxial cable attenuation

R
C
* Filter frequency response (bandwidth, insertion loss, phase d
[a
Ut

@

put Reflection Coefficient (S,,)
Reverse Transmission Coefficient (S,,)

Coaxial cable length (via transformon S )
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Input

Reflected wave

Sxy = response at port x resulting

from stimulus on port y
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Jseful S11 related formulas
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o \ Voltage reflection|coefficient log magnitu
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reflection

—201og |T’ ReturnLoss = expresses how much-incic
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E 1+|I",| | Voltage Standing Wave Ratio — expresse
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Useful S11 vist
Chart
The Smith|Chart is a graphical tool
which maps the voltage reflection
coefficient (a complex quantity) to a
load impedance relative to the system
impedance (again, usually 50 ohms).
it was-developed-by PhillipH- ith
in 1939 as|a way to graphical
provide so ns to transmission|line
egquations.-While-modern-cor ers
are able to perform these calculations
easily, the th Chart is still d by
DL andcine Ao, tAa vicehiallh,
nrrenyginc Olay o visuari
provide ins s into the beha of
RF circuits (especially antenn
engineers).
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Low cost (typically about $100), portable vector

network analyzer

Cavaral vvarcinne Q,Kio'l' franm \lalr_i_e_uls vvandore
oC i HO " 1818

CIQU VUIOVIVIIO U

with various frequency ranges, display sizes

Typical frequency ranges:

o N Iy oONN _NU= (Aricuinal vzarci

LD
(WA VN AN | V'S [VAVAC R AR RIS \\JIIU 1Al CI1IIVILN]

* 50 kHz —/1.5/GHz (H4 version)

* 50 kHz — 3 GHz (V2|Plus 4 version)

D _nort 1 nath criraomaoant canahilifhv, (& Cl

[ SAALTER S Sl AR Iea ulrailiclit vapgapglilit \\)]1, \JZl}

Includes low caost SOLT (Short, Open, Load,

Thru) calibration kit

Not/nearly as capable as a professional grade

VNA (for example, cannot perform full 2-port, 2-
path measurements, cannot adjust stimulus

ﬁower‘), but “good enough’l forrmany basic
easurements, and much;, much lower in price
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measurements
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NanoVNA User Interface

Calibration Trace legend Menu (Main

Status Battery Menu sho - e ;“ o
tatus ,

PORT 1 B ] | S21 LOGHAG 1648/ =81
| 44,4k qi | 521 PHASE-93°/ 90.8° RN
e p W | | " PHLs 162,041 086 HE
‘ . 7 et i gl MARKER
s STIMULUS
CALIBRATE
| pECALL
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)

e SO CARD
; 'y CONFIG
7 A Il - Pause
/ : Nl sueer
A i I - \ " Lol
PORT 2 | / START ~ 50.600 kiz but1006Hz 161p  STOP 900.060 GGG iz

/ : = >

-

Stimulus/acquisition information
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HOME
MENU
DISPLAY »  TRACE » Omacea
MARKER > FORMAT LOGMAG LN ﬁmg
STIMULUS START SCALE SCALE/DIV PHASE 06 ——  Omacez
CHAMMEL REFEREMNCE
il b cumar e st romao il e | [P |
RECALL POWER CENTER TRANSFORM E- DELAY SMITH R+ | STORE TRACE
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RESET CIDOT GRID RESISTANCE C+jB <BACK
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CONFIG EABLE RESET LTI <BACK <BACK REACTANCE G+LC
(=8 0 far auto |
| | RESTOHAN CE SWEER 7 .
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CONNECTION &= 300 4mA SHORT | | LINEAR
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MARKER &
: I SCREENSHOT I DONE ST BANDPASS CONDUCT PARALLELR
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2
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e JE— <BACK SAVE4 ( MINIMLI J <BACK [ nd anly
M UMERIC =
LoAD MicroSD card
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CLEAR =
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VNA Calibration

Why do we need to calibrate a VNA?
* Compensate for systematic errors
* Imperfections inthe port impedance matching
« [ Imperfections-in-the directivity of the directional couplers/bridges
used to measure reflected|signals from the stimulus port
* Imperfect isolation between the stimulus signal source and the
receivers
 Variations in the frequency response!of the receivers
* Compensate for user measurement configuration
* |Cables/fixtures used to connect the VNA to the DUT attenuate
signals, add phase delay
| Desire is to have measurement planes at the terminals of the DUT
When do we need to calibrate a VNA?
* When changing the frequency range
- When changing the cabling/fixturing used to connect the VNAto the
DUT
* When the operating environment of the VNA changes significantly

(temperature, for example)
2024-02-15 Michael Kirkhart
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How do we calibrate the NanoVNA?

Calibration reset

k311 LOGHAG 18dB/ -2.89d8 321 -0GHAG 1848/ -73.
511 SMITH 9.565-j38.270 4.7
MM1: 156.088 8868 MH

j___—_..____

CALIBRATE

SN POUER AUTO

RESET
CAL RANGE

C1 APPLY

START 108,800 600 HH= bu:4B0BH= 161 STOP 500,800 080 HH=

Reset the current calibration by going to the CALIBRATE menu, and then select RESET

2024-02-15 Michael Kirkhart 17




How do we calibrate the NanoVNA?

Calibration open

»511 LOGHAG 1848/ —2,85dB §21-LOGHMAG 10dB/ -73!
§11 SHMITH 9.416-j38.330 10.9° fediina’
MH1: 156.000 BAO MH

j___—_..____

+« BACK

gl—....._______...-ﬂlﬂ A

START 108,800 600 HH= bu:4B0BH= 161 STOP 500,800 080 HHz

Now select the CALIBRATE menu, connect the open calibration standard to PORT] 1,
and selectthe/OPEN button

2024-02-15 Michael Kirkhart 18




How do we calibrate the NanoVNA?

Calibration short

k311 LOGHAG 18dB/ -3.57dB 321 -0GHAG 18dB/ 76,
511 SMITH 36.73+.074.790 .- N [ OPEM

MHM1: 156.808 686 MH

Lo

| R e AN -

[+§ SHORT

LOAD

ISOLH

THRU

DORE

DOHE IH RAM

+« BACK

1) —
START 188.8868 888 MH= bu:4888H= 181p STOP %5006.888 888 HH=

Remove the open|calibration standard and connect the short calibration standard to
PORT 1, and select the SHORT button

2024-02-15 Michael Kirkhart 19




How do we calibrate the NanoVNA?

Calibration load

»511 LOGHAG 18dB/ —28,43dB $21-LOGHMAG 10dB/ -8
§11 SHMITH 49.d41-j3.70 26.4° fedina]

MHM1: 156.808 686 MH

Lo

[+§ SHORT

(v LOAD

ISOLH

THRU

DORE

DOHE IH RAM

+« BACK

E! .-"-""-,I'II"'- -
START 186.868 888 MH= buwidBBBHz 181 p STOP 500.088 688 MH=

Remove the short calibration standard and connect the load calibration/standard to
PORT 1, and select the LOAD button

2024-02-15 Michael Kirkhart 20




How do we calibrate the NanoVNA?

Calibration isolation

pE11 LOGHAG 1848/ -2.208B 5217 -0GHMAG 1HdBE.FE-Pn1.
MHM1: 156.808 606 MH

511 SMITH 18.76-j41.470

[« ISOLN

THRU

DORE

DOHE IH RAM

+« BACK

E |III--I'I

1 STOP 500.008 088 HHz

START 108,800 600 HH= bu:4000H= 10

Remove the load calibration standard from PORT 1, connect it to PORT 2, and select
the ISOLN button

2024-02-15 Michael Kirkhart 21




How do we calibrate the NanoVNA?

Calibration thru

pE11 LOGHAG 1848/ -33.48JB 5217 -0GHMAG 1HdB}._FE-&?J]
MHM1: 156.808 686 MH

511 SMITH 58.62-.j2.861% [+f OPEH

[+§ SHORT

(v LOAD

DOKRE

DOHE IH RAM

+« BACK

START 188.8868 888 MH= bu:4888H= 181p STOP %5006.888 888 HH=

Remove the LOAD calibration standard from/ PORT 2, connect the thru calibration
standard between PORT 1 and PORT 2, and select the THRU button

2024-02-15 Michael Kirkhart 22




How do we calibrate the NanoVNA?

Calibration done

»S11 LOGHAG 18dB/ -31.82dB 321 -0GHAG 18d4B/ 0,81
%11 SHITH 47.32+ j555m0 XLl S0kH=
PM1: 156.000 BO0 MHRELLLL

J88MH=
588MH=

Empty 2
Empty 3
Empty 4
Empty 5
Empty 6

+« BACK

START 188.8868 888 MH= bu:4888H= 181p STOP %5006.888 888 HH=

Select the DONE button, which will bring you to the saved calibration menu. Select
one of thesave slots to store the [calibration.

2024-02-15 Michael Kirkhart 23




How do we calibrate the NanoVNA?

Calibration saved

k311 LOGHAG 18:B/ -31.8848 3217 -0OGHAG 1848/ 8.81
511 SMITH 47.31+i559mi} .8 CALIBRATE
FH1: 156.8688 888 MH

POWER AUTO

SAVE

CAL: 181p
188MH=
588MH=

[vi APPLY

START 188.8868 888 MH= bu:4888H= 181p STOP %5006.888 888 HH=

Calibration is now complete!

2024-02-15 Michael Kirkhart 24



How do we verify the calibration?

Calibration verification - open

El p211 LOGHAG 1848/ —-8.03dB 5217 -0GHMAG 1HdBfEE?EEJE-4dB
MHM1: 156.068 BEA +I-_in

511 SMITH 12.2k-=J12.4k0

oy .
! bl

1 Iy

1 1, (I |

£
"
T . T

START 108,800 600 HH= buw:4B06Hz 161p 0P 5060.000 800 HH=

Note with the open calibration standard connected to PORT| 1, the $11 SMITH trace
(green) is all the way to the right (infinite impedance; or zero admittance)

2024-02-15 Michael Kirkhart 25



How do we verify the calibration?

Calibration verification - short

El k311 LOGHAG 1848/ 88048 321 -0OGHAG 1848/ -?5 EIEIdB
511 SMITH -4.12m-j24.8ml =175,
kH1: 156.0008 064 HHL

fi [ fi

I oo
!! ."'. ,.II I-II I| \ 1 II |I .. II..I ! |I
PSS-S B A L N . W ¥ LA |

START 188.8868 888 MH= bt 4HHHH._ lﬂlIJ' STOP 500.880 088 HHz

Note with the short calibration standard connected to PORT| 1, the $11 SMITH trace
(green) is all the way to the left (zeroimpedance, or infinite admittance)

2024-02-15 Michael Kirkhart 26



How do we verify the calibration?

Calibration verification - load

El p211 LOGHAG 1848/ -69.84dB S217-0GHMAG 1848/ -EH /6dB
511 SMITH 49.97-719.9mQ =156,

kH1: 156.0008 064 HHL

Lo

|". -
|— -,H f ..' | |
%__H:' LAy SRS

START 188.8868 888 MH= bu4888H=z 181p STI]P EHH 886 8688 MH=

Note with the load calibration|standard connected to| PORT 1, the S11 SMITH trace
(green) is right in the center of the chart (50 ohm resistance)

2024-02-15 Michael Kirkhart 27



How do we verify the calibration?

Calibration verification - thru

El p211 LOGHAG 1848/ -38.91dB 5217 -0GHMAG 1HdB!ﬂﬂioﬂ-4dB
MH1: 156.808 686 MHz

511 SHMITH 47.3+.i613m0Q

START 188.8868 888 MH= bu:4888H= 181p STOP %5006.888 888 HH=

Note with the thru|calibration standard connected between PORT 1 and PORT 2, the
S21 LOGMAG trace (cyan) is at 0 dB, and the S21 PHASE trace (magenta) is at (or
near) 0.0 degrees

2024-02-15 Michael Kirkhart 28



Measurement Time: Antenna
feedpomt Impedance

511 LOGHMAG 18dB/ -29.92dB BS1T SIJ.IFI 1/ 1.866
$11 SMITH 49. 23-.13 a745
Hil "260.800 BAA MHz

'START 108.888 068 MHz buidB88H= 181 p STOP 508.808 808 HH=

1. Set frequency sweep for start = 100 MHz, stop = 500 MHz

2. Rerform calibration (either full OSLIT, or PORT 1 OSL)

3. Set trace |1 for S11 LOGMAG, trace 2 for S11 VSWR, trace 3 for S11 SMITH, and trace
4 OFF

4. Connect antenna feedline to PORT 1

5. Turn on MARKER| 1, and move it to a minimum value on|the S11 LOGMAG trace.

2024-02-15 Michael Kirkhart
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Measurement Time: In-line
attenuator loss

El }M1 180.808 08 MHz  -12.88dB M2 H80.8680 880 MHz ~ -11.99dB
Al-2: =460.060 688 HHz

/S e o oo s seasss s\

START 160.0868 8860 MH= buidB88H= 181 p STOP 508.808 808 HH=

1. Set frequency sweep for start = 100 MHz, stop = 500 MHz

2. Rerform calibration (fult OSLIT)

3. Set trace 1 for S11 LOGMAG, trace 2 for S21 LOGMAG, trace 3 for S11 SMITH, and
trace |4 for S21 PHASE

4. Connect inline attenuator (in this case, a 12 dB attenuator) between PORT 1 and PORT
2

5. Note the §21 LOGMAG trace values across thefrequency sweep. Does it match
expectations?

2024-02-15 Michael Kirkhart
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Measurement Time: Coaxial cable
loss

FHM1 180.808 608 MHz  -8.85dB M2 H80.880 880 MH= ~ -2.81d48
Al-2: =460.060 688 HHz

START 160.0868 8860 MH= buidB88H= 481 p STOP 508.808 808 HH=

1. Set frequency sweep for start = 100 MHz, stop = 500 MHz

2. Rerform calibration (fult OSLIT)

3. Set trace |1 for S11 LOGMAG, trace 2 for S21 LOGMAG, trace 3 for S11 SMITH, and
trace |4 for S21 PHASE

4. Connect 3 meter length of RG-316DS bhetween PORT 1 and PORT 2

5. But MARKER|1 at 100 MHz, and MARKER 2 at/500/MHz, and note the S21 LOGMAG
values for-each-marker

6. If length is known, compare the measured loss vs. frequency to the coax data shegt.
Does this|loss match expectations?

2024-02-15 Michael Kirkhart
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Measurement Time: Filter frequency

response

M1 127.808 808 MHz  -8.19dB M2 134.080 080 MHz | -4.52dB
— = M3 141.868 868 HHz  -8:15dB
Al-3: -14.8608 6688 MHz

— [ E— —

o Bt

"E;Il
?'ﬁ;:._ﬂ,

1. Set frequency sweep for start = 100 MHz, stop = 200 MHz

2. Rerform calibration (fult OSLIT)

3. Set trace 1 for S11 LOGMAG, trace 2 for S21 LOGMAG, trace 3 for S11 SMITH, and
trace |4 for S21 PHASE

4. Connect 2 meter’ bandpass filter between PORT 1 and PORT 2

5. Set MARKER|2 at the maximum S21 LOGMAG value, set MARKER 1 at the lower -3
dBpoint, and set MARKER 3-at the upper -3 dBpoint.

6. This filter was supposed tg have a passband between 144 and 148 MHz and less than 1
dB insertion loss in the middle of the passband. | Did it achieve these goals?

2024-02-15 Michael Kirkhart
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Measurement Time: Coaxial cable
length

El p311 LIMEAR 125m/ 8.88339%
FH1: 85ns (8.917m}

START B VF = 78% bw:d00BH= 101p  STOP 97.7ns (18.25m)

. Set frequency sweep for start = 50 kHz, stop|= 200 MHz

Perform-calibration(either fullt OSLIT, or PORT-1-OSL)

Set trace 1 for $11 LINEAR, and all other traces OFF

From the DISPLAY-TRACE-TRANSFORM menu, select LOW PASS IMPULSE, and turnithe
TRANSFORM ON

From the DISPLAY-TRACE-TRANSFORM menu, select the VELOCITY FACTOR button, and/enter
70(%).

Connect one end of the cable (RG-142 cable shown) to PORT 1

. Turn on MARKER 1, move the marker to the peak of the trace. The length corresponding to the
peak will be shawn.

2024-02-15 Michael Kirkhart
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Question: How to show grid scaling?

M1 835.800 860 HHz | -5.9%dB M2°890.800 8O0 HHz -8.18dB 5
H-|_3I 945.800 600 HHz | -5:88dB /

"START _750.880 068 HH= buwilB80Hz 101p

M1 845.800 860 MH= | 2.983
M‘|3 950.886 606 MHz | 3.843

To show scale values for|grid
based displays, do the following:

From the main menu, go|to the
DISPLAY-SCALE menu, and
select the SHOW GRID
VALUES checkbox

"START _750.880 068 HH= bwi1BH= 181p

2024-02-15 Michael Kirkhart
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the NanoVNA. https://github.com/NanoVNA-Saver/nanovna-saver
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References (Slide 2)

« Wolke, Alan|(W2AEW). #312; Back to Basics: What is a VNA / Vector
Network Analyzer. https://iwww.youtubecom/watch?v=Sb3g8fONBZ

« Wolke, Alan |(W2AEW). #3137 Why a VNAnheeds to be calibrated | how to
calibrate la nanoVNA. https:/www.youtube.com/watch?v=x-tbvAbh9jk

* Wolke, Alan (W2AEW). #314. How to use the NanoVNA to sweep / measure
an antenna system's SWR and optimize its tuning.
https://www.youtube.com/watch?v=xa6dqx9udcg

« Wolke, Alan|(W2AEW). #315! How to use the NanoVNA |to measure a low-
pass filter. https://www.youtube.com/watch?v=xa6dgx9udcg

« Wolke, Alan|(W2AEW). #316; Use NanoVNA to measure coax length -
BONUS Transmission Lines and Smith Charts, SWRand more.
https://www.youtube.com/watch?v=9thb TC8-JtA

« Wolke, Alan/(W2AEW). #329; Presentation recording. Intro to the VNA and
NanoVNA for BayCon 2021. https://www.youtube/com/watch?
v=0leLKAEMpPEQ
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Additional Resources (Slide 1)

* nanovna-users@groups.io. https://groups.io/g/nanovna-users

* nanovna-saver PC lsoftware (multi-platform).
https://github.com/NanoVNA-Saver/nanovna-saver

+ NanoVNA-App PC software (Windows).
https://github.com/owenduffy/NanoVNA-App

* NanoVNA-MATLAB: MATLAB scripts for NanoVNA vector network
analyzer. Connect, save S2P file and/display Logmag, Smith chart
and TDR step response (not sure If they work with GNU octave).
https://github.com/qrp73/NanoVNA-MATLAB

+ tinyPFA (Phase Frequency Analyzer — uses NanoVNA-H4
hardware with custom|firmware to measure the frequency and
phase difference between signals|applied to each of the ports).
https://www.tinydevices.org/wiki/pmwiki.php?n=TinyPFA.Homepage
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Additional Resources (Slide 2)

* Wolke, Alan (W2AEW). YouTube — W2AEW
(lots of awesome electronics, RF, test and
measurement tutorials).
https://www.youtube.com/w2aew

» Wolke, Alan (W2AEW). #319: Measuring
Crystals with NanoVNA-and other-tools.

https://www.youtube.com/watch?
v=G9zZRNzhskEE
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