Introduction to wireless energy transfer measurement with VNWA, a low cost Vector Net

Work Analyzeffor the frequency range 1 kHz to 1.3 GHz

PAN, Aug.20th, 2015

1. Introduction

Draft 1.4

Wireless energy transfer by coupled resonant coils is well known in medical (1) and vehicular (2)
application. Usual transmission distances are 1 to 50mm, the transferred power may vary from 1mw
to about 50W and the operating frequency is 100kHz to about 2.4GHz.

Important issues are high energy transmission efficiency and only little spurious far-field radiation.
For CONSTANT and SHORT transmission distance there are many products on the market, mainly for
RFID application at 13.56 MHz and also for remote battery charging below <300kHz.

The challenge is the VARIABLE transmission distance. Design rules for bidirectional communication
(Passive Telemetry, or called now Near Field Communication™ are explained by Neukomm et al. (3)
for transmission distances of 0 to 17 mm with >28% energy transmission efficiency at 27.12 MHz.

2. General Gncepts for wireless energy transfer

Concept A (RF): Efficiency 15 - 50%, variable distance
cis km cs
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Concept B (LF): Efficiency up to 97%, constant distance
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Fig. 1: 50 Ohm technology
100% Output with 50 Ohm at source terminal.

Tuning: Keep the distance dt = 1.2 x 2 units
constant and adjust resonance and impedance
to the operating frequency fo:

Feeding antenna: to Zi with C1s and C1p,
Receiving antenna: to Zo with C2s and C2p.

Problem: Maximum only 50% DC to HF to DC
conversion efficiency with "ideal" RF generator!

Fig. 2: Resonance transformer with "ideal"
voltage source, best efficiency with Zo > R2 and
very low R1, R2. LF (or NF) means fo <300kHz

NF source: Class D and E amplifier (up to 97%
DC to NF conversion efficiency!)

Problem 1: radiation of many high order
harmonics, especially at slight changes of the
transmission distance dt.

Problem 2: Coils must be close to Zi and Zo




3. Experimental Results with concept A, measured with VN\B/&27.12 MHz Range
Shielded Loop Antennas, Diameter Da=80 mm, Transmission distance d= 85mm

Fig. 3: Loop Antenna at
TX Port of Network
Analyzer VNWA-3

S11 (red): Smith Chart, Resonance (Marker 1) = 27.04MHz,
-3dB Bandwidth (Marker 2 to 3) = 1.00 MHz
S11 (blue): VSWR, Resonance (Marker 1) = 27.04, -32.96dB, well tuned!
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Fig. 5: Coupled Loop
Antennas at TX and RX
Ports on Network
Analyzer VNWA-3
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Fig. 6: Transmission measurement S21, operating distance d= 62mm.
S11 (red): Smith Chart: Now no more optimally tuned, (see marker 1, not in center), but still ok
S21 (blue): Minimum Attenuation: -6.03 dB at 27.01MHz (see marker 1), = 25 % efficiency.
+/-3dB Bandwidth: 2MHz (see marker 3-2), ok

4. Basictest material for VNWA measurements

Fig. 7: Basic test material

Hint: buy enough BNC-SMA adapters
and many SMA and BNC cables of
different lengths!

1. VNWA-3

2: Calibration kit

3: USB-Adapter to PC

4: BNC-cable 1m

5: Adapter BNC-f to SMA-m

6: BNC-cable 1m

7: Adapter BNC-f to SMA-f

8: Adapter SMA-m to SMA-m

9: Adapter BNC-f to BNC-f

10: 40 dB Attenuator (self made SUCO)




5. Order Information for VNWA and Application Book
http://sdr-kits.net/VNWAS3_Description.html

DGESAQ USB-Controlled VINWA 3 in Presentation box, SDR-Kits [ Buy Nowl ]
Q £374.00

4 pcs SMA Cal Kit of Amphenol Parts - Lower Price!

Fig. 8: VNWA with calibration kit and cables.
No need for high standard Rosenberger parts (+ £29) for frequencies below 100 MHz!

http://sdr-kits.net/VNWA/VNWA English Book.pdf

%) Get Results Fast from your DG8SAQ VNWA 2/3 with Gerfried Palme's

Step-by-Step Guide for Beginners

This 165 page book features

Gerfried Paime

Measurements including...
with the DG8SAQ VNWA 2/3 * Basic Settings

Vector Network Analyzer * Calibration Standards & Settings

* Reference Planes & Phase
* Smith Charts
* S-Parameter Test Set

«  Amplifier Measurements

* Antenna Matching

* Phase Angle

* Wave Resistance

Measurements

Table of Contents in Full

Read Sample Pages

28 guided measurement examples
using easy to follow text and graphics

Fig. 9
Tutorial by G. Palme, 35 Euro
Very good for beginners!

VNWA comes with the booklet "Getting
started" and the link to a help file.

http://sdr-
kits.net/DG8SAQ/VNWA/VNWA HELP.pdf

However, it is much easier with this printed,
colored tutorial, giving many hints, also to the
easy use of the shortcutsk, c, d, f, and k!

6. Firstinstallation of the software
- Download and install now Winhlp32.exe from Microsoft for reading the help document:
http://support.microsoft.com/kb/917607

- Download the recent VNWA software and install in a directory where you have always access!
http://www.sdr-kits.net/DG8SAQ/VNWA-installer.exe

- Follow the "Getting Started" as far as you can.

- Check "Help", go to: "Configurate Help Document Viewer", make a cross at "Microsoft winhlp32"
- If you encounter problems with "Audio Settings", here is a solution:

-

E PC and Instrument Hardware Related Setup

-

]

USE Seflings

Audio Capture Device
‘Mlkrufun (USE Audio CODEC) ﬂ
ADC Resolution
" 8Bit
s 16 Bit
(" 24Bit

TestAudio ‘ |4EUUU Hz ﬂ

hax= Min=

[ Auxiliary Audio Capture Device available

Audio Level I Instrument Settings I Misc. Settings 1

Auto-Setup Audio Devices | |DhECk UUSE codecs anly ﬂ

Misc Audio Settings
Audio Buffer Length in Samples 3000
Samples / IF Petiod 10 x4 =»IF= 120001 Hz

# Fresamples 3 => Minimum Sampling Time =

#Paostsamples 3 0.96 ms

Calibrate Sample Rate |

Measd Sample Fate = 480003 |ignore overload ~|
‘Reference = Left Channel ﬂ ‘restan 0N no sync ﬂ

Real Sampling Rate = 48000.3 samples/sec

Fig. 10: First Audio Setting: go to Options, Setup, Audio Settings



http://sdr-kits.net/VNWA3_Description.html
http://sdr-kits.net/VNWA/VNWA_English_Book.pdf
http://sdr-kits.net/DG8SAQ/VNWA/VNWA_HELP.pdf
http://sdr-kits.net/DG8SAQ/VNWA/VNWA_HELP.pdf
http://support.microsoft.com/kb/917607
http://www.sdr-kits.net/DG8SAQ/VNWA-installer.exe

-Wiedergabe Aufnahme | Sounds | Kommunikation

Wahlen Sie ein Aufnahmegerit aus, um die Einstellungen zu &ndern:

| Allgemein | Abhdren | Pegel | Erweitert |

Standardformat

Wahlen Sie die Abtastrate und die Bittiefe aus, die im
gemeinsamen Modus verwendet werden soll.

> Mikrofon
Realtek High Definition Audio
Micht angeschlossen

Eingang
— Realtek High Definition Audio
®
-\

[2 Kanal, 16 Bit, 48000 Hz (DVD-Qualitst) -

Micht angeschlossen Exklusiver Modus
Mikrofon

USB Audio CODEC
Standardgerat

l [#] anwendungen haben alleinige Kontrolle tiber das Gerat

¢

I Anwendungen im exklusiven Modus haben Prioritat

l Standards wiederherstellen ]

Als Standard |v Eigenschaften

I oK ] I Abbrechen ] Ubernehmen 1' [ oK ] [ Abbrechen ] Ubernehmen
ﬁ =l —
Fig. 11: Second Audio Setting: go to Device Manager on your PC, select Sound, Recording

Make sure that you select the Microphone "2 Channel, 16 Bit, 48000 Hz (DVD Quiality)

USE Settings | Audio Settings Instrurment Settings | Misc. Settings |

Left = Reference

Right = Thru/Reflect

TestAudio

Lewel = 54

ig. 11: Third Audio Setting: go to Audio Level: Check if you see only the upper trace (VNWA: Tx, Rx
open). Adjust the Level (at the bottom of this picture) for an amplitude of about 50%




7. Select Grid optionby shortcut "g"for good display and printing

|| Carthesian Grid  Smith Grid \ Polar Gnd] Custormn Background I Traces and Background 1 Misc. I

[v Impedance Grid Colar [ none -
[ Admittance Grid Calar [ none :]
v & Color [ none -
[w Smith Grid Markings Visible [zarv |

Srnith Grid Lines: (Confirrn every change by pressing returnl)

Line# |Real Irnacinary ‘VSWRCWC\E | -
1 033333 2 E
2 1 1

3 3 3
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Fig. 12: Select Smith Grid (click g)

Select:
- Impedance Grid with a dark color
- Smith Grid Markings: Z or Y

Optional:
- VSWR Circles: with brown color
- Set VSWR Circle to 2.

Good match , when the fo marker is
within this circle!

Carthesian Grid I Srith Grld] Polar Grid I Custom Background  Traces and Background IMISC. I
- Fetline Calor [+ n -

[ none D RefCircle Color [ none -
[ extend background to full window FefCircle R= |05

Trace Line Width = |1 A Grid Line Width = |1 -

Trace Colars

Trace 1 -
Trace 2 -

Miscellaneous

Text Color

Background

Trace 3 -
Trace 4 -

Trace & -
Trace & -

Fig. 13: Grid options (click g)
Traces and Background

- Background: select a light grey

- Keep the other settings as shown
to the left

- Perhaps you would like thicker
Trace Line Width? ok, do this!

Check also display settings (click d)
for trace and marker enable.

B DGBSAQ - Vector Network Analyzer Software - A2041 licensed to A204 =k
File Measure Settings Tools Options Help
<Refd
0dE
10dB/
0
Cal 4500
Start = 22 MHz Centar = 27 MHz Stop = 32 MHz
- Span =10 MHz
X At =0 dB [s21 dE 511 dB Canfinuous
| > |[sa1 =] FEn smin Single Swesp

Fig. 14: Test Display Settings
- Look at the display of the current
VNWA settings on you monitor.

- Check if it is ok for you and also for
color-blind people like the author.

- Select File, Save screen, to clipboard
or simply click Ctrl+C.

- Create a new word document

- Insert a two-line table

- Insert the picture by Ctrl+V

- Write a comment if you wish

- Print the document with a simple
black and white printer.

Check the print-out!




8. Simplecalibration for the 27MHz range

BN Input ﬁ
Start Stop Unit

[32 MHz ~ |
Center Span

27 [MHz ~| [10 [MHz |

Sweep Mode  #x-Divisions
|Linear ﬂ |1D Ok

Mouse Wheel Increments for ..
Center, Start, Stop Span

1 bMHz 1 bMHz

Fig. 15: Input
Select Settings, Frequency range, linear
Sweep:

- Set Start to 22 MHz, Stop to 32 MHz

IMPORTANT : Do not change the frequency
range or sweep mode during next real
measurements! The result will be invalid if
you do!

General Setings  Simple 30LT Model Setlings ISOLT Simulation Senings} Special Senings} R L
Q5L Calibration Standard Setup

OPEN.  Delay= ps  => onewayelectical length = -9.310 mm

SHORT: Delay = -EB.07 ps => one way electical length = -5.782 mm

LoAD R =[50 Ohms c| = |00 F

Mote: The Delays abhove are correction values. i.e. the NEGATIVE of the delays of the standards!

THRU Calibration Standard Setup

= —

I

Fig. 16: Simple SOLT Model Settings
Select Settings, Calibration Kit, Calibration
Settings, Simple SOLT Model Settings:

Write these standard values for the
calibration kit given by G. Palme into the
tables.

THRU: Transrission Factor = [T => elfenustion = 0000 B This is ok for a first s11 measurement, but for
THRU: TrensmissionDeley =0 ps => slectical length = 0.000 rrm a perfect result you should indicate the
actual cable length, but this a long trial an
error story in order to get the correct phase
angle!
W

| Calibration Settings 4 A

® SOLT simple model custom calibration standards ﬂ

Save Seftings Load Settings

Last loadedisaved: CAVNWAsimple model.ckf
Comment: ideal 22_32 MHz

S || Simple SOLT Model Settings | SOLT Simulation Settings ] S

Fig. 17: Calibration Settings
Go to Settings, Calibration Kit, Calibration
Settings, General Settings:

Select:
SOLTsimplemodel custom calibration.,.

Save Settings as "simple model "

_ — -
¥ Full Calibration. /—_ -

Exit Calibration Master Calibration Cal Kit

|

Calibration Menu C
Feal Time Display Calibration Options
® enforce simple thru correction if available
(" enforce enhanced thru correction with ideal load match if available
" allow enhanced thru correction if available
" allow full 5,6 or 12 term correction correction if available (recommended)
(" enforce full 5.6 or 12 term correction correction if available
S-Parameter Acquisition Calibration Options
® enforce simple thru carrection if available
" enforce enhanced thru conection with ideal load match if available
" enforce enhancad thru correction it availakle

" allow full 5.6 or 12 term correction correction if available (recommended)

Fig. 18: Correction Schemes
Go to Measure, Calibrate, or click C
Select Correction Schemes

Select the first lines in these two tables as
shown to the left.




Thru Calibration

Crosstalk Cal | . I~ on/off
s | @ e
Theu Mateh Cal | . [ on/of

Invalidate All Thru Calibrations

"S11 Cal"

Fig. 19: Reflection Calibration (click C)
- Check if you see Cal Kit = simple model.ckf.

1. Click on "Short", you get the info:
"Connect SHORT to NWA output”, make this,
click ok and the circle becomes green.
2. Click on " Open", you get the info:
" Connect OPEN to the NWA Output ",
make this, click ok and the circle becomes
green.
3. Click on "Load", you get the info:
"Connect LOAD to NWA output ", make this,
click ok and the circle becomes green.

s11 calibration done!

Exit i Master Calibration  Cal Kit

CalKit = simple model cki
Fietlect Calibration 1~ Thru Calioration

Shant ‘ . Grasstalk Cal ‘ . I~ on/off

Open ‘ . Thru Cel ‘ . " onf
Load ‘ . Thyu Melch Cal ‘ . I~ on/of
cal [¥ onfoft .

Invelideta All Thiu Calibrations

"Thru"

Test s21with "Attenuator 40dB"

Fig. 20: Thru Calibration (click C)

1. Click on "Crosstalk Cal", you get the info
"Disconnect all NWA ports, make this, click ok
and the circle becomes green.

2. Click on "Thru Cal", you get the info "Connect
NWA input with output”, make this
connection as shown in picture "Thru",
click ok and the circle becomes green.

3. Click on "Thru Match Cal", you get the info
"Connect NWA input with output", keep this
connection as before, click ok and the circle

becomes green.

s21 calibration done!

Now all circles are green, calibration completed!
Congratulations!

The VNWA is now ready for s11 and s21
measurements in the 22 to 32 MHz range, see
the Fig. 4 and Fig. 5.

Fig. 21:
Test of the

calibrations:

w Calibration is
—?nil N

—— | perfect!

Test s11: Short Test s11: Open

Test s11: Load

Test s21: Att. 40dB




9. Full calibrations11, s21, s22, s12

The method to calibrate s22 and s12 is well documented by G.Palme. However, if there is no
"S-Parameter Test set™ available, it makes no sense! The manipulations "forward" and "reverse" are
not easy and you will lose the overview what is going on! It is better to interchange TX with RX.

10. Tuningof the RFSystem at near distanctr 74% Efficiency

Marker] @26994954 6 Hz

Flg 22:TeSt SetUp for 2dE/ |10 269aMHz | -132dB 0014000 EF;EE”

74% Efficiency! 5 aime  uoran 02e0e

D1=85mm

dt=25.4 mm

D2=80 mm
R T e TS
511 ~]| o |[EEM~] # s Smin

S Fig. 24: Optimal tuned Cs1, Cpl ,Cs2 and Cp2 for dt=25.4mm.

Fig. 23: The capacitors are adjusted in a interactive mode, left, right and so on.

TX, RX interchanged S11 (red): Smith Chart, Resonance (Marker 1) = 26.99 MHz,

for s22 and s12 S21 (blue): -1.32 dB, 3dB Bandwidth (Marker 2 to 3) = 4.84 MHz.

The maximum power transfer is about 10 Watt. Take special care to install high quality trimmer
capacitors for high voltage and low loss, the cheap tiny plastic trimmers get hot!
Amateur Radio transceivers may serve as RF-Source, but not for permanent use at full power.
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