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1 Introduction

1.1 Type of service :
Tuning of antenna matching circuit at 2.4GHz (Ref XXI-Lab: Ant_dev)

1.2 Purpose of the study
Search for the optimal matching networks for the WNAL-US product antennas at 2.4GHz (Zigbee).

1.3 Tools used

e Network analyser
e Anechoic chamber

1.4 Input data

One WNAL23 product in permanent transmission mode (Zigbee), and one product WNAL23 without
firmware for conducted tests only.

One WNAL33 product in permanent transmission mode (Zigbee), and one product WNAL33 without
firmware for conducted tests only.

One WNALA43 product in permanent transmission mode (Zigbee), and one product WNAL43 without
firmware for conducted tests only.

One WNAL63 product in permanent transmission mode (Zigbee), and one product WNAL63 without
firmware for conducted tests only.

1.5 Delivery
This study report
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2 The products WNAL23, WNAL 33, WNAL43 & WNLA63

The products referred to in this report are those in the following figure :

figure 1. From top to bottom and left to right, WNAL 63, WNAL23, WNAL33 & WNAL43

Products WNAL 23 & 63 have the same PCB but not the same partlist. Products WNAL 33 and WNAL 43 have

the same PCB but not the same SW.

3 Antenna Matching

By default, the matching network which is used for all products is as follows.

L1

U3 2pF
3 1 ® |
2 % Not L2
E Used
= 4 TnH
GND 4 5
|-
GND

figure 2. Matching Network used by default for all products
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The antenna matching with this matching network is the following for the WNAL23 product:

24GHz 254 -7.24dB

Start: 2 GHz
figure 3.  WNAL23 antenna matching with the default matching Network

The antenna matching can be considered as acceptable but can be improved.

The WNAL63 antenna matching with the default matching network is very similar than the WNAL23 one. It is
the following:

figure 4.  WNAL63 antenna matching with the default matching Network

As well, the antenna matching can be considered as acceptable but can be improved.
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The WNAL33 antenna matching with the default matching network is the following:

24GHz 225 -8.28dB 248GHz 1.40 -15.63dB

T [ ] [ [ T
A 3 N

Start: 2 GHz
figure 5.  WNAL33 antenna matching with the default matching Network

Matching performance is good nevertheless other matching network have been studied to try improving the
bandwidth ripple.

The WNAL43 antenna matching with the default matching network is the following:

24GHz 219 -8.57dB

Startt 2 GHz

figure 6.  WNAL43 antenna matching with the default matching Network

WNAL33 & WNAL43 frequency response are very similar except for the measurement uncertainty .As for the
WNAL33, the WNAL43 matching performance is good nevertheless other matching network have been
studied to try improving the bandwidth ripple.
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For product WNAL 23 & 63, among all matching network studied, the one which give the best radiated
performances is the following:

U3 3.3nH
: Lo 1L_o
2 Z-Not ———
—E Used
D ) 5 1.5pF
l"‘ &

9
5

figure 7. antenna matching circuit proposed for WNAL23 & WNALG63 product: “Ant-1.5pf shunt
—3.3nH serie”

With this matching network proposed, the WNAL23 frequency response is the one displayed below:

1) 24GHz 228 -8.18dB 248GHz 1.76 -11.16dB

1 [ ] [ [ T
A O O O 72

Start: 2 GHz

figure 8.  Frequency response of the WNAL23 antenna with the matching network proposed :
“Ant-1.5pf shunt — 3.3nH serie”’

With the proposed matching network, the performance is good.

With this matching network proposed, the WNAL63 frequency response is the one displayed below:
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1.66 -12.08dB
Trd1-811 (cdl) VSWR

figure 9.  Frequency response of the WNAL63 antenna with the matching network proposed :
“Ant-1.5pf shunt — 3.3nH seriee”

With the proposed matching network, the performance is good.

For product WNAL 33 & 43, among all matching network studied, the one which give the best radiated
performances is the following:

L1
U3 1.5pF
3
k | ° I °
[
2 2~ Not
= 2l L2
—X— Used %
N 4.7nH
{:}xD__L 5

J_ &

GND

figure 10. antenna matching circuit proposed for WNAL33 & WNAL43 product: “Ant-4.7nH
shunt — 1.5pF serie”
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With this matching network proposed, the WNAL33 frequency response is the one displayed below:

24GHz 2.02 -941dB 248GHz 1.72 -11.51dB

(T [ el [ [ T
A ot N

A I N N I il )

Start: 2 GHz Trace: 2 Stop:

figure 11. Frequency response of the WNAL23 antenna with the matching network proposed :
“Ant-4.7nH shunt — 1.5pF serie”’

With the proposed matching network, the performance is good.

With this matching network proposed, the WNAL43 frequency response is the one displayed below:

24GHz 226 -8.24dB 248GHz 218 -8.59dB

T T T [l [ [ e
A o~ O

I N D O I il ]

Start: 2 GHz

figure 12. Frequency response of the WNAL43 antenna with the matching network proposed :
“Ant-4.7nH shunt — 1.5pF serie”

With the proposed matching network, the performance is good.
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4 Radiated measurements

The measurements were carried out for the H and E planes at the2405, 2440 & 2480MHz frequencies in
vertical and horizontal polarization with a step of 1 °. From these results the total polarization was
calculated.

Measurements have been done using the modem of each product for the antenna matching circuit used by
default and for the antenna matching proposed for each product.

The H, and E plane are displayed below :

figure 13.  Photo of the H and E plane

Because all products were not set-up at maximum power, we have normalized the power at the maximum
power given by the measurement carried out at the modem output for each of the products. This will allow
comparing radiated performances among products tested.

It means that,

e For product WNAL23 with and output power measure at the antenna port at -12.3dBm at 2405, 2440
& 2480MHz, an offset have been applied to reach the maximum power output delivered at the
antenna port for the WNAL33 product.

e For product WNAL63 with and output power measure at the antenna port at -12dBm at 2405MHz, -
12.8dBm at 2440MHz & -13.7dBm at 2480MHz, an offset have been applied for each frequency to
reach the maximum power output delivered at the antenna port for the WNAL33 product.

e  For product WNAL33 with and output power measure at the antenna port at 5.5dBm for 2405, 2440
& 2480MHz, no offset have been applied since it was the maximum power measure among all
product.

e For product WNAL43 with and output power measure at the antenna port at 5.5dBm for 2405, 2440
& 2480MHz, no offset have been applied since it was the maximum power measure among all
product.
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Results normalized are compiled in the table below:

. 2405MHz 2440MHz 2480MHz
Radiated power (dBm)/Frequency/Plane
H E H E H E
WNAL63 — matching default 1.15 -0.46 1.85 -0.77 4.45 2.58

WNAL63 — matching “Ant-1.5pF shunt-3.3nH serie” 5.14 3.60 5.92 3.50 4.78 4.90

WNAL23 — matching default 3.60 4.14 3.30 3.93 4.10 1.85

WNAL23 — matching “Ant-1.5pF shunt-3.3nH serie” 6.65 5.14 7.23 4.63 7.81 3.18

WNAL43 — matching default 2.69 3.34 4.47 3.12 6.61 3.44

WNAL43 — matching “Ant-4.7nH shunt-1.5pF serie” 4.65 0.72 5.58 2.03 6.46 2.15

WNAL33 — matching default 3.33 1.49 5.76 2.72 7.08 3.72

WNAL33 — matching “Ant-4.7nH shunt-1.5pF serie” 4.75 5.43 6.30 2.13 7.28 2.88

tableau 1. Maximum radiated power for the default and proposed matching network

For the WNALG63, the proposed matching network allow to gain between 2.3 & 4.3dB depending on
frequency. With this new matching proposed the antenna gain varyies between -0.6 & 0.4dBi.

For the WNAL23, the proposed matching network allow to gain between 3 & 4dB depending on frequency.
With this new matching proposed the antenna gain varyies between 1.1 & 2.3dBi.

For the WNALA43, the proposed matching network allow to gain between 0 & 2dB depending on frequency.
With this new matching proposed the antenna gain varyies between -0.9 & 0.9dBi.

For the WNAL33, the proposed matching network allow to gain between 0 & 1.5dB depending on frequency.
With this new matching proposed the antenna gain varyies between 0 & 1.8dBi.

Radiation pattern are provided in appendix
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5 Conclusion

Different matching network have been designed and measured. Among those different circuits, the best

has been proposed for each antenna and each product.

Proposed matching network are the same for the product couple WNAL63/WNAL23 & WNAL43/WNAL33:

product with same PCB.

With those matching network radiated power has been improved:

e between 2.3 & 4.3dB depending on frequency for the WNAL63 product

e between 3 & 4dB depending on frequency for the WNAL23 product
e between 0 & 2dB depending on frequency for the WNAL43 product

e between 0 & 1.5dB depending on frequency for the WNAL33 product

Based on measurement done, we noticed that gain variation between two product with the same PCB is

depending on the way to mount product, especially metallic hubcap.
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6 Appendix

Radiation pattern - NetAtmo - WNLAB3
Matching default
H plane - 2405MHz

Py = -0.95 dBm

=——Ph=-1.60dBm

=Ptz 1.15 dBm

Radiation pattern - NetAtmo - WNLAB3
Matching default
E plane - 2405MHz

/120
d
m— Py = -3 30 dBm

=—Ph=-3.30dBm

=Ptz -0.46 dBm

Radiation pattern - NetAtmo - WNLAG3
Matching default
H plane - 2440MHz

=——Ph=0.28dBm

m——=pPt= 185 dBm

Radiation pattern - NetAtmo - WNLAG3
Matching default
E plane - 2440MHz

—Ph = -3.24 dBm

Ptz -0.77 dBm

Radiation pattern - NetAtmo - WNLAG3
Matching default
H plane - 2480MHz

—Ph=215dBm

s Pt= 445 dBm

Radiation pattern - NetAtmo - WNLAG3
Matching default
E plane - 2480MHz

=——Ph=122dBm

m——=pPt= 258 dBm

figure 14. From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MHz frequencies for WNAL63 with default matching network
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Radiation pattern - NetAtmo - WNLAGE3
0 Matching 1.5pF sh - 3.3nH sr

5 H plane - 2405MHz

330 30

Radiation pattern - NetAtmo - WNLAE3
o Matching 1.5pF sh - 3.3nH sr
330 30

E plane - 2405MHz

300 G0 60
270 90 90
240 120 120
Py = 4 72 dBm e Py = 0,77 dBm
——Ph=4.19dBm 210 150 ——Ph=256dBm
180 Pt= 5.14 dBm 180 Pt= 3.60 dBm

Radiation pattern - NetAtmo - WNLAGE3

0 Matching 1.5pF sh - 3.3nH sr
3? : 50 Hplane-2440MHz

Radiation pattern - NetAtmo - WNLAE3
o Matching 1.5pF sh - 3.3nH sr
a0 E plane - 2440MHz

figure 15.  From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MHz frequencies for WNAL63 with proposed matching network
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Radiation pattern - NetAtmo - WNLA23
Matching default
H plane - 2405MHz

==Ph=3.20dBm

m——=pt= 3 60 dBm

Radiation pattern - NetAtmo - WNLA23
Matching default
E plane - 2405MHz

Py = 0.79 dBm

m——Ph =169 dBm

Ptz 414 dBm

Radiation pattern - NetAtmo - WNLA23
Matching default
H plane - 2440MHz

Pv=-0.31dBm

—Ph=258dBm

=——Pt= 3.30 dBm

Radiation pattern - NetAtmo - WNLA23
Matching default
E plane - 2440MHz

Pv=038dBm

w——Ph=170dBm

=——=Pt= 393 dBm

Radiation pattern - NetAtmo - WNLA23
Matching default
H plane - 2480MHz

s Py = 0.91 dBm

m——Ph =279 dBm

=Ptz 4.10 dBm

Radiation pattern - NetAtmo - WNLA23
Matching default
E plane - 2480MHz

. Py = 0.07 dBm

m—Ph =048 dBm

=Ptz 1.85 dBm

figure 16. From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MH: frequencies for WNAL23 with default matching network
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Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
E plane - 2405MHz

Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
e H plane - 2405MHz

Pv=2.66dBm

=——Ph=271dBm

m—=pPt= 514 dBm

Pv=306dBm

m——Ph=6.61dBm

=——=Pt= 6.65dBm

Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
H plane - 2440MHz

Pv=3.26dBm

m—Ph=7.14 dBm

m——Pt= 7.23 dBm

Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
E plane - 2440MHz

Pv=349dBm

m—Ph=2.09dBm

m——=Pt= 463 dBm

Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
H plane - 2480MHz

Py = 0.86 dBm
s Ph = 718 dBm

m—=pt= 781 dBm

Radiation pattern - NetAtmo - WNLA23
a Matching 1.5pF sh - 3.3nH sr
E plane - 2480MHz

—Py = 2. 19 dBm
P = 1.08 dBm

m——=pPt= 318 dBm

figure 17.  From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MH:z frequencies for WNAL23 with proposed matching network
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Radiation pattern - NetAtmo - WNLA43
Matching default
H plane - 2405MHz

=——Ph=142dBm

=——=pt= 334 dBm

Radiation pattern - NetAtmo - WNLA43
Matching default
E plane - 2405MHz

Py = 1.04 dBm

=—Ph=0.57 dBm

=Ptz 2.69 dBm

Radiation pattern - NetAtmo - WNLA43
Matching default
H plane - 2440MHz

Py = 3.45 dBm

=—Ph=0.98 dBm

=Ptz 447 dBm

Radiation pattern - NetAtmo - WNLA43
Matching default
E plane - 2430MHz

m—Ph=-0.61dBm

=Ptz 312 dBm

Radiation pattern - NetAtmo - WNLA43
Matching default
H plane - 2480MHz

Pv=5.00dBm

=—Ph=1.89dBm

=——=pPt= 5.61 dBm

Radiation pattern - NetAtmo - WNLA43
Matching default
E plane - 2480MHz

Pv=-0.06 dBm

m—Ph =147 dBm

m——pt= 344 dBm

figure 18. From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MH: frequencies for WNAL43 with default matching network
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Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
T 3p H plane - 2405MHz

_ 7 \\‘\.

Pv=10.17 dBm

=——Ph =387 dBm

1&0 ———Pt= 4.65dBm

Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
E plane - 2405MHz

Pv=050dBm
e P = -3, 72 dBm

=Ptz 0.72 dBm

Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
- H plane - 2440MHz

Py = 3.22 dBm

m—Ph = 3.06 dBm

=—=Pt= 558 dBm

Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
E plane - 2440MHz

Py = 1.54 dBm

m——Ph=-2.12dBm

m—=pPt= 2.03 dBm

Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
H plane - 2480MHz

Pv=4.14dBm

—Ph = 2.64 dBm

=Ptz 646 dBm

Radiation pattern - NetAtmo - WNLA43
a Matching 4.7nH sh - 1.5pF sr
B ----‘*-\_:?{0 E plane - 2480MHz

/

Pv=0.18dBm

e Ph = 0.09 dBm

180 ———Pt= 2.15 dBm

figure 19. From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MH:z frequencies for WNAL43 with proposed matching network
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Radiation pattern - NetAtmo - WNLA33
Matching default
H plane - 2405MHz

Pv=056dBm

m——Ph=0.71dBm

=Ptz 3.33 dBm

Radiation pattern - NetAtmo - WNLA33
Matching default
E plane - 2405MHz

Pv=072dBm
—— Ph = -2 68 dBm

=Ptz 149 dBm

Radiation pattern - NetAtmo - WNLA33
o Matching default
H plane - 2430MHz

.’r
120
Py = 4.26 dBm

m——Ph=1.63dBm

180 ———Pt= 5.76 dBm

Radiation pattern - NetAtmo - WNLA33
Matching default
E plane - 2440MHz

m——Ph=-1.66dBm

=Ptz 2.72 dBm

Radiation pattern - NetAtmo - WNLA33
Matching default
H plane - 2480MHz

Pv=555dBm

——Ph=1.99dBm

m—pPt= 7.08 dBm

Radiation pattern - NetAtmo - WNLA33
Matching default
E plane - 2480MHz

Pv=-073dBm

—Ph=268dBm

m——pt= 372 dBm

figure 20. From left to right, from top to bottom, Radiation pattern for H & E planes for the
2405, 2440 & 2480MH: frequencies for WNAL33 with default matching network
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Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
-_""h\}.‘s\g H plane - 2405MHz

Pv=0.78dBm

m—Ph=3.29dBm

=Ptz 475 dBm

Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
E plane - 2405MHz

Pv=3.27dBm

m—Ph=2.27 dBm

=Ptz 543 dBm

Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
H plane - 2440MHz

=—Ph=2.63dBm

=——=Pt= 6.30 dBm

Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
- E plane - 2440MHz

m—Ph = 044 dBm

==—=Pt= 2.13 dBm

Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
-_""h\,.‘:-_,:\g H plane - 2480MHz

120
Py = 5 28 dBm

=—Ph=2.99dBm

180 Pt = 728 dBm

Radiation pattern - NetAtmo - WNLA33
a Matching 4.7nH sh - 1.5pF sr
E plane - 2480MHz

Py = (.05 dBm

=—Ph=2.26dBm

=——=Pt= 2.88 dBm

figure 21.

From left to right, from top to bottom, Radiation pattern for H & E planes for the

2405, 2440 & 2480MH:z frequencies for WNAL33 with proposed matching network
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