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AND9315/D

AX5043 Use in Compliance

with ETSI EN 300 220-1

General

Frequency Error ETSI EN 300 220-1 V2.3.1 (2010-02),
Sub—clause 7.1

The frequency error of the AX5043 is given by the
frequency error of the frequency source XTAL or TCXO.

ETSI EN 300 220-1 requirements are

+ 100 ppm for 868 MHz wide band systems,

+ 14.4 ppm for 868 MHz narrow band systems,

+ 27 ppm for 433 MHz narrow band systems,

1+ 59 ppm for 169 MHZ narrow band systems.

Narrow band refers to channel widths smaller < 25 kHz.

EN 13 757-4 2005 which applies for wireless M—-Bus
devices, requires stricter frequency errors. 60 or 25 ppm for
the center frequency.

Table 1. SETUP

ON Semiconductor®

www.onsemi.com

APPLICATION NOTE

Although this is all achievable with normal crystals, we do
recommend use of a TCXO for optimal performance in
narrow band systems.

Wireless M-Bus T Mode Transmitter
(868 MHz Wide Band, 100 kbps)

Setup

Module

AX5043 DVK-1 with 48 MHz XTAL Differential Antenna Interface
Internal VCO & internal synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadioLab V1.1
Carrier Frequency 868.3 MHz

Bit rate 100 kbps
Modulation GFSKBT =0.3
FSK half deviation 50 kHz

Changes to setup software default register settings

AX5043_PLLCPI_(TX) = 0x01
AX5043_PLLVCOI_(TX) = 0x87
AX5043_0xFOO_(TX) = Ox4F
AX5043_REF_(TX) = 0x02

Changes to hardware default configuration

Short between pins L2 and L1
48 MHz XTAL

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

14.45 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
 detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02)

© Semiconductor Components Industries, LLC, 2016

August, 2016 - Rev. 3

Measurements
® QOutput Power ETSI EN 300 220-1 V2.3.1 (2010-02),
Subclause 7.2
AX5043 is outputting CW for this measurement. The
ETSI limit for the 868.0 — 868.6 MHz band is 25 mW
(14 dBm). Measured output power is 14.45 dBm, all the
following measurements are done at this power level.

Publication Order Number:
AND9315/D
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Figure 1. Transmit Spectrum, 868.3 MHz, CW
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® Modulation Bandwidth

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.7
The following three plots show the modulated output at

AND9315/D

Spectrum analyzer settings for all three measurements are:
¢ detector function: max peak
¢ trace: max hold

different resolution bandwidths with the corresponding

ETSI limit lines.
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Figure 2. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.3, 100 kbps, 50 kHz Half Deviation, RBW = 1 kHz, Detector

Max Peak, Trace Max Hold
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Figure 3. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.3, 100 kbps, 50 kHz Half Deviation, RBW = 10 kHz, Detector
Max Peak, Trace Max Hold
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Figure 4. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.3, 100 kbps, 50 kHz Half Deviation, RBW = 100 kHz, Detector
Max Peak, Trace Max Hold
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AND9315/D

e Unwanted Emissions in Spurious Domains 470 - 862 MHz
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8 From 470 — 862 MHz the ETSI limit is —-54 dBm for an
Unwanted emissions are shown for the most critical cases. RBW of 100 kHz. The highest measured spur is =58 dBm.
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Figure 5. Spurious Emission 470 - 862 MHz
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Harmonics
Above 1 GHz the ETSI limit is =30 dBm for an RBW of

1 MHz. Here the harmonics of the wanted signal are most ¢ trace: max hold

critical.
Marker 1 [T1] REH 1 HMHz RF &tt 20 dB
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Spectrum analyzer settings for this measurement are:
¢ detector function: max peak

1MA

Figure 6. Spurious Emission above 1 GHz, Detector Max Peak, Trace Max Hold
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Wireless M-Bus S Mode Transmitter
(868 MHz Wide Band, 32.768 kbps)

Setup

Table 2. SETUP

Module

AX5043 DVK-1 Module with 48 MHz XTAL
Differential antenna interface
Internal VCO & internal synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadioLab V1.1
Carrier Frequency 868.3 MHz

Bit rate 32.768 kbps
Modulation GFSKBT =0.5
FSK half deviation 50 kHz

Changes to setup software default register settings

AX5043_PLLCPI_(TX) = 0x01
AX5043_PLLVCOI_(TX) = 0x87
AX5043_0xFO0_(TX) = Ox4F
AX5043_REF_(TX) = 0x02

Changes to hardware default configuration

Short between pins L2 and L1
48 MHz XTAL

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

14.45 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
o detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band
868.0 — 868.6 MHz.

Measurements
® QOutput Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2
For this measurement plot please see the equivalent
section for 100 kbps instead of 32.768 kbps.

www.onsemi.com
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AND9315/D

® Modulation Bandwidth

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.7

The following three plots show the modulated output at
different resolution bandwidths with the corresponding
ETSI limit lines.

Spectrum analyzer settings for all three measurements are:

¢ detector function: max peak
¢ trace: max hold
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Figure 7. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.5, 32.768 kbps, 50 kHz Half Deviation, RBW = 1 kHz,
Detector Max Peak, Trace Max Hold
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Figure 8. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.5, 32.768 kbps, 50 kHz Half Deviation, RBW = 10 kHz,
Detector Max Peak, Trace Max Hold

www.onsemi.com
10



 http://www.onsemi.com/

AND9315/D

Marker 1 [T1] REW 100 kHz RF Att 30 dB
Ref Lvl 41.80 dBm VEH 300 kHz Mixer 20 dBm

19 dBm 867 .00000000 MHz SHT 3 s Unit dBm

T

v T _ g AdB

Lihit ¢ : lsseD [T11] 41|. 80 .Il'.run
0 ’\ 867 . 00000p00 MHz|LN
- v2liT1] 41| 85 dBm
885 . 60000000 MH=z

10 / \
1MAX / \ 1MA

| R N

-50
-70
81
Start BB6 IHz 460 kHz Stop B70.6 MHz
Nate: 26.JAN.2012 18:23:45

Figure 9. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.5, 32.768 kbps, 50 kHz Half Deviation, RBW = 100 kHz,
Detector Max Peak, Trace Max Hold

For these measurement plots please see the equivalent

® Unwanted Emissions in Spurious Domains
section for 100 kbps instead of 32.768 kbps.

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8
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169 MHz Narrow Band, 12.5 kHz Channel Spacing,
4.8 kbps

Setup

Table 3. SETUP

Module

AX5043 DVK-2 Module with 16 MHz TCXO Differential antenna
interface

Internal VCO with external inductor & internal synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadioLab V1.1
Carrier Frequency 169.438 MHz

Bit rate 4.8 kbps
Modulation GFSKBT =0.3
FSK half deviation 1.6 kHz

Channel

12.5 kHz spacing, 8.5 kHz width

Changes to setup software default register settings

AX5043_PLLCPI_(TX) = 0x08
AX5043_PLLVCOI_(TX) = 0x88

Changes to hardware default configuration

none

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

15.45 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
o detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band
169.4 - 169.475 MHz.

Measurements
® QOutput Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2
AX5043 is outputting modulated data in the following
plot. The ETSI limit for the 169.4 — 169.475 MHz band is
500 mW (27 dBm). AX5043 outputs just over 15.45 dBm.
All the following measurements are done at this power level.

www.onsemi.com
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Figure 10. Transmit Spectrum, 169.4 MHz, 4.8 kbps, GFSK BT = 0.3

www.onsemi.com
13



 http://www.onsemi.com/

AND9315/D

® Adjacent Channel Power

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.6

The following plots show the modulated spectrum with
measurements of adjacent channel power in channels of

16 kHz width and with 25 kHz spacing. The ETSI limit for
adjacent channel power is 200 nW (-37 dBm). The
measurement for AX5043 is —46 dBm.

19
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Figure 11. Transmit Spectrum, 169.438 MHz, GFSK BT = 0.3, 4.8 kbps, 1.6 kHz Half Deviation with Adjacent
Channel Power Measurement for 12.5 kHz Spaced Channels

® Unwanted Emissions in Spurious Domains

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8

Unwanted emissions are shown for the most critical cases.

From 174 — 230 MHz and 470 — 862 MHz the ETSI limit
is =54 dBm for an RBW of 100 kHz. These frequency ranges
are both shown, especially as several harmonics of
169.4 MHz fall into these frequency ranges.

For all other frequencies from 174 MHz to 1 GHz the
ETSI limit is =36 dBm for an RBW of 100 kHz. This limit
is valid up to a distance of 2.5 times the channel bandwidth
to the carrier (adjacent and alternate channels are excepted).
These frequency ranges are shown if they contain significant
harmonics or other spurs. A measurement close to the carrier
is also shown, as this is one of the most critical areas.

Above 1 GHz the ETSI limit is =30 dBm for an RBW of
1 MHz. No plot of this area is shown, as all spurs are far away
from the limit.

Close to 169.438 MHz

The following plot shows a power measurement of a 100
kHz bandwidth just beside the adjacent channel (center of
measurement is at 81.25 kHz from the carrier). These are
measurements “ALT2 Up” and “ALT2 Low”. Please note
that the other channel power measurements plotted are
irrelevant in an ETSI context.

The ETSI limits are —36 dBm. The measurement for
AX5043 is =37 dBm.

www.onsemi.com
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Figure 12. Transmit Spectrum, 169.438 MHz, GFSK BT = 0.3, 4.8 kbps, 1.6 kHz Half Deviation with Measurement in
100 kHz Bandwidth beside the Alternate Channel (clause 7.8.2.1)
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174 - 230 MHz a distance of the reference frequency (16 MHz) from the
Spurious emission in this frequency range is below the carrier.
ETSI limit of —54 dBm. The highest spur at =57 dBm is at
Marker 1 [T1) RBM 100 kHz  RF Att 20 dB
@Rc: Lv] 55.77 dBm VBW 100 kHz  Mixer 40 dBnm
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Figure 13. Spurious Emission 174 - 230 MHz
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230 -470 MHz Spectrum analyzer setting for this measurement is:
Spurious emission in this frequency range is below the + detector function: max peak

ETSI limit of =36 dBm. The highest spur at -39 dBm is a

harmonic of the carrier frequency.
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Figure 14. Spurious Emission 230 - 470 MHz, Detector Function Max Peak
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470 - 862 MHz

Spurious emission in this frequency range is below the
ETSI limit of =54 dBm. The highest spur at =59 dBm is a
harmonic of the carrier frequency.
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Figure 15. Spurious Emission 470 -862 MHz
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169 MHz Narrow Band, 25 kHz Channel Spacing,
9.6 kbps

Setup

Table 4. SETUP

Module

AX5043 DVK-2 Module with 16 MHz TCXO Differential antenna
interface

Internal VCO with external inductor & internal synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadioLab V1.1
Carrier Frequency 169.438 MHz

Bit rate 9.6 kbps
Modulation GFSKBT =0.3
FSK half deviation 3.2 kHz

Channel

25 kHz spacing, 16 kHz width

Changes to setup software default register settings

AX5043_PLLCPI_(TX) = 0x08
AX5043_PLLVCOI_(TX) = 0x88

Changes to hardware default configuration

none

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

15.45 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
o detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band
169.4 - 169.475 MHz.

Measurements
® QOutput Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2
For this measurement plot please see the equivalent
section for 12.5 kHz channels instead of 25 kHz channels.
® Adjacent Channel Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.6
The following plots show the modulated spectrum with
measurements of adjacent channel power in channels of
16 kHz width and with 25 kHz spacing. The ETSI limit for
adjacent channel power is 200 nW (=37 dBm). The
measurement for AX5043 is —45 dBm.

www.onsemi.com
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Figure 16. Transmit Spectrum, 169.438 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Adjacent
Channel Power Measurement for 25 kHz Spaced Channels
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® Unwanted Emissions in Spurious Domains
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8
Emission spectra for the 25 kHz spaced channels do not
differ from those for the 12.5 kHz spaced channel case,
except close to 169.4 MHz. This case is shown in the next
section. For all others see the equivalent section for 12.5 kHz
channels instead of 25 kHz channels.

Close to 169.438 MHz

The following plot shows a power measurement of a
100 kHz bandwidth just beside the adjacent channel (center
of measurement is at 112.5 kHz from the carrier). These are
measurements “ALT2 Up” and “ALT2 Low”. Please note
that the other channel power measurements plotted are
irrelevant in an ETSI context. The ETSI limits are =36 dBm.
The measurement for AX5043 is — 37 dBm.
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@EC‘: Lvl 2.34 dBm VEW 500 Hz Mixer 20 dBm
19 dBm 169, 4375585820 MHz SUT B s Unit dBm
19
Y111 Z-’Il-i-’. dBm n
0 165fq. 42755020 nHz LN
CH |PHR 1617 dBm
acH bp 16|{ 17 agm|SBL
0 e T Tt
ALTI1| Up 37|17 dBEm
10 ALT1| Low -3728 dBm
ALT2| Up -36[{97 dBm
ALTZ| Low -3 15 dBm 1RM
TO
2
Cue
ch3
cus I
1 ! :
Center 169.438B MH=z 40 kHz .~ Span 400 kHz
Nate: 29.JAaN. 2012 10:2B:32

Figure 17. Transmit Spectrum, 169.438 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Measurement in
100 kHz Bandwidth beside the Alternate Channel (clause 7.8.2.1)
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433 MHz Wide Band, 100 kbps
Setup

Table 5. SETUP

Module AX5043 DVK-1 Module with 48 MHz XTAL Differential antenna
interface

Internal VCO & internal synthesizer loop filter

Measurement equipment 0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadiolLab V1.1

Carrier Frequency 433.77 MHz

Bit rate 100 kbps

Modulation GFSKBT =0.5

FSK half deviation 25 kHz

Changes to setup software default register settings AX5043_PLLCPI_(TX) = 0x02

AX5043_PLLVCOI_(TX) = 0x87
AX5043_0xF00_(TX) = Ox4F
AX5043_REF_(TX) = 0x02

Changes to hardware default configuration Short between pins L2 and L1
48 MHz XTAL

Power level for which module meets ETSI EN 300 220-1 V2.3.1 14.9 dBm
(2010-02)

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated
2. Unless otherwise stated spectrum analyzer settings are:

 detector function: RMS

o trace: clear/write

Regulatory Requirements Measurements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band e Output Power
433.05 - 434.79 MHz. ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2

AX5043 is outputting CW for this measurement. The
ETSI limit for the 433.05 — 434.79 MHz band is 10 mW
(10 dBm). Even though the measured 14.9 dBm are over the
ETSI limit, the following measurements were done at this
power level.
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Marker 1 [T1) RBM 100 kHz  RF Att 30 dB
Ref Lwvl 14.89 dBm VB 100 kH=z Mixer 20 dBm
19 dBm 33.90496934 MHz SWT 1 s Unit dBm
1-_1
1
YT 14089 aBnf gy
1 a7z .90496p3s4 MHz|LN

-10
1AVE / \ 1RM

=40 v
-50 rar] \ﬂ Facy
N _' — [t )
60
=70
B1

Center 433.92 MHz 500 kHz~ Span 5 MHz

Nate: 27.JAN. 2012 15:09:02

Figure 18. Transmit Spectrum, 433.77 MHz, CW
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® Modulation Bandwidth Spectrum analyzer settings for all three measurements are:
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.7 + detector function: max peak
The following three plots show the modulated output at + trace: max hold
different resolution bandwidths with the corresponding
ETSI limit lines.
Marker 1 [T1] REM 1 kHz  RF Att 30 dB
@R:“: Lwl 64.65 dBm VEL 3 kHz Mixer 20 dBm
19 dBm 423.05000000 MHz SHT i s Unit dBEm
19
v -64|.65 dEBr
LifitT cuefk . opgssen HETH | oB4ES dEN gy
. 43z 05000p00 MHz|LN
- v2|IT1] 64| 16 dBm
ﬂt 442 . H5000p00 MH=z
434 . B000p00 MHz
10 V4 [T1] -BE|. 46 dBm
: ! 434 . 43000p00 MHz
1MAX 1MA

-81

Start 432.85 MHz 254 kHz~ Stop 435.13 MH=z

Nate: 27.JaN. 2012 14:55:01

Figure 19. Transmit Spectrum, 433.77 MHz, GFSK BT = 0.5, 100 kbps, 25 kHz Half Deviation, RBW = 1 kHz,
ETSI Limit Lines, Detector Max Peak, Trace Max Hold
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Marker 1 [T1] REW 10 kHz RF &tt 30 dB
@EC‘: Lwl 57.18 dBm VEH 30 kHz Mixer 20 dBm
19 dBm 432 .65000000 MHz SUT 3 s Unit dBm
19
Lthit chede . l—‘":;b!;LJ'] [T11] =57 18 -:IH.'Hn
" azp . s5000po0 nHz|CN
v2|IT1] 55]. 58 dBm

475.13000p00 MHz

1MAX 1MA

J I =S AN

it
-81
Start 421.05 MHz 574 kHz, Stop 436.79 MHz
Date: 27.JAN.2012 14:57:28

Figure 20. Transmit Spectrum, 433.77 MHz, GFSK BT = 0.5, 100 kbps, 25 kHz Half Deviation, RBW = 10 kHz,
ETSI Limit Lines, Detector Max Peak, Trace Max Hold
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Marker 1 [T1] REW 100 kHz RF Att 30 dB
Ref Lvl 43.98 dBm VEH 300 kHz Mixer 20 dBm
19 dBm 4322.05000000 MHz SHT 3 s Unit dEm
19
¥ T -43]. 98 dBr
: I—‘":;b!;LJ] [T11 43]. 98 H'un

LIPLT CHyRe
42 . 05000p00 MHz|CN

\
10 -
va [T 4320 dBm
435 . 79000p00 MHz
-10 / \
1MAX / \ 1HA

o
-60
70
-81
Start 421.05 MHz 574 kHz, Stop 436.79 MHz
Date: 27.JAN.2012 14:56:36

Figure 21. Transmit Spectrum, 433.77 MHz, GFSK BT = 0.5, 100 kbps, 25 kHz Half Deviation, RBW = 100 kHz,
ETSI Limit Lines, Detector Max Peak, Trace Max Hold
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® Unwanted Emissions in Spurious Domains

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8
Unwanted emissions are shown for the most critical cases.
From 470 — 862 MHz the ETSI limit is —54 dBm for an

RBW of 100 kHz. From 862 MHz to 1 GHz the ETSI limit
is =36 dBm for an RBW of 100 kHz.

Above 1 GHz the ETSI limit is =30 dBm for an RBW of
1 MHz. Here the harmonics of the wanted signal are most
critical.

470 - 862 MHz
Spurious emission in this frequency range is below the
ETSI limit of =54 dBm. The highest spur is at -62 dBm.

Marker 1 [T1] REW 100 kHz RF &att 20 dB
Ref Lwvl 62.58 dBm VEH 100 kHz Mixer 40 dBm
=20 dBm 481 . 78356713 MHz SUT 1 s Unit dBm
Yi|lT11 -62|. 58 dBm A |
agli . 78358713 nHz|LD
=40
50
1RN
70 I
L . |1
m-J-M_............,\.,\ u—....,....-....-..l-Lﬂ_.f-Lv‘-l -.'l PP A b o]
o
-100
-110
120
Start 470 MHz 39.2 MHz~ S5top BGE2 MH=z
Nate: 27.JAN. 2012 14:58:29

Figure 22. Spurious Emission 470 -862 MHz
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Harmonics Spectrum analyzer settings for this measurement is:
The second harmonic at 867 MHz is on the ETSI limit of + detector function: max peak

—36 dBm. Harmonics above 1 GHz are well below the ETSI

limit of =30 dBm.

Marker 1 [T1] REK 100 kHz RF &tt 20 dB

Ref Lwvl 35.99 dBm VEH 1 MHz Mixer 40 dBm

=20 dBm 867 .53106212 MHz SUT 1 s Unit dBm
Yi|lT11 -35]. 99 -:IH.'Hn

ge7.52108p12 MHz|LD

1MA

B0
-
100
-110
=12
Start BBZ2 MHz 12.8 MHz~ Stop 1 BHz
Nate: 27 JAN. 2012 14:59:42

Figure 23. Spurious Emission 862 MHz - 1 GHz, Detector Function Max Peak
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Marker 1 [T1] REW 1 MHz RF Att 10 dB
Ref Lvl 46.13 dBm VEH 1 MHz Mixer 40 dBm

=40 dBm 1.30060120 GH=z ST 1 s Unit dBm

v

[T11] -48]. 13 HM|I=

1.30060L20 GHz|Lp

1MAK 1RM

Start 1 GHz 600 MHz.~ Stop 7 GHz

Nate: 02.JaN. 2012 12:21:46

Figure 24. Spurious Emission above 1 GHz
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433 MHz Narrow Band, 25 kHz Channel Spacing,
9.6 kbps

Setup

Table 6. SETUP

Module

AX5043 DVK-1 Module with 48 MHz XTAL Differential antenna
interface

Internal VCO & internal synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer
(Note 1)

Mainboard and debug adapter DVK-2

Setup software AX-RadioLab V1.1
Carrier Frequency 434.415 MHz

Bit rate 9.6 kbps
Modulation GFSKBT =0.3
FSK half deviation 3.2 kHz

Channel

25 kHz spacing, 16 kHz width

Changes to setup software default register settings

AX5043_PLLLOOP_(TX) = 0x0B
AX5043_PLLCPI_(TX) = 0x08
AX5043_PLLVCOI_(TX) = 0x87
AX5043_0xFOO0_(TX) = Ox4F
AX5043_REF_(TX) = 0x02

Changes to hardware default configuration

Short between pins L2 and L1
48 MHz XTAL

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

14.75 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
o detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band
434.040 - 434.790 MHz.

Measurements
® QOutput Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2
AX5043 is outputting modulated data in the following
plot. The ETSI limit for the 434.040 — 434.790 MHz band
is 10 mW (10 dBm). AX5043 outputs 14.75 dBm. All the
following measurements were done at this power setting.
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Marker 1 [T1) REW 100 kHz  RF Att 30 dB
Ref Lvl 14.76 dBm  VBW 100 kHz  Mixer 20 dBnm
19 dBm 434.39495992 MHz  SWT 3s Unit dBm
19 .
vy a| 76 dB
cihir cHedk ;o pdssep I B A | - |

431 . 39495092 MHz|LN

__ |
Il
il
Il

[Tt e
40 el S i
At T\
-50
-B0
-70
B1
Center 434.40498 MHz 1 MHz- Span 10 MHz
Nate: 27.JAN. 2012 15:30:29

Figure 25. Transmit Spectrum, 434.415 MHz, 9.6 kbps, GFSK BT = 0.3
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width and with 25 kHz spacing. The ETSI limit for adjacent
channel power is 200 nW (=37 dBm). The measurement for
AX5043 is -51.8 dBm.

® Adjacent Channel Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.6
The following plots shows the modulated spectrum.
Adjacent channel power is measured in channels of 16 kHz

Marker 1 [T1] REW 500 Hz RF Att 30 dB

@EC‘: Lvl 2.78 dBm VEH 500 Hz Mixer 20 dBm

19 dBm 434, 40848697 MHz SHT 8 s Unit dEm

19

Yi[iT11 4 = HM|I=
10 A4 p0B4ABES 7 MHZILN

aH |PHR 13]. 79 dBm

! ACH Up -51]. 77 dBm

0 et ST

1RM

Center 434,409 MHz 10 kHz.~ Span 100 kHz

Nate: 27.JAN. 2012 15:23:53

Figure 26. Transmit Spectrum, 434.415 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Adjacent
Channel Power Measurement for 25 kHz Spaced Channels
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® Unwanted Emissions in Spurious Domains
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8
Unwanted emissions are only shown in the following for
the most critical area, which is close to the 434.415 MHz
carrier frequency. The other spurious emission
measurements are not significantly different from the
433 MHz wide-band case.

Close to 434.415 MHz

The following plot shows a power measurement of a
100 kHz bandwidth just beside the adjacent channel (center
of measurement is at 112.5 kHz from the carrier). These are
measurements “ALT2 Up” and “ALT2 Low”. Please note
that the other channel power measurements plotted are
irrelevant in an ETSI context. The ETSI limits are =36 dBm.
The measurement for AX5043 is below —37 dBm.

Marker 1 [T1] REW 500 Hz RF Attt 30 dB
Ref Lwvl 9.49 dBm VBUW 500 Hz Mixer 20 dBm
19 dBm 434 . 41379760 MHz SHT 8 s Unit dBEm
19
Yoyl -gll43 dBm A |
10 434 413759[(60 MHz|LN
B cH [PhR 14l|o7 dBm
ACH Pp 1407 dBm
e o T ET—tbm
AaLT1) Up 2887 dBEm
10 ALT1| Law -38]|61 dBm
- aLT2) up 37|62 dBm
ALT2| Low 37|42 dBm 1R
=40 L
Co
cl3
50 clp
=15
1]
cl
B0 1 }
70 -
ch=
cu3
-B1 ! 1
Center 434.407 MHz 40 kHz.~ Span 400 kH=z
Nate: 27.JAN.2012 15:2B:26

Figure 27. Transmit Spectrum, 434.415 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Measurement in
100 kHz Bandwidth beside the Alternate Channel (clause 7.8.2.1)
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868 MHz Narrow Band, 25 kHz Channel Spacing,
9.6 kbps

Setup

Table 7. SETUP

Module

AX5043 DVK-1 Module with 48 MHz XTAL Differential antenna
interface

Internal VCO & combined internal/external synthesizer loop filter

Measurement equipment

0.5 m RG-58 cable from SMA to R&S FSEB spectrum analyzer

(Note 1)
Mainboard and debug adapter DVK-2
Setup software AX-RadioLab V1.0c
Carrier Frequency 868.3 MHz
Bit rate 9.6 kbps
Modulation GFSKBT =0.3
FSK half deviation 3.2 kHz

Channel

25 kHz spacing, 16 kHz width

Changes to setup software default register settings

AX5043_0xF10 = OXOF
AX5043_PLLLOOP_(TX) = 0x07
AX5043_PLLCPI_(TX) = 0x08
AX5043_PLLVCOI_(TX) = 0x87
AX5043_0xFOO0_(TX) = Ox4F
AX5043_REF_(TX) = 0x02

Changes to hardware default configuration

Short between pins L2 and L1
48 MHz XTAL
39 pF between pin FILT and GND

Power level for which module meets ETSI EN 300 220-1 V2.3.1
(2010-02)

13.44 dBm

1. Values presented are the spectrum analyzer readings. Cable losses are not compensated

2. Unless otherwise stated spectrum analyzer settings are:
o detector function: RMS
o trace: clear/write

Regulatory Requirements
ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band
868.0 — 868.6 MHz or 868.6 — 868.7 MHz.

Measurements
® QOutput Power
ETSI EN 300 220-1 V2.3.1 (2010-02), Subclause 7.2
AX5043 is outputting modulated data in the following
plot. The ETSI limit for the 868.0 — 868.6 MHz band is
25 mW (14 dBm), for the 868.6 — 868.7 MHz band it is
10 mW (10 dBm). AX5043 outputs 13.44 dBm. All the
following measurements were done at this power.
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Marker 1 [T1] REM 100 kHz  RF Att 30 dB
Ref Lwvl 12.44 dBm VBUW 100 kHz Mixer 20 dBm
19 dBm B8EB , 2739955892 MHz SHT 3 s Unit dBm
o
1 A T 2. 44 dB
cihrt chegdk  : Phssep [T S A | - |
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70
-B1
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Nate: 26.JAN.2012 17:02:01

Figure 28. Transmit Spectrum, 868.3 MHz, 9.6 kbps, GFSK BT = 0.3
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16 kHz width and with 25 kHz spacing. The ETSI limit for
adjacent channel power is 200 nW (=37 dBm). The
measurement for AX5043 is below —44 dBm.

® Adjacent Channel Power

EN 300 220-1 V2.3.1 (2010-02), Subclause 7.6

The following plots show the modulated spectrum with
measurements of adjacent channel power in channels of

Marker 1 [T1] REHW 500 Hz RF Attt 30 dB
@RC‘: Lvl 1.22 dBm VEW 500 Hz Mixer 20 dBm
19 dBm 86B . 30260521 MHz SUT B s Unit dBEm
19
Y1 |[T11] .22 HM|I=
10 858 pUZ2E0RZ1T MHzILN
qH |PHR 12).55 dEBm
] dcHd up —a4|.59 dBn|S6L
/W-'w\ ST R— I -
1RH

-60
co
Co

cul

-81

Center BBE.3026052 MHz 10 kHz~ Span 100 kHz

26B.JAN. 2012 17:00:50

Nate:

Figure 29. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Adjacent Channel
Power Measurement for 25 kHz Spaced Channels
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e Unwanted Emissions in Spurious Domains Close to 868.3 MHz
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8 The following plot shows a power measurement of a
Spurious emission is shown close to the 868.3 MHz 100 kHz bandwidth just beside the adjacent channel (center
carrier frequency and for the 470 — 862 MHz frequency of measurement is at 112.5 kHz from the carrier). These are
range. For other frequency ranges, see the section on measurements “ALT2 Up” and “ALT2 Low”. Please note
868.3 MHz wide band performance as well as the plot in this that the other channel power measurements plotted are
section shown for power measurement (Subclause 72) irrelevant in an ETSI context. The ETSI limits are —36 dBm.
The measurement for AX5043 is below —37 dBm.
Marker 1 [T1] REM 500 Hz  RF Att 30 dB
@R:“: Lwvl 1.72 dBm VEL 500 Hz Mixer 20 dBm
19 dBm 868 . 30360721 MHz SHT B s Unit dBEm
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Yillptl -1} 72 dBm
0 858.30350"21 MHz H
- CH |PHR 13[09 dBm
acH bp 19f{os ggm|SBL
r ﬁ.HT 1 _lJ_:'| e | EE] rll',:'n
0 ALT1| Law -37|50 dBm
o aLTz| up 37||64 dBn
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-40 ! 1
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Figure 30. Transmit Spectrum, 868.3 MHz, GFSK BT = 0.3, 9.6 kbps, 3.2 kHz Half Deviation with Measurement in
100 kHz Bandwidth beside the Alternate Channel (clause 7.8.2.1)
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470 — 862 MHz —56 dBm. The most critical frequency is at the edge of the
From 470 — 862 MHz the ETSI limit is -54 dBm for an frequency range closest to the carrier frequency.
RBW of 100 kHz. The measurement for AX5043 is below

Marker 1 [T11] REW 100 kHz RF Att 20 dB
Ref Lvl 56.639 dbBm VEH 100 kHz Mixer 40 dBm

=20 dBm 862 .00000000 MHz SHT 1 s Unit dBm

v

[T11] -56|. 63 -:Il'ﬁ-run

gefe . 00000poo MHz|Lp

1RM

o N oy e
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Figure 31. Spurious Emission 470 - 862 MHz
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