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General ON Semiconductor®

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,

+/- 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.

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

www.onsemi.com AND9315/D



ON Semiconductor®

Wireless M-Bus T Mode Transmitter

(868 MHz wide band, 100 kbps)

2. Wireless M-Bus T Mode Transmitter
(868 MHz wide band, 100 kbps)

2.1. 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-RadiolLab V1.1
Carrier Frequency 868.3 MHz

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

Changes to setup software default register
settings

AX5043_PLLCPI_(TX) = 0x01
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 (2010-02)

14.45 dBm

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write

WWWw.onsemi.com
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m Wireless M-Bus T Mode Transmitter ON Semiconductor®

(868 MHz wide band, 100 kbps)

2.2. Regulatory Requirements

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

2.3. Measurements

Output 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.

Marker 1 [T1] REBLI 100 kHz RFE Att 30 dB
@Ref Lvl 14.45 dBm YVEBL 300 kHz Mixer -20 dBm
19 dBm B6B.27454330 MHz SkT 1 s Unit dBm
13 .
Y0711 14| 45 dan

BE[E . 274534850 MHZ|LN

m /

. N
[ 1

-30

-40
-60 - \._\‘
MI_MNH W"-u_
-60
-70
-61
Center B66.289398 MHz 500 kHz~ Span 5 MHz
Nate: 26.JAN. 2012 17:54:4B6

Figure 1: Transmit spectrum, 868.3 MHz, CW
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Wireless M-Bus T Mode Transmitter

(868 MHz wide band, 100 kbps)

ON Semiconductor®

Modulation Bandwidth
EN 300 220-1 vV2.3.1 (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:

e detector function: max peak
e trace: max hold

Marker 1 [T11] RELI 1 kHz  RF Att 30 dB
~46.02 dBm VB 3 kHz  Mixer -20 dBm
19 dBm B68.00000000 MHz SWT B s Unit dBm
19
Cobir cucdy ahoegT1|lT1) -46. 02 dBn| gy
" BEB . 00000p00 MHz| N
vz [fr11 -58[. 45 dBm
I 8E[7 . B000DOPO0 FMHz
0 S — B
N BER . 60000P00 MHz
0 \ 74 713 -56[. 61 dBm
BEj . B0DOOPOO FMHz
1MAX 1MA
-20 -
-30

-50
2

-60
-70
-81
Center B6B6.2B6 MHz 140 kHz~ Span 1.4 MHz
Date: 26.JAaN. 2012 17:58:03

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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m Wireless M-Bus T Mode Transmitter

(868 MHz wide band, 100 kbps)

ON Semiconductor®

Marker 1 [T1] RBU 10 kHz  RF ftt 30 dB
Ref Lvl ~49.93 dBn VB 30 kHz  Mixer ~20 dBm
19 dBm 8E7.E0000000 MHz ST 3 s Unit dBm
19
v _
LIPIT CHE phssen LT S | ~
0 sel7.6o000po0 MHz|CN
vo [rT1] -49[.62 dBn
86 . 00D0OpOD MHz
0
-10
1MAX 1MA
20
30
Epj—me—t— EN =5
- Y 0]
W’J W
— i I
N MYYY WENYTPREL g ™ ’ l‘““"‘\iww
“ED
-70
-81
Center 8BB.3 MH=z 480 kHz.~ Span 4.B MH=z
Date: 25.JAN.2012 17:58:58

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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ON Semiconductor®

Wireless M-Bus T Mode Transmitter _

(868 MHz wide band, 100 kbps)

Marker 1 [T1] REW 100 kHz RF Att 30 dB
Ref Lwvl -41.61 dBm VB 300 kH=z Mixer -20 dBm
19 dBm BE7.00000000 MH=z SWT 3 s Uit dBm
19
v _
LThiT © plecen 110711 41.61 dBm n
10 s6|/ . 00000p00 MHzILN
V2T -41.57 dBm
802 . 50000pP0O0 MHz
0
-10
1MAX 1MA
-20
-30 F
e EN—==
40 ST =
PUTIN T b Aanibg g
-a0
-B0
-70
-81
Start BEE MH=z A0 kHz.~ Stop 870.6 MHz
Nate: 26. JAN. 2012 17:59:456
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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Wireless M-Bus T Mode Transmitter ON Semiconductor®
(868 MHz wide band, 100 kbps)

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.

470 - 862 MHZ

From 470 - 862 MHz the ETSI limit is =54 dBm for an RBW of 100 kHz. The highest
measured spur is at -58 dBm

Marker 1 [T1] REL 100 kHz RF Att 20 dB
Ref Lvl -58.59 dBm YEL 100 kHz Mixer -40 dBm
-20 dBm 724 .52508010 MHz SHT 1 s Unit dBm
=20
Y1711 -58|.59 dBm (A
724 .52505010 MHZILD
-30
-40
-50
1RM
1
b
-B0

;: 1, Mhﬁ.ﬂ\, WA.W.%_\H_L A I J

gLV W Y T g

-390

-100

-110

-120

Start 470 MHz 39.2 MHz~ Stop BBZ MHz

Nate: 26.JAN. 2012 18:00:26

Figure 5: Spurious emission 470 — 862 MHz
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ON Semiconductor®

Wireless M-Bus T Mode Transmitter

(868 MHz wide band, 100 kbps)

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 critical.

Spectrum analyzer settings for this measurement are:

e detector function: max peak
e trace: max hold

Marker 1 [T1] REL 1 MHz RF Att 20 dB
Ref Lwl -34.19 dBm VB 1 MHz Mixer -40 dBm
-20 dBm 1.73346693 GHz SWT 1 s Umit dBm
-20
Y1711 -34|. 15 dan
1.73346B93 GHz|LD
-25
-30
1
Y
-35
1MAX 1MA
-40
45
-850
-55
-60
_EB5 1 L d F MI’H J
y UWMW
-70

S5tart 1 GHz 500 MHz.~ Stop ¢ GH=z

Nate: 2B.JAN. 2012 18:00:54

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)

ON Semiconductor®

3. Wireless M-Bus S Mode Transmitter
(868 MHz wide band, 32.768 kbps)

3.1. 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 GFSK BT=0.5
FSK half deviation 50 kHz

Changes to setup software default register
settings

AX5043_PLLCPI_(TX) = 0x01
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 (2010-02)

14.45 dBm

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write

www.onsemi.com
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Wireless M-Bus S Mode Transmitter

(868 MHz wide band, 32.768 kbps)

ON Semiconductor®

3.2. Regulatory Requirements

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

3.3. Measurements

Output 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.

WWWw.onsemi.com AND9315/D



Wireless M-Bus S Mode Transmitter ON Semiconductor®
(868 MHz wide band, 32.768 kbps)

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:

e detector function: max peak
e trace: max hold

Marker 1 [T1] REBW 1 kHz RF Att 30 dB
Ref Lvl -43.60 dBm YEW 3 kHz Mixer -20 dBm
13 dBm B68.00000000 MHz SWT B s Umit dBm
=
Crhrr coede O CCEDvl [T11] -43].60 dBm (A
10 BEle . 00000p00 MHz|LN
V2 T -53.83 dBm
J BE[7 . 80000p0O0 MHz
. THIN o D
— qri] L =] LT
BEjl2 . s0000pO0 MHz
10 V4 [T11] -55[.05 dBm
BOolg . 80000p0O0 MHz
1MAX 1MA
-20
-30
=—t
l
) mz A
oo honle hoddan
-0
-81
Center B6B6.2B6 MHz 140 kHz~ Span 1.4 MHz
Nate: 26.JAN. 2012 18:21:44

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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Wireless M-Bus S Mode Transmitter

ON Semiconductor®
(868 MHz wide band, 32.768 kbps)

Marker 1 [T1] REBL 10 kHz RF Att 30 dB
Ref Lvl -45.15 dBm VB 30 kHz Mixer -20 dBm
19 dBm 857 .60000000 MHz SWT 3 s Unit dBm
19
v _
cipiir chede o phosen ETH 4915 cBm [ A |
BE[7 .60000P00 MHz|LN
10 |
vz liT1] -49|.83 dBm
86 .00000p00 MHz
0
-10
1MAX 1MA
-20
-30

E N —Et—t— EN —-Ed—ouou

-40 N \
o

-50

-B0
-0
-51
Center 8BB.3 MH=z 480 kHz.~ Span 4.B MH=z
Nate: 2B JAN. 2012 18:22:48

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
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Wireless M-Bus S Mode Transmitter

(868 MHz wide band, 32.768 kbps)

ON Semiconductor®

19

Marker 1 [T1] REL 100 kHz RF Att 30 dB
@Ref Lvl -41.80 dBm YEBL 300 kHz Mixer -20 dBm
19 dBm 867 .00000000 MH=z SLT 3 s Unit dBm
LThiT © F'\SSEDvl [T11] -41|. 80 dBm (A
fﬁ s6|/ . 00000p00 MHzZILN
V2 IIT11 -41|.85 dBm

m /

86|93 . 60000p00 MHz

| /

-10
1MAX /

1MA

-20

=30

R

EN (i

|

J P2 oo

-50

-B0

-0

-81

Start 8BE MHz 480 kHz.~

Nate: 2B JAN. 2012 18:23:45

Stop 870.6 MHz

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

Unwanted Emissions in Spurious Domains
EN 300 220-1 V2.3.1 (2010-02), Subclause 7.8

For these measurement plots please see the equivalent section for 100 kbps instead of

32.768 kbps.
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ON Semiconductor®

169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps

4. 169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps

4.1.

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-RadiolLab V1.1
Carrier Frequency 169.438 MHz

Bit rate 4.8 kbps
Modulation GFSK BT=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_PLLVCOIL_(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

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write
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169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps ON Semiconductor®

4.2. Regulatory Requirements

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

4.3. Measurements

Output 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.

Marker 1 [T1] RBW 100 kH=z RF Att 30 dB
Ref Lvl 15.45 dBm VBW 100 kHz Mixer -20 dBm
19 dBm 169. 41795952 MHz ST 3 s Unit dBm
19 -
v
LINIT cHERK o phsseo b |ETH! b | A |

163 . 41735852 MHZ|LN

10

D |
Il
il
il

iy e -]

=i T

-70
-81
Center 169.44B02 MHz 1 MHz.~ Span 10 MHz
Date: 23.JAaN.2012 09:35:12

Figure 10: Transmit spectrum, 169.4 MHz, 4.8 kbps, GFSK BT=0.3
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ON Semiconductor®

Adjacent Channel Power
EN 300 220-1 vV2.3.1 (2010-02), Subclause 7.6

169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps

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 200nW (-37 dBm). The measurement for AX5043 is -46

dBm.
Marker 1 [T1] RE 500 Hz RF aAtt 30 dB
@Ref Lyl 5.87 dBm VB 500 Hz Mixer -20 dBm
19 dBm 169.43794990 MH=z SWT B s Unit dBm
19
F1 {0711 5l.87 dBm A
0 169 . 43754B30 MHz|LN
1 H |PUR 1490 dBm
CH Up 46| 56 oBn|SBL

L
[mwp )

=
= .

=
Ly wa

R

1RM

}f V v

/ \

/ \

-50
-B0
| c
cul
Co
-0 i
cll
cll
|
-51 i
Center 1B9.438 MH=z 5 kHz~ Span 50 kHz
Nate: 23.JAN. 2012 09:36:08

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
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169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps ON Semiconductor®

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.

www.onsemi.com AND9315/D



ON Semiconductor®

169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps

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.

Marker 1 [T1] RBW 500 H=z RF Att 30 dB
4.61 dBm VB 500 Hz Mixer -20 dBm
1569 .43840080 MHz SWT B s Unit dBm
Yi|rrea 4.61 dBm (A
10 162 .|43840P80 MHzILN
1 CHY|PHR 14]. 25 dBm
aclH up 14]. 25 dgBn|SBL
U = | S
aLY|T Up -14]. 77 dBm
10 ALY Lo -20]. 26 dBm
aL]|2 Up -38[. 24 dBm
1RM
aL]|Z2 Lo -3B8[. /3 dBm
-20
-30
-40 TS
Fu3
cuz
CL L
-=t cuft
Ful
co
-60
cl1
cld
-0 =17
13
cl3
|
-81 i
Center 169.438B MHz 40 kHz~ Span 400 kHz
Date: 23.JAN.2012 09:37:06

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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169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps ON Semiconductor®

174 - 230 MHZ

Spurious emission in this frequency range is below the ETSI limit of -54 dBm. The
highest spur at -57 dBm is at a distance of the reference frequency (16 MHz) from the
carrier.

Marker 1 [T1] REL 100 kHz RF Att 20 dB
Ref Lvl -525.77 dBm YEBL 100 kHz Mixer -40 dBm
-20 dBm 185.44685279 MHz SkT 1 s Unit dBm
=20
Y1[rTel -25|. 77 dBm A |
185 . 4468373 MHz|LD
=30
-40
-50
1RM
-B0
| .
-70
Py I ,.IH, ' _.llk,n., ,—J.,- M__Ahl.l)q.l.p
-390
-100
-110
-120
Start 174 MHz 5.6 MHz~ Stop 230 MHz
Nate: 23.JAN. 2012 09:38:44

Figure 13: Spurious emission 174 — 230 MHz
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ON Semiconductor®

169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps

230 - 470 MHZ

Spurious emission in this frequency range is below the ETSI limit of -36 dBm. The
highest spur at -39 dBm is a harmonic of the carrier frequency.

Spectrum analyzer setting for this measurement is:

e detector function: max peak

Marker 1 [T11] RBW 100 kHz  RF Att 20 dB
Ref Lvl -39.16 dBn VB 1 MHz  Mixer -40 dBn
-20 dBm 338697259479 MHz SWT 1 s Unit dBm
-20
YT -39} 16 b g
33k .69739k 75 MHz|LD
-30
1
-40 ]
-50
1MA
-0
-70 i i I I

-80
-50
-100
-110
-120
Start 230 MHz 24 MHz .~ Stop 470 MHz
Date: 23.JAN.2012 09:49:06

Figure 14: Spurious emission 230 - 470 MHz, detector function max peak
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169 MHz narrow band, 12.5 kHz channel spacing, 4.8 kbps ON Semiconductor®

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

Marker 1 [T1] RELI 100 kHz RF Att 20 dB
Ref Lvl -59.28 dBm YEL 100 kHz Mixer -40 dBm
-20 dBm 507.70741483 MHz SWT 1 s Unit dBm
=20
Y1 [IT11 -59). 28 dBm (A
SOy . 7O0741BE3 MHZILD
-30
-40
-50
1RM
1
-60 3
-0
-80 l
R T e  aiis 2 s e o~ . «-mw-l—v
-390
-100
-110
-120
Start 470 MHz 39.2 MHz~ Stop BBZ MH=z
Nate: 23.JAN. 2012 09:38:00

Figure 15: Spurious emission 470 — 862 MHz
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ON Semiconductor®

169 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

5. 169 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

5.1. 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-RadiolLab V1.1
Carrier Frequency 169.438 MHz

Bit rate 9.6 kbps
Modulation GFSK BT=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_PLLVCOIL_(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

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write

5.2. Regulatory Requirements

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

5.3. Measurements

Output 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.
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169 MHz narrow band, 25 kHz channel spacing, 9.6 kbps ON Semiconductor®

Adjacent Channel Power
EN 300 220-1 vV2.3.1 (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.
Marker 1 [T1] REBL 500 Hz RF Att 30 dB
@Ref Lvl 3.639 dBm YBL 500 Hz Mixer -20 dBm
13 dBm 169.43810020 MHz SWT 8 s Unit dBm
19
Y1 liT11 3| 65 dan
0 16B . J13810p20 MHz|LN
| H |PUR 1483 dBm
4dcHd up -48].63 dBn

i T
N

=30

40

-50

cll

]

- 70 =171

cul

-81
Center 1B9.438 MH=z 10 kHz.~ Span 100 kH=z

Nate: 29.JAN. 2012 10:26:47

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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ON Semiconductor®

169 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

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.

Marker 1 [T1] RBI 500 Hz RF Att 30 dB
Ref Lvl 2.34 dBm VB 500 Hz Mixer -20 dBm
19 dBm 169.43788320 MH=z SHT 8 s Umit dBm
19
A I 134 dBm
| [ A
10 168[H. 4375920 MHZ|LN
CH |FHR 16|17 dBm
acH bp 16l[17 oBm|SBL
0 o T
AL Up =37 17 dBm
0 ALT1] Low -37|28 dBm
ALT2| Up -36)27 dBm
a2 Low 3715 apn| 1R
-20
-30
—40 CO
Co
cl3
_ cl1B
=0 clz2
c 1]
cl
-B0
aji
cul
cju?
=70 [STNPE
c3
cu3
|
-81 ]
Center 1B39.438B MHz 40 kHz .~ Span 400 kHz
Nate: 29.JAN. 2012 10:28:32

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

ON Semiconductor®

6. 433 MHz wide band, 100 kbps

6.1. 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 433.77 MHz

Bit rate 100 kbps
Modulation GFSK BT=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 (2010-02)

14.9 dBm

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write
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433 MHz wide band, 100 kbps

ON Semiconductor®

6.2. Regulatory Requirements

ETSI EN 300 220-1 V2.3.1 (2010-02) in frequency band 433.05 - 434.79 MHz.

6.3. Measurements

Output 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 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.

Marker 1 [T1] RELI 100 kHz RFE Att 30 dB
@Ref Lvl 14.83 dBm YVEBL 100 kHz Mixer -20 dBm
19 dBm 433.90456334 MH=z SHT 1 s Unit dBm
13 T
Y0711 14| 82 dan

433 . 30453654 MHZ|LN

m /

N
R
\

-40
_EDW Aol TS — \‘ ] L0,
[t
-60
-70
-61
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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433 MHz wide band, 100 kbps ON Semiconductor®

Modulation Bandwidth
EN 300 220-1 vV2.3.1 (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:

e detector function: max peak
e trace: max hold

Marker 1 [T1] RBL 1 KkHz RF ftt 30 dB
Ref Lvl -E4.65 dBm VB 3 kHz Mixer -20 dBm
19 dBm 433 .05000000 MHz SWT 7 s Unit dBm
19
hJ —
LINIT cHERK  : phsseo &[0T 54). B5 dBm [ A |
0 433.05000p00 MHz|LN
Vo [[T1] ~G4| 16 dBm
f« 473k . ds000po0 MHz
0 S — e
423 . AB0oopon MHz
0 V4 [[T1] _BE| 46 dBm
473 . A3000po0 MHz
1MAX 1MA
-20
=T NI )
—40 ‘\ﬂ
-50 M '
-B0
|2 Il . h 3|
-70
A1
Start 432.65 MHz 254 kHz. Stop 435.19 MHz
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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433 MHz wide band, 100 kbps

ON Semiconductor®

Marker 1 [T11] REW 10 kHz RF Att 20 dB
Ref Lvl -57.18 dBm VB 30 kHz Mixer -20 dBm
139 dBm 432 .ERO00000 MH=z SWT 3 s Uit dBm
19
v _
LINIT CHEZK phosep LT 57 18 dBm [ A |
- 43 .65000p00 MHz|LN
Vo2 liT1] -558|.58 dBnm
43 . 19000p00 MHz
D
-10
1MAX 1MA
-0 'J
-30
EN 44— Ej 4Bea 1
-40
"
-50 % -
—EDM MM‘%
-70
-B1
Start 431.058 MH=z 574 kHz. Stop 436.79 MHz
Nate: 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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433 MHz wide band, 100 kbps ON Semiconductor®

Marker 1 [T1] RBW 100 kHz RF Att 30 dB
Ref Lvl ~43.98 dBn VBL 300 kHz Mixer ~20 dBm
19 dBm 432 .05000000 MHz SUT 3 s Unit dBm
19
v _
LT cHzde o phssen |ETH 43) 98 cBn|gre
0 43k . 0s000po0 MHz|CN
vo |71 ~43].20 dBm
43 . 7e000poo MHz
0
10
1MAX 1MA
o0

-30
= —t / \ EN 4Ea2o
_4DM

!
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/
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S

-E0
—E0
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-B1
Start 431.05 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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ON Semiconductor®

Unwanted Emissions in Spurious Domains
EN 300 220-1 v2.3.1 (2010-02), Subclause 7.8

433 MHz wide band, 100 kbps

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 [T11] RB 100 kH=z RF Att 20 dB
Ref Lwvl -B2.58 dBm VB 100 kHz Mixer -40 dBm
-20 dBm 481 .783BE713 MHz ST 1 s Unit dBm

-20

Y1 IIT11 -B2]. 58 dBm
A811 . 7B3REF13 MH=z

-20

-40
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-0+
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—80 1 |

-80

-100
-110
-120
Start 470 MHz 39.2 MHz~ Stop BB2 MHz
Nate: 27.I8N. 2012 14:58:23

Figure 22: Spurious emission 470 - 862 MHz
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433 MHz wide band, 100 kbps

ON Semiconductor®

HARMONICS
The second harmonic at 867 MHz is on the ETSI limit of -36 dBm. Harmonics above 1
GHz are well below the ETSI limit of -=30 dBm.
Spectrum analyzer settings for this measurement is:
e detector function: max peak
Marker 1 [T1] RBW 100 kHz RF Att 20 dB
Ref Lvl -35.99 dBm VB 1 MHz Mixer -40 dBm
-20 dBm BE7.53106212 MHz ST 1 s Unit dBm
-20
MU IR -35. 99 dBn|gre
BE[7.52106P12 MH=|LD
-20
1
v
-40
50
1MA
60
" MMWMWW@MWMMM
-0
-90
-100
-110
-120
Start BB2Z MHz 13.8 MHz.~ Stop 1 GH=z
Nate: 27.JAN. 2012 14:53:42

Figure 23: Spurious emission 862 MHz - 1 GHz, detector function max peak
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®

Marker 1 [T1] RBW 1 MHz RF Att 10 dB
Ref Lvl -46.19 dBm VBN 1 MHz Mixer -40 dBm
-40 dBm 1.300B0120 GHz SWT 1 s Umit dBm
-40
Y1lrTel -48[. 19 dBm
1.30060L20 GHz
-45 .
Y
-50
-55
1MAK
-60
-65
-70
-75
-80 I
-85 = B _,wwL /‘*ﬁ\-’f\"‘f‘
\\\d*\rnxdjﬂ B -_JL~F-\L_,J~
-30
Start 1 GHz 500 MHz~ Stop 7 GBH=z
Date: 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

ON Semiconductor®

7. 433 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

7.1. 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 GFSK BT=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_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 (2010-02)

14.75 dBm

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write
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433 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

ON Semiconductor®

7.2. Regulatory Requirements

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

7.3. Measurements

Output 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.

Marker 1 [T1] RBW 100 kHz RF Att 30 dB
@Ref Lyl 14,76 dBm YBKW 100 kHz Mixer -20 dBm
19 dBm 434 .39495932 MHz SWT 3 s Unit ¢Bm
- : ¥ |[T1] 14. 76 dB
LINIT EHEﬂK . PHSSED ' "TIEX
" 4344 . 33435892 MHz|LN

| /-
1
i

-20 / \
-30
SN J @_ 1 ho

a0 A T et Ittty i (i
™ I
-50
-60
-70
-61
Center 434 .40498 MHz 1 MHz.~ Span 10 MHz
Nate: 27.JAN. 2012 15:30:258

Figure 25: Transmit spectrum, 434.415 MHz, 9.6 kbps, GFSK BT=0.3
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433 MHz narrow band, 25 kHz channel spacing, 9.6 kbps ON Semiconductor®

Adjacent Channel Power
EN 300 220-1 vV2.3.1 (2010-02), Subclause 7.6

The following plots shows the modulated spectrum. Adjacent channel power is measured
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 -51.8 dBm.

Marker 1 [T1] RELI 500 Hz RF Att 30 dB
Ref Lvl 2.78 dBm YEL 500 Hz Mixer -20 dBm
19 dBm 434 .40848637 MHz SWT B s Unit dBm
19
Y1 [[T11 2. 78 dan
10 434 . 4084837 MHZILN
. H |FHR 13]. 79 dBm
ACH Up -51). 77 dBm
0 & R —S =
-10 ‘\
{ ‘I i
-20 r)ﬂl 11/\
=30 \
-40 /y
-50 ; \
-B0
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1
=70 = —
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|
-81 .
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Nate: 27.JAN. 2012 15:29:53

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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433 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

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] RBL 500 Hz RF Att 30 dB
Ref Lvl -9.49 dBm VB 500 Hz Mixer -20 dBm
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10 434 . 4137960 MHZILN
CH |PHR 14J07 dBm
ACH Pe 14)J07 dBm
0 e e
ALT| Up 3887 dBm
10 4 ALT] Low -38||E1 dBm
ALTZ| Up -37|E3 dBm
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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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8. 868 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

8.1.

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-RadiolLab V1.0c
Carrier Frequency 868.3 MHz

Bit rate 9.6 kbps
Modulation GFSK BT=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_0xF00_(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

Notes:

1. Values presented are the spectrum analyzer readings.

compensated

Cable losses are not

2. Unless otherwise stated spectrum analyzer settings are:

e detector function: RMS
e trace: clear/write
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868 MHz narrow band, 25 kHz channel spacing, 9.6 kbps
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8.2. 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.

8.3. Measurements

Output 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.

Marker 1 [T1] RBW 100 kHz RF Att 30 dB

Ref Lvl 13.44 dBm VB 100 kHz Mixer ~20 dBm

19 dBm BER8 . 279595392 MHz SUT 3 s Unit dBm
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Figure 28: Transmit spectrum, 868.3 MHz, 9.6 kbps, GFSK BT=0.3
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868 MHz narrow band, 25 kHz channel spacing, 9.6 kbps ON Semiconductor®

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 200nW (-37 dBm). The measurement for AX5043 is below -

44 dBm.
Marker 1 [T1] REL 500 Hz RF Att 30 dB
@Ref Lvl 1.22 dBm YEBL 500 Hz Mixer -20 dBm
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19
Y1 [[T11 1. 22 dBm (A
10 BE]B . |B0Z260p21 MHZILN
H |FHR 12].55 dBm

_44| 65 dBn|SBL

L A = =
|mpwp ) ] DT ==L

iy
-,
]
i -]
|-
o0

-10
\ 1RM

-20

=30

‘\

-50
-B0
Co
ca
cli
-/ =TT [
cul
cul
|
-81 .
Center 8B68.30268052 MH=z 10 kHz.~ Span 100 kH=z
Nate: 2B JAN. 2012 17:00:50

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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868 MHz narrow band, 25 kHz channel spacing, 9.6 kbps

Unwanted Emissions in Spurious Domains
EN 300 220-1 v2.3.1 (2010-02), Subclause 7.8

Spurious emission is shown close to the 868.3 MHz carrier frequency and for the 470 -
862 MHz frequency range. For other frequency ranges, see the section on 868.3 MHz
wide band performance as well as the plot in this section shown for power measurement
(subclause 7.2).

CLOSE TO 868.3 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.
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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

From 470 - 862 MHz the ETSI limit is -54 dBm for an RBW of 100 kHz. The
measurement for AX5043 is below -56 dBm. The most critical frequency is at the edge
of the frequency range closest to the carrier frequency.

Marker 1 [T1] REL 100 kHz RF Att 20 dB
Ref Lvl -56.63 dBm YEBL 100 kHz Mixer -40 dBm
-20 dBm 862 .00000000 MH=z SLT 1 s Unit dBm
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Figure 31: Spurious emission 470 — 862 MHz
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