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Figure 1. Functional Block Diagram of the AX8052F143
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Table 1. PIN FUNCTION DESCRIPTIONS

AX8052F143

Symbol Pin(s) Type Description
VDD_ANA 1 P Analog power output, decouple to neighboring GND
GND 2 P Ground, decouple to neighboring VDD_ANA
ANTP 3 A Differential antenna input/output
ANTN 4 A Differential antenna input/output
ANTP1 5 A Single-ended antenna output
GND 6 P Ground, decouple to neighboring VDD_ANA
VDD_ANA 7 P Analog power output, decouple to neighboring GND
GND 8 P Ground
FILT 9 A Optional synthesizer filter
L2 10 A Optional synthesizer inductor
L1 11 A Optional synthesizer inductor
SYSCLK 12 1/0/PU System clock output
PC4 13 1/0/PU General purpose 10
PC3 14 1/0/PU General purpose 10
PC2 15 1/0/PU General purpose 10
PC1 16 1/0/PU General purpose 10
PCO 17 1/0/PU General purpose 10
PBO 18 1/0/PU General purpose 10
PB1 19 1/0/PU General purpose 10
PB2 20 1/0/PU General purpose 10
PB3 21 1/0/PU General purpose 10
PB4 22 1/0/PU General purpose |10
PB5 23 1/0/PU General purpose |10
PB6 24 1/0/PU General purpose |0, DBG_DATA
PB7 25 1/0/PU General purpose |0, DBG_CLK
DBG_EN 26 I/PD In—circuit debugger enable
RESET_N 27 I/PU Optional reset pin. If this pin is not used it must be connected to VDD_|O
GND 28 P Ground
VvDD_IO 29 P Unregulated power supply
PAO 30 1/0/A/PU General purpose 10
PA1 31 1/0/A/PU General purpose 10
PA2 32 1/0/A/PU General purpose 10
PA3 33 1/0/A/PU General purpose 10
PA4 34 1/0/A/PU General purpose 10
PA5 35 1/0/A/PU General purpose |10
vDD_IO 36 P Unregulated power supply
TST1 37 A Must be connected to GND
TST2 38 A Must be connected to GND
CLK16N 39 A Crystal oscillator input/output (RF reference oscillator)
CLK16P 40 A Crystal oscillator input/output (RF reference oscillator)
GND Center pad P Ground on center pad of QFN, must be connected
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Table 2. ALTERNATE PIN FUNCTIONS

FIT A E0 700 N R e 2 Rl R A N, 00 N R
H P32 LVCMOS/LVTTL. A543 0 A5 HI(PAO -
PA7)UK = EIVDD_I0UA I, Frfs H A 74 N R A& %
5V. T NG GPIOS| igmfe FhiThfe.

&5
5 h bR v i RSN/ 45 5 S GPIO 5]
. NRIIH T FGPIOTI IR DRE .

GPIO Alternate Functions
PAO TOOUT IC1 ADCO
PA1 TOCLK OC1 ADCH1
PA2 0Co U1RX ADC2 COMPI00
PA3 T10UT ADC3 LPXTALP
PA4 T1CLK COMPOO ADC4 LPXTALN
PA5 ICO U1TX ADC5 COMPI10
PBO U1TX IC1 EXTIRQO
PB1 U1RX OC1
PB2 ICO T20UT PWRAMP
PB3 0Co T2CLK EXTIRQ1 DSWAKE ANTSEL
PB4 uoTX T1CLK
PB5 UORX T10UT
PB6 DBG_DATA
PB7 DBG_CLK
PCO SSEL TOOUT EXTIRQO
PC1 SSCK TOCLK COMPO1
PC2 SMOSI uoTX
PC3 SMISO UORX COMPOO
PC4 COMPO1 ADCTRIG EXTIRQ1
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Figure 2. Pinout Drawing (Top View)
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Table 3. ABSOLUTE MAXIMUM RATINGS

Symbol Description Condition Min Max Units
VvDD_IO Supply voltage -0.5 5.5 \Y
IDD Supply current 200 mA
Piot Total power consumption 800 mwW
P; Absolute maximum input power at receiver input ANTP and ANTN 10 dBm

pins in RX mode
111 DC current into any pin except ANTP, ANTN, ANTP1 -10 10 mA
lio DC current into pins ANTP, ANTN, ANTP1 -100 100 mA
lo Output Current 40 mA
Via Input voltage ANTP, ANTN, ANTP1 pins -0.5 5.5 \%
Input voltage digital pins -05 5.5 \%

Ves Electrostatic handling HBM -2000 2000 \%
Tamb Operating temperature -40 85 °C
Tstg Storage temperature -65 150 °C
T Junction Temperature 150 °C

Stresses exceeding those listed in the Maximum Ratings table may damage the device. If any of these limits are exceeded, device functionality
should not be assumed, damage may occur and reliability may be affected.

(@Y ‘ ‘ ‘
MRBEBEHEAFEERTINHAEEE, RERESRT. MRBIEMXLIRE, BTTEARIEFEIEE, TS SEBREUR, W
CE3:®

1. Exposure to absolute maximum rating conditions for extended periods may affect device reliability.

DCHF iR
Table 4. SUPPLIES
Sym Description Condition Min Typ Max | Units
TamB Operational ambient temperature -40 27 85 °C
VDD)g I/O and voltage regulator supply voltage 1.8 3.0 3.6 \%
VDD\o R4 I/O voltage ramp for reset activation; Ramp starts at VDD_10 <0.1V 0.1 V/ms
B Note 1
VDDig ro | 1/O voltage ramp for reset activation; Ramp starts at 0.1 V < VDD _10< 0.7V 3.3 V/ms
B Note 1
VBouT Brown-out threshold Note 2 1.3 \Y
Ibs Deep Sleep current 100 nA
Is|256P Sleep current, 256 Bytes RAM retained Wakeup from dedicated pin 500 nA
IsL 256 Sleep current, 256 Bytes RAM retained Wakeup Timer running at 640 Hz 900 nA
IsLak Sleep current, 4.25 kBytes RAM retained Wakeup Timer running at 640 Hz 15 uA
IsLsk Sleep current, 8.25 kBytes RAM retained Wakeup Timer running at 640 Hz 2.2 uA
IRx Current consumption RX 868 MHz, datarate 6 kbps 9.5 mA
RF frequency generation subsystem:
Internal VCO and internal loop-fiter 169 MHz, datarate 6 kbps 6.5
868 MHz, datarate 100 kbps 1
169 MHz, datarate 100 kbps 7.5
ITX_DIFF Current consumption TX 868 MHz, 16 dBm, FSK, Note 3 48 mA
differential RF frequency generation subsystem:
Internal VCO and internal loop—filter
Antenna configuration:
Differential PA, internal RX/TX switch

www.onsemi.cn
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Table 4. SUPPLIES

AX8052F143

Sym Description Condition Min Typ Max Units
IRx-SE Current consumption TX 868 MHz, 0 dBm, FSK, Note 3 7.5 mA
single ended RF frequency generation subsystem:
Internal VCO and internal loop—filter
Antenna configuration:
Single ended PA, external RX/TX
switching
Imcu Microcontroller running power consump- All peripherals disabled 150 uA/
tion MHz
lvsup Voltage supervisor Run and standby mode 85 uA
ILPxTAL Crystal oscillator c_urrent 16 MHz 160 uA
(RF reference oscillator)
ILEXTAL Low frequency crystal oscillator current 32 kHz 700 nA
IrRcosc Internal oscillator current 20 MHz 210 uA
ILposc Internal Low Power Oscillator current 10 kHz 650 nA
640 Hz 210 nA
laDc ADC current 311 kSample/s, DMA 5 MHz 1.1 mA
lwor Typical wake—on-radio duty cycle current 1s, 100 kbps 6 uA

1. If VDD_IO ramps cannot be guaranteed, an external reset circuit is recommended for AX8052F143-1 and AX8052F143-2, see the AX8052
Application Note: Power On Reset

2. Digital circuitry is functional down to typically 1 V.

3. Measured with optimized matching networks.
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Table 5. CURRENT CONSUMPTION VS. OUTPUT
POWER

hxcalc [MA]

Pout [dBm] 868 MHz 169 MHz
0 7.5 4.5
1 7.9 4.9
2 8.4 5.4
3 9.0 6.0
4 9.8 6.8
5 10.8 7.8
6 121 9.1
7 13.7 10.7
8 15.7 12.7
9 18.2 15.2
10 21.3 18.3
11 25.3 22.3
12 30.3 27.3
13 36.7 33.7
14 44.6 41.6
15 54.6 51.6
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Table 6. LOGIC
Symbol Description | Condition | Min | Typ | Max | Units |
Digital Inputs
VT, Schmitt trigger low to high threshold point VDD _10=33V 1.55 \%
VT_ Schmitt trigger high to low threshold point 1.25 \Y
VL Input voltage, low 0.8 \%
ViH Input voltage, high 2.0 \Y
Vipa Input voltage range, Port A -05 vDD_IO \%
VipBC Input voltage range, Ports B, C -0.5 5.5 \Y
I Input leakage current -10 10 uA
Rpu Programmable Pull-Up Resistance 65 kQ
Digital Outputs
loH Output Current, high Voy=24V 8 mA
Ports PA, PB and PC

loL Output Current, low VoL=04V 8 mA
Ports PA, PB and PC

loH Output Current, high Voy=24V 4 mA
Pin SYSCLK

loL Output Current, low VoL=04V 4 mA
Pin SYSCLK

loz Tri-state output leakage current -10 10 uA

ACHI%

Table 7. CRYSTAL OSCILLATOR (RF REFERENCE OSCILLATOR)

Symbol Description Condition Min Typ Max Units
fxTAL Crystal or frequency Note 1, 2, 3 10 16 50 MHz
IMosc Oscillator transconductance range Self-regulated see note 4 0.2 20 mS
Cosc Programmable tuning capacitors at pins AX5043 XTALCAP = 0x00 3 pF

CLK16N and CLK16P default
AX5043_XTALCAP = 0x01 8.5 pF
AX5043_XTALCAP = OxFF 40 pF
Cosc-lIsb Programmable tuning capacitors, incre- AX5043 XTALCAP = 0x01 0.5 pF
ment per LSB of AX5043_XTALCAP — OxFF
fext External clock input (TCXO) Note 2, 3,5 10 16 50 MHz
RINosc Input DC impedance 10 kQ2
NDIVsyscik | Divider ratio fsyscik = Fxrar/ NDIVsyscik 20 24 210

1. Tolerances and start-up times depend on the crystal used. Depending on the RF frequency and channel spacing the IC must be calibrated

to the exact crystal frequency using the readings of the register AX5043_TRKFREQ.

2. The choice of crystal oscillator or TCXO frequency depends on the targeted regulatory regime for TX, see separate documentation on

meeting regulatory requirements.

3. To avoid spurious emission, the crystal or TCXO reference frequency should be chosen so that the RF carrier frequency is not an integer

multiple of the crystal or TCXO frequency.

4. The oscillator transconductance is regulated for fastest start—up time during start-up and for lowest power curing steady state oscillation.
This means that values depend on the crystal used.

5. If an external clock or TCXO is used, it should be input via an AC coupling at pin CLK16P with the oscillator powered up and
AX5043 XTALCAP = 000000. For detailed TCXO network recommendations depending on the TCXO output swing refer to the AX5043
Application Note: Use with a TCXO Reference Clock.

www.onsemi.cn
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Table 8. LOW-POWER OSCILLATOR (TRANSCEIVER WAKE ON RADIO CLOCK)

Symbol Description Condition Min Typ Max Units
fosc—slow Oscillator frequency slow mode No calibration 480 640 800 Hz
LPOSC FAST =0 in P
. Internal calibration vs. crystal 630 640 650
AX5043 LPOSCCONFIG register clock has been performed
fosc-fast Oscillator frequency fast mode No calibration 7.6 10.2 12.8 kHz
LPOSC FAST =1 in P
. Internal calibration vs. crystal 9.8 10.2 10.8
AX5043_LPOSCCONFIG register clock has been performed
Table 9. RF FREQUENCY GENERATION SUBSYSTEM (SYNTHESIZER)
Symbol Description Condition Min Typ Max Units
fREF Reference frequency The reference frequency must be chosen 10 16 50 MHz
so that the RF carrier frequency is not an
integer multiple of the reference frequency
Dividers
NDIV/ gt Reference divider ratio range Controlled directly with bits REFDIV in reg- 20 23
ister AX5043_PLLVCODIV
NDIVp,, Main divider ratio range Controlled indirectly with register 4.5 66.5
AX5043 FREQ
NDIVgr RF divider range Controlled directly with bit RFDIV in regis- 1 2
ter AX5043_ PLLVCODIV
Charge Pump
lcp Charge pump current Programmable in increments of 8.5 uA via 8.5 2168 uA
register AX5043_PLLCPI
Internal VCO (VCOSEL = 0)
fRF RF frequency range RFDIV =1 400 525 MHz
RFDIV =0 800 1050
fstep RF frequency step RFDIV =1 0.98 Hz
freF = 16.000000 MHz
BW Synthesizer loop bandwidth The synthesizer loop bandwidth an start— 50 500 kHz
up time can be programmed with the reg-
isters AX5043_PLLLOOP and
- — AX5043 PLLCPI.
Tstart Synthesizer start-up time if crystal For recommendations see the AX5043 5 25 us
oscillator and reference are running Programming Manual, the AX-RadioLab
software and AX5043 Application Notes
on compliance with regulatory regimes.
PN868 Synthesizer phase noise 868 MHz 10 kHz from carrier -95 dBc/Hz
fREF =48 MHz .
1 MHz from carrier -120
PN433 Synthesizer phase noise 433 MHz 10 kHz from carrier -105 dBc/Hz
fREF =48 MHz .
1 MHz from carrier -120
VCO with external inductors (VCOSEL = 1, VCO2INT = 1)
fRFrng_lo RF frequency range RFDIV =1 27 262 MHz
B For choice of Lgy; values as well as
) VCO gains see Figure 3 and -
fRFmg_hl Figure 4 RFDIV =0 54 525
PN169 Synthesizer phase noise 169 MHz 10 kHz from carrier -97 dBc/Hz
Lext=47 nH (wire wound 0603)
AX5043_RFDIV = 0, frgr= 16 MHz -
Note: phase noises can be im- 1 MHz from carrier -115
proved with higher frep

www.onsemi.cn
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Table 9. RF FREQUENCY GENERATION SUBSYSTEM (SYNTHESIZER)

Symbol Description | Condition ‘ Min | Typ | Max ‘ Units |

External VCO (VCOSEL = 1, VCO2INT = 0)

fRF RF frequency range fully external Note: The external VCO frequency needs 27 1000 MHz
VCO to be 2 x frg

Vamp Differential input amplitude at L1, L2 0.7 \%
terminals

VinL Input voltage levels at L1, L2 termi- 0 1.8 \%
nals

Vet Control voltage range Available at FILT in external loop filter 0 1.8 V

mode

RF frequency at VCO mid range (VCOR=08) versus external inductance

(additional division by 2 is selectable)
900
800 ™

700

600

500 N Jmia = 1457TMHz -

1InH

ext
400

300 .

N~

200 \\
N

frmig MHz]

N

100

3 4 6 8 10 20 40 60 80 100 120
Lext [nH]

Figure 3. VCO with External Inductors: Typical Frequency vs. Leyt
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Peak Ky versus external inductance
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Figure 4. VCO with External Inductors: Typical Kyco VvS. Lext
NRAIH T A R ARG ] (ST VCO HRLEK 33 260 130 0
NEIES jﬁ% o
E\‘ﬁTHE/JEE 15) 33 235 118 15
Table 10. 39 245 123 0
Freq [MHz] Freq [MHz] 39 223 112 14
Lext [nH] RFDIV =0 RFDIV =1 PLL Range 47 212 106 0
8.2 482 241 0 47 194 97 14
8.2 437 219 15 56 201 101 0
10 432 216 0 56 182 91 15
10 390 195 15 68 178 89 0
12 415 208 0 68 161 81 15
12 377 189 15 82 160 80 1
15 380 190 0 82 146 73 14
15 345 173 15 100 149 75 1
18 345 173 0 100 136 68 14
18 313 157 15 120 136 68 0
22 308 154 0 120 124 62 14
22 280 140 14
. s e > 0 7 A R T, T B A — A o L R O
o
27 258 129 15
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Table 11. TRANSMITTER

Symbol Description Condition Min Typ Max Units
SBR Signal bit rate 0.1 125 kbps
PTX Transmitter power @ 868 MHz Differential PA, 50 Q single -10 16 dBm

- ended measurement at an
Transmitter power @ 433 MHz SMA connector behind the -10 16
Transmitter power @ 169 MHz matching network, Note 2 -10 16
PTXstep Programming step size output power Note 1 0.5 dB
dTXtemp Transmitter power variation vs. tempera- -40°C to +85°C +0.5 dB
ture Note 2
dTXvqq Transmitter power variation vs. VDD_1O 1.8t03.6V +0.5 dB
Note 2
Padj Adjacent channel power 868 MHz -44 dBc
GFSK BT = 0.5, 500 Hz deviation,
1.2 kbps, 25 kHz channel spacing, 433 MHz _51
10 kHz channel BW
PTXgs8-harm2 Emission @ 2" harmonic 868 MHz, Note 2 -40 dBc
PTXggg-harm3 | Emission @ 3" harmonic -60
PTX433-harm2 Emission @ 2"d harmonic 433 MHz, Note 2 -40 dBc
PTX433-harm3 | Emission @ 3" harmonic -40

AX5043_TXPWRCOEFFB

1. Poy =

out

Pmax

2121

2. 50 Q single ended measurements at an SMA connector behind the matching network. For recommended matching networks see
Applications section.

Table 12. RECEIVER SENSITIVITIES
The table lists typical input sensitivities (without FEC) in dBm at the SMA connector with the complete matching network for BER=10-3 at

433 or 868 MHz.

Data rate FSK FSK FSK FSK FSK FSK FSK
[kbps] h =0.66 h=1 h=2 h=4 h=5 h=8 h=16 PSK
0.1 Sensitivity [dBm] -135 -134.5 -132.5 -133 -133.5 -133 -132.5 -138
RX Bandwidth [kHz] 0.2 0.2 0.3 0.5 0.6 0.9 2.1 0.2
Deviation [kHz] 0.033 0.05 0.1 0.2 0.25 0.4 0.8
1 Sensitivity [dBm] -126 -125 -123 -123.5 -124 -123.5 -122.5 -130
RX Bandwidth [kHz] 1.5 2 3 6 7 1 21 1
Deviation [kHz] 0.33 0.5 1 2 25 4 8
10 Sensitivity [dBm] -117 -116 -113 -114 -113.5 -113 -120
RX Bandwidth [kHz] 15 20 30 50 60 110 10
Deviation [kHz] 3.3 5 10 20 25 40
100 Sensitivity [dBm] -107 -105.5 -109
RX Bandwidth [kHz] 150 200 100
Deviation [kHz] 33 50
125 Sensitivity [dBm] -105 -104 -108
RX Bandwidth [kHz] 187.5 200 125
Deviation [kHz] 42.3 62.5

1. Sensitivities are equivalent for 1010 data streams and PN9 whitened data streams.
2. RX bandwidths < 0.9 kHz cannot be achieved with an 48 MHz TCXO. A 16 MHz TCXO was used for all measurements at 0.1 kbps.
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Table 13. RECEIVER

AX8052F143

Symbol Description Condition Min Typ Max Units
SBR Signal bit rate 0.1 125 kbps
ISgERSES Input sensitivity at FSK, h = 0.5, 100 kbps -106 dBm

BER ~10°9 FSK, h 10 kb 11
for 868 MHz operation, ;1 =05,10kbps ~116
continuous data, FSK, 500 Hz deviation, 1.2 kbps -126
without FEC
PSK, 100 kbps -109
PSK, 10 kbps -120
PSK, 1 kbps -130
ISgERSESFEC Input sensitivity at FSK, h = 0.5, 50 kbps -111 dBm
BER = 1073, for 868 MHz oper-
ation, continuous data, FSK, h = 0.5, 5 kbps -122
with FEC FSK, 0.1 Kbps 137
ISpERSES Input sensitivity at FSK, h = 0.5, 100 kbps -103 dBm
PER = 1%, for 868 MHz opera-
tion, 144 bit packet data, without FSK, h=0.5, 10 kbps -115
FEC FSK, 500 Hz deviation, 1.2 kbps 125
ISwoRses Input sensitivity at FSK, h= 0.5, 100 kpbs -102 dBm
PER = 1% for 868 MHz opera-
tion, WOR-mode, without FEC
IL Maximum input level Full selectivity 0 dBm
FSK, reduced selectivity 10
CP14B Input referred compression point 2 tones separated by 100 kHz -35 dBm
RSSIR RSSI control range FSK, 500 Hz deviation, -126 -46 dB
1.2 kbps
RSSIS; RSSI step size Before digital channel filter; calculated 0.625 dB
from register AX5043_AGCCOUNTER
RSSIS, RSSI step size Behind digital channel filter; calculated 0.1 dB
from registers AX5043_AGCCOUNTER,
AX5043_TRKAMPL
RSSIS; RSSI step size Behind digital channel filter; reading reg- 1 dB
ister AX5043_RSSI
SELggg Adjacent channel suppression 25 kHz channels , Note 1 45 dB
100 kHz channels, Note 1 47
BLKges Blocking at + 10 MHz offset Note 2 78 dB
Rarc AFC pull-in range The AFC pull-in range can be pro- +15 %
grammed with the AX5043_MAXR-
FOFFSET registers.
The AFC response time can be pro-
grammed with the AX5043_FRE-
QGAIND register.
RpROFF Bitrate offset pull-in range The bitrate pull-in range can be pro- +10 %
grammed with the
AX5043_MAXDROFFSET registers.

. Interferer/Channel @ BER = 10-3, channel level is +3 dB above the typical sensitivity, the interfering signal is CW; channel signal is
modulated with shaping

. Channel/Blocker @ BER = 1073, channel level is +3 dB above the typical sensitivity, the blocker signal is CW; channel signal is modulated
with shaping
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Table 14. RECEIVER AND TRANSMITTER SETTLING PHASES

Symbol Description Condition Min Typ Max Units
Tytal XTAL settling time Powermodes: 0.5 ms
POWERDOWN to STANDBY
Note that Tyts depends on the specific
crystal used.
Tsynth Synthesizer settling time Powermodes: 40 us
STANDBY to SYNTHTX or SYNTHRX
Tix TX settling time Powermodes: 0 1 X tpjt 8 X tit us
SYNTHTX to FULLTX
T is the time used for power ramping, this
can be programmed to be 1 X ty, 2 X tpt,
4 X tpit Or 8 X tpjt.
Note 1
Trx_init RX initialization time 150 us
X rssi RX RSSI acquisition time Powermodes: 80 + us
B (after Trx_init) SYNTHRX to FULLRX 3 X tpit
Trx_preambl- RX signal acquisition time to Modulation (G)FSK 9 X tpit
e valid data RX at full sensitivi- Note 1
ty/selectivity
(after Trx_init)
1. tpit depends on the datarate, e.g. for 10 kbps tpj; = 100 us
Table 15. OVERALL STATE TRANSITION TIMES
Symbol Description Condition Min Typ Max Units
Tix on TX startup time Powermodes: 40 40 + 1 X tpjt us
- STANDBY to FULLTX
Note 1
Trx on RX startup time Powermodes: 190 us
- STANDBY to FULLRX
Tex rssi RX startup time to valid RSSI Powermodes: 270 + us
- STANDBY to FULLRX 3 X tpit
Trx_data RX startup time to valid data at full Modulation (G)FSK 190 + us
sensitivity/selectivity Note 1 9 X tpit
Trxtx RX to TX switching Powermodes: 62 us
FULLRX to FULLTX
Tixrx TX to RX switching Powermodes: 200
(to preamble start) FULLTX to FULLRX
Thop Frequency hop Switch between frequency de- 30 us

fined in register AX5043_FRE-
QA and AX5043_FREQB

1. tpit depends on the datarate, e.g. for 10 kbps t,j; = 100 us
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Table 16. LOW FREQUENCY CRYSTAL OSCILLATOR

Symbol Description Condition Min Typ Max Units
fLpxTAL Crystal frequency 32 150 kHz
9Mipxosc Transconductance oscillator LPXOSCGM = 00110 3.5 us

LPXOSCGM = 01000 4.6

LPXOSCGM = 01100 6.9

LPXOSCGM = 10000 9.1
RINjpxosc Input DC impedance 10 MQ
Table 17. INTERNAL LOW POWER OSCILLATOR

Symbol Description Condition Min Typ Max Units

fLrosc Oscillation Frequency LPOSCFAST =0 630 640 650 Hz
Factory calibration applied.
Over the full temperature and
voltage range
LPOSCFAST =1 10.08 10.24 10.39 kHz
Factory calibration applied
Over the full temperature and
voltage range
Table 18. INTERNAL RC OSCILLATOR
Symbol Description Condition Min Typ Max Units
fLFRCPOSC Oscillation Frequency Factory calibration applied. 19.8 20 20.2 MHz
Over the full temperature and
voltage range
Table 19. MICROCONTROLLER
Symbol Description Condition Min Typ Max Units
TSYSCLKL SYSCLK Low 27 ns
TSYSCLKH SYSCLK High 21 ns
TsyscLKP SYSCLK Period 47 ns
TELWR FLASH Write Time 2 Bytes 20 us
TrLPE FLASH Page Erase 1 kBytes 2 ms
TrLE FLASH Secure Erase 64 kBytes 10 ms
TFELEND FLASH Endurance: Erase Cycles 10 000 100 000 Cycles
TELRETroom FLASH Data Retention 25°C 100 Years
See Figure 5 for the lower limit
set by the memory qualification
TFLREThot 85°C 10
See Figure 5 for the lower limit
set by the memory qualification
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Figure 5. FLASH Memory Qualification Limit for Data Retention after 10k Erase Cycles

Table 20. ADC / COMPARATOR / TEMPERATURE SENSOR

Symbol Description Condition Min Typ Max Units
ADCSR ADC sampling rate GPADC mode 30 500 kHz
ADCSR_T ADC sampling rate temperature sensor mode 10 15.6 30 kHz
ADCRES ADC resolution 10 Bits
VADCREF ADC reference voltage & comparator internal 0.95 1 1.05 \%

reference voltage
ZADGC00 Input capacitance 2.5 pF
DNL Differential nonlinearity +1 LSB
INL Integral nonlinearity +1 LSB
OFF Offset 3 LSB
GAIN_ERR Gain error 0.8 %
ADC in Differential Mode
VaBS_DIFF Absolute voltages & common mode voltage in 0 VvDD_IO \%
differential mode at each input
VES_DIFFo1 Full swing input for differential signals Gain x1 -500 500 mV
VEs DIFF10 Gain x10 -50 50 mV
ADC in Single Ended Mode
VmiD_SE Mid code input voltage in single ended mode 0.5 \%
VIN_SE0o Input voltage in single ended mode 0 VvVDD_IO \Y
VEs sEot Full swing input for single ended signals Gain x1 1 \
Comparators
Vcomp_ABS Comparator absolute input voltage 0 VvDD_IO \%
Vcomp_com Comparator input common mode VD%_EI}O - \%
VCOMPOFF Comparator input offset voltage 20 mV
Temperature Sensor
TRNG Temperature range -40 85 °C
TRES Temperature resolution 0.1607 °C/LSB
TERR_CAL Temperature error Factory calibration -2 2 °C

applied
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AX8052
AES DMA

X Bus | SFR Bus

g =

Arbiter Arbiter Arbiter Arbiter Arbiter Arbiter
XRAM XRAM X Registers SFR Registers IRAM FLASH
0000-0OFFF 1000-1FFF 4000-7FFF 80-FF 00-FF 0000-FFFF

Figure 6. AX8052 Memory Architecture
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Address P (Code) Space X Space direct access indirect access
0000-007F IRAM
IRAM

0080-00FF XRAM SFR
0100-1FFF
2000-207F IRAM
2080-3F7F

FLASH
3F80-3FFF SFR
4000-4FFF RREG
5000-5FFF RREG (nb)
6000-7FFF XREG
8000-FBFF FLASH
FCO0-FFFF Calibration Data Callibration Data

Figure 7. AX8052 Memory Architecture
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Table 21. POWER MANAGEMENT
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PCON
register Name Description

00 RUNNING The microcontroller and all peripherals are running. Current consumption depends on the system clock
frequency and the enabled peripherals and their clock frequency.

01 STANDBY The microcontroller is stopped. All register and memory contents are retained. All peripherals continue to
function normally. Current consumption is determined by the enabled peripherals. STANDBY is exited
when any of the enabled interrupts become active.

10 SLEEP The microcontroller and its peripherals, except GPIO and the system controller, are shut down. Their regis-
ter settings are lost. The internal RAM is retained. The external RAM is split into two 4 kByte blocks. Soft-
ware can determine individually for both blocks whether contents of that block are to be retained or lost.
SLEEP can be exited by any of the enabled GPIO or system controller interrupts. For most applications
this will be a GPIO or wakeup timer interrupt.

11 DEEPSLEEP | The microcontroller, all peripherals and the transceiver are shut down. Only 4 bytes of scratch RAM are
retained. DEEPSLEEP can only be exited by tying the PB3 pin low.

www.onsemi.cn

20



http://www.onsemi.cn/

AX8052F143

i1 AT

WDT Internal Reset
o W
z_akeup —* Interrupt
— Timer
LPOSC LPOSC ~
’—~ Calib
?
|| FRCOSC RO PY
Calib :Cg
3
(%)
X
8
o . Prescaler
=§ o 124 " System Clock
%_ C
XOSC S
© Clock
? Monitor
%_ LPXOSC
syscLk X i

Figure 8. Clock System Diagram
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Figure 9. ADC Block Diagram
DMA#E# 25 AES3|E

AX8052F 1431 % WHEDMA 5| %, £/ DMA#HE
HR AR FohE MXRAMAL Sy ZATAT Fr L L%, 803
MIUFARA] 30 % 4 AL M EXRAM . /N 818 8 7] 5
BB BT A7 25 B A7 0 o I EUR AL 4 . DMAEIE (F
2% P 2% IR R R A FOKs 7E L R 2R B0 O 2% ol
A, T SEB RIS BRI R

DMAGHIE L HH0H (1) 75 X5 T XRAM. BEAT7E
P 22 ANl FIXRAMI 15 M XRAM . FL AT 56 A% T 1k
AR, RO R 2 AR R N . B2 T
By 1IEDMA$E 1] 25 4 & .

AX8052F 143G —ANFF A BUR 9 il 14 i SO0 6 b v
(AES)I & H 51 %, HEl&ADMAS %, 7] AXRAM
BEHU N B DL R A s, R R BR S AE
XRAMIF Al i FE R oy o T S E B R sCfF
AES-128. AES-192. AES-256LL J ¥ w2z et ()
MR, BHREHT BERE 34T, 8=/ T
AESH| B[ Ry . v B S FFECB(H T4 A)
CFB(IN% [ 15t) AIOFB (i t ) st =X, o 7 AT
o
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ERiEIR%E S TCXO #O(RF E/EIREES)

AX8052F1433a AT I — £ I AN TCXO(K 2 Hr s
7£590.5 ppmE 1.5 ppm(ELAAAK A 5B 2 ) B 78 i T
ISR E LAY WIS, bR IRG AR
FOVRE R B 1A TR AR EIRFR AL T R G TS
it

Bm VIR 3 o H B T AL B ) SR AR AR VB AR . B
R YT ES ALY e AR e DS E A E A
THAE, DR, SRR BT N T A2 A S B R ik
PREMESIR . KT A SRR ALHIAXS043 I I
M HFERIE T AX8052F143.

DR AR BRTCX O HEAN R, [ RFE IR AR A
T R B TCX O R 1) 3 5 50

B % B AX5043_ PWRMODE 75 17 25 K i H 9% 3% 2%
HLBG . JEHET S . A BN A B S AR T T
PREEVE, A AN AN O, AR AR
SOIEESE. THBNRTIRGSRNES, D
ARG WA S e R 15 BT TH], DA R AR ThikE .

LA R EAT IR R EEEEZ T W
CLK16NFICLK16P, [MiJC7R MM . o]l 25 745
AX5043 XTALCAPH [fIXTALCAP[5:0] fit{T4mFE

BRI NR 585 S R, AT AR
VTR as A, (HE AT [R] 25 0 VR I 78 43 R
B PERRFIR =4 1 R G U H s R ), R
AR — D 3.

B, Al A B S (TXCO, CX0), CMOSH
R4 SRS A S IRS 23 TACH & 07 AN A
ZECLKI16P, A FMRIETCXOH;H FEME W TCXOM L H2

SRR FE 4 e MR 2, BRfcas 4 DU P ik #R 1
IS 161 6] o 5 IR OR, A B T (S IE K e 2k fL A5 5 o
IR BRI BNE S, B R RO o a0 SR
PR fE S, HikRA s t, EL Al
T R R AR 4% 1) 5% o

SYSCLK #it

SYSCLK 5| [l iy Hi £ 4% 8w 58 B 19 B30t 47 0 A
RFEHERFE1E 5 . AT 0 4078 BN 1 522048 XT3 40
BRI, 52 HN50%. AX5043_PINCFG
17351745 FISYSCLK[3:0)47 FH -8 B 2 A as 43 A b
Al 25 FSYSCLK i i

LH S (POR)FIRESET_NiiA

AX8052F14377 45 % VDD_101 25Uk (1 5 i a1
SR X TV 2 H WA, JoTR MR E A L .
SR, IR TCVRARIE VDD TORM, T2 U1 FH 413
SRS . AHREWAESR, 152 AX80528 H 18
M LHE.

EﬁfﬁtEﬂEﬁﬁE&E, B 2547 2 1 B v BRI
fH-

RESET N7 &55 EHiThRe. SR, #RZ1EWTE
AMd P RESET_N5| iE#: 2 VDD _10, DEHEF
ATEEME.

AX8052F143 i il ik A A7 . #4515 NPCONZF
1745 F ISWRESETAL, BIml szl a8 EA7. MKk
F1H05 NAX5043 PWRMODE % 17 %% H [URS T,
R AR ISR 38 A

L

BRI - 1ESHAXS5043 0N TSRS ¢ i HTCXO 1|
SN o
IRIhEERS BT L EE (WOR) 5

AX8052F 143U R A — N IFE R AR 1 58 2 HE Rl
W IR % A%« TEERAB T, R MR 640 Hz +
1.5%, {EPOEET, WPA10.2 kHz £1.5%.

VDDIO
PORTx.y >FD—F
DIRx.y . E 65 kQ
X

Special Function

PALTx.y
INTCHGx.y
Interrupt

PINX.y

PINx read clock

ANALOGKx.y

Figure 10. Port Pin Schematic

K105/~ T GPIOZ 4. DIRZAFEs 7 s 1 i 11 5]
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ULSRECE VT, PALT Y A7 430 ok 5 i 1 51 A2
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g%ﬂlﬂ'r%bfw, PORT %7 47 s A 44 k58 i 1 5] ) 5K 5
18

WREE AN, PORTE A7# A0 v € 2 Ji (1)
MR AEFH0) Ehr rBH . % N B A Tt 25 e ik o 2R RR 1
Ui AR N AT T % B ANALOGA %5 77 2 7 SR 25 H
25| B AR R NI, G SR 11 5] A R LS A
TIEHCE T 528 m T2 08, XaBhLgs e g

IR B R AL, S ITAL BRICT] AT s
il %% . INTCHGZF A7 a8 v] g s Wr . 5] B 25 77 85 07
ST vty 5 BRI PE . W SRS P AR LR R, SR
5 27 A7 28 2 5 AT A

PWRAMP 71 ANTSEL

W PALTRADION 2 N6+ K¥DIRBA. 1 N2, PB
2 FPWRAMPI e A2 Rl H . an 4K PALTRADIO
B N7 KEDIRBAL# A3, PB3_LHJANTSELIIRENR
ANET . G RIS ] R BT, AL 0 B
FHN FIDIRBAL, 17 E 4 AX5043_PINFUNCPWRAMP
8{AX5043 PINFUNCANTSEL NZ.
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Wk 2%

WSOR A AR B T B I L A AT A AR, T X S R A AR
B S 2 A ) B O X R A R . UAUR SR ATER R B i
H A 47100 FIFO. W H 4R FIFOIE A% FE (7] Jm )
Wil g5, BUdERH A —/1"DMAfGIE, EXRAMY
Wk #RFIFOZ (a4 S 20 -

RFSAZE =4 TR Y
RER AT RACE — N LERII G A, X
A R AEHE T SRR B8 S HEA R, LAIRTS BT R RFAT
R, A AR P S SRR T S Hz Ry 3R, LA
&5 - 50 usf PR e e, BARGR TR EGES
Be«“ ACHFPE” B 43 o PR A2 5 I 1) B R 25 R 33 J 3 A
POETIHRX/TX, IR INFE R AR BT
i F R NEAE, RESIRBGIRIERR A, TR
BUE, BURIEE DRSS .
AR NI B NI 75 AR
AT E A A e, T AR =R A&
1. Bshiafitl, & Ras IR e o, A shi
T P
2. TXHREAR AL, BN T /N B R A I B A
T 0 IR B AR 28300 kHZz A 1 MHZAR ) AH A
g
3. Y G DUIE BB % . X RSKRIMSKA:
B, BEORA AR T U8 S B TR

VCO

Fr EVCOT] 1 fap 22 FNER 68 30k 28 7= A2 14 2 1) B TR
Ao AR o R T R S R E . RTAE
AX5043_FREQ#F 785 A1 HzJ B K B ILAI R . Xt
F433 MHzJ B fE, 2% B AX5043_PLLVCODIV
ZA A7 25 FIRFDIVAL o

SEEEMAIVCO R 2514-7E800 — 1050 MHZF1400 —
520 MHz ARG Bl N IEAT . B 7E S 4F 51 IL1AIL2
2 VB FH A 2 A A F G, K R AT R Y e &2
54 — 525 MHz 127 — 262 MHz. N AN, 40
¥ AX5043_PLLVCODIV % 47 & H' [ VCO2INT Az Al
VCOSELA L2515 B N & -

g 4h, 8T AXS5043_PLLVCODIV %5 17 2% H [
VCO2INTHL % B N0, K VCOSELLL W & A1, LIEH
—NEEIMEVCO. WITEas 5 IL1FIL 2% A—"
RN FT R REFTUR P R 22 53T AL o AR e R i

A > AIAE 22 [BIFILTA R VCO KRR B - Bty
B | BAE PR R S0 — 1.8 V., BRI T {2t P
FLUFRRRL A © {6 524 B VCOBH A AN
FLRRAI PR VOO » JE i FE A IR A K -

VCO BB T

AX8052F143 H & 4L B H 3G M 15 Dh g, wILLEF
XPRFE IR T R R E, BZREEMKVCO
YWl — LA S AT )RS .l IR E AXS0
43 PLLRANGINGAH{AX5043 PLLRANGINGB# A7 %%
FHJRNG_STARTHZ, AIABNLDIRE . AL AT 3L, 0%
ANVEER A SRR R . W E AX5043_PLLRANGINGA
A2 RNG_START A i 15 AX5043_FREQA (1)
K, % EAX5043 PLLRANGINGBZF 17 28 H1 )
RNG_START 7] i %5 AX5043_FREQB AT i1 H .
RNGERR $87K~ F 230 [ i 75 & 75 1E#dT. VCOH
BYE T D REIE T 58 22 L VCO M AT AM T H
EIIVCO.

If B8 TR s B TR

AX8052F143 A i 5 i 8 #3150 B 5 L fer 2 HL U AL )
BB T AR TE . N RN E B g = T
B, "l A 2AXS5043_ PLLLOOPE{AX5043_PLL
LOOPBOOSTH FFLT[1:0]% & ; Ho 4 22 H i v] 15
A A% AX5043_PLLCPIE{AX5043_PLLCPIBOOSTH
[JPLLCPI[7:0]1 % & . & dsiy fi SR 50 — 500 kH
z, HAREHT AX5043_PLLLOOPE{AX5043 PLLLO
OPBOOST#® &, MAXFELELE, WS H: “AC
FEHE R4

AX8052F143 @i A F 77 i B : & ds 8 3,
S 5 17 25 AX5043_PLLLOOPBOOSTHIAX5043_
PLLCPIBOOST A ) i5¢ & % ] — B I ] (L BN [ W] 3¢
H), RJEHIEFEAXS5043 PLLLOOPAIAXS5043 PLL
CPLI Dy e W] SL B e PRI 1 B 3l I 3

WEFLT[1:0147 % & H00, AT Seit Py 5 25 B B8 3 2%
HVCO#E i B K 4t 22 51 JAIFILT () A58 2R DU 2=
o HEFFAE AL AR, DLSCI LA F P 0 2A B i U
AR AR E, VORI TAER R 5 58 24V COo
B A1
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Firas
Table 22. RF FREQUENCY GENERATION REGISTERS
Register Bits Purpose
AX5043 PLLLOOP FLT[1:0] [ Synthesizer loop filter bandwidth and selection of external loop filter, recommended usage is to
AX5043_PLLLOOPBOOST i;lgease the bandwidth for faster settling time, bandwidth increases of factor 2 and 5 are possi-
AX5043 PLLCPI Synthesizer charge pump current, recommended usage is to decrease the bandwidth (and
AX5043_PLLCPIBOOST improve the phase-noise) for low data-rate transmissions.
AX5043_PLLVCODIV REFDIV | Sets the synthesizer reference divider ratio.
RFDIV Sets the synthesizer output divider ratio.
VCOSEL | Selects either the internal or the external VCO
VCO2INT | Selects either the internal VCO inductor or an external inductor between pins L1 and L2
AX5043_FREQA, AX5043_FREQB Programming of the carrier frequency
AX5043_PLLRANGINGA, Initiate VCO auto-ranging and check results
AX5043_PLLRANGINGB

RF % \ A% HH 2% (ANTP/ANTN/ANTP1)
AX8052F 143 HL A P Fh = R & R 2

1. RXAITX 8 FH 245 5] BIANTPAIANTN.
RX/TX V) HrE N EBACEE . 48 F AR, DA
SEM A i Th AR s R, UK EEE
BEEERRL. BiEs HEILS.

2. RX{FH Z 5 K25 JIANTPAIANTN. TXA# H
B R LR 5] IANTP1. RX/TX V) HrE 44k
B, A HRX/TX V)4 5¢ Bl B 2 i B 58
RO . HEFEAS R S, DASEE 18 1
RS IhFE, R UCK AR S BN 7
AR B & .

ZAE 5 SNERPARC A A B, w51 TP B2 5K 4% il
AMERRX/TX V) e TF (A 1T) . 8 FH IS R 48 2 i
g 5| IPB3 SRz i A R 26 R (E19) . JH R 2R
GRS, o8 i AR A R B B, R e R
MRLIFERBA TS ESRER KL . TR
FEL 2 1) 2% 52 WK RSSIME 5 \FIFO. KR4Sz 58 4
Hahig 7.

LNA

LNAFTECR KR B REHI Z A RFE S, A5 5 %h
PASKZNT/QiR & &% . 7T 3 F AM S DL I I 28 5 R 2 BEL T 1
ZICHPL. BIIERLS R MDCHUILE 5 =
GND.

PA

FETXHEA N, PAREINZ = A1 R G0 1S S5t
ES NN R R NS T I i U e
AX5043_MODECFGAH [y TXDIFFA7 FITXSE L %
KL T

PA 41 Hi Th 2l 1t 75 77 #% AX5043_TXPWRCOEFFB
wHE.

PARE A 77 R A TR, LSRR S 2 .

i R B T B (R 5%), B A AT AR AXS043
MODECFGA  [fJ AMPLSHAPE {7 % £ It A i . PA
R RE AL (8] Jy 3 kAT 508, JF Horll i & A7 3
AX5043_MODECFGAH ff)SLOWRAMPf., # A1 -8
AL ] o

fi H Tl 2 DL U B AR T PATH] WL AR BEL A -

= IF 58N ES RS

BT IR 8 SR 25 AR 2% M\ BITFAE 5 3R B AL
PEOLIRE - W ZUHEAT Y B2 CAFF A 18 i WL ) DA S B4
Ko NEFPImFER T EBR BUE FFK,

{EIE eI e 14995 HZz %5221 kHz 7 58 .

AXSEMRadioLab %1 ] 15 SE B FE 14 RE BT 75 1 27
FERWE . TR T AT LA AR, FEEE
S AXS0439 FE T . —REAE SRR, 2T R
AT A7 2R A
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Table 23. CHANNEL FILTER AND DEMODULATOR REGISTERS

Register

Remarks

AX5043_DECIMATION

This register programs the bandwidth of the digital channel filter.

AX5043_RXDATARATE2... AX5043_RX-
DATARATEO

These registers specify the receiver bit rate, relative to the channel filter bandwidth.

AX5043_MAXDROFFSET2...
AX5043_MAXDROFFSETO

These registers specify the maximum possible data rate offset

AX5043_MAXRFOFFSET2... AX5043_MAXR-
FOFFSETO

These registers specify the maximum possible RF frequency offset

AX5043_TIMEGAIN, AX5043_DRGAIN

These registers specify the aggressiveness of the receiver bit timing recovery. More
aggressive settings allow the receiver to synchronize with shorter preambles, at the
expense of more timing jitter and thus a higher bit error rate at a given signal-to-noise
ratio.

AX5043_MODULATION

This register selects the modulation to be used by the transmitter and the receiver,
i.e. whether ASK, FSK should be used.

AX5043_PHASEGAIN, AX5043_FREQGAINA,
AX5043_FREQGAINB, AX5043_FREQGAINC,
AX5043_FREQGAIND, AX5043_AMPLGAIN

These registers control the bandwidth of the phase, frequency offset and amplitude
tracking loops.

AX5043_AGCGAIN

This register controls the AGC (automatic gain control) loop slopes, and thus the
speed of gain adjustments. The faster the bit-rate, the faster the AGC loop should be.

AX5043_TXRATE

These registers control the bit rate of the transmitter.

AX5043_FSKDEV

These registers control the frequency deviation of the transmitter in FSK mode. The
receiver does not explicitly need to know the frequency deviation, only the channel
filter bandwidth has to be set wide enough for the complete modulation to pass.

EoLEL

TR VAR RS STV (R R IR L ElIE T P B

EESTBUNY WP Wi AT
o ] AL

o HHUTZE M. X FIRAE BT TS AAL N AL 40,

RSP AR L3 .

o WIPAT AR Y . A A 1 ORI i) EDC
WA HBAT R e BB (M OFe 01, Bl
HHon0), (EfEREEAITERMKE DhRe IR TIE, |

S EAC LS

o T PATHIE BRIy AL IS B A R B AL i
KIDCA 7, B R 2 8 IO ARG IS, DASCHIL 1 2467
TR, IFR IR RVEDR A s, A B4
ARH L. RIS 5E R, BT
i S SR R . SRR T B [P AR AL

4% o

Tt 1) 2% 38 1 256byte FIFO5 41 i Bt 5 » FIFOHR
FREECHE UK He g B B3, [X b Sk K B DA K, 38k
R A R BE B AT S . X BT RE B AL S EE
Bli, B ERSSI. EAME . B (A .

AX8052F 1434, 2 —MNFIFO . HE48 T i 1) 2 & S A
AR, ATLAYI# I i 19 . FIFO AT 7E 48 1) 5
R IR AR TAE . fEAS R, flcds i 85 0 0
& B EXFIFOIR 75 25 A7 2 BRFIFOH B & 7 4%, LUK 2
FIFO & 15 75 B AR 55

i, $2LEMPTY. NOT EMPTY .
FULL. NOTFULLAIA] Zw A2 4 0 i R .l & B
Wrls IR, B 25 BIETHFIFO, SREfIA H T .

PR R AR d g8 L ak, Wi aRH A — A
DMAE B AL 55

TEUCR S FIFOFIXRAMAT fifi %5 2 [8] o 38 i X Fh 77
X, WAEXRAMP R EFZ KEHFX, HAALEK
XRAMZE A7 [X 3A i 8IS 25 A4 75 B g 47

i FH 75 17 %% AX5043_ENCODING X 4 ith 25 33k 17 4

i, FESCVERG MW, ES WAXS043%mFE Tt .

LA FIFIFO

N4 K 2 JOe 2 B AR SR e o AL B . 41
g BT A7 BT ORE TX L 0 B A O 3 R T A 4 A A
i, IR BRI & 0 RS 4 O £

ZH TR SR P AN ] (A
o Hif i
o JrlatR

HrE R

AX8052F 14352 (AN R F i A =0, X HEm Ak
KN, HEFEAE FTHDLC, X 2& AR T R &AL
HFEHLH] . AXS052F143 38 $ 11 [ 5 F i 0 K il 8
A, FHFTRREECOKE.

EHPE AR, " H3EHCRC, HDLCE A &
AX8052F 1431 £ ZAH ik =0 . 7E i X p
AX8052F 1434047 A sh B4l 0. 7o, FF il i 4l A FIES
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B TU AR RS (CRC) 7 Buker & A4 A I B VE (ML D g E LI Cigak ey (AP
k).
TR . HDLCHE A e 280 B 1 47 i (HDLC.
ISO 13239) 1%
Table 24. HDLC PACKET STRUCTURE
Flag Address Control Information FCS (Optional Flag)
8 bit 8 bit 8 or 16 bit Variable length, 0 or more bits in multiples of 8 16/ 32 bit 8 bit

HDLCH a8 i 9 RO TER bR E 751 52
1EAX8052F 1437, ik Az il it 2 L P 5 o
WURZ 36 F7 51 (FCS) F] 15 B NCRC-CCITT. CRC-165(C

RC-32.

Table 25. WIRELESS M-BUS PACKET STRUCTURE

BN B KB CRC, 1] MFIFOR R &8, CRCEM N
BB .
TeLeM-Busti X B A M TE L TR .
ER: TAM-BustisUEIHEN13757-4%51H

Preamble L Cc M A FCS

Optional Data Block

(optionally repeated with FCS) FCS

variable 8 bit 8 bit 8 bit 8 bit 16 bit

8 — 96 bit 16 bit

X TS UHDLCHEAE PA XA R ITC LM -Bus #4115
B, 153 AXSEM RadioLab®k {3 2 [ AX5043 40 F2
Fit.

[F15 18

EIEERE R, AX8052F143 AN HAT AT AT $idh A 57
s E . E HE R T R AL, KRR
RO RFHML, TR A . R s i &
TEFAF R PAT Z BRI

5 A LA VT E 1 5 aa 8 a0 5 TR AR A U L. (HTE I
B, Bl A BT SR, BRI R
0 ) FH 7 s A 0 B R (R T R ) o 4G I 38 BT B
Ja . B AT T A

INERERS YL IR R N

RX AGC #1 RSSI
AX8052F143 B4 = MU 2815 5 58 B 48 7~ 4%
(RSSI):
1. BUFIFEIE JE I %8 2 AT AURSST. 15 20 A8 4
A AEIFSED: 23 4 H HLF7E ADCAI R 1 25 1 AR

Table 26. MODULATIONS

JEHN . FFFE8AX5043_AGCCOUNTEREL %
AGCIHLLE, PTH/ERSSI. BERSSIFIGK N
0.625 dB. WERFIF LT R )5, BRI
FHZAH

2. WFIFEIE PRI AR Z JS IRSSL. 7 77 4%
AX5043_RSSIEL & A T FIFEIE IR 2R 2 J5
[URSSIHLLE . FERSSIFIZE KA1 dB.

3. E R LR IS B DB 45 S5 (FRSS. il 4%
EAEAXS5043_TRK_AMPLITUDERF 745 FR R {1t
TIEEE R, B4 A AX5043 AGCCOUNTE
RFIAX5043 TRK_AMPLITUDEZ /745, Wit
R HER (I T70.1 dB)RSSHE ,  HIX £ 54 1%
Pl g EA—Le B RIZH . AXSEM RadioLab
AP S R R T T I A AP AR W

AR
WG A s VB, W88 T OAPAT AL X AN -

Modulation Bit=0 Bit=1 Main Lobe Bandwidth Max. Bitrate
ASK PA off PA on BW = BITRATE 125 kBit/s
FSK/MSK/GFSK/GMSK | Af = —fqeviation Af = +fgeviation BW = (1 + h) -BITRATE 125 kBit/s
PSK AD =0° A® =180° BW = BITRATE 125 kBit/s

h=1AH a5 . BWESHESERNE: fieviation =
0.5-h- [LiE%, AX8052F143 0] fHh<32M{E 5 .

ASK =IEFE4t%

FSK =#lifs 8%

MSK= 5 /MR 845 ;. MSK 2 FSK ) — Fh 4% 2k 1%
\{l)_ﬁ’ /’E\:E'jh = 0 5’ LH:

faeviation = 0 25 - LLEER ;. SFSKA L, MSKIPIL#H
AT T AT T AR R AR 1

PSK = f 4%

B VR HI L (4-FSKRR AN R A 3k A T4
SEITE AT IR BT
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AT 61 I I #1] ((G)FSK . (G)MSK) 3t 47 4 I 4%
%, UMEPARIFFFIRIE. RIGZ)H FHIRIEETE .

Table 27. 4-FSK MODULATION

AX8052F143

AR B JE AT DL S il B (FSK, MSK) 8% i 7 %
(GMSK, GFSK), AJiE#BT = 0.38(BT = 0.5.

Modulation DiBit = 00 DiBit = 01 DiBit = 11 DiBit = 10 Main Lobe Bandwidth Max. Bitrate
4-FSK Af = -3fgeviation Af = —fgeviation Af = +fgeviation Af = +3fgeviation BW = (1 + 3 h) -BITRATE 125 kBit/s
4-FSKM R B IR LRI Af = AX5043 TRKRFFREQ .
= XTAL

BahsiiEEH| (AFC)

AX8052F143 B 4 H sh R IR BN IS, REUE (ERXE
T ARy O N BR R R BT AR R . AX8052F143 L
— AR PR P A7 28 AX5043 TRKRFFREQ, 1K
BB R 5 S RE . X TAFCHTT, w{HH

RN SR EX v

Table 28. PWRMODE REGISTER

232

PWRMODE & 7578%

AX8052F 1430 & #% F A7 M7 R FETh e, AN
PG ES RO . B R T ) 2 R AR O I PCON 77 /7
e, {HAX5043 PWRMODER 17 8 #5452 il iz 471k
R B 4y

AX5043_PWRMODE
Register

Name

Description

0000

POWERDOWN

All digital and analog functions, except the register file, are disabled. The core supply volt-
ages are switched off to conserve leakage power. Register contents are preserved.
Access to the FIFO is not possible and the contents are not preserved. POWERDOWN
mode is only entered once the FIFO is empty.

0001 D

EEPSLEEP

The transceiver is fully turned off. All digital and analog functions are disabled. All register
contents are lost.

To leave DEEPSLEEP mode the pin SEL has to be pulled low. This will initiate startup and
reset of the transceiver. Then the MISO line should be polled, as it will be held low during
initialization and will rise to high at the end of the initialization, when the chip becomes
ready for operation.

It is recommended to use the functions ax5043_enter_deepsleep() and ax5043_wake-
up_deepsleep() provided in libmf

0101

STANDBY

The crystal oscillator and the reference are powered on; receiver and transmitter are off.
Register contents are preserved and accessible.

Access to the FIFO is not possible and the contents are not preserved. STANDBY is only
entered once the FIFO is empty.

0110

FIFO

The reference is powered on. Register contents are preserved and accessible.
Access to the FIFO is possible and the contents are preserved.

1000

SYNTHRX

The synthesizer is running on the receive frequency. Transmitter and receiver are still off.
This mode is used to let the synthesizer settle on the correct frequency for receive.

1001

FULLRX

Synthesizer and receiver are running.

1011

WOR

Receiver wakeup-on-radio mode.
The mode the same as POWERDOWN, but the 640 Hz internal low power oscillator is
running.

1100

SYNTHTX

The synthesizer is running on the transmit frequency. Transmitter and receiver are still off.
This mode is used to let the synthesizer settle on the correct frequency for transmit.

1101

FULLTX

Synthesizer and transmitter are running. Do not switch into this mode before the synthesiz-
er has completely settled on the transmit frequency (in SYNTHTX mode), otherwise spuri-
ous spectral transmissions will occur.

Table 29. A TYPICAL AX5043_PWRMODE SEQUENCE FOR A TRANSMIT SESSION

Step PWRMODE Remarks
1 POWERDOWN
2 STANDBY The settling time is dominated by the crystal used, typical value 3ms.
3 FULLTX Data transmission
4 POWERDOWN
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Table 30. A TYPICAL AX5043_PWRMODE SEQUENCE FOR A RECEIVE SESSION

Step PWRMODE [3:0] Remarks
1 POWERDOWN
2 STANDBY The settling time is dominated by the crystal used, typical value 3ms.
3 FULLRX Data reception
4 POWERDOWN
BEETIRE

AXB052F143W0 R #3388 47 (1 % A B R &
4i, NFHIEVDD_IOMN A LS 52 AR @ 1 f s el
JE. #eF 5 MyOH- VDD _IO.

5IIVDD_ANAHR T 1 _EPAFT F HLE R SN0 fAEAE o

HLER R R G0 A e B ONIE SRS, A E A
BRI B R R . I AX5043 PWRMODEZ 17 2%
wE AR, AR ERRE.
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Figure 11. Typical Application Diagram with Connection to the Debug Adapter
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X FEHSXLTIBIS68 | 433 MHz RX | TXi517), T
550 QLA

—cct i CF
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LF equipment or antenna
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T CA B
| | —

— CC2 cmM2 —— LB2

Optional filter stage
to suppress TX
harmonics

Figure 12. Structure of the Differential Antenna Interface for TX/RX Operation to 50 Q Single-ended Equipment or

Antenna
Table 31. TYPICAL COMPONENT VALUES
CF LF CA
LC1,2 |CcC1,2 [ CT1,2 | LT1,2 | CM1 | CM2 | LB1,2 | CB2 [PF] [nH] [PF]
Frequency Band [nH] [pF] [pF] [nH] [pF] [pF] [nH] [pF] | optional | optional | optional
868 /915 MHz 18 nc 2.7 18 6.2 3.6 12 2.7 nc 0Q nc
433 MHz 100 nc 4.3 43 11 5.6 27 5.1 nc 0Q nc
470 MHz 100 nc 3.9 33 4.7 nc 22 4.7 nc 0Q nc
169 MHz 150 10 10 120 12 nc 68 12 6.8 30 27

X F B im X4 5/BI868 | 915 | 433 MHz TX1517), T

550 QFE0A
CF1
IC Antenna
Pin LT
50 Q single-ended
equipment or antenna
LF1
“fear Jea2

Figure 13. Structure of the Single-ended Antenna Interface for TX Operation to 50 Q Single-ended Equipment or

Antenna
Table 32. TYPICAL COMPONENT VALUES
Frequency Band LC [nH] | CC [pF] | CT [pF] | LT [nH] | CF1 [pF] | LF1 [nH] | CA1 [pF] | CA2 [pF]
868 /915 MHz 18 nc 2.7 18 3.6 2.2 3.6 nc
433 MHz 100 nc 4.3 43 6.8 4.7 5.6 nc
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50 QHE0H
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Pin LT | | | |
50 Q single-ended
equipment or antenna
LF1 LF2
" et [ caz " cas

Figure 14. Structure of the Single-ended Antenna Interface for TX Operation to 50 Q Single-ended Equipment or

Antenna
Table 33. TYPICAL COMPONENT VALUES
LC CcC CT LT CF1 LF1 CF2 LF2 CA1 CA2 CA3
Frequency Band [nH] [PF] [PF] [nH] [PF] [nH] [PF] [nH] [pF] [PF] [pF]
169 MHz 150 2.2 22 120 47 39 1.8 47 33 47 15
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J E— VDD_ANA PB4 (——
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x
-_ -
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T 9o g R REEERE

[ ]

Figure 15. Typical Application Diagram with Dipole Antenna and Internal TX/RX Switch
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Figure 16. Typical Application Diagram with Single-ended Antenna and Internal TX/RX Switch
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Figure 17. Typical Application Diagram with Single-ended Antenna, External PA and External Antenna Switch
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Figure 18. Typical Application Diagram with Single-ended Antenna, Single-ended Internal PA,
without RX/TX Switch
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Figure 19. Typical Application Diagram with Two Single-ended Antenna and External Antenna Switch
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Figure 20. Typical Application Diagram with External VCO Inductor
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Figure 21. Typical Application Diagram with External VCO

www.onsemi.cn
40


http://www.onsemi.cn/

AX8052F143

EHTCX0

PB2

ENTcxo | C1-TXO

Toxo
C2_TCXO:|: _*

: N

o

CLK16P
CLK16N ——
TST1
TST2
VDD_IO
PA5 —
PA4 —
PA3 |—
PA2 |—
PA1 |—
PAO |—
VDD_IO

[ voD_ANA GND

GND RESET_N
L —o—] I—l— ANTP DBG_EN
—— ANTN PB7

AX8052F143

— ANTP1 PB6
GND PB5

T { vop Ana PB4

GND PB3

— FILT
L2
L1
— SYSCLK
— PC4
— PC3
— PC2
— PC1
—1 PCO
—— PBO
—1 PB1

¢——— PB2

i

Figure 22. Typical Application Diagram with a TCXO
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QFN4OHRER
2 SMZQFN4O 5 X 7 mm
4X
A Joaa]C]
D >—a]  [3]
l-a.soo-—l
L Z ccc|C|
(=)
e oN . o __o
5 o g ;é Sleeel]
}_ AX8052F143-V ¥ DETALL A M
=Y @seaTING PLANE
AWLYYWW SCALE. 104
INDEX MARK
#0.80LaseresD
I0P VIEW
DETAIL A
|
DETAIL B
SIDE VIEW
@ 40X
d _bebo
| [#ladd)
a - INDEX MARK
€0.35 Ref
- mn Re XPOSED DIE PAD
- BOTTOM VIEW
DETAIL B
SCALE 301
DIMENSIONAL REFERENCES ___ Unitsi mm Units: mm
REF. Min. Nom. Max. REF. TOLERANCE OF FORM
A 080 | 090 | 1.00 AND POSITION
Al 0 002 | 005 ooa 015
A3 0.20 Ref bbb 0.10
D 7.00 BSC ccc 0.10
DI 5.50_BSC ddd 005
E 5.00_BSC eee 0.08
El 3.50 BSC
e 0.50 BSC nits: mm
ZD 0.75 BSC
ZE 075 BSC LF REF#  [Symbol Min | Nom | Max

b 018 | 025 | 0.30
L 0.30 | 0.40 | 0.50
D2 | 530 | 5.40 | 550
E2 | 3.30 [ 3.40 | 350

FR9020

NOTES:

1. ‘e’ represents the basic terminal pitch

2. Datum ‘C’ is the mounting surface with which the package is in contact.

3. ‘3 specifies the vertical shift of the flat part of each terminal from the mounting surface.

4. Dimension ‘A’ includes package warpage.

5. Dimension ‘b’ applies to the metallised terminal and is measured between 0.15 to 0.30 mm from the terminal tip. If the terminal
has the optional radius on the other end of the terminal, the dimension ‘b’ should not be measured in the radius are

6. Package dimension take reference from JEDEC MO-220

7. AWLYYWW is the packaging lot code

8. V is the device version

9. RoHS

Figure 23. Package Outline QFN40 5 x 7 mm
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Time
Figure 24. QFN40 Soldering Profile
Table 34.
Profile Feature Pb-Free Process
Average Ramp-Up Rate 3°C/s max.
Preheat Preheat
Temperature Min TsmiN 150°C
Temperature Max Tsmax 200°C
Time (Tsmin to Tsmax) ts 60 — 180 sec
Time 25°C to Peak Temperature Tos5°C to Peak 8 min max.
Reflow Phase
Liquidus Temperature T 217°C
Time over Liquidus Temperature L 60—-150s
Peak Temperature tp 260°C
Time within 5°C of actual Peak Temperature Tp 20-40s
Cooling Phase
Ramp-down rate 6°C/s max.

1. All temperatures refer to the top side of the package, measured on the the package body surface.
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ped < SOLDER WASK OPENNG C = Clearance from PCB land edge to solder mask opening to be as tight as possible

== to ensure that some solder mask remains between PCB pads.
= = - D = PCB land length = QFN solder pad length + 0.1 mm
-— == E = PCB land width = QFN solder pad width + 0.1 mm
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Figure 25. PCB Land and Solder Mask Recommendations
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Figure 26. Solder Paste Application on Exposed Pad
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Minimum 50% coverage 62% coverage Maximum 80% coverage

Figure 27. Solder Paste Application on Pins

Table 35. DEVICE VERSIONS

Device Marking AX8052 Version AX5043 Version
AX8052F143-1 1 1
AX8052F143-2 1C 1
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