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1. Overview

1.1. Features

SoC Ultra-low power RF-microcontroller
for wireless communication applications

¢ QFN40 package

e Supply range 2.2V - 3.6V (1.8V MCU)

e -40°C to 85°C

¢ Ultra-low power consumption:

(0]

(0]

CPU active mode 150 pA/MHz

Sleep mode with 256 Byte
RAM retention and wake-up
timer running 900 nA

Sleep mode 4 kByte RAM
retention and wake-up timer
running 1.9 pA

Sleep mode 8 kByte RAM
retention and wake-up timer
running 2.6 pA

Radio TX-mode 22 mA at 10
dBm output power

e AX8052 features

(0]

Ultra-low power MCU core
compatible with industry
standard 8052 instruction set

Down to 250 nA wake-up
current

1 cycle/instruction for many
instructions

64 kByte in-system
programmable FLASH

Code protection lock
8.25 kByte SRAM

3-wire (1 dedicated, 2
shared) in-circuit debug
interface

3 16-bit timers with ZA output
capability

2 16-bit wakeup timers

2 input captures

2 output compares with PWM
capability

10-bit 500 ksample/s analog-
to-digital converter

Temperature sensor
2 analog comparators
2 UARTs

1 general purpose
master/slave SPI

2 channel DMA controller

Multi-megabit/s AES
encryption/decryption engine
with True Random Number
Generator (TRNG), supports
AES-128, AES-192 and AES-
256*

Ultra-low power 10 kHz/640
Hz wakeup oscillator, with
automatic calibration against
a precise clock

Internal 20 MHz RC oscillator,
with automatic calibration
against a precise clock for
flexible system clocking

Low frequency tuning fork
crystal oscillator for accurate
low power time keeping

Brown-out and power-on-
reset detection

¢ High-performance RF transmitter
compatible to AX5031

(0]

400-470 MHz and 800-940
MHz SRD bands

-5 dBm to +15 dBm
programmable output

13 mA @ O dBm, 868 MHz
22 mA @ 10 dBm, 868 MHz
44 mA @ 15 dBm, 868 MHz

Wide variety of shaped
modulations supported (ASK,

1 The AES engine and the TRNG require software
enabling and support.
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PSK, OQPSK, MSK, FSK, GFSK,
4-FSK)

o Flexible shaping for the
modulations

o Data rates
1 to 350 kbps for FSK, MSK
1 to 2000 kbps for ASK
10 to 2000 kbps for PSK

o Fully integrated RF frequency
synthesizer with ultra-fast
settling time for low-power
consumption

0 RF carrier frequency and FSK
deviation programmable in 1
Hz steps

0 802.15.4 compatible
o Few external components

o0 Channel hopping up to 2000
hops/s

0o Upto+16 dBm at 433 MHz
programmable transmitter
power amplifier for long
range operation

ON Semiconductor®

0 Crystal oscillator with
programmable
transconductance and
programmable internal tuning
capacitors for low cost
crystals

o Differential antenna pins
o Dual frequency registers

o Internally generated coding
for forward Viterbi error
correction

o Software compatible to
AX5031

1.2. Applications

400-470 MHz and 800-940 MHz data
transmission in the Short Range Devices

(SRD) band. e Automatic meter reading

Suited for systems targeting compliance
to EN 300 220 wide band, FCC part
15.247 and FCC part 15.249

Suited for systems targeting compliance
with Wireless M-Bus S/T Mode

802.15.4 compatible

Telemetric applications, sensor readout
Toys

Wireless audio

Automatic meter reading

Wwww.onsemi.com

Wireless networks

Remote keyless entry

Access control

Garage door openers

Home automation

Pointing devices and keyboards
Active RFID
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. Block Diagram
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Figure 1 Functional block diagram of the AX8052F131

Www.onsemi.com AX8052F131



m Pin Function Descriptions ON Semiconductor®
3. Pin Function Descriptions

Symbol Pin(s) Type Description

CLK16P 1 A Crystal oscillator input/output (RF reference)

CLK16N 2 A Crystal oscillator input/output (RF reference)

VDDA 3 P Power supply, must be supplied with regulated voltage
VREG

GND 4 P Ground

ANTP 5 A Antenna output

ANTN 6 A Antenna output

GND 7 P Ground

VDDA 8 P Power supply, must be supplied with regulated voltage
VREG

SYSCLK 9 1/0/PU Must be connected to SYSCLK at pin 13

T1 10 1/0/PU Must be connected to T1 at pin 12

T2 11 1/0/PU Must be left unconnected

T1 12 1/0/PU Must be connected to T1 at pin 10

SYSCLK 13 1/0/PU Must be connected to SYSCLK at pin 9

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 10, DBG_DATA

PB7 25 1/0/PU General Purpose 10, DBG_CLK

DBG_EN 26 1/PD In-Circuit Debugger Enable

RESET_N 27 1/PU Optional reset pin
If this pin is not used it must be connected to VDD_IO

GND 28 P Ground

VDD_10 29 P Unregulated power supply (battery input)

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

PAG6 36 1/0/A/PU | General Purpose 10

PA7 37 1/0/A/PU | General Purpose 10

www.onsemi.com AX8052F131
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Pin Function Descriptions _

Symbol Pin(s) Type Description

PC7 38 1/0/PU General Purpose 10

VREG 39 P Regulated output voltage
VDDA pins must be connected to this supply voltage
A 1pF low ESR capacitor to GND must be connected to
this pin

GND 40 P Ground

GND Center pad P Ground on center pad of QFN, must be connected

A = analog signal I/0 = digital input/output signal

I = digital input signal N = not to be connected

O = digital output signal P = power or ground

PU= pull-up PD = pull-down

All digital inputs are Schmitt trigger inputs, digital input and output levels are LVCMOS/LVTTL
compatible. Port A Pins (PAO - PA7) must not be driven above VDD_10, all other digital inputs are
5V tolerant. Pull-ups are programmable for all GPIO pins.

3.1. Alternate Pin Functions

GPIO Pins are shared with dedicated Input/Output signals of on-chip peripherals. The following

table lists the available functions on each GPIO pin.

GPIO Alternate Functions
PAO TOOUT IC1 ADCO
PA1 TOCLK OC1 ADC1
PA2 oco U1RX ADC2 COMPIOO
PA3 T10UT ADC3 LPXTALP
PA4 T1CLK COMPOO ADC4 LPXTALN
PAS 1CO UlTx ADC5 COMPI10
PAG6 T20UT ADCTRIG ADC6 COMPIO1
PA7 T2CLK COMPO1 ADC7 COMPI11
PBO ulTXx IC1 EXTIRQO
PB1 U1RX OC1
PB2 1CO T20UT
PB3 oco T2CLK EXTIRQ1 DSWAKE
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
PC7 RPWRUP

www.onsemi.com AX8052F131
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Pinout Drawing
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Figure 2 Pinout drawing (Top view)
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Specifications
4. Specifications

4.1. Absolute Maximum Ratings

Stresses above those listed under Absolute Maximum Ratings may cause permanent damage to
the device.

This is a stress rating only; functional operation of the device at these or any other conditions
above those listed in the operational sections of this specification is not implied.

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

SYMBOL DESCRIPTION CONDITION MIN MAX UNIT
VDD_IO Supply voltage -0.5 55 \%
IDD Supply current 100 mA
Prot Total power consumption 800 mw
DC current into any pin
ha except ANTP, ANTN 10 10 mA
DC current into pins ANTP,
liz ANTN -100 100 mA
lo Output Current 40 mA
Ir.lput voltage ANTP, ANTN 05 5.5 Y
Via pins
Input voltage digital pins -0.5 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

Www.onsemi.com AX8052F131
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4.2. DC Characteristics

Supplies
SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
Tamvs Operational ambient temperature -40 27 85 °C
VDD 10 1/0 and voltage regulator supply TX operation 2.2 3.0 3.6
- voltage Transmitter switched off 1.8 3.0 3.6
VDDio_r1 1/0 voltage ramp for reset Ramp starts at VDD_IO<0.1V 0.1 V/ms
- activation; Note 1
1/0 volt fi t
VDDio ro ' voltage ramp for rese Ramp starts at 0.1V<VDD_I0<0.7V | 3.3 V/ms
- activation; Note 1
Power-down mode 1.7 v
VREG Internally regulated analog AX5031_PWRMODE=0x00 .
supply voltage
All other power modes 2.1 2.5 2.8 \%
IpeepsLEEP Deep Sleep current 250 nA
| t, 256 Bytes RAM . .
IsLeer2s6PIN ee_p current, ytes Wakeup from dedicated pin 700 nA
retained
Sleep current, 256 Bytes RAM . .
Isieep2se retained Wakeup Timer running at 640Hz 1.1 HA
Sl t, 4.25 kBytes RAM . .
IsLeEPak ee.p current, yies Wakeup Timer running at 640Hz 1.7 HA
retained
Sl t, 8.25 kBytes RAM . .
IsLeepsk ee.p current, ytes Wakeup Timer running at 640Hz 2.4 HA
retained
868 MHz, 15 dBm 22
868 MHz, 0 dBm 13
Current consumption TX for
I maximum power with default 868 MHz, 15 dBm 45 mA
™ matching network at 3.3V 433 MHz, 10 dBm 22
VDD_ 10, note 2
433 MHz, 0 dBm 13
433 MHz, 15 dBm 45
Variation of output power over +/-
> 2. ,
TXvarvdd voltage VDD_IO > 2.5V, note 2 0.5 dB
Variati f output +/-
TXvartemp ariation of output power over VDD_IO > 2.5V, note 2 dB
temperature 0.5
Mi troll i ) ) A/
Ivcu lerocon '_‘O er running power All peripherals disabled 150 H
consumption MHz
lysup Voltage supervisor Run and standby mode 85 HA
Crystal oscillator current
| . 16 MH 160 A
XTALOSC (RF reference oscillator) z H
LexraLose Low frequency crystal oscillator 32 KHz 200 nA
current
Ircosc Internal oscillator current 20 MHz 210 HA
| Internal Low Power Oscillator 10 kHz 650 nA
LPOSC
current 640 Hz 210 nA
lapc ADC current 311 kSample/s, DMA 5 MHz 1.1 mA
Notes:
1. If VDD_10 ramps cannot be guaranteed, an external reset circuit is recommended, see the AX8052 Application Note: Power On Reset

2. The PA voltage is regulated to 2.5 V. For VDD_1O levels in the range of 2.2 V to 2.55 V the output power drops by typically 1 dBm.

www.onsemi.com AX8052F131
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Note on current consumption in TX mode

Specifications

To achieve best output power the matching network has to be optimized for the desired output
power and frequency. As a rule of thumb a good matching network produces about 50% efficiency
with the AX8052F131 power amplifier although over 90% are theoretically possible. A typical
matching network has between 1 dB and 2 dB loss (Pgss)-

The current consumption can be calculated as

ITX[mA]:1/PAefficiency*1oA((Pout[dBm]+Ploss[dB])/1o)/2-5V+|0ffset

lostset 1S @bout 12 mA for the VCO at 400-470 MHz and 11 mA for 800-940 MHz. The following table
shows calculated current consumptions versus output power for Pioss = 1 dB, PAgsficiency = 0.5 and

lotiset= 11 MA at 868 MHz

Pout [dBm] I [mA]
0 13.0
1 13.2
2 13.6
3 14.0
4 14.5
5 15.1
6 16.0
7 17.0
8 18.3
9 20.0
10 22.0
11 24.6
12 27.96
13 32.1
14 37.3
15 43.8

The AX8052F131 power amplifier runs from the regulated VDD supply and not directly from the
battery. This has the advantage that the current and output power do not vary much over supply
voltage and temperature from 2.55 V to 3.6 V supply voltage. Between 2.55 V and 2.2 V a drop of

about 1 dB in output power occurs.

Www.onsemi.com
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Logic
SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
DIGITAL INPUTS
Voo Schmitt trlgger low to high 1.55 Y
threshold point
Schmitt trigger high to low
Vr- threshold point VDD_IO = 3.3V 1.25 v
Vi Input voltage, low 0.8 \%
Vi Input voltage, high 2.0 \%
Viea Input voltage range, Port A -0.5 VDD_I0O \%
Viesc Input voltage range, Ports B, C -0.5 55 \%
I Input leakage current -10 10 HA
P ble Pull-U
Reu rogramma e Pull-Up 65 KO
Resistance
DIGITAL OUTPUTS
lon P[ABC]x Output Current, high Von= 2.4V 8 mA
loL P[ABC]x Output Current, low Vo= 0.4V 8 mA
lproH SYSCLK Output Current, high Von= 2.4V 8 mA
lproL SYSCLK Output Current, low Vo= 0.4V 8 mA
loz Tri-state output leakage current -10 10 HA

www.onsemi.com AX8052F131
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Specifications

4.3. AC Characteristics

Crystal Oscillator (RF reference oscillator)

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
fxraL Crystal frequency Note 1, 3 15.5 16 25 MHz
AX5031_XTALOSCGM=0000 1
AX5031_XTALOSCGM=0001 2
AX5031_XTALOSCGM =0010 3
default
AX5031_XTALOSCGM =0011 4
AX5031_XTALOSCGM =0100
AX5031_XTALOSCGM =0101 6
AX5031_XTALOSCGM =0110 6.5
IMose Transconductance AX5031_XTALOSCGM =0111 7 ms
oscillator
AX5031_XTALOSCGM =1000 7.5
AX5031_XTALOSCGM =1001 8
AX5031_XTALOSCGM =1010 8.5
AX5031_XTALOSCGM =1011 9
AX5031_XTALOSCGM =1100 9.5
AX5031_XTALOSCGM =1101 10
AX5031_XTALOSCGM =1110 10.5
AX5031_XTALOSCGM =1111 11
Programmable AX5031_XTALCAP=000000 5 .
c tuning capacitors at | default P
ose pins CLK16N and
CLK16P AX5031_XTALCAP=111111 33 pF
Programmable
tuning capacitors,
Coscrso increment per LSB 0-5 PF
of AX5031_XTALCAP
External clock input
fex Note 2, 3 15.5 16 25 MHz
¢ (TCXO)
Oscillator amplitude
Aose at pin CLK16P 0-5 v
RINosc Input DC impedance 10 kQ
Notes
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 AX5031_TRKFREQ
2. If an external clock is used, it should be input via an AC coupling at pin CLK16P with the oscillator powered up and
AX5031_XTALCAP=000000
3. Lower frequencies than 15.5 MHz or higher frequencies than 25 MHz can be used. However not all typical RF frequencies can than be
generated.
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RF Frequency Generation Subsystem (Synthesizer)

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT

16
frer Reference frequency Note 1 24 MHz

frange hi BANDSEL=0 800 940
— Frequency range MHz
frangeﬁlow BANDSEL=1 400 470

freso Frequency resolution 1 Hz

Loop filter configuration:
FLT=01

BW; 100
Charge pump current:

PLLCPI=010

Loop filter configuration:
BW, . FLT=01 50
Synthesizer loop Charge pump current:

bandwidth PLLCPI=001

Loop filter configuration:

VCO current: VCOI=001 | FLT=11
BW; Y 200
Charge pump current:

PLLCPI=010

Loop filter configuration:

FLT=10

BW, 500
Charge pump current:

PLLCPI1=010

Loop filter configuration:
FLT=01

Tsetl . 15
Charge pump current:

PLLCPI=010

kHz

Loop filter configuration:
FLT=01

Tsetz . . . . 30
Synthesizer settling time Charge pump current:

for 1MHz step PLLCPI=001

Loop filter configuration:
VCO current: VCO_I1=001 FLT=11

Tsets . 7
Charge pump current:

PLLCPI=010

Loop filter configuration:
T FLT=10 3
sett Charge pump current:

PLLCPI=010

Loop filter configuration:

Terares FLT=01 o5

Charge pump current:

. . PLLCPI=010

Synthesizer start-up time - - -
Loop filter configuration:

if crystal oscillator and
FLT=01

Tstart2 reference are running 50 us
Charge pump current:

PLLCPI=001

us

VCO current: VCO_1=001

Loop filter configuration:
FLT=11

T 12
star3 Charge pump current:

PLLCPI=010

www.onsemi.com AX8052F131



ON Semiconductor®

Specifications

Loop filter configuration:
T FLT=10 5
startd Charge pump current:
PLLCPI=010
868 MHz, 50 kHz from carrier -85
868 MHz, 100 kHz from 90
carrier
PN868;
Synthesizer phase noise 868 MHz, 300 kHz from -100
Loop filter configuration: carrier
ELT=01 868 MHz, 2 MHz from carrier -110 dBe/H
c/Hz
Charge pump current: 433 MHz, 50 kHz from carrier -90
PLLCPI=010 433 MHz, 100 kHz from o5
VCO current: VCO_I1=001 carrier
PN433, 433 MHz, 300 kHz f
. z, z from 105
carrier
433 MHz, 2 MHz from carrier -115
868 MHz, 50 kHz from carrier -80
868 MHz, 100 kHz from 90
carrier
PN868,
Synthesizer phase noise 868_MHZ’ 300 kHz from -105
Loop filter configuration: carrer
FLT=01 868 MHz, 2 MHz from carrier -115 dBe/H
c/Hz
Charge pump current: 433 MHz, 50 kHz from carrier -90
PLLCPI=001 433 MHz, 100 kHz from o5
VCO current: VCO_I1=001 carrier
PN433: 433 MHz, 300 kHz f
. z, z from 110
carrier
433 MHz, 2 MHz from carrier -122
Notes:
1. ASK, PSK and 1-200 kbps FSK with 16 MHz crystal, 200-350 kbps FSK with 24 MHz crystal
Www.onsemi.com AX8052F131
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Transmitter

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
ASK 1 2000
PSK 10 2000
FSK, note 2 1 350
SBR Signal bit rate 802.15.4 (DSSS) L 20 kbps
ASK and PSK
802.15.4 (DSSS)
FSK 1 16
Transmitter power
PTXges TXRNG=1111 15 dBm
@868 MHz
Transmitter power
PTX433 TXRNG=1111 16 dBm
@433 MHz
PTXgss.harm2 | Emission @ 2" harmonic -50
Note 1 dBc
PTXgss-narms | Emission @ 3™ harmonic -55
Notes
1. Additional low-pass filtering was applied to the antenna interface, see applications section.

2. 1-200 kbps with a 16 MHz crystal, 200-350 kbps with a 24 MHz crystal

www.onsemi.com AX8052F131
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Low Frequency Crystal Oscillator

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
fipxTaL Crystal frequency 32 150 kHz
LPXOSCGM=00110 3.5
LPXOSCGM=01000 4.6
IMipxosc Transconductance oscillator uS
LPXOSCGM=01100 6.9
LPXOSCGM=10000 9.1
RINipxosc Input DC impedance 10 MQ

Internal Low Power Oscillator

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT

LPOSCFAST=0
Factory calibration
applied.

Over the full
voltage and
temperature range

630 640 650 Hz

fLrosc Oscillation Frequency
LPOSCFAST=1

Factory calibration
applied.

Over the full
voltage and
temperature range

10.08 10.24 10.39 kHz

Internal RC Oscillator

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT

Factory calibration
applied.

Fercosc Oscillation Frequency Over the full 19.8 20 20.2 MHz
temperature and
voltage range
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SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
TsyscikL SYSCLK Low 27 ns
TsvscLkH SYSCLK ngh 21 ns
TsyscLkp SYSCLK Period 47 ns
Tewr FLASH Write Time 2 Bytes 20 us
Trre FLASH Page Erase 1 kBytes 2 ms
Tee FLASH Secure Erase 64 kBytes 10 ms
TrLenD FLASH Endurance: Erase Cycles 10’000 100’000 Cycles
25°C
See Figure 3
for the lower
Tererroom limit set by the 100
memory
qualification
FLASH Data Retention Years
85°C
See Figure 3
for the lower
T 10
FLREThot limit set by the
memory
qualification
100000
o
-
$ 10000 \
b 3
>
o \
E \
-
c 1000
o
0 3
-
o
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o 100
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©
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Temperature [°C]
Figure 3 FLASH memory qualification limit for data retention after 10k erase cycles
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ADC / Comparator / Temperature Sensor

Specifications

SYMBOL DESCRIPTION CONDITION MIN TYP MAX UNIT
ADCSR ADC sampling rate GPADC mode 30 500 kHz
ADCSR_T ADC sampling rate temperature 10 15.6 30 kHz
sensor mode
ADCRES ADC resolution 10 Bits
V ADCREF ADC reference voltage & comparator 0.95 1 1.05 \%
internal reference voltage
Zapcoo 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
Vags_piFe Absolute voltages & common mode 0 VDD_IO \Y
voltage in differential mode at each
input
VEs pirro1 Full swing input for differential Gain x1 -500 500 mV
VEs_piFF10 signals Gain x10 -50 50 mVv
ADC in Single Ended Mode
Vmip_se Mid code input voltage in single 0.5 \%
ended mode
Vn_seoo Input voltage in single ended mode 0 VDD_IO Y
Ves_seor Full swing input for single ended Gain x1 0 1
signals
Comparators
Vcomp_ass Comparator absolute input voltage 0 VDD_IO
Vcomp_com Comparator input common mode 0 VDD_I10- Y
0.8
Vcomporr 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 -2 +2 °C
calibration
applied
www.onsemi.com AX8052F131
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5. Circuit Description

The AX8052F131 is a single chip ultra-low-power RF-microcontroller SoC primarily for use in SRD
bands. The on-chip transmitter consists of a fully integrated RF front-end with modulator, and
demodulator. Base band data processing is implemented in an advanced and flexible
communication controller that enables user friendly communication.

The AX8052F131 contains a high speed microcontroller compatible to the industry standard 8052
instruction set. It contains 64 kBytes of FLASH and 8.25 kBytes of internal SRAM.

The AX8052F131 features 3 16-bit general purpose timers with A capability, 2 output compare
units for generating PWM signals, 2 input compare units to record timings of external signals, 2
16-bit wakeup timers, a watchdog timer, 2 UARTs, a Master/Slave SPI controller, a 10-bit 500
kSample/s A/D converter, 2 analog comparators, a temperature sensor, a 2 channel DMA
controller, and a dedicated AES crypto controller. Debugging is aided by a dedicated hardware
debug interface controller that connects using a 3-wire protocol (1 dedicated wire, 2 shared with
GPIO) to the PC hosting the debug software.

While the radio carrier can only be clocked by the crystal oscillator (carrier stability requirements
dictate a high stability reference clock in the MHz range), the microcontroller and its peripherals
provide extremely flexible clocking options. The system clock that clocks the microcontroller, as
well as peripheral clocks, can be selected from one of the following clock sources: the crystal
oscillator, an internal high speed 20 MHz oscillator, an internal low speed 640 Hz/10 kHz oscillator,
or the low frequency crystal oscillator. Prescalers offer additional flexibility with their
programmable divide by a power of two capability. To improve the accuracy of the internal
oscillators, both oscillators may be slaved to the crystal oscillator.

AX8052F131 can be operated from a 2.2 V to 3.6 V power supply over a temperature range of
—40°C to 85°C, it consumes 11 - 45 mA for transmitting, depending on the output power.

The AX8052F131 features make it an ideal interface for integration into various battery powered
SRD solutions such as ticketing or as transmitter for telemetric applications e.g. in sensors. As
primary application, the transmitter is intended for UHF radio equipment in accordance with the
European Telecommunication Standard Institute (ETSI) specification EN 300 220-1 and the US
Federal Communications Commission (FCC) standard CFR47, part 15. The use of AX8052F131 in
accordance to FCC Par 15.247, allows for improved range in the 915 MHz band. Additionally
AXB8052F131 is compatible with the low frequency standards of 802.15.4 (ZigBee) and suited for
systems targeting compliance with Wireless M-Bus standard EN 13757-4:2005

The AX8052F131 sends data in frames. This standard operation mode is called Frame Mode. Pre
and post ambles as well as checksums can be generated automatically.

AX8052F131 supports any data rate from 1 kbps to 350 kbps for FSK and MSK, from 1 kbps to
2000 kbps for ASK and from 10 kbps to 2000 kbps for PSK. To achieve optimum performance for
specific data rates and modulation schemes several register settings to configure the
AX8052F131 are necessary, they are outlined in the following, for details see the AX5031
Programming Manual.

Spreading is possible on all data rates and modulation schemes. The net transfer rate is reduced
by a factor of 15 in this case. For ZigBee either 600 or 300 kbps modes have to be chosen.

The transmitter supports multi-channel operation for all data rates and modulation schemes.

Wwww.onsemi.com AX8052F131



ON Semiconductor®

Circuit Description

5.1. Microcontroller

The AX8052F131 microcontroller core executes the industry standard 8052 instruction set. Unlike
the original 8052, many instructions are executed in a single cycle. The system clock and thus the
instruction rate can be programmed freely from DC to 20MHz.

Memory Architecture

AX8052
AES DMA

X Bus | SFR Bus

I 1 -

<~ >

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

Figure 4 AX8052 Memory Architecture

The AX8052 Microcontroller features the highest bandwidth memory architecture of its class.
Figure 4 shows the memory architecture. Three bus masters may initiate bus cycles:

e The AX8052 Microcontroller Core

e The Direct Memory Access (DMA) Engine

e The Advanced Encryption Standard (AES) Engine
Bus targets include:

e Two individual 4 kBytes RAM blocks located in X address space, which can be
simultaneously accessed and individually shut down or retained during sleep mode

e A 256 Byte RAM located in internal address space, which is always retained during sleep
mode

e A 64 kBytes FLASH memory located in code space.

e Special Function Registers (SFR) located in internal address space accessible using direct
address mode instructions

e Additional Registers located in X address space (X Registers)

Wwww.onsemi.com AX8052F131
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The upper half of the FLASH memory may also be accessed through the X address space. This
simplifies and makes the software more efficient by reducing the need for generic pointers?2.

SFR Registers are also accessible through X address space, enabling indirect access to SFR
registers. This allows driver code for multiple identical peripherals (such as UARTs or Timers) to be
shared.

The 4 word < 16 bit fully associative cache and a pre-fetch controller hide the latency of the
FLASH.

The AX8052 Memory Architecture is fully parallel. All bus masters may simultaneously access
different bus targets during each system clock cycle. Each bus target includes an arbiter that
resolves access conflicts. Each arbiter ensures that no bus master can be starved.

Both 4 kBytes RAM blocks may be individually retained or switched off during sleep mode. The 256
Byte RAM is always retained during sleep mode.

The AES engine accesses memory 16bits at a time. It is therefore slightly faster to align its buffers
on even addresses.

Memory Map

I (internal) Space

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
FCOO-FFFF Calibration Data Calibration Data

Figure 5 AX8052 Memory Map

The AX8052, like the other industry standard 8052 compatible microcontrollers, uses a Harvard
architecture. Multiple address spaces are used to access code and data. Figure 5 shows the
AX8052 memory map.

2 Generic pointers include, in addition to the address, an address space tag.
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The AX8052 uses P or Code Space to access its program. Code space may also be read using the
MOVC instruction.

Smaller amounts of data can be placed in the Internal® or Data Space. A distinction is made in the
upper half of the Data Space between direct accesses (MOV reg,addr; MOV addr,reg) and indirect
accesses (MOV reg,@Ri; MOV @Ri,reg; PUSH; POP); Direct accesses are routed to the Special Function
Registers, while indirect accesses are routed to the internal RAM.

Large amounts of data can be placed in the External or X Space. It can be accessed using the
MOVX instructions. Special Function Registers, as well as additional Microcontroller Registers
(XREG) and the Radio Registers (RREG) are also mapped into the X Space.

Detailed documentation of the Special Function Registers (SFR) and additional Microcontroller
Registers can be found in the AX8052 Programming Manual.

The Radio Registers are documented in the AX5031 Programming Manual. Register Addresses
given in the AX5031 Programming Manual are relative to the beginning of RREG, i.e. 0x4000 must
be added to these addresses. It is recommended that the Axsem provided ax8052f131.h header file
is used; Radio Registers are prefixed with AX5031_ in the ax8052f131.h header file to avoid clashes
of same-name Radio registers with AX8052 registers.

Normally, accessing Radio Registers through the RREG address range is adequate. Since Radio
Register accesses have a higher latency than other AX8052 registers, the AX8052 provides a
method for non-blocking access to the Radio Registers. Accessing the RREG (nb) address range
initiates a Radio Register access, but does not wait for its completion. The details of mechanism is
documented in the Radio Interface section of the AX8052 Programming Manual.
