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1. General description

The OL2300 is a UHF ASK/FSK fractional-N transmitter with a fully integrated fractional-N 

Phase-Locked Loop (PLL) frequency synthesizer and a power amplifier to drive an 

external antenna.

The OL2300 is especially designed for use in the Industrial Scientific Medical (ISM) 

frequency bands (315/434/868/915 MHz). Fine-tuning of the reference oscillator by 

means of fractional-N synthesis allows the compensation of manufacturing tolerances of 

the crystal. The device also includes an adjustable output power capability.

The OL2300 can be used for both ASK and FSK modulation with chip rates up to 

112 kcps. Due to the high-level of integration, few external components are needed to 

construct a complete transmitter. 

2. Features and benefits

Fully integrated fractional-N PLL frequency synthesizer

Integrated VCO without external components

Independent Power-down modes for oscillator and PLL

Operating frequency: 315/434/869/915 MHz ISM/SRD bands

OOK/ASK/FSK modulation

Software programmable output power

Software programmable modulation index for ASK

Software programmable frequency deviation for FSK

Software programmable multi channel capability

Software programmable crystal trimming capability

Low power operation

Very low external component count

Low pin-count

Very small package

OL2300
Fractional-N PLL based transmitter
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3. Ordering information

 

[1] When the exposed die attach pad is used, it must be connected to GND.

4. Functional diagram

 

Table 1. Ordering information

Type number Package

Temperature range Name Description Version

OL2300NHN −25 °C to +85 °C HVQFN16[1] plastic thermal enhanced very thin quad flat package; 

no leads; 16 terminals; body 3 × 3 × 0.85 mm

SOT758-1

Fig 1. Functional block diagram
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5. Pinning information

5.1 Pinning
 

5.2 Pin description
 

Fig 2. Pin configuration SOT758-1 (HVQFN16)
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Table 2. Pin description

Symbol Pin Description

SCK 1 serial interface clock input

EN 2 enable input

XTAL2 3 crystal oscillator 2

XTAL1 4 crystal oscillator 1

VDD 5 supply voltage

VREG 6 voltage regulator output

VDDA 7 analog supply voltage

VSSA 8 analog ground supply voltage

VSS(PA) 9 power amplifier ground supply voltage

PAOUT 10 power amplifier output

VSS 11 ground supply voltage

VDDD(PA) 12 power amplifier digital supply voltage

TEST2 13 test output 2

TEST1/SDO 14 test output 1/serial data output

CKOUT 15 clock output

SDIO 16 serial interface data input/output
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6. Functional description

6.1 Functional blocks overview

6.1.1 Power management, voltage regulator

The supply voltage source is connected between pin VDD and the pins VSS, VSSA and 

VSS(PA).

An integrated low-dropout voltage regulator is used to supply the PLL and the PA-driver 

with a reduced, regulated voltage. This helps keep the current consumption and the 

supply voltage dependencies of the PLL as low as possible. The output of this regulator is 

pin VREG which must be connected to an external blocking capacitor in order to 

guarantee stability of the regulator. A recommended set-up is shown in Figure 23.

Two different regulator modes are available. For a detailed description see Section 6.4.6.

Pin VDDA is the positive supply voltage of the analog part of the PLL and pin VDDD(PA) is 

the positive digital supply of the PLL prescaler and the PA-driver stage. Both pins should 

be connected to pin VREG.

 

Fig 3. Power management
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6.1.2 Interface and control logic

6.1.2.1 Configurable 3-wire or 4-wire interface

The OL2300 can be configured via a simple Serial Peripheral Interface (SPI). The 

interface itself can be configured for 3-wire or 4-wire mode. The 4-wire mode uses pin 

TEST1 as Serial Data Output SDO when the SDIO is used as input (see Figure 4).

EN pin must be set to enable communication via the 3 or 4-wire serial interface. If the EN 

pin is kept low for at least 216 XTAL clock pulses, the transmitter device will be reset, the 

bit-counter implemented inside the SPI counting the already transferred bits shall be set to 

zero, SCK and SDIO are disabled and the device will enter the Power-down mode (also 

the crystal oscillator is switched off). If the 4-wire interface has been used, a reset would 

also deactivate the SDO pin (set to 3-state; ENSDO is not influenced).

 

After a transmit command the EN pin has an additional function: At the falling edge of the 

EN pin the level of the SDIO pin is latched and directly connected to the modulator input. 

In this case it is possible to intercept the RF data transmission without deactivating the PA 

and to loop the last transmitted bit while the SDIO interface is used for SFR configuration. 

Note that EN must not be low for more than 216 XTAL clock pulses otherwise the device 

will be reset.

SCK pin is the clock input for the serial interface. Depending on the start-up condition of 

SCK at the rising edge of EN (see Section 6.7.9) each rising/falling edge of SCK shifts 

data into or gets data from the SPI register set. During RF data transmission the SCK is 

don’t care (signal on SCK has no influence on interface).

Fig 4. Peripheral connection diagram
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SDIO is the configurable bidirectional data input/output pin of the serial interface. By 

default, the bidirectional mode is configured, so SDIO is used for both input and output 

data transmission. If ENSDO in register ACON2 is set, SDIO is used as input only and 

TEST1 is configured as data output SDO (4-wire interface). The SDO pin is high ohmic 

until data is written.

 

Data in or data out operation is adapted automatically during SPI communication 

sequences.

 

 

6.1.3 Reference oscillator

The reference oscillator is a Pierce type with automatic amplitude regulation and gain 

control to reduce the total current consumption. The device pins XTAL1 and XTAL2 

connect the internal circuitry to the external reference crystal resonator and load 

capacitances. To get oscillation on the specified crystal frequency the input capacitances 

of the two XTAL pins and PCB parasitics must be considered. The oscillator typically 

operates at frequencies ranging from 9 MHz to 19 MHz to achieve the allowed 

transmission frequencies.

6.1.4 Baud rate generator

The output pin of the integrated baud rate generator CKOUT, will provide a clock, which is 

derived from the XTAL clock frequency. The baud rate is programmable by a special 

function register-set (BDSEL, SCSEL). CKOUT is not always active (see Section 6.7.2).

6.1.5 Power amplifier

The power amplifier is driven from the PLL synthesizer and operates in single-ended 

fashion, according to Figure 9.

Table 3. (Serial data output)/TEST1 control (ENSDO)

ENSDO SDO/TEST1 control state

0 pin TEST1 not used (only for test purposes)

1 pin TEST1 used as SDO (Serial Data Output)

Fig 5. Command overview

Table 4. Command overview

C1 C0 Command A-F

0 0 write SFR start address A5..A0

0 1 read SFR start address A5..A0

1 0 transmit transmit options
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The power amplifier output (pin PAOUT) requires an external DC path to pin VDD, 

established by the antenna loop or a dedicated bias coil. A dedicated ground pin (VSS(PA)) 

is provided to improve the RF properties of the circuitry and must be connected to pin VSS. 

Best efficiency is achieved when the output voltage swing at pin PAOUT yields one volt 

less than two times the supply voltage:

(1)

Three special-function-registers ACON0, ACON1 and ACON2 are available to control the 

output power of the 4 binary weighted output stages.

The Power amplifier also features three regulated and one unregulated (high power) 

output power modes, as selected by the control bits PAM1 and PAM0 located in the 

TXCON register. In regulated mode the input drive level of the amplifier is derived from an 

internal reference voltage and so the output power is stabilized against supply voltage and 

temperature variations over a wide range.

6.2 Transmitter operating modes

6.2.1 Power-down mode

If the EN pin is kept low for at least 216 XTAL clock pulses (~5 ms at a 13.08 MHz crystal 

frequency), the transmitter (PLL, Power amplifier and crystal oscillator) will be reset, the 

bitcounter inside the SPI counting the already transferred bits is set to zero, SCK and 

SDIO are disabled (also SDO, if used) and the device will enter the power-down mode. In 

this state the TXCON bit PLLEN is cleared. The total current consumption is almost zero.

Another possibility to enter the Power-down mode is to set the PD bit in the TXCON 

register.

When the Power-down mode is left (by rising edge of EN) the PD bit is cleared.

6.2.2 XTAL active mode

With the rising edge of EN the Power-down mode is left and the crystal oscillator is 

activated. The XTAL clock will be stable after tset. The SPI is activated, so the SFRs can 

be programmed. The XTAL Active mode can be left by either activating the PLL (set 

PLLEN in TXCON) or by entering the Power-down mode.

6.2.3 PLL active mode

If the XTAL active mode is active and the crystal oscillator is settled, the PLL can be 

switched on (after tset). Setting the bit PLLEN in the register TXCON directly powers on 

the PLL. The VCO output frequency will be stable after tACQ. This mode stays active as 

long as EN is kept 1 or as long as EN is kept 0 for a period shorter than 216 XTAL clock 

pulses. If EN is kept 0 for a longer period or the PD bit in TXCON is set, the device returns 

to the Power-down mode. By resetting the PLLEN bit in TXCON the PLL is turned off and 

XTAL active mode is entered again. Another possibility to exit the PLL active mode is to 

send a dedicated SPI command (transmit command).

6.2.4 Transmitter Active mode

The Transmitter Active mode can only be entered upon an SPI command, which is only 

possible if the PLLEN bit is set (with a previous SPI command). Dependent on the 

configuration coded into the transmit command, the Transmitter Active mode can be 

VPAOUT (p-p) 2VDDA 1–( ) V=
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exited when either EN is set LOW directly, or when EN is set LOW in a synchronized way 

with the edge of the last data-bit (in both cases the PLL Active mode is entered) or upon 

direct SPI register setting (then XTAL active mode is entered). If a POR or power fail 

condition occurs during a transmit sequence, the XTAL active mode is entered.

The transmitter is turned off by setting the PD bit in TXCON and the device enters the 

Power-down mode. This also occurs if EN is kept 0 for a period longer than 216 XTAL 

clock pulses.

When the device is in Transmitter Active mode, SPI communication (change of register 

contents) is possible (depending on the configuration settings), within one bit or during a 

constant bit stream.

For this feature EN must be set low directly after the beginning of one transmitted bit and 

then set high again. SPI communication is then enabled for commands. Transmitting new 

data can be re-activated by another dedicated transmit command. During the SPI 

communication the transmitted data will remain unchanged.

The power amplifier is activated by the first transmitted string and the baud rate generator 

is reset at this point. When the transmit-phase is interrupted by an SPI communication 

and the transmit-phase is re-started, the baud rate generator will remain synchronized 

with the previous string. No jitter will occur when switching from the previous to the next 

string.

After the transmission of data-bits the PLLEN bit can be read. The brown out detection 

monitors the actual regulated supply voltage and indicates proper supply condition during 

the whole transmission phase. If PLLEN is cleared, this indicates the supply voltage has 

dropped below the minimum required voltage level and the transmission will be 

interrupted. To restart a transmission a new transmit command must be sent once the PLL 

is re-enabled.
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6.3 Reference clock generation

The crystal frequency is used as a reference for both the fractional-N PLL and the baud 

rate generation.

The oscillator is designed to work in parallel resonance mode of the crystal. In addition 

two external load capacitances are required to operate the crystal at the specified nominal 

frequency. For a calculation of the required capacitance the pin capacitors at XTAL1 and 

XTAL2 and the parasitic PCB stray capacitance have to be considered. The total load 

capacitance Cload is given by: 

Fig 6. State diagram
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(2)

 

 

The oscillator is constructed using an inverting gain stage between the two XTAL pins with 

a clock buffer stage in series. The feedback resistor between XTAL1 and XTAL2 is used to 

define the DC operating point to keep the amplifier working in linear region.

The gain stage G1 features an automatic amplitude regulation. Maximum gain is required 

only during oscillator start-up where a short start-up time and also a high start-up margin 

are needed. If the amplitude exceeds (VDD − 0.5) V the gain is reduced to keep the current 

consumption as low as possible.

Table 5. Load capacitance calculation parameters

Variable Description

Cload1 load capacitor at XTAL1

Cload2 load capacitor at XTAL2

CXTAL1 pin capacitor at XTAL1

CXTAL2 pin capacitor at XTAL2

CPCB(par) parasitic PCB capacitance

Fig 7. Crystal oscillator implementation
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To additionally reduce the total current consumption the power supply of the crystal 

oscillator can be switched from VDDA to the regulated supply voltage VREG by setting the 

control bit ENXR in the special function register TXCON.

 

If ENXR is set, the oscillator supply is automatically changed to a regulated supply when 

the transmit-state is entered. The XTAL supply is switched back to the unregulated supply 

when the transmit-state is exited.

In Power-down mode both gain stages are switched off and XTAL2 is defined by an 

internal pull-up resistor Rpu(int).

 

Drive level:

A typical calculation of the approximate power dissipated in a crystal is: 

(3)

Example:

10 MHz crystal, Cload ~ 6 pF, ESR ~ 20 Ω at VDD = 3 V: Pmax = 12.8 μW

6.4 Power amplifier control and ASK modulation

For control of the output power and the modulation characteristics some special function 

register bits (ACON, PAM, CASC) are available.

Fig 8. Crystal oscillator start-up

Table 6. Oscillator supply switch (ENXR)

ENXR Selected XTAL oscillator power supply

0 VDDA, unregulated supply mode

1 VREG, regulated supply mode

Table 7. Address 0Eh; TXCON, transmitter control

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PD PDCK XOSL FBSL PAM1 PAM0 ENXR PLLEN

R/W R/W R/W R/W R/W R/W R/W R/W
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6.4.1 Power amplifier modes

The bits PAM0 and PAM1 located in the special function register TXCON can be used to 

choose between three regulated and one unregulated power modes. The regulated 

modes should be used for applications where the output power should be independent 

from changes of the supply voltage and ambient temperature.

 

For very high power applications the regulation mechanisms can be deactivated by using 

power mode 3 (see Table 6)

The best regulation characteristics are provided using the lowest power mode so the 

lowest acceptable power mode for the application should be selected and the exact output 

power controlled by means of the control signals ACON0, ACON1 and ACON2.

 

[1] The lowest supply voltage and temperature dependency is achievable with power mode 0.

Fig 9. Power amplifier implementation
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Table 8. Address 0Eh; TXCON, transmitter control

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PD PDCK XOSL FBSL PAM1 PAM0 ENXR PLLEN

R/W R/W R/W R/W R/W R/W R/W R/W

Table 9. Power amplifier modes

PAM1 PAM0 Power 

Mode

Comment

0 0 0 low power, highest stability[1]

0 1 1 medium power, medium stability

1 0 2 high power, low stability

1 1 3 maximum power, stabilization OFF
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The available output power is a function of the actual VCO frequency, so the higher the 

VCO frequency and its supply voltage (VDD(VCO)), the higher the output power becomes. A 

low VCO frequency selection is desirable for Japan due to the present limitations 

regarding radiated output power.

6.4.2 ACON power amplifier amplitude control

The control registers ACON0, ACON1 and ACON2, control the power amplifier driver 

stage in all four power modes for either amplitude fine-tuning or ASK modulation means.

The actual output power is set by three 4-bit values in the ASK modulation control 

registers ACON0, ACON1 and ACON2. Two different HIGH (AMH) levels and one LOW 

(AML) level are configurable.

6.4.3 ASK settings

Amplitude modulation is achieved by switching between one of the high-levels (selected 

by control-bit D of the transmit-command) and the low-level in accordance with the control 

signal AMOUT, which is derived from the TXData, see Figure 10 and Figure 14.

 

ASK0 located in ACON0, and ASK1 located in ACON1 determine ASK or FSK operation.

 

If TXDATA is low then AMOUT is low and the amplitude is determined by the value of the 

transmit command bit ‘D’. If the bit is set, the actual high-level is controlled by the four bits 

of AMH1[3:0] located in ACON1. Alternatively AMH0[3:0] from ACON0 would be used if 

‘D’ is cleared.

Table 10. Amplitude control for ASK, FSK

ASK1 ASK0 D Mode Amplitude control

X 0 0 FSK ACON0

X 1 0 ASK ACON0

0 X 1 FSK ACON1

1 X 1 ASK ACON1

Fig 10. Power amplifier control
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If TXDATA is high then AMOUT is set and the amplitude is given by the content AML[3:0] 

in register ACON2 and the settings of ASK0 and ASK1. If ‘D’ is cleared ASK0 located in 

register ACON0 determines between ASK and FSK operation. Alternatively if “D” is set, 

ASK1 is used. In both cases the selected ASK bit must be set to achieve amplitude 

modulation. If the selected ASK bit is cleared, AMOUT is kept low and the carrier remains 

unmodulated (used for FSK with continuous wave operation).

 

 

 

6.4.4 SASK, Soft ASK mode

A ‘soft’ modulation scheme is implemented in order to reduce the ASK modulation 

bandwidth. The soft ASK shape is modelled by a linear interpolation approach.

Switching between the selected AMH and AML values is done in a linear way. The output 

power is changed by switching the four binary weighted PA output stages with a 

programmable timing configured with the bits RMP[6:0] of register MRCON (modulation 

ramp control).

The value of RMP[6:0] specifies the number of reference clocks (derived from the crystal 

frequency) between two consecutive power steps. Setting the bits RMP[6:0] to 0x0h 

results in immediate change between the values AMH and AML (normal ASK mode).

Remark: If bit XOSL in register TXCON is set, the reference clock applied to the SASK 

ramp control is the crystal clock divided by a factor 2 and the ramp time is doubled.

Fig 11. ASK modulation timing

Table 11. Address 0Ah; ACON0, ASK modulation control 0

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ASK0 X X X AMH03 AMH02 AMH01 AMH00

R/W - - - R/W R/W R/W R/W

Table 12. Address 0Bh; ACON1, ASK modulation control 1

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

ASK1 X X X AMH13 AMH12 AMH11 AMH10

R/W - - - R/W R/W R/W R/W

Table 13. Address 0Ch; ACON2, ASK modulation control 2

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CASC ENRAD ENPF ENSDO AML3 AML2 AML1 AML0

R/W R/W R/W R/W R/W R/W R/W R/W

001aak389
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AMLACON AMH
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[1] MRCON is also used for soft-FSK.

The configured ramp time also defines the maximum possible data rate for ASK 

operation. The ramp time can be calculated by: 

(4)

For RMP0 to RMP6 is not equal to 0, the maximum baud rate is given by: 

(5)

For RMP0 to RMP6 is equal to 0 (normal ASK mode), the maximum baud rate is only 

limited by the baud rate generator (see Section 6.1.4) and the maximum channel 

bandwidth.

6.4.5 CASC, cascode control signal

For a further improvement of the supply voltage stability also for high power modes, the 

cascode stage can be switched to the regulated power supply by setting bit CASC located 

in register ACON2. Note that the maximum output power is then reduced compared to the 

maximum available power in power-mode 3.

 

6.4.6 Voltage regulation and power fail detection

The integrated line regulator supports two different operation modes. The default mode is 

called ‘fixed low’ mode where the regulated supply voltage is derived from an internal, 

transistor threshold voltage based reference. After start-up of the PLL the second mode 

called adaptive mode can be entered by setting the SFR bit ENRAD.

6.4.7 ENRAD, enable regulator adaptive mode

If set, the line regulator is switched to adaptive mode where the output voltage at VREG is 

directly derived from the VCOs power supply.

Remark: ENRAD must not be set until the PLL start-up has finished. It is strongly 

recommended to use the fixed mode during PLL start-up.

 

Table 14. Address 0Dh; MRCON, modulation ramp control[1]

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X RMP6 RMP5 RMP4 RMP3 RMP2 RMP1 RMP0

R/W R/W R/W R/W R/W R/W R/W R/W

tSASK AMH AML–( ) 1

fref

-------× MRCON 6:0[ ]×=

fDATASASKmax
1

2 tSASK×
----------------------=

Table 15. Cascode control flag (CASC)

CASC Cascode control state

0 Cascode stage switched to VDD

1 Cascode stage switched to VDDA (regulated)

Table 16. Voltage regulator control (ENRAD)

ENRAD Voltage regulator state

0 fixed output voltage, derived from internal reference

1 adaptive mode: regulated supply derived from VCO supply voltage
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6.4.8 ENPF, enable power fail detection

If set, the built in power fail detection (brown out detection) is enabled. In this case the 

PLL and the PA are switched off if the supply voltage at VDD is not sufficiently high to 

guarantee proper operation of the line regulator. This also includes the proper function of 

the PLL circuit.

 

The power fail detection can be selected for fixed and adaptive modes. The detection 

circuit is only active if transmission is active (the power amplifier must be enabled). It is 

recommended to set ENPF before the power amplifier is activated to ensure that the PLL 

is working properly but it is also possible to set ENPF if a transmission has already been 

started. In the latter case there is no guarantee that the PLL will operate at the correct 

frequency when the power amplifier is enabled.

 

Once the power fail detection has detected a voltage drop at VDD during transmission so 

that the remaining supply voltage is not sufficient to keep the PLL in save operation the 

PLLEN is immediately cleared, the power amplifier will be disabled and the transmission 

will be stopped. The two control signals ENPF and ENRAD (if adaptive mode is used) will 

stay enabled. The user must disable ENRAD before the next PLL activation otherwise a 

proper start-up of the PLL cannot be guaranteed.

If ENXR was set to operate the crystal oscillator using the regulated supply while the 

adaptive mode was active (ENRAD = 1), a power fail would instigate the crystal oscillator 

supply to switch from regulated to unregulated mode (the PA would also be deactivated). 

If the fixed mode was used a power-fail would not influence the supply to the oscillator.

Table 17. Power fail enable signal (ENPF)

ENPF Power fail control state

0 power fail detection disabled

1 power fail detection enabled

Fig 12. TX start-up timing
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6.5 Frequency control and FSK operation

FSK modulation is applied if the ASK control bit of the selected ACON register is cleared. 

ACON0 or ACON1 can then be selected for the FSK transmission amplitude setting 

dependent on the setting of the transmit-command control-bit ‘D’, (see Table 10).

6.6 Frequency control registers

The operation frequency is set by the content of the frequency control registers FC1 to 

FC4, which each have a width of 18 bits. The two MSBs of all four frequency control 

registers are located in the register FCA. The two corresponding ‘LOW’ bytes are located 

in FCxH and FCxL registers. The selection of the ‘active’ frequency control register is 

done directly with the transmit command (bits ‘E’ and ‘F’, see Section 6.7.10). See for 

frequency configuration 1 an example of the complete frequency setting.

 

 

6.6.1 PLL operation frequency fVCO

The PLL operation frequency is calculated by the following equations: 

(6)

Frequency step width: 

 

[1] fref can be set to 0.5fxtal by a test-mode bit.

[2] In order to avoid fractional-N overflow don’t use values above 163839.

a) fref = fxtal.

b) fRF = fVCO for 868/915 MHz bands (FBSL set to 1).

c) fRF = fVCO/2 for 315/434 MHz bands (FBSL set to 0).

d) FC = 0... 163839.

Table 18. Frequency control bits

SFR FCA FC1H

bit F1C17 F1C16 F1C15 F1C14 F1C13 F1C12 F1C11 F1C10 F1C9 F1C8

FCON 17 16 15 14 13 12 11 10 9 8

Table 19. Frequency control bits

SFR FC1L

bit F1C7 F1C6 F1C5 F1C4 F1C3 F1C2 F1C1 F1C0

FCON 7 6 5 4 3 2 1 0

Table 20. PLL operation frequency calculation parameters

Variable Description

fVCO VCO frequency

fref PLL reference frequency[1]

fVCOstep minimum VCO frequency step

fxtal XTAL oscillator frequency

fRF RF frequency on PAOUT

FC frequency control value (FCx register)[2]

fVCO fref

fC 0.5+

32768
------------------ 65+⎝ ⎠
⎛ ⎞× Hz=

fVCOstep

fref

32768
--------------- Hz=
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6.6.2 PLL frequency deviation (FSK)

The FSK frequency deviation is set as part of the FCON (FSK modulation control) register 

and has a width of 8 bits.

 

FSK deviation is calculated by: 

 

[1] fref can be set to fxtal / 2 by a test-mode bit.

a) fref = fxtal

b) FSKDEV = 0.255

 

 

6.6.3 Oscillator and feedback divider settings

In order to allow operation for all ISM bands different oscillator divider and PLL divider 

settings can be selected with the special function register bits XOSL and FBSL located in 

register TXCON (See Figure 1).

Table 21. Address 09h; FCON, modulation control

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

FSK7 FSK 6 FSK 5 FSK 4 FSK 3 FSK 2 FSK 1 FSK 0

R/W R/W R/W R/W R/W R/W R/W R/W

Table 22. PLL frequency deviation calculation parameters

Variable Description

fDEV FSK frequency deviation

FSKDEF FSK deviation value (FCON register)[1]

fref PLL reference frequency

Table 23. Frequency selection limits

ISM-band 

(MHz)

fxtal (MHz) min fRF 

(MHz)

max fRF 

(MHz)

step fRF 

(Hz)

min fDEV 

(±kHz)

max fDEV 

(±kHz)

step fDEV 

(Hz)

315 9.185183 298.51852 321.48127 140.15 0.560 143 560

434 13.08148 425.14815 457.85155 199.61 0.800 204 800

868 12.85185 835.37038 899.62903 392.21 0.785 200 785

915 13.55555 881.11112 948.88826 413.68 0.827 211 827

fDEV fref±
FSKDEV

16384
---------------------×=

Fig 13. FSK circuitry and Delta-Sigma modulator
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[1] All bits R/W.

Setting the bit XOSL enables the XTAL clock divider that lowers the reference clock 

frequency of the PLL by a factor of 2. This allows for example the use of an 18 MHz 

crystal for the 315 MHz ISM band.

If the 868 MHz band or the 915 MHz band is selected, bit FBSL must be set to 1. In this 

case the power amplifier is driven by the VCO frequency. In other cases bit FBSL has to 

be cleared and the PA is driven by the VCO frequency divided by 2.

 

[1] Not a valid ISM band.

6.6.4 FSK mode selection

In order to achieve a narrower signal bandwidth of the FSK spectrum a GFSK-like 

modulation, referred to as a Soft-FSK scheme is implemented. The Soft-FSK shape is 

modelled by a linear interpolation approach.

The FSK frequency shifting is done in a linear way between (fRF − fDEV) and (fRF + fDEV).

 

The clock frequency of fref is changed by a configurable number of steps which are stored 

in the register MRCON (modulation ramp control). Setting the register MRCON to 00h 

results in normal FSK operation.

The Soft-FSK ramp time is calculated by: 

(7)

Example:

fref = 13.08 MHz, FCON = 0Fh ⇒ fDEV = ±11,975 kHz.

For MRCON = 2Ah the frequency step width will result in:

fstep = 2 × 11975 / 42 = 570.24 Hz.

Table 24. Address 0Eh; TXCON, transmitter control register[1]

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PD PDCK XOSL FBSL PAM1 PAM0 ENXR PLLEN

Table 25. Oscillator and feedback divider settings

fxtal (MHz) XOSL FBSL fPLL (MHz) fRF (MHz)

13.08 0 0 868 434

13.08 0 1 868 868

13.08 1 0 434 217[1]

13.08 1 1 434 434

Table 26. Address 0Dh; MRCON, modulation ramp control

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

X RMP6 RMP5 RMP4 RMP3 RMP2 RMP1 RMP0

- R/W R/W R/W R/W R/W R/W R/W

tSFSK 2 FBSL–( )
2 FSKDEV× RMP×

fref

-------------------------------------------------=
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6.7 Baud rate generation
 

6.7.1 Baud rate setting

Different baud rates for the internal transmit data stream generation can be chosen 

dependent on the setting of register BDSEL (baud rate selection).

 

The bits BD[7:0] set the division ratio of a programmable frequency divider. The input 

clock of this divider is influenced by prescaler ratio PSC[2:0] defined in register SCSEL. 

The output of this divider is fed to the baud rate generator (See Figure 14).

The prescaler output clock is derived from the reference frequency fref divided by the 

prescaler ratio PSC[2:0]. The prescaler clock is then divided by (N+1) (N is the baud rate 

setting in the BDSEL register) and again divided by a factor of 2 (See Figure 14 and 

Table 28).

Fig 14. Serial configuration interface block diagram of baud rate and data generation
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Table 27. Address 0Fh; BDSEL, baud rate selection

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

BD7 BD6 BD7 BD4 BD3 BD2 BD1 BD0

R/W R/W R/W R/W R/W R/W R/W R/W
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The baud rate division ratio is: 

Remark: For synchronization reasons both baud rate counter and afterscaler are kept in 

reset state while the power amplifier is turned off. The prescaler will be clocked 

continuously whenever the XTAL oscillator is running.

 

6.7.2 Clock generation/selection

The special function register SCSEL contains the configuration bits CSS[2:0] for the clock 

source selection, the bits PSC[2:0] for the prescaler control and ASC[2:0] for the 

afterscaler control.

 

The bit PDCK in the TXCON register determines the activity of the CKOUT signal. If 

PDCK is cleared, CKOUT will be active.

 

CKOUT is defined with the settings of CSS[2:0] from register SCSEL and can be 

configured as prescaler output or baud rate output (See Table 31).

If CSS2 is cleared then CKOUT is set to baud rate, prescaler or static high or low, 

dependent on CSS1 and CSS0 settings if transmit state is active and set to 3-state if 

transmission is inactive.

If CSS2 is set then CKOUT is set according to the configuration of CSS1 and CSS0 and 

3-state mode is not entered during transmission.

 

Table 28. Baud rate division ratio values

BD7 BD6 BD5 BD4 BD3 BD2 BD1 BD0 Baud rate division ratio: N

0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 1 1

0 0 0 0 0 0 1 0 2

....

1 1 1 1 1 1 1 1 255

CLKBD

CLKPSC

2 N 1+( )×
---------------------------=

Table 29. Address 10h; SCSEL, scaler selection

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

CSS2 CSS1 CSS0 PSC2 PSC1 PSC0 ASC1 ASC0

R/W R/W R/W R/W R/W R/W R/W R/W

Table 30. Address 0Eh; TXCON, transmitter control

Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0

PD PDCK XOSL FBSL PAM1 PAM0 ENXR PLLEN

R/W R/W R/W R/W R/W R/W R/W R/W

Table 31. Clock Source Selection (CSS)

CSS2 CSS1 CSS0 CKOUT

0 0 0 3-state if TX disabled; LOW if TX enabled

0 0 1 3-state if TX disabled; prescaler clock if TX enabled

0 1 0 3-state if TX disabled; baud rate clock if TX enabled

0 1 1 3-state if TX disabled; inverted baud rate if TX enabled

1 0 0 LOW
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[1] If the bit PDCK in register TXCON is set, CKOUT is set 3-state (independent from the CSS[2:0] settings).

6.7.3 Prescaler

The Prescaler clock is the reference clock divided by 1, 2, 4, 8 to 128. The division ratio is 

set in the PSC[2:0] bits (See Table 32).

 

[1] Reset/Power-on state: if SDIO is low at the rising edge of EN a division ratio of 16 will be applied, otherwise 

the division ratio will remain unchanged.

6.7.4 After-scaler

The after-scaler clock is the baud rate clock divided by 1, 2, 4 and 8. The division ratio is 

set in the ASC[2:0] bits (see Table 33).

 

[1] The after-scaler is only active in the transmit mode when the power amplifier is switched on.

6.7.5 TXDATA output

The TXDATA output is synchronized with the reference clock even in transparent 

transmission mode where the data is selected from SDIO and fed directly to the power 

amplifier control stage (see Figure 10).

1 0 1 prescaler clock[1]

1 1 0 LOW if TX disabled; baud rate clock if TX enabled

1 1 1 HIGH if TX disabled; inverted baud rate clock if TX enabled

Table 31. Clock Source Selection (CSS) …continued

CSS2 CSS1 CSS0 CKOUT

Table 32. Prescaler Control (PSC)

PSC2 PSC1 PSC0 Division ratio

0 0 0 1

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16[1]

1 0 1 32

1 1 0 64

1 1 1 128

Table 33. After-Scaler Control (ASC)[1]

ASC1 ASC0 Division ratio

0 0 1

0 1 2

1 0 4

1 1 8
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6.7.6 Synchronous mode

When operating the device in synchronous mode data is clocked on the rising edge of 

CKOUT. It is possible to invert this clock signal as described in Table 31. Inverting this 

signal has the effect of clocking the data presented at SDIO on the falling edge of CKOUT. 

The clock for the data generator has a dedicated afterscaler, therefore the CKOUT signal 

can run at a higher frequency if desired, as described in Table 33.

6.7.7 General SPI information

The chip is configured via the serial SPI interface, consisting of an 8-bit shift register and 

twenty 8-bit registers holding the configuration data.

Data can be exchanged with multiple 8-bit frames (auto increment) or in portions of 8 bits 

(1 byte), which could be of advantage if a hardware SPI-interface is used. Data in the shift 

register is loaded into the addressed register with the last edge of SCK within the last bit 

of the transferred byte.

6.7.7.1 SPI special function register-set

All registers are able to read or write via the SPI communication and are therefore 

arranged as a block with 20 addressable bytes.

Some of the bits of the registers indicate the state of the implemented TX state-machine 

and can alter without SPI transmission. (e.g. the ‘PD bit’ can be automatically set if EN is 

kept low for a number of XTAL clocks pulses or via dedicated SPI communication). Other 

bits only can be altered via SPI communication. (e.g. the frequency setting for the baud 

rate generator BD[7:0] or the configuration bits for the TX state-machine).

In order to change the operating mode of the transmitter, the special function register bits 

PD or PLLEN of register TXCON must be accessed. To change from one state to another 

via SPI communication without intermediate states, these state describing bits are 

arranged in one byte. The byte will be written after completion of the byte transfer.

All the registers keep the stored information in power-down state but if a dynamic 

power-on reset occurs (can be evaluated by checking the PLLEN bit after transmission) 

the registers content may change. Only register TXCON is reset to a default state. All 

other registers must be reset to ensure proper function after a dynamic reset.
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6.7.8 SFR summary

 

[1] Bits marked ‘X’ are reserved for future use or device test. Any read operation yields an undefined result

[2] Reset condition after reset command (en set low for at least 216 reference clock cycles). Register SCSEL and bit of TXCON are reset only if SDIO = 0.

Table 34. Special function register summary[1]

Name Description Address Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 Reset value[2]

FC1H frequency configuration 1 

high byte

00h F1C15 F1C14 F1C13 F1C12 F1C11 F1C10 F1C9 F1C8 xxxx xxxx b

FC1L frequency configuration 1 

low byte

01h F1C7 F1C6 F1C5 F1C4 F1C3 F1C2 F1C1 F1C0 xxxx xxxx b

FC2H frequency configuration 2 

high byte

02h F2C15 F2C14 F2C13 F2C12 F2C11 F2C10 F2C9 F2C8 xxxx xxxx b

FC2L frequency configuration 2 

low byte

03h F2C7 F2C6 F2C5 F2C4 F2C3 F2C2 F2C1 F2C0 xxxx xxxx b

FC3H frequency configuration 3 

high byte

04h F3C15 F3C14 F3C13 F3C12 F3C11 F3C10 F3C9 F3C8 xxxx xxxx b

FC3L frequency configuration 3 low 

byte

05h F3C7 F3C6 F3C5 F3C4 F3C3 F3C2 F3C1 F3C0 xxxx xxxx b

FC4H frequency configuration 4 

high byte

06h F4C15 F4C14 F4C13 F4C12 F4C11 F4C10 F4C9 F4C8 xxxx xxxx b

FC4L frequency configuration 4 

low byte

07h F4C7 F4C6 F4C5 F4C4 F4C3 F4C2 F4C1 F4C0 xxxx xxxx b

FCA MSB for all frequency 

configurations

08h F4C17 F4C16 F3C17 F3C16 F2C17 F2C16 F1C17 F1C16 xxxx xxxx b

FCON FSK modulation control 09h FSK7 FSK6 FSK5 FSK4 FSK3 FSK2 FSK1 FSK0 xxxx xxxx b

ACON0 ASK modulation control 0 0Ah ASK0 X X X AMH03 AMH02 AMH01 AMH00 xxxx xxxx b

ACON1 ASK modulation control 1 0Bh ASK1 X X X AMH13 AMH12 AMH11 AMH10 xxxx xxxx b

ACON2 ASK modulation control 2 0Ch CASC ENRAD ENPF ENSDO AML3 AML2 AML1 AML0 x0xx xxxx b

MRCON modulation ramp control 0Dh X RMP6 RMP5 RMP4 RMP3 RMP2 RMP1 RMP0 xxxx xxxx b

TXCON transmitter control 0Eh PD PDCK XOSL FBSL PAM1 PAM0 ENXR PLLEN 00xx xxx0 b

BDSEL baud rate selection 0Fh BD7 BD6 BD5 BD4 BD3 BD2 BD1 BD0 xxxx xxxx b

SCSEL scaler selection 10h CSS2 CSS1 CSS0 PSC2 PSC1 PSC0 ASC1 ASC0 1011 00xx b

X X 11h X X X X X X X X xxxx xxxx b

TEST1 TEST1 12h X X X X X X X X -

TEST2 TEST2 13h X X X X X X X X -
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6.7.9 General SFR access information

If SCK is high at the rising edge of EN the data is transferred with the rising edge of SCK 

and if SCK is low at the rising edge of EN, the data is transferred with the falling edge of 

SCK (as shown in the write and read-access diagrams). Please note these statements are 

true at every rising edge of EN.

EN must be forced low after the last bit of all transmitted bytes in order to signal the end of 

transmission.

Remark: if EN is kept low for 216 pulses the power down state is entered and the crystal 

oscillator is switched off.

6.7.9.1 SFR block diagram

 

6.7.9.2 Write access to SFR

 

Fig 15. Serial configuration interface block diagram
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