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2.4 GHz Low-Power RF Transceiver

SUNSTAR

Applications

o 2.4 GHz MHz ISM/SRD band systems
e Game controllers
e Sports and leisure equipment

Product Description

The 662400 is a true single-chip 2.4 GHz
RF transceiver designed for low-power
and low-voltage wireless applications. The
RF transceiver is integrated with a
baseband modem supporting data rates
up to 1 Mbps.

The 662400 s a low-cost, highly integrated
solution  enabling robust  wireless
communication in the 2.4 - 2.4835 GHz
unlicensed ISM band. It is intended for
systems compliant with  world-wide
regulations covered by EN 300 440
(Europe), CFR47 Part 15 (US) and ARIB
STD-T66 (Japan).

Targeting a wide range of applications at
2.4 GHz, the 662400 supports over-the-air
data rates of 10 kbps, 250 kbps and
1 Mbps without requiring any modifications
to the hardware.

The £62400 provides extensive hardware
support for packet handling, data
buffering, burst transmissions, data coding

Key Features

e True single-chip 24 GHz RF
transceiver with baseband modem

e 10 kbps, 250 kbps and 1 Mbps over-

the-air data rates

Low current consumption (RX: 24 mA)

Low core supply voltage (1.8 V)

Programmable output power

No external RF switch / filter needed

I/Q low-IF receiver

I/Q direct up-conversion transmitter

Few external components

FIFO allows bursting of data

o Wireless audio
e PC peripherals
e Advanced toys

and error detection reducing the workload
on the host microcontroller.

The main operating parameters of £62400
can be programmed via an SPI-bus. In a
typical system £62400 will be used
together with a microcontroller and a few
external, passive components.

CC2400 is based on Chipcon’s SmartRF®-
03 technology in 0.18 um CMOS.

Packet handling hardware

Data buffering

Digital RSSI output

Small size (QFN 48 package), 7x7 mm

Reference design complies with EN

300 328, EN 300 440, FCC CFR47 part

15 and ARIB STD-T66

e Powerful and flexible development
tools available

o Easy-to-use software for generating the

062400 configuration data

This document contains information on a pre-production product. Specifications and information herein are subject to

change without notice.
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1 Abbreviations

ACP Adjacent Channel Power
ACR Adjacent Channel Rejection
ADC Analog-to-Digital Converter
AFC Automatic Frequency Correction
AGC Automatic Gain Control
BER Bit Error Rate
BOM Bill Of Materials
bps bits per second
BT Bandwidth-Time product (for GFSK)
CRC Cyclic Redundancy Check
CSMA Carrier Sense Multiple Access
CSMA/CA Carrier Sense Multiple Access / Collision Avoidance
DAC Digital-to-Analog Converter
ESR Equivalent Series Resistance
FH Frequency Hopping
FHSS Frequency Hopping Spread Spectrum
FIFO First In First Out (queue)
FS Frequency Synthesizer
FSK Frequency Shift Keying
GFSK Gaussian Frequency Shift Keying
IF Intermediate Frequency
ISM Industrial Scientific Medical
kbps kilo bits per second
LNA Low Noise Amplifier
Mbps Mega bits per second
MCU Micro Controller Unit
NRZ Non Return to Zero
PA Power Amplifier
PD Phase Detector
PCB Printed Circuit Board
PN9 Pseudo-random Bit Sequence (9-bit)
PLL Phase Locked Loop
PRN Pseudo Random Number
PRNG Pseudo Random Number Generator
RF Radio Frequency
RSSI Received Signal Strength Indicator
RX Receive (mode)
SPI Serial Peripheral Interface
SRD Short Range Device
TBD To Be Decided/Defined
TDMA Time Division Multiple Access
TX Transmit (mode)
VCO Voltage Controlled Oscillator
VGA Variable Gain Amplifier
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Features

2400 — 2483 MHz RF transceiver

e GFSK and FSK modulation

e Very low current consumption (RX:
24 mA)

e Over-the-air data rates of 10 kbps,
250 kbps and 1 Mbps

¢ High sensitivity (-87 dBm @ 1Mbps,
BER=107)

o Agile frequency synthesizer (40 us
settling time)

e On-chip VCO, LNA and PA

e Low core supply voltage (1.6-2.0 V)

e Flexible /O  supply voltage
(1.6-3.6 V) to match the signal
levels of the interfacing
microcontroller

e Programmable output power

o 1/Q low-IF receiver

¢ 1/Q direct up-conversion transmitter

Few external components

e Only reference crystal and a few
passives needed

¢ No external filters needed

Programmable baseband modem
e 4-wire SPI interface

e Serial clock up to 20 MHz

¢ Digital RSSI output

INSTRUMENTS

SUNSTAR
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Packet handling hardware support

e Preamble generator with
programmable length

e Programmable synchronization
word insertion/detection

e CRC computation over the data
field

e 8B/10B line coding option

Data buffering

e 32 byte FIFO

e Provides for flexible communication
with the host controller.

e Burst transmission reduces the
average power consumption.

Powerful and flexible development

tools available

o Fully equipped development kit

e Demonstration board reference
design with microcontroller code

o Easy-to-use SmartRF Studio
software for generating the £62400
configuration data

Small size (QFN 48 package) 7 x 7 mm
Reference design complies with EN

300 328, EN 300 440, FCC CFR47 part
15 and ARIB STD-T66

Page 5 of 83
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3 Absolute Maximum Ratings

Parameter Min. Max. Units Condition
Supply voltage, chip core, -0.3 2.0 Vv
AVDD/DVDD1.8=VDD
Supply voltage (DVDD3.3=VDDIO), digital I/O -0.3 3.6 V
Voltage on any pin, core -0.3 VDD+0.3, Vv
max 2.0
Voltage on any pin, digital I/O (pin no. 27-35) -0.3 VDDIO+0.3, \Y
max 3.6
Input RF level 10 dBm
Storage temperature range -50 150 °C
Reflow solder temperature 260 °C T=10s

NOTE:

The supply voltage to the chip core (AVDD/DVDD1.8) should not be switched off when the digital IO (DVDD3.3)

supply voltage is still applied to the chip. If this is done, a large current will flow inside the CC2400 and the chip may
be damaged as a result.

If the core supply needs to be switched off to lower the power consumption, please see page 17 for a suggested

solution.
The absolute maximum ratings given the limiting values may cause permanent
above should under no circumstances be damage to the device.

violated. Stress exceeding one or more of

Caution! ESD sensitive device.
Precaution should be used when handling
% gm the device in order to prevent permanent
damage.

4 Operating Conditions

Parameter Min. Typ. Max. Unit Condition
Supply voltage, chip core, 1.6 2.0 \%
AVDD/DVDD1.8
Supply voltage (DVDD3.3), digital 1.6 3.6 \% The digital I/O voltage (DVDD3.3
I/0, VDDIO pin) must match the interfacing
circuit.

Recommended supply voltage, chip 1.8V
core, AVDD/DVDD1.8
Recommended supply voltage 1.8V/
(DVDD3.3), digital /O 3.3V
Operating ambient temperature -40 85 °C
range

Q’ TEXAS SWRS042 Page 6 of 83
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5 Electrical Specifications

Parameter Min. Typ. Max. | Unit | Condition/ Note

Current Consumption,

Power Down mode (OFF) 1.5 5 LA Oscillator core off
Current Consumption,

Idle mode (IDLE) 1.2 mA

Current Consumption,

Frequency synthesizer (FS_ON) 6.3 mA

Current Consumption, 24 mA

Receive mode

Current Consumption,
Transmit mode:

P=-25 dBm 11 mA The output power is delivered
differentially to a 50Q single-

P=-5 dBm 15 mA ended load through a balun, see
also p. 50.

P=0 dBm 19 mA

Current Consumption, crystal 38 pA 16 MHz, 16 pF load crystal

oscillator core

Table 1 Electrical specifications

6 General Characteristics

Tc = 25°C, AVvDD/DVDD1.8 = 1.8 V, DVDD3.3 = 3.3V (digital I/O) if nothing else stated. Measured on Chipcon’s
CC2400EM reference design.

Parameter Min. Typ. Max. | Unit | Condition/ Note
RF Frequency Range 2400 2483 MHz Programmable in 1 MHz channel
steps.
Data rate 10 kbps | Datarate is
250 kbps | programmable/selectable, see
1 Mbps | page 40

Table 2 General characteristics
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7 RF Transmit section

Tc = 25°C, AVvDD/DVDD1.8 = 1.8 V, DVDD3.3 = 3.3V (digital I/O) if nothing else stated. Measured on Chipcon’s
CC2400EM reference design.

Parameter Min. Typ. Max. | Unit | Condition / Note
Binary FSK frequency deviation 0 250 500 +kHz | The frequency corresponding to
the digital "0" is denoted f,, while
f; corresponds to a digital "1".
The frequency deviation is given
by f=+(f;—fo)/2. The RF carrier
frequency, f., is then given by
fo=(fotf)12.
Nominal output power 0 dBm Default settings.
Power delivered to a 50 Q single-
ended load through a balun. The
output power is programmable in
8 steps.
Programmable output power range 25 dB
20 dB bandwidth Maximum output power.
Modulation is 1 Mbps, NRZ data,
FSK 1.2 MHz | £ 250 kHz frequency deviation.
GFSK 1.0 MHz
Adjacent Channel Power (ACP) Maximum output power.
Modulation is 1 Mbps, NRZ data,
FSK -30 dBc + 250 kHz frequency deviation.
GFSK -43 dBc Measured at 2 MHz offset.
Harmonics At max output power delivered to
2" order harmonic -41 dBm | 50 Q single-ended load through a
3" order harmonic -54 dBm | balun. Carrier modulated with
pseudo-random data. See p.50.
Spurious emission Maximum output power.
30 - 1000 MHz -65 -36 dBm | Modulation is 1 Mbps FSK, NRZ
1-12.75 GHz -41 -30 dBm data, +250 kHz frequency
1.8-19GHz -69 -47 dBm deviation.
5.15-5.3 GHz -65 -47 dBm [ Complying with EN 300 440,
CFR47 Part 15 and ARIB STD-
T66
Optimum load impedance 110 Q Differential impedance as seen
+j130 from the RF-port (RF_P and
RF_N) towards the antenna. For
matching details see “Input/
output matching” page 50 as well
as the application circuit
description on page 17.
Table 3 Transmit characteristics
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8 RF Receive section

Tc = 25°C, AVvDD/DVDD1.8 = 1.8 V, DVDD3.3 = 3.3V (digital I/O) if nothing else stated. Measured on Chipcon’s
CC2400EM reference design.

Parameter Min. Typ. Max. | Unit | Condition / Note

Receiver Sensitivity at BER = 10~ Measured in a 50 Ohm single-
ended load through a balun. FSK,
NRZ mode used.

1 Mbps, 1 MHz channel BW -87 dBm | £250 kHz frequency deviation
250 kbps, 1 MHz channel BW -91 dBm +250 kHz frequency deviation
10 kbps, 500 kHz channel BW -101 dBm +125 kHz frequency deviation
Saturation (maximum input level) 3 dBm Maximum gain in LNA.

NRZ coded data, BER = 107

Co-channel rejection -10 dB 1 Mbps wanted signal 10 dB
above the sensitivity level,
interferer modulated like signal
(pseudo-random FSK, + 250 kHz
deviation), interferer at operating
frequency, BER = 107°

Adjacent channel rejection (ACR) FSK wanted signal 10 dB above
the sensitivity level, 1 MHz

1 Mbps 0 dB channel spacing, interferer

250 kbps 12 dB modulated like signal (pseudo-

random FSK, + 250 kHz
deviation) at adjacent channel,

BER=10"°
Image channel rejection FSK wanted signal 10 dB above
the sensitivity level, interferer
1 Mbps 21 dB modulated like signal (pseudo-
250 kbps 39 dB random FSK, £ 250 kHz

deviation) at image frequency,
BER = 10°. The image channel
is centered 2MHz below the
center frequency of the desired

channel.
Selectivity (C/l)
(In-band channel rejection)
+ 2MHz 20 dB 1Mbps FSK wanted signal at
+ 3MHz 41 dB 2441 MHz, 3 dB above the
+ 4MHz 50 dB sensitivity level (except + 2 MHz,
+ 5MHz 52 dB which is 10 dB above the
+ 10MHz 55 dB sensitivity limit), jammer
+ 20 MHz 56 dB modulated like signal (pseudo-
+ 50MHz 59 dB random, + 250 kHz deviation) at

+ 2-39 MHz in 1 MHz steps
offset, BER = 107°. Adjacent
channels and image channel are

excluded.
+ 2 MHz 48 dB 250 kbps FSK wanted signal at
+ 3 MHz 50 dB 2441 MHz, 3 dB above the
+4 MHz 55 dB sensitivity level (except + 2 MHz,
+5MHz 56 dB which is 10 dB above the
+ 10 MHz 59 dB sensitivity limit), jammer
+ 20 MHz 60 dB modulated like signal (pseudo-
+ 50 MHz 64 dB random, + 250 kHz deviation) at

+ 2-39 MHz in 1 MHz steps
offset, BER = 107°, Adjacent
channels and image channel are
excluded.

% TEXAS SWRS042 Page 9 of 83
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Parameter

Min.

Typ.

Max.

Unit

Condition / Note

Blocking / Desensitization*
(*out-of-band spurious response
rejection)

0.3-2.0GHz

2.0 -2.399 GHz

2,498 — 3.0 GHz

3-12.75GHz

1 Mbps FSK wanted signal 3 dB
above the sensitivity level, sine-
wa\ge interfering signal, BER =
107"

Input [IP3

Out of band
In band

-5
-17

dBm
dBm

Measured directly by applying two
tones and measuring the
resulting difference tone
amplitude.

Image frequency suppression

56

dB

Ratio between sensitivity for a
signal at the image frequency and
the sensitivity in the wanted
channel with an inverted signal.
The image frequency is centered
-2 MHz from the center of the
wanted channel. The signal
source is 1Mbps, NRZ coded
data, +250 kHz frequency
dev:iation, signal level for BER =
10°

Spurious reception

80

dB

Ratio between the sensitivity for
an unwanted frequency and the
sensitivity in the wanted channel.
The signal source is a 1 Mbps,
NRZ coded data, +250 kHz
frequency deviation, swept over
all frequencies 2400 —2483.5
MHz. Signal level for BER = 107
Adjacent channels and image
channel are excluded.

Spurious emission
<1GHz
1-12.75 GHz

=70
-56

-57
-47

dBm
dBm

Complying with EN 300 440,
CFRA47 Part 15 and ARIB STD-
T66

9 AFC section

Table 4 RF Receive characteristics

Parameter Min. Typ. Max. | Unit | Condition / Note
For 1Mbps and 1 MHz channel
width, AFC_SETTLING=4.
AFC range + 500 kHz Measured using an unmodulated
carrier.
AFC accuracy 5 kHz

b TEXAS
INSTRUMENTS

Table 5 AFC characteristics
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Parameter Min. Typ. Max. | Unit | Condition/ Note
For 1Mbps and 1 MHz channel
width.
RSSI range / Carrier sense range 80 dB (The range is from —100 dBm to
—20 dBm typically)
RSSI settling time 20 us
RSSI accuracy +4 dB See page 44 for details

Table 6 RSSI / Carrier sense characteristics

11 IF section

Parameter Min. Typ. Max. Unit | Condition / Note
Intermediate frequency (IF) 1 MHz
Digital channel filter bandwidth 125 1000 kHz The digital channel filter 6dB-

bandwidth is programmable in
steps: 125, 250, 500 and 1000
kHz. See page 39 for details.

Table 7 IF characteristics

12 Frequency Synthesizer section

Parameter Min. Typ. Max. Unit | Condition / Note
Crystal oscillator frequency 16 MHz | See page 49 for details.
Crystal frequency accuracy 20 +ppm | The total crystal frequency
requirement accuracy, i.e. initial tolerance plus
aging and temperature
dependency, will determine the
frequency accuracy of the
transmitted signal. 1 Mbps FSK,
250 kHz deviation.
Crystal operation Parallel C4 and C5 are loading
capacitors, see page 49
Crystal load capacitance 12 16 20 pF 16 pF recommended
Crystal ESR 60 Q
Crystal oscillator start-up time 1.13 ms 16 pF load
Note: This time can be reduced to
15 ps by enabling the XOSC core
in power-down using the
MANAND register.
Phase noise Unmodulated carrier
-108 dBc/Hz | At £1 MHz offset from carrier
-114 dBc/Hz | At +2 MHz offset from carrier
-114 dBc/Hz | At £5 MHz offset from carrier
PLL loop bandwidth 50 kHz
b’ TEXAS SWRS042 Page 11 of 83
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Parameter Min. Typ. Max. | Unit | Condition / Note
PLL lock time (RX/ TX turn-on 40 us Until within £ 10 kHz
time) Step size is TMHz, no calibration.

Note: Calibration should be
performed for frequency changes

> 8 MHz.
PLL turn-on time from IDLE mode, 100 us Crystal oscillator running.
crystal oscillator on Calibration time included.

Table 8 Frequency synthesizer characteristics

13 Digital Inputs/Outputs

Parameter Min. Typ. Max. | Unit | Condition/ Note

Signal levels are referred to the
voltage level at the pin DVDD3.3.

Logic "0" input voltage 0 0.3* \%
DVDD
Logic "1" input voltage 0.7* DVDD \
DVDD

Logic "0" output voltage 0 0.4 \% Output current -8 mA,

3.3 V supply voltage
Logic "1" output voltage 25 DVDD \% Output current 8 mA,

3.3 V supply voltage
Logic "0" input current NA -1 pA Input signal equals GND
Logic "1" input current NA 1 LA Input signal equals DVDD
DIO setup time 20 ns TX un-buffered mode, minimum

time DIO must be ready before
the positive edge of DCLK

DIO hold time 10 ns TX un-buffered mode, minimum
time DIO must be held after the
positive edge of DCLK

Serial interface (SCLK, SI, SO and See Table 12 page 22
CSn) timing specification

Table 9 Digital input/output characteristics

b TEXAS SWRS042 Page 12 of 83
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cc2400

AVDD_XOSC

AVDD_IF1
X0SC16_Q1
X0SC16_Q2

ATEST2
R_BIAS

VCO_GUARD . NC
AVDD_VCO GlO6
AVDD_PRE SO
AVDD_RF1 Sl
GND SCLK
662400
TXRX_SWITCH DCLK/FIFO
RF_N DIO/PKT
GND TX
AVDD_SW RX
NC DVvDD1.8
NC DVDD3.3
AGND
5 Jé Jé :‘é g § S g g § g g Expors]edgie
O 0 © © &5 % % = g o o attach pa
= U 0O
38 ggegen 5 8
;)E |2
o
Figure 1 62400 Top View
Pin no. Pin name Pin type Description
- AGND Ground (analog) | Exposed die attach pad. Must be connected to solid ground
plane
1 VCO_GUARD Power (Analog) | Connection of guard ring for VCO shielding
2 AVDD_VCO Power (Analog) | Power supply for VCO
3 AVDD_PRE Power (Analog) | Power supply for Prescaler
4 AVDD_RF1 Power (Analog) | Power supply for RF front-end
5 GND Ground (Analog) | Grounded pin for RF shielding
6 RF_P RF I/0 Positive RF input/output signal to LNA/from PA in
receive/transmit mode
7 TXRX_SWITCH Power (Analog) | Common supply connection for RF front-end. Must be
connected to RF_P and RF_N externally through a DC path.
8 RF_N RF 1/0 Negative RF input/output signal to LNA/from PA in
receive/transmit mode
9 GND Ground (Analog) | Grounded pin for RF shielding
10 AVDD_SW Power (Analog) | Power supply connection
b’ TEXAS SWRS042 Page 13 of 83
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Pin no. Pin name Pin type Description

11 NC - No Connect

12 NC - No Connect

13 NC - No Connect

14 AVDD_RF2 Power (Analog) | Power supply for receive and transmit mixers

15 AVDD_IF2 Power (Analog) | Power supply for transmit IF chain

16 AVDD_ADC Power (Analog) | Power supply connection of ADCs and DACs

17 DVDD_ADC Power (Digital) | Power supply for digital part of receive ADCs

18 DGND_GUARD Ground (Digital) | Ground connection for digital noise isolation

19 DGUARD Power (Digital) | Power supply connection for digital noise isolation

20 BT/GR Digital Input Selection of Built-in-Test or Generic Radio (normal operation).
Connect to ground for normal operation (NOTE: For Chipcon
internal use only.)

21 GIlO1 Digital 1/0 General digital 1/0 pin. Configure as output when not used.
See Table 18

22 DGND Ground (Digital) | Ground connection for digital modules

23 DSUB_PADS Ground (Digital) | Substrate connection for digital 1/0’s

24 DSUB_CORE Ground (Digital) | Substrate connection for digital modules

25 DVDD3.3 Power (Digital) | Power supply for digital I/O’s

26 DVDD1.8 Power (Digital) | Power supply for digital modules

27 RX Digital Input Strobe signal for RX mode. Connect to ground when not used.

28 TX Digital I/0 Strobe signal for TX mode. Connect to ground when not used.

29 DIO/PKT Digital I/0 Data input/output in un-buffered mode or packet handling
control signal. Configure as output when not used.

30 DCLK/FIFO Digital Output Data clock output signal in un-buffered mode or FIFO control
signal. Leave open when not used.

31 CSn Digital Input SPI: Chip Select

32 SCLK Digital Input SPI: Serial data clock

33 Sl Digital Input SPI: Slave Input

34 SO Digital Output SPI: Slave Output

35 GlO6 Digital Output General digital output pin. See Table 18

36 NC - No Connect

37 NC - No Connect

38 NC - No Connect

39 NC - No Connect

40 NC - No Connect

41 AVDD_XOSC Power (Analog) | Power supply for 16 MHz crystal oscillator

42 X0SC16_Q2 Analog output 16 MHz crystal oscillator

43 X0SC16_Q1 Analog input 16 MHz crystal oscillator or external clock input

44 AVDD_IF1 Power (Analog) | Power supply connection of receive IF chain

45 R_BIAS Analog Output Connection for external precision bias resistor

46 ATEST2 Analog 1/0 Analog test I/O for prototype and production testing. Leave not
connected when not used.

47 ATEST1 Analog 1/0 Analog test I/O for prototype and production testing. Leave not
connected when not used.

48 AVDD_CHP Power (Analog) | Power supply for phase detector and charge pump

NOTES:

The exposed die attach pad must be connected to a solid ground plane as this is the main ground connection for the

chip.

The digital inputs SCLK, Sl and CSn are high-impedance inputs (no internal pull-up) and should have external pull-
ups if not driven. RX and TX should have external pull-down if not driven (to prevent the state machine from being

trigged). SO is high-impedance when CSn is high. External pull-up should be used at SO to prevent floating input at
the microcontroller.

b TEXAS
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15 Circuit Description

[\ >< ADC DIGITAL
ﬁ\_ DEMODULATOR

| Digital RSSI
I Gain Control
I Image Suppression
I Channel Filtering

I Demodulation

SUNSTAR

£ SmartRF©

DIGITAL

INTERFACE /

GC2400

Power
Control
PA :[Z

On-chip
BIAS

FIFO

CONTROL LOGIC

TX POWER CONTROL

TO MICROCONTROLLER

DAC DIGITAL

MODULATOR

- Data Filtering
- Modulation
- Power Control

DAC

e

Figure 2. £62400 simplified block diagram

A simplified block diagram of ££2400 is
shown in Figure 2.

002400 features a low-IF receiver. The
received RF signal is amplified by the low-
noise amplifier (LNA) and down-converted
in quadrature (I and Q) to the intermediate
frequency (IF). At IF (1 MHz), the 1/Q
signal is filtered and amplified, and then
digitized by the ADCs. Automatic gain
control, final channel filtering,
demodulation and bit synchronization is
performed digitally.

062400 outputs (in un-buffered mode only)
the digital demodulated data on the DIO
pin. A synchronized data clock is then
available at the DCLK pin. In buffered
mode the demodulated data is sent to a
FIFO and is accessible through the SPI
interface. RSSI is available in digital
format and can be read via the serial
interface. The RSSI| also features a

*9 TEXAS
INSTRUMENTS

SWRS042

programmable carrier sense indicator with
output on either GIO1 or GIO6.

In transmit mode the baseband signal is
directly up-converted quadrature (I and Q)
and then fed to the power amplifier (PA).

The TX IF signal is frequency shift keyed
(FSK). Optionally Gaussian filtering can be
used enabling GFSK. The BT of the
Gaussian filter is 0.5 for a datarate of

1 Mbps.

The internal T/R switch circuitry simplifies
the antenna interface and matching. The
antenna connection is differential. The
biasing of the PA and LNA is done by
connecting TXRX_SWITCH to RF_P and
RF_N through an external DC path.

The frequency synthesizer includes a

completely on-chip LC VCO and a 90
degrees phase splitter for generating the
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LO_I and LO_Q signals to the down-
conversion mixers in receive mode and
up-conversion mixers in transmit mode.
The VCO operates in the frequency range
4800 — 4966 MHz, and the frequency is
divided by two when splitin | and Q.

A crystal must be connected to
XOSC16_Q1 and XOSC16_Q2 and
generates the reference frequency for the

‘? TEXAS
INSTRUMENTS
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synthesizer. A PLL lock signal is available
via the GIO pins.

The digital baseband includes support for
packet handling and data buffering.

The 4-wire SPI serial interface is used for
configuration (and data interface in
buffered mode). A few digital I/O lines can
be configured for use with packet handling
strobe and interrupt signals.
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16 Application Circuit

Few external components are required for
the operation of £62400. A typical
application circuit is shown in Figure 3. A
description of the external components
referring to Figure 3 are described in
Table 10. The bill of materials (BOM) is
given in Table 11.

Good PCB layout is vital for proper
operation, please see the section on PCB
Layout Recommendations on page 56 for
more details.

16.1 Input/ output matching

The RF input/output is high impedance
and differential. The optimum differential
load for the RF port is listed on page 8.

When using an unbalanced antenna like a
monopole, a balun should be used in
order to get optimum performance. The
balun can be implemented using low-cost
discrete inductors and capacitors. The
balun consists of C61, C62, C71, C81,
L61, L62 and L72, and will match the RF
input/output to 50 Q, see Figure 3. L61
and L62 also provide DC biasing of the
LNA/PA input/output. L71 is used to
isolate the TXRX_SWITCH pin. An
internal T/R switch circuit is used to switch
between the LNA and the PA. See
“Input/output matching” on page 50 for
more details.

If a balanced antenna, like a folded dipole,
is used, the balun can be omitted. If the
antenna also provides a DC path from the
TXRX_SWITCH pin to the RF pins,
inductors are not needed for DC biasing.
The L71 isolation inductor should still be
used to avoid antenna reflections. Figure 4
shows a typical application circuit with
differential antenna. The dipole has a
virtual ground point, hence bias is
provided without degradation in antenna
performance. Please note that a
differential antenna is generally larger than
an equivalent single-ended antenna.

16.2 Bias resistor
The bias resistor R451 is used to set an
accurate bias current for the chip.

*9 TEXAS
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16.3 Crystal

An external crystal with input and output
loading capacitors (C421 and C431) is
used for the crystal oscillator. See page 49
for details.

16.4 Digital I/O

The supply voltage for the digital 1/O must
match the interfacing microcontroller. The
digital 1/Os of CC2400 can interface
microcontrollers with supply voltages in
the range 1.6 - 3.6 V.

16.5 Power supply decoupling and
filtering

Proper power supply decoupling must be
used for optimum performance. The
placement and size of the decoupling
capacitors and the power supply filtering
are very important to achieve the best
performance in an application. Chipcon
provides a compact reference design that
should be followed very closely.

16.6 Power supply switching

As described in a note in the Absolute
Maximum Ratings section, the voltage
supply to the chip core should not be
switched off separately from the I/O supply
voltage.

If it is necessary to switch the core power
supply off, for instance to save the power
dissipated in the 1.8V regulator, the 1/O
supply should be turned off as well. This
can be done quite easily by running the
I/0O supply from a microcontroller /O pin.
Current drawn on the 1/0O supply is just a
few milliamps, so an ordinary /O pin
should have no problems in sourcing this
current. Power sequencing should be
performed so that both supplies are turned
on and off simultaneously.
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Ref Description

C71 Front-end bias decoupling and match, see page 50
C61 Discrete balun and match, see page 50

C81 Discrete balun and match, see page 50

C62 DC block to antenna and match

C421 16MHz crystal load capacitor, see page 49

C431 16MHz crystal load capacitor, see page 49

L61 DC bias and match, see page 50

L62 DC bias and match, see page 50

L71 RF blocking inductor, see page 50

L81 Discrete balun and match, see page 50

R451 Precision resistor for current reference generator
XTAL 16MHz crystal, see page 49

Table 10. Overview and description of external components for an unbalanced antenna
(balun implemented with low cost discrete components)

AVDD=1.8V AVDD=1.8V

C431 T C421

R451 |:|
XTAl
.
AVDD=1.8V & |f. |§ & Iﬁ |$ |.*3, |ﬁ B 8 I% 8
o
[P > ® o> ox X z z oz
22 525352 ¢ 256808 %
SASHNZ I E g 2 g O
—_ S} — {2}
1 =0 | % 36
VCO_GUARD - e R 3 NC
2 e}
AVDD_VCO Glo6 2
3 34 —
AVDD_PRE SO
Antenna 4 - SPI-bus
(50 Ohm) ~ C61 AVDD_RF1 o 8 L
GND SCLK [—2
£c2400 ot
TXRX_SWITCH DCLK/FIFO—— | )
2 Optional
RF_N DIO/PKT — digital
GND - 28 interface
AVDD SW o RX 21—
:l_: 11 > O % o o % —
= — NC 3<> > =z 2 g o % fé’ DVDDI1.8 O DVDD=1.8V
12_| S £ g 8 5 ¥ S = 2 N
NC O g O E g ¢z .3 ey ‘8 DVDD3.3 0 DVDD Digital /O
z 2's 5 &% ® a s 25 2 =18/33V
a v v A 0O U U ® = g wu m
I: Rl RIRBRRERRBR
O O
AVDD=1.8V DVDD=1.8V

Figure 3 Typical application circuit with discrete balun for interfacing single-ended
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E 31 [ ca
R451
03
AVDgzl.xv |& |f- Ig & Tﬁ I& ] |‘: B I% I% Iﬁ
é z 0z 5 \; g § é 2% % 8 %
ST E 33 B 228
L vco Guarp T e R § Ne
- 2 a 35
AVDD_VCO GIO6
31 AVDD PRE so FE——]
4 1 SPI-bus
AVDD_RF1 SI —
5
-|||—- GND SCLK [—2
¢ 8 | reP =
Ff:lded L6l L71 - CSn — |
dipole ¢ T TXRX_SWITCH DCLK/FIFO F—— | _
antenna 3 29 Optional
" REN DIO/PKT — digital
'||| 9 | GND X 08 interface
0 1 AvDD_sw o rRx |27
1_| > g 2 g 9 26 -
NC Zo» 2 25 2 Z DVDDLS o DVDD=18V
o 12_| S S5 € € & s @ 25 »
NC S 5 o a & 3 5 ® ' '~ DVDD3.3 0 DVDD Digital I/O
s 22 352 % 32 ¢ 2 ¢ =1.8/ 33V
A 383 BRR&E &8 82 & 7 E
FFFFEFEFLEE
O O
AVDD=1.8V DVDD=1.8V
Figure 4 Typical application circuit with differential antenna (folded dipole)
Item Single ended output, discrete Differential antenna
balun
C62 5.6 pF, +/- 0.25pF, NPO, 0402 Not used
C61 0.5 pF, +/- 0.25pF, NPO, 0402 Not used
C81 0.5 pF, +/- 0.25pF, NP0, 0402 Not used
C71 100 nF, 10%, X5R, 0402 100 nF, 10%, X5R, 0402
C421 18 pF, 5%, NP0, 0402 18 pF, 5%, NP0, 0402
C431 18 pF, 5%, NP0, 0402 18 pF, 5%, NP0, 0402
L61 7.5 nH, 5%, Monolithic/multilayer, 0402 27 nH, 5%, Monolithic/multilayer, 0402
L62 5.6 nH, 5%, Monolithic/multilayer, 0402 Not used
L71 27 nH, 5%, Monolithic/multilayer, 0402 27 nH, 5%, Monolithic/multilayer, 0402
L81 7.5 nH, 5%, Monolithic/multilayer, 0402 Not used
R451 43 kQ, 1%, 0402 43 kQ, 1%, 0402
XTAL 16 MHz crystal, 16 pF load (C,) 16 MHz crystal, 16 pF load (C,)

NOTE: Decoupling components are not included.
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17 Configuration Overview

02400 can be configured to achieve
optimum  performance for different
applications. Through the programmable
configuration registers the following key
parameters can be programmed:

¢ Receive / transmit mode

o RF frequency

o RF output power

o FSK frequency deviation

e Power-down / power-up mode

18 Configuration Software

Chipcon provides users of 662400 with a
software  program, SmartRF®  Studio
(Windows interface) that generates all
necessary G62400 configuration data,
based on the user's selections of various
parameters. These hexadecimal numbers
will then be the necessary input to the

http://www.icasic.com/ TEL:
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o Crystal oscillator power-up / power
down

e Data rate and line coding (NRZ,
8B/10B coding)

e Synthesizer lock indicator mode

¢ Digital RSSI

e FSK/GFSK modulation

o Data buffering

¢ Packet handling hardware support

microcontroller for the configuration of
062400,

Figure 5 shows the user interface of the
CC2400 configuration software.

{Z: Calculation Window - CC2400 - SmartRF Studio
File Settings Help
- Hormal View IHegisler Viewl Hotes |
SCTAL [0x07]: 0x0000 Radio / Modem Register values:
SDIV [0x02]: 0x0000 FEDIV = 020920 :I
DMCTRL [0<03]: 00000 Crystal accuracy: |m ppri Data format NFZ - FF Frequency -» FRER
GCCTRL [0x04]: 0x0000 R mode -> Subtiact 1 [1 MHz IF)
REMD [0+05]: 0+0000 RF frequency: |2433 MHz  Moduation:  [FSK +|  [MANAND = Du7FFF
Shauld always write this value
551 104061, 00000 MDMCTRL - 040040
REQEST (0407 0x0000 AF data rate W Differental P, Deviation > MOD_DEY
[~ 10CFG [0x08] 0x0000 Dala rate | Bandwidth | Deviation General /0 MOMTSTO = 0x1348
(- FSMTE [0x0B); 0+0000 Bala rsale ks AFCT??EHI‘?G
3 250kbps 1 MHz 250 kHz ) ata Source > T
e DOB IO kb SO0kdz  175kHe G107 pin: |(507LOCK_STATUS ~] |MDMTST1 = 040048
FSMSTATE [00E] 0»0000 Diata rate -» BSYNC_THRESHOLD
- ADCTST [0:0F]: 040000 RF autput power |u =] Bm  GI0Epn [i1cAc oK =| [FREMND = 0x0007
[+~ A=BPFTST [0x10]: 00000 = RF output power -» PA_LEVEL
Bl PAMTST [0:11] 00000 All other settings are configured automatically in each test mode [Simple and Packet B/ Ti) ISR =_Ux-1 FiEly
! GIO1 pin - GIO1_CFG
MTST [0x12]: 0x0000 . - . . .
e The registers that need to be modified after reset in a microcontroller program, are displaved to GIOE pin -> GIOB_CFG
10x13]: O the right and in the test tabs below, GRMOM ?D“_D
DMTSTO [0x14]: 00000 Modulation -> Tx_GAUSSIAM_FILTER &
DMTSTY [0x15]: 0000 Capy settings o Register Vi MODLILATION_FORMAT
[ L A L R Wt | Data format -> DATA_FORMAT
ACTST [0x16]: 0x0000 SRDEC - 0x0000
GCTSTO [0417] 0x0000 Heseh CEZANN and itz setings | Datarate -» CHAMNEL_DEC & DEC_VAL =l
GCTSTT [0x18] 0x0000
GCTST2 [0x19] 0x0000 -
- FSTSTO [0x14] 0x0000 Simple R | Simple Ti4 | Packet P | Packet T | FH Network
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FSTST2 [0x1C] 00000 =dire =
B FSTST3 (0410} 0x0000 Unbuffered mode -» PACKET_MODE & PIN_MODE
- MAMFIDL [0x7E]: 00000 o
- MAMFIDH [0x1F) 0x0000
[+~ GRMDM [0x20} 0x0000
(- GRDEC [0x21]: 0x0000
[ PETSTATLIS [M221 NxN000 ;I
FSH State 0 J= | R
1 ey 1= | e B
AEC I RHE = Lok
Main Control Register ;I _I
¥
Start unbuffered B StopiE R |
-]
A

Figure 5. SmartRF® Studio user interface
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19 4-wire Serial Configuration Interface

CC2400 is configured via a simple 4-wire
SPIl-compatible interface (SI, SO, SCLK
and CSn) where £62400is the slave. This
interface is also used as data interface in
buffered mode (see page 27).

There are 44 16-bit configuration registers,
9 Command Strobe Registers, and one
register to access the FIFO. Each register
has a 7-bit address. The FIFO (32 bytes)
is 8 bits wide. A Read/Write bit indicates a
read or a write operation and forms the 8-
bit address field together with the 7-bit
address.

Some registers are termed Command
Strobe Registers. By addressing a
Command  Strobe register internal
sequences will be started. These
commands can be used to quickly change
from RX mode to TX mode, for example.

A full configuration of C£62400 requires
sending 44 data frames of 24 bits each (7
address bits, R/W bit and 16 data bits).
The time needed for a full configuration
depend on the SCLK frequency. With a
SCLK frequency of 20 MHz the full
configuration is done in less than 5 ps.
Setting the device in power down mode
requires addressing one command strobe
register only, and will in this case take less
than 0.4 us. All registers except the strobe
registers are also readable.

In each write-cycle, 24 bits are sent on the
Sl-line. The bit to be sent first is the R/W
bit (O for write, 1 for read). The next seven
bits are the address-bits (A6:0). A6 is the
MSB (Most Significant Bit) of the address
and is sent first. The 16 data-bits are then
transferred (D15:0). During address and
data transfer the CSn (Chip Select, active
low) must be kept low. See Figure 6.

The timing for the programming is shown
in Figure 6 with reference to Table 12. The
clocking of the data on Sl into the £62400
is performed on the positive edge of
SCLK.

{'} TEXAS
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The data word is loaded into the internal
configuration register, when the last bit,
DO, of the 16 data bits has been written.

The configuration data will be retained
during a programmed power-down mode,
but not when the power-supply is turned
off. The registers can be programmed in
any order.

The configuration registers can also be
read by the microcontroller via the same
configuration interface. The R/W bit must
be set high to initiate the data read-back,
then the seven address bits are sent.
062400 then returns the data from the
addressed register. SO is used as the
data output and must be configured as an
input by the microcontroller.

The command strobe register is accessed
in the same way as for a write operation,
but no data is transferred. That is, only the
R/W bit and the seven address bits are
written before CSn should be set high.

Figure 7 shows a summary of read and
write operations. A register read/write can
be terminated after one byte if only the
most significant byte is required. A register
can also be accessed repeatedly without
writing the address again. The buffer FIFO
(8 bit wide, 32 bytes) can be written
continuously by simply writing new bytes
over and over. The internal data pointer is
then updated for every written byte. The
session is terminated when the CSn is set
high.

Please note that a longer hold time, t, is
needed before setting CSn high when
accessing the FIFO in buffered mode.

During the transfer of the address, the
CC2400 returns a status byte on the SO
line containing some important flags. This
is shown in Table 13.
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Figure 6. SPI timing diagram
CcSn: _l | li

Command strobe:
Read or write a whole register (16 bit): < ADDR X DATASMSLX DATAsLsﬁ)
Read or write 8 MSB of a register: m
Read or write a whole register continuously: ( ADDR X DATAamX DATAsLsa_X DATAsMgeLX DATAaLaB) < DATAamX DATASLSB_)
Read or write n bytes from/to RF FIFO: (ADDRFIFO X DATA, 1e0 X DATA et X DATA, e X DATA, ies > (DATAWG n-ZXDATAb te n-1>

Figure 7. Configuration registers write and read operations via SPI

Parameter | Symbol | Min | Max | Units Conditions

SCLK, clock fSCLK 20 MHz

frequency

SCLK low tol,min 25 ns The minimum time SCLK must be low.

pulse

duration

SCLK high teh,min 25 ns The minimum time SCLK must be high.

pulse

duration

CSn setup tsp 25 ns The minimum time CSn must be low before

time positive edge of SCLK.

CSn hold ths 25 ns The minimum time CSn must be held low after the

time 1 last negative edge of SCLK.

CSn hold tps 300 ns In buffered mode: The minimum time CSn must be

time 2 held low after the last positive edge of SCLK. This
only applies to FIFO accesses.

Sl setup time tsq 25 ns The minimum time data on S| must be ready
before the positive edge of SCLK.

Sl hold time tha 25 ns The minimum time data must be held at SI, after
the positive edge of SCLK.

Rise time tiise 100 ns The maximum rise time for SCLK and CSN

Fall time tran 100 ns The maximum fall time for SCLK and CSn

Note: The set-up- and hold-times refer to 50% of VDD.

Table 12. SPI timing specification
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Bit# | Name Description

7 - Reserved, ignore value

6 XOSC16M_STABLE Indicates whether the 16 MHz oscillator is running ('1') or not

5 RESERVED Reserved

4 SYNC_RECEIVED Indicates whether a sync word has been received or not so far in

the RX operation

3 CRC_OK Indicates whether the next two bytes in the FIFO will make the
CRC calculation successful or not:

0: CRC not OK or CRC off

1: CRC OK
2 FS_LOCK Indicates whether the frequency synthesiser is in lock (*1') or not.
1:0 RESERVED([1:0] Reserved

Table 13. Status byte returned during address transfer
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The 62400 can be configured for different

data interfaces,

coding schemes and

packet handling hardware support.

Table 14 below gives a summary of the

possibilities.

Data Data coding | Packet handling support
interface
Buffered NRzZ TX:
e Preamble generation
(32 byte FIFO e Sync word insertion
accessed e CRC computation and insertion
through the
SPl interface) RX:
e Sync Word detection
8/10 code ¢ CRC computation and check
Manchester
Un-buffered NRZ RX:
e Sync Word detection
(DIO and
DCLK
synchronous
interface)
Manchester

Table 14. Configurations and hardware support
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21 Microcontroller Interface and Pin Configuration

Used in a typical system, £62400 will
interface to a microcontroller. This
microcontroller must be able to:

e Program C£62400 into different modes
and read back status information via
the 4-wire SPIl-bus configuration
interface (Sl, SO, SCLK and CSn). In
buffered mode the data signal is also
transmitted through the SPI-bus

¢ Interface to the bi-directional
synchronous data signal interface (DIO
and DCLK) if un-buffered data
transmission is to be used

e Optionally interface to the general
control and status pins (RX, TX, FIFO,
PKT, GIO1 and GIO6) if the hardware
supported packet handling functions
are to be used

e Optionally the microcontroller can
monitor the general /0 pins (GIO1,
GIO®6) for frequency lock status, carrier
sense status, or other status
information

¢ Optionally, the microcontroller can read
back digital RSSI value and other
status information via the 4-wire SPI
interface

211 Configuration interface

The microcontroller interface is shown in
Figure 8. The microcontroller uses a
minimum of 4 1/O pins for the SPI
configuration interface (SI, SO, SCLK and
CSn). All other pins are optional. SO
should be connected to an input at the
microcontroller. SI, SCLK and CSn must
be microcontroller outputs.

The microcontroller pins connected to Sl,
SO and SCLK can be shared with other
SPl-interface devices. SO is a high
impedance output as long as CSn is not
activated (active low).

CSn should have an external pull-up
resistor or be set to a high level during
power down mode in order to prevent the
input from floating. SI and SCLK should be
set to a defined level to prevent the input
from floating.

{'} TEXAS
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21.2 Signal interface in un-buffered
mode

A bi-directional pin (DIO) is used for data

to be transmitted and received. DCLK

providing the data timing should be

connected to a microcontroller input.

The data is clocked in/out at the positive
edge of DCLK.

21.3 General control and status pins
Optionally, in buffered mode, the FIFO pin
can be used to interrupt the
microcontroller at full/lempty FIFO. This pin
should then be connected to a
microcontroller interrupt pin.

Optionally, using the packet handling
support, the PKT pin can be used in
buffered mode to interrupt the
microcontroller when a sync word is
detected (RX mode) and packet is
transmitted (TX mode). This pin should
then be connected to a microcontroller
interrupt pin.

The polarity of FIFO and PKT can be
controlled by the INT register (address
0x23).

Optionally, the RX and TX pins can be
used to change the operating mode of
062400 as an alternative to using the SPI
interface strobe commands. These pins
should then be connected to
microcontroller output pins. If the RX and
TX pins are not used, they should be
grounded in order to prevent accidental
change of mode.

Optionally, the GIO1 and GIO6 can be
used to monitor several status signals as
selected by the TOCFG register. The GIO6
pin should be connected to a
microcontroller input pin. See Table 18 for
available signals.

Table 15 gives a summary of the possible

pin configurations in the different operation
modes.
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Pin name SCLK ] SO CSn DIO/ DCLK/ | RX X Glo1* GlOo6*
PKT FIFO
Pin number 32 33 34 31 29 30 27 28 21 35
Direction | | (@) | 1/0 (@) | | 0 0
Buffered SCLK Sl SO CSn - FIFO (RX) (TX) (GIO1) (GlO8)
mode
Buffered SCLK ] SO CSn PKT FIFO (RX) (TX) (GIO1) (GlO®6)
mode with
Packet
handling
Un-buffered SCLK Sl SO CSn DIO DCLK | (RX) (TX) (GIO1) (GIO6)
mode
NOTE: Pin functions in parentheses are optional
* The use of GIO1 and GIOG6 are selected in register TOCFG (address 0x08)
Table 15. Pin configuration
Buffered RF Mode: Unbuffered RF Mode:
CC2400 Data & uC CC2400 uC
Control
Control
CSn | GIO1 CSn GIO1
Sl MOSI Sl MOSI
SO —1 MISO SO MISO
SCLK &—p—1 SCLK SCLK SCLK
—_—— DIO/PKT
Other Circuit DCLK/FIFO
CSn &—PM—PM—PM— GIO2 Data
Sl k—
SO ———
SCLK |
Full hardware support for packet handling :
Data &
CC2400 Control ucC
CSn GIO1
Sl MOSI
SO MISO
SCLK SCLK
DIO/PKT GlOo2
DCLK/FIFO GIO3
RX Glo4
X GlO5
GIO1 GIlO6
GlO6 Glo7
Control
Figure 8. Microcontroller interface
Q’ TEXAS SWRS042 Page 26 of 83
INSTRUMENTS

SUNSTAR

http://www.icasic.com/ TEL: 0755-83387016 FAX:0755-83376182 E-MAIL:szss200163.com



SUNSTAR

SUNSTAR

CC: ‘ Chipcon Products
from Texas Instruments

22 Data Buffering

The 62400 can be used with a buffered or
un-buffered data interface. The data
buffering mode is controlled by the
GRMDM.PIN MODE([1:0] bits (register
address 0x20).

In un-buffered mode a synchronous data
clock is provided by £62400 at the DCLK
pin, and the DIO pin is used as data
input/output (see Figure 8).

221 Buffered mode

In the buffered mode a 32-byte First-in
First-Out (FIFO) register block is used for
data to be transmitted and data received.
The FIFO is accessed through the
FIFOREG register (address 0x70) using
the SPI interface. Multiple bytes can be
written to the FIFO without repeating the
address if the CSn line is held low.

The crystal oscillator must be running
when accessing the FIFO.

By using the FIFO buffer the data can be
transmitted in bursts. The buffered mode
will therefore offload the host controller
keeping the SPI data rate much lower than
the data rate on the air. This gives also a
great advantage in reducing the current
consumption as the transmitter and
receiver are enabled only in short periods.
It also allows the SPI to operate faster
than the data rate, providing more time for
the MCU to work between data transfers.

More than 32 bytes can be received if the
FIFO is read during reception. In the same
way more than 32 bytes can be
transmitted if new data is written into the
FIFO during transmission. Figure 9 shows
the ways the FIFO can be used during
transmission.

22.2 Buffered mode hardware support
In the buffered mode the FIFO pin can be
used as an interrupt output to assist the
microcontroller in supervising the FIFO.

The FIFO pin can be programmed to give
an interrupt when the FIFO is nearly
empty in TX mode, and nearly full in RX

*9 TEXAS
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mode. The threshold (FIFO THRESHOLD)
is setin INT.FIFO THRESHOLD[4:0].

In receive mode there will be an interrupt
when the number of received bytes in the
FIFO reaches FIFO THRESHOLD. The
default value is 30, giving an interrupt
when 30 bytes are received. If the FIFO
becomes full (32 bytes) before it is read,
the reception will be terminated (goes to
the FS_ON state).

In transmit mode there will be an interrupt
when the number of bytes left in the FIFO
reaches 32 - FIFO THRESHOLD. For the
default value this will happen when there
are 2 bytes left. The transmission is
terminated when the FIFO runs empty
(goes to the FS_ON state). Note that in
order for the FIFO pin to give an interrupt
in transmit mode the number of bytes
must first exceed 32 - FIFO THRESHOLD.

The FIFO pin activity is illustrated in
Figure 10.

The INT.FIFO POLARITY bit sets the
polarity of the interrupt signal.

In TX mode, the FIFO pin goes low when
a transmission starts and the preamble is
sent. It will stay low as long as the FIFO is
empty. When data is written to the FIFO, it
will go high. If the number of bytes in the
FIFO goes below the FIFO_THRESHOLD,
the FIFO pin will go low again. If the FIFO
pin goes low, it will stay low until the CRC
has been transmitted.

FIFO_FULL and FIFO_EMPTY signals are
available on the general-purpose 1/O pins.
These two signals are affected by
FIFO_THRESHOLD.

In transmit mode, FIFO_EMPTY s low if
the number of bytes in the FIFO is more
than 32-FIFO_THRESHOLD. In receive
mode, FIFO_EMPTY goes low when there
is more than 1 byte in the FIFO.

FIFO_FULL is high if the number of bytes

in the FIFO is greater or equal to
FIFO_THRESHOLD.
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Packet #0

Data
from
MCU

a) Single packet in FIFO

FIFO

Packet #0

Data already sent
to packet engine

%‘

Data
pending
from MCU

b) Packet longer than FIFO

Figure 9. Ways in which the FIFO can be used during transmit mode
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Figure 10. FIFO and PKT timing diagram
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23 Packet Handling Hardware Support

The 662400 has built-in hardware support
for packet oriented radio protocols.

The buffered mode packet handling
support can in transmit mode be used to
construct the data packet:
e Add a programmable number of
preamble bytes
e Add a synchronization word
e Compute and add a CRC
computed over the data field

In receive mode the packet handling
support can be used to de-construct the
data packet:
e Synchronization word detection
e Compute and check the received
CRC

The packet handling support can be
combined with the 8/10 line-encoding
scheme. The 8/10 coding will apply to the
data field (FIFO data) of the packet only
(and CRC).

In un-buffered mode the synchronization
word detection can be used to mute DCLK
until a valid sync word is received.

23.1 Data packet format

The format of the data packet can be
configured, and can consist of the
following items:

Preamble
Synchronization word
Data

CRC

See Table 16 and Figure 11 for details.

The preamble pattern is ‘(0)101010...".
The first bit in the preamble is always the
same as the first bit in the synchronization
word. The length of the preamble is
programmable. The default and
recommended length is 4 bytes.

When using GFSK modulation at 1 Mbps,
Chipcon recommends using a preamble
length of 32 bytes in order to avoid a high
level of bit errors. If low packet overhead
is required, Chipcon recommends that
FSK be used at 1 Mbps instead of GFSK.
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GRMDM. Number of bytes
(8 bits)
PRE BYTES([2:0]
000 0*
001 1
010 2
011 4
100 8
101 16
110 32
111 Infinitely until TX
GRMDM.PRE BYTES
[2:0] issetto 000

* Should not be used if packet reception is to be
used. Use to terminate infinite transmission (111).

The length of the synchronization word is
programmable as shown below.

GRMDM. Number of bits

SYNC WORD SIZE

[1:0]
00 8
01 16
10 24
11 32
The synchronization word is

programmable in the SYNCL and SYNCH
registers. The default (and recommended)
synchronization word length is 32 bits,
which gives high immunity against false
synchronization word indication. If lower
immunity can be accepted, one can
reduce the length to 16 bits. (However,
using 8 bits will typically give too many
false synchronization word indications.)

A threshold on the number of bits in error
when receiving the synchronization word
can be programmed in
GRMDM. SYNC ERRBITS ALLOWED[1:0]
in the range 0 — 3. (A threshold of 0 is
default.)

23.2 Error detection

When the CRC is enabled it will be
calculated based on the data field of the
packet, i.e. not including the preamble or
the synchronization word. When
transmitting the packet the CRC is
appended after the last data byte in the
data field, i.e. when the FIFO becomes
empty.

When a packet is being received the CRC
is calculated as the data is read out of the
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FIFO. When all data is read, the next two The CRC polynomial is:
bytes in the FIFO are the CRC.
X16+X15+X2+1
If the reception of the packet is error free,
the PKTSTATUS.CRC_OK flag is set (also
available on the GIO1 and GIO6 pins).

Packet field Preamble Synchronisation word Data field CRC
Use Mandatory Mandatory Mandatory Optional
Length > 1 byte 1,2, 3 or 4 bytes > 1 byte 2 bytes
GRMDM register PRE_BYTES[2:0] SYNC_WORD _SIZE[1:0] CRC_ON
configuration bits

Table 16. Data packet format

&————————Optional 8/10 coding————————— >

& Optional CRC-16 calculatior———3 Legend:

|:| Inserted automatically in TX,
processed and removed in RX

° ©
o =
Preamble bits 2 . 15} Unprocessed user data
(1010...1010) o Data field o |:|
> (@]
%)
32 bits: 16/32 bits)€ 8 x n bits 16 bits—>

Figure 11. Packet format details (with recommended lengths of preamble and
synchronization word)
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23.3 Hardware interface

In the buffered mode the PKT pin can be
used as an interrupt output to assist the
microcontroller  in  supervising  the
transmission and reception of data
packets.

The PKT pin can be programmed to give
an interrupt when the synthesizer has
locked and is ready to receive / transmit a
data packet. Receive mode or transmit
mode can then be activated.

In receive mode there will be an interrupt
when the synchronization word is found.
Incoming data will then be written to the
FIFO.

In transmit mode there will be an interrupt
when the FIFO has run empty, the two
CRC bytes have been transmitted and the
transmitter has been turned off.

24 Data/ Line Encoding

The £62400 can operate with the following
line-encoding formats:
e NRZ (Non-Return-to-Zero)
e Manchester coding (also known
as bi-phase-level)
e 8/10 coding

The data format is controlled by the
GRMDM.DATA FORMAT[1:0] bits.
Manchester coding and 8/10 coding
reduce the effective bit rate but are in
some applications used for spectral
properties and error detection.

Manchester coding means coding each bit
into two chips of opposite polarity. The
Manchester code is based on transitions;
a “0” is encoded as a low-to-high
transition, a “1” is encoded as a high-to-
low transition. See Figure 14. The
Manchester code ensures that the signal
has a constant DC component, which is
necessary in some FSK demodulators.
This is not required by the £62400
demodulator, but the coding option is
included for compatibility reasons. The
effective bit rate is half the baud rate using
Manchester coding.
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Outside of the TX and RX modes, the PKT
pin provides an indication of whether the
PLL is in lock or not. For example, in the
FSON state, the PKT pin will be high if the
PLL is in lock.

The PKT pin activity is illustrated in Figure
10.

The polarity of the interrupt signal is set by
the INT.PKT POLARITY bit.

In transmit mode, the PKT pin will go low
for a short while when the transmission is
completely over (the CRC has been sent).

In receive mode, the PKT pin will go low
when a sync word is found. It will stay low
for the period of time it would take to
receive 32 bytes, no matter how long the
received packet is (the £62400 does not
know how long incoming packets are).

8/10 coding means that 8 bits are coded
into 10 chips using the original IBM
8B/10B-coding scheme. The effective bit
rate is 80 % of the baud rate using 8/10
coding and is therefore more efficient that
the Manchester coding.

The benefit of the Manchester coding and
8/10 coding is the whitening of the
transmission spectrum even when rows of
equal bits are to be transmitted, improved
clock recovery properties and DC balance.

Setting the MDMTSTO.INVERT DATA bit
the data is inverted before transmission in
TX mode and inverted after reception in
RX mode.

241 Data encoding in buffered mode
In the buffered mode, using the internal
FIFO, all three line-encoding schemes can
be used.

The encoding/decoding takes place as the
data is sent from the FIFO to the
modulator, and from the demodulator to
the FIFO. The line encoding is therefore
invisible to the user.
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If 8/10 coding is selected when using the
packet mode support, it should be noted
that the preamble and the sync words are
not encoded.

24.2 Data encoding in un-buffered
mode

When data buffering is not used, but the

DIO/DCLK interface, the 662400 can be

configured for two different data formats:

Synchronous NRZ mode. In transmit
mode L62400 provides the data clock at
DCLK, and DIO is used as data input.
Data is clocked into £62400 at the rising
edge of DCLK. The data is modulated at
RF without encoding. In receive mode
02400 does the synchronization and
provides received data clock at DCLK and
data at DIO. The data should be clocked

Transmitter side:

oo LI

Receiver side:

-
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into the interfacing circuit at the rising
edge of DCLK. See Figure 12.

Synchronous Manchester encoded mode.
In transmit mode 662400 provides the data
clock at DCLK, and DIO is used as data
input. Data is clocked into £62400 at the
rising edge of DCLK and should be in NRZ
format. The data is modulated at RF with
Manchester code. The encoding is done
by £62400. \n this mode the effective bit
rate is half the baud rate due to the
coding. This limits the maximum bit rate to
500 kbps. In receive mode 662400 does
the synchronization and provides received
data clock at DCLK and data at DIO.
062400 does the decoding and NRZ data
is presented at DIO. The data should be
clocked into the interfacing circuit at the
rising edge of DCLK. See Figure 13.

Clock provided by
CC2400

Data provided by microcontroller (NRZ)

FSK modulating signal (NRZ),
internal in CC2400

Demodulated signal (NRZ),
internal in CC2400

Clock provided by
CC2400

Data provided by CC2400 (NRZ)

Figure 12. Synchronous NRZ mode

= [ LU L
S R
o JUTULIL

SWRS042
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Transmitter side:

DCLK | ||||||| |||J_J_|||||J_J_|— Clock provided by
| CC2400

DIO | | | | Data provided by microcontroller (NRZ)

‘RF” | | | | | | | | | | —I_ FSK modulating signal (Manchester encoded),
;| || internal in CC2400

Receiver side:

1

Demodulated signal (Manchester encoded),
internal in CC2400

||||||| |||||||| Clock provided by
CC2400

= E

DCLK
DIO I | | | | | Data provided by CC2400 (NRZ)
Figure 13. Synchronous Manchester encoded mode
1:0:1:1:0:0:0:1:1: 0: 1
za (LTUUUTILTL
data
Time
Figure 14. Manchester encoding
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25 Radio control state machine

062400 has a built-in state machine that is
used to switch between different operation
states (modes). The change of state is
done either by writing to command strobe
registers, or using dedicated pins.

Before using the radio in either RX or TX
mode, the main crystal oscillator must be
turned on and become stable. The crystal
oscillator has a start-up time given in
Table 8, during which its output is gated
internally to avoid timing problems
stemming from too narrow clock pulses.
The crystal oscillator is controlled by
accessing  the SXOSCON/SXOSCOFF
command strobe registers. The
XO0SC16M STABLE bit in the status
register returned during address transfer
indicates whether the oscillator is running
and stable or not (See Table 13). This
status register can be polled when waiting
for the oscillator to start.

The frequency synthesizer (FS) can be
started by either accessing the command
strobe register SFSON or by using the RX
and TX control pins. The FS will then enter
its self-calibration mode. After the
calibration is performed, the FS needs to
lock onto the right LO frequency. The
calibration and lock acquisition time is
given in Table 8.

When the FS is in lock it is possible to go
into RX or TX mode. That can be done
either by accessing the SRX/STX

*9 TEXAS
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command strobe registers, or by using the
RX and TX control pins. It is possible to
change quickly between TX and RX by
way of the FS On state.

Turning off RF can be accomplished by
either accessing the command strobe
register SRFOFF or by using the RX and
TX control pins. When using the RX and
TX pins to go from the FS On to Radio Off
it is important that TX is set to 0 before RX
is setto 0.

The state transitions using the RX and TX
pins are illustrated in Figure 15.

Note that to switch between RX and TX,
the FSDIV register must be updated. This
is because direct conversion is used in TX
mode, while an IF frequency of 1 MHz is
used in RX mode. Please see page 47 for
more  information  about frequency
programming.

Also note that the FSDIV register should
only be changed when the radio is in IDLE
mode, otherwise the PLL can go out of
lock.
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SXOSCOFF

SXOSCON &
Osc. settled

RX=TX=1 SRX | STX | SFSQ
PIN STROBE
RXTX_CAL RXTX_CAL
[8] [14]
Al calib done & Al calib done &
fs in lock fs in lock
STROBE
RX=TX=0 | FS_ON
RX=TX=1 [15] packet done
RX=0
SRX
STROBE STROBE
RX
[16]
packet done

STROBE
TX_OFF
[18]

SRFOFE

BEFORE_IDLE
[24]

Figure 15. Radio control state diagram (FSMSTATE . FSM_CUR_STATE([4:0] value in

brackets)

Figure 15 shows a state transition diagram CC2400 will get stuck in the
for the radio control state machine. This STROBE_RXTX_CAL state. The chip
figure shows the possibilities that exist for must then be reset to exit this state. This
changing between states. Note for should never happen in an actual
example that it is not possible to go from application as long as recommended
IDLE mode back to OFF. This diagram register settings are used.
can be very useful for debugging what is
happening within the £62400 by reading Also note that the frequency register
FSMSTATE.FSM CUR STATE[4:0]. FSDIV should only be modified when the

C62400is in IDLE mode, otherwise the
If invalid parameters are used during PLL may go out of lock since calibration is
development or testing, the PLL may not only performed when exiting the IDLE
lock after calibration. If this happens, the state
b TEXAS SWRS042 Page 35 of 83
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26 Power Management Flow Chart

CC2400 offers great flexibility for power
management in order to meet strict power
consumption requirements in battery-
operated applications.

After reset the 662400 is in Power Down
mode. All configuration registers can then
be programmed in order to make the chip
ready to operate at the correct frequency,
data rate and mode. Due to the very fast
start-up time, the C62400 can remain in
Power Down until a transmission session
is requested.

Figure 16 shows a typical power-on and
initializing sequence. After this initializing
sequence the chip is in Power Down mode

with very low power consumption and the
crystal oscillator is not running.

Figure 17 shows the sequence for
entering RX or TX mode. The flow chart
illustrates the simplest way to send a data
packet using the strobe command
registers. After one or more data packets
are transmitted or received, the chip is
again set to Power Down mode.

During chip initialization a few registers
need to be programmed to other values
than their reset values. SmartRF® Studio
should be used to find/generate the
required configuration data for these
registers.

Supply power turned on

h J

Reset:
MAIN = 0x0000
MAIN = 0x8000

h J

Program all registers that are
different from reset value

A

Power Down

Figure 16. Initializing sequence

Q’ TEXAS SWRS042 Page 36 of 83
INSTRUMENTS
SUNSTAR http://www.icasic.com/ TEL: 0755-83387016 FAX:0755-83376182 E-MAIL:szss200163.com



SUNSTAR http://www.icasic.com/ TEL: 0755-83387030 FAX:0755-83376182 E-MAIL:szss20@163.com

CC: ‘ Chipcon Products 0024”0

from Texas Instruments

PD
(Power Down)

SXOSCON

Wait for the specified crystal
oscillator start-up time, or poll the
XOSC16M_STABLE bit

Wait until crystal oscillator is
stable

|

_ IDLE
o (XOSC is running)

l SFSON

The PLL and filters are
calibrated

RX: SRX RX or TX? > ¢

Write data to FIFO

TX: STX

Data is received. FIFO should
be read if buffered mode is
used

A4
Data is transmitted. FIFO
should be filled if buffered
mode is used

NO: SFSON YES: SXOSCOFF YES: SXOSCOFF NO: SFSON

NO: SRFOFF NO: SRFOFF

*Go to PD state if the crystal oscillator
should be shut off in order to save

power. Go back to IDLE if a new
packet shall be received/transmitted
quickly. Or go back to FSON if
changing fast between RX and TX
mode.

Figure 17. Sequence for activating RX or TX mode
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27 FSK Modulation Formats

The data modulator can modulate 2FSK,
which is two level FSK, and GFSK, which
is a Gaussian filtered FSK with BT=0.5 at
1 Mbps (for lower data rates BT will be
higher).

The purpose of the GFSK is to make a
more bandwidth efficient system. The
modulation and the Gaussian filtering is
performed internally. The
GRMDM.TX GAUSSIAN FILTER bit
enables the GFSK.

http://www.icasic.com/ TEL: 0755-83387030 FAX:0755-83376182 E-MAIL:szss20@163.com
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However, if GFSK modulation is used
together with a data rate of 1 Mbps, it is
recommended to use a preamble length of
32 bytes as otherwise packet error
performance can be affected.

Figure 18 shows a plot of the spectrum for
FSK and GFSK modulation. Input data
was a PN9 sequence. The plot was
captured using a spectrum analyzer set to
5 MHz span and 300 kHz RBW.

Power (dBm)

Frequency [GHz]

Figure 18. Modulated spectrum

28 Built-in Test Pattern Generator

The CC2400 has a built-in test pattern
generator that can generate a PN9
pseudo random sequence. The
MDMTSTO.TX PRNG bit enables the PN9
generator.

The PN9 pseudo random sequence is
defined by the polynomial x° + x° + 1.

{? TEXAS
INSTRUMENTS
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The PN9 generator can be used for
transmission of ‘real-life’ data when
measuring modulation bandwidth or
occupied bandwidth.
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29 Receiver Channel Bandwidth

In order to meet different channel width There is a tradeoff between selectivity and
and channel spacing requirements, the accepted  frequency  tolerance. In
receiver’'s digital channel filter bandwidth applications where larger frequency drift is
is programmable. It can be programmed expected (depends on the accuracy of the
from 125 to 1000 kHz. crystal), the filter bandwidth should be

increased, at the expense of reduced
The GRDEC.CHANNEL DEC[1:0] register adjacent channel rejection (ACR).

bits control the bandwidth.
It is strongly recommended to use one of

The table below summarizes the the three settings for over-the-air data
selectable channel bandwidths. rates and channel bandwidths as
described in the section “Data Rate
Channel filter | GRDEC.CHANNEL_DECI1:0] Programming” on page 40.
bandwidth [binary]
[kHz]
1000 00
500 01
250 10
125 11
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30 Data Rate Programming

The supported over-the-air data rates are

1Mbps, 250kbps and 10kbps. The data CHANNEL | BW DEC Data rate
rate is programmable via the GRDEC _DEC [kHz] VAL [kbps]
register. [binary] [decimal]

00 1000 0 1000
Supported channel filter bandwidths and 8? 1500000 439 21500
data rates are shown in the following
table.

Figure 19 shows how sensitivity varies as
a function of frequency offset between the
transmitter and the receiver for various
data rates. It is possible to tolerate even
larger offsets by making use of the AFC
feature; please see page 42 for further

details.
1 . ' |
-10 I : : |
b - |
| ' ! |
| ) '
230 4 I ' : :
L : |
E | ' . I
S 50| | . . ] 250 kbps
g I -I : l = = = 1 Mbps
£ . . — —10 kbps
g I : |
”n L]
70 | | . . |
: . k |
L\_\\ |
_90,
-110
o o o o O o o o O o o o o o o o o o o o O o O o o o O o o o
2922335332083 8% " 2858023 3K88383¢
Offset (kHz)
Figure 19. Sensitivity as a function of frequency offset
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31 Demodulator, Bit Synchronizer and Data Decision

The block diagram for the demodulator,
data slicer and bit synchronizer is shown
in Figure 20. The built-in bit synchronizer
extracts the data rate and performs data
decision. The data decision is done using
over-sampling and digital filtering of the
incoming signal. This improves the
reliability of the data transmission and
provides a synchronous clock in the un-
buffered mode. Using the buffered mode
simplifies the data interface further, as
data can be written and read byte-for-byte
in bursts from the FIFO.

The suggested preamble is a 32 bit
‘(0)10101..." bit pattern, the same as used
by the packet handling support, see page
29. This is necessary for the bit
synchronizer to synchronize with the
coding correctly.

The data slicer performs the bit decision.
Ideally the two received FSK frequencies
are placed symmetrically around the IF
frequency. However, if there is some
frequency error between the transmitter
and the receiver, the bit decision level
should be adjusted accordingly. In 662400
this is done automatically by measuring
the two frequencies and by using the
average value as the decision level.

The digital data slicer in £62400 uses an
average value of the minimum and
maximum frequency deviation detected as
the comparison level. The
MDMTSTO.AFC_DELTA register is used to
set the expected deviation of the incoming

— — — Decimator |—

Digital IF Frequency Data

signal. Once a shift in the received
frequency larger than half the expected
separation is detected, a bit transition is
recorded and the average value to be
used by the data slicer is calculated.

The actual number of samples used to find
the averaging value can be programmed
and set higher for better data decision
accuracy. This is controlled by the
AFC SETTLING[1:0] bits. If RX data is
present in the channel when the RX chain
is turned on, then the data slicing estimate
will usually give correct results after 4 bits.
The data slicing accuracy will increase
after this, depending on the
AFC SETTLING([1:0] bits. If the start of
a transmission occurs after the RX chain
is turned on, the minimum number of bit
transitions (or preamble bits) before
correct data slicing will depend on the
AFC_SETTLING[1:0] bits, as shown in
Table 17. The recommended setting is
11b, requiring 16 data bits of preamble to
fill the averaging filter completely.

The internally calculated average FSK
frequency value gives a measure for the
frequency offset of the receiver compared
to the transmitter. The frequency offset
can be read from
RSSI.RX FREQ OFFSET[7:0]. This
information can also be used for an
automatic frequency control, as described
at page 43.

Average
filter

Bit
o | Dataslicer | [ synchronizer

filtering detector filter

"1 comparator and data
decoder

Figure 20. Demodulator block diagram
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AFC settling time # Bits
MDMTSTO .AFC SETTLING[1:0]
00 2
01 4
10 8
11 16

Table 17. Minimum number of bits for the averaging filter

32 Automatic Frequency Control

02400 has a built-in optional feature
called AFC (Automatic Frequency
Control). This feature can be used to
measure and compensate for frequency
drift.

The average frequency offset of the
received signal (from the nominal IF) can
be read from the
FREQEST.RX FREQ OFFSET[7:0]

register. This is a signed (2’s-complement)
8-bit value that can be wused to
compensate for frequency offset between
an external transmitter and the receiving
device. The frequency offset is given by:

AF= RX_FREQ OFFSET x 5.2 [kHz]

The receiver can be calibrated against an
external transmitter (another £62400or an
external test signal) by changing the
operating frequency according to the
measured offset. The new frequency must
be calculated by the microcontroller and
written to the
MDMCTRL.MOD OFFSET[5:0]  register.
After this compensation the center
frequency of the received signal will better
match the digital channel filter bandwidth.
The compensation, as described above,
also automatically compensates the
transmitter, i.e. the transmitted signal will
match the ‘external’ transmitter’s signal.
However, compensating the transmitter
signal may cause additional spurs in the
TX spectrum. Chipcon therefore
recommends only compensating in RX
mode.

This feature reduces the requirement on
the crystal accuracy, which is important
when using the narrower channel
bandwidths. For a further description of

*9 TEXAS
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this feature please refer to page 53
(Crystal drift compensation).

Figure 21 shows how the value of the
FREQEST.RX FREQ OFFSET[7:0]
register varies as a function of frequency
offset for different values of
MDMTSTO.AFC SETTLING[1:0].
Chipcon recommends using a value of 4.

The following procedure should be
followed when using the AFC to
compensate for a frequency offset
between transmitter and receiver:

1. Read the
FREQEST.RX FREQ OFFSET[7:
0] register. This is a signed 2’s-
complement value.

2. Use the equation on this page to
calculate the frequency offset in
kHz.

3. The microcontroller then needs to
calculate the equivalent value to

write to the
MDMCTRL.MOD_ OFFSET[5:0]
register.

For example:

The value read from the
FREQEST.RX FREQ OFFSET[7:0]
register is OXxEQ. This equals —32 since the
register value is in signed 2’s complement.
This corresponds to —32 x 5.2 = -166.4
kHz.

The MOD_OFFSET register should
therefore be set to —166.4 kHz / 15.625
kHz = -10.6496 = -11. —11 equals 0x35 in
hexadecimal.
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100

£ = = = AFC with settle = 8
s ——— AFC with settle = 4
[8) = = AFC with settle = 2
# = =AFC with settle = 1
-100
Frequency offset [kHz]
Figure 21. AFC value vs. frequency offset
33 Linear IF and AGC Settings
062400 is based on a linear IF chain
where the signal amplification is done in The AGC characteristics are set through
an analog VGA (variable gain amplifier). the AGCCTRL, AGCTSTO, AGCTST1 and
The gain of the VGA is controlled by the AGCTST?2 registers.
digital part of the IF-chain after the ADC
(Analog Digital Converter). Note that the RSSI function does not take
AGC settings into consideration if the AGC
The AGC (Automatic Gain Control) loop settings are overridden.
ensures that the ADC operates inside its
dynamic range by using an analog/digital
feedback loop.
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34 RSSI

CC2400 has a built-in RSSI (Received
Signal Strength Indicator) giving a digital
value that can be read form the
RSSI.RSSI VAL[7:0] register.

The RSSI reading provides a measure of
the signal power entering the RF input.
The scale is logarithmic, so that

RSSI VAL provides a value in dB.

The number of samples that are used to
calculate the average signal amplitude is
controlled by the
RSSI.RSSI FILT[1:0] register. The
RSSI filter length (averaging) can be done
over up to 8 symbols. This will determine
the response time of the RSSI.

0755-83387030 FAX:0755-83376182 E-MAIL:szSs20@163.com
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The RSSI measurement can be referred to
the power at the RF input pins by using
the following equation:

P =RSSI VAL +RSSI_OFFSET [dBm]

where the nominal value of
RSSI OFFSET is -54dB. (If the gain in
the LNA/Mixer is changed from the default
settings, the offset is changed.)

A typical plot of the RSSI VAL reading as
function of input power is shown in Figure
22 (for 1Mbps).

Note that the RSSI function does not take
AGC settings into consideration if the AGC
settings are overridden.

50
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™
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Figure 22. Typical RSSI value vs. input power
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35 Carrier Sense

The carrier sense signal is based on the
measured RSSI value and a
programmable threshold. The carrier-
sense function can be used to simplify the
implementation of a CSMA (Carrier Sense
Multiple Access) medium access protocol.

Carrier sense threshold level is
programmed by
RSSI.RSSI CS THRES[5:0]. The

value of this register can be calculated in
the same way as described for
RSSI.RSSI VAL in the previous section,
except that the unit is 4 dB instead of 1
dB. The default level (0x3C) corresponds
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to a threshold of —70 dBm. A threshold of
0x09 corresponds to —18 dBm, and a
threshold of 0x37 corresponds to —-90
dBm.

The carrier sense signal can be
multiplexed to the GIO1/GIO6 pin. The
CARRIER_SENSE_N signal is enabled by
setting IOCFG.GIOl CFG[5:0] =
01010B (see Table 18).

36 Interfacing an External LNA or PA

062400 has two digital output pins, GIO1
and GIO6, which can be used to control
an external LNA or PA. The functionality of
these pins are controlled through the
IOCFG register.

The PA_EN, PA_EN_N, RX_PD, TX_PD
signals can be multiplexed to the
GIO1/GIO6 pin and used for controlling

the PA / LNA and one or more T/R
switches.

These two pins can also be used as two
general control signals, see Table 18.

For further information on attaching a PA,
please see page 54.

37 General Purpose / Test Output Control Pins

The two digital output pins, GIO1 and
GIlO6, can be used as two general control
signals by writing to
IOCFG.GIO1 CFG[5:0] and
IOCFG.GIO6 CFG[5:0].

GIOl CFG = 61 sets the pin low, and
GIOl CFG = 62 sets the pin high.

This feature can be used to save I/O pins
on the microcontroller when the other
functions associated with these pins are
not used.

These two pins can also be used as a test
pin to monitor a lot of internal signals. This
is summarized in Table 18.

GIOl CFG / Signal 110 Description
GIO6 CFG
[decimal]
0 Reserved @) Reserved
1 Reserved (@) Reserved
2 Reserved (@) Reserved
3 PA_EN O Active high PA enable signal
4 PA_EN_N 0 Active low PA enable signal
5 SYNC_RECEIVED (0] Set if a valid sync word has been received since last
time RX was turned on
6 PKT 0 Packet status signal See Figure 10, page 28.
7 Reserved | Reserved
8 Reserved (@) Reserved
9 Reserved (@) Reserved
10 CARRIER_SENSE_N @) Carrier sense output (RSSI above threshold)
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11 CRC_OK 0] CRC check OK after last byte read from FIFO
12 AGC_EN (6] AGC enable signal
13 FS_PD 0 Frequency synthesiser power down
14 RX _PD @) RX power down
15 TX_PD @) TX power down
16 Reserved O Reserved
17 Reserved (6] Reserved
18 Reserved (6] Reserved
19 Reserved (@) Reserved
20 Reserved O Reserved
21 Reserved (6] Reserved
22 PKT_ACTIVE 0 Packet reception active
23 MDM_TX DIN 0 The TX data sent to modem
24 MDM_TX_ DCLK 6] The TX clock used by modem
26 MDM_RX_DOUT 6] The RX data received by modem
26 MDM_RX DCLK 0 The RX clock recovered by modem
27 MDM_RX BIT_RAW @) The un-synchronized RX data received by modem
28 Reserved O Reserved
29 MDM_BACKEND_EN 0 The Backend enable signal used by modem in RX
30 MDM_DEC_OVRFLW @) Modem decimation overflow
31 AGC_CHANGE 0] Signal that toggles whenever AGC changes gain.
32 VGA RESET_N o The VGA peak detectors' reset signal
33 CAL_RUNNING (@) VCO calibration in progress
34 SETTLING_RUNNING (@) Stepping CHP current after calibration
35 RXBPF CAL RUNNING 0 RX band-pass filter calibration running
36 VCO_CAL_START 6] VCO calibration start signal
37 RXBPF_CAL_START 0 RX band-pass filter start signal
38 FIFO_EMPTY O FIFO empty signal
39 FIFO_FULL 0] FIFO full signal
40 CLKEN_FS DIG @) Clock enable Frequency Synthesiser
41 CLKEN_RXBPF_CAL 6] Clock enable RX band-pass filter calibration
42 CLKEN_GR 0] Clock enable generic radio
43 XOSC16M_STABLE (0] Indicates that the Main crystal oscillator is stable
44 XOSC_16M_EN 0] 16 MHz XOSC enable signal
45 XOSC_16M O 16 MHz XOSC output from analog part
46 CLK _16M 0 16 MHz clock from main clock tree
47 CLK _16M_MOD 0 16 MHz modulator clock tree
48 CLK_8M16M_FSDIG @) 8/16 MHz clock tree for fs_dig module
49 CLK_8M O 8 MHz clock tree derived from XOSC_16M
50 CLK 8V DEMOD AGC 0 8 MHz clock tree for demodulator/AGC
51 Reserved (@) Reserved
52 Reserved O Reserved
53 FREF 6] Reference clock (4 MHz)
54 FPLL O Output clock of A/IM-counter (4 MHz)
55 PD F COMP 0 Phase detector comparator output
56 WINDOW (6] Window signal to PD (Phase Detector)
57 LOCK_INSTANT (0] Window signal latched in PD (Phase Detector) by the
FREF clock
58 RESET N SYSTEM 0 Chip wide reset (except registers)
59 FIFO_FLUSH (0] FIFO flush signal
60 LOCK_STATUS @) The top-level FS in lock status signal
61 ZERO 0] Output logic zero
62 ONE 0] Output logic one
63 HIGH_Z - Pin set as high-impedance output
Table 18. GIO1 / GIO6 signal select table
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38 Frequency Programming

The operating frequency is set by
programming the frequency word in the
FSDIV configuration register.

The frequency word is 12 bits and is
located in FSDIV.FREQ[11:0].
Writing/reading FSDIV[11:0] will give
the frequency directly in MHz. (The bits
FSDIV.FREQ[11:10] are hardwired to
‘10’ giving a fixed offset of 2048.)

FSDIV should only be modified while the
C62400 is in IDLE mode. Otherwise the
PLL may go out of lock as a calibration is
only performed when exiting IDLE mode.

38.1 Transmit mode

In transmit mode an 1/Q direct
upconversion scheme is used (i.e. no
intermediate frequency for the modulated
baseband signal).
MDMTSTO.TX 1MHZ OFFSET N=1 must
therefore be set during the chip
initialization sequence (ref. Figure 16).

When MDMTSTO.TX 1MHZ OFFSET N=1
the transmit channel center frequency
(carrier frequency), f,, in MHz is given
directly by:

f. =FREQ[11:0]=2048 + FREQ[9: 0]

The two FSK modulation frequencies are
given by:

39 Alternate TX IF setting

It is possible to configure 662400 to
operate with an intermediate frequency of
1 MHz in transmit mode. It is not generally
recommended to do this, as the TX
spectrum will have higher spur content
than when using the direct up conversion
mode. Using an intermediate frequency of
1 MHz in TX has the advantage of much
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INSTRUMENTS

SWRS042

0755-83387030 FAX:0755-83376182 E-MAIL:szSs20@163.com

c6c2400

fO = fc - fdev
f1 = fc + fdev

where f4e, is the FSK frequency deviation.
faev is programmed with
MDMCTRL.MOD DEV[6:0] and given by
(in kHz):

fier =%3.9062- MOD _DEV[6:0]

The default value is MOD DEV = 64 giving
250 kHz deviation.

The TX GAUSSIAN FILTER bit in the
GRMDM register controls the Gaussian
shaping of the modulation signal. See also
page 38.

38.2 Receive mode
Low side LO injection is used, hence:
fio=fre = T

where, fzr is the center frequency of the
channel and fig = 1 MHz.

Thus, in receive mode the frequency
generated by the frequency synthesizer,
f., must be programmed to be the LO
frequency.

lower RX/TX switching time because the
VCO operates at the same frequency in
RX and TX.

1 MHz IF in TX mode is enabled by setting
MDMTSTO.TX 1MHZ OFFSET N=0.
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40 VCO

The VCO is completely integrated and The VCO frequency is related to
operates at 4800 — 4966 MHz. The VCO FSDIV.FREQ[9:0] as follows:

frequency is divided by 2 to generate

frequencies in the desired band (2400- freo :2.(2047+ FREQ[9:0])

2483 MHz).

41 VCO Self-Calibration

The characteristics of the VCO will vary operation the bias current and tuning
with temperature, changes in supply range of the VCO are automatically
voltages, and the desired operating calibrated every time the RX mode or TX
frequency. In order to ensure reliable mode is enabled.

42 Output Power Programming

The RF output power from the device is register value, output power and current
programmable and is controlled by the consumption.

FREND.PA LEVEL[2:0] register. Table

19 shows the relationship between the

PA LEVEL[2:0] RF frequency 2.45 GHz
. Output power Current
[binary] [dBm] consumption,
typ. [mA]
000 -25 11
001 -15 12
010 -10 13
011 -7 14
100 -4.6 16
101 -2.8 17
110 1.3 18
111 0 19

Table 19. Output power settings and typical current consumption
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43 Crystal Oscillator

An external clock signal or the internal
crystal oscillator can be used as main
frequency reference. The reference
frequency must be 16 MHz. Because the
crystal frequency is used as reference for
the data rate as well as other internal
signal  processing functions, other
frequencies cannot be used.

If an external clock signal is used this
should be connected to XOSC16_Qf,
while XOSC16_Q2 should be left open. If
rail-to-rail (1.8V) square-wave signal is
used, the MAIN.XOSC16M BYPASS bit
must be set. It is also possible to use a
sine-wave input. A voltage swing of 200
mV peak-to-peak is recommended in this
case.

Using the internal crystal oscillator, the
crystal must be connected between the
XOSC16_Q1 and XOSC16_Q2 pins. The
oscillator is designed for parallel mode
operation of the crystal. In addition,
loading capacitors (C5 and CG6) for the
crystal are required. The loading capacitor
values depend on the total Iload
capacitance, C, specified for the crystal.
The total load capacitance seen between
the crystal terminals should equal C_ for
the crystal to oscillate at the specified
frequency.
1
CL :ﬁ-i_cparasitic
C421+C431

The parasitic capacitance is constituted by
pin input capacitance and PCB stray
capacitance. The total parasitic
capacitance is typically 5 pF.

X0SC16_Ql
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The crystal oscillator circuit is shown in
Figure 23. Typical component values for
different values of C, are given in Table
20. Note that these values will depend on
the PCB layout and the crystal used.
Determination of the values should be
done by measuring RF frequency on
several boards and adjusting the values of
the loading capacitors accordingly.

The crystal oscillator is amplitude
regulated. This means that a high current
is used to start up the oscillations. When
the amplitude builds up, the current is
reduced to what is necessary to maintain
a stable oscillation. This ensures a fast
start-up and keeps the drive level to a
minimum. The ESR of the crystal should
be within the specification in order to
ensure a reliable start-up (see the
Electrical Specifications section).

A small SMD crystal is used in the
reference design; note that the crystal
package strongly influences the price. In a
low-cost design, it may be preferable to
use a larger crystal package.

The required accuracy of the crystal is
determined by the receive filtering. Figure
19 shows how sensitivity varies with the
frequency offset between the transmitter
and the receiver. It is important to take the
total tolerance of the crystal into
consideration; this consists of the initial
tolerance, drift due to temperature and

aging.

XO0SC16_Q2

C421

XTAL

C431

Figure 23. Crystal oscillator circuit

C.= 16 pF

22 pF

22 pF

Item
C421
C431
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Table 20. 16MHz crystal oscillator component values for C, =16pF

44 Input / Output Matching

The RF input / output is differential (RF_N
and RF_P). In addition there is supply
switch output pin (TXRX_SWITCH) that
must have an external DC path to RF_N
and RF_P.

In RX mode the TXRX_SWITCH pin is at
ground and will bias the LNA. In TX mode
the TXRX_SWITCH pin is at supply rail
voltage and will properly bias the internal
PA.

The RF output and DC bias can be
achieved using different topologies.

45 Typical performance graphs
The following graphs show how some
important parameters vary with

temperature. These graphs show typical
performance as a function of temperature,

25

Application circuits are shown in Figure 3
and Figure 4. Component values are given
in Table 11.

If a single ended output is required (for a
single ended connector or a single ended
antenna), a balun should be used. The
balun can be realized using discrete
inductors and capacitors.

Using a differential antenna, no balun is
required.

and should be used as design guidance
only.

24 1

23

22

21

I
‘E‘ 2 | EEE———RX Current
§ == == TX Current
3
19 | - m = - - -
-------------------
18
17
16
-40 -20 0 20 40 60 80
Temp (deg C)
Figure 24 Typical RX and TX current vs. temperature
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Figure 25 Typical power-down current vs. temperature

2

34

_4 4

-5

-40 -20 0 20 40 60 80
Temp (deg C)
Figure 26 Typical output power vs. temperature
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