CCTTT0F / COTTTIRY

Low-Power SoC (System-on-Chip) with MCU, Memory,
Sub-1 GHz RF Transceiver, and USB Controller

Applications

e Low-power SoC wireless applications
operating in the 315/433/868/915 MHz
ISM/SRD bands

e Wireless alarm and security systems

¢ Industrial monitoring and control

e Wireless sensor networks

Product Description

The ECTTTOR/CCTITIF is a true low-power sub-
1 GHz system-on-chip (SoC) designed for low-
power wireless applications. The
CCTTIOR/CETITIAY  combines the excellent
performance of the state-of-the-art RF
transceiver ECT101 with an industry-standard
enhanced 8051 MCU, up to 32 kB of in-system
programmable flash memory and up to 4 kB of
RAM, and many other powerful features. The
small 6x6 mm package makes it very suited
for applications with size limitations.

The CCOTITOR/CCTITIFY is highly suited for
systems where very low power consumption is
required. This is ensured by several advanced
low-power operating modes. The E6TTIA¥adds
a full-speed USB 2.0 interface to the feature
set of the GCTIOFX. Interfacing to a PC using
the USB interface is quick and easy, and the
high data rate (12 Mbps) of the USB interface
avoids the bottlenecks of RS-232 or low-speed
USB interfaces.

Key Features

¢ Radio

o High-performance RF transceiver based on
the market-leading E6T101

o Excellent receiver selectivity and blocking

performance

High sensitivity (-110

dBm at 1.2 kBaud)

Programmable data rate up to 500 kBaud

Programmable output power up to 10 dBm

for all supported frequencies

o Frequency range: 300 - 348 MHz, 391 - 464
MHz and 782 - 928 MHz

o Digital RSSI / LQI support

O O O O

e |ow Power

o Low current consumption (RX: 16.2 mA @
1.2 kBaud, TX: 15.2 mA @ -6 dBm output
power)

o 0.3 pA in PM3 (the operating mode with the
lowest power consumption)

o 0.5 pA in PM2 (operating mode with the
second lowest power consumption, timer or
external interrupt wakeup)
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AMR - Automatic Meter Reading
Home and building automation
Low power telemetry
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e MCU, Memory, and Peripherals

o High performance and low power 8051
microcontroller core.

o  Powerful DMA functionality

o 8/16/32 KB in-system programmable flash,

and 1/2/4 KB RAM

Full-Speed USB Controller with 1 KB FIFO

(CCTITIFY)

128-bit AES security coprocessor

7 - 12 bit ADC with up to eight inputs

I’S interface

Two USARTs

16-bit timer with DSM mode

Three 8-bit timers

Hardware debug support

21 (ECTIOFY) or 19 (ECTTTTAN) GPIO pins

SW compatible with £62510/C625TTF

e General

o Wide supply voltage range (2.0V - 3.6V)
o RoHS compliant 6x6 mm QFN 36 package

o}
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Abbreviation

AX
ADC
AES
AGC
ARIB

ASK
BCD
BER
BOD
CBC
CBC-MAC

CCA
ccM
CFB
CFR
CMOS
CPU
CRC
CTR
DAC
DMA
DSM
ECB
EM
ENOB
EP{0 - 5}
ESD
ESR
ETSI

FCC
FIFO
GPIO
HSSD
HW
110
IQ
I’s

IF
loC
ISM
ISR

JEDEC

KB
kbps
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Delta-Sigma

Analog to Digital Converter
Advanced Encryption Standard
Automatic Gain Control

Association of Radio Industries and
Businesses

Amplitude Shift Keying
Binary Coded Decimal
Bit Error Rate

Brown Out Detector
Cipher Block Chaining

Cipher Block Chaining Message
Authentication Code

Clear Channel Assessment
Counter mode + CBC-MAC
Cipher Feedback

Code of Federal Regulations
Complementary Metal Oxide Semiconductor
Central Processing Unit
Cyclic Redundancy Check
Counter mode (encryption)
Digital to Analog Converter
Direct Memory Access
Delta-Sigma Modulator
Electronic Code Book
Evaluation Module

Effective Number of Bits
USB Endpoints 0 - 5

Electro Static Discharge
Equivalent Series Resistance

European Telecommunications Standard
Institute

Federal Communications Commission
First In First Out

General Purpose Input / Output

High Speed Serial Debug

Hardware

Input / Output

In-phase / Quadrature-phase

Inter-IC Sound

Intermediate Frequency

1/0 Controller

Industrial, Scientific and Medical
Interrupt Service Routine

Initialization Vector

Joint Electron Device Engineering Council
Kilo Bytes (1024 bytes)

kilo bits per second

INSTRUMENTS

LFSR
LNA
LO
LQI
LSB
MAC
MCU
MISO
MOSI
MSB
NA
OFB
OOK
PA
PCB
PER
PLL
PM{0 - 3}
PMC
POR
PQI
PWM
QLP
RAM
RCOSC
RF
RoOHS
RSSI
RX
SCK
SFD
SFR
SINAD
SPI
SRAM
Sw
T/IR
X
UART
USART

uUsB
VCO
VGA
WDT
XOSsC

SWRS033H

COTTI0 K / COTITIFY

Linear Feedback Shift Register
Low-Noise Amplifier

Local Oscillator

Link Quality Indication

Least Significant Bit / Byte
Medium Access Control
Microcontroller Unit

Master In Slave Out

Master Out Slave In

Most Significant Bit / Byte

Not Applicable

Output Feedback (encryption)
On-Off Keying

Power Amplifier

Printed Circuit Board

Packet Error Rate

Phase Locked Loop

Power Mode 0 -3

Power Management Controller
Power On Reset

Preamble Quality Indicator

Pulse Width Modulator

Quad Leadless Package
Random Access Memory

RC Oscillator

Radio Frequency

Restriction on Hazardous Substances
Receive Signal Strength Indicator
Receive

Serial Clock

Start of Frame Delimiter

Special Function Register
Signal-to-noise and distortion ratio
Serial Peripheral Interface

Static Random Access Memory
Software

Transmit / Receive

Transmit

Universal Asynchronous Receiver/Transmitter

Universal Synchronous/Asynchronous
Receiver/Transmitter

Universal Serial Bus
Voltage Controlled Oscillator
Variable Gain Amplifier
Watchdog Timer

Crystal Oscillator
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1 Register Conventions

Each SFR is described in a separate table. The table heading is given in the following format:
REGISTER NAME (SFR Address) - Register Description.

Each RF register is described in a separate table. The table heading is given in the following format:
XDATA Address: REGISTER NAME - Register Description

All register descriptions include a symbol denoted R/W describing the accessibility of each bit in the
register. The register values are always given in binary notation unless prefixed by ‘Ox’, which
indicates hexadecimal notation.

Symbol Access Mode
R/W Read/write

R Read only

RO Read as 0

R1 Read as 1

w Write only

WO Write as 0

w1 Write as 1

HO Hardware clear
H1 Hardware set

Table 1: Register Bit Conventions

2 Key Features (in more details)

2.1 High-Performance and Low-Power 2.3 Full-Speed USB Controller (CCTITTA)

8051-Compatible Microcontroller L . . . .
e 5 bi-directional endpoints in addition to

e Optimized 8051 core which typically control endpoint 0
gives 8x the performance of a standard
8051 e Full-Speed, 12 Mbps transfer rate

« Two data pointers e Support for Bulk, Interrupt, and
Isochronous endpoints

In-circuit  interactive  debuggin is
* supported by the IAR Igr%bgdded e 1024 bhytes of dedicated endpoint FIFO

Workbench through a simple two-wire memory
serial interface e 8-512 byte data packet size supported
* SW compatible with E62510A/CE25T1R e Configurable FIFO size for IN and OUT

direction of endpoint
2.2 8/16/32 KB Non-volatile Program

Memory and 1/2/4 kB Data Memory 2.4 I’S Interface
* 8, 16, or 32 KB of non-volatile flash e Industry standard I°S interface for
memory,  in-system  programmable transfer of digital audio data
through a simple two-wire interface or
by the 8051 core e Full duplex
e Minimum flash memory endurance: * Mono and stereo support
1000 writeferase cycles o Configurable sample rate and sample
e Programmable read and write lock of size
portions of flash memory for software o Support for plaw compression and

security
e 1,2, or4kB of internal SRAM

expansion
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Typically used to connect to external
DAC or ADC

2.5 Hardware AES Encryption/Decryption
e 128-bit AES supported in hardware
coprocessor
2.6 Peripheral Features
e Powerful DMA Controller
e Power On Reset/Brown-Out Detection
e ADC with eight individual input
channels, single-ended or differential
(6CTMIAK has six channels) and
configurable resolution
e Programmable watchdog timer
e Five timers: one general 16-bit timer
with  DSM mode, two general 8-bit
timers, one MAC timer, and one sleep
timer
e Two programmable USARTs for
master/slave SPI or UART operation
e 21 configurable general-purpose digital
I/0-pins (CETITIAY has 19)
e Random number generator
2.7 Low Power
e Four flexible power modes for reduced
power consumption
e System can wake up on external
interrupt or when the Sleep Timer
expires
e 0.5 pPA current consumption in PM2,
where external interrupts or the Sleep
Timer can wake up the system
e 0.3 PA current consumption in PM3,
where external interrupts can wake up
the system
e Low-power fully static CMOS design
e System clock source is either a high
speed crystal oscillator (26 - 27 MHz for
COTTT0F and 48 MHz for ECTITIA) or a
high speed RC oscillator (13 - 13.5 MHz
for OOTITOFK and 12 MHz for CCTTTTF).
i3 TExAs
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CCTTT0F / COTTTIRY

The high speed crystal oscillator must
be used when the radio is active.

Clock source for ultra-low power
operation can be either a low-power RC
oscillator or an optional 32.768 kHz
crystal oscillator

Very fast transition to active mode from
power modes enables ultra low average
power consumption in low duty-cycle
systems

Sub-1 GHz Radio with Baseband
Modem

Based on the industry leading £CT101
radio core

Few external components: On-chip
frequency synthesizer, no external filters
or RF switch needed

Flexible support for packet oriented
systems: On-chip support for sync word
detection, address check, flexible
packet length, and automatic CRC
handling

Supports use of DMA for both RX and
TX resulting in  minimal CPU
intervention even on high data rates

Programmable channel filter bandwidth

2-FSK, GFSK, MSK, ASK, and OOK
modulation formats supported

Optional automatic whitening and de-
whitening of data

Programmable Carrier Sense (CS)
indicator
Programmable Preamble Quality

Indicator (PQI) for detecting preambles
and improved protection against sync
word detection in random noise

Support for automatic Clear Channel
Assessment (CCA) before transmitting
(for listen-before-talk systems)

Support for per-package Link Quality
Indication (LQI)
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CCTTT0F / COTTTIRY

3  Absolute Maximum Ratings

Under no circumstances must the absolute maximum ratings given in Table 2 be violated. Stress
exceeding one or more of the limiting values may cause permanent damage to the device.

Parameter Min Max Units | Condition

Supply voltage (VDD) -0.3 3.9 \% All supply pins must have the same voltage

Voltage on any digital pin -0.3 | VDD + 0.3, \%

max 3.9

Voltage on the pins RF_P, RF_N -0.3 2.0 \%

and DCOUPL

Voltage ramp-up rate 120 kV/ps

Input RF level 10 dBm

Storage temperature range -50 150 °C Device not programmed

Solder reflow temperature 260 °C According to IPC/JEDEC J-STD-020D

ESD CCTI110F 1000 \Y According to JEDEC STD 22, method A114, Human
Body Model (HBM)

ESD CCTI110F 750 \Y According to JEDEC STD 22, C101C, Charged Device
Model (CDM)

ESD Cetiiixy 750 Y, According to JEDEC STD 22, method A114, Human
Body Model (HBM)

ESD eIy 750 \Y According to JEDEC STD 22, C101C, Charged Device
Model (CDM)

Table 2: Absolute Maximum Ratings

Caution! ESD sensitive device.
Precaution should be used when handling

the device in order to prevent permanent
damage.

i3 TEXAS
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4  Operating Conditions

CCTTT0F / COTTTIRY

4.1  OCTOR Operating Conditions
The operating conditions for £6TT10K are listed in Table 3 below.
Parameter Min Max Unit | Condition
Operating ambient temperature, T | —40 85 °C
Operating supply voltage (VDD) 2.0 3.6 \% All supply pins must have the same voltage

Table 3: Operating Conditions for CETHOM

4.2  GOTffIA Operating Conditions
The operating conditions for EETITIFX are listed in Table 4 below.
Parameter Min Max Unit | Condition
Operating ambient temperature, Tx 0 85 °C
Operating supply voltage (VDD) 3.0 3.6 Y All supply pins must have the same voltage

Table 4: Operating Conditions for CCTIIAY

5 General Characteristics

Ta=25°C, VDD = 3.0 V if nothing else stated

Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Condition/Note
Radio part
Frequency range 300 348 MHz
391 464 MHz
782 928 MHz
Data rate 1.2 500 kBaud 2-FSK (500 kBaud only characterized @ 915
12 250 KBaud MHz on ECTITOR)
2 500 KkBaud GFSK, OOK, and ASK
(Shaped) MSK (also known as differential
offset QPSK) 500 kBaud only characterized
@ 915 MHz
Optional Manchester encoding (the data rate
in kbps will be half the baud rate)
Wake-Up Timing
PM1 - Active Mode 4 us Digital regulator on. HS RCOSC and high
speed crystal oscillator off. 32.768 kHz
XOSC or low power RCOSC running.
SLEEP.OSC PD=1 and CLKCON.OSC=1
PM2/3-> Active Mode 100 us Digital regulator off. HS RCOSC and high
speed crystal oscillator off. 32.768 kHz
XOSC or low power RCOSC running (PM2).
No crystal oscillators or RC oscillators are
running in PM3
SLEEP.OSC PD=1 and CLKCON.OSC=1

Table 5: General Characteristics

i3 TEXAS
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CCTTT0F / COTTTIRY

6 Electrical Specifications

6.1 Current Consumption

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference design ([1]).

Parameter Min | Typ | Max Unit Condition
Active mode, full 5.0 mA System clock running at 26 MHz.
speed (high speed .
crystal oscillator)™. 4.8 mA System clock running at 24 MHz.
Low CPU activity. Digital regulator on. High speed crystal oscillator and low power
RCOSC running. No peripherals running.
Low CPU activity: No flash access (i.e. only cache hit), no RAM
access
Active mode, full 25 mA System clock running at 13 MHz.
SR‘?SgéHls Digital regulator on. HS RCOSC and low power RCOSC running. No
) peripherals running.
Low CPU activity. Low CPU activity: No flash access (i.e. only cache hit), no RAM
access
Active mode with Digital regulator on. High speed crystal oscillator and low power
radio in RX, RCOSC running. Radio in RX mode (sensitivity optimized
315 MHz MDMCFG2.DEM DCFILT OFF=0)
19 mA 1.2 kBaud, input at sensitivity limit, system clock running at 26 MHz.
19.5 mA 1.2 kBaud, input at sensitivity limit, system clock running at 24 MHz
16.2 mA 1.2 kBaud, input at sensitivity limit, system clock running at 203 kHz.
19 mA 1.2 kBaud, input well above sensitivity limit, system clock running at
26 MHz
19.4 mA 1.2 kBaud, input well above sensitivity limit, system clock running at
24 MHz
19 mA 38.4 kBaud, input at sensitivity limit, system clock running at 26 MHz.
16.2 mA 38.4 kBaud, input at sensitivity limit, system clock running at 203 kHz.
19 mA 38.4 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
20 mA 250 kBaud, input at sensitivity limit, system clock running at 26 MHz
21 mA 250 kBaud, input at sensitivity limit, system clock running at 24 MHz.
17.2 mA 250 kBaud, input at sensitivity limit, system clock running at 1.625
MHz.
20 mA 250 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
20 mA
250 kBaud, input well above sensitivity limit, system clock running at
24 MHz.

! Note: In order to reduce the current consumption in active mode, the clock speed can be reduced by
setting CLKCON.CLKSPD#000 (see section 12.1 for details).Figure 1 shows typical current
consumption in active mode for different clock speeds

i3 TEXAS
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CCTTT0F / COTTTIRY

Parameter Min | Typ | Max Unit Condition
Active mode with Digital regulator on. High speed crystal oscillator and low power
radio in RX, RCOSC running. Radio in RX mode (sensitivity optimized
433 MHz MDMCFG2.DEM DCFILT OFF=0)
19.8 mA 1.2 kBaud, input at sensitivity limit, system clock running at 26 MHz.
19.7 mA 1.2 kBaud, input at sensitivity limit, system clock running at 24 MHz.
17.1 mA 1.2 kBaud, input at sensitivity limit, system clock running at 203 kHz.
19.8 mA 1.2 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
19.7 mA 1.2 kBaud, input well above sensitivity limit, system clock running at
24 MHz.
19.8 mA 38.4 kBaud, input at sensitivity limit, system clock running at 26 MHz.
171 mA 38.4 kBaud, input at sensitivity limit, system clock running at 203 kHz
19.8 mA 38.4 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
20.5 mA 250 kBaud, input at sensitivity limit, system clock running at 26 MHz.
21.5 mA 250 kBaud, input at sensitivity limit, system clock running at 24 MHz.
18.1 mA 250 kBaud, input at sensitivity limit, system clock running at 1.625
MHz.
20.5 mA 250 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
20.2 mA 250 kBaud, input well above sensitivity limit, system clock running at
24 MHz

See Figure 2 for typical variation over operating conditions

Active mode with Digital regulator on. High speed crystal oscillator and low power
radio in RX, RCOSC running. Radio in RX mode (sensitivity optimized
868, 915 MHz MDMCFG2.DEM DCFILT OFF=0). 24 MHz system clock not
measured
19.7 mA 1.2 kBaud, input at sensitivity limit, system clock running at 26 MHz.
17.0 mA 1.2 kBaud, input at sensitivity limit, system clock running at 203 kHz.
18.7 mA 1.2 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
19.7 mA 38.4 kBaud, input at sensitivity limit, system clock running at 26 MHz.
17.0 mA 38.4 kBaud, input at sensitivity limit, system clock running at 203 kHz.
18.7 mA 38.4 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
20.4 mA 250 kBaud, input at sensitivity limit, system clock running at 26 MHz.
18.0 mA 250 kBaud, input at sensitivity limit, system clock running at 1.625
MHz.
19.1 mA 250 kBaud, input well above sensitivity limit, system clock running at
26 MHz.
Active mode with System clock running at 26 MHz or 24 MHz.
radio in TX,

Digital regulator on. High speed crystal oscillator and low power

315 MHz RCOSC running. Radio in TX mode
315 mA 10 dBm output power (PA_TABLE0=0xC2)
19 mA 0 dBm output power (PA_ TABLE0=0x51)
18 mA -6 dBm output power (PA_ TABLE0=0x23)
i3 TExAs
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CCTTT0F / COTTTIRY

Parameter Min | Typ | Max Unit Condition
Active mode with System clock running at 26 MHz or 24 MHz.
Ela3(gol\/llr|]|-rx’ Digital regulator on. High speed crystal oscillator and low power
z RCOSC running. Radio in TX mode
335 mA 10 dBm output power (PA_TABLEO0=0xC0)
20 mA 0 dBm output power (PA_TABLE0=0x60)
19 mA -6 dBm output power (PA_TABLE(0=0x23)
Active mode with System clock running at 26 MHz or 24 MHz.
gaggoégs-l-)'\;’H Digital regulator on. High speed crystal oscillator and low power
' z RCOSC running. Radio in TX mode
36.2 mA 10 dBm output power (PA_TABLEO0=0xC2). See Table 7 for typical
variation over operating conditions
21 mA 0 dBm output power (PA_TABLE0=0x50)
20 mA -6 dBm output power (PA_ TABLE0=0x2B)
Power mode 0 4.3 mA Same as active mode, but the CPU is not running (see 12.1.2.2 for
details). System clock at 26 MHz or 24 MHz
Power mode 1 220 HA Digital regulator on. HS RCOSC and high speed crystal oscillator off.
32.768 kHz XOSC or low power RCOSC running (see 12.1.2.3 for
details)
Power mode 2 0.5 HA Digital regulator off. HS RCOSC and high speed crystal oscillator off.
Low power RCOSC running (see 12.1.2.4 for details)
Power mode 3 0.3 1.0 A Digital regulator off. No crystal oscillators or RC oscillators are
running (see 12.1.2.5 for details)
Peripheral Add to the figures above if the peripheral unit is activated
Current
Consumption
Timer 1 2.7 pA/MHz | When running
Timer 2 1.3 pA/MHz | When running
Timer 3 1.6 pA/MHz | When running
Timer 4 2 WA/MHz | When running
ADC 1.2 mA During conversion

Table 6: Current Consumption

i3 TEXAS
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CCTTT0F / COTTTIRY

Current Consumption Active Mode. No Peripherals Running.
6.0 frose = 26 MHz
5,0
4,0 =
£ el —+ HS XOSC
= 30 e
£ // //. —-+—HS RCOSC
S 20w
O
]
1,00"
0,0
0 2 4 6 8 101214 16 18 20 22 24 26 28
Clock Speed [MHZ]
Measurements done for all valid CLKCON . CLKSPD settings
(000 - 111 for HS XOSC, 001 - 111 for HS RCOSC)

Figure 1: Current Consumption (Active Mode) vs. Clock Speed

Typical Variation in RX Current Consumption over Temperature
and Input Power Level

Data Rate = 250 kBaud, Frequency Band = 433 MHz
25

23 —e—Avg -40°C
Avg 25°C
21 % +AVg 85°C

19
-110 -100 90 -80 -70 -60 -50 -40 -30 -20 -10

Inout Power Level [dBml

Current [mA]

Figure 2: Typical Variation in RX Current Consumption over Temperature and Input Power Level.
Data Rate = 250 kBaud, Frequency Band = 433 MHz

Supply Voltage, VDD =2V | Supply Voltage, VDD =3 V Supply Voltage, VDD = 3.6 V

Temperature [°C] | —-40 25 85 -40 25 85 -40 25 85

Current [mA] 37 36 35.4 37.2 36.2 35.6 37.5 36.4 35.8

Table 7: Typical Variation in TX Current Consumption over Temperature and Supply Voltage,
@ 868 MHz and 10 dBm Output Power.

i3 TEXAS
INSTRUMENTS SWRS033H Page 12 of 246



6.2 RF Receive Section

CCTTT0F / COTTTIRY

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the

CC1110EM reference design ([1]) if nothing else is stated.

Parameter

Min Typ

Max | Unit

Condition/Note

Digital channel
filter bandwidth

58

812 kHz

User programmable (see Section 13.6). The bandwidth limits are
proportional to crystal frequency (given values assume a 26 MHz system
clock).

(GSK, 1% packet

315 MHz, 1.2 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM DCFILT OFF=0
error rate, 20 bytes packet lengt

h, 5.2 kHz deviation, 58 kHz digital channel filter bandwidth)

Receiver
sensitivity

-110
-112

dBm
dBm

System clock running at 26 MHz
System clock running at 24 MHz

The RX current consumption can be reduced by approximately 2.0 mA
by setting MDMCFG2 .DEM_DCFILT OFF=1. The typical sensitivity is then
-107 dBm.

(GSK, 1% packet

315 MHz, 38.4 kBaud data rate, sensitiv

error rate, 20 by

tes packet lengtl

ity optimized, MDMCFG2.DEM_DCFILT OFF=0

h, 20 kHz deviation, 100 kHz digital channel filter bandwidth)

Receiver
sensitivity

-102
-103

dBm
dBm

System clock running at 26 MHz
System clock running at 24 MHz

The RX current consumption can be reduced by approximately 2.1 mA
by setting MDMCFG2 .DEM _DCFILT OFF=1. The typical sensitivity is then
-99 dBm.

315 MHz, 250 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM_DCFILT OFF=0 (MDMCFG2.DEM DCFILT OFF=1
cannot be used for data rates > 100 kBaud)
(GSK, 1% packet error rate, 20 bytes packet length, 127 kHz deviation, 540 kHz digital channel filter bandwidth)

Receiver
sensitivity

-94
-94

dBm
dBm

System clock running at 26 MHz
System clock running at 24 MHz

433 MHz, 1.2 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM DCFILT OFF=0
(GSK, 1% packet error rate, 20 bytes packet length, 5.2 kHz deviation, 58 kHz digital channel filter bandwidth)

Receiver
sensitivity

-110
-110

dBm
dBm

System clock running at 26 MHz
System clock running at 24 MHz

The RX current consumption can be reduced by approximately 2.6 mA
by setting MDMCFG2 .DEM DCFILT OFF=1. The typical sensitivity is then
-107 dBm.

(GSK, 1% packet

433 MHz, 38.4 kBaud data rate, sensitiv

error rate, 20 by

tes packet lengtl

ity optimized, MDMCFG2 .DEM DCFILT OFF=0

h, 20 kHz deviation, 100 kHz digital channel filter bandwidth)

Receiver -102 dBm | System clock running at 26 MHz
sensitivity )
-101 dBm | System clock running at 24 MHz
The RX current consumption can be reduced by approximately 2.7 mA
by setting MDMCFG2 .DEM_DCFILT OFF=1. The typical sensitivity is then
-99 dBm.
Parameter Min | Typ | Max | Unit | Condition/Note

433 MHz, 250 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM_DCFILT OFF=0 (MDMCFG2.DEM DCFILT_ OFF=1
cannot be used for data rates > 100 kBaud)
(GSK, 1% packet error rate, 20 bytes packet length, 127 kHz deviation, 540 kHz digital channel filter bandwidth)

Receiver -95 dBm | System clock running at 26 MHz
sensitivity .
-93 dBm | System clock running at 24 MHz
See Table 9 for typical variation over operating conditions
i3 TExAs
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CCTTT0F / COTTTIRY

Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Condition/Note

868 MHz, 1.2 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM_DCFILT OFF=0
(GSK, 1% packet error rate, 20 bytes packet length, 5.2 kHz deviation, 58 kHz digital channel filter bandwidth)

Receiver -110 dBm | System clock running at 26 MHz
sensitivity .
-110 dBm | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock

The RX current consumption can be reduced by approximately 2.0 mA
by setting MDMCFG2 . DEM _DCFILT OFF=1. The typical sensitivity is then

-107 dBm.
Saturation -14 dBm | MCSMO.CLOSE IN RX=00
Adjacent 38 dB Desired channel 3 dB above the sensitivity limit. 100 kHz channel
channel spacing
rejection
Alternate 35 dB Desired channel 3 dB above the sensitivity limit. 100 kHz channel
channel spacing
rejection
See Figure 58 for plot of selectivity versus frequency offset
Image channel 33 dB IF frequency 152 kHz
rejection, . e
868 MHz Desired channel 3 dB above the sensitivity limit.

868 MHz, 38.4 kBaud data rate, sensitivity optimized, MDMCFG2 .DEM DCFILT OFF=0
(GSK, 1% packet error rate, 20 bytes packet length, 20 kHz deviation, 100 kHz digital channel filter bandwidth)

Receiver -102 dBm | System clock running at 26 MHz
sensitivity .
-101 dBm | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock

The RX current consumption can be reduced by approximately 2.2 mA
by setting MDMCFG2 .DEM_DCFILT OFF=1. The typical sensitivity is then

-100 dBm.
Saturation -14 dBm | MCSMO.CLOSE_IN_RX=00
Adjacent 19 dB Desired channel 3 dB above the sensitivity limit. 200 kHz channel
channel spacing
rejection
Alternate 32 dB Desired channel 3 dB above the sensitivity limit. 200 kHz channel
channel spacing
rejection
See Figure 59 for plot of selectivity versus frequency offset
Image channel 28 dB IF frequency 152 kHz
rejection, . P
868 MHz Desired channel 3 dB above the sensitivity limit.
i3 TExAs
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Parameter ‘ Min ‘ Typ ‘ Max ‘ Unit ‘ Condition/Note

868 MHz, 250 kBaud data rate, sensitivity optimized, MDMCFG2.DEM DCFILT OFF=0 (MDMCFG2.DEM DCFILT OFF=1
cannot be used for data rates > 100 kBaud)
(GSK, 1% packet error rate, 20 bytes packet length, 127 kHz deviation, 540 kHz digital channel filter bandwidth)

Receiver -94 dBm | System clock running at 26 MHz
sensitivity .
-91 dBm | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock
Saturation -16 dBm | MCSMO.CLOSE_IN_RX=00
Adjacent 27 dB Desired channel 3 dB above the sensitivity limit. 750 kHz channel
channel spacing
rejection
Alternate 36 dB Desired channel 3 dB above the sensitivity limit. 750 kHz channel
channel spacing
rejection
See Figure 60 for plot of selectivity versus frequency offset
Image channel 17 dB IF frequency 304 kHz
rejection, . S
868 MHz Desired channel 3 dB above the sensitivity limit.

915 MHz, 1.2 kBaud data rate, sensitivity optimized, MDMCFG2.DEM DCFILT OFF=0
(2-FSK, 5.2 kHz deviation, 1% packet error rate, 20 bytes packet length, 58 kHz digital channel filter bandwidth)

Receiver -108 dBm | System clock running at 26 MHz
sensitivity _
-110 dBm | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock

The RX current consumption can be reduced by approximately 2.0 mA
by setting MDMCFG2 .DEM _DCFILT OFF=1. The typical sensitivity is then
-107 dBm.

915 MHz, 38.4 kBaud data rate, sensitivity optimized, MDMCFG2.DEM DCFILT OFF=0
(2-FSK, 1% packet error rate, 20 bytes packet length, 100 kHz digital channel filter bandwidth)

Receiver -100 dBm | System clock running at 26 MHz
sensitivity .
-100 dBm | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock

The RX current consumption can be reduced by approximately 2.1 mA
by setting MDMCFG2 .DEM DCFILT OFF=1. The typical sensitivity is then
-99 dBm.

915 MHz, 250 kBaud data rate, sensitivity optimized, MDMCFG2.DEM DCFILT OFF=0 (MDMCFG2.DEM DCFILT OFF=1
cannot be used for data rates > 100 kBaud)
(MSK, 1% packet error rate, 20 bytes packet length, 540 kHz digital channel filter bandwidth)

Receiver -93 dBm | System clock running at 26 MHz

sensitivit
y -91 dBM | Tested conducted on [4] CC1111 USB-Dongle Reference Design, 24
MHz clock

915 MHz, 500 kBaud data rate, sensitivity optimized, MDMCFG2.DEM DCFILT OFF=0 (MDMCFG2.DEM DCFILT OFF=1
cannot be used for data rates > 100 kBaud)
(MSK, 1% packet error rate, 20 bytes packet length, 812 kHz digital channel filter bandwidth)

Receiver —86 dBm | System clock running at 26 MHz.
sensitivity )
Not tested on [4] CC1111 USB-Dongle Reference Design, 24 MHz clock

i3 TEXAS
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Parameter Min | Typ Max | Unit | Condition/Note

Blocking

Blocking at +2 -45 dBm | Desired channel 3 dB above the sensitivity limit.

MHz offset, 1.2

kBaud, 868

MHz

Blocking at +2 -50 dBm | Desired channel 3 dB above the sensitivity limit

MHz offset, 250

kBaud, 868

MHz

Blocking at +10 -33 dBm | Desired channel 3 dB above the sensitivity limit.

MHz offset, 1.2

kBaud, 868

MHz

Blocking at +10 -40 dBm | Desired channel 3 dB above the sensitivity limit.

MHz offset, 250

kBaud, 868

MHz

General

Spurious Conducted measurement in a 50 Q single ended load. Complies with EN

emissions 300 328, EN 300 440 class 2, FCC CFR47, Part 15 and ARIB STD-T-66.
Numbers are from £671101 (same radio on E67110 and CETITH
Typical radiated spurious emission is —49 dB measured at the VCO
frequency.

25 MHz - -68 =57 | dBm | Maximum figure is the ETSI EN 300 220 limit

1GHz

Above 1 GHz -66 -47 | dBm | Maximum figure is the ETSI EN 300 220 limit

Table 8: RF Receive Section
Supply Voltage, VDD =2 V Supply Voltage, VDD =3V Supply Voltage, VDD = 3.6 V
Temperature [°C] | —-40 25 85 -40 25 85 -40 25 85
Sensitivity [dBm] | -96.4 -94.9 -92.6 -96.1 -95.0 -92.2 -96.1 -94.5 -92.2

Table 9: Typical Variation in Sensitivity over Temperature and Supply Voltage @ 433 MHz and 250
kBaud Data Rate

i3 TEXAS
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CCTTT0F / COTTTIRY

6.3 RF Transmit Section

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]) if nothing else is stated.

Parameter Min Typ Max | Unit | Condition/Note
Differential load Differential impedance as seen from the RF-port (RF_P and
impedance RF_N) towards the antenna. Follow the CC1110EM reference
. designs ([1], [2] and [3]) available from the T| website.
315 MHz 122 +j31 Q
433 MHz 116 +j41
868/915 MHz 86.5 + j43
Output power, 10 dBm | Output power is programmable, and full range is available in
highest setting all frequency bands
Output power may be restricted by regulatory limits. See
ANO50 [13]. Note that this application note is for £61101but the
same limitations apply to £61110Aand ECTITIFY as well. For
CCTITIFN see in addition DNO16 [14] for information on antenna
solution and additional regulatory restrictions
See Figure 3 for typical variation over operating conditions
Delivered to 50 Q single-ended load via CC1110EM reference
design [3] RF matching network.
Output power, -30 dBm | Output power is programmable and is available across the
lowest setting entire frequency band
Delivered to 50 Q single-ended load via CC1110EM reference
design [3] RF matching network.
Harmonics, radiated Measured on CC1110EM reference designs ([2] and [3]) with
d CW, 10 dBm output power
2™ Harm, 433 MHz -51 dBm
3 Harm, 433 MHz -42 dBm | The antennas used during the radiated measurements
d (SMAFF-433 from R.W. Badland and Nearson S331 868/915)
2 'Harm, 868 MHz -37 dBm | piay a part in attenuating the harmonics
3" Harm, 868 MHz -43 dBm
Harmonics, radiated Measured on [4] CC1111 USB-Dongle Reference Design, with
nd CW, 10 dBm output power. The chip antenna used during the
2 'Harm, 868 MHz -55 dBM | adiated measurements play a part in attenuating the
3" Harm, 868 MHz 55 4Bm | harmonics
Harmonics, Measured on CC1110EM reference designs ([1], [2] and [3])
conducted with CW, 10 dBm output power, TX frequency at 315.00 MHz,
433.00 MHz, 868.00 MHz, or 915.00 MHz
315 MHz <-35 dBm | Frequencies below 960 MHz
<-52 Frequencies above 960 MHz
433 MHz <-44 dBm | Frequencies below 1 GHz
<-35 Frequencies above 1 GHz
868 MHz <-35 dBm | Frequencies above 1 GHz
915 MHz <-34 dBm | Frequencies above 1 GHz
i3 TExAs
INSTRUMENTS SWRSO033H Page 17 of 246



CCTTT0F / COTTTIRY

Parameter Min Typ Max | Unit | Condition/Note
Spurious emissions Measured on CC1110EM reference designs ([1], [2] and [3])
radiated, with 10 dBm CW, TX frequency at 315.00 MHz, 433.00 MHz,
Harmonics not 868.00 or 915.00 MH. For ECTITIA see DNO16 [14]
included
Please refer to register TEST1 on Page 226 for required
settings in RX and TX
315 MHz < -58 dBm | Frequencies below 960 MHz
<-53 Frequencies above 960 MHz
433 MHz <-50 dBm | Frequencies below 1 GHz
<-54 Frequencies above 1 GHz
< -56 Frequencies within 47 - 74, 87.5 - 118, 174 - 230, 470 - 862
MHz
868 MHz < -56 dBm | Frequencies below 1 GHz
< -54 Frequencies above 1 GHz
< -56 Frequencies within 47 - 74, 87.5 - 118, 174 - 230, 470 - 862
MHz.
915 MHz <-51 dBm | Frequencies below 960 MHz
< -60 Frequencies above 960 MHz
Table 10: RF Transmit Section
Typical Variation in Output Power (10dBm) over Frequency and
Temperature
12
€
a 11
=A
g 0 —e—Avg -40°C
?3 9 ——Avg 25°C
5 g —a— Avg 85°C
Q
5
o 7
6
750 800 850 900 950
Frequency [MHz]
Figure 3: Typical Variation in Output Power over Frequency and Temperature
(10 dBm output power)
i3 TExas
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6.4
6.4.1

Crystal Oscillators
CCTT10F Crystal Oscillator

CCTTT0F / COTTTIRY

Ta=25°C, VDD = 3.0 V if nothing else is stated.

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

Crystal frequency 26 26 27 MHz | Referred to as fxosc.

Crystal frequency +40 ppm | This is the total tolerance including a) initial tolerance, b) crystal

accuracy loading, c) aging, and d) temperature dependence.

requirement
The acceptable crystal tolerance depends on RF frequency and
channel spacing / bandwidth.

Co 1 5 7 pF Simulated over operating conditions

Load capacitance 10 13 20 pF Simulated over operating conditions

ESR 100 Q Simulated over operating conditions

Start-up time 250 us fxosc = 26 MHz
Note: A Ripple counter of 12 bit is included to ensure duty-cycle
requirements. Start-up time includes ripple counter delay until
SLEEP.X0SC_STBIis asserted

Power Down 3 ms The crystal oscillator must be in power down for a guard time before it

Guard Time is used again. This requirement is valid for all modes of operation. The
need for power down guard time can vary with crystal type and load.
Minimum figure is valid for reference crystal NDK, AT-41CD2 and load
capacitance according to Table 29.
If power down guard time is violated, one of the consequences can be
increased PER when using the radio immediately after the crystal
oscillator has been reported stable.

Table 11: 6010/ Crystal Oscillator Parameters
6.4.2 CCTTTTRY Crystal Oscillator

Ta=25°C, VDD = 3.0 V if nothing else is stated.

Parameter Min | Typ | Max | Unit Condition/Note

Crystal frequency 48 MHz | Referred to as fxosc.
48 MHz crystal gives a system clock of 24 MHz.
Please note that there is restricted usage in the frequency bands 863 -
870 MHz (due to spurious emission). See DN016 Compact Antenna
Solutions for 868/915 MHz [14]

Crystal frequency +40 ppm | This is the total tolerance including a) initial tolerance, b) crystal

accuracy loading, c) aging, and d) temperature dependence.

requirement
The acceptable crystal tolerance depends on RF frequency and
channel spacing / bandwidth.

Co

Fundamental 0.85 1 1.15 pF Simulated over operating conditions. Variation given by reference
crystal NX2520SA from NDK (fundamental).

Load capacitance 15 16 17 pF Simulated over operating conditions

ESR 60 Q Simulated over operating conditions

Start-up time Note: A Ripple counter of 14 bit is included to ensure duty-cycle
requirements. Start-up time includes ripple counter delay until
SLEEP.X0SC STBis asserted

Fundamental 650 us

Table 12: E0TfIA Crystal Oscillator Parameters
i3 TExAs
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CCTTT0F / COTTTIRY

6.5 32.768 kHz Crystal Oscillator
Ta =25°C, VDD = 3.0V if nothing else is stated.

Parameter Min Typ Max Unit Condition/Note

Crystal frequency 32.768 kHz

Co 0.9 2.0 pF Simulated over operating conditions
Load capacitance 12 16 pF Simulated over operating conditions
ESR 40 130 kQ Simulated over operating conditions
Start-up time 400 ms Value is simulated

Table 13: 32.768 kHz Crystal Oscillator Parameters

6.6 Low Power RC Oscillator
Ta=25°C, VDD = 3.0 V if nothing else is stated.

Parameter Min Typ Max Unit Condition/Note
Calibrated frequency? 34.7 34.7 36.0 kHz CCTT10R
32.0 32.0 32.0 CoTITIRY

Calibrated low power RC oscillator frequency is
frer / 750

Frequency accuracy +1 %

after calibration

Temperature coefficient +0.5 %/°C Frequency drift when temperature changes after
calibration

Supply voltage +3 %IV Frequency drift when supply voltage changes after

coefficient calibration

Initial calibration time 2 ms When the low power RC oscillator is enabled,

calibration is continuously done in the background
as long as the high speed crystal oscillator is
running.

Table 14: Low Power RC Oscillator Parameters

2 fRef = fxosc for ”””’””and fRef = fxosc /2 for 0””””
For CCTTT0F Min figures are given using fxosc = 26 MHz. Typ figures are given using fxosc = 26 MHz,
and Max figures are given using fyosc = 27 MHz. For ECTITIFX, fyosc = 48 MHz
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6.7 High Speed RC Oscillator
Ta=25°C, VDD = 3.0 V if nothing else is stated.

CCTTT0F / COTTTIRY

Parameter Min Typ Max Unit Condition/Note

Calibrated frequency? 12 13 135 MHz Calibrated HS RCOSC frequency is fxosc / 2

Uncalibrated frequency +15 %

accuracy

Calibrated frequency +1 %

accuracy

Start-up time 10 us

Temperature coefficient -325 ppm/°C | Frequency drift when temperature changes after
calibration

Supply voltage 28 ppm/V Frequency drift when supply voltage changes after

coefficient calibration

Calibration time 65 us The HS RCOSC will be calibrated once when the high
speed crystal oscillator is selected as system clock
source (CLKCON.OSC is set to 0), and also when the
system wakes up from PM{1 - 3} if CLKCON.OSC was
set to 0 when entering PM{1 - 3}. See 12.1.5.1 for
details).

Table 15: High Speed RC Oscillator Parameters

6.8 Frequency Synthesizer Characteristics

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Parameter Min Typ Max Unit Condition/Note

Programmed frequency 397 397 412 Hz CCTTT0R

resolution®

366 366 366 (HH111/7¢

Frequency resolution = fref 2

Synthesizer frequency +40 ppm Given by crystal used. Required accuracy (including

tolerance temperature and aging) depends on frequency band
and channel bandwidth / spacing.

RF carrier phase noise -92 dBc/Hz | @ 50 kHz offset from carrier

RF carrier phase noise -93 dBc/Hz | @ 100 kHz offset from carrier

RF carrier phase noise -93 dBc/Hz | @ 200 kHz offset from carrier

RF carrier phase noise -98 dBc/Hz | @ 500 kHz offset from carrier

RF carrier phase noise -107 dBc/Hz @ 1 MHz offset from carrier

RF carrier phase noise -113 dBc/Hz | @ 2 MHz offset from carrier

RF carrier phase noise -119 dBc/Hz @ 5 MHz offset from carrier

RF carrier phase noise -129 dBc/Hz @ 10 MHz offset from carrier

3 fRef = fxosc for ”””’””and fRef = fxosc /2 for 0””””
For ECTTT0F Min figures are given using fxosc = 26 MHz. Typ figures are given using fxosc = 26 MHz,
and Max figures are given using fyosc = 27 MHz. For ECTITIFX, fyosc = 48 MHz
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CCTTT0F / COTTTIRY

Parameter Min Typ Max Unit Condition/Note
PLL turn-on / hop time* 72.4 75.2 75.2 us CCTIT10FY
81.4 81.4 81.4 COTITIRY
Time from leaving the IDLE state until arriving in the
RX, FSTXON, or TX state, when not performing
calibration.
Crystal oscillator running.
RX to TX switch* 29.0 30.1 30.1 us COTT10
32.6 32.6 32.6 IHH111/78
Settling time for the 1:IF frequency step from RX to TX
TX to RX switch 30.0 311 31.1 us CCIT10FY
33.6 33.6 33.6 COTITIRY
Settling time for the 1:IF frequency step from TX to RX
PLL calibration time* 707 735 735 us CCT110R
796 796 796 COTITIRY
Calibration can be initiated manually or automatically
before entering or after leaving RX/TX.
Note: This is the PLL calibration time given that
TESTO=0x0B and FSCAL3.CHP _CURR CAL EN=10
(max calibration time). Please see DN110 [15] for
more details
Table 16: Frequency Synthesizer Parameters

6.9

Analog Temperature Sensor

Ta= 25°C, VDD = 3.0V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

increase when enabled

Parameter Min Typ Max Unit | Condition/Note

Output voltage at —0°C 0.660 \Y

Output voltage at 0°C 0.755 \%

Output voltage at 40°C 0.859 \%

Output voltage at 80°C 0.958 \%

Temperature coefficient 2.47 mV/°C | Fitted from —20°C to 80°C

Error in calculated -2° 0 2" °C From —20°C to 80°C when using 2.47 mV/°C, after 1-point

temperature, calibrated calibration at room temperature
" The indicated minimum and maximum error with 1-point
calibration is based on measured values for typical process
parameters

Current consumption 0.3 mA

Table 17: Analog Temperature Sensor Parameters

4 fRef = fxosc for ”””’””and fRef = fxosc /2 for 0””””

For ECTTT0F Min figures are given using fxosc = 27 MHz. Typ figures are given using fxosc = 26 MHz,
and Max figures are given using fxosc = 26 MHz. For COTITIFX, fyosc = 48 MHz The system clock
frequency is equal to frer and the data rate is 250 kBaud. No PA ramping is used. See DN110 [15] for

more details.
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6.10 7-12 bit ADC

CCTTT0F / COTTTIRY

Ta= 25°C, VDD = 3.0 V if nothing else stated. The numbers given here are based on tests performed
in accordance with IEEE Std 1241-2000 [8]. The ADC data are from 662430 characterization. As the
CCOTITOR/CTTTIAY uses the same ADC, the numbers listed in Table 18 should be good indicators of the
performance to be expected from ECTIIOFK and ECTITIAX. Note that these numbers will apply for 24
MHz operated systems (LETITIFY using a 48 MHz crystal). Performance will be slightly different for
other crystal frequencies (e.g. 26 MHz and 27 MHz).

Parameter Min Typ Max | Unit | Condition/Note
Input voltage 0 VDD \% VDD is the voltage on the AVDD pin (2.0 - 3.6 V)
External reference voltage 0 VDD \% VDD is the voltage on the AVDD pin (2.0 - 3.6 V)
External reference voltage 0 VDD \% VDD is the voltage on the AVDD pin (2.0 - 3.6 V)
differential
Input resistance, signal 197 kQ | Simulated using 4 MHz clock speed (see Section
12.10.2.7)
Full-Scale Signal® 2.97 \% Peak-to-peak, defines 0 dBFS
ENOB® 57 bits | 7-bits setting
Single ended input 7.5 9-bits setting
9.3 10-bits setting
10.8 12-bits setting
ENOB® 6.5 bits | 7-bits setting
Differential input 8.3 9-bits setting
10.0 10-bits setting
11.5 12-bits setting
Useful Power Bandwidth 0-20 kHz | 7-bits setting, both single and differential
THD®
-Single ended input -75.2 dB 12-bits setting, -6 dBFS
-Differential input -86.6 12-bits setting, -6 dBFS
Signal To Non-Harmonic Ratio®
-Single ended input 70.2 dB 12-bits setting
-Differential input 79.3 12-bits setting
Spurious Free Dynamic Range®
-Single ended input 78.8 dB 12-bits setting, -6 dBFS
-Differential input 88.9 12-bits setting, -6 dBFS
CMRR, differential input <-84 dB 12- bit setting, 1 kHz Sine (0 dBFS), limited by ADC
resolution
Crosstalk, single ended input <-84 dB 12- bit setting, 1 kHz Sine (0 dBFS), limited by ADC
resolution
Offset -3 mV | Mid. Scale
Gain error 0.68 %
DNL® 0.05 LSB | 12-bits setting, mean
0.9 12-bits setting, max
INL® 4.6 LSB | 12-bits setting, mean
13.3 12-bits setting, max

® Measured with 300 Hz Sine input and VDD as reference.

i3 TEXAS
INSTRUMENTS

SWRS033H

Page 23 of 246



CCTTT0F / COTTTIRY

Parameter Min Typ Max | Unit | Condition/Note
SINAD® 35.4 dB | 7-bits setting
Single ended input 46.8 dB 9-bits setting
(-THD+N) 57.5 10-bits setting
66.6 12-bits setting
SINAD® 40.7 dB | 7-bits setting
Differential input 51.6 9-bits setting
(-THD+N) 61.8 10-bits setting
70.8 12-bits setting
Conversion time 20 pus | 7-bits setting
36 9-bits setting
68 10-bits setting
132 12-bits setting
Current consumption 1.2 mA

Table 18: 7 - 12 bit ADC Characteristics
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6.11 Control AC Characteristics

CCTTT0F / COTTTIRY

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Parameter Min Typ Max | Unit | Condition/Note
System clock, COTT10
fSYSCLK
tsyscik= 1/ fsyscik
0.1875 26 27 MHz | High speed crystal oscillator used as source (HS XOSC).
0.1875 13 13.5 | MHz | Calibrated HS RCOSC used as source.
HS HS
XOSC RCOSC
Min: fxosc = 24 MHz, CLKCON . CLKSPD = 111 111
Typ: fxosc = 26 MHz, CLKCON.CLKSPD = 000 001
Max: fxosc = 27 MHz, CLKCON.CLKSPD = 000 001
COTTTIRY
0.1875 24 24 MHz | High speed crystal oscillator used as source
0.1875 12 12 MHz | HS RCOSC used as source
HS HS
XOSC RCOSC
Min: fxosc = 48 MHz, CLKCON.CLKSPD = 111 111
Typ: fxosc = 48 MHz, CLKCON.CLKSPD = 000 001
Max: fxosc = 48 MHz, CLKCON.CLKSPD = 000 001
RESET_N low 250 ns See item 1, Figure 4. This is the shortest pulse that is guaranteed to
width be recognized as a reset pin request.
Note: Shorter pulses may be recognized but will not lead to
complete reset of all modules within the chip.
Interrupt pulse tsyscLk See item 2, Figure 4. This is the shortest pulse that is guaranteed to
width be recognized as an interrupt request. In PM2/3 the internal
synchronizers are bypassed so this requirement does not apply in
PM2/3.
Table 19: Control Inputs AC Characteristics
1
RESET_N —\—/7
-
- U
2
PX_I"I f\_
Figure 4: Control Inputs AC Characteristics
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CCTTT0F / COTTTIRY

6.11.1 Filtering of RESET_N pin

The RESET_N pin is sensitive to noise and can cause unintended reset of the chip. For a long reset
line add an external RC filter with values 1 nF and 2.7 kQ close to the RESET_N pin. When doing
this, note that the RESET_N low width (the shortest pulse that is guaranteed to be recognized as a
reset pin request) is longer than stated in Table 19.

6.12 SPI AC Characteristics

Ta = 25°C, VDD = 3.0V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Parameter Min Typ Max Unit Condition/Note
SCK period See ns Master. See item 1, Figure 5
Section
12.14.3
SCK duty cycle 50 % Master.
SSN low to SCK 2-tsyscik See item 5, Figure 5
SCK to SSN high 30 ns See item 6, Figure 5
MISO setup 10 ns Master. See item 2, Figure 5
MISO hold 10 ns Master. See item 3, Figure 5
SCK to MOSI 25 ns Master. See item 4, Figure 5, load = 10 pF
SCK period 100 ns Slave. See item 1, Figure 5
SCK duty cycle 50 % Slave.
MOSI setup 10 ns Slave. See item 2, Figure 5
MOSI hold 10 ns Slave. See item 3, Figure 5
SCK to MISO 25 ns Slave. See item 4, Figure 5, load = 10 pF

Table 20: SPI AC Characteristics

B T EE—
SCK
-« 3
> -
2
MISO/MOSI i
4
> -
MOSIMISO
] s 6
SSN - > -

Figure 5: SPI AC Characteristics
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6.13 Debug Interface AC Characteristics

CCTTT0F / COTTTIRY

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Parameter Min Typ Max Unit | Condition/Note
Debug clock period 125 ns See item 1, Figure 6
Note: CLKCON. CLKSPD must be 000 or 001 when using
the debug interface
Debug data setup 5 ns See item 2, Figure 6
Debug data hold 5 ns See item 3, Figure 6
Clock to data delay 10 ns See item 4, Figure 6, load = 10 pF
RESET_N inactive 10 ns See item 5, Figure 6
after P2_2 rising
Table 21: Debug Interface AC Characteristics
1
-«-——p
DEBUG CLK
P22 -« > 3
DEBUG DATA
P2_1
4
> -
DEBUG DATA
P2_1
RESET_N

Figure 6: Debug Interface AC Characteristics

6.14 Port Outputs AC Characteristics

Ta = 25°C, VDD = 3.0 V if nothing else stated. All

CC1110EM reference designs ([1]).

measurement results are obtained using the

Parameter Min Typ Max Unit | Condition/Note

PO_[0:7], P1_[2:7], 3.15/1.34 ns Load = 10 pF

P2_[0:4] Port output Timing is with respect to 10% VDD and 90% VDD levels.
rise time Values are estimated

(IOCFG1.GDO_DS=0/

IOCFG1.GDO_DS=1)

PO_[0:7], P1_[2:7], 3.2/1.44 ns Load = 10 pF

P2_[0:4] Port output
fall time
(IOCFG1.GDO_DS=0/
IOCFG1.GDO DS=1)

Timing is with respect to 90% VDD and 10% VDD.
Values are estimated
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6.15 Timer Inputs AC Characteristics

CCTTT0F / COTTTIRY

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Parameter

Min

Typ

Max

Unit

Condition/Note

Input capture pulse width

tsyscik

Synchronizers determine the shortest input
pulse that can be recognized. The
synchronizers operate from the current
system clock rate (see Table 19)

Table 23: Timer Inputs AC Characteristics

6.16 DC Characteristics

The DC Characteristics of COTTIOR/CETITIFX are listed in Table 24 below.

Ta = 25°C, VDD = 3.0 V if nothing else stated. All measurement results are obtained using the
CC1110EM reference designs ([1]).

Digital Inputs/Outputs Min Typ Max Unit | Condition

Logic "0" input voltage 30 % | Of VDD supply (2.0 - 3.6 V)
Logic "1" input voltage 70 % | Of VDD supply (2.0 - 3.6 V)
Logic "0" input current per pin N/A 12 nA | Input equals 0 V

Logic "1" input current per pin N/A 12 nA | Input equals VDD

Total logic “0” input current all pins 70 nA

Total logic “1” input current all pins 70 nA

I/O pin pull-up and pull-down resistor 20 kQ
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7

Pin and 1/0O Port Configuration

CCTTT0F / COTTTIRY

The ECTTIOF pin-out is shown in Figure 7 and Table 25. See Section 12.4 for details on the 1/O

configuration.

PL2 1
DVDD 2
P11 3
P10 4
PO O 5
po1 6
PO 2 7
PO_3 8
PO 4 9

oM < Lo ©
— \—|| — \—||
a o a o
36 35 34 33

P1_7

3

N

RESET_N
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DCOUPL

AVDD_DREG

GUARD
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N
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o
o
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0 ¢d

R
N
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0
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N

R
N

1O 2€00SX/E

=
o]

20 2eISOXIY ¢d

27 RBIAS
26 AVDD
25 AVDD
24 RF_N
23 RF_P
22 AVDD
21 XOSC_Q1
20 xosc_Q2
19 AVDD

AGND
Exposed die
attached pad

Figure 7: ECTIIOF Pinout Top View

Note: The exposed die attach pad must be connected to a solid ground plane as this is the ground
connection for the chip.
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CCTTT0F / COTTTIRY

Pin Pin Name Pin Type Description

- AGND Ground The exposed die attach pad must be connected to a solid ground
plane

1 P1_2 D I/O Port 1.2

2 DVDD Power (Digital) 2.0V - 3.6 V digital power supply for digital I/O

3 P1_1 D I/O Port 1.1

4 P1_0 D I/O Port 1.0

5 PO_0 D I/O Port 0.0

6 PO_1 D I/O Port 0.1

7 PO_2 D I/O Port 0.2

8 P0_3 D I/O Port 0.3

9 PO_4 D I/O Port 0.4

10 DVDD Power (Digital) 2.0V - 3.6 V digital power supply for digital /0

11 PO_5 D1/O0 Port 0.5

12 PO_6 D1/O Port 0.6

13 PO_7 D1/O Port 0.7

14 P2_0 D I/O Port 2.0

15 P2_1 D1/O Port 2.1

16 P2_2 D I/O Port 2.2

17 P2_3/X0OSC32_0Q1 DI/O Port 2.3/32.768 kHz crystal oscillator pin 1

18 P2_4/X0OSC32_Q2 D I/O Port 2.4/32.768 kHz crystal oscillator pin 2

19 AVDD Power (Analog) 2.0V - 3.6 V analog power supply connection

20 XOSC_Q2 Analog I/O Crystal oscillator pin 2

21 XOSC_Q1 Analog I/O Crystal oscillator pin 1, or external clock input

22 AVDD Power (Analog) 2.0V - 3.6 V analog power supply connection

23 RF_P RF I/O Positive RF input signal to LNA in receive mode
Positive RF output signal from PA in transmit mode

24 RF_N RF 1/0 Negative RF input signal to LNA in receive mode
Negative RF output signal from PA in transmit mode

25 AVDD Power (Analog) 2.0V - 3.6 V analog power supply connection

26 AVDD Power (Analog) 2.0V - 3.6 V analog power supply connection

27 RBIAS Analog I/O External precision bias resistor for reference current

28 GUARD Power (Digital) Power supply connection for digital noise isolation

29 AVDD_DREG Power (Digital) 2.0V - 3.6 V digital power supply for digital core voltage regulator

30 DCOUPL Power decoupling 1.8 V digital power supply decoupling

31 RESET_N DI Reset, active low

32 P17 D I/O Port 1.7

33 P1_6 D I/O Port 1.6

34 P1_5 D 1/O Port 1.5

35 P1_4 D I/O Port 1.4

36 P1_3 D I/O Port 1.3

Table 25: G0II0F Pin-out Overview
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CCTTT0F / COTTTIRY

The ECTITAX pin-out is shown in Figure 8 and Table 26. See Section 12.4 for details on the 1/0
configuration.

DCOUPL
AVDD_DREG
GUARD

w
»
w
&)
w
N
w
w
w
N
w
-
w
o
N
©
N
[ee]

PL2 1 27 R_BIAS
DVDD 2 26 AVDD
P11 3 25 AVDD
P10 4 24 RF_N
PO_O 5 23 RF_P
P01 6 22 AVDD
PO_2 7 21 XOSC_Q1
P0_3 8 20 x0SC_Q2
PO_4 9 \\\ 19 AVDD
AN
AN
10 11 12 13 14 15 16 17 18 *
AGND
T2 2 33333 3 Exposed die
S vloe v o 'a attached pad
O 5 g
o @
O O
w w
oD
o Q
kN

Figure 8: COTIfIAX Pin-out Top View

Note: The exposed die attach pad must be connected to a solid ground plane as this is the ground
connection for the chip.
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CCTTT0F / COTTTIRY

Pin Pin Name Pin Type Description
- AGND Ground The exposed die attach pad must be connected to a solid ground
plane
1 P1_2 D I/O Port 1.2
2 DVDD Power (Digital) | 2.0V - 3.6 V digital power supply for digital I/O
3 P1_1 D I/O Port 1.1
4 P1_0 D I/O Port 1.0
5 PO_0 D I/O Port 0.0
6 PO_1 D I/O Port 0.1
7 PO_2 D I/O Port 0.2
8 P0_3 D I/O Port 0.3
9 PO_4 D I/O Port 0.4
10 DP USB I/O USB Differential Data Bus Plus
11 DM USB I/O USB Differential Data Bus Minus
12 DVDD Power (Digital) | 2.0V - 3.6 V digital power supply for digital /O
13 PO_5 D1/O Port 0.5
14 P2_0 D1/O0 Port 2.0
15 P2_1 D1/O Port 2.1
16 P2_2 D I/O Port 2.2
17 P2_3/X0OSC32_0Q1 D I/O Port 2.3/32.768 kHz crystal oscillator pin 1
18 P2_4/X0OSC32_Q2 D I/O Port 2.4/32.768 kHz crystal oscillator pin 2
19 AVDD Power (Analog) | 2.0 V - 3.6 V analog power supply connection
20 XOSC_Q2 Analog I/O Crystal oscillator pin 2
21 XOSC_Q1 Analog I/O Crystal oscillator pin 1, or external clock input
22 AVDD Power (Analog) | 2.0 V - 3.6 V analog power supply connection
23 RF_P RF 1/0 Positive RF input signal to LNA in receive mode
Positive RF output signal from PA in transmit mode
24 RF_N RF I1/0 Negative RF input signal to LNA in receive mode
Negative RF output signal from PA in transmit mode
25 AVDD Power (Analog) | 2.0 V - 3.6 V analog power supply connection
26 AVDD Power (Analog) | 2.0 V - 3.6 V analog power supply connection
27 RBIAS Analog I/O External precision bias resistor for reference current
28 GUARD Power (Digital) | Power supply connection for digital noise isolation
29 AVDD_DREG Power (Digital) | 2.0V - 3.6 V digital power supply for digital core voltage regulator
30 DCOUPL Power 1.8 V digital power supply decoupling
decoupling
31 RESET_N DI Reset, active low
32 P1_7 D I/O Port 1.7
33 P1_6 D I/O Port 1.6
34 P1_5 D I/O Port 1.5
35 P1_4 D I/O Port 1.4
36 P1_3 D I/O Port 1.3
Table 26: 66HfIA Pin-out Overview
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8 Circuit Description
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Figure 9: 6 CTITOR/CCTITIFY Block Diagram
A block diagram of CETITOR/CETITIFYis shown related to power, test, and clock distribution. In
in Figure 9. The modules can be divided into the following sub-sections, a short description
one out of three categories: CPU-related of each module that appears in Figure 9.

modules, radio-related modules, and modules
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8.1 CPU and Peripherals

The 8051 CPU core is a single-cycle 8051-
compatible core. It has three different memory
access buses (SFR, DATA and
CODE/XDATA), a debug interface, and an
extended interrupt unit servicing 18 interrupt
sources. See Section 1 for details on the CPU.

The memory crossbar/arbitrator is at the
heart of the system as it connects the CPU
and DMA controller with the physical
memories and all peripherals through the SFR
bus. The memory arbitrator has four memory
access points, access at which can map to
one of three physical memories on the
CC2510/K and one of four physical memories
on the CE25TTFx. a 1/2/4 KB SRAM, 8/16/32 KB
flash memory, RF/I°S registers, and USB
registers (C625TIK). The memory arbitrator is
responsible for performing arbitration and
sequencing between simultaneous memory
accesses to the same physical memory.

The SFR bus is drawn conceptually in the
block diagram as a common bus that connects
all hardware peripherals, except USB, to the
memory arbitrator. The SFR bus also provides

CCTTT0F / COTTTIRY

access to the radio registers and I°S registers
in the radio register bank even though these
are indeed mapped into XDATA memory
space.

The 1/2/4 KB SRAM maps to the DATA
memory space and part of the XDATA and
CODE memory spaces. The memory is an
ultra-low-power SRAM that retains its contents
even when the digital part is powered off (PM2
and PM3).

The 8/16/32 KB flash block provides in-circuit
programmable non-volatile program memory
for the device and maps into the CODE and
XDATA memory spaces. Table 27 shows the
available devices in the CC1110/CC1111
family. The available devices differ only in
flash memory size. Writing to the flash block is
performed through a Flash Controller that
allows page-wise (1024 byte) erasure and 2-
byte-wise reprogramming. See Section 12.3
for detalils.

Device

Flash [KB]

CC1110F8

8

CC1111F8

8

CC1110F16

16

CC1111F16

16

CC1110F32

32

CC1111F32

32

Table 27: COHIOR/CCHTIRY Flash Memory Options

A versatile five-channel DMA controller is
available in the system. It accesses memory
using a unified memory space and has
therefore access to all physical memories.
Each channel is configured (trigger event,
priority, transfer mode, addressing mode,
source and destination pointers, and transfer
count) with DMA descriptors anywhere in
memory. Many of the hardware peripherals
rely on the DMA controller for efficient
operation (AES core, Flash Controller,
USARTs, Timers, and ADC interface) by
performing data transfers between a single
SFR address and flash/SRAM. See Section
12.5 for details.

The interrupt controller services 18 interrupt
sources, divided into six interrupt groups, each
of which is associated with one out of four
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interrupt priorities. An interrupt request is
serviced even if the device is in PM1, PM2, or
PM3 by bringing the ECITIOR/CETITIAY back to
active mode.

The debug interface implements a proprietary
two-wire serial interface that is used for in-
circuit debugging. Through this debug
interface it is possible to perform an erasure of
the entire flash memory, control which
oscillators are enabled, stop and start
execution of the wuser program, execute
supplied instructions on the 8051 core, set
code breakpoints, and single step through
instructions in the code. Using these
techniques it is possible to perform in-circuit
debugging and external flash programming.
See Section 11 for details.
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The 1/O-controller is responsible for all
general-purpose /O pins. The CPU can
configure whether peripheral modules control
certain pins or if they are under software
control. In the latter case, each pin can be
configured as an input or output and it is also
possible to configure the input mode to be pull-
up, pull-down, or tristate. Each peripheral that
connects to the 1/0-pins can choose between
two different I/O pin locations to ensure
flexibility in various applications. See Section
12.4 for detalils.

The Sleep Timer is an ultra low-power timer
which uses a 32.768 kHz crystal oscillator or a
low power RC oscillator as clock source. The
Sleep Timer runs continuously in all operating
modes except active mode and PM3 and is
typically used to get out of PMO, PM1, or PM2.
See Section 12.8 for detalils.

A built-in - watchdog timer allows the
CCTTIOR/CETTTIFY to reset itself in case the
firmware hangs. When enabled, the watchdog
timer must be cleared periodically, otherwise it
will reset the device when it times out. See
Section 12.13 for details.

Timer 1 is a 16-bit timer which supports typical
timer/counter functions such as input capture,
output compare, and PWM functions. The
timer has a programmable prescaler, a 16-bit
period value, and three independent
capture/compare channels. Each of the
channels can be used as PWM outputs or to
capture the timing of edges on input signals. A
second order Delta-Sigma noise shaper mode
is also supported for audio applications. See
Section 12.6 for detalils.

Timer 2 (MAC timer) is specially designed to
support time-slotted protocols in software. The
timer has a configurable timer period and a
programmable prescaler range. See Section
12.7 for details.

Timers 3 and Timer 4 are two 8-bit timers
which supports typical timer/counter functions
such as output compare and PWM functions.
They have a programmable prescaler, an 8-bit
period value, and two compare channels each,
which can be used as PWM outputs. See
Section 12.9 for details.

USART 0 and USART 1 are each
configurable as either an SPI master/slave or
a UART. They provide hardware flow-control
and double buffering on both RX and TX and
are thus well suited for high-throughput, full-
duplex applications. Each has its own high-
precision baud-rate generator, hence leaving
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the ordinary timers free for other uses. When
configured as an SPI slave they sample the
input signal using SCK directly instead of
using some over-sampling scheme and are
therefore well-suited for high data rates. See
Section 12.14 for details.

The AES encryption/decryption core allows
the user to encrypt and decrypt data using the
AES algorithm with 128-bit keys. See Section
12.12 for details.

The ADC supports 7 to 12 bits of resolution in
a 30 kHz to 4 kHz bandwidth respectively. DC
and audio conversions with up to eight input
channels (P0) are possible (6CTITIA is limited
to six channels). The inputs can be selected
as single ended or differential. The reference
voltage can be internal, VDD, or a single
ended or differential external signal. The ADC
also has a temperature sensor input channel.
The ADC can automate the process of
periodic sampling or conversion over a
sequence of channels. See Section 12.10 for
details.

The USB allows the ECTITIAY to implement a
Full-Speed USB 2.0 compatible device. The
USB has a dedicated 1 KB SRAM that is used
for the endpoint FIFOs. 5 endpoints are
available in addition to control endpoint O.
Each of these endpoints must be configured
as Bulk/Interrupt or Isochronous and can be
used as IN, OUT or IN/OUT. Double buffering
of packets is also supported for endpoints 1 -
5. The maximum FIFO memory available for
each endpoint is as follows: 32 bytes for
endpoint 0, 32 bytes for endpoint 1, 64 bytes
for endpoint 2, 128 bytes for endpoint 3, 256
bytes for endpoint 4, and 512 bytes for
endpoint 5. When an endpoint is used as
IN/OUT, the FIFO memory available for the
endpoint can be distributed between IN and
OUT depending on the demands of the
application. The USB does not exist on the
CCTTIOMK. See Section 12.16 for details.

The I°S can be used to send/receive audio
samples to/from an external sound processor
or DAC and may operate at full or half duplex.
Samples of up to 16-bits resolution can be
used although the I°S can be configured to
send more low order bits if necessary to be
compliant with the resolution of the receiver
(up to 32 bit). The maximum bit-rate supported
is 3.5 Mbps. The I°S can be configured as a
master or slave device and supports both
mono and stereo. Automatic p-Law expansion
and compression can also be configured. See
Section 12.4.6.6 for details.
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8.2 Radio

COTTIOR/CETTTIFY features an RF transceiver
based on the industry-leading £€7101,

9  Application Circuit

Only a few external components are required
for using the CCITIOM/CCITTIR.  The
recommended application circuit for ECTTTOK is
shown in Figure 10. The recommended
application circuits for EC6HTIAX are shown in

9.1 Bias Resistor

The bias resistor R271 is used to set an
accurate bias current.

9.2 Balun and RF Matching

The balanced RF input and output of
COTITOR/CETITIFY share two common pins and
are designed for a simple, low-cost matching
and balun network on the printed circuit board.
The receive- and transmit switching at the
CCTTTOR/CETITIFY front-end are controlled by a
dedicated on-chip function, eliminating the
need for an external RX/TX-switch.

A few passive external components combined
with the internal RX/TX switch/termination
circuitry ensure match in both RX and TX
mode.

Although CCTTTIOR/CETITIFX has a balanced RF
input/output, the chip can be connected to a
single-ended antenna with few external low
cost capacitors and inductors.

9.3 Crystal

The crystal oscillator for the EETITOFK uses an
external crystal X1, with two loading capacitors
(C201 and C211) while the crystal oscillator for
the GOTITIFY uses an external crystal X3, with
two loading capacitors (C203 and C214) (see
Figure 10, Figure 11, Figure 12, and Table
28).

Note: The high speed crystal oscillator
must be stable (SLEEP.XOSC STB=I)
before using the radio.

The recommended application circuits also
show the connections for an optional 32.768
kHz crystal oscillator with external crystal X2
and loading capacitors C181 and C171. This
crystal can be used by the Sleep Timer if more
accurate wake-up intervals are needed than
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requiring very few external components. See
Section 9 for details.

Figure 12. The recommended GETIIIFX circuit
uses a fundamental crystal. The external
components are described in Table 28, and
typical values are given in Table 29.

The passive matching/filtering  network
connected to COTITOR/ECTITIFYshould have the
following differential impedance as seen from
the RF-port (RF_P and RF_N) towards the
antenna:

Zot@sismhz = 122 +j31 Q
Zow@ 433mnz = 116 +j41 Q
Zout @ 868 MHz = 86.5 +j43 Q

To ensure optimal matching of the
CCTTIOR/CETTTIAY differential output it is highly
recommended to follow the CC1110EM
reference designs [1] or the CC1111 USB-
Dongle Reference Design [4] as closely as
possible. Gerber files and schematics for the
reference designs are available for download
from the TI website.

what the internal RC oscillator can provide.
When not using X2, P2_3 and P2_4 may be
used as general 10 pins.

The loading capacitor values depend on the
total load 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. For the GETTTOFX using the crystal
X1, the load capacitance C, is given as:

S

l 1 Parasitic

+
Cle C201

The parasitic capacitance is constituted by pin
input capacitance and PCB stray capacitance.
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Total parasitic capacitance is typically 2.5 pF.

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

9.4 Reference Signal

The chip can alternatively be operated with a
reference signal from 26 to 27 MHz (CCTTIOFK)
or 48 MHz (CCTITIRY) instead of a crystal. This
input clock can either be a full-swing digital
signal (0 V to VDD) or a sine wave of
maximum 1 V peak-peak amplitude. The
reference signal must be connected to the
XOSC_Q1 input. The sine wave must be

9.5 USB (EeTITIRY

For the CCTITIAX, the DP and DM pins need
series resistors R262 and R263 for impedance
matching and the D+ line must have a pull-up
resistor, R264. The series resistors should
match the 90 Q +15% characteristic
impedance of the USB bus.

Notice that the pull-up resistor must be tied to
a voltage source between 3.0 and 3.6 V
(typically 3.3 V). The voltage source must be
derived from or controlled by the Vgys power
supply provided by the USB cable. In this way,

9.6 Power Supply Decoupling

The power supply must be properly decoupled
close to the supply pins. Note that decoupling
capacitors are not shown in the application
circuit. The placement and the size of the
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to maintain approximately 0.4 Vpp signal
swing. 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

connected to XOSC_ Q1 wusing a serial
capacitor. When using a full-swing digital
signal this capacitor can be omitted. The
XOSC_Q2 line must be left un-connected. The
crystal loading capacitors and crystal inductor
(if using X4) can be omitted when using a
reference signal

the pull-up resistor does not provide current to
the D+ line when Vgys is removed. The pull-up
resistor may be connected directly between
Vgus and the D+ line. As an alternative, if the
COMMTIA  firmware needs the ability to
disconnect from the USB bus, an I/O pin on
the GOTITIFX can be used to control the pull-up
resistor.

decoupling capacitors are very important to
achieve the optimum performance. T| provides
reference designs that should be followed
closely ([1], [2], [3] and [4]).
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Figure 11: Application Circuit for E6TI0Fr 868/915 MHz (excluding supply decoupling capacitors)

i3 TEXAS

INSTRUMENTS SWRS033H

Page 38 of 246



3.0V - 3.6 V power supply
o

CCTTIT0F / COTITIFY

ﬁRZ?l

R264

R262 2,12 DV

D+

R263

L
L

C301

4P10

GUARD 28
RBIAS 27

AVDD_DREG 29

]
O

eermn

DIE ATTACH PAD:
30 DCOUPL

10 DP

11 DM

18 XOSC32_Q2
17 XOSC32_Q1
20 XOSC_Q2

Alternative filter that can be
used to reduce the emission at

I Antenna
C241 (50 Ohm)
AVDD 26—
AVDD 25—e L241 L242
, C235
RF_N 24 L233 1234 ! | i
RF_P 23 C231 C232 b !
AVDD 221—e C235'
L231 €233 ! |
3 L232 - ! i
a (.)I ' [
g 3
; = C234 L235
- N
| = C236

699 MHz below -54 dBm, for
conducted measurements.

Figure 12: Application Circuit for GO 868/915 MHz with Fundamental Crystal (excluding

supply decoupling capacitors)

Component Description

C301 Decoupling capacitor for on-chip voltage regulator to digital part
C203/C214 Crystal loading capacitors (X3)

C201/C211 Crystal loading capacitors (X1)

L231/L241/C231 Low-pass filter/match

L232/L.242/C234/C241 Balun

L233/L234/C233 Filter

C234 DC block

L235/C236 Alternative filter to reduce the emission at 699 MHz
C235/C235’ DC block or part of filter to reduce emission at 699 MHz
c181/C171 Crystal loading capacitors if X2 is used.

L281 Crystal inductor

R271 Resistor for internal bias current reference

R264 D+ Pull-up resistor

R262/R263 D+ / D- series resistors for impedance matching

X1 26 - 27 MHz crystal

X2 32.768 kHz crystal, optional

X3 48 MHz crystal (fundamental)

Table 28: Overview of External Components (excluding supply decoupling capacitors)
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CCTTIT0F / COTITIFY

Component | Value at 315 MHz | Value at 433 MHz | Value at 868/915 MHz Manufacturer
C301 1 pF = 10%, 0402 X5R Murata GRM1555C series
Cc201/C211 27 pF + 5%, 0402 NPO Murata GRM1555C series
C203/C214 22 pF + 5%, Murata GRM1555C series
0402 NPO
C231 6.8 pF £ 0.5 pF, 3.9 pF £ 0.25 pF, 1.0 pF £ 0.25 pF, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C232 12 pF * 5%, 8.2 pF £ 0.5 pF, 1.5 pF £ 0.25 pF, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C233 6.8 pF £ 0.5 pF, 5.6 pF £ 0.5 pF, 3.3 pF £ 0.25 pF, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C234 220 pF * 5%, 220 pF + 5%, 100 pF £ 5%, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C235 220 pF * 5%, 220 pF + 5%, 100 pF £ 5%, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C235 12 pF + 5%, Murata GRM1555C series
0402 NPO
C236 47 pF £ 5%, Murata GRM1555C series
0402 NPO
C241 6.8 pF £ 0.5 pF, 3.9 pF £ 0.25 pF, 1.5 pF £ 0.25 pF, Murata GRM1555C series
0402 NPO 0402 NPO 0402 NPO
C171/C181 15pF + 5%, 0402 NPO Murata GRM1555C series
L231 33 nH + 5%, 27 nH + 5%, 12 nH % 5%, Murata LQG15HS series
0402 monolithic 0402 monolithic 0402 monolithic
L232 18 nH + 5%, 22 nH * 5%, 18 nH + 5%, Murata LQG15HS series
0402 monolithic 0402 monolithic 0402 monolithic
L233 33 nH + 5%, 27 nH + 5%, 12 nH £ 5%, Murata LQG15HS series
0402 monolithic 0402 monolithic 0402 monolithic
L234 12 nH % 5%, Murata LQG15HS series
0402 monolithic
L241 33 nH £ 5%, 27 nH = 5%, 12 nH £ 5%, Murata LQG15HS series
0402 monolithic 0402 monolithic 0402 monolithic
L242 18 nH * 5%, Murata LQG15HS series
0402 monolithic
L235 3.3 nH = 5%, Murata LQG15HS series
0402 monolithic
R262/R263 33 Q + 2%, 0402 Koa RK73 series
R264 1.5kQ = 1%, 0402 Koa RK73 series
R271 56 kQ * 1%, 0402 Koa RK73 series
X1 26.0 MHz surface mount crystal NDK, AT-41CD2
X2 32.768 kHz surface mount crystal (optional) Epson MC-306 Crystal
Unit
X3 48 MHz surface mount crystal Abracon ABM8 series

Table 29: Bill of Materials for the CC1110Fx/CC1111Fx Application Circuits (subject to changes)
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9.7 PCB Layout Recommendations

The top layer should be used for signal routing,
and the open areas should be filled with
metallization connected to ground using
several vias.

The area under the chip is used for grounding
and shall be connected to the bottom ground
plane with several vias for good thermal
performance and sufficiently low inductance to
ground. In the CC1110EM reference designs
[1] 9 vias are placed inside the exposed die
attached pad. These vias should be “tented”
(covered with solder mask) on the component
side of the PCB to avoid migration of solder
through the vias during the solder reflow
process.

The solder paste coverage should not be
100%. If it is, out gassing may occur during the
reflow process, which may cause defects
(splattering, solder balling). Using “tented” vias
reduces the solder paste coverage below
100%.

See Figure 13 for top solder resist and top
paste masks.

') I S
L W

S )

)
A Ny A

CCTTIT0F / COTITIFY

Each decoupling capacitor should be placed
as close as possible to the supply pin it is
supposed to decouple. The best routing is from
the power line to the decoupling capacitor and
then to the ECTTTIOFK supply pin. Supply power
filtering is very important.

Each decoupling capacitor ground pad should
be connected to the ground plane using a
separate via. Direct connections between
neighboring power pins will increase noise
coupling and should be avoided unless
absolutely necessary.

The external components should ideally be as
small as possible (0402 is recommended) and
surface mount devices are highly
recommended. Please note that components
smaller than those specified may have differing
characteristics.

Schematic, BOM, and layout Gerber files are
all available from the Tl website for both the
CC1110EM reference designs [1], [2], [3] and
the CC1111 USB Dongle reference design [4].

] -
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Figure 13: Left: Top Solder Resist Mask (negative). Right: Top Paste Mask. Circles are Vias.

10 8051 CPU

This section describes the 8051 CPU core,
with interrupts, memory, and instruction set.

10.1 8051 Introduction

The CCTITOR/CCTITIFY includes an 8-bit CPU
core which is an enhanced version of the
industry standard 8051 core.

The enhanced 8051 core uses the standard
8051 instruction set. Instructions execute
faster than the standard 8051 due to the
following:
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e One clock per instruction cycle is used
as opposed to 12 clocks per instruction
cycle in the standard 8051.

e \Wasted bus states are eliminated.

Since an instruction cycle is aligned with
memory fetch when possible, most of the
single byte instructions are performed in a
single clock cycle. In addition to the speed

Page 41 of 246



improvement, the enhanced 8051 core also
includes architectural enhancements:

e A second data pointer
e Extended 18-source interrupt unit

The 8051 core is object code compatible with
the industry standard 8051 microcontroller.
That is, object code compiled with an industry
standard 8051 compiler or assembler
executes on the 8051 core and is functionally

10.2 Memory

The 8051 CPU architecture has four different
memory spaces. The 8051 has separate
memory spaces for program memory and data
memory. The 8051 memory spaces are the
following (see Section 10.2.1 and 10.2.2 for
details):

CODE. A 16-bit read-only memory space for
program memory.

DATA. An 8-bit read/write data memory
space, which can be directly or indirectly,
accessed by a single cycle CPU instruction,
thus allowing fast access. The lower 128 bytes
of the DATA memory space can be addressed
either directly or indirectly, the upper 128 bytes
only indirectly.

XDATA. A 16-bit read/write data memory
space, which usually requires 4 - 5 CPU
instruction cycles to access, thus giving slow
access. XDATA assesses is also slower in
hardware than DATA accesses as the CODE
and XDATA memory spaces share a common
bus on the CPU core (instruction pre-fetch
from CODE can not be performed in parallel
with XDATA accesses).

SFR. A 7-bit read/write register memory
space, which can be directly accessed by a
single CPU instruction. For SFRs whose
address is divisible by eight, each bit is also
individually addressable.

The four different memory spaces are distinct
in the 8051 architecture, but are partly
overlapping in the CCTIOR/CCTITIFY to ease
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equivalent. However, because the 8051 core
uses a different instruction-timing than many
other 8051 variants, existing code with timing
loops may require modification. Also because
the peripheral units such as timers and serial
ports differ from those on other 8051 cores,
code which includes instructions using the
peripheral units SFRs will not work correctly.

DMA transfers and hardware debugger
operation.

How the different memory spaces are mapped
onto the three physical memories (8/16/32 KB
flash program memory, 1/2/4 KB SRAM, and
hardware registers (SFR, radio, I°S, and USB
(ECTITTRY) is described in Sections 10.2.1 and
10.2.2.

10.2.1  Memory Map

This section gives an overview of the memory
map.

Both the DATA and the SFR memory space is
mapped to the XDATA and CODE memory
space as shown in Figure 14, Figure 15, and
Figure 16 (the CODE and XDATA memory
spaces are mapped identically), and
CCOTITORK/CCTTTIFN has what can be called a
unified memory space.

Mapping all the memory spaces to XDATA
allows the DMA controller access to all
physical memory and thus allows DMA
transfers between the different 8051 memory
spaces. This also means that any instruction
that read, write, or manipulate an XDATA
variable can be used on the entire unified
memory space, except writing to or changing
data in flash.

Mapping all memory spaces to the CODE
memory space is primarily done to allow
program execution out of the SRAM/XDATA.
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OxEFFF
0xE000

Unimplemented

OxFF
0x80

SFR Memory Space OXDFFF

0xDFO00

0xDF80 Hardware Registers

Hardware SFR Registers

Hardware Radio Registers /

OXFFFF ,'/ OxDEFF ) 12S Registers
/ Unimplemented
0xDE40
OxDE3F . USB Registers
e USB Register (CC77177Fx) (CCT111FX)
0xDDFF
Unimplemented
0x8000
Ox7FFF
XDATA
Memory Space Non-Volatile Program Memory 32 KB Flash
0x0000
CC1110/CC1111 Unified Physical Memory
Memory Space
0x0000
OXFFFF
CODE
Memory Space
0x0000
8051 Memory Spaces

Figure 16: CCTTIOFRI2 COTITIFAZ M emory Mapping

Details about the mapping of all 8051 memory
spaces are given in the next section.

10.2.2 8051 Memory Space

This section describes the details of each
standard 8051 memory space. Any differences
between the standard 8051 and
CCTTIOR/CETTITTF is described.

10.2.2.1 XDATA Memory Space

On a standard 8051 this memory space would
hold any extra RAM available.

The 8, 16, and 32 KB flash program memory is
mapped into the address ranges 0x0000 -
Ox1FFF, 0x0000 - Ox3FFF, and 0x0000 -
O0x7FFF respectively.

The CCTIIOR/CCTTTIFY has a total of 1, 2, or 4
KB SRAM, starting at address 0xF00O.
Compilers/assemblers  must  take into
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consideration that the first address of usable
SRAM start at 0xF00O0 instead of 0x0000.

The 350 bytes of XDATA in location OxFDA2 -
OXFEFF on CCITOF32 and CCTIIF32 do not
retain data when power modes PM2 or PM3
are entered. Refer to Section 12.1.2 on Page
77 for a detailed description of power modes.

The 256 bytes from OxFFO00 to OxFFFF are the
DATA memory space mapped to XDATA.
These bytes are also reached through the
DATA memory space.

In addition the following is mapped into the
XDATA memory space:

e Radio registers are mapped into
address range OxDF0O - OxDF3D.

e I’S registers are mapped into the
address range 0xDF40 - OxDF48.

e All SFR except the registers shown in
gray in Table 30 are mapped into
address range 0xDF80 - OXDFFF.
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e The USB registers are mapped into the
address range OXxDEOO - OxDE3F on the
COTITIAX, but are not implemented on the
CCTTT0F.

This memory mapping allows the DMA
controller (and the CPU) access to all the
physical memories in a single unified address
space.

Be aware that access to unimplemented areas
in the unified memory space will give an
undefined result.

10.2.2.2 CODE Memory Space

On a standard 8051 this memory space would
hold the program memory, where the MCU
reads the program/instructions.

All memory spaces are mapped into the CODE
memory space and the mapping is identical to
the XDATA memory space, hence the
COTIOR/CETITIFY has what can be referred to
as a unified memory space.

Due to this, the CCITOR/CCITIAY allows
execution of a program stored in SRAM. This
allows the program to be easily updated
without writing to flash (which have a limited
erase/write cycles) This is particularly useful
on the CGCTITIAX, where parts of the firmware
can be downloaded from the windows USB
driver.

Executing a program from SRAM instead of
flash will also result in a lower power
consumption and may be interesting for battery
powered devices.

10.2.2.3 DATA Memory Space

The 8-bit address range of DATA memory
space is mapped into address OxFFOO -
OxFFFF and is accessible through the unified
memory space. Just like on a standard 8051,
the upper 128 byte share address with the
SFR and can only be accessed indirectly, the
stack is normally located here. The lower 48
bytes are reserved, and hold 4 register banks
used by the MCU. The 16 bytes on addresses
0x20 to Ox2F are bit addressable.

The DATA memory will retain its contents in all
four power modes.

10.2.2.4 SFR Memory Space

The SFR memory space is identical to a
standard 8051.

The 128 hardware SFRs are accessed through
this memory space.
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Unlike on a standard 8051, the SFRs are also
accessible through the XDATA and CODE
memory space at the address range 0xDF80 -
OXDFFF.

Some CPU-specific SFRs reside inside the
CPU core and can only be accessed using the
SFR memory space and not through the
duplicate mapping into XDATA/CODE memory
space. These registers are shown in gray in
Table 30. Be aware that these registers can
not be accessed using DMA.

10.2.3  Physical Memory
10.2.3.1 SRAM

The CCTTIOM/CCTITIFX contains static RAM. At
power-on the contents of RAM is undefined.
The RAM size is 1, 2, or 4 KB in total, mapped
to the memory range 0xFO0O - OXFFFF. In the
F8 version, memory range 0xF300 - OXFEFF is
unimplemented while on the FI6 version,
memory range OxF700 - OxFEFF is
unimplemented.

The memory locations 0xFDA2 - OXFEFF on
the F32 version consist of 350 bytes in unified
memory space which do not retain data when
power modes PM2 or PM3 is entered. All other
RAM memory locations are retained in all
power modes.

10.2.3.2  Flash Memory

The on-chip flash memory consists of 8192,
16384, or 32768 bytes (F8, FI6, and F32). The
flash memory is primarily intended to hold
program code. The flash memory has the
following features:

e Flash page erase time: 20 ms
e Flash chip (mass) erase time: 200 ms
e Flash write time (2 bytes): 20 ps

e Data retention (at room temperature):
100 years

e Program/erase endurance: Minimum
1,000 cycles

The flash memory consists of the Flash Main
Pages (up to 32 times 1 KB) which are where
the CPU reads program code and data. The
flash memory also contains a Flash
Information Page (1 KB) which contains the
Flash Lock Bits. The lock protect bits are
written as a normal flash write to FWDATA but
the Debug Interface needs to select the Flash
Information Page first instead of the Flash
Main Page. The Information Page is selected
through the Debug Configuration which is
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written through the Debug Interface only. The
Flash Controller (see Section 12.3) is used to
write and erase the contents of the flash main
memory.

When the CPU reads instructions from flash
memory, it fetches the next instruction through
a cache. The instruction cache is provided
mainly to reduce power consumption by
reducing the amount of time the flash memory
itself is accessed. The use of the instruction
cache may be disabled with the
MEMCTR.CACHDIS register bit, but doing so
will increase power consumption.

10.2.3.3  Special Function Registers

The Special Function Registers (SFRs) control
several of the features of the 8051 CPU core
and/or peripherals. Many of the 8051 core
SFRs are identical to the standard 8051 SFRs.

CCTTIT0F / COTITIFY

However, there are additional SFRs that
control features that are not available in the
standard 8051. The additional SFRs are used
to interface with the peripheral units and RF
transceiver.

Table 30 shows the address to all SFRs in
COTIOR/CETITIAY. The 8051 internal SFRs are
shown with grey background, while the other
SFRs are specific to ECTTTO/CCTTTIFK,

Note: All internal SFRs (shown with grey
background in Table 30, can only be accessed
through SFR memory space as these registers
are not mapped into XDATA memory space.

Table 31 lists the additional SFRs that are not
standard 8051 peripheral SFRs or CPU-
internal SFRs. The additional SFRs are
described in the relevant sections for each
peripheral function.

8 Bytes
80 | PO SP DPLO DPHO DPL1 DPH1 UOCSR PCON 87
88 | TCON POIFG P1IFG P2IFG PICTL P1IEN POINP 8F
90 | P1 RFIM DPS MPAGE ENDIAN 97
98 | SOCON IEN2 S1CON T2CT T2PR T2CTL 9F
A0 | P2 WORIRQ | WORCTRL | WOREVTO | WOREVT1 | WORTIMEO | WORTIME1 A7
A8 | IENO IPO FWT FADDRL FADDRH FCTL FWDATA | AF
BO ENCDI ENCDO ENCCS ADCCON1 | ADCCON2 | ADCCON3 B7
B8 | IEN1 IP1 ADCL ADCH RNDL RNDH SLEEP BF
CO | IRCON UODBUF | UOBAUD UOUCR UOGCR CLKCON MEMCTR | C7
c8 WDCTL | T3CNT T3CTL T3CCTLO T3CCO T3CCTL1 T3CC1 CF
DO | PSW DMAIRQ | DMALICFGL | DMAICFGH | DMAOCFGL | DMAOCFGH | DMAARM DMAREQ | D7
D8 | TIMIF RFD TiCcoL T1CCOH TiCCiL T1CC1H TiccaL TICC2H | DF
EO | ACC RFST TICNTL TICNTH T1CTL T1CCTLO T1CCTL1 TICCTL2 | E7
E8 | IRCON2 | RFIF TACNT T4CTL T4CCTLO T4CCO T4CCTL1 T4CC1 EF
FO | B PERCFG | ADCCFG POSEL P1SEL P2SEL P1INP P2INP F7
F8 | UICSR UIDBUF | U1BAUD U1UCR U1GCR PODIR P1DIR P2DIR FF
Table 30: SFR Address Overview
i3 TEXAs
INSTRUMENTS SWRS033H Page 47 of 246




CCTTIT0F / COTITIFY

Register SFR Module Description Retention®
Name Address

ADCCON1 0xB4 ADC ADC Control 1 Y
ADCCON2 0xB5 ADC ADC Control 2 Y
ADCCON3 0xB6 ADC ADC Control 3 Y
ADCL OxBA ADC ADC Data Low Y
ADCH 0xBB ADC ADC Data High Y
RNDL 0xBC ADC Random Number Generator Data Low Y
RNDH 0xBD ADC Random Number Generator Data High Y
ENCDI 0xB1 AES Encryption/Decryption Input Data N
ENCDO 0xB2 AES Encryption/Decryption Output Data N
ENCCS 0xB3 AES Encryption/Decryption Control and Status N
DMAIRQ 0xD1 DMA DMA Interrupt Flag Y
DMA1CFGL | 0xD2 DMA DMA Channel 1 - 4 Configuration Address Low Y
DMALCFGH | 0xD3 DMA DMA Channel 1 - 4 Configuration Address High Y
DMAOCFGL | 0xD4 DMA DMA Channel 0 Configuration Address Low Y
DMAOCFGH | 0xD5 DMA DMA Channel 0 Configuration Address High Y
DMAARM 0xD6 DMA DMA Channel Arm Y
DMAREQ 0xD7 DMA DMA Channel Start Request and Status Y
FWT O0xAB FLASH Flash Write Timing Y
FADDRL OxAC FLASH Flash Address Low Y
FADDRH 0xAD FLASH Flash Address High Y
FCTL OXAE FLASH Flash Control [7:1]Y, [1:0]N
FWDATA OxAF FLASH Flash Write Data Y
POIFG 0x89 I0C Port 0 Interrupt Status Flag Y
P1IFG Ox8A I0C Port 1 Interrupt Status Flag Y
P2IFG 0x8B I0C Port 2 Interrupt Status Flag Y
PICTL 0x8C I0C Port Pins Interrupt Mask and Edge Y
P1IEN 0x8D I0C Port 1 Interrupt Mask Y
POINP 0x8F I0C Port 0 Input Mode Y
PERCFG OxF1 10C Peripheral I/O Control Y
ADCCFG 0xF2 I0C ADC Input Configuration Y
POSEL 0xF3 I0C Port 0 Function Select Y
P1SEL O0xF4 I0C Port 1 Function Select Y
P2SEL 0xF5 I0C Port 2 Function Select Y
P1INP OxF6 10C Port 1 Input Mode Y
P2INP OxF7 I0C Port 2 Input Mode Y
PODIR OxFD I0C Port 0 Direction Y
P1DIR OXFE I0C Port 1 Direction Y
P2DIR OxFF I0C Port 2 Direction Y
MEMCTR 0xC7 MEMORY Memory System Control Y

® Registers without retention are in their reset state after PM2 or PM3. This is only applicable for
registers / bits that are defined as R/W

i3 TEXAS

INSTRUMENTS

SWRS033H

Page 48 of 246



CCTTIT0F / COTITIFY

Register SFR Module Description Retention®
Name Address
SLEEP OxBE PMC Sleep Mode Control [6:2]Y, [7,1:0]N
CLKCON 0xC6 PMC Clock Control Y
RFIM 0x91 RF RF Interrupt Mask Y
RFD 0xD9 RF RF Data N
RFIF OxE9 RF RF Interrupt flags Y
RFST OxE1l RF RF Strobe Commands NA
WORIRQ OxAl Sleep Timer Sleep Timer Interrupts Y
WORCTRL 0xA2 Sleep Timer Sleep Timer Control Y
WOREVTO OxA3 Sleep Timer Sleep Timer Event O Timeout Low Byte Y
WOREVT1 0xA5 Sleep Timer Sleep Timer Event 0 Timeout High Byte Y
WORTIMEO | OxA4 Sleep Timer Sleep Timer Low Byte Y
WORTIME1 | OxA6 Sleep Timer Sleep Timer High Byte Y
T1CCOL O0xDA Timerl Timer 1 Channel 0 Capture/Compare Value Low Y
T1CCOH 0xDB Timerl Timer 1 Channel 0 Capture/Compare Value High Y
T1CC1L 0xDC Timerl Timer 1 Channel 1 Capture/Compare Value Low Y
T1CC1H 0xDD Timerl Timer 1 Channel 1 Capture/Compare Value High Y
T1CC2L OxDE Timerl Timer 1 Channel 2 Capture/Compare Value Low Y
T1CC2H OxDF Timerl Timer 1 Channel 2 Capture/Compare Value High Y
T1CNTL OXE2 Timerl Timer 1 Counter Low Y
T1CNTH OxE3 Timerl Timer 1 Counter High Y
T1CTL OxE4 Timerl Timer 1 Control and Status Y
T1CCTLO OxE5 Timerl Timer 1 Channel 0 Capture/Compare Control Y
T1CCTL1 OxE6 Timerl Timer 1 Channel 1 Capture/Compare Control Y
T1CCTL2 OXE7 Timerl Timer 1 Channel 2 Capture/Compare Control Y
T2CT 0x9C Timer2 Timer 2 Timer Count N
T2PR 0x9D Timer2 Timer 2 Prescaler N
T2CTL O0x9E Timer2 Timer 2 Control N
T3CNT OxCA Timer3 Timer 3 Counter Y
T3CTL 0xCB Timer3 Timer 3 Control Y,[2]N
T3CCTLO 0xCC Timer3 Timer 3 Channel 0 Capture/Compare Control Y
T3CCO 0xCD Timer3 Timer 3 Channel 0 Capture/Compare Value Y
T3CCTL1 O0xCE Timer3 Timer 3 Channel 1 Capture/Compare Control Y
T3CC1 OxCF Timer3 Timer 3 Channel 1 Capture/Compare Value Y
TACNT OXEA Timer4 Timer 4 Counter Y
TACTL OxEB Timer4 Timer 4 Control Y,[2]N
TACCTLO OXEC Timer4 Timer 4 Channel 0 Capture/Compare Control Y
T4CCO OXED Timer4 Timer 4 Channel 0 Capture/Compare Value Y
TACCTL1 OXEE Timer4 Timer 4 Channel 1 Capture/Compare Control Y
T4CC1 OxEF Timer4 Timer 4 Channel 1 Capture/Compare Value Y
TIMIF 0xD8 TMINT Timers 1/3/4 Joint Interrupt Mask/Flags Y
UOCSR 0x86 USARTO USART 0 Control and Status Y
UODBUF 0xC1 USARTO USART 0 Receive/Transmit Data Buffer Y

i3 TExas
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Register SFR Module Description Retention®
Name Address

UOBAUD 0xC2 USARTO USART 0 Baud Rate Control Y
UOUCR 0xC4 USARTO USART 0 UART Control Y,[7IN
UOGCR 0xC5 USARTO USART 0 Generic Control Y
UICSR OxF8 USART1 USART 1 Control and Status Y
U1DBUF O0xF9 USART1 USART 1 Receive/Transmit Data Buffer Y
U1BAUD OxFA USART1 USART 1 Baud Rate Control Y
U1UCR OxFB USART1 USART 1 UART Control Y,[7IN
U1GCR OxFC USART1 USART 1 Generic Control Y
ENDIAN 0x95 MEMORY USB Endianess Control (ECTTTTR) Y
WDCTL 0xC9 WDT Watchdog Timer Control Y

Table 31: CC1110Fx/CC1111Fx Specific SFR Overview

10.2.3.4 Radio Registers

space and reside in address range OxDFOQO -
O0xDF3D.

The radio registers are all related to Radio
configuration and control. The RF registers can Table 32 gives a descriptive overview of these

only be accessed through XDATA memory

registers. Each register is described in detail in

Section 13.19, starting on Page 211.

XDATA | Register Description Retention’
Address

0xDFO00 SYNC1 Sync word, high byte Y
0xDF01 SYNCO Sync word, low byte Y
0xDF02 PKTLEN Packet length Y
0xDF03 PKTCTRL1 Packet automation control Y
0xDF04 PKTCTRLO Packet automation control Y
0xDFO5 | ADDR Device address Y
0xDF06 CHANNR Channel number Y
OxDFO7 FSCTRL1 Frequency synthesizer control Y
0xDF08 FSCTRLO Frequency synthesizer control Y
0xDFO09 FREQ2 Frequency control word, high byte Y
O0xDFOA | FREQ1 Frequency control word, middle byte Y
0xDFOB FREQO Frequency control word, low byte Y
OxDFOC MDMCFG4 Modem configuration Y
0xDFOD | MDMCFG3 Modem configuration Y
OxDFOE | MDMCFG2 Modem configuration Y
OxDFOF MDMCFG1 Modem configuration Y
0xDF10 MDMCFGO Modem configuration Y
O0xDF11 DEVIATN Modem deviation setting Y
O0xDF12 MCSM2 Main Radio Control State Machine configuration Y
0xDF13 MCSM1 Main Radio Control State Machine configuration Y

" Registers without retention are in their reset state after PM2 or PM3. This is only applicable for
registers / bits that are defined as R/W
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XDATA Register Description Retention’
Address
0xDF14 MCSMO Main Radio Control State Machine configuration Y
O0xDF15 FOCCFG Frequency Offset Compensation configuration Y
0xDF16 BSCFG Bit Synchronization configuration Y
OxDF17 AGCCTRL2 AGC control Y
OxDF18 AGCCTRL1 AGC control Y
0xDF19 | AGCCTRLO AGC control Y
OxDF1A | FREND1 Front end RX configuration Y
0xDF1B | FRENDO Front end TX configuration Y
OxDF1C | FSCAL3 Frequency synthesizer calibration N
OxDF1D | FSCAL2 Frequency synthesizer calibration N
OxDF1E | FSCAL1 Frequency synthesizer calibration N
OxDF1F FSCALO Frequency synthesizer calibration Y
0xDF20 Reserved Y
E)XDFZZ
0xDF23 | TEST2 Various Test Settings Y
OxDF24 TEST1 Various Test Settings Y
0xDF25 | TESTO Various Test Settings Y
OxDF27 PA_TABLE7 PA output power setting 7 Y
O0xDF28 PA_TABLE6 PA output power setting 6 Y
0xDF29 PA_TABLES PA output power setting 5 Y
OxDF2A | PA_TABLE4 PA output power setting 4 Y
0xDF2B PA_TABLES3 PA output power setting 3 Y
O0xDF2C | PA_TABLE2 PA output power setting 2 Y
O0xDF2D | PA_TABLE1l PA output power setting 1 Y
OxDF2E PA_TABLEO PA output power setting 0 Y
OxDF2F IOCFG2 Radio test signal configuration (P1_7) Y
0xDF30 IOCFG1 Radio test signal configuration (P1_6) Y
OxDF31 IOCFGO Radio test signal configuration (P1_5) Y
0xDF36 | PARTNUM Chip ID[15:8] NA
OxDF37 VERSION Chip ID[7:0] NA
0xDF38 FREQEST Frequency Offset Estimate NA
0xDF39 LQI Link Quality Indicator NA
OxDF3A RSSI Received Signal Strength Indication NA
0xDF3B MARCSTATE Main Radio Control State NA
OxDF3C | PKTSTATUS Packet status NA
OxDF3D | VCO_VC_DAC | PLL calibration current NA
Table 32: Overview of RF Registers
10.2.35 I°S Registers space and reside in address range OxDF40 -
The IS registers are all related to I°S O0xDF48. Table 33 gives a descriptive overview

configuration and control. The IS registers can
only be accessed through XDATA memory
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of these registers. Each register is described in
detail in Section 12.15.13, starting on Page
166.

Page 51 of 246



CCTTIT0F / COTITIFY

XDATA Register Description Retention®
Address

0xDF40 12SCFGO I°S Configuration Register 0 Y
OxDF41 12SCFG1 I’S Configuration Register 1 Y
0xDF42 I2SDATL I°S Data Low Byte N
O0xDF43 12SDATH I°S Data High Byte N
OxDF44 I2SWCNT I°S Word Count Register NA
OxDF45 I2SSTAT I°S Status Register NA
OxDF46 12SCLKFO I°S Clock Configuration Register 0 Y
O0xDF47 12SCLKF1 I°S Clock Configuration Register 1

OxDF48 12SCLKF2 I’S Clock Configuration Register 2

Table 33: Overview of I°S Registers

8 Registers without retention are in their reset state after PM2 or PM3. This is only applicable for

registers / bits that are defined as R/W

10.2.3.6 USB Registers

The USB registers are all related to USB
configuration and control. The USB registers
can only be accessed through XDATA
memory space and reside in address range
OXDEOO - OxDE3F. These registers can be
divided into three groups: The Common USB
Registers (Table 34), The Indexed Endpoint
Registers (Table 35), and the Endpoint FIFO

Registers (Table 36). Each register is
described in detail in Section 12.16.11, starting
on Page 178. Notice that the upper register
addresses OXxDE2C - OxDE3F are reserved.

Note: All USB registers lose data in PM2
and PM3, meaning that these power
modes cannot be used on the COTITIFY

XDATA Register Description
Address
0xDEOQO USBADDR Function Address
0xDEO1 USBPOW Power/Control Register
0xDEOQ2 USBIIF IN Endpoints and EPO Interrupt Flags
0xDEO3 Reserved
0xDEO4 USBOIF OUT Endpoints Interrupt Flags
0xDEO05 Reserved
0xDEO06 USBCIF Common USB Interrupt Flags
O0xDEQ7 USBIIE IN Endpoints and EPO Interrupt Enable Mask
0xDEO8 Reserved
0xDEQ9 USBOIE Out Endpoints Interrupt Enable Mask
OXDEOA Reserved
0xDEOB USBCIE Common USB Interrupt Enable Mask
OxDEOC USBFRML Current Frame Number (Low byte)
O0xDEOD USBFRMH Current Frame Number (High byte)
OXDEOE USBINDEX Selects current endpoint. Make sure this register has the required value before any of the
registers in Table 35 are accessed. This register must be set to a value in the range O - 5.
Table 34: Overview of Common USB Registers
i} Texas
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XDATA Register Description Valid USBINDEX
Address
Value(s)

OxDE10 USBMAXI Max. packet size for IN endpoint 1-5

USBCSO0 EPO Control and Status (USBINDEX = 0) 0
OxDE11

USBCSIL IN EP{1 - 5} Control and Status Low 1-5
OxDE12 USBCSIH IN EP{1 - 5} Control and Status High 1-5
0xDE13 USBMAXO Max. packet size for OUT endpoint 1-5
OxDE14 USBCSOL OUT EP({1 - 5} Control and Status Low 1-5
0xDE15 USBCSOH OUT EP{1 - 5} Control and Status High 1-5

USBCNTO Number of received bytes in EPO FIFO (USBINDEX=0) | O
O0xDE16

USBCNTL Number of bytes in OUT FIFO Low 1-5
O0xDE17 USBCNTH Number of bytes in OUT FIFO High 1-5

Table 35: Overview of Indexed Endpoint Registers

Description

Endpoint 0 FIFO

Endpoint 1 FIFO

Endpoint 2 FIFO

Endpoint 3 FIFO

Endpoint 4 FIFO

XDATA Register
Address

0xDE20 USBFO
OxDE22 USBF1
0xDE24 USBF2
O0xDE26 USBF3
0xDE28 USBF4
OxDE2A USBF5

Endpoint 5 FIFO

Table 36: Overview of Endpoint FIFO Registers

10.2.4 XDATA Memory Access

The CCTHOR/CCITIIFY provides an additional
SFR named MPAGE. This register is used
during instructions MOVX A ,@Ri and MOVX
@Ri,A. MPAGE gives the 8 most significant
address bits, while the register Ri gives the 8
least significant bits.

MPAGE (0x93) - Memory Page Select

In some 8051 implementations, this type of
XDATA access is performed using P2 to give
the most significant address bits. Existing
software may therefore have to be adapted to
make use of MPAGE instead of P2.

Bit Field Name Reset | RIW Description
7:0 MPAGE[7:0] 0x00 R/W Memory page, high-order bits of address in MOVX instruction
10.2.5 Memory Arbiter A control register MEMCTR is used to control

The CCMIOR/CEIITIAK includes a memory
arbiter which handles CPU and DMA access to
all memory space.
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