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1 Introduction

Due to component inaccuracy (e.g. crystal
drifttolerance) an RF link might suffer a
certain  frequency  offset  between
transmitter and receiver, which again
could cause degraded sensitivity and link
performance/range. The CC11xx/CC25xx
counteracts this by using a built-in
frequency offset compensation algorithm.
Under normal operation, the receiver
demodulator compensates for the offset
between the transmitter and receiver
frequency, within certain limits, by
estimating the centre frequency of the
received data. This value is available in
the [FREQEST] status register. The
tracking range of the algorithm is
selectable as fractions of the receive
channel bandwidth, using the
[FOCCFG.FOC_LIMIT] configuration
register. However, this compensation is
not permanent, so the next time the
CC11xx/CC25xx enters RX the
synthesizer will not be aligned with the
previously received centre frequency.

If the initial frequency offset is large, and
close to the edge of the built-in
compensation span, the ability of the
CC11xx/CC25xx to fully compensate for
any further frequency drift is limited. That
is, if the RX and TX frequencies drift too
far apart, the receiver eventually fails to
fully compensate, because the offset
between the programmed RX/TX
frequency and the actual RX/TX frequency
exceeds the span of the built-in algorithm.
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In order to regain the ideal compensation
span centre it is possible to make the
frequency offset compensation
permanent. This is done by reading the
[FREQEST] status register and writing the
accumulated value back to the
[FSCTRLO.FREQOFF] register. As a
result the next time CC11xx/CC25xx
enters RX or TX the frequency synthesizer
is adjusted to align with the previously
received centre frequency. Hence this
method basically introduces a fixed offset
into the built-in algorithm, which in turn
relocates the compensation centre,
increases the available compensation
range, and finally improves the sensitivity
the next time RX is entered. Please refer
to Figure 1 for illustration of sensitivity loss
as a result of frequency offset.

Applying permanent frequency offset
compensation makes the receiver regain
its optimum sensitivity and thus improves
the corresponding link range. However,
note that permanent frequency offset
compensation relies very much upon the
accuracy of the measured frequency
offset. A noisy/inconsistent measurement
(made by the chip itself) is more likely to
degrade the performance than improve it.
So it might be wise to filter (software) the
measured frequency offset in order to
suppress noisy samples. Generally the
application should also implement a
safety/recovery feature, which enables the
receiver to locate the actual transmitter
frequency. Otherwise the application will
suffer permanent RF link degradation.
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2 Abbreviations

EB Evaluation Board, e.g. SmartRF®04EB.
EM Evaluation Module, e.g. CC1100EM.
MCU Micro Controller Unit

RX Receive

TX Transmit
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3 Sensitivity versus Frequency Offset
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Figure 1. Sensitivity versus Frequency Offset

Figure 1 shows that an RF link suffers loss of sensitivity when the receiver and transmitter
frequency drifts apart. Unless properly counteracted using permanent frequency offset
compensation, further frequency drift towards the edge of the compensation span can lead to
permanent range reduction and thus degraded link performance.

TeExAs
INSTRUMENTS

SWRA159

Page 3 of 5



Design Note DNO15

4 Implementation of Permanent Frequency Offset Compensation

Permanent frequency offset compensation can easily be tested using e.g. a standard
CC1100 Development Kit, which includes two SmartRE® 04EBs and a number of
CC1100EMs.

In this design note the transmitter board was programmed with an unmodified version of the
“ex_link” example (available in the CC1100 CC1101 CC2500 Examples Libraries). The
receiver board used a slightly adapted version of it, and the essential part of this software is
shown in Figure 2. The required receiver software for permanent frequency offset
compensation is simple and can be illustrated with the following sequence:

1. Allocate e.g. an MCU memory location to store the accumulated frequency offset
value and initialize it to zero (assuming zero frequency offset at the very beginning).

2. Await a valid incoming RF packet.

3. In CC1l1xx/CC25xx IDLE state, (typically right after an RF packet has been received)
read the current frequency offset from [FREQEST.FREQOFF_EST] and add this
value to the previously sampled value in MCU memory.

4, Write the accumulated frequency offset from MCU memory into
[FSCTRLO.FREQOFF].

Note that the receiver software must apply the accumulated value to [FSCTRLO.FREQOFF],
not just the instant [FREQEST.FREQOFF_EST] value. It is also important that the
CC11xx/CC25xx is in IDLE state when reading [FREQEST.FREQOFF_EST], to ensure that
the [FREQEST.FREQOFF_EST] value links to the last received RF packet. Furthermore,
noisy [FSCTRLO.FREQOFF] samples can be suppressed by filtering it (e.g. low-pass filter),
but this has not been done in this design note. Finally, note that in an RF network application
each receiver should memorize the frequency offset value associated with each transmitting
node in order to apply the correct permanent offset when communicating with different nodes.

INTS xdata freqgOffice:

void main (void) |

freqgOffice = 0;

A4 Infinite loop
while [TRUE] {
switch (mode) |

case MODE_RX:
length = sizeof (rxBuffer):

if [(halRfReceivePacket (rxBuffer, &length)) {

A4 Write ac

halspillrite

Figure 2: Software for Permanent Frequency Offset Compensation
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5 General Information

5.1 Document History
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements,
improvements, and other changes to its products and services at any time and to discontinue any product or service without notice.
Customers should obtain the latest relevant information before placing orders and should verify that such information is current and
complete. All products are sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

TI warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's
standard warranty. Testing and other quality control techniques are used to the extent TI deems necessary to support this
warranty. Except where mandated by government requirements, testing of all parameters of each product is not necessarily
performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should
provide adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any Tl patent right, copyright, mask
work right, or other Tl intellectual property right relating to any combination, machine, or process in which TI products or services
are used. Information published by TI regarding third-party products or services does not constitute a license from Tl to use such
products or services or a warranty or endorsement thereof. Use of such information may require a license from a third party under
the patents or other intellectual property of the third party, or a license from TI under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is
accompanied by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an
unfair and deceptive business practice. Tl is not responsible or liable for such altered documentation. Information of third parties
may be subject to additional restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by TI for that product or service
voids all express and any implied warranties for the associated T| product or service and is an unfair and deceptive business
practice. Tl is not responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would
reasonably be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement
specifically governing such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications
of their applications, and acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related
requirements concerning their products and any use of Tl products in such safety-critical applications, notwithstanding any
applications-related information or support that may be provided by TI. Further, Buyers must fully indemnify Tl and its
representatives against any damages arising out of the use of Tl products in such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is
solely at the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in
connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products
are designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any
non-designated products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications
Amplifiers Bmplifier.fi.con Audio [nww ircom/audid
Data Converters Automotive [www ii-com/automofivg
DSP [sp Broadband
Interface Digital Control [yww ii.com/digitalcontro]
Logic [oaiciiconi Military [vww T com/militany
Power Mgmt Rowerirconj Optical Networking [xww i.com/opficalnetworR
Microcontrollers Security
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