Design Note DNO36

CC1101+CC1190 600 kbps Data Rate, +19 dBm Transmit
Power without FHSS in 902-928 MHz Frequency Band
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1 Introduction

In the 902-928 MHz ISM band, FCC
Section 15.247 specifies requirements that
allows for up to 1 W transmit output power.

High output power can be used if the
system employs Frequency Hopping
Spread Spectrum (FHSS) or use a digital
modulation technique that gives a 6 dB
bandwidth of minimum 500 kHz [1], [6].

The CC1101 transceiver together with the
CC1190 range extender can be set up with
4-FSK modulation. This digital modulation
technique allows the combined CC1101
and CC1190 solution to comply with
Section 15.247 requirements with a +19
dBm (79 mW) transmit output power
without the need frequency hopping.
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In this design note the data rate is set to
600 kbps using 4-FSK modulation.

Design Note DNO006 [7] shows how
CC1101 can be configured for 2-ary
modulation formats and meet
requirements for digital modulation
systems defined under FCC Section
15.247.

The CC1101-CC1190EM 915 MHz
reference design [4] is used as an
example in this design note, but the results
are also applicable if CC1101 is replaced
with CC1100, CC1110, CC1111, or CC430
as they use the same radio as the
CC1101.
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2 Abbreviations

EM Evaluation Module

FCC Federal Communications Commission
FHSS Frequency hopping Spread Spectrum
ISM Industrial, Scientific, Medical

PSD Power Spectral Density

RBW Resolution Bandwidth

VBW Video Bandwidth

*.'? TEXAS

INSTRUMENTS SWRRO78A Page 2 of 6



Design Note DNO36

3 FCC 15.247 Digital Modulation Requirements

Table 1 gives the FCC 15.247 digital modulation requirements.

Section Requirement

15.247a2 The 6 dB bandwidth shall be at least 500 kHz

15.247b3 The maximum conducted power shall not exceed 1 W (+30
dBm)

15.247e The power spectral density (PSD) shall not be greater than 8
dBm in any 3 kHz band during any time interval during
continuous transmission

Table 1. FCC 15.247 Digital Modulation Requirements [6]

4 FCC 15.247 Measurement Setup

All measurements were performed at 3V, 25°C
Measurements were performed on the CC1101-CC1190EM 915 MHz reference design [4]
Rohde & Schwarz FSEM spectrum analyzer was used in the measurements
Results presented are the average values of 6 modules

Register settings used are given in the appendix. It is recommended to increase the

CC1101 loop filter BW when operating at 600 kbps, 4-FSK. This is achieved by setting
FIFOTHR[7] = 1 and TEST2[1] = 1. (Note: for CC1110 the settings are MCSMO[3] = 1 and

TEST2[1] = 1).

Table 2 gives the CC1101 system parameters used in the tests.

System Parameter

Value

Comment

RF Frequency

915 MHz

Output Power

Up to +20 dBm

Different CC1101 PATABLE settings

Modulation Format

4-FSK

MDMCFG2.MOD_FORMAT =4 [1]

Data Rate 600 kbps Corresponds to 300 kBaud
Frequency Deviation 228 kHz ‘01" - Deviation

‘00" - 1/3- Deviation

10’ + 1/3- Deviation

‘11" + Deviation
RX Filter Bandwidth 812 kHz

Table 2. CC1101 System Parameters Used in the Tests

Table 3 gives the spectrum analyzer settings used in the tests.

Requirement RBW VBW Comment
6 dB Bandwidth | 100 kHz | 1 MHz
Output Power 3 MHz 3 MHz
PSD 3 kHz 100 kHz | Span 1.5 MHz
Sweep time of 500 s
Max hold
Peak detector
Table 3. Spectrum Analyzer Settings Used in the Measurements [6]
*") TEXAS
INSTRUMENTS SWRRO78A Page 3 of 6



Design Note DNO36

5 FCC 15.247 Measurement Results

Table 4 gives the measurement results.

CC1101 PATABLE | 6 dB Bandwidth | Output Power | PSD Sensitivity
[kHZ] [dBm] [dBm/3 kHZ] [dBm]

0x2B 718 18.0 6.6

0x2C 717 18.5 7.2 -95.2

0x2D 717 18.9 7.7 '

0x39 717 19.3 7.9

Table 4. Typical CC1101-CC1190 FCC 15.247 Measurement Results

See Application Note AN096 [5] for more performance figures for the CC1101-CC1190EM
915 MHz reference design.

6 Conclusion

The CC1101+CC1190 combination is suited for systems targeting compliance with digital
modulation systems defined under FCC Section 15.247. The combined CC1101 and CC1190
solution complies with Section 15.247 requirements with a +19 dBm transmit output power
without the need frequency hopping.

The link budget, assuming 0 dB antenna gain, is up to 114 dB when operating the
CC1101+CC1190 design at 600 kbps, 4-FSK.
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7 References

(1]
(2]
(3]
[4]
[5]
[6]
[7]

FCC rules (www.fcc.gov)

CC1101 Data Sheet (SWRS061.pdf)

CC1190 Datasheet (SWRS089.pdf)

CC1101-CC1190EM 915 MHz Reference Design (SWRRO077.zip)

Using the CC1190 Front End with CC1101 under FCC 15.247 (SWRA361.pdf)
Measurement of Digital Transmission Systems Operating under Section 15.247
DNO006 CC11xx Settings for FCC 15.247 Solutions (SWRA123.pdf)

8 General Information

8.1 Document History
Revision Date Description/Changes
SWRRO078 2011.05.11 Initial release.
SWRRO078A 2011.11.07 Added information in section 4 on how to increase CC1110 loop
filter bandwidth
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9 Appendix

Register settings used in the test.

IOCFG2
IOCFG1
IOCFGO
FIFOTHR
SYNC1
SYNCO
PKTLEN
PKTCTRL1
PKTCTRLO
ADDR
CHANNR
FSCTRL1
FSCTRLO
FREQ?2
FREQ1
FREQO
MDMCFG4
MDMCFG3
MDMCFG2
MDMCFG1
MDMCFGO
DEVIATN
MCSM2
MCSM1
MCSMO
FOCCFG
BSCFG
AGCCTRL2
AGCCTRL1
AGCCTRLO
WOREVT1
WOREVTO
WORCTRL
FREND1
FRENDO
FSCAL3
FSCAL2
FSCAL1
FSCALO
RCCTRL1
RCCTRLO
FSTEST
PTEST
AGCTEST
TEST2
TEST1
TESTO

# PATABLE
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2F
2E
6F
87
D3
91
14
4
22

0
0
D
0
21

62
76
oD
TA
43
22
F8
71
7
30
18
1D
1C
c7
0
BO
87
6B
FB
B6
10
EA
2A
0
1F
41
0
59
7F
3F
8A
31
9
39

LNA off

PA on
TX: 0x87. RX: Ox07

300 kBaud, 812 kHz RX BW

4FSK

228 kHz

TX: Ox8A. RX: 0x88
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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.

Tl 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 Tl 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 Tl 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 Tl 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 Tl 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 TI 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
Audio www.ti.com/audio Communications and Telecom www.ti.com/communications
Amplifiers amplifier.ti.com Computers and Peripherals www.ti.com/computers
Data Converters dataconverter.ti.com Consumer Electronics Www.ti.com/consumer-apps
DLP® Products www.dlp.com Energy and Lighting www.ti.com/energy
DSP dsp.ti.com Industrial www.ti.com/industrial
Clocks and Timers www.ti.com/clocks Medical www.ti.com/medical
Interface interface.ti.com Security www.ti.com/security
Logic logic.ti.com Space, Avionics and Defense  www.ti.com/space-avionics-defense
Power Mgmt power.ti.com Transportation and Automotive www.ti.com/automotive
Microcontrollers microcontroller.ti.com Video and Imaging www.ti.com/video
RFID www.ti-rfid.com
OMAP Mobile Processors www.ti.com/omap
Wireless Connectivity www.ti.com/wirelessconnectivity

TI E2E Community Home Page e2e.ti.com

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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