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Design Considerations for High Temperature Applications
Using the CC2640R2F-Q1
Fredrik Kervel
ABSTRACT
When creating an application using the CC2640R2F-Q1 targeting operation in high ambient temperatures,
there are a few considerations that have to be made. The goal of this application report is to make these
considerations clear to the developer.
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Introduction
The CC2640R2F-Q1 is an AES Q100 qualified version of the CC2640R2F SimpleLink Wireless MCU [1]
with operating temperature grade 2. This means that the device is rated for operation in ambient
temperatures ranging from -40°C to +105°C.
It is recommended to follow the SimpleLink CC2640R2F-Q1 EVM v1.0.1 Design Files closely both
regarding layout and component selection [2].
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Hardware Considerations

2.1

Passive Components
The CC2640R2F-Q1 is dependent on several passive components for proper operation. These must be
rated for the full operating range of the application. Typically, when using automotive grade components,
these will have the required temperature rating. If making a non-automotive, high temperature application,
it is fine to use non-automotive qualified parts as long as these are rated for the correct operating
temperature range.
Using passive components outside their specified temperature range can lead to improper decoupling,
instability of the built-in DCDC regulator and poor RF performance. All of these can again lead to poor
performance, unexpected behavior and violation of RF regulations.

2.2

Crystals
The CC2640R2F-Q1 is dependent on several clock sources for operation. A 24 MHz crystal is required to
run the internal high frequency oscillator, which again is required to operate the radio, and a 32.768 kHz
crystal is required to run the internal low frequency oscillator which drives the RTC. While the latter
oscillator is optional, it is required when running Bluetooth low energy due to the strict timing requirements
of the Bluetooth (BT) protocol specification.
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Software Considerations
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The crystal accuracy over temperature requirements are outlined in the CC2640R2F-Q1 data sheet [1],
and the crystals used must meet these requirements over the entire operating temperature range.
Particularly important for RF protocol interoperability are the frequency accuracy requirements. The 24
MHz crystal must be within ± 40 ppm total accuracy to fulfill the BT requirement (± 150 kHz) while still
allowing for packet drift. The 32.768 kHz crystal must be within ±500 ppm to fulfill the BT requirements on
RTC accuracy.
The 24 MHz crystal accuracy over temperature is typically clearly stated in the applicable crystal. For
example, the crystal used in the CC2640R2F-Q1 reference design [2], Epson TSX-3225 X1E0000210048
has an initial tolerance of ± 10 ppm and a temperature tolerance of ± 20 ppm over the operating range [4].
The 32 kHz crystal accuracy over temperature can often be harder to interpret. Typically, it is rated with a
turnover temperature and a parabolic coefficient. The Epson FC-13A 32.7680KA-A3 crystal used in the
CC2640R2F-Q1 reference design is specified with a turnover temperature (Ti) of 25°C and a parabolic
coefficient (B) of -0.04 × 10-6/ °C2. Based on these numbers, the frequency tolerance over temperature
can be calculated from:
foffset = (T - Ti)2 * B

(1)

Figure 1 shows the resulting frequency over temperature.

Figure 1. 32.768 Crystal Frequency Offset Over Temperature
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Software Considerations
When a Bluetooth low energy connection is formed, the Central device reports its worst case sleep clock
accuracy (SCA) to the Peripheral. The Peripheral adds this number to its own SCA and the total resulting
SCA is then used to calculate when to wake up to hit a connection event. Basically, the worse the clock
accuracy, the earlier the Peripheral must turn on its receiver to avoid missing the connection event. To
optimize for power efficiency and assuming most applications do not operate at temperature extremes, the
default SCA value in the TI Bluetooth low energy protocol Stack is set to ± 40 ppm. Considering the initial
tolerance of the crystal to be ± 20 ppm, it is clear from Figure 1 that the temperature range is limited to
about 5°C to 45°C when using the default setting. Thus, it is necessary to change the SCA value in the
BLE Stack according to the 32 kHz crystal specification and the operating temperature. The SCA value is
set through the HCI_EXT_SetSCACmd() function [6].
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Summary
When designing an application that targets operating temperatures up to 105°C using the CC2640R2FQ1, care must be taken to select appropriate passive components. Particularly, the crystal parameters
must be ensured to fulfill the CC2640R2F and the RF protocol requirements for the whole operating
temperature range.
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When using the TI Bluetooth low energy Stack, the sleep clock accuracy value must be set according to
the worst case 32.768 kHz crystal offset caused by the operating temperature.
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Texas Instruments Incorporated (‘TI”) technical, application or other design advice, services or information, including, but not limited to,
reference designs and materials relating to evaluation modules, (collectively, “TI Resources”) are intended to assist designers who are
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applications and that you have full and exclusive responsibility to assure the safety of your applications and compliance of your applications
(and of all TI products used in or for your applications) with all applicable regulations, laws and other applicable requirements. You
represent that, with respect to your applications, you have all the necessary expertise to create and implement safeguards that (1)
anticipate dangerous consequences of failures, (2) monitor failures and their consequences, and (3) lessen the likelihood of failures that
might cause harm and take appropriate actions. You agree that prior to using or distributing any applications that include TI products, you
will thoroughly test such applications and the functionality of such TI products as used in such applications. TI has not conducted any
testing other than that specifically described in the published documentation for a particular TI Resource.
You are authorized to use, copy and modify any individual TI Resource only in connection with the development of applications that include
the TI product(s) identified in such TI Resource. NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE TO
ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY TECHNOLOGY OR INTELLECTUAL PROPERTY
RIGHT OF TI OR ANY THIRD PARTY IS GRANTED HEREIN, including but not limited to any patent right, copyright, mask work right, or
other intellectual property right relating to any combination, machine, or process in which TI products or services are used. Information
regarding or referencing third-party products or services does not constitute a license to use such products or services, or a warranty or
endorsement thereof. Use of TI Resources 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.
TI RESOURCES ARE PROVIDED “AS IS” AND WITH ALL FAULTS. TI DISCLAIMS ALL OTHER WARRANTIES OR
REPRESENTATIONS, EXPRESS OR IMPLIED, REGARDING TI RESOURCES OR USE THEREOF, INCLUDING BUT NOT LIMITED TO
ACCURACY OR COMPLETENESS, TITLE, ANY EPIDEMIC FAILURE WARRANTY AND ANY IMPLIED WARRANTIES OF
MERCHANTABILITY, FITNESS FOR A PARTICULAR PURPOSE, AND NON-INFRINGEMENT OF ANY THIRD PARTY INTELLECTUAL
PROPERTY RIGHTS.
TI SHALL NOT BE LIABLE FOR AND SHALL NOT DEFEND OR INDEMNIFY YOU AGAINST ANY CLAIM, INCLUDING BUT NOT
LIMITED TO ANY INFRINGEMENT CLAIM THAT RELATES TO OR IS BASED ON ANY COMBINATION OF PRODUCTS EVEN IF
DESCRIBED IN TI RESOURCES OR OTHERWISE. IN NO EVENT SHALL TI BE LIABLE FOR ANY ACTUAL, DIRECT, SPECIAL,
COLLATERAL, INDIRECT, PUNITIVE, INCIDENTAL, CONSEQUENTIAL OR EXEMPLARY DAMAGES IN CONNECTION WITH OR
ARISING OUT OF TI RESOURCES OR USE THEREOF, AND REGARDLESS OF WHETHER TI HAS BEEN ADVISED OF THE
POSSIBILITY OF SUCH DAMAGES.
You agree to fully indemnify TI and its representatives against any damages, costs, losses, and/or liabilities arising out of your noncompliance with the terms and provisions of this Notice.
This Notice applies to TI Resources. Additional terms apply to the use and purchase of certain types of materials, TI products and services.
These include; without limitation, TI’s standard terms for semiconductor products http://www.ti.com/sc/docs/stdterms.htm), evaluation
modules, and samples (http://www.ti.com/sc/docs/sampterms.htm).
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