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An IMPORTANT NOTICE at the end of this TI reference design addresses authorized use, intellectual property matters and other
important disclaimers and information.

SimpleLink, ZigBee, SMBus are trademarks of Texas Instruments.
ARM, Cortex are registered trademarks of Texas Instruments.
Bluetooth is a registered trademark of Bluetooth SIG Inc..
Johanson Technology is a trademark of Johnason Technology, Inc..
All other trademarks are the property of their respective owners.
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PCB Size: 141 mm2, or approximately 16×9 mm2.
Antenna: Johanson 2450AT07A0100 (0402 size with PCB area requirement = 4×3 mm2.
Crystal: NDK NX2016SA 24 MHz EXS00A-CS07553.
RF Range: Same-room indoor coverage.
Battery: CR1620 coin cell.
Battery Life Time: 3 months with continuous 1 s connection.
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Design Features
Figure 1 shows the C2650 µTag Block Diagram.
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Figure 1. C2650 µTag Block Diagram

3

System Description
The CC2650 µTag is an ultra-compact reference design for the CC26xx family of devices. The PCB
measures 141 mm2, or approximately 16×9 mm2, and contains the CC2650, a TMP102 temperature
sensor, an accelerometer, push button, and an LED. The board also contains a single ended, discrete
component RF filter and a very compact 0402 chip antenna. The board is powered from a CR1620 coin
cell (16 mm diameter) battery. There is also a 6-pin TagConnect interface for cJTAG access on the PCB.
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CC2650
The CC2650 device is a wireless MCU targeting Bluetooth Smart, ZigBee™ and 6LoWPAN, and ZigBee
RF4CE remote control applications. For more details, refer to the whitepaper, Bringing Wireless Scalability
to Intelligent Sensing Applications (SWRY014).
The device is a member of the CC26xx family of cost-effective, ultra-low power, 2.4-GHz RF devices. Very
low active RF and MCU current and low-power mode current consumption provide excellent battery
lifetime and allow for operation on small coin cell batteries and in energy-harvesting applications.
The CC2650 device contains an 32-bit ARM® Cortex®-M3 processor that runs at 48 MHz as the main
processor and a rich peripheral feature set that includes a unique ultra-low power sensor controller. The
sensor controller is ideal for interfacing external sensors and for collecting analog and digital data
autonomously while the rest of the system is in sleep mode. Figure 2 shows the CC2650 block diagram.

Figure 2. CC2650 Block Diagram
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3.2

TMP102
The TMP102 device is a digital temperature sensor ideal for NTC and PTC thermistor replacement where
high accuracy is required. The device offers an accuracy of ±0.5°C without requiring calibration or external
component signal conditioning. IC temperature sensors are highly linear and do not require complex
calculations or lookup tables to derive the temperature. The on-chip 12-bit ADC offers resolutions down to
0.0625°C.
The 1.6-mm×1.6-mm SOT-563 package has a 68% smaller footprint than an SOT-23 package. The
TMP102 device features SMBus™, two-wire and I2C interface compatibility, and allows up to four devices
on one bus. The device also features an SMBus alert function. The device is specified to operate over
supply voltages from 1.4 to 3.6 V with the maximum quiescent current of 10 µA over the full operating
range.
The TMP102 device is ideal for extended temperature measurement in a variety of communication,
computer, consumer, environmental, industrial, and instrumentation applications. The device is specified
for operation over a temperature range of –40°C to 125°C. Figure 3 shows the TMP102 block diagram.
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Figure 3. TMP102 Block Diagram
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System Design Theory
The CC2650 µTag is designed to be as small as possible, and to run off of a CR1620 coin cell. As such it
makes a good starting point for any application where size is the prime focus.
As with any RF design, reducing the physical size of the board, and thus the available area for antenna
and ground plane, will affect the RF performance. This design utilizes a very compact chip antenna from
Johanson Technology™ that offers great performance within the physical limits of the board, but has the
same range as larger boards.
CR1620 coin cell batteries offers limited capacity, and the life time of the battery is also greatly affected by
peak current consumption. Make sure to keep the current draw in mind when designing the system SW.

4.1

Physical Board Size and Components
The PCB is designed to be compact, thus, the design uses as physically small components as possible.
For passives, this means that 0201 components are used wherever possible. Some components, such as
the DCDC output inductor and capacitor, are in 0603 and 0402 sizes due to the large inductance and
capacitance, but these are still smaller than for the regular CC2650 reference design.
The RF output configuration used on the board is a single-ended output with an internal bias. This
configuration only requires 4 components on the RF output, one pi-filter, and a DC blocking capacitor.
Additionally, there is an added one shunt component close to the antenna for antenna tuning.
Although the PCB is physically small, the board only has 2 copper layers. Minimum copper width and
clearance is 0.1 mm and 0.1 mm.
The CC2650 is used in the 4x4 mm QFN package. At the time of writing, a WCSP variant of CC2640 is
planned for release in the 3rd quarter of 2016. This package is also an alternative for ultra-compact
designs.

4.2

24 MHz Crystal
The crystal used is a 2016 size variant from NDK. The crystal is 60% smaller than the 3225 size crystal
used in the regular CC2650 reference designs. When selecting physically small crystals, keep in mind that
parameters such as ESRmax (maximum Equivalent Series Resistance) and Lm (Motional Inductance).
These typically increase compared to larger crystals which will lead to higher start-up time, and thus
higher current consumption. Selecting a crystal with a low CL (Load Capacitance) value reduces the srartup time. Thus, TI recommends to use as low a CL value as possible, especially when using physically
small crystals.

4.3

RTC (Real Time Clock) Source
To reduce the component footprint as much as possible, the CC2650 µTag does not have a 32 kHz
crystal on the board. Instead, the CC2650 uTag uses the internal RC oscillator (RCOSCLF) as a clock
source for the RTC. For this solution to be BLE compliant, run a calibration of the RCOSCLF at least once
a second for the oscillator to be within the ±500 ppm accuracy.
The increase in RTC tolerance will affect the current consumption of the connected BLE peripheral
devices as the active RX time at each connection interval must be increased.
More details about deriving the RTC from the internal RCOSCLF and the calibration routine may be found
in an application note available on the CC2640 product page.

4.4

Battery
The CC2650 µTag is powered by a CR1620 coin cell battery. Based on the Energizer datasheet these
batteries have a typical capacity of 79 mAh, and approximately 800 hours lifetime with a 30 kohm load
(approximately 100 uA current consumption). Although the user may think that a BLE device with an
average current consumption of 10 uA would get close to 1 year of battery life time, the peak currents in
the mA range reduces this, depending on use case.
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Further studies of the Energizer datasheet show that adding a pulse current of 6.5 mA for 2 seconds every
2 hours will reduce the capacity by approximately 19%. The pulse current itself is conveniently close to the
peak current of the CC2650 when operating the radio; however, the 2 second every 2 hours does not fit
any BLE application scenario. A typical use case is advertising on three channels (approximately 4 ms
duration of high current) every few seconds, or connected as a slave device with connection intervals
lasting approximately 2.5 ms at certain intervals.
A practical test was designed to investigate how much life time a CR1620 actually provides for a BLE
application. A CC2650EM was connected to a CR1620 battery, and the CC2650 was programmed with a
SimpleBLEPeripheral modified to measure the battery voltage at every connection interval. The
CC2650EM was connected to a CC2540 USB Dongle with a 1 second effective connection interval (0
slave latency). The CC2540 was controlled by BTool and the battery voltage of the CC2650EM was read
out on every connection interval. With this setup, the CR1620 lasted for approximately 3 months.
The experiment above shows that CR1620 coin cell batteries are limited to certain applications with high
focus on low power consumption. For example, by very rare RF and active mode activity, or applications
where a shorter battery life is acceptable.
NOTE: The battery life experiment was performed on a CC2650 running with an RTC derived from
the internal RC oscillator. This reduces the RTC accuracy to ±500 ppm, which increases the
active RX time on each connection event. For a 1 s effective connection interval, this raises
the average current consumption of the CC2650 from approximately 10 uA to approximately
14 uA. Battery life time may potentially be significantly better with 32 kHz crystal as the RTC
source.
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Software Design Theory
The CC2650 µTag is intended both for BLE broadcasting and used as a BLE Peripheral. Thus, the
SimpleBLEBroadcaster and SimpleBLEPeripheral are both good starting points for developing the
software for the board. If the application requires maintaining BLE connections, the 32 kHz RC oscillator
calibration must be enabled since the RTC is derived from this clock source. This process is described in
an app note available on the CC2640 product page.
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Design Files
All the design files for the CC2650 µTag reference design are available for download from the TI Design
page. The CAD tool used for this design is Cadence Allegro.
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IMPORTANT NOTICE FOR TI REFERENCE DESIGNS
Texas Instruments Incorporated ("TI") reference designs are solely intended to assist designers (“Buyers”) who are developing systems that
incorporate TI semiconductor products (also referred to herein as “components”). Buyer understands and agrees that Buyer remains
responsible for using its independent analysis, evaluation and judgment in designing Buyer’s systems and products.
TI reference designs have been created using standard laboratory conditions and engineering practices. TI has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. TI may make
corrections, enhancements, improvements and other changes to its reference designs.
Buyers are authorized to use TI reference designs with the TI component(s) identified in each particular reference design and to modify the
reference design in the development of their end products. HOWEVER, NO OTHER LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL
OR OTHERWISE TO ANY OTHER TI INTELLECTUAL PROPERTY RIGHT, AND NO LICENSE TO ANY THIRD PARTY TECHNOLOGY
OR INTELLECTUAL PROPERTY RIGHT, 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 components or services are used.
Information published by TI regarding third-party products or services does not constitute a license 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.
TI REFERENCE DESIGNS ARE PROVIDED "AS IS". TI MAKES NO WARRANTIES OR REPRESENTATIONS WITH REGARD TO THE
REFERENCE DESIGNS OR USE OF THE REFERENCE DESIGNS, EXPRESS, IMPLIED OR STATUTORY, INCLUDING ACCURACY OR
COMPLETENESS. TI DISCLAIMS ANY WARRANTY OF TITLE AND ANY IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS
FOR A PARTICULAR PURPOSE, QUIET ENJOYMENT, QUIET POSSESSION, AND NON-INFRINGEMENT OF ANY THIRD PARTY
INTELLECTUAL PROPERTY RIGHTS WITH REGARD TO TI REFERENCE DESIGNS OR USE THEREOF. TI SHALL NOT BE LIABLE
FOR AND SHALL NOT DEFEND OR INDEMNIFY BUYERS AGAINST ANY THIRD PARTY INFRINGEMENT CLAIM THAT RELATES TO
OR IS BASED ON A COMBINATION OF COMPONENTS PROVIDED IN A TI REFERENCE DESIGN. IN NO EVENT SHALL TI BE
LIABLE FOR ANY ACTUAL, SPECIAL, INCIDENTAL, CONSEQUENTIAL OR INDIRECT DAMAGES, HOWEVER CAUSED, ON ANY
THEORY OF LIABILITY AND WHETHER OR NOT TI HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES, ARISING IN
ANY WAY OUT OF TI REFERENCE DESIGNS OR BUYER’S USE OF TI REFERENCE DESIGNS.
TI reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESD46, latest issue, and to discontinue any product or service per JESD48, latest issue. Buyers should obtain the latest relevant
information before placing orders and should verify that such information is current and complete. All semiconductor products are sold
subject to TI’s terms and conditions of sale supplied at the time of order acknowledgment.
TI warrants performance of its components to the specifications applicable at the time of sale, in accordance with the warranty in TI’s terms
and conditions of sale of semiconductor products. Testing and other quality control techniques for TI components are used to the extent TI
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.
TI assumes no liability for applications assistance or the design of Buyers’ products. Buyers are responsible for their products and
applications using TI components. To minimize the risks associated with Buyers’ products and applications, Buyers should provide
adequate design and operating safeguards.
Reproduction of significant portions of TI information in TI data books, data sheets or reference designs is permissible only if reproduction is
without alteration and is accompanied by all associated warranties, conditions, limitations, and notices. TI is not responsible or liable for
such altered documentation. Information of third parties may be subject to additional restrictions.
Buyer acknowledges and agrees that it is solely responsible for compliance with all legal, regulatory and safety-related requirements
concerning its products, and any use of TI components in its applications, notwithstanding any applications-related information or support
that may be provided by TI. Buyer represents and agrees that it has all the necessary expertise to create and implement safeguards that
anticipate dangerous failures, monitor failures and their consequences, lessen the likelihood of dangerous failures and take appropriate
remedial actions. Buyer will fully indemnify TI and its representatives against any damages arising out of the use of any TI components in
Buyer’s safety-critical applications.
In some cases, TI components may be promoted specifically to facilitate safety-related applications. With such components, TI’s goal is to
help enable customers to design and create their own end-product solutions that meet applicable functional safety standards and
requirements. Nonetheless, such components are subject to these terms.
No TI components are authorized for use in FDA Class III (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.
Only those TI components that TI has specifically designated as military grade or “enhanced plastic” are designed and intended for use in
military/aerospace applications or environments. Buyer acknowledges and agrees that any military or aerospace use of TI components that
have not been so designated is solely at Buyer's risk, and Buyer is solely responsible for compliance with all legal and regulatory
requirements in connection with such use.
TI has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, TI will not be responsible for any failure to meet ISO/TS16949.IMPORTANT NOTICE
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