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Tl Designs

TI Designs provide the foundation that you need
including methodology, testing and design files to
quickly evaluate and customize the system. Tl
Designs help you accelerate your time to market.

Design Resources

TIDC-CC2540-BLE-USB Design Folder
CC2540 Product Folder
TPS76933 Product Folder
CCDebugger Product Folder
BLE Stack Tools Folder
BLE SW Developer's Guide Documentation
BLE Wiki Wiki

f l " 'l Ask The BLE Experts
TI E2E™
Community TI E2E BLE forum

Block Diagram:
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Design Features

e Enables Bluetooth Low Energy in systems
with existing USB

e Debug and Development Capabilities

e PCB Antenna

e Small Integrated Balun

Featured Applications

PC

Home Automation
BLE Beacon
Development Tool

Board Image:
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http://www.ti.com/tool/TIDC-CC2540-BLE-USB
http://www.ti.com/product/cc2540
http://www.ti.com/product/TPS76933
http://www.ti.com/tool/cc-debugger
http://www.ti.com/tool/ble-stack
http://www.ti.com/lit/pdf/swru271
http://www.ti.com/ble-wiki
http://www.ti.com/ble-forum
http://www.ti.com/webench
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1 Key System Specifications

The CC2540 USB Dongle Tl Design shows how you can easily connect the CC2540 low-power Wireless
MCU with integrated USB to any system with existing USB host. The design is realized as a USB dongle
which can be connected to any computer, but the design can also be integrated directly into systems

such as Set-Top boxes.

The reference design demonstrates recommended layout for decoupling and the RF part to achieve
best RF performance. An integrated balun is used due to board size constraints. Similarly a small-size,
yet high performing, PCB antenna is used.

The USB Dongle additionally contains 2 push buttons, 2 LEDs, and 8 test points connected to GPIOs.
There is also a debug header on the board which connects directly to the CCDebugger or
SmartRFO5EB for programming and debugging. All this makes the CC2540 USB Dongle well suited for
SW development.

2 Block Diagram

TPS76933
LDO

USB CC2540
Connector Wireless MCU
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2x LED Debug
2x Button Header
8x Test Points

Figure 1: CC2540 USB Dongle Block Diagram
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3 System Description

The CC2540 USB Dongle connects the CC2540 directly to a USB connector. The 5V USB power rail is
regulated down to 3.3 V through a TPS76933 low Iq, Low-Dropout regulator, to supply the CC2540.

3.1 CC2540

The CC2540 is a cost-effective, low-power, true system-on-chip (SoC) for Bluetooth low energy
applications. The CC2540 combines an excellent RF transceiver with an industry-standard enhanced
8051 MCU, up to 256 kB in-system programmable flash memory, 8 kB RAM, and many other powerful
supporting features and peripherals.
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Figure 2: CC2540 Block Diagram

3.2 TPS76933

The TPS769xx family of low-dropout (LDO) voltage regulators offers the benefits of low dropout
voltage, ultralow-power operation, and miniaturized packaging. These regulators feature low dropout
voltages and ultralow quiescent current compared to conventional LDO regulators. Offered in a 5-
terminal small outline integrated-circuit SOT-23 package, the TPS769xx series devices are ideal for
micropower operations and where board space is at a premium.
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4 Getting Started Hardware

The CC2540 USB Dongle can be used as is as a packet sniffer for Bluetooth Low Energy, as this is the
SW the dongles are pre-programmed with when bought as an Evaluation Module Kit.

To use the USB dongle for other purposes, or for programming and SW development, a debugger is
required. For this purpose either the CCDebugger or the SmartRF0O5 Evaluation Board can be used.

4.1 CC2540 USB Evaluation Module Kit

The CC2540 USB Dongle Evaluation Module Kit can be purchased from Tl store here:
http://www.ti.com/tool/cc2540emk-usb

4.2 CCDebugger

The CCDebugger can be purchased from Tl Store here:
http://www.ti.com/tool/cc-debugger

5 Getting Started Firmware

When purchased as an EMK the CC2540 USB Dongle comes pre-programmed with packet sniffer SW
and will thus work with the free to download Packet Sniffer PC tool from Texas Instruments.

The Tl BLE Stack download includes several pre-made SW examples for the CC2540 USB Dongle. The
most versatile is the HostTestApp project. This will allow the USB dongle to receive an extended set of
HCl commands. The dongle can then be used with the development tools (included in the BLE stack
installer) BTool and Device Monitor.

The HostTestApp SW can also be used together with several of the PC (Windows and Linux) examples
found on the TI BLE Wiki.

5.1 Subsection

Texas Instruments SmartRF Packet Sniffer PC Tool:
http://www.ti.com/tool/packet-sniffer

5.2 Subsection

Texas Instruments BLE Stack download page:
http://www.ti.com/tool/ble-stack

5.3 Subsection

Texas Instruments BLE Wiki article with PC examples:
http://processors.wiki.ti.com/index.php/CC254X PC Examples
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6 Test Setup

The antenna radiation pattern is measured in a 3m RF shielded room (anechoic chamber), as shown
in the picture below. The device under test (DUT) is programmed to transmit continuously and is then
rotated both around its horizontal and vertical axis to create a full sphere antenna radiation pattern.
The resolution used is 15 degrees.

The CC2540 USB Dongle was programmed to transmit 4 dBm at 2440 MHz in this specific test. The
USB Dongle was connected to a battery pack when doing the measurements.

Anechoic Chamber

Measurement
Antenna

Device Linder Test

Figure 3: Radiation Pattern Test Setup

Figure 4: Anechoic Chamber DUT Placement
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Figure 5: Anechoic Chamber Receive Antenna

7 Test Data

7.1 Radiated Performance

Total Radiated Power: 1,4 dBm
Peak EIRP: 7,3 dBm
Directivity: 5,9 dBi
Efficiency: -2,6 dB
Efficiency: 55 %
Gain: 4,7 dBi

7.2 Antenna Pattern Plots

The next pages show the antenna pattern plots. The measurements are performed with the USB
Dongle lying in the XZ-plane and the antenna pointing in the Z-direction. The component side of the
PCB is in the positive Y-direction.
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8 Design Files

All the design files for the CC2540 USB Dongle reference design are available for download from the Tl Design
page. The CAD tool used for this design is Zuken Cadstar.

9 About the Author

Fredrik Kervel is Manager for the Bluetooth Smart Applications team at Texas Instruments. Fredrik has more
than 4 years’ experience with developing and testing low power RF designs for 2.4 GHz systems (BLE / RF4CE /
Zigbee / etc.). Fredrik earned his Master of Science in Electrical Engineering (MSEE) from the Norwegian
University of Science and Technology (NTNU) in Trondheim, Norway.

TIDU977 - April 2015 CC2540 Bluetooth Low Energy USB Dongle 10

Copyright © 2015, Texas Instruments Incorporated



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 Tl 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.

Tl reference designs have been created using standard laboratory conditions and engineering practices. Tl has not conducted any
testing other than that specifically described in the published documentation for a particular reference design. Tl may make
corrections, enhancements, improvements and other changes to its reference designs.

Buyers are authorized to use Tl reference designs with the Tl 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 Tl 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.

Tl reserves the right to make corrections, enhancements, improvements and other changes to its semiconductor products and services per
JESDA46, 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.

Tl 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 Tl
deems necessary to support this warranty. Except where mandated by applicable law, testing of all parameters of each component is not
necessarily performed.

Tl 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 Tl information in Tl 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. Tl 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 Tl 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 Tl components are authorized for use in FDA Class Il (or similar life-critical medical equipment) unless authorized officers of the parties
have executed an agreement specifically governing such use.

Only those Tl components that Tl 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.

Tl has specifically designated certain components as meeting ISO/TS16949 requirements, mainly for automotive use. In any case of use of
non-designated products, Tl will not be responsible for any failure to meet ISO/TS16949.
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