Design Considerations for TIDA-00356

CC2541:
Versatile, well documented, low power, easy implementation, Automotive qualified

e This design utilizes the SAT0016 BLE module which is a complete design including crystals and
PCB antenna, which greatly simplifies layout and design considerations. Primary layout
considerations for the main board include minimizing distance to power capacitors and avoiding
any excess metal or ground planes within close proximity to the module antenna.

e To prolong battery life, each input is configured to operate as an interrupt input rather than
polling the switches periodically.

e The I12C pins are configurable as GPIOs, but interrupts are not available on the 12C pins. As such
these pins were allocated to the two outputs in the design — PWM and module LED.

e Pins0and 1 on Port 1 of the CC2541 do not have internal pull-downs, requiring external 10kQ
resistors for this design.

e Each switch has a debounce capacitor, and for the debugging lines these capacitors can interfere
with programming and debugging. For this design, the switches and debounce capacitors can be
isolated from the module when the debugger is present via jumpers J5 and J7.

TPS79801Q:
Wide voltage input, connects directly to car battery, reverse input protection

e The LDO is configured for 3V output via resistors R5 and R6.

TPS92638Q:
Wide voltage input, connects directly to car battery, 8 Channel output, low component count.

e  For this application all PWM channels are tied together to a single GPIO. The LED driver is not
operational off the Li-lon battery, and the current in each channel is limited to 20mA via the
reference resistor R11.

e Running the LED driver at the limited current for extended periods of time can generate
significant amounts of heat, and as such special layout considerations should be observed to
ensure appropriate thermal dissipation.

TPD4E001Q:
Multiple channels with small footprint, simple integration



e These TPD devices require very little configuration and are capable of protecting the CC2541
from Level 4 Contact Discharge on each of the tactile switches.

Design Improvements:
This design utilizes all GPIOs available on the SAT0016 module. Multiplexing GPIOs or using a matrix
keypad for user input would greatly simplify the design. Placing PWM on the 12C line requires software
PWM to operate, should be moved to a pin with a hardware timer as per Table 7-1 in the CC2541 user
guide:

Table 7-1. Peripheral I/O Pin Mapping

Periphery/ PO P1 p2

Function [ 7 [ 6 [ 5[ 4[] 3] 2]1 ol 7]e6]s5][4]3]2]1]o|a][3]z]1]oao

ADC AT | AB | AS | A4 | A3 | AZ | A1 | AD T

Operational
amplifier

Analog
comparator

USART 0 SPI C|SS|MO( M

Alt. 2 MO | MI C | 388

USART 0
UART RT | CT [ TX | RX

Alt. 2 TX | RX | RT | CT

USART 1 SPI M| MO| C | 88

Alt. 2 M| MD| C | 33

USART 1
UART RX | TX | RT | €T

Al 2 RX | TX | RT | CT

TIMER 1 4 3 2 1 0

AlL2| 3 4 0 1 2

TIMER 3 1 0

Alt. 2 1 0

TIMER 4 1 0

Alt. 2 1 0

32-kHz XO5C a1 | Q2

DEBUG DC | DD

OBSSEL 5 4 3 2 1 0




SOFTWARE DESIGN CONSIDERATIONS:

Shunts present on jumpers J5 and J7 can cause errors and warnings during programming. Removing
these shunts disconnects debounce capacitors from the Debug Data and Debug Clock lines and should
eliminate many errors that only occur when attempting to debug or program the device.

General IAR compiler warnings and errors: As this code had been built off of existing workspaces, many
of the compiler options and settings have been pre-set. If however the code is being utilized as a
reference, then special care should be taken to ensure that proper workspace options have been set.
The following contains the full list of settings as of this document for IAR version 8.20, and serves only
as a point of reference for future development and debugging. Some of these settings have been
modified for debugging purposes and may not be required, and using these settings does not guarantee
correct operation of the IAR compiler or software. For use with IAR version 8.30, know issues can arise
with association to the linker file configuration.
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Categary:
[Generatoptons |
C/C++ Compiler
Assembler
Custom Build Target | Data Painter | Code Bank | Cutput | Library Corfiguration | Lk * | *
Build Actions
Linker Device information
Debugger
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Options for node "SimpleBLECentral”

Categon,:

General Options

C/C++ Compiler

Assembler

Custom Build

Build Actions

Linker

Debugger
Third-Party Driver
Texas Instruments
F52 System Navigi
Infineon
Mordic Semiconduc
R.OM-Monitor
Analog Devices
Silabs
Simulator

Target | Data Pointer | Code Bank | Output | Library Configuration | Ligl + [ *

Number of DPTRs:
Size
(@ 16 bit
24 bit

DFTR addresses
Shadowed
(@ Separate

DPTR select
Select register: 52
(@ Toggle using INC

Set using XOR/AND

b azk:

Page register address

=53

[ ]

Bit 8-15:
Bit 16-23:
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Categary:
C/C++ Compiler
Assembler
Custom Build [ Library Configuration | Library options | Stack/Heap | MISRAC:2004 [ [« [+ |
Build Actions . )
Linker Stack sizes Heap sizes
Debugger IDATA: BCD XDATA:  O<FF
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ROM-Monitor Extended: (e3FF Huge: eFFF
Analog Devices
Silabs
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General Options [C] Multi-fle Compilation
Dizcard Unuzed Publics
Assembler
Custorn Build | QOptimizations I Qutput I List | Preprocessor | Diagnostics. | Extra Opitll
Build Actions
Linker [T lgnare standard include directories
Debugger Additional include directories: {one per ling)
Third-Party Driver SPROJ_DIRS\..\..\comman -
Texas Instruments SPROJ_DIRS. \Source D
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) ) EPROJ_DIRS\. A\ MComponentstosalinclude -
Merdic Semicondu|
ROM-Monitor Preinclude file:
Analog Devices [Z]
Silabs
Simulator Defined symbaols: {one per ling)
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Additional Directories

SPROJ_DIRS\..\..\common

SPROJ_DIRS\..\Source
SPROJ_DIRS\..\..\..\..\Components\hal\include
SPROJ_DIRS\..\..\..\..\Components\hal\target\CC2540EB
SPROJ_DIRS\..\..\..\..\Components\osal\include
SPROJ_DIRS\..\..\..\..\Components\services\saddr
SPROJ_DIRS\..\..\..\..\Components\ble\include
SPROJ_DIRS\..\..\..\..\Components\ble\controller\phy
SPROJ_DIRS\..\..\..\..\Components\ble\controller\include
SPROJ_DIRS\..\..\..\..\Components\ble\hci
SPROJ_DIRS\..\..\..\..\Components\ble\host
SPROJ_DIRS\..\..\common\cc2540
SPROJ_DIRS\..\..\common\npi\npi_np
SPROJ_DIRS\..\..\Include
SPROJ_DIRS\..\..\Profiles\Roles
SPROJ_DIRS\..\..\Profiles\SimpleProfile

— =~
— = = =

Defined Symbols

INT_HEAP_LEN=3072
HALNODEBUG
OSAL_CBTIMER_NUM_TASKS=1
HAL_AES_DMA=TRUE
HAL_DMA=TRUE
POWER_SAVING
HAL_LCD=FALSE
HAL_LED=FALSE

Options for node "SimpleBLECentral”

Categony:
[ Muilti-file Compilation

Dizcard Unused Publics

General Options
Assembler
Custom Build

Build Actions
Linker Use command line options

Debugger
Third-Party Driver
Texas Instruments
F52 System Mavigs
Infineon
Mordic Semiconduc
ROM-Monitor
Analog Devices
Silabs
Simulator

Factory Settings

| Preprocessor | Diagnostics | Edra Options | MISRAC:2004 | MISRAC] + |+

Command line options: (one per ling)

f SPROJ_DIRS .\, Nvoorfig buildComponents.cfg
£ $PROJ_DIRS buildCorfig.cfg
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Options for node "SimpleBLECentral” P

Categany: Factaom Settings

General Options
C/C++ Compiler

Assembler
Custom Build Corfig | Output | Bdra Output | st | #define | Diagnostics | Checkl * [
Build Actions
Linker configuration file
Debugger Ovemide default

Third-Party Driver
Texas Instrument
F52 System Mavig:

SPROJ_DIRS. M \common'co2540Mi_Slew_cc2540b xcl E]

Infineon

Mordic Semiconduc [T Ovenide default program entry
ROM-Monitar (@ Entry symbol |__program_start
Analog Devices Defined by application

Silabs Search paths: {one perling)
Simulator

Raw binary image
File: Symbol:  Segment:  Align:

(]
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If there are linker issues while using IAR version 8.30:
= Go to C:\Texas Instruments\BLE-CC254x-
1.4.0\Projects\ble\common\cc2540\ti 5lew_cc2540b.xcl
* Change the line "-Z(DATA)VREG+_NR_OF_VIRTUAL_REGISTERS=08-7F" to "-
Z(DATA)VREG=08-7F"
Note: IAR changed the way virtual registers are handled and placed. Therefore the linker configuration
files must be updated

For more information on software development, including estimating memory size and debugging in
IAR, please refer to document SWRU271 on the Texas Instruments website.


http://www.ti.com/product/cc2540
http://www.ti.com/lit/ug/swru271f/swru271f.pdf

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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