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ABSTRACT

This document provides an overview of the CC26xx and CC13xx Sensor Controller and the Sensor Controller
Studio tool.
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1 Introduction

Sensor Controller Studio is used to write, test and debug code for the CC26xx and CC13xx Sensor Controller.
The tool generates a set of C source files, which contains the Sensor Controller firmware image and allows the
System CPU application to control and exchange data with the Sensor Controller.

This document provides an overview of the CC26xx and CC13xx Sensor Controller and the Sensor Controller
Studio tool.

Prerequisites for the generated driver source code and the supplied examples are stated in Section 3.
Section 5 provides information about how to access tutorials through the Tl Resource Explorer.

The tutorial in Section 6 provides a complete walkthrough of the Sensor Controller Studio tool.

SWRU439M — OCTOBER 2015 — REVISED APRIL 2022 CC26xx, CC13xx Sensor Controller Studio Getting Started Guide 3
Submit Document Feedback

Copyright © 2022 Texas Instruments Incorporated


https://www.ti.com
https://www.ti.com/lit/pdf/SWRU439
https://www.ti.com/feedbackform/techdocfeedback?litnum=SWRU439M&partnum=

13 TEXAS
INSTRUMENTS

Overview www.ti.com

2 Overview

Sensor Controller Studio is used to write, test and debug code for the CC26xx and CC13xx Sensor Controller.
The tool generates a Sensor Controller Interface driver, which is a set of C source files to be compiled into

the System CPU ( Arm® Cortex®-M3 and Arm Cortex-M4 processors) application. These source files contain
the Sensor Controller firmware image, associated definitions, and generic functions that allow the System CPU
application to control the Sensor Controller and exchange data.

The Sensor Controller is a small CPU core that is highly optimized for low power consumption and efficient
peripheral operation. The Sensor Controller is located in the CC26xx and CC13xx auxiliary (AUX) power/clock
domain and can perform simple background tasks autonomously and independently of the System CPU and the
MCU domain power state. These tasks include the following:

* Analog sensor polling, using ADC or comparator

» Digital sensor polling, using SPI, 12C, or other protocols

» Capacitive sensing using current source, comparator, and time-to-digital converter (TDC)
* Waveform generation, for example for LCDs

The Sensor Controller is user programmable, using a simple programming language with syntax similar to C.

This programmability allows for sensor polling and other tasks to be specified as sequential algorithms rather

than static configuration of complex peripheral modules, timers, DMA, register-programmable state machines,
event routing, and so on. The main advantages are:

* Flexibility
* Dynamic reuse of hardware resources

+ Ability to perform simple data processing without the need for dedicated hardware
* Observability and debugging options

For example, the following code samples an analog sensor and notifies the System CPU application if needed:

// Select ADC input
adcSelectGpioInput (AUXIO A SENSOR OUTPUT) ;

// Enable the ADC (fixed reference, 2.7 us sample time, manual trigger)
adcEnableSync (ADC_REF _FIXED, ADC_SAMPLE TIME 2P7 US, ADC_TRIGGER MANUAL);

// Sample the sensor and store the ADC value
adcGenManualTrigger () ;
adcReadFifo (output.adcValue) ;

// Disable the ADC
adcDisable () ;

// Notify the application if above the threshold

if (output.adcValue > SENSOR THRESHOLD) {
fwGenAlertInterrupt () ;

}

The Sensor Controller task algorithms can efficiently be evaluated, debugged, and verified using the Sensor
Controller Studio. The resulting Sensor Controller Interface driver can be treated as a black box, and can be
integrated painlessly into the System CPU application.

There is a command line interface (CLI) that can be used for build automation.
2.1 Sensor Controller and AUX Domain Hardware Overview
Sensor Controller Studio supports the following device families:

¢ CC13x0 and CC26x0
¢ CC13x2 and CC26x2

2.1.1 Hardware Functionality

The Sensor Controller is located in the AUX domain of the CC26xx and CC13xx devices, and has access to
hardware functionality located in the AUX domain.
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The Sensor Controller has, with few exceptions, no access to peripherals, RAM, flash or registers in MCU and
AON domains. This separation allows the MCU domain to enter and exit standby mode independently of the

Sensor Controller. The System CPU has access to all AUX domain peripherals.

Table 2-1 lists the functionality of the hardware in the AUX domain.

Table 2-1. Hardware Functionality

AUX Domain and Sensor Controller

CC13x0, CC26x0

CC13x2, CC26x2

Sensor Controller Engine (power-optimized 16-bit CPU core) Yes Yes

AUX RAM (Sensor Controller instruction and data memory) 2 KB = 1024 x 16-bit words 4 KB = 2048 x16-bit words
Programmable wake-up sources 1 3

Wake up from AON_RTC channel 2 Yes Yes

Analog Peripherals

ADC (12-bit, 200-kHz analog-to-digital converter) Yes Yes
COMPA (continuous time comparator) Yes Yes, improved
COMPB (low-power clocked comparator) Yes Yes, improved
ISRC (0 to 20-pA current source) Yes Yes
Reference DAC (8-bit DAC for COMPA/COMPB reference) — Yes

Digital Peripherals

TDC (96-MHz time-to-digital converter) Yes Yes

Pulse counter (16-bit asynchronous) Yes Yes, improved
TimerO (synchronous timer) Yes, 16-bit Yes, 16-bit, improved
Timer1 (synchronous timer) Yes, 8-bit Yes, 16-bit, improved
Timer2 (16-bit asynchronous PWM/sequencing timer) — Yes
Microsecond delay timer — Yes

AUX 1/O controllers (8 pins each) 2 4
Hardware semaphores (for peripheral sharing with System

CPU) 8 8

Multiply and accumulate accelerator (40-bit accumulator) — Yes

Serial Interfaces

Serial peripheral interface (SPI) Bit-banged Yes, hardware peripheral
12C master (400 kHz or 100 kHz) Bit-banged Bit-banged

/0 Pins

Analog- and digital-capable general-purpose 1/O pins Upto 8 Upto 8
Digital-only general-purpose 1/O pins Upto 8 Up to 23
System

Observation signal output (AUX event bus signal to GPIO) — 1
AON_BATMON read access (temperature and voltage) — Yes
AON_RTC read access (16-bit second, 16-bit subsecond) — Yes

MCU domain and power supply system status — Yes

VDDR recharge status and interaction — Yes

For an overview of the differences between the CC13x0, CC26x0 and the CC13x2, CC26x2 device families, see
the Chip Family Migration Guide in the Sensor Controller Studio help viewer.

For detailed technical information about the Sensor Controller Engine CPU core, see the Assembly Language

Reference in the Sensor Controller Studio help viewer.

2.1.2 Power and Clock Management

The sections that follow describe for each device family the available power modes and the clock frequencies in
each power mode, depending on the state of the System CPU.

The main improvements in the CC13x2 and CC26x2 device family are:
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* 2-MHz clock generated by RCOSC MF
* Low-power mode (power supply system is off, some analog and digital peripherals are unavailable)
» Faster wake-up times

2.1.2.1 CC13x0 and CC26x0 Operation Modes

The Sensor Controller is in active mode when running task code and in standby mode otherwise. The Sensor
Controller firmware framework, which is integrated in the generated driver, autonomously handles the transitions
into and out of standby mode.

All peripheral modules are available in active mode, unless they are used by the System CPU. A small number
of peripherals can be used in standby mode to trigger wakeup of the Sensor Controller.

Table 2-2 lists the Sensor Controller/AUX domain clock source and frequency for the different modes of

operation.

Table 2-2. Clock Source and Frequency in the Sensor Controller and AUX Domain

Operation State

Frequency and Source

System CPU and MCU Domain
Active

System CPU and MCU Domain Standby

Active

Sensor Controller clock

24 MHz (SCLK_HF / 2

24 MHz (SCLK_HF / 2)

AUX bus clock

24 MHz (SCLK_HF / 2

24 MHz (SCLK_HF / 2)

Standby with event
trigger

Sensor Controller clock

24 MHz (SCLK_HF / 2

32 kHz (SCLK_LF)

AUX bus clock

32 kHz (SCLK_LF)

Standby without event
trigger

Sensor Controller clock

24 MHz (SCLK_HF / 2

No clock

AUX bus clock

( )
( )
( )
24 MHz (SCLK_HF / 2)
( )
( )

24 MHz (SCLK_HF / 2

No clock

2.1.2.2 CC13x2 and CC26x2 Operation Modes

The Sensor Controller is in active mode or low-power mode when running task code, and in standby mode

otherwise.

The Sensor Controller firmware framework, which is integrated in the generated driver, handles the transitions

into and out of standby mode autonomously.

The Sensor Controller configuration and task code can trigger transitions between the active and low-power
modes. The Sensor Controller wakes up to the power mode that was used when it entered standby.

All peripheral modules are available in active mode, unless they are used by the System CPU. Peripheral
modules that require active mode (SCLK_HF and/or other system functionality) are not available in low-power
mode. A small number of peripherals can be used in standby mode to trigger Sensor Controller wake-up.

Table 2-3 shows the Sensor Controller and AUX domain clock source and frequency for the different modes of

operation.

Table 2-3. Clock Source and Frequency in the Sensor Controller and AUX Domain

Operation State

Frequency and Source

System CPU and MCU Domain
Active

System CPU and MCU Domain Standby

Active with Sensor
Controller at 24 MHz

Sensor Controller clock

24 MHz (SCLK_HF / 2)

24 MHz (SCLK_HF / 2)

AUX bus clock

24 MHz (SCLK_HF / 2)

24 MHz (SCLK_HF / 2)

Active with Sensor
Controller at 2 MHz

Sensor Controller clock

2 MHz (derived from SCLK_HF / 2)

2 MHz (derived from SCLK_HF / 2)

AUX bus clock

24 MHz (SCLK_HF / 2)

24 MHz (SCLK_HF / 2)

Low-power

Sensor Controller clock

2 MHz (derived from SCLK_HF / 2)

2 MHz (SCLK_MF)

AUX bus clock

24 MHz (SCLK_HF / 2)

2 MHz (SCLK_MF)

Standby with Timer0/1
event trigger

Sensor Controller clock

32 kHz (derived from SCLK_HF / 2)

32 kHz (SCLK_LF)

AUX bus clock

24 MHz (SCLK_HF / 2)

32 kHz (SCLK_LF)

Standby without Timer0/1
event trigger

Sensor Controller clock

No clock

No clock

AUX bus clock

24 MHz (SCLK_HF / 2)

No clock
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2.1.2.3 Communication With the System CPU Application

The Sensor Controller tasks and System CPU application exchange data through shared memory in the AUX
RAM. Sensor Controller Studio generates type definitions and other needed definitions for easy access to these
variables.

A pair of event signals is used by the Sensor Controller Interface driver to control the Sensor Controller tasks:

» To Sensor Controller: CTRL initiates a control operation that starts or stops Sensor Controller tasks.
» From Sensor Controller: READY indicates that the control interface is idle and ready for another control
operation.

Another pair of event signals is used by the Sensor Controller to notify the System CPU and exchange data:

* From Sensor Controller: ALERT wakes up the System CPU if currently in standby mode, and generates a
callback (interrupt).
» To Sensor Controller: ACK indicates that the System CPU has handled the last alert and is ready for another.

The event signaling is handled internally by the Sensor Controller Interface driver and the Sensor Controller
firmware framework, but it is exposed to the application through function calls and callbacks.

2.2 Sensor Controller Interface Driver

The generated Sensor Controller Interface driver (SCIF) consists of three pairs of C header and source files that
are used in the application running on the System CPU. The driver includes:

* The driver setup contains:
The AUX RAM image (containing machine code and data for the Sensor Controller)
Data structure definitions (for easy access to Sensor Controller configuration, state and input/output data)
Constant definitions (matching relevant constants used in the Sensor Controller code)
— /0 mapping, task data structure information, and other parameters for driver internal use
* A generic application programming interface (API) for:
— Initializing the driver (including 1/O pin configuration and event routing)
— Task control (for starting, stopping and manually executing Sensor Controller tasks)
— Task data exchange (for producing input data to and consume output data from Sensor Controller tasks)
— Uninitializing the driver (allowing the application to switch SCIF driver setup)
* An operating system abstraction layer (OSAL) that:
— Ensures seamless integration with the selected operating system, for example TI-RTOS
— Ensures seamless integration with the power and clock management framework running on the System
CPU

2.2.1 Tailored How-To-Use Guide

Sensor Controller Studio also outputs a tailored how-to-use guide (HTML document) together with the generated
SCIF driver.

The guide is divided into two main sections:

» Getting Started: Basic steps to add the SCIF driver to the System CPU application.
» Further Integration: Detailed task control, other SCIF driver features, and helpful information.

The guide contains only relevant information for each generated SCIF driver.
The guide contains code snippets that can be copied and pasted directly into the application source code.
2.2.2 Doxygen Documentation

The SCIF driver header and source files are documented using Doxygen syntax. This documentation includes
project-specific information, such as names, descriptions, I/O mapping overview, constants, task data structures,
and resource specific APIs (for example for the "UART Emulator” resource).

For the generated SCIF driver, Sensor Controller Studio outputs a doxyfile (that is, a project file for Doxygen),
and a Windows batch file for running Doxygen on this doxyfile.
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2.3 Sensor Controller Programming Model

Sensor Controller Studio is project-based. All data associated with a Sensor Controller project is stored in one
file (*.scp). Each project may contain one or more Sensor Controller tasks (for example, capacitive sensing and
ADC measurement). The output of a project is one SCIF driver.

The task code programming language uses a syntax that is similar to C, but has limited features compared to C
because it specifically targets the instruction set and architecture of the Sensor Controller Engine. For example,
there is only support for 16-bit variables.

Hardware peripherals and software algorithms are available as resources. For each task, a set of resources
must be selected and configured to enable different types of functionality, such as:

* Analog and digital peripheral modules (ADC)

* Analog and digital general-purpose /O (GPIO) pins
» Simple and complex software algorithms

» Bit-banged serial interfaces

» Task scheduling and event handling,

* Communication with the System CPU

Each task resource enable a set of procedures (equivalent to functions in C), with associated constants and
variables. The task code can call these procedures to access hardware modules, firmware framework features,
and optimized software algorithms.

It is possible to add user-specified constants and variables that can be linked to resource configuration values
(for example, the number of ADC input pins).

The programming model and firmware framework are optimized for low overhead when communicating with the
System CPU application, low AUX RAM memory footprint, and efficient use of the Sensor Controller's instruction
set. To minimize power consumption, the Sensor Controller enters standby mode when it is idle.

2.4 Sensor Controller Tasks
A Sensor Controller task consists of the following components:

* Resources, with associated configurations, procedures and I/O pins
» Constants

» Data structures

» Task code blocks

Sensor Controller tasks are fully independent and cannot transfer data or control each other.
2.4.1 Data Structures

Each Sensor Controller task stores its global variables in a standardized set of data structures. The data
structures are located in the AUX RAM, which is mapped into the memory address space of the System CPU
and the DMA. The data structures for a task are:

» cfg: Used to perform run-time configuration of the task before the task is started

» input: Used to pass input data to the task (for example, dynamic parameters for an external sensor)
» output: Used to pass output data to the System CPU application (for example, accelerometer data)
» state: Internal variables used to store the state of the task between iterations

The output data structure can be single- or multiple-buffered. The task can alert the System CPU application
(with interrupt generation) to request data exchange or the application can simply poll and access the data
structure variables (if the System CPU wakes up periodically).

2.4.2 Task Code Blocks
The task algorithm is divided into four types of code blocks:

+ Initialization Code: Runs one time when the task is started through the task control interface
— Performs one-time hardware initialization to reduce execution time
— Sets up task data and hardware for special behavior during the first execution
— Schedules the next iteration of the Execution Code and (or) sets up an Event Handler Code trigger
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+ To run iterations of the Sensor Controller task, one or both of the following code blocks can be implemented:
— Execution Code: Runs each time the task is scheduled for execution (based on periodic ticks from the
real-time counter (RTC))
» Executes the task algorithm, for example sampling capacitive touch buttons, simple data filtering,
processing and buffering
» Alerts the System CPU application to perform data exchange or signalize events when needed (for
example when an array of ADC samples is full)
» Schedules the next iteration of the Execution Code and (or) sets up an Event Handler Code trigger
— Event Handler Code: Runs one time when the trigger that was set up occurs, (for example, an edge or
level on an AUX I/O pin, or after a variable delay):
» The timer trigger is typically used to run Sensor Controller tasks at irregular intervals or to follow up on
actions performed by the Execution Code
» The GPIO trigger is typically used to respond to external interrupts
» Other event triggers are available, depending on the device family
» Alerts the System CPU application to perform data exchange or signalize events when needed (for
example, when accelerometer data indicates movement)
» Sets up another Event Handler Code trigger, if needed
» Termination Code: Runs one time when the task is stopped through the task control interface
— Shuts down hardware left active between task iterations
— Performs final (partial) data exchange, if needed

The CC13x0 and CC26x0 device family supports one event trigger and one Event Handler Code block per
project.

The CC13x2 and CC26x2 device family supports three independent event triggers and up to three Event
Handler Code blocks per project.

2.4.3 High-Level Program Flow

The Sensor Controller Engine does not support preemption, which means that one task code block cannot
interrupt another task code block. While this is a limitation, it prevents actions of one task (for example SPI
communication) from interfering with the measurements of another task (for example, capacitive touch).

A Sensor Controller task is typically executed in short iterations. It is possible to implement tasks that run for
longer periods of time, but this will prevent other tasks from running during that time.

2.5 Task Testing and Debugging

The Sensor Controller Studio provides a generic, easy-to-use environment for ad hoc and exhaustive testing,
and for low-level debugging of tasks.

Task testing can be performed one task at a time, using an XDS100v3, XDS110 or XDS200 JTAG debug probe
for interfacing with the CC13xx and CC26xx device. While testing, the Sensor Controller Studio acts as the
System CPU application and is responsible for controlling the Sensor Controller task. Values of all data structure
members (from cfg, input, output and state) are logged after each task iteration. These values can be displayed
graphically in Sensor Controller Studio and can also be saved to file for external analysis.

Low-level task code debugging allows for single-stepping instructions or running, with breakpoints, the
initialization, execution, event handler and termination code blocks. Debugging is performed on the generated
assembly code.

Because the Sensor Controller tasks will execute asynchronously with the System CPU application, and mostly
while the MCU power/clock domain is in standby, there is normally little to be gained from debugging the Sensor
Controller code together with the System CPU application code. This option is therefore not supported.

2.6 Run-Time Logging

The Sensor Controller Studio provides a generic, easy-to-use environment for evaluating and optimizing
performance of tasks while these run at full speed, as they would in the actual application.

Run-time logging can be performed using a generic System CPU application image programmed by Sensor
Controller Studio (through an XDS100v3 or XDS110 JTAG debug probe), or it can be performed using a custom
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application image programmed manually into flash. Commands and data are then transferred over UART, using
a protocol based on the network processor interface (NPI).

The task data structures can be selected individually as either logged or editable. Logged data structures
can be displayed graphically in Sensor Controller Studio and can also be saved to file for external analysis.

Editable data structures can be modified by Sensor Controller Studio while the tasks are running on the Sensor
Controller.
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3 Prerequisites

3.1 Driver

The generated Sensor Controller Interface driver depends on register definitions and basic operating system
functionality. These dependencies are included in the following software development kits (SDKs):

» SimpleLink™ CC13x0 SDK
» SimpleLink CC2640R2 SDK
» SimpleLink CC13xx CC26xx SDK

The driver is also compatible with previous SDK generations:

» SimpleLink CC13x2 26x2 SDK
* TI-RTOS for CC26xx and CC13xx
* TI-RTOS for SimpleLink Wireless MCUs

The Revision History lists all compatible SDK releases for your current Sensor Controller Studio version. The
generated driver will normally also be compatible with future SDK releases because it depends only on basic
SDK functionality.

The driver source files are compatible with the following IDEs and compilers:

* |AR Embedded Workbench® for Arm (EWARM)
» Code Composer Studio™ IDE (TI compiler)

+ Keil® MDK-ARM

+ Arm GCC

3.2 Examples

Examples with associated files are configured and patched when opened through the Sensor Controller Studio
Start Page Panel. This allows support for different target chips (when supported by the example hardware
platform) and for different SDK releases. Example project files are provided for the IAR EWARM and TI CCS
toolchains.

The Revision History lists all supported SDK releases for your current Sensor Controller Studio version.
The example application project files require one of the following:

* For CC13x0 and CC26x0 devices:
— |AR EWARM 8.20.1 or later
— TICCS 7.3.0 or later
* For CC13x2 and CC26x2 devices:
— |AR EWARM 8.50.1 or later
— TICCS 10.2.0 or later
— For SimpleLink CC13x2 26x2 SDK 4.30 or later: SysConfig (Tl System Configuration Tool). The SysConfig
version must match the SDK. See the SDK release notes for details.

Note that the examples depend on device support in the IAR EWARM and TI CCS toolchains. The SDKs also
have toolchain dependencies.
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4 Installation
4.1 Sensor Controller Studio for Windows®

By default, the Sensor Controller Studio will install to <Program Files>\Texas Instruments\Sensor Controller
Studio. The installer requires administrator privileges to allow for the JTAG debug probe (XDS100v3, XDS110
and XDS200) driver installation. The JTAG interface is used for testing and debugging of the Sensor Controller
tasks.

Once started, Sensor Controller Studio creates folders for examples, user projects and user-defined content
under <My Documents>\Texas Instruments\Sensor Controller Studio.

4.1.1 Update Service

Sensor Controller Studio 1.3.0 and later can check for new releases and for patches to your current installation.
Patches are made available between releases to fix bugs and add new features, such as:

» Support for new SDK releases in the example configuration
* Bug fixes for SCIF driver and task code procedures
* New examples, task resources and task code procedures

Patches can be added and removed independently without running an installer.
4.2 Sensor Controller Studio CLI for Linux (64-Bit)

The command line interface (CLI) for Linux is provided as a minimal tarball. This CLI can be used to automate
the Sensor Controller Studio code generation step.

See the included readme.md file for instructions and other relevant information.
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5 Sensor Controller Studio Tutorials
Tutorials for Sensor Controller Studio are available in the Tl Resource Explorer, under the SimpleLink Academy
labs.

To access these tutorials, double-click the links for the SimpleLink Academy Labs in the Start Page panel of the
Sensor Controller Studio (see Figure 5-1).

Start Page Mo updates available

Sensor Controller Studio ‘;’P TEXAS INSTRUMENTS

Projects Tool Documentation

.é'ﬂ Create Mew Project FoE Getting Started Guide / Tutonial
| Open Existing Project E Revision History
mE Chip Family Migration Guide
m Sensor Controller Studio Help
mEy Sensor Controller Task Code Language Reference

Examples Online Documentation and Resources

|=Z LaunchPad |Z Training

|= LaunchPad + ULP Sense Boosterpack [@] Sensor Controller Introduction Video

|Z¢ SensorTag [ﬁ] CC13x0 Simplelink Academy Labs

| Z¢ SmartRFOGEE [ﬁ] CC2640R2F SimpleLink Academy Labs
| = Software

@ Sensor Controller Studio Product Web Page
[@] Sensor Controller Studio Patches (Manual Installation)

i Tl Resnurce Fynlorer

Figure 5-1. SimpleLink™ Academy Labs

Clicking these links opens the Tl Resource Explorer in a Web browser (see Figure 5-2).
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i Tl Resource Explorer Select a De

4 ® =

&«
= Device Documentation
4 = Software
4 7 SimpleLink CC13x0 SDK - v:1.50.00.08
= Documents
= Examples
4 B Simplelink Academy - v:1.14.02.04
@ Overview
4 (= Labs
= Tl 15.4-Stack
= Proprietary RF
= TI-RTOS
4 = Sensor Controller Studio
@ Fundamentals
@ Project from Scratch
= POSIX
= Tl Drivers

Labs +

[#=

[ T1 15.4-5tac

[CJ Proprietary RF

[_J TI-RTOS

(23 Sensor Controller Studio
3 POSIX

[ Tl Drivers

Figure 5-2. Tl Resource Explorer
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6 Sensor Controller Studio Walkthrough

This section provides a detailed walkthrough of Sensor Controller Studio tool. The walkthrough opens the “ADC
Window Monitor” example for the LaunchPad™ Development Kit, and then explains the different parts of the tool.

6.1 Start Page and Navigation

The Start Page provides easy access to projects, examples, documentation and online resources (see Figure
6-1).

The left part of the main window displays a project tree that is used for navigation. The right part of the main
window displays the panel that is currently selected in the project tree (for example, the Start Page).

For efficient navigation, use the Alt+Up/Down keyboard shortcuts, the panel shortcuts found in the View menu,
and the mouse back/forward buttons.

Sensor Controller Studio 2,9.0.0 - Texas Instruments.

Ele View Updates Help

B =& Start Page Mo updates available =

3 Start Page

[#] Code Generator . i
Sensor Controller Studio Ql TEXAS INSTRUMENTS
Projects Tool Documentation
2 Create New Project @y Getting Started Guide / Tutorial
[ Open Existing Praject ) Revision History

ey Chip Family Migration Guide

I@ Senser Controller Studio Help

my Sensor Controller Task Code Language Reference

@ CC13x0/CC26x0 SCIF Driver Sample Documentation
i CC13x2/CC26:2 SCIF Driver Sample Documentation
= Sensor Controller Studio Software License Agreement
Iﬁ Sensor Controller Studio Software Manifest

Examples ¥ Online Documentation and Resources

[iZ LaunchPad |Z Training

[ LaunchPad + ULP Sense BoosterPack @ Sensor Controller Introduction Video
= Analog Light Sensor ) CC13x0 SimpleLink Academy Labs
(5 Capacitive Touch ) CC2640R2F Simplelink Academy Labs
E LC Flow Meter lﬁ] CC13x2 CC26x2 SimpleLink Academy Labs
(2] Potmeter [ Software
.E:‘ Reed Switch I@ Sensor Controller Studie Product Web Page
@ SPI Accelerometer ) Sensor Centroller Studio Patches (Manual Installation)

[ LaunchPad SensorTag Kit (LPSTK) @ Tl Resource Explorer

[ SensorTag [ ULP Sense BoosterPack

[ SmartRFOGER ) BOOSTXL-ULPSENSE Product Web Page

[ Device Documentation

lﬁ] CC13x0/CC26x0 Technical Reference Manual

b CE12. 001D Tackhnical Dofarmncn [T '

I —
Figure 6-1. Start Page

Access preference settings for Sensor Controller Studio through the file menu or by pressing Ctrl+P. These
control tool behaviors that are not related to specific Sensor Controller projects.
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6.2 Documentation

Most of the Sensor Controller Studio documentation is provided in the Help Viewer. This documentation
includes:

Introduction and overview of the tool

Panel documentation

Resource and procedure documentation
Sensor Controller task code programming language reference and other reference documents

Revision history

Other documentation (for example, for the generated SCIF driver) can be accessed through the Start Page
panel.

Press F1 at any time to open the Help Viewer (see the example in Figure 6-2).

Help Viewer - Sensor Controller Studio 2.9.0.0 - Texas Instruments — [m]

File

Chip family: [eERFReel>ig -

Search  View

Run-Time Logging

v General-Purpose /0

Analog Open-Drain Pins
Analog Open-Source Pins
Analog Pins

Differential Output Pins
Digital Input Pins

Digital Open-Drain Pins
Digital Open-Source Pins
Digital Qutput Pins

¥ Miscellanecus

Delay Insertion

~ Peripherals

ADC

COMPA
COMPB

ISRC

Pulse Counter
TDC

Timer 0
Timer 1

* Serial Interfaces

12C Master
SPI Chip Select
SPI Data Transfer

~ System CPU Communication
Multi-Buffered Output Data Exchange

Peripheral Sharing
Systemn CPU Alert

~ Task Event Handling

COMPB Event Trigger
GPIO Event Trigger
Timer 1 Event Trigger

¥ Task Execution
RTC-Based Execution Scheduling
~ Timestamping

RTC Multi-Event Capture

v Utilities

Math and Logic

Task Code Language Reference
Assembly Language Reference
SCIF Operating System Abstraction Layer
Run-Time Logging NP Protocol
Command Line Interface

® I2C Master

search text and press Enter

Description
12C master interface

This resource implements a bit-banged Inter-Integrated Circuit (12C) master interface, which allows Sensor Controller task code to perform 12C
transfers. The interface consists of the following signals:

* SCL open-drain - Serial clock (controlled by master, stretched by slave)
* SDA open-drain - Serial data (bi-directional)

External pull-up resistors are required for SCL and SDA. The resistor values must comply with the requirements in the 12C Specification. Typical
wvalues are 2.2 kOhm or 10 kOhm, depending on bus load and serial clock frequency.

General features:

* |2C master, supporting 7-bit address and 8-bit data
* Configurable serial clock frequency: 400 or 100 kHz
* Clock stretching by 12C slave, with configurable timeout up to 20 ms

It is recommended to use the highest supported clock frequency and minimize periodical 12C communication, since there is significant leakage
through the pull-up resistors while SDA and SCL are driven low.

High-Level Procedures for 12C Device Register Access

Use the high-level 12C device procedures to access register-based 12C devices, with 8-bit address and 8/16-bit value. These procedures can be used
to operate most sensors with 12C interface:

* 8-bit register value:

* i2cDeviceWriteRegs()

* i2cDeviceReadRegs()

* 16-bit register value, LSB at specified address, MSB at specified address + 1:
* i2cDeviceWriteReglélsbrirst()
* i2cDeviceReadRegl6lsbFirst()

® 16-bit register value, MSB at specified address, LSB at specified address + 1:
* i2cDeviceWriteRegl6MsbFirst()
* i2cDeviceReadRegléMsbFirst()

Low-Level Procedures for Basic 12C Operations
Use the low-level 12C procedures to perform operations that are not supported by the high-level procedures, or to optimize complex operations:

* Conditions:
* izcstart()

Figure 6-2. Help Viewer Example Page
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6.3 Open the Example

In the "Examples" section of the Start Page, open the example configuration window by clicking on the
"LaunchPad" folder and then double-clicking on “ADC Window Monitor.”

This action will display the example configuration window (see Figure 6-3), which allows the examples to work

seamlessly with the following:

» Different target chips
+ Different SDK releases

Example Configuration: ADC Window Manitor e

Setting

Example location

Output base directary
Qutput sub-directory
Sensor Controller Studio project defaults
Operating system
Target chip selection
MName
Package
Revision
Memory option
Application Run-Time Framework
SDK installation base directory
SDK release
v Overrides (leave empty to use default)
SDK version
SysConfig version
SDK directory
TI-RTOS kernel directery
Dewice fariy di

Value

CifUsers/ /Documents/Texas Instruments/Sensor Controller Studio/examples

adc_window_menitor_launchpad
TI-RTOS

CC1312R1F3

QFN48 7x7 RGZ

E(2.1) or F (3.0)

F332

Cfti
SimpleLink CC13xx CC26xx SDK 5.40,00.40

Cancel

Figure 6-3. Example Configuration
» Check that the settings for the target chip name and SDK release are correct, and update if necessary. You
can use the base directory and override settings if the desired SDK is not yet supported, or if it is installed in

a nondefault location.
¢ Press OK.

This action will patch and output the Sensor Controller project, application source code, and project files for

IAR and CCS.

Note

While chip name, revision and package can be modified later in the Project panel, these settings
will then be incompatible with the application project files. Instead, rerun the example configuration
to create new application project files.
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6.4 Project Panel

The project panel contains settings that apply to the entire project, and allows for tasks to be added and
removed (see Figure 6-4).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments
File View Help

o TS ADC Window Monitor for LaunchPad
Project name: ADC Window Menitor for LaunchPad|

B C Window Monitor fol C E2 = =

LA DEWin-lowiN: forlaunchtad Project file: . examples/adc_window_monitor_launchpad/adc_window_monitor_launchpad.scp
Power and Clock Settings
~ [ ADC Window Monitor Project description: Demonstrates ADC value menitoring, where the Sensor Contreller only notifies the System CPU application when the ADC value monitoring state changes.

ﬁ Constants and Data Structures
E? Initialization Code

3 Execution Code

=5 Termination Code

B2 1/0 Mapping Operating system: TI-RTOS -

@ Code Generator Source code prefic

4 Task Testin g

[ Run-Time Logging Source code output directory:
Target Chip
Chip name: CC1312R1F3 v
Chip package: QFN48 7x7 RGZ ©
Chip revision: E(1)orF(3.00 -

Compatible chips: Device Package SCIF Driver  Task Te
CC1312RIF3  QFN48 7x7 RGZ E@1orF{3.0) Compatible
CCI312R7  QFN4E 77 RGZ AQLD) Compatible

The monitoring state indicates whether the ADC value is below, inside or above a configurable window:
- If below the configurable low threshold, the application indicates this on LaunchPad Green LED
- If above the configurable high threshold, the application indicates this en LaunchPad Red LED

Compatible
Mot compatible

Sensor Controller Tasks

me Task ID / Execution Order

£l ADC Window Menitor

Figure 6-4. Project Settings Panel

The project settings include:

» Project name and description: These are included in the generated SCIF driver setup header file.

» Operating system: Select the operating system that affects which SCIF OSAL files are output.

» Source code prefix (optional): If needed, specify a prefix that will be added to relevant parts of the driver
setup (including file names). This allows for multiple SCIF driver setups in one application.

» Source code output directory: Specify the path of the generated output by the absolute path or path relative to
the Sensor Controller project file (*.scp).

» Target chip: Select the target chip by specifying name, revision, and package. These settings affect which
task resources are available, 1/0 mapping, task testing, and runtime logging.

Sensor Controller tasks can be added to and removed from the project in the bottom section.

It is possible to have multiple projects open at the same time.

Note

The Save project and Close project commands apply only to the currently selected project in the
project tree.
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6.5 Task Panel Settings

The task panel contains settings that apply to one task, including resource selection and configuration (see the
example in Figure 6-5).

K& Sensor Controller Studio 2.9.0.0 - Texas Instruments — o %

File View Help

e ® S ADC Window Monitor
Start Page Task name: ADC Window Menitor

(=] ADC Window Monitor for LaunchPad B Task description:
|ﬂ Power and Clock Settings
A & ~DC Window Monitor
ﬁ Constants and Data Structures
E? Initialization Code
3 Execution Code
=5 Termination Code
B2 1/0 Mapping
€] Code Generator Task resources: v Algorithms
8] Task Testing [ LCD Controller Waveform generation for LCD, supporting any number of GPIO pins
] Run-Time Logging [ UART Emulator
¥ Development Tools
Run-Time Logging
~ General-Purpose /O

The Sensor Controller samples a single ADC channel and monitor and maintains a bit-vector that indicates whether the ADC value is:
- Below a configurable low threshold
- Above a configurable high threshold

The Systern CPU application is notified when the bit-vector (the monitoring state) changes.

Full-duplex UART interface emulator

ﬂ Evaluste and optimize perfarmance of Sensar Contraller tasks at full speed

[ Analog Open-Drain Pins

[0 Analog Open-Source Pins
~ [ Analog Pins

~ 2 SENSOR_OUTPUT

J Pin count
[ Differential Output Pins
[ Digital Input Pins
[ Digital Open-Drain Pins
[ Digital Open-Source Pins

[ Digital Qutput Pins
v Miscellaneous
[J AON Domain Functionality

General-purpose analog + open-drain pins (can drive ta GND, for cap. touch)
General-purpose analog + open-source pins (can drive to VDDS)
General-purpose analog pins, for use with analog peripherals

Sensor output

1 {accessed by constant)

General-purpose digital differential cutput pin pairs
General-purpose digital input pins, for manual polling
General-purpose digital open-drain pins (drive low)
General-purpose digital open-source pins (drive high)

General-purpose digital output pins

[ Delay Insertion

[ Signal Observation
¥ Peripherals

Provides access to always-on domain system functienality
Insert timer delays or wait for events in task code

Observation of AUX domain event bus signal on GPIQ pin

ADC Hl /nalog to digital converter

[ compa il Continuous time comparator

[ comee Hl | ow-power clocked comparatar

[ IsRC il Current source (for cap. touch and temperature measurement)

[ Pulee . ? I 0o edoec on 2 digital ingut pin or the COMDA ouip

Figure 6-5. Task Panel

The task name is used in the generated SCIF driver code to identify the task and must be unique per project.

The task description (also included in the generated driver) can be used to explain the task purpose, usage,
electrical connections, and so forth.

Task resources are selected to enable access to hardware modules, firmware framework functionality and
various software algorithms. Some resources have configuration settings. For the "General Purpose 1/0O"
resources, multiple usages with different name and configuration can be specified. Press the help buttons [?] to
view resource documentation, including associated procedures, constants and variables.

For the ADC Window Monitor task, the following resources are selected:

» ADC: to measure the output of the light sensor

* Analog Pins (one instance): to connect the analog sensor output to the ADC

» System CPU Alert: to wake up and generate interrupts in the System CPU application
* RTC-Based Execution Scheduling: to trigger periodical execution of the task
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6.6 Constants and Data Structures Panel

The constants and data structures panel is used to add, edit and remove user-defined constants and data

structure variables (see Figure 6-6).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments

File View Constants and Data Structures  Help
o 7L

Start Page
E ADC Window Monitor for LaunchPad B3
|i Power and Clock Settings
v £ ADC Window Monitor
&' Constants and Data Structures
E? Initialization Code
3 Execution Code
=5 Termination Code
B2 1/0 Mapping
\ﬂ Code Generator
8 Task Testing
28 Run-Time Logging

Constants

Name

Add new constant

Data Structures

Name Initial value
cfg

@ adcWindowHigh 0

@ adcWindowlow 0

4 Add new data structure member
input
4 Add new data structure member
output
~ adcValue i
@ bvWindowState n %0000
4 Add new data structure member
state n
4 Add new data structure member

ADC Window Monitor - Constants and Data Structures

@ BV_ADC_WINDOW_HIGH Hl 00002 Type:
© BY_ADC_WINDOW LOW B o001

- ] X
= B

MName: Enter the constant name, for exarmnple "BUFFER_SIZE"

16-bit unsigned, decimal -
Value: Enter an expression, for example "5" or "(OTHER_COMSTANT * 2) + 1" I:
Description: Enter a description, for example "Number of buffered samples”
Errors and warnings:  [Seagiay

Enter value expression
Mame: output adcValue
Type: 16-bit unsigned, decimal ©
Array size (constant):  [UIGEICN -
Initial value: 0 | B

Description: Last ADC value

Errors and warnings:

Figure 6-6. Constants and Data Structures Panel

Constants are available both to Sensor Controller task code, and to the System CPU application through C

defines (with prefix to prevent name conflict).

Data structure variables are used to store Sensor Controller data between task iterations, and to exchange data
with the System CPU application (through C structs).

There are two editor views/modes:

» Form view (default): Edit attributes for one constant and one data structure at a time
» Table view: Shows all attributes for all constants and data structures to allow more efficient editing
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6.7 Task Code Editor Panels

There is one task code editor panel for each task code block. The Event Handler Code panels are only displayed
when event trigger resources are enabled in the task panel.

To the left is the task code editor. Press F2 to open the Task Code Language Reference document in the Help

Viewer (see Figure 6-7).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments

File Edit Miew Constants and Data Structures  Help

ADC Window Monitor - Execution Code

B "9
Start Page
EI-‘ ADC Window Monitor for LaunchPad B3
|A Power and Clock Settings
v £ ADC Window Monitor
ﬁ Constants and Data Structures
S Initialization Code
S Execution Code

[N IR NV S

// Enable the ADC

adcEnableSync (ADC_REF_FIXED, ADC_SAMPLE_TIME_2P7_US, ADC_TRIGGER_MANUAL);

// sample the sensor

U16 adcvalue;
adcGenManualTrigger();
adcReadFifo(adcValue);
output.adcvalue = adcvalue;

Nl // Disable the ADC

Constants
BV_ADC_WINDOW_HIGH
BY_ADC_WINDOW_LOW
ADC_INPUT_DCOUPL
ADC_INPUT_VDDS
ADC_INPUT_VSS
ADC_REF_FIXED
ADC_REF_VDDS_REL

ADC_SAMPLE TIME 10P6_US

ADC_SAMPLE_TIME_10PI_MS

IBY // ctermine if the ADC value is below the Low threshold or above the high threshold ADC_SAMPLE TIME_T70_US

U16 bvilindowState = BxB00; ADC_SAMPLE_TIME_1P37_MS5
- > a A

if (adcvalue < cfg.adckindowlow) { ADC_S'—\MPLE_T|ME_21E3_US -

builindowState |= BV_ADC_WINDOW_LOW; ANC cAMIDIE TIMIE oD72 Ly

=0 Termination Code
B2 1/0 Mapping
\ﬂ Code Generator
8 Task Testing
28 Run-Time Logging

adcDisable();

} Data structures Initial
N if (adcvalue > cfg.adcWindowHigh) { oo
9 bvidindowstat: = BV_ADC_WINDOW HIGH;
o B indowState |- BV_ADC i adcWindowHigh 0
adcWindowLow 0
el // Alert the driver when the window state changes input
N if (bwindowstate != output.buiindowstate) { output
output.bvidindowState = bviindowState; adcValue 0

fwGenAlertInterrupt(); bvWindowState
26 I state

// Schedule the next execution
=N fwScheduleTask(l);

// Run-time logging: Log the output data structure
Sl rtllogStructs(BV_RTL_LOG_OUTPUT);

Available procedures
adcDisable
adcDisablelnputScaling
adcEnableAsync
adcEnableSync
adcFlushFifo
adcGenManualTrigger
adcGetFifoStatus
adcPopFifo
adcReadFifo
adcSelectGpiolnput
adcSelectintinput
fwGenAlertinterrupt

Figure 6-7. Task Code Editor Panel

To the right (see Figure 6-7) are lists that show the following:

« Relevant constants with values for use in the task code
¢ The task data structure members with initial values
* Procedures that can be called from the task code

Pop-up documentation is displayed when typing the parameters and return values of a procedure. The pop-ups
can also be triggered by moving the cursor to the procedure call and pressing Ctrl+Space.
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6.8 1/0 Mapping Panel

The 1/0 mapping panel is used to map the 1/O functions enabled in the task panel to DIO pins on the selected
target chip. The generated SCIF driver performs all necessary configuration for these pins (see Figure 6-8).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments

File ¥iew |fOMapping Help
o " I/0 Mapping

Start Page S R GE CC1312R1 LaunchPad

EI-‘ ADC Window Monitor for LaunchPad
|A Power and Clock Settings

v £ ADC Window Monitor

ﬁ Constants and Data Structures

S Initialization Code

3 Execution Code

=5 Termination Code
£ |/0 Mapping

\ﬂ Code Generator

8 Task Testing

28 Run-Time Logging

Task / /0 Function 10 Name and Board Function
\_51 ADC Window Maonitor
B2 A Sensor output W DIO23 - AD (Analog In)

CC1312R1F3, Package QFN48 7x7 RGZ, Revision E (2.1) or F (3.0)

I¥o Mame AUXMa pping  Pin Number Board Mapping Currently Mapped I/0 Function(s)
DIo14 4 20 BTNZ

DIo15 3 21 GPIO

DIO16 2 26 TDO (GPIO)

Dio7 1 27 TDI (GPIO)

Dio1s 3 28 UART RTS / SWO (Timer Capture)

Dio1g 30 29 UART CTS (PWM Out)

Dio20 29 30 SPI C5 Flash (PWM Out)

Dioz21 28 )l GPIO

Dioz2z 27 32 GPIO -

Dlo23 26 36 AD (Analog In) A; Sensor output

Dio24 25 37 Al (Analog In)

A2 (Analpg |n

Figure 6-8. /0 Mapping Panel

Use the board selection to ease the I/O mapping.
There are two I/O mapping views:

» List mode (default): Select I/O pins for each I/O function from the drop-down lists
» Grid mode: Click on the cells in the grid to map I/O pins to I/O functions

Press Ctrl+Tab to switch view.

It is possible to share I/O pins between Sensor Controller tasks. For more details, see the panel help
documentation.
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6.9 Code Generator Panel

The code generator panel validates project and task settings, compiles task code, and outputs the SCIF driver
(see Figure 6-9).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments
File View Help

o

I Code Generator

Start Page Current project: Mame 0 i Code Prefix
(3] ADC Window Monitor for LaunchPad  E3 11 ADC Window Monitor for Launc... T
|ﬂ Power and Clock Settings
v £ ADC Window Monitor
ﬁ Constants and Data Structures
E? Initialization Code
3 Execution Code
=5 Termination Code
B2 1/0 Mapping
B Code Generator

Memory usage: Segment

Framework

24 Task Testing Procedure Library

] Run-Time Logging Task: ADC Window Monitor 52 4 56 2.7%
Totals

Code output: Output SCIF driver files automatically

View output directory

Time/Line  Description

B Selecting project 12:26:02.610  ADC Window Monitor for LaunchPad
B Validating project 132602611 ADC Window Menitor for LaunchPad
B Reading source template files 13:26:02.611  ADC Window Menitor for LaunchPad
W Validating task 13:26:02.613  ADC Window Monitor

B Processing task 1326:02.633  ADC Window Menitor

B Compiling task code 13:26:02.633  Initialization Code
B Compiling task code 13:26:02.636  Execution Code
B Compiling task code 13:26:02.649  Termination Code
B Assemnbling RAM image 13:26:02.681  ADC Window Menitor for LaunchPad
B Reading source template files 13:26:02.797  ADC Window Monitor for LaunchPad
B Processing project 13:26:02.852  ADC Window Menitor for LaunchPad
B Reading document template files  12:26:02.858  ADC Window Monitor for LaunchPad
M Processing project 1326:02.923  ADC Window Manitor for LaunchPad
B Ready to generate output 13:26:02937  The "Output SCIF driver files automatically” aption is currently enabled
B Generating output directory 12:26:02.040 examples/adc_window_moniter_launchpad/source
B Outputting 12:26:03.015  scif_framework.c

B OQutputting 13:26:03.034  scif_framework.h

Figure 6-9. Code Generator Panel

When only one project is open, this project will be selected automatically. The code generator is triggered by:

» Entering the panel
» Changing the project selection
» Double-clicking on the selected project in the current project list

The event log will indicate errors with red icons M, if there are any.

If AUX RAM image generation is successful, the memory usage will be displayed. This can be used to determine
whether the tasks will fit, adjust data buffer sizes, and optimize the task code.

To trigger code output after successful code generation, either select the Output SCIF driver files automatically
option, or press the Output SCIF driver files button. Press the View output directory button to explore the file
output location.

The output includes a tailored "how-to-use" guide.

The SCIF driver is documented using Doxygen syntax. The output includes a doxyfile (Doxygen project file) and
a Windows batch file for running Doxygen.
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6.10 Compiling Example Applications in IAR or CCS

Source and project files for the example application are located in subdirectories next to the Sensor Controller
project file (*.scp).

To compile example projects, use the following:

* For CC13x0 and CC26x0 devices:
— |AR EWARM 8.20.1 or later
— TICCS 7.3.0 or later
* For CC13x2 and CC26x2 devices:
— |AR EWARM 8.50.1 or later
— TICCS 10.2.0 or later
— For SimpleLink CC13x2 CC26x2 SDK 4.30 or later: SysConfig (Tl System Configuration Tool). The
SysConfig version must match the SDK. See the SDK release notes for details.

Note that the examples depend on device support in the IAR EWARM and Tl CCS toolchains. Also note that the
SDKs have toolchain dependencies.

The ADC Window Monitor example comes with two different project files for IAR EWARM and CCS:

» iar/ccs: Operating system "None", without power management
» iar_tirtos/ccs_tirtos: Operating system "TI-RTOS", with power management
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6.11 Task Testing Panel

The task testing panel can be used to test a Sensor Controller task on a physical CC26xx or CC13xx device (see
Figure 6-10).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments

File View Task Testing Help

L Task Testing G L | = o ¥ | =

EI-‘ ADC Window Monitor for LaunchPad B3 Name Value
[k Power and Clock Settings Select project: ‘ (2] ADC Window Menitor for LaunchPad . Select task: | ] ADC Window Monitor .

v [ ADC Window Monitor

ﬁ Constants and Data Structures ‘USE low-level workflow (manual executien of Initialization Code and Termination Code) ‘
S Initialization Code
3 Execution Code
=5 Termination Code
B2 1/0 Mapping
\ﬂ Code Generator

Disconnected

#7 Connect

¥ Disconnect

B Task Testing
28 Run-Time Logging

Inactive

b Initialize

& Initialization Code & Termination Code

b Terminate

* Run task iteration

& Task iteration sequence

Available task iteration actions Task iteration action sequence

Run Execution Code Run Execution Code
If no ALERT generated { }
While no ALERT generated { }
Wait for 10 ms.

Remove
ot o 00
Wait for 1 second Add below ->

Minimum task iteration interval:

200 milliseconds -

Figure 6-10. Task Testing, Setup Tab

During task testing, the Sensor Controller Studio takes over the role of the System CPU application, and it
interacts with the Sensor Controller task through an XDS100, an XDS110, or an XDS200 JTAG debug probe.

The task testing panel runs whole iterations of the Initialization Code, Execution Code, Event Handler Code,
and Termination Code task code blocks, and captures all task data structure values between task iterations. The
data structure values are displayed graphically in the Graph tab of the task testing panel, and the values can be
saved to file for external analysis.

It is also possible to automatically apply new data structure values that are loaded from file between specific task
iterations.

For low-level debugging of a task, it is possible to run single iterations of the task code blocks in debug mode.
6.11.1 Task Testing Setup

At the top of the Setup tab, select the project and the task to trigger code generation. The code generation event
log is displayed only if there are any errors.

Select either the low-level or simplified workflow, and observe the state diagram that is displayed in the middle of
the Setup tab.

At the bottom of the Setup tab, specify a sequence of actions to be performed for each task iteration. Enter "Run
Execution Code" for the ADC Window Monitor example.
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Note

Each task code block in the action sequence runs at full speed. However, for most iteration actions,
there is need for handshaking or data transfer over JTAG, which means that the task will not execute
with the same timing during task testing as it will in the actual application.

6.11.2 Task Testing Session

Attach the target CC13xx or CC26xx device to the PC through an XDS100v3, an XDS110, or an XDS200 JTAG
probe. Ensure that the correct target chip is selected in the project panel, then connect to the target.

When connected, the panel switches to the Graph tab, as shown in Figure 6-11.

Sensor Controller Studio 2,9.0.0 - Texas Instruments.

Eile View TaskTesting Help
o B F Task Testing om | BB m w| e

gl Start Page o pre-iteration vector input
9 Setup Mo p! B
(3] ADC Window Manitor for LaunchPad™ B3 W e el
- _ Name Value
|ﬂ Power and Clock Settings output.adcValue ] ADC Window Monitar

v |_] ADC Window Monitor
ﬁ Constants and Data Structures

v fg
[] adeWindowHigh 560

=5 Initialization Code 490 B adcWindowlow 260
=5 Execution Code 420 ¥ output
E§ Termination Code 350 adecValue 622
bvWindowState 0x0002
2 170 Mapping 230

%] Code Generater

#¥ XDS110 (L11004TE)
24 Run-Time Logging

output.bvWindowState

Minimum task iteration interval:

| {200 millisecands =

Figure 6-11. Task Testing, Graph Tab

In the right section of the panel, select the data structure members to be displayed in the Graph tab. There
is one graph section for each data structure member because the value ranges typically vary. Use Customize
Graphs to merge different data structure members into one graph section, with scaling and offset.

It is possible to:

» Single-step task iterations
* Run task iterations continuously
* Run single task iterations in debug mode (see Section 6.11.4)

Use the Ctrl and Shift keys in combination with the mouse wheel to zoom and scroll the graph area.
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6.11.3 Data Handling
Data structure values can be edited while the target is not running. In the right section of the panel:

1. Double-click on one of the values
2. Type the new value
3. Press Enter

These modifications can also be automated by loading pre-iteration vectors (data structure values to be applied
before task iterations) from a comma separated value (CSV) file:

» Load all or a subset of the data structure members. The first row specifies the member name for each column
(for example, "cfg.adcWindowHigh" or "input.something.[2]").

» Vector 0 (second row) is applied before running the Initialization code, and then vector N is applied before the
Nth task iteration.

» A special, optional first column "index" can be added to specify when each vector shall be applied (index N
corresponds to vector N).

Similarly, it is possible to save post-iteration vectors (data structure values captured after each task iteration) to a
CSV file. This can be used to transfer results to a spreadsheet, script, or other tool for further processing.

6.11.4 Task Debugging Panel

During task testing, it is possible to run single iterations of the Initialization, Execution, Event Handler, and
Termination Code blocks in debug mode. Task debugging supports single-stepping and running with breakpoints
in assembly code (see Figure 6-12).

K& Sensor Controller Studio 2.9.0.0 - Texas Instruments
File Search View Task Debugging Help

o B Task Debugging - Execution Code

Start Page - [#I0P_ADICLR_ADC] Name

En ADC Window Monitor for LaunchPad* E3 1d R@, #(3 << BI_ADI16_ADC_SMPL_CYCLE_EXP) ADC Window Menitor
gk Power and Clock Settings out RB, [#10P_ADISET_ADC] v g
- 1d R®, #(ADI16_ADC_EN | ADIL6 _ADC_RESET_N) sdeWindowHigh 550
£ ADC Window Monitor out R@, [#IOP_ADISET_ADC] adcWindowlow 260
¥ Constants and Data Structures [#TOP_ADTISET_ADC] v output
S Initialization Code e e adcValue 622
=} Execution Code // Sample the senser bvWindowState 0x0002

Ule adcvalue;

=5 Termination Code
adcGenManualTrigger();

B2 1/0 Mapping

---- 6491 icbset #8, [#IOP_ANAIF_ADCTRIG]
&] Code Generator adcReadFifo(adcvalue);
28 Task Testing [connected] @8d4 ---- edbl wevl #WEVSEL_ADC_FIFO_NOT_EMPTY
B, Task Debugging ---- 8998 in RO, [#IOP_ANAIF_ADCFIFO]

cutput.adcvalue = adcValue;
+ 088d6 ---- Bcba st R@, [#adcWindowMonitor/output/adcValue]

&% XDS110 (L11004TE)
24 Run-Time Logging

// Disable the ADC
adcDisable();
jsr AdcDisable

// Determine if the ADC walue is below the low threshold or above the high threshold
Ul6 bviindowState = @x@888;
@eds ---- 7008 1d R7, #0

if (adcvalue < cfg.adciindowlow) {
@oda ---- 18b9 1d R1l, [#adcWindowMonitor/cfg/adcWindowlow]
Béda ---- 8d29 cmp R@®, R1
eedb ---- a6@l bgeu /ideess

buiindowState |= BV_ADC_WINDOW_LOW;

8gdc ---- f281 or R7, #1

: B4de 2417
: 14@e 8479.14@e 8432 8953 9954.8d29 befd 4553 2554.
: aefe 445¢ adb?7 745b.545b 7008 7cac 68b5.00a7 1439
: 68b6 ©0aB.1439 68b7 @829 1439.78ac T80l fall bef2.
: 78b3 68b5 fd@e 68b7.ed92 fdee 7cb3 78b2.Tall beds
1 7802 7cb2.78b2 Tabd befd 6448.8487 73ac 8T1f edsf.
: ec@l bedl adb? 8db7.755b 555b 78bl 6@bf.ef27 e24@
: ef27 7880.7cbl 8487 6477 8008.18b3 9d88 9c@l béde.
: 18a6 afl9 aa@@ be@a.asff af39 bed7 @cac.568@ 83as
: 8fes fd47.9db7 BBac 8801 B8a@l.beeb 254 aefe 645b.
1 445b 4477 8487 5656.655b 455b @000 Ocac.@e0l @cad
: 1416 @437.5657 665b 465h BA06.Acac BR2 Acad 1416.

Value Value 142c 0448.140c B44a l4Be B467.148e 8470

Figure 6-12. Task Debugging Panel
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6.12 Run-Time Logging Panel

The Run-Time Logging panel is used to evaluate and optimize performance of Sensor Controller tasks running
at full speed on a physical CC26xx or CC13xx device (see Figure 6-13).

K Sensor Controller Studio 2.9.0.0 - Texas Instruments

File View Run-TimeLogging Help
o B Run-Time Logging

Start Page Name

Eﬂ ADC Window Menitor for LaunchPad* B
gk Power and Clock Settings Select project: ‘EADC Window Monitor for LaunchPad .
v [ ADC Window Moniter
¥ Constants and Data Structures Select task(s) Log cfg? Loginput?  Logoutput? Logstate?
=5 Initialization Code ] ADC Window Monitor O O O

:5 Execution Code
=5 Termination Code
B2 1/0 Mapping
;ﬂ Code Generator
24 Task Testing

B Run-Time Logging

Connection

Type Local without application, using JTAG and UART H

COM port filter Show only relevant TI XDS COM ports .

COM port COMD - XDS110 Class Application/User UART H

Baud rate 230400 -]

UART RX pin DIO2 - UART RXD .

UART TX pin DIO3 - UART TAD .

(2] ADC Window Monitor for LaunchPad
RTC tick interval (16.16 format) 000001000
Configuration Sliders Add ...

High threshold
Low threshold

Figure 6-13. Run-Time Logging Panel

During run-time logging, the Sensor Controller runs autonomously while the System CPU transfers data
structure information to and from Sensor Controller Studio. The logged data structures can be displayed
graphically in Sensor Controller Studio, or the data can be saved to file for external analysis.

The JTAG interface is used to download a generic System CPU application to the target. The run-time logging
panel then uses UART to transfer commands and data.

6.12.1 Run-Time Logging Setup

Run-Time Logging must be manually enabled for each task. Enable the Run-Time Logging resource in the Task
panel, and use the run-time logging procedures in the task code to trigger data structure logging to Sensor
Controller Studio.

At the top of the Setup tab, select the following:

* A project
» The task or tasks to be enabled for run-time logging
* Which data structures shall be logged or be editable

Attach the target CC13xx or CC26xx device to the PC through an XDS100v3 or an XDS110 JTAG probe (for
example, a LaunchPad Development Kit).

Configure connection settings and project specific settings, if any. Project settings control behavior that is
normally configured by the System CPU application, for example RTC tick interval.
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6.12.2 Run-Time Logging Session

Ensure that the correct target chip is selected in the project panel, then connect to the target.

When connected, the panel switches to the Graph tab, as shown in Figure 6-14.

K& Sensor Controller Studio 2.9.0.0 - Texas Instruments
File View Run-Time Logging

o B Run-Time Logging

Help

Start Page Setup
(=0 ADC Window Monitor for LaunchPad*  E3 =] ADC Window Manitar
gk Power and Clock Settings v g
v [ ADC Window Moniter = adcWindowHigh 560
ﬁ Constants and Data Structures 608 adcWindowlow 460
5 Initialization Cod 580 Y outes
- nitialization Code - adcValue 625
5§ Execution Code 570 byWindowState 00002
S Termination Code 551
2 170 Mapping 532
\ﬂ Code Generator 513
Task Testin
= £ 494
&% ¥DS110 (L11004T6) 47
¥ COMSD (230400 baud) 6 g i 2 3 2 55 66 bl 88 99

output.bvWindowState

Configuration Sliders
High threshold

i
Low thresheld
i

Figure 6-14. Run-Time Logging Graph Tab

In the right section of the panel, select the logged data structure members to be displayed in the Graph tab.
There is one graph section for each data structure member because value ranges typically vary. Use graph
customization to merge different data structure members into one graph section with scaling and offset.

Editable data structure members can be modified at any time. The cfg data structure members can also be
controlled by configuration sliders.

For run-time logging, it is only possible to run the Sensor Controller tasks at full speed.

Use the Ctrl and Shift keys in combination with the mouse wheel to zoom and scroll the graph area.
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7 References

* CC13x0, CC26x0 SimpleLink™ Wireless MCU Technical Reference Manual
* CC13x2, CC26x2 SimpleLink™ Wireless MCU Technical Reference Manual
* CC13x2x7, CC26x2x7 SimpleLink Wireless MCU Technical Reference Manual
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