MICROCHIP TB3240

How to Use the TCM on A Cortex-M7 Based MCU with the
XC32 Compiler

Introduction

The SAMS70/E70/V7x series of Microcontrollers (MCUs) from Microchip are high-performing MCUs with an Arm®
Cortex”-M7 core. This series of MCUs offers a rich set of peripherals with a large built-in code and data memory. To
ensure high-speed, low-latency, and deterministic access for time-critical code and data, the Arm Cortex-M7 core is
connected to the Tightly-Coupled Memory (TCM).

This document explains how to use the TCM features in the SAM MCUs using the MPLAB® X IDE with the MPLAB
XC32 compiler and MPLAB Harmony v3 software development framework.
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1. Tightly-Coupled Memory Overview

1.1 Tightly-Coupled Memory (TCM)

In Arm Cortex-M7 based architecture, the memory system includes support for the TCM. The TCM port connects a
low-latency memory to the processor, and this TCM port has Instruction TCM (ITCM) and Data TCM (DTCM)
interfaces. ITCM is a 64-bit memory interface and DTCM is a two 32-bit memory interfaces (DOTCM and D1TCM).
Typically, RAM or RAM like memory (SRAM, FRAM etc.,) are connected to the TCM port.

DTCM is typically used to access Critical variables and Frequently updated variables. ITCM is typically used to
access Critical functions, routines and Interrupt service routines.

Refer to ARM website for additional information on TCM implementation.

1.2 Implementation in SAMS/E/V7x MCUs

In the SAMS/E/V/7x devices, a portion of the SRAM can be configured as TCM. This enables the TCM portion of the
SRAM to be accessed with a deterministic latency (single clock cycle-read/write accesses). TCM runs at processor
speed (Maximum CPU clock = 300 MHz).

The following sections describe how to use the TCM, and for additional information, refer to the device data sheet.

* ITCM and DTCM memory mapping:

— The SRAM memory address and ITCM/DTCM memory address are different in the SAMS/E/V7x family of
devices.

Figure 1-1. Memory Mapping

0500000000 Address memory space 0x00000000 Code
ITCM or Boot Memory
Code 0x00400000
Internal Flash
0x20000000 .. 0x00800000
‘:¢~ ROM
Internal SRAM . 70x00C00000
\~ Ss S Reserved
0x40000000 0x1¥FFFFFE
s‘ ~~;
Peripherals ‘\ 0%200000CK Internal SRAM
S DTCM
0x60000000 ‘()%20400000
A SRAM
Memories 0x208@QOOO
* Reserved
0x80000000 0x3FFFFFFF

» Partiton SRAM memory into System RAM and TCM memory

— In the SAMS/E/V7x family of devices, separate memory is not available for the TCM. A portion of the SRAM
is used for the TCM (DTCM and ITCM) and the remaining is used for the system RAM. Four TCM size
configurations are possible in this device, and the size selection is made using the GPNVM (Fuse) bits.

Table 1-1. TCM Size Configurations

GPNVM Bits [8:7] | ITCM (KB) | DTCM (KB) System Svlia,:lrnior 384KB System Svlia,:}I:Inftor 256KB
0 0 0 384 256
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........... continued
1 32 32 320 192
2 64 64 256 128
3 128 128 128 0

* Enabling and Disabling the ITCM and DTCM
— ITCM and DTCM are enabled and disabled in the ITCMR and DTCMR registers in the Arm SCB
— After reset, ITCM is disabled and DTCM is enabled

Configuring and Using TCM in MPLAB X IDE Project

In a typical GCC or any compiler environment, to use the TCM in the application, the following components must be
configured:

» Linker script:
— Memory sections for the ITCM and DTCM must be declared and defined.

» Startup code:

— For the DTCM or ITCM, the content must be copied from the Flash to the TCM memory. This initialization
must be done in the startup code before calling the main () function.

Note: The data initialization is handled by the pic32c data initialization () function in the startup
code. - -
» Application source file:
— While declaring a variable, buffer, or defining a function in the code, users must apply the correct compiler
attribute or compiler section name created in the linker script to place data or code in the TCM.

The MPLAB XC32 compiler has integrated support for the TCM, therefore the linker script and startup file
configurations are taken care of by passing compiler configuration options.

The following section details the XC32 compiler options to configure TCM usage.
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Using TCM with the XC32 Linker

The MPLAB XC32 compiler provides integrated TCM support. This makes it easier to use the TCM with any
application. Additionally, the MPLAB Harmony v3 framework further simplifies TCM usage by automatically
generating the necessary compiler flags. For example, to use the TCM in the MPLAB X SAMV7x project with the
XC32 compiler, add the compiler flags, mitcm=<size in bytes> and -mdtcm=<size in bytes> to the global
XC32 Options in the Project Properties window. The MPLAB X IDE Project Properties window provides options to
configure DTCM and ITCM sizes as shown in the image below.

Figure 2-1. Compiler Flags

a Project Properties - tem_check_sam_v71_xult e
Categories: - for xc32 2o
o General ptions for xc32-gcc (v2.20)
----- @ File Indusion/Exdusion Option categories: | (All Options) - Reset
B Conf: [sam_v71_xult
i O EDBG Ise Legacy libc (Nja) ~
- @ Loading Don't delete intermediate files O
- @ Libraries
N g R
o Ruilding Use Whole-Program and Link-Time Optimizations O
E} =0 =2 (Global Opﬁons} Use GP relative addressing threshold (M/a)
T XCaZ-as Relaxed floating-point math (M/a)
@ xc32-goc
o Common indude dirs
@ xc32-g++
o xc32dd Data TCM size in bytes 0x8000 B
e @ wc32-ar Instruction TCM size in bytes 0x3000
Locate Stack in data TCM | v)

Additional options:

Option Description _Generated Command Line  User Comments

-mdtcm=0x3000 -mitcm =0x3000 I

Manage Configurations...

Cancel Apply Unlock Help

The device-specific startup code and device-specific linker script work together to set up and initialize the TCM at
startup. Enabling TCM is not done by default startup code. Harmony v3 code generation adds code to enable TCM in
startup code.

Note: With the -mitcm linker option enabled, the linker allocates the vector table to the ITCM, improving both
interrupt latency and latency determinism. With the -mstack-in-tcm added to the linker option, the linker allocates
the stack to the DTCM, and the startup code will transfer the stack from the System SRAM to the DTCM before
calling the main () function.

Using MPLAB Harmony v3 for Configuring and Using TCM

In the MPLAB Harmony v3 project, TCM configurations are available under System module in the project graph. Set
the TCM size in the configuration Ul tree and generate the code.

© 2019 Microchip Technology Inc. DS90003240A-page 5



TB3240
Using TCM with the XC32 Linker

Figure 2-2. Configuring TCM Size
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Note: Configuring the TCM size in the Ul tree view, auto-populates the DTCM and ITCM <size in bytes> inthe
project properties settings.

Code generation will generate relevant functions to configure the TCM size and enable the TCM in the startup file.
These functions are called in the reset handler before the main () is called.

/**

* \brief This is the code that gets called on processor reset.

* To initialize the device, and call the main() routine.

=/
void  attribute ((optimize("-01"), section(".text.Reset Handler"), long call))
Reset Handler (void)

{

uint32 t *pSrc;

/* Call the optional application-provided on reset() function. */
if (_on_ reset)
{

_on_reset();

}

/* Reserved for use by MPLAB XC32. */
if (_ xc32 on reset)
~ xc32 on _reset();

#if (__ ARM FP==14) || (__ARM FP==4)

/* Enable the FPU if the application is built with -mfloat-abi=softfp or -mfloat-abi=hard
*/

FPU Enable();
#endif

TCM Configure (1) ;
/* Enable TCM &Y/
TCM Enable() ;

/* Initialize data after TCM is enabled.
* Data initialization from the XC32 .dinit template */
__pic32c _data_initialization();

The pic32c data initialization () routine copies the Flash contents to the ITCM portion of the SRAM and
the initial values of the initialized data from the Flash to the DTCM portion of the SRAM.
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Using the TCM for Allocating User Data and Code

To allocate the user data (variable or buffer) in the TCM, the following compiler attributes must be applied while
declaring the variable or buffer: _attribute  ((tcm)). The same compiler attribute can be used for placing the
code in the TCM. Code or data will be placed into the instruction or data TCM as appropriate.

The following code example provides the usage of the tcm compiler attribute:

// Ak hkhkhkhkkhhkkhkhhkhkhkhkhkhkhhkhkhkhkhkhkhhkhk bk hkhkhkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkkhkhhkhkkhxkkkxkx
// Ak hkhkhkhhkkhkhhkhhkhhkhkhhkhhhhkhkhkhkhhkhkhkhhhkhhkhkhAh bk hkhkhkhkhkhk bk hkhhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkkhkhkhhkhkhkhkkhkhkhhkxkx*k
// Section: Included Files

// hhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhk bk hkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkhkhkhkhkkhkxkhkxkx
// Ak hkhkhkhhkkhkhhkhhhhkhkhkhkhkhhhkhhkhkhhhhkhhhkhhkhkhAh bk hkhkhkhkhkhk bk hkhhkhkhkhkhkhhkhkhkhkhkhkhkhkhkhkkhkhkhkhkhkhkhkkhhkhhkxkx*

#include <stddef.h> // Defines NULL

#include <stdbool.h> // Defines true

#include <stdlib.h> // Defines EXIT_FAILURE

#include "definitions.h" // SYS function prototypes

static char __ attribute  ((tcm)) writeBuffer[] = "X**kxkkkxkkxkkkxkkxkkkxkkxxkxx \pr\n"
" Data TCM Demo \r\n"
" Demo uses DTCM memory \r\n"

Mk kkkhkkhkhkhkhkhkhkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkhkkkkk \r\nll;

unsigned int _ attribute  ((tcm)) test func(void)

{
/* User Function Implementation
can be made here */

The following figure shows the address of the test func () routine and the location of the writeBuffer[]in the
TCM memory. Other functions and variables are in the normal Flash and system RAM memory.

Figure 2-3. Variables Window While Debugging in MPLAB X IDE

Variables = | Call Stack Breakpoints Qutput

o] || Name Type Address Value
P atest_func function | ox158 | Dx2300B500
&P &main function . Ox402F4C .| 0x2000B538
@ Qi unsigned int ... Ox2040000C ...| 0x00000000
+ [] &7 writeBuffer; file:.. fsrc/main_v71 unsigned char[133] | 0x20000000 OOV OO oD
|:‘| <Enter new wa
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The Microchip Website

Microchip provides online support via our website at http://www.microchip.com/. This website is used to make files
and information easily available to customers. Some of the content available includes:

* Product Support — Data sheets and errata, application notes and sample programs, design resources, user’s
guides and hardware support documents, latest software releases and archived software

* General Technical Support — Frequently Asked Questions (FAQs), technical support requests, online
discussion groups, Microchip design partner program member listing

» Business of Microchip — Product selector and ordering guides, latest Microchip press releases, listing of
seminars and events, listings of Microchip sales offices, distributors and factory representatives

Product Change Notification Service

Microchip’s product change notification service helps keep customers current on Microchip products. Subscribers will
receive email notification whenever there are changes, updates, revisions or errata related to a specified product
family or development tool of interest.

To register, go to http://www.microchip.com/pcn and follow the registration instructions.

Customer Support

Users of Microchip products can receive assistance through several channels:

» Distributor or Representative

* Local Sales Office

»  Embedded Solutions Engineer (ESE)
» Technical Support

Customers should contact their distributor, representative or ESE for support. Local sales offices are also available to
help customers. A listing of sales offices and locations is included in this document.

Technical support is available through the website at: http://www.microchip.com/support

Microchip Devices Code Protection Feature

Note the following details of the code protection feature on Microchip devices:

* Microchip products meet the specification contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is one of the most secure families of its kind on the market today,
when used in the intended manner and under normal conditions.

» There are dishonest and possibly illegal methods used to breach the code protection feature. All of these
methods, to our knowledge, require using the Microchip products in a manner outside the operating
specifications contained in Microchip’s Data Sheets. Most likely, the person doing so is engaged in theft of
intellectual property.

» Microchip is willing to work with the customer who is concerned about the integrity of their code.

» Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code
protection does not mean that we are guaranteeing the product as “unbreakable.”

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection
features of our products. Attempts to break Microchip’s code protection feature may be a violation of the Digital
Millennium Copyright Act. If such acts allow unauthorized access to your software or other copyrighted work, you
may have a right to sue for relief under that Act.

Legal Notice

Information contained in this publication regarding device applications and the like is provided only for your
convenience and may be superseded by updates. It is your responsibility to ensure that your application meets with
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your specifications. MICROCHIP MAKES NO REPRESENTATIONS OR WARRANTIES OF ANY KIND WHETHER
EXPRESS OR IMPLIED, WRITTEN OR ORAL, STATUTORY OR OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION, QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at the buyer’s risk, and the buyer agrees to defend,
indemnify and hold harmless Microchip from any and all damages, claims, suits, or expenses resulting from such
use. No licenses are conveyed, implicitly or otherwise, under any Microchip intellectual property rights unless
otherwise stated.
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Quality Management System

For information regarding Microchip’s Quality Management Systems, please visit http://www.microchip.com/quality.
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