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1 Introduction
This User Guide describes the steps of creating and debugging a single-core bare metal application for one of
the Cortex-M55 cores running out of the on-chip non-volatile magneto resistive RAM (MRAM) memory. This
is similar to how most microcontrollers run their programs out of on-chip flash memory. The document starts
with a design targeting the high-efficiency M55_HE CPU, flash a bare metal application via JTAG onto MRAM
and start a debug session. Then shows how to change cores to debug a high-performance M55_HP design
and this can all be done entirely in the Visual Studio Code (VS Code) IDE and with a JTAG.

In addition, and as an alternative way, the Alif Security Toolkit (hereafter referred to SETOOLs for shortness)
can also be used to change which CPU core is to be debugged as well as create images that can be
programmed into the device through an on-chip serial port (without the need of a JTAG). This guide will later
discuss the use of SETOOLs from VS Code Perspective for basic flashing and debugging of a freshly built bare
metal application.
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2 Host PC Setup Requirements
The host PC system will be used to run the VS Code tools and will interface to the Alif Semiconductor DevKit
(Gen 2) board through a J-Link debugger connected to the board JTAG and also through an UART to USB
interface (PRG USB) connected to a USB port on the host PC (primarily needed for SETOOLs flashing and
other debug option such as UART prints).

Minimum requirements for host System:

n Processor: 2 GHz or faster
n RAM: 4GB or more
n Hard disk free space: 4GB or more
n OS: Windows 10 or later

This User Guide was verified on a host setup with:

n x64-based processor, Windows 10 Pro, 64-bit OS
n Visual Studio Code (VSCode-win32-x64-1.81.1.zip) or higher
n Tera Term (serial terminal emulator) version 4.106 or higher
n SETOOLS version 0.75.0 (version 0.75.0 (Gen 2) or later is required

For latest version of all DevKit (Gen 2) board documentation and installation guidance refer to Ensemble
DevKit Gen 2 support page.

NOTE

A registration to Alif Semiconductor website is required for downloading software and documentation
from products support pages.
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3 Target Setup Requirements
Target setup requirements are as follows:

n Ensemble DevKit (Gen 2) board
n Micro-USB Cable (included in the kit)
n Segger J-Link (not included in the kit)
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4 Ensemble DevKit (Gen 2) Setup
Before initiating any design or debug tasks, verify the development kit has been setup correctly following the
steps detailed in Ensemble DevKit User Guide (Gen 2).

After verifying jumper settings, successfully connecting with SEUART COM port, and updating system
packages using SETOOLs, the development can be started.
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5 VS Code Setup
VS Code is an Integrated Development Environment (IDE) created by Microsoft. It provides developers with a
versatile platform for coding, debugging, and managing software projects.

For complete step by step guidance on tools installation and how to set up a VS Code environment with the
GNU tools and J-Link debugger under Windows, obtain and install CMSIS packs, and debugging a project,
refer to Getting Started with VS Code, GCC, and J-Link Using CMSIS Toolbox User Guide, available under
Ensemble DevKit (Gen 2) page.
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6 VS Code and Bare Metal CMSIS Packs Examples
CMSIS Packs handle the distribution of software and documentation. CMSIS packs bundle components like
source code, header files, software libraries, device parameters, documentation, example projects, and
evaluation board support. In addition to generic packs, Alif-specific support, including drivers and example
projects is installed when setting up the VS Code environment.

Specifically for this guide, the bare metal example project will be taken from CMSIS and used for further
development and debugging.

For details on CMSIS packs installation, configuration, and usage refer to Getting Started with VS Code, GCC,
and J-Link Using CMSIS Toolbox User Guide, available under Ensemble DevKit (Gen 2) page.

6.1 Loading a Bare Metal Example (LED) on M55_HE Core
In this scenario, a bare metal ready example LED BLINKY will be loaded from existing CMSIS examples that
come with the custom Alif CMSIS pack.

If CMSIS is not already installed following the previous sections, see Section 5.

1. Copy the LED_blink_baremetal.c file from the below folder:

<VS Code install directory>\cmsis-packs\AlifSemiconductor\Ensemble\0.9.0-p1\Boards\DevKit-
e7\Templates\Baremetal\LED_blink_baremetal.c

2. Paste the file into the below folder:

alif_vscode-template\app

3. Go back to VSCode IDE, and from the project explorer open the LED_blink_baremetal.c file just pasted in
the app folder and comment out line 29 (since JTAG debugger and GCC compiler will be used)

/* #define DISABLE_PRINTF */

4. In the project root folder, open the cproject.yaml file

5. In the files section comment out app/main.c and add app/LED_blink_baremetal.c file like so:

- group: App
  files:
     #- file: app/main.c
     - file: app/LED_blink_baremetal.c

This will tell the compiler and linker to pick up the new bare metal LED use case source code and bundle
it into a .bin file for flashing into MRAM.

6. Along the application source code, a few additional libraries/components must be enabled. Therefore,
make sure the following components also exist in the cproject.yaml file or are not commented out:

Bare Metal Design Using VS Code
Ensemble DevKit (Gen 2)

http://www.alifsemi.com/
https://alifsemi.com/support/kits/ensemble-devkit-gen2/


User Guide

AUGD0016 v1.1—December 2023
7

Alif Semiconductor

www.alifsemi.com

- component: AlifSemiconductor::Device:Startup&C Startup
- component: ARM::CMSIS:CORE@5.6.0
- component: AlifSemiconductor::Device:SOC Peripherals:GPIO
- component: AlifSemiconductor::Device:SOC Peripherals:PINCONF

7. Before building the application, make sure the HE CPU core is selected to run the binary. Open the LED_
blink_baremetal.c file. Now in the right bottom corner, the project core settings will be displayed as HE
button as shown below:

If HP core is selected and displayed, follow the instructions in Section 7.

8. Now that all files are ready, build the bare metal LED project (hit CTRL + SHIFT + B)
The info cbuild: build finished successfully!message is printed on the terminal after the build process is
completed as shown below:

NOTE

The next steps explain how to flash and run the application via a JTAG and initialize a step-by-step
debug session. Another way to flash the freshly built image and debug for example with print
statements, is to program and run the application using SETOOLs (see Section 9).

9. Important: The first time you load an image or change processors, a processor ATOC image must be
generated and flashed onto the device prior to starting a debug session. Otherwise, the JTAG connection
will fail. To generate and program the ATOC for the selected processor simply follow the steps in Section
9. After this is done once, the next time the application can be built and debugged without
reprogramming the ATOC again.
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10. Make sure JTAG is connected, and board is powered and setup as per Getting Started with VS Code, GCC,
and J-Link Using CMSIS Toolbox User Guide, available under Ensemble DevKit (Gen 2) page.

11. Hit F5 (or Fn+F5) to start a debug session.

This will initialize the debug session and will flash the newly built LED image binary file (.bin) from the
out folder into the device MRAM (since MRAM is set as destination memory for flashing in the linker
script).

No error should be printed on the terminal and the debugger will now break in the main loop as shown
below:

Running the application from the Continue button (or F5 again), and the RGB LEDs will now flash on the
board like so:

6.2 Loading a Bare Metal Example (UART) on M55_HE Core
In this scenario, a bare metal ready example HELLO WORLD will be loaded from existing CMSIS examples
(that come with the custom Alif CMSIS pack).

If CMSIS is not already installed following the previous sections, see Section 5.

1. Copy the UART4_Baremetal.c file from the below folder:

<VS Code Installation directory>\cmsis-packs\AlifSemiconductor\Ensemble\0.9.0-p1\Boards\DevKit-
e7\Templates\Baremetal\UART4_Baremetal.c

2. Paste the file into the below folder:
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alif_vscode-template\app

3. Go back to VS Code IDE, and from the project explorer open the UART4_Baremetal.c file just pasted in
the app folder and comment out line 40 (since JTAG debugger and GCC compiler will be used)

/* #define DISABLE_PRINTF */

4. In the project root folder, open the cproject.yaml file
a. In the files section comment out app/main.c (and other .c files) and add app/UART4_Baremetal.c like

so:

    - group: App
      files:
        #- file: app/main.c
        #- file: app/LED_blink_baremetal.c
        - file: app/UART4_Baremetal.c

This will tell the compiler and linker to pick up the new bare metal LED use case source code and bundle
it into a .bin file for flashing into MRAM.

5. Along the application source code, a few additional libraries/components must be enabled. Therefore,
make sure the following components also exist in the cproject.yaml file or are not commented out:

- component: AlifSemiconductor::Device:Startup&C Startup
- component: ARM::CMSIS:CORE@5.6.0
- component: AlifSemiconductor::Device:SOC Peripherals:GPIO
- component: AlifSemiconductor::Device:SOC Peripherals:PINCONF
- component: AlifSemiconductor::Device:SOC Peripherals:USART

6. Before building the application, make sure the HE CPU core is selected to run the binary. Open the LED_
blink_baremetal.c file. Now in the right bottom corner, the project core settings will be displayed as HE
button as shown below:

If HP core is selected and displayed, follow the instructions in Section 7.

7. Now that all files are ready, build the bare metal HELLO WORLD project (hit CTRL + SHIFT + B)
The info cbuild: build finished successfully!message is printed on the terminal after the build process is
completed as shown below:
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NOTE

The next steps explain how to flash and run the application via a JTAG and initialize a step-by-step
debug session. Another way to flash the freshly built image and debug for example with print
statements, is to program and run the application using SETOOLs (see Section 9).

8. Important: The first time you load an image or change processors, a processor ATOC image must be
generated and flashed onto the device prior to starting a debug session. Otherwise, the JTAG connection
will fail. To generate and program the ATOC for the selected processor simply follow the steps in Section
9. After this is done once, the next time the application can be built and debugged without
reprogramming the ATOC again.

9. Make sure JTAG is connected, and board is powered and setup as per Getting Started with VS Code, GCC,
and J-Link Using CMSIS Toolbox User Guide, available under Ensemble DevKit (Gen 2) page.

10. Hit F5 (or Fn+F5) to start a debug session.

This will initialize the debug session and will flash the newly built LED image binary file (.bin) from the
out folder into the device MRAM (since MRAM is set as destination memory for flashing in the linker
script).

No error should be printed on the terminal and the debugger will now break in the main loop as shown
below:
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Run the application from the Continue button (or F5 again). The processor is now running and there should
be no errors/warnings printed on the terminal.

To validate UART4 is really sending Hello world!, an interactive COM port application such as Tera Term must
be used.

1. For printing in Tera Term, most apps use UART2 or UART4 to display their status or debug messages. The
UART instance is typically defined in one of the main source files (UART4_Baremetal.c for example).

2. Make sure the two jumpers J26 on the DevKit Gen 2 board are in correct position (in this example
UART4) (for details, see Ensemble DevKit User Guide (Gen 2)

3. Connect the board to the host system via a micro-USB cable using the PRG_USB port.

4. Download and install Tera Term (link https://osdn.net/projects/ttssh2/releases/).
5. Open Tera Term and set up a new serial port by selecting the higher numbered port. In this example, if

COM8 and COM9 appeared after board power-up, try connecting to COM9 (COM9 is used for UART4
printing and COM8 is the SEUART for using with SETOOLs). Sometimes com port numbers change,
especially if the USB connector is plugged into another USB port of the host system.

6. In Tera Term go to Setup->Serial Port and set the speed to 115200 as shown below:

7. In Tera Term go to Setup->Terminal and set up the line feed New-line settings as shown below:
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8. Go back to the VS Code IDE and make sure the debugging session is still running. If not, hit F5 (or Fn+F5)
to re-establish debugging.

9. Go back to Tera Term terminal window and hit the reset button RESET on the device.

10. If connection is established successfully the COM port will print the following message and when a
character is entered it will print Hello World! returned from the board UART4 as shown below:
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7 Switching Debug To A Different CPU Core
The aforementioned bare metal examples (see Section 6.1 and Section 6.2) can be run on the M55_HP core
as well by switching the VS Code IDE selected core configuration to the HP processor instead. To load a bare
metal examples (LED BLINKY and HELLO WORLD) on M55_HP follow the below steps:

1. Open the application .c source code in the code editor. From there, in the right bottom corner of the IDE
there will be an HE button as shown below:

Click on it and the VS Code IDE Search bar will pop-up.

2. From the Search bar that popped up, select HP as show below:

3. Important: Every time a processor is switched, its own ATOC must be regenerated and flashed onto the
device prior to starting a debug session. Otherwise, the JTAG connection will fail. To regenerate and
program the ATOC for the newly selected processor:
a. Make sure PRG USB is connected on the board the host PC as shown below:

b. Hit CTRL + SHIFT + P to bring up the IDE Search bar
c. Select Tasks: Run Tasks and select Program with Security Toolkit as shown below:
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d. The Program with Security Toolkit script will recreate the ATOC, flash it into MRAM, and print a
message such as below:

[INFO] COM8 open Serial port success
Maintenance Mode = Enabled 
Authenticate Image:  False
build\images\alif-img.bin       [####################]100%: 33008/33008 bytes
      0.69 seconds
Authenticate Image:  False
build\AppTocPackage.bin         [####################]100%: 944/944 bytes
      0.19 seconds

Now all project settings files along the example bare metal .c files (as described in Section 6.1 and Section
6.2) and further debugging is enabled for the HP processor.
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8 Modifying Source Code and Verifying Changes
When a debug connection is established successfully, it is possible to quickly and easily make changes to the
code and verify them on actual hardware. This process has a few quick steps that are explained below for the
bare metal LED example described in Section 6.1:

1. In the VS Code IDE, open the LED_blink_baremetal.c file

2. On line 304 modify the SysTick_Config to be the system clock divided by, for example, 250 like so:

Modifying the application tick by dividing to a lower value will increase the LED blinking period (the RGB
LEDs will blink much slower as to the original use case). Likewise, diving by a higher number will
decrease the LED blinking period and the LEDs will blink faster.

3. To verify the changes actually work on the board, the project must be re-built (hit CTRL + SHIFT + B).

4. After the build process completes, initialize a debug session (hit F5 or Fn+F5). The JTAG will flash the
newly generated .bin file on the board MRAM and debug sessions will be initialized. When that happens,
the debug menu will appear and program will break in themain() function loop. Set the application to
running mode from the debug menu as shown below:
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The board LEDs, shown below, will now blink much slower (4 times slower) than the original case.
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NOTE

The code that has just been debugged resides in the MRAM and will remain after the board is
powered on. To verify this, disconnect the debugger and power cycle the board or press the RESET
button. The same blink rate will be observed.

Congratulations, the code modifications are now verified live on the board!
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9 Using SETOOLs with Bare Metal VS Code Application
As an alternative to using a JTAG, the SETOOLs that have been installed and available in the VS Code IDE can
be used to program applications into memory via just а USB and debug can be done using printf statements
to a UART port instead of using a JTAG debugger.

NOTE

For details on SETOOLs installation, configuration, and usage in VS Code refer to Getting Started with
VS Code, GCC, and J-Link Using CMSIS Toolbox User Guide, available under Ensemble DevKit (Gen 2)
page.

To program an application ATOC image in VS Code using SETOOLs follow these steps:

1. Create a binary image following the steps in Section 6.1. After building completes, the binary will appear
in the out folder as shown below:

2. Make sure a USB cable is connected to the host PC and to the board PRG USB as shown below:
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3. Hit CTRL + SHIFT + P to bring up the VS Code Search bar and click on Tasks: Run Task:

4. The menu will now list all SETOOLs available options as shown below. In this step, just the SETOOLs
program features are needed (the rest of the options are described in detail in the Getting Started with
VS Code, GCC, and J-Link Using CMSIS Toolbox User Guide, available under Ensemble DevKit (Gen 2)
page.

If programming for the first time, select Program with Security Toolkit (select COM port) option:
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5. The SETOOLs will run a script to prepare the image for flashing and will ask which COM ports are
detected and can be used as shown below:

Type in COM[port number] and hit ENTER.

NOTE

This step is done only once. Once the COM port is saved in the VS Code project settings, just Program
with Security Toolkit options can be used next time for simplicity not to type the port number over
and over again.

6. The following message appears when the image is successfully flashed:
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NOTE

If the COM port does not connect successfully, and there are more than 1 COM ports detected on the
host PC, repeat step 3 to 5 entering another port number until a successful connection is established.

When flashed, the board will now work with the latest binary build in the VS Code IDE. In case that is the
LED bare metal example (described in Section 6.1), the board RGB LEDs will now blink indefinitely.

7. To debug the application that has been just flashed (JTAG is needed now for this step), open VS Code
and the main.c file of the application in the code editor.

8. Make sure the JTAG header is connected to the JTAG 20-pin board interface.

9. Hit F5 (or Fn + F5) to start a debug session.
The debugger will now break at the first break point (usually in themain() function) and a debug session
can be performed.

When modifying the source code, repeat step 3 through step 9 to flash a newly built image via SETOOLs
and initialize a debug session.

NOTE

SETOOLs can be used independently of the VS Code IDE via a command prompt, for example. For
extensive details on using SETOOLs refer to Alif Security Toolkit User Guide, available in the SETOOLs
install folder. To download SETOOLs see Ensemble DevKit (Gen 2) page.
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10 Basic Steps to Import Example Projects and Templates into VS Code
1. Create a new project directory by doing so:

a. In the VS Code IDE, create a new folder that will be the project and name it something unique.
b. Copy the contents of the alif_vscode-template folder to your new project folder. The alif_vscode-

template can be downloaded from https://github.com/alifsemi/alif_vscode-template.

2. Add new source and include files to the project app directory by doing so:
a. Copy the desired source file and include files for the new project into the app folder in the new

project. Example source file and templates can be found in

<VS Code install directory>\cmsis-packs\AlifSemiconductor\Ensemble\<CMSIS
Version>\Boards\DevKite7\<Templates> or <Examples>

3. Add entries for new source and include files to cproject.yaml file by doing so:
a. Open the new project folder in VS Code. Select the cproject.yaml file and add an entry for each new

source or include code file that you copied into the project.
b. Comment out themain.c entry from the original template. For example, if we want to add LED_

blink_baremetal.c to our project, the cproject.yaml entries would look like this:

4. Select drivers needed in the cproject.yaml file:

The cproject.yaml file is also used to select any bare metal drivers needed. The factory blinky application
uses the startup and core modules plus the GPIO and PINCONF drivers. If you also wanted to add
another driver, just remove the “#” comment symbol from that line. For example, if you wanted to use
the USART and UTIMER drivers, the file would look like this:

Bare Metal Design Using VS Code
Ensemble DevKit (Gen 2)

http://www.alifsemi.com/
https://github.com/alifsemi/alif_vscode-template


User Guide

AUGD0016 v1.1—December 2023
23

Alif Semiconductor

www.alifsemi.com

5. Enter the desired device type in the csolution.yaml file:

The device type is set in the csolution.yaml file. If you are loading a CMSIS example project, the device
type and core used can be found by looking at the pack files. For a DevKit-E7 example, look in
Boards/DevKit-e7/Examples/<example name>/RTE/Device.

The file there will be the device name followed by the CPU core. Take the device name and enter it in
the csolution.yaml file in both the M55_HE and M55_HP device entries.
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11 Summary
This user guide has covered basic single-core MRAM-based bare metal (no OS) design and debug for the
Cortex-M55 High-Efficiency and High-Performance CPU cores in an Alif Semiconductor Ensemble device.

For further information on the Ensemble devices and tools, refer to Software & Tools and User Guides & App
Notes tabs under Alif Semiconductor Support page.
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12 Legal and Support Information

12.1 Disclaimers
Legal Notice – Please Read

Alif Semiconductor™ reserves the right, without notice, to alter, edit, update, make corrections, and
improvements to Alif documentation and products at any time. It is the responsibility of customers to
maintain the most current versions of documentation before making any purchases from Alif. The
information found in this documentation is provided to purchasers solely for the purpose of enabling
hardware and software implementation of Alif products.

Alif neither takes any responsibility for, nor guarantees the appropriateness of, its products for a specific
purpose. Customers accept the responsibility for the selection and incorporation of Alif products into their
systems and Alif has no liability with respect thereto. ALIF ALSO DISCLAIMS ANY AND ALL LIABILITY WITH
RESPECT THERETO, INCLUDING WITHOUT LIMITATION, DIRECT, CONSEQUENTIAL, INDIRECT, SPECIAL AND
INCIDENTAL DAMAGES. ADDITIONALLY, ALIF DISCLAIMS AND EXCLUDES ALL WARRANTIES, WHETHER
STATUTORY, EXPRESS OR IMPLIED, INCLUDING ANY IMPLIED WARRANTY OF MERCHANTABILITY, FITNESS FOR
A PARTICULAR PURPOSE AND NON-INFRINGEMENT AND THOSE ARISING FROM COURSE OF DEALING AND
USAGE OF TRADE.

Alif Semiconductor and the Alif logo are trademarks of Alif. For more information about our trademarks
please visit our website at https://alifsemi.com/legal/. The omission of any Alif trademark, product name or
any other name from this list does not constitute a waiver of Alif's intellectual property rights.

The recipient of this document does not have permission to copy, reprint, reproduce, duplicate, share, in any
form, in whole or in part, unless prior written consent from Alif is obtained.

Please contact an Alif representative at contact@alifsemi.com if you have any questions regarding the
information in this document.

Alif sells products according to standards terms and conditions of sales, which can be found at:
https://alifsemi.com/legal/

12.2 Related Documents and Tools
n Alif Semiconductor device series-specific Hardware Reference Manual (HWRM)
n Alif Semiconductor device series-specific Software Reference Manual (SWRM)
n Alif Semiconductor device series-specific Datasheet

For additional Alif Semiconductor technical documentation and software resources please visit:

n User Guides & App Notes
n Software & Tools

12.3 Contact Information
For more information visit our website Alif Semiconductor or contact us:

contact@alifsemi.com

US HQ – Silicon Valley, CA

7901 Stoneridge Drive, Suite 300

Pleasanton, CA 94588
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12.4 Trademarks
The Alif logo, Ensemble, and aiPM are trademarks of Alif Semiconductor. For additional information about
Alif Semiconductor trademarks, refer to https://alifsemi.com/legal/.

Arm, Cortex, CoreSight, TrustZone, AMBA, Thumb, and Ethos are registered trademarks or trademarks of
Arm Limited (or its subsidiaries) in the US and/or elsewhere.

Neon, and Helium are trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.

Secure Digital and SD is a registered trademark of SD Card Association.

Synopsys & DesignWare are registered trademarks of Synopsys, Inc.

eMMC is trademarks of MultiMediaCard Association.

All other product or service names are the property of their respective owners.
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13 Revision History
Table 13-1 Revision History

Date Revision Changes
December 2023 1.1 Editorial enhancements.
October 2023 1.0 Initial release.
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