MICROCHIP AN4528

Libero® SoC PolarFire® Design Flow

Introduction

This application note describes how to implement the basic PolarFire® Field Programmable Gate Array (FPGA)
designs using the Libero® System-on-Chip (SoC) PolarFire design tool. Each section introduces new features on top
of the previous section. After completing this demo, you will be familiar with the following steps.

* 1.1. Step 1—Creating a Libero SoC PolarFire Project

» 1.2, Step 2—Creating Your Design

* 1.3. Step 3—Creating HDL

* 1.4. Step 4—Creating SmartDesign

+ 1.5. HDL Testbench

* 1.6. SmartDesign Testbench

* 1.7. Step 5—Synthesis and Pin Assignment

» 1.8. Step 6—Programming the Device

* 1.9. Step 7—Running the Design

* 1.10. Step 8—Design Iterations in the Libero SoC PolarFire

Prerequisites
The following table lists the prerequisites for the demo.

Table 1. Prerequisites for the Demo

Software requirements Libero SoC PolarFire v2021.2
Hardware requirements PolarFire Evaluation Kit (MPF300-EVAL-KIT)
Source files Not required. The design is created from scratch
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1. Running the demo

The following sections describe the step-by-step procedure to run this demo. See the Libero® SoC Design Flow User
Guide for detailed description of each step of Libero design flow.

1.1 Step 1—Creating a Libero SoC PolarFire Project
To create a Libero SoC project, perform the following steps.
1. Click Start > Programs > Microsemi Libero SoC PolarFire v2021.2 > Libero SoC PolarFire v2021.2, or

click the shortcut on your desktop. The following figure shows the Libero SoC PolarFire Project Manager
window.

Figure 1-1. Libero SoC PolarFire Project Manager
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2. To create a new project, on the Start Page tab, click New (shown in the preceding figure), from the Libero Soc
menu, click Project > New Project . The New Project window is displayed.
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Figure 1-2. New Project Window
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3. In the Project Details page of the New Project dialog box, enter the following information and then click
Next.

— Project name: PolarFire_basic

— Project location:
<C: or D:>/Microsemiprj

(or the path to where the files are extracted).

— Preferred HDL type: Select either VHDL or Verilog based on the HDL preferences.
Note: Project name is case sensitive for Verilog design.

Figure 1-3. Project Details
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4. Inthe Device Selection page of the New Project dialog box, enter the following details, and then click Next.

— Family: PolarFire
— Die: MPF300TS

— Package: FCG1152

— Speed: -1
— Range: IND

Figure 1-4. Device Selection
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5. In the Device settings page of the New Project dialog box, enter the following details, and then click Finish.
— Core Voltage: 1.0 (default)

— 1/O settings

» Default I/0O technology: LVCMOS 1.8V
» Reserve pins for probes: Checked (default)
— System controller suspended mode: Un-checked (default)
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Figure 1-5. Device Settings
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6. This is the page where you can add the existing HDL design source files to your Libero SoC project. The HDL
source files can be imported or linked to the Libero SoC project.

Figure 1-6. HDL Import
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7. In this page, you can add the timing constraints and physical constraints files to the Libero SoC project by
importing or linking.
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Figure 1-7. Constraints Import
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The Design Flow window is used to manage design creation flow. This window has multiple tabs. You can switch

between these tabs by clicking the tabs at the bottom, as shown in the following figure.

1.2 Step 2—Creating Your Design
To create a design, perform the following step.
Figure 1-8. Design Creation
=- ¥ C
]
il
El
= B
1.3 Step 3—Creating HDL

reate Design

Create SmartDesign

Create HDL

Create SmartDesign Testbench
Create HDL Testbench

Verify Pre-Synthesized Design

B Simulate

To create a design in HDL, perform the following steps.

1. Double click Create HDL in the Design Flow window . The Create a new HDL file dialog box is displayed.

© 2022 Microchip Technology Inc.
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Figure 1-9. Creating HDL
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2. Under HDL Type section, select an option as shown in the previous figure. Select whether to Initialize file
with standard template to populate the file with default headers and footers.

3. Enter a name and click OK.
Note: Do not enter a file extension because Libero SoC adds one for you, which is by default.

4. Click Save.

1.4 Step 4—Creating SmartDesign

To create a design in SmartDesign, perform the following steps.

1. In the Design Flow window, double click Create SmartDesign and name your design as andgate, and then
click OK. The SmartDesign Canvas is displayed.

Figure 1-10. Creating New SmartDesign
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2. Inthe Design Flow window, click the Catalog tab, in the Design Flow window and then expand the Macro
Library section, as shown in the following figure.
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Figure 1-11. Catalog Tab
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3. From the Catalog, drag AND2 gate onto the blank SmartDesign Canvas on the right.

4. Select A and then right click to bring up the menu. From the menu, select Promote to Top Level, as shown
in the following figure. This creates an external connection on the device that is connected to a switch. Repeat
the same steps for B and .

Figure 1-12. AND2 Gate
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a . V
_Iv- Disconnect
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¥ Magnify Pin
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Tie Low
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5. When you have completed this step, you should have the view shown in the following figure.
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Figure 1-13. AND2 Connection
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Click the Generate Component button on the top of the canvas to generate the design.
The andgate was successfully generated message is displayed in the Libero SoC Log tab, as shown in the
following figure.

Figure 1-14. Successful Message in Libero SoC Log Tab

Log
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The FolacFire basic p
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andgat
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log | Message |
Select the Design Hierarchy window, set andgate as root, and then click Build Hierarchy as shown in the
following figure.
Figure 1-15. Design Hierarchy

Design Hierzrchy
1 Build Hierarchy || Show: |Components - %

- fifil work

E andgate
+ [ Components

andgate is displayed in the bold font under the Design Hierarchy tab, indicating that it is the root level.

HDL Testbench

To create HDL Testbench, perform the following steps.

In the Design Hierarchy, right click SmartDesign, and then select Create Testbench > HDL. Provide a name
for the testbench. The HDL testbench instantiates the selected SmartDesign into the component automatically.
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Figure 1-16. HDL Testbench
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2. To create a new testbench file, under Create Design, double click Create HDL Testbench to display the
Create New HDL Testbench dialog box. The dialog box allows you to create a new testbench file, with the
option to include standard testbench content and your design data.

Figure 1-17. Creating New HDL Testbench File
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Figure 1-18. HDL Testbench File

Jmodule sample th;
parameter SYSCLK PERIOD = 100;// 10MHEZ

reqg A,B;
wire y;

1//reg SYSCLEK;

// Instantiate Unit Under Test: andgate
N N NSNSy

landgate andgate 0 (
// Inputs
CA(R),
.B(B),
// outputs
Y (y)
// Inouts

) ;

initial

Tbegin
A=0; B=0;
#100;
k=0; B=1;
#100;
k=1; B=0;
#100;
r=1; B=1;
#100;

end

endmodule

3. To perform pre-synthesis simulation, go to Stimulus Hierarchy. Right click testbench and run Simulate

Pre-synthesis Design. For more information, see section 4.10 in Libero® SoC Design Flow User Guide for
the all families.

Figure 1-19. Pre-Synthesis SIM
o Wava

File Edit View Add Format Tools Bookmarks Window Help
pm] Wave - Default
[8-2R -8 4B O

INCEFTET
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1.6 SmartDesign Testbench

SmartDesign Testbench component can be used as both top-level and lower-level testbench component.

1.

ok wbd

In the Design Flow window, double click Create SmartDesign Testbench. The Create New SmartDesign
Testbench dialog box is displayed.

Figure 1-20. SmartDesign Testbench

B | Create New SmartDesign Testbench ? X

Name:

| andgate_sd_tb]|

Iy Set as Active Stimulus

Help | OK Cancel

Enter a unique component name.
Select Set as Active Stimulus to make this SmartDesign Testbench your active stimulus.
Click OK. The component is displayed under the Stimulus Hierarchy tab of the Design Explorer.

To perform simulation, need to add pulse generator. Go to Catalog tab, then select the Simulation option and
double click pulse generator under Clock & Management section.

Figure 1-21. Creating Pulse Generator Component

B | Create Component ? ped

Name:

PULSE_GEM_C1]

Help ‘ 0K Cancel

In Pulse Generator configurator, set the parameters in such way that all the input combinations are generated.
Repeat 5 and 6 steps to create another pulse generator.

Figure 1-22. Configuring Pulse Generator

Configuration l

Pulse Type SINGLE hd
Pulse Start Time (ns) |200|

Pulse Width (ns) 100

Help oK | Cancel
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Figure 1-23. SmartDesign Testbench Canvas
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FULSE
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To perform pre-synthesis simulation, go to Stimulus Hierarchy, double click Build Hierarchy, save and then
right click SmartDesign testbench and run Simulate Pre-synthesis Design.

Figure 1-24. Adding Simulation

= il work
- B sample_tb (sample_tb.v) [work]
andgate
=~ (7 User HDL Stimulus Files
Bl stimulus\sample_tb.v [work]

Design Fl... Design Hierarc... Stimulus Hierarc... Catal... Compone... J Fil... ‘
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Figure 1-25. SmartDesign Pre-Synthesis SIM
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1.7 Step 5—Synthesis and Pin Assignment
To perform synthesis and assign pin, perform the following steps.
1. In the Design Flow window, under Implement Design, double click Synthesize , as shown in the following

figure, to synthesize the design with Synplify Pro. Synplify Pro adds 1/O pads to the design. A green check
mark appears in the Design Flow window to indicate synthesis was successful.

Figure 1-26. Synthesize in Design Flow

Design Flow 8 x
Top Module(root): andgate a2 D @'
Tool I

#- b Create Design
= b Constraints
- 3p Manage Constraints
= # Implement Design
¥ Open Netlist Viewer
v S Synthesize
= » Verify Post-Synthesized Design
: +[] Generate Simulation File
B Simulate
- P Place and Route
= » Verify Post Layout |mplementation
&, Verify Timing
@, Open SmartTime
[ Verify Power
% Dpen SSN Analyzer
= # Configure Hardware
+ Pl Programming Connectivity and Interface
& Configure Programmer
- @ Select Programmer
Program Design
Debug Design
Handoff Design for Production
Handoff Design for Debugging

T--F
ryywvw

Design Flow l Design Hierarchy J Stimulus Hierarchy J Catalog j Files J

2. Inthe Design Flow window, double click Manage Constraints to open the Libero SoC Constraints
Manager.
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Figure 1-27. Libero SoC Constraints Manager
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3. Confirm that the I/O Attributes tab is selected. From the list on the Edit button, select Edit with 1/O Editor
(highlighted in the preceding figure) to open the 1/0 Editor.

4. Select the Port View tab of the 1/0 Editor, as shown in the following figure.
Figure 1-28. I/O Editor
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=

LERT"
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@INFO: Reading User PDC file

sics/constraint/icfuser.pde. 0 error(s) and O warning(s)
BINFO: Beading User BOC file
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osemi/Pol
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5. Use this window to set the I/O Standard and Pin Number. Confirm that LVCMOS18 is the I/O standard for
each pin, as shown in the following figure.

6. In the Pin Number column, click Unassigned to reveal available 1/O pins. Make the following assignments.
You can either type the pin number in the field or use the list to select the pin.

- A—B19
- B—C21
- Y—C26
© 2022 Microchip Technology Inc. Application Note DS00004528A-page 16
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7. Ensure the connections match the following screenshot, then select File > Commit, and close the window by
clicking File > Exit.

Figure 1-29. I/0 Standard and Pin Number Assignments

Port View [active] & 1 Pin View & I XCVR View & ‘ Memory View & I 10D View & I Package View & 1 Floorplanner View & I Netlist Viewer - Hier & -
Unrt Nlamao 1 Dirartinn .4 i) SFandard .4 Din Mhiimnbhaor = 1 nrlrad . 4 Marrn [ oll v Hanl Nama v llcad 1/() Ramn v Ilcar Y | arle | Vo v
1 A INPUT LVCMOS18 B19 “ INBUF Banké None J
2 B INPUT LVCMOS18 Cc21 “ INBUF Banké None g
2 Y OUTPUT LVCMOS18 C26 - OUTBUF Bank6 None B

8. To add timing constraints (if required for your design), see Timing Constraints Editor User Guide for Libero
SoC v2021.2 for all the families.
Push-Button Switches

The PolarFire evaluation board comes with four debug push button switches connected to the PolarFire
FPGA. The following table lists the on-board push button switches.

Table 1-1. PolarFire Evaluation Kit - Push-Button Switches

PolarFire® Evaluation Board Pin | PolarFire FPGA |PolarFire FPGA Pin Name
Pin Number

SW10 B19 HSIO46PB6 Bank - 6
SW9 C21 HSI049PB6 Bank - 6
Sw8 A25 HSI068PB6/DQS/CCC_SE_PLL1_OUTO Bank - 6
SwW7 B27 HSIO69NB6 Bank - 6

The following figure shows push button and pin connections.
Figure 1-30. Push-Button and Pin Connections
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User LEDs

The board provides user access to eight active-high LEDs that are connected to the PolarFire device for
debugging applications. The following table lists the on-board user LEDs.
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Table 1-2. PolarFire Evaluation Kit - User LEDs

PolarFire® Evaluation Board Pin PolarFire | Number PolarFire Pin Name

FPGA Pin

Number
LED7 D25 HSIO70PB6/CCC_SE_PLL1_OUT1 Bank - 6
LED6 C26 HSIO70NB6 Bank - 6
LED5 B26 HSIO71NB6 Bank - 6
LED4 F22 HSIO64NB6 Bank - 6
LED11 H21 HSIO36NB6 Bank - 6
LED10 H22 HSIO60NB6 Bank - 6
LED9 F23 HSI1062PB6/DQS/CCC_SE_PLLO_OUTO Bank - 6
LED8 Cc27 HSIO71PB6/CCC_SE_CLKIN_S_15 Bank - 6

The following figure shows how the LEDs are connected to the PolarFlre FPGA. When the PolarFire output
goes high (logic 1), the LED turns on. When the output goes low (logic 0), the LED turns off.

Figure 1-31. PolarFire Evaluation Kit User Defined LEDs

3.3V

<y

1 -
PolarFire Transistor

Note: For more information, see the PolarFire Evaluation Board Schematic document provided separately.

9. To perform place and route, under Implement Design in the Design Flow window, double click Place and
Route .
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Figure 1-32. Place and Route
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Note: Double click Verify Timing to perform timing analysis for sequential circuits and to analyze the
generated timing report. If there are any timing violations in design, then see SmartTime Static Timing Analysis
(STA) for Libero SoC v2021.2 for all the families.

Figure 1-33. Programming Design Flow Image

=|- ¥ Program Design

F *[1 Generate FPGA Array Data
*[_] Configure Design Initialization Data and Memories
F *[[] Generate Design Initialization Data

%l;.-,j Configure 1/0 States During JTAG Programming
# Configure Programming Options
k& Configure Security
F % Generate Bitstream
& Configure Actions and Procedures
& Run PROGRAM Action

Generate FPGA Array Data

Generate FPGA Array Data tool generates database files used in the following downstream tools:

— * _map files used for programming

— RAM structural information used in Configure Design Initialization and Memories tools
To generate FPGA array data, double click Generate FPGA Array Data. Ensure to complete Place and
route step.
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Generate Design Initialization Data

This tool is used to generate initialization data of the design, if there are any initialization clients of Fabric
RAMs.

Generate Bitstream

This tool incorporates the fabric design, SNVM configuration, eNVM configuration (if configured), and custom
security settings (if configured) to generate the bit stream file. Before you generate the bit stream, configure
the bit stream. Otherwise, default settings with all available features included are used. To display the
Configure Bit stream dialog box, expand Program Design, right click Generate Bitstream, and then select
Configure Options to select the components you want to program.

1.8 Step 6—Programming the Device

The following steps describe how to run the FlashPro in batch mode to program the PolarFire MPG300 on the
PolarFire evaluation board, as shown in the following figure.

Figure 1-34. PolarFire Evaluation Kit Board
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1. Prior to programming (and powering up) the PolarFire evaluation board, confirm that the jumpers are
positioned as listed in the following table.

Table 1-3. Jumper Settings

J18, J19, J20, Jumpers to select | Close pin 1 and 2 for programming the power sequence | Open
J21, J22 the PolarFire and monitoring chip through the FTDI. Closed
JTAG or A2F Close pin 2 and 3 for programming the PolarFire® FPGA
JTAG through FTDI.

You must always retain the default jumper setting.
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..continued

Jumper to select  Close pin 1 and 2 (Input A to the line side) for routing the  Open
switch-side MUX  on-board 122.88 MHz differential clock oscillator output  Closed
inputs of A or B to  to the line side.
the line side Close pin 1 and 2 (Input B to the line side) for routing

the on-board 125 MHz differential clock oscillator output

to the line side.

J28 Jumper to select | Close pin 1 and 2 for programming through the on-board | Closed
the external JTAG | FlashPro5.
or the onboard
FlashPro5 for
programming the
PolarFire device

J26 Jumper to select  Close pin 1 and 2 for programming through the SC_SPI  Open
the FTDI SPI or Header.
SC_SPI header

J27 Jumper to select | Close pin 1 and 2 for programming through the External | Open
between FTDI SPI | SPI Flash.
or External SPI
Flash to program
the device

J23 Jumper to define  Close pin 1 and 2 to define the SPI Slave mode. Open
the SPI interface
mode

J4 Jumper to select | Close pin 1 and 2 for manual power switching using Closed
the SW3 inputor | SW3. Open
the ENABLE_FT4 | Close pin 2 and 3 for remote power switching using the
232 signal from GPIO capability of the FT4232 chip.
the FT4232H chip

J12 Jumper to select | Close pin 1 and 2 for 3.3V. Open
the PolarFire Close pin 3 and 4 for 2.5V. Closed
VCCIO voltage .
(VCCIO_HPC_VA Close pin 5 and 6 for 1.8V. Open
DJ) to 1.2V, 1.5V, Close pin 7 and 8 for 1.5V. Open
L8, 24 @ Close pin 9 and 10 for 1.2V. Open
3.3V

J43 Jumper to select | Close pin 1 and 2 for 1.05V Open
the VDD voltage

2. Connect 12V power supply brick to the J2 connector.

3. Connect a USB cable between the J1 mini USB connector and the host PC.

4. Slide the main power switch SW1 to ON.

5. Install the FlashPro4 drivers if prompted. The drivers are located in the

<Libero SoC PolarFire v2021.2 Installation Directory>\drivers
folder.

6. To program the design, a programmer must be selected. For that, expand the Configure Hardware, double-
click Select Programmer. From the list, select the programmer you want to use. If no programmers
are connected, connect a programmer without closing the dialog box, and then click Refresh/Rescan
Programmers to display the connected programmer from the list.
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Figure 1-35. Select Programmer Dialog Box

Refresh/Rescan Programmers

Programmer

89313 |

Type: FlashPro4

Port: wsb89313 (USB 2.0)

hep | | oK Cancel

7. In the Design Flow window, expand Program Design. Right click Run PROGRAM Action and select Run to
generate the programming file and begin programming.

Figure 1-36. Run Program Action
Design Flow
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& SmartDebug Design "_J

Design Flow | Catalog | Design Hierarchy |

8. FlashPro runs in batch mode and programs the device. Programming messages are visible in the Libero SoC
log window (programmer number differs).

Note: Do not interrupt the programming sequence.

9. The following message is displayed in the Reports view under Run PROGRAM Action, when the device is
programmed successfully (programmer number differs).

programmer 'E2001JZK2X': device 'MPF300T ES': Executing action PROGRAM PASSED.
programmer 'E20040QL7D': device 'MPF300TS': Executing action PROGRAM PASSED.
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Figure 1-37. Reports Tab
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A green tick mark appears next to Program Design and Run PROGRAM Action in the Design Flow window
to indicate successful programming as shown in the following figure.

Figure 1-38. Design Flow Green Tick Marks
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10. To save your completed project, from the Libero menu, click Project > Save.
Note: Do not close the window.

To debug your design in real time, use SmartDebug tool. For more information about SmartDebug tool, see
SmartDesign v2021.2 User Guide for all the families.
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Step 7—Running the Design

This is a very simple design designed to show an AND gate. The following steps are performed to run the design.

1. Observe LED1 with switch 5 and switch 6 released—it illuminates.

2. Press switch 5 and observe the behavior of LED1—it turns OFF.

3. Press switch 6 and observe the behavior of LED1—it turns OFF.

4. Press both switches to turn OFF LED1.
For an AND gate, you might expect the LED to illuminate when both switches are pressed, but in this application,
releasing the switch generates a logic one, which illuminates the LED. To correct this, you must invert the inputs to

the AND gate. For more information, see Figure 16 Switches Interface in UG0747: PolarFire FPGA Evaluation Kit
User Guide.

Step 8—Design Iterations in the Libero SoC PolarFire
To design iteration in the Libero SoC PolarFire v2021.2, perform the following steps.

1.  Reopen the SmartDesign Canvas again, look for the andgate tab.

2. Hold the Ctrl key and select input ports A and B of AND2_0, then right click to bring up the menu. Select
Invert to invert the signals, as shown in the following figure. This is built into the SmartDesign capabilities to
invert or tie off any 1/0.

Figure 1-39. Design Iterations
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Promote to Top Level
Go To Driver
Highlight 4
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Tie Low
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The ports are inverted.
Figure 1-40. Ports Inversion
AND2 0

A 4CA :Y
B Y
B —

AND2

3. Generate the Component . It resets the rest of the compilation functions, but keeps your 1/O constraints.

4. Inthe Design flow window, right click Run PROGRAM Action , then select Update and Run to run all the
steps in between and reprogram the device in one click.

5. Check if the Warning dialog box about running in non-timing-driven mode is displayed behind your active
window.

6. Observe the correct behavior on the board by pressing both switches simultaneously to illuminate LED1.
This step completes the tutorial of the Libero SoC PolarFire v2021.2 design flow.
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The following documents are referred for this demo.

» UGO0758: PolarFire FPGA Design Flow User Guide

* UGO0779: SmartDesign User Guide for PolarFire

+ UGO0750: PolarFire FPGA I/O Editor User Guide

» PolarFire FPGA Tcl Commands Reference Guide

» UGO0776: PolarFire FPGA Design Constraints User Guide

» UGO0769: Timing Constraints Editor User Guide for PolarFire
» UGO0738: Netlist Viewer Interface User Guide for PolarFire

» UGO0821: PolarFire FPGA Chip Planner User Guide

* SmartPower User Guide for Libero SoC PolarFire

» UGO0773: PolarFire FPGA SmartDebug User Guide
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The revision history describes the changes that were implemented in the document. The changes are listed by

revision, starting with the most current publication.
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The following is the list of changes in revision A of the document:

The document was migrated to the Microchip template.

The document number was updated to DS00004528A from
50200844.

The following is a summary of the changes in revision 3.0 of this

document.

Updated the document for Libero SoC v2021.2.

Updated section 1.1. Step 1—Creating a Libero SoC
PolarFire Project

Updated section 1.2. Step 2—Creating Your Design
Added section 1.3. Step 3—Creating HDL

Added section 1.4. Step 4—Creating SmartDesign
Added section 1.5. HDL Testbench

Added section 1.6. SmartDesign Testbench

Updated section 1.7. Step 5—Synthesis and Pin
Assignment

Updated section 1.8. Step 6—Programming the Device

The following is a summary of the changes in revision 2.0 of this

document.
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2.0 —
1.0 09/2018

Updated section 1.1. Step 1—Creating a Libero SoC
PolarFire Project

Updated section 1.7. Step 5—Synthesis and Pin
Assignment
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Microchip FPGA Support

Microchip FPGA products group backs its products with various support services, including Customer Service,
Customer Technical Support Center, a website, and worldwide sales offices. Customers are suggested to visit
Microchip online resources prior to contacting support as it is very likely that their queries have been already
answered.

Contact Technical Support Center through the website at www.microchip.com/support. Mention the FPGA Device
Part number, select appropriate case category, and upload design files while creating a technical support case.

Contact Customer Service for non-technical product support, such as product pricing, product upgrades, update
information, order status, and authorization.

¢ From North America, call 800.262.1060

*  From the rest of the world, call 650.318.4460

* Fax, from anywhere in the world, 650.318.8044

The Microchip Website

Microchip provides online support via our website at 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 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: www.microchip.com/support

Microchip Devices Code Protection Feature

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

» Microchip products meet the specifications contained in their particular Microchip Data Sheet.

* Microchip believes that its family of products is secure when used in the intended manner, within operating
specifications, and under normal conditions.
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» Microchip values and aggressively protects its intellectual property rights. Attempts to breach the code
protection features of Microchip product is strictly prohibited and may violate the Digital Millennium Copyright
Act.

* Neither Microchip nor any other semiconductor manufacturer can guarantee the security of its code. Code
protection does not mean that we are guaranteeing the product is “unbreakable”. Code protection is constantly
evolving. Microchip is committed to continuously improving the code protection features of our products.

Legal Notice

This publication and the information herein may be used only with Microchip products, including to design, test,

and integrate Microchip products with your application. Use of this information in any other manner violates these
terms. Information regarding device applications is provided only for your convenience and may be superseded

by updates. It is your responsibility to ensure that your application meets with your specifications. Contact your
local Microchip sales office for additional support or, obtain additional support at www.microchip.com/en-us/support/
design-help/client-support-services.

THIS INFORMATION IS PROVIDED BY MICROCHIP "AS IS". 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 ANY IMPLIED
WARRANTIES OF NON-INFRINGEMENT, MERCHANTABILITY, AND FITNESS FOR A PARTICULAR PURPOSE,
OR WARRANTIES RELATED TO ITS CONDITION, QUALITY, OR PERFORMANCE.

IN NO EVENT WILL MICROCHIP BE LIABLE FOR ANY INDIRECT, SPECIAL, PUNITIVE, INCIDENTAL, OR
CONSEQUENTIAL LOSS, DAMAGE, COST, OR EXPENSE OF ANY KIND WHATSOEVER RELATED TO THE
INFORMATION OR ITS USE, HOWEVER CAUSED, EVEN IF MICROCHIP HAS BEEN ADVISED OF THE
POSSIBILITY OR THE DAMAGES ARE FORESEEABLE. TO THE FULLEST EXTENT ALLOWED BY LAW,
MICROCHIP'S TOTAL LIABILITY ON ALL CLAIMS IN ANY WAY RELATED TO THE INFORMATION OR ITS USE
WILL NOT EXCEED THE AMOUNT OF FEES, IF ANY, THAT YOU HAVE PAID DIRECTLY TO MICROCHIP FOR
THE INFORMATION.

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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BlueSky, BodyCom, CodeGuard, CryptoAuthentication, CryptoAutomotive, CryptoCompanion, CryptoController,
dsPICDEM, dsPICDEM.net, Dynamic Average Matching, DAM, ECAN, Espresso T1S, EtherGREEN, GridTime,
IdealBridge, In-Circuit Serial Programming, ICSP, INICnet, Intelligent Paralleling, Inter-Chip Connecitivity,
JitterBlocker, Knob-on-Display, maxCrypto, maxView, memBrain, Mindi, MiWi, MPASM, MPF, MPLAB Certified
logo, MPLIB, MPLINK, MultiTRAK, NetDetach, NVM Express, NVMe, Omniscient Code Generation, PICDEM,
PICDEM.net, PICkit, PICtail, PowerSmart, PureSilicon, QMatrix, REAL ICE, Ripple Blocker, RTAX, RTG4, SAM-
ICE, Serial Quad I/0, simpleMAP, SimpliPHY, SmartBuffer, SmartHLS, SMART-1.S., storClad, SQI, SuperSwitcher,
SuperSwitcher I, Switchtec, SynchroPHY, Total Endurance, TSHARC, USBCheck, VariSense, VectorBlox, VeriPHY,

© 2022 Microchip Technology Inc. Application Note DSOOOO4528A-page 28
and its subsidiaries


https://www.microchip.com/en-us/support/design-help/client-support-services
https://www.microchip.com/en-us/support/design-help/client-support-services

AN4528

ViewSpan, WiperLock, XpressConnect, and ZENA are trademarks of Microchip Technology Incorporated in the
U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.
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