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IN THE UNITED STATES DISTRICT COURT
FOR THE NORTHERN DISTRICT OF TEXAS

DALLAS DIVISION
LUCIO DEVELOPMENT LLC, §
Plaintiff, § Case No:
Vs. § PATENT CASE
MICROCHIP TECHNOLOGY §
INCORPORATED §
Defendant. g
§
COMPLAINT

Plaintiff Lucio Development LLC (“Plaintiff” or “Lucio”) files this Complaint against
Microchip Technology Incorporated (“Defendant” or “MTI”) for infringement of United States
Patent No. 7,069,546 (hereinafter “the ‘546 Patent”).

PARTIES AND JURISDICTION

1. This is an action for patent infringement under Title 35 of the United States
Code. Plaintiff is seeking injunctive relief as well as damages.

2. Jurisdiction is proper in this Court pursuant to 28 U.S.C. §§ 1331 (Federal
Question) and 1338(a) (Patents) because this is a civil action for patent infringement arising
under the United States patent statutes.

3. Plaintiff is a Texas limited liability company with its office address at 555
Republic Dr., Suite 200, Plano, Texas 75074.

4. On information and belief, Defendant is a Delaware corporation with a place of
business at 2355 W. Chandler Blvd., Chandler, AZ 85224. Microchip Technology may be
served via its registered agent for service of process: The Corporation Trust Company,

PLAINTIFF’S COMPLAINT AGAINST DEFENDANT MICROCHIP TECHNOLOGY
INCORPORATED PAGE | 1



Case 3:19-cv-00256-L Document 1 Filed 01/31/19 Page 2 of 35 PagelD 2

Corporation Trust Center 1209 Orange St., Wilmington, Delaware 19801.

5. This Court has personal jurisdiction over Defendant because Defendant has
committed, and continues to commit, acts of infringement in this District, has conducted
business in this District, and/or has engaged in continuous and systematic activities in this
District.

6. On information and belief, Defendant’s instrumentalities that are alleged herein
to infringe were and continue to be used, imported, offered for sale, and/or sold in this District.
VENUE

7. Venue is proper in this District pursuant to 28 U.S.C. §1400(b) because acts of
infringement are occurring in this District and Defendant has a regular and established place of
business in this District. For instance, on information and belief, Defendant has a regular and

established place of business at 16200 Addison Rd. # 260, Addison, TX 75001.

COUNT I
(INFRINGEMENT OF UNITED STATES PATENT NO. 7,069.546)
8. Plaintiff incorporates paragraphs 1 through 7 herein by reference.
0. This cause of action arises under the patent laws of the United States and, in

particular, under 35 U.S.C. §§ 271, et seq.

10. Plaintiff is the owner by assignment of the ‘546 Patent with sole rights to
enforce the ‘546 Patent and sue infringers.

11. A copy of the ‘546 Patent, titled “Generic Framework for Embedded Software
Development,” is attached hereto as Exhibit A.

12. The ‘546 Patent is valid, enforceable, and was duly issued in full compliance
with Title 35 of the United States Code.

13. On information and belief, Defendant has infringed and continues to infringe
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one or more claims, including at least Claim 1, of the ‘546 Patent by making, using, importing,
selling, and/or offering for sale a software platform for embedded software development,
which is covered by at least Claim 1 of the ‘546 Patent. Defendant has infringed and continues
to infringe the ‘546 Patent directly in violation of 35 U.S.C. § 271.

14. Defendant, sells, offers to sell, and/or uses embedded software development
packages including, without limitation, MPLAB X IDE, Atmel Studio 7, Atmel START, and
any similar products (“Product”), which infringe at least Claim 1 of the ‘546 Patent.

MPLAB X IDE

15. MPLAB X IDE is a software program used to develop applications for
microchip microcontrollers and digital signal controllers. It also includes MPLAB Harmony
Configurator (MHC) as a plug-in, which accelerates development of highly capable and
reusable PIC32 embedded firmware applications. MPLAB X IDE provides one or more
generic application handler programs, each such program comprising computer program code
for performing generic application functions common to multiple types of hardware modules
used in a communication system. For example, MPLAB Harmony Configurator (MHC) uses
a plug-in in MPLAB X IDE comprising a Hardware Abstraction Layer (HAL) containing
Hardware Access Functions for defined functions (“generic application handler””). Hardware
Access Functions include source code comprising functions and data structure, which are
uniform across all supported MPLAB Harmony hardware modules. Certain elements of this
limitation are illustrated in the screenshots below and in the screenshots referenced in

connection with other elements herein.
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MPLAB® X IDE

MICROCHIP USER’S GUIDE

Chapter 1. What is MPLAB X IDE?

11 INTRODUCTION

MPLAB® X IDE is a software program that is used to develop applications for Microchip
microcontroilers and digital signal confrollers, (Experienced embedded-systems
designers may want to skip to the next chapter.)

This development tool is called an Integrated Development Environment, or IDE,
because it provides a single integrated “environment” to develop code for embedded
microcontrollers.

This chapter describes the development of an embedded system and briefly explains
how MPLAB X IDE from Microchip is used in the process.
Topics discussed here inciude the following:

+ An Overview of Embedded Systems

+ The Development Cycle

* Project Manager

* Language Tools

Target Debugging

« Device Programming

« Components of MPLAB X IDE

* MPLAB X IDE Online Help

« Dther MPLAB X IDE Documentation

* Web Site

« MPLARB X Store

Source: hitp/fww1_microchip.com/downloads/en/DeviceDoc/50002027D pdf, page 13.
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1.3 THE DEVELOPMENT CYCLE

The process for writing an application is often described as a development cycle, since
it is rare that all the steps from design to implementation can be done flawlessly the first
ime. More often code is written, lested and then modified to produce an application that
performs comectly.

The Integrated Development Emvironment allows the embedded systems design engi-
neer to progress through this cycle without the distraction of switching among an array
of toals, By using MPLAB X IDE, all the functions are integrated, allowing the engineer
to concentrate on completing the application without the interruption of separate tools
and different modes of operation.

FIGURE 1-7: THE DESIGN CYCLE

/—D\
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MPLAB X IDE is a "wrapper” that coordinates all the tools from a single graphical user
interface, usually automatically. For instance, once code is written, it can be converted
o executable instructions and downloaded inlo a microcontroller to see how it works.
In this process multiple tools are needed: an editor (o write the code, a project manager
1o organize files and seitings, a compiler or assembler to convert the source code to
machine code and some sort of hardware or software that either connecits to a target
microcontrolier or simulates the operation of a microcontroller,

Source: hitpi/fiww1._microchip.com/downloads/en/DeviceDoc/50002027D . pdf, page 21.
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What is MPLAB X IDE?

1.2.3 Implementing an Embedded System Design with MPLAB X IDE

A development system for embedded controllers is a system of programs running on a
computer that help to write, edit, debug and program code — which is the intelligence
of embedded systems applications — into a microcontroller. MPLAB X IDE is such a
system, it contains all the components needed to design and deploy embedded
systems applications.

The typical tasks for developing an embedded controller application are:

1. Create the high level design. From the features and performance desired, decide
which PIC MCU or dsPIC DSC device is best suited to the application, then
design the associated hardware circuitry. After determining which peripherals
and pins control the hardware, write the firmware — the software that will controd
the hardware aspects of the embedded application. A language tool such as an
assembler, which is directly translatable into machine code, or a compiler that
allows a more natural language for creating programs, should be used to write
and edit code. Assemblers and compilers help make the code understandable,
allowing function labels to identify code routines with variables that have names
associated with their use, and with constructs that help organize the code in a
maintainable structure.

2. Compile, assembie and link the software using the assembiler and/or compiler
and linker to convert your code into “ones and zeros™ = machine code for the PIC
MCUs. This machine code will eventually become the firmware (the code pro-
grammed into the microcontrolier),

3. Test your code. Usually a complex program does not work exactly the way
imagined, and "bugs” need to be removed from the design to get proper results.
The debugger allows you to see the “ones and zeros™ execute, related to the
source code you wrote, with the symbols and function names from your program.
Debugging allows you to experiment with your code to see the value of variables
at various points in the program, and to do “what i checks, changing variable
values and stepping through routines.

4. “Burn” the code into a microcontrolier and verify that it executes cormrectly in the
finished application.

Source: hitp:/iww1._microchip.com/downloads/en/DeviceDoc/50002027D pdf, page 19.
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1.2 Components of Hardware Abstraction Layer
Figure 1 shows a representative block diagram of the Hardware Abstraction Layer in relation to the MC
Application Framework and the customer application,

[ Customer Apphcation
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MC Application Framewark ]
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Support
Package
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Flgure 1: Block diagram of Hardware Abstraction Layer

Source: hitp:/iww1.microchip.com/downloads/en/DeviceDoc/hardware-abstraction-layer pdf, page 5.

The Main File

This topic describes the logic of the main. c file and the C language main function in a MPLAB Harmony project.
Description

The C language entry point for a MPLAB Harmony embedded application is the main function. This function is defined in the main. c file,
generated in the project’s app folder (or sxrc directory on disk) by the MHC. The ma in function (see the following example) implements a simple
“super loop”, commonly used in embedded applications that do not make use of an operating system.

Example main Function Logic

int main ( wvoid )

i

all MPLAB Harmony modules, including applicatlion(s).

SYS_:."_i'.‘_iali:e { NUOLL ) :

while ( true )
{
sintain state machines of all polled MPLAB Harmony modules.

SYS Tasks | }:

* Execution should not

return ( EXIT_FAILURE );

Qme nNere durang nolma. Operacion

Source: hitp:/fww1_microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2 04 pdf, page 17.
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Device Drivers

The primary purpose of a MPLAB Harmony device driver (or "driver”) is to provide a simple and highly abstracted interface to a peripheral, allowing
your application (or any other module in the system) to interact with a peripheral lhrcugh a consistent set of functions. A driver is responsible for
managing access to a peripheral, so that requests from different modules do not conflict with each other, and for managing the state of that
peripheral so that it always operates correctly.

Peripheral Libraries

A Peripheral Library (PLIB) is a simple access library that provides a consistent (but very low level) interface to a peripheral that is "on board” the
MCUJ PLIBs hide register details, making it easier to write drivers that support multiple microcontroller families, jput they are not normally used by
applications directly to interact with peripherals, as they provide little abstraction, and because they require the caller to manage the detailed
operation of a peripheral (including preventing conflicting requests from other modules). Because of the lack of conflict protection in a PLIB, only
one module in a system should directly access the FLIB for a peripheral. Therefore, PLIBs are primarily used to implement device drivers (and
some system services) to make them portable.

Source: hitp//fww1.microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2.04 pdf, page 10.

Modularity

| MPLAB Harmony libraries are modular software "building blocks” |1hat allow you to divide-and-conquer your fiimware design. The interface to each
library consists of a highly cohesive set of funclions (not globally accessible variables or shared registers), so that each module can manage its
own resources. If one module needs to use the resources of another module, it calls that module’s interface functions to do so. Interfaces between
modules are kept simple with minimal inter-dependencies so that modules are lposely coupled to each other. This approach helps to eliminate
conflicts between modules and allows them to be more easily used together like building blocks to create the solutions you need.

Middleware Libraries

The normal usage models of some of the more complex peripherals, (i.e., USB or network interfaces) require interpreting complex protocols or
may require substantial additional processing to produce useable results, such as drawing graphical images on an LCD screen with an LCD
controller peripheral. Therefore, while a device driver may be completely sufficient for a simple peripheral like a UART, some peripherals require
what is frequently called "middleware” (aptly named because it sits between your application and the hardware abstraction layer or "driver” layer).
MPLAB Harmony provides several middleware library "stacks” to manage these more complex peripherals and provide the functionality you need
and expect

MPLAB Harmony middleware "stacks” are usually built upon device drivers and system services so that they can be supported on any Microchip
microcontroller for which the required driver or service is supported. However, special implementations may be available that integrate the
driver, certain services, and various modules within the "stack" for efficiency.

Source: hitp/iww1.microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2.04 pdf, page 11.

16. MPLAB X IDE generates specific application handler code to associate the
generic application functions with specific functions of a device driver for at least one of the
types of the hardware modules. For example, in addition to the generic drivers and HAL,
MPLAB X IDE includes a plug-in MPLAB Harmony Configurator (MHC) comprising a
specific application handler code that is specific to the application and specific to particular
microcontroller families. Certain elements of this limitation are illustrated in the screenshots

below and in the screenshots referenced in connection with other elements herein.
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The Configuration-specific "framework™ Folder
This topic describes the configuration-specific £ramewark folder.

Description

The interface (i.e., AP1) headers and the source files for the dynamic implementations of all MPLAB Harmony libraries are contained in the main
framework folder (<install-dir>\framework). Howeuerl the MHC generates any static implementations of the MPLAB Harmony Ibran’es,l
These generated source files are all configuration specific because they are generated with knowledge of the configuration selections. Thus, they
are placed in a configuration-specific framework folder. For consistency, the organization of the sub-folder tree of the configuration-specific
framework folder matches the organization of the main framework folder.

For example, the configuration-specific framewor k folder for the pic32mx795_pim_e16 configuration of the sample project contains the source
files for the static, MHC-generated implementations of the Clock System Service and the Ports System Service, as shown in the following figure.

3 2w PIS_pen_e 16
o) framework
=-@8 svstem
5 @) o
= {gf) e
1 sys_ck_statc.c
= (@) perts
=-lF sc
T sys_ports_static.c

Other Configuration-specific Files
This topic describes two other (non C-language) configuration-specific files.

Description

There are two additional (non-C lal files generated by the MHC and ced into the configuration-specific folder] The first file,
<config=name>.mhc, caplures the configuratlion selections made by the user. The second file, which is always named configuration.=xml,
captures the various checksums and additional information required by the MHC to identify which generated files have been edited externally and
to store mi: 15 other infor it requires (such as the path to the MPLAB Harmony installation).

Source: hitp//ww1_microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2 04 pdf, page 24-
25
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MPLAB® X IDE User’s Guide

2.3 INSTALL THE USB DEVICE DRIVERS (FOR HARDWARE TOOLS)
For correct tool operation, you might need to install USB drivers.,

2.31 USE Driver Installation for Mac or Linux Operating Systems

When you install MPLAB X IDE on a Mac or Linux computer, the installer will place the
USE drivers for you. You do not need to do anything.

23.2 USB Driver Installation for Windows® XP/7/8 Operating Systems

if you install MPLAB X IDE on a personal computer that uses the Windows operating
system, follow the instructions below to correctly install the USB drivers. (Note: The
USE hardware tool drivers for MPLAB |DE vB.xx are not the same as those for MPLAB
X IDE.)

These instructions apply to the following tools:

* MPLAB REAL ICE in-circuit emulator

= MPLAB ICD 3 in-circuit debugger

* MPLAB PM3 device programmer

+ PIC32 Starter Kit

You do not need to do anything for PICKit 2, PICkit 3 or other MPLAR Starler Kits.

Follow the instructions below to determine your installation method.

2321 BEFORE YOU INSTALL THE DRIVERS

Whether you use the Switcher utility or activate the preinstaller to install your drivers
{bath are discussed in following sections), be aware that your system’s version of
WinUSB drivers will be replaced if they are older than the Switcher or preinstaller ver-
sion. If you want to keep your version of WinUSE drivers, rename these files before
installing any Microchip device dnver.

PagelD 10

Source: hitp/fww1.microchip.com/downloads/en/DeviceDoc/50002027D pdf, page 32.

Open MHC by clicking Tools->Embedded->MPLAB Harmony Configurator.

53 MPLAB X IDE v335 - msd_basic pcizme.ef curcaty IR 3
File Eddt View Havigaste Source Refactor Run Debug Team [Took! Window Help
ol G =y Emb = |
PEES D@ oo . edded (-; MPLAB® Harmony Configurator ) PC: 0x0
efiel

(Proj.. ®|Fes  Services Classes | | swrtiaoe Apply Diff Patch...
- @ E

Templates

I‘ DTDs and XML Schemas
-8 Plugins
} Plugins Download
i Options
—

Saource:

http:/iww1 _microchip.com/downloads/en/DeviceDoc/Migrating%205tandalone %20 MPLAB%20Harmony%20Project%20t0%2

0Standard%20MPLAB%20Harmony%20Project pdf, page 4.
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9. In MHC, Navigate to Project Configuration under Device & Project Configuration.

10. Uncheck the option to Generate Standalone Project? And regenerate the project by hitting
the Generate Code button.
Note: Generate Standalone Project is the only option with which you can generate a
MPLAB Harmony project (selected configuration) as standard or standalone.
Checking this option would generate the project as standalone.
Unchecking this option would generate the project as standard.

StartPage = MPLABE Harmony Configurator™ =
Blse)me—Ye T %

Options” | Clock Diagram % | P Disgram % | Pin Settings  x
MPLAB Harmony & Application Configuration
| [3]-Apphcation Configuration

#- Harmony Framework Configuration

i BSP Configuration

# Third Party Libranes

-1 Device B Project Configuraton

TP ST 2O T T T DT LR T tion
Project Configuration
= - = .-)
1 XC32 (Global Opbons)
1154 Mode

Source:
hitp:/imw1_microchip.com/downloads/en/DeviceDoc/Migrating%20Standalone %20MPLAB%20Harmony%20Project%20t0%2
0Standard%20MPLAB%20Harmony%20P roject_pdf, page 6.

17. MPLAB X IDE generates specific application handler code and defines a
specific element in the specific code to be handled by one of the generic application functions
for that hardware module. For example, MPLAB X IDE uses MPLAB Harmony Configurator
(MHC) as a plug-in for generating system-specific application handler code. System-specific
application handler code comprises functions and data structures (“specific element”)
corresponding to specific hardware modules that extend or otherwise connect the system-
specific application handler code and data structures made available by the generic application
handler code. Certain elements of this limitation are illustrated in the screenshots below and in

the screenshots referenced in connection with other elements herein.
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system_definitions.h
This topic describes the purpose of the system definitions header file.
Description
The system configuration source files (system init.c, system tasks.c, and system interrupt.c)all require a definition of the system

objecis data structure and an extern declaration of it. The MHC generates these items in the system_definitions.h header file and the
system source files all include that header file.

For example, the sample application defines the following structure definition and extern declaration.

typedef struct

5Y5 MODULE OBJ sysDevcon;
S5YS MODULE OBJ drvUsartd;

} SYSTEM OBJECTS;

axtarn SYSTEM OBJECTS sysCbi;l
|Thi5 structure holds the object handles returned by the Initialize functions for the device control and USART modules (in system_init. -:j|
because they must be passed into the associated Tasks functions (called in system_tasks.c), which is why the system global sysObj structure
requires an extern declaration. The MHC generates object handle variables in this structure for every instance of an active module in the system.
Additionally, the system configuration source files require the interface headers for all libraries and applications included in the system so that they

have prototypes for their Initialize and Tasks functions. In the sample application, the system_definitions.h file includes the following
interface headers (and standard C headers).

Source: hitp:/fiww1.microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2.04 pdf, page 23.

system_tasks.c
This topéic describes the purpose of the system tasks file.

Description
Since MPLAB Hammaony modules are state machine driven, they each have a “Taske" function that must be called repeatedly (from the
system-wide “super loop” In main or from an ISR or OS thread). The "Tasks" functions are all called from the vel SYS Initialize function that
is normally implemented in a file called system tasks.c that qganaratad by the MHC as part of a system mnfigua'nonl

Example system_tasks.c File
void 5YS Tasks ( void )

S¥S DEV

The system_tasks.c file for the "pic32mx 79 5" a" £l i

SYS_Tasks function for that configuration] This funcnon r:als me tasks I‘unchon oi'ma Dowoe Connul le—rn Somoe MUSAR‘I' driver’s tasks
functions (it has three, one each for transmitter, receiver, and emor-handling tasks), passing in the object handle retumed from the driver's
initialization routine, and it calls the application's tasks function APP_Tasks to keep the state machines of all three modules running.

Source: hitp:/iww1.microchip.com/downloads/en/DeviceDoc/Understanding%20MPLAB%20Harmony_v2.04 pdf, page 23.
18. MPLAB X IDE compiles the generic application handler programs together
with the specific application handler code to produce machine-readable code to be executed by
an embedded processor in the at least one of the types of the hardware modules. For example,
when a specific application is needed for a particular hardware, the generic functions and the

specific functions are compiled together to yield a machine readable code. Microchip
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Technology and/or its customers compile the generic functions and the specific functions using
MPLAB X IDE and/or any other compiling SDK supported by Microchip Technology.
Certain elements of this limitation are illustrated in the screenshots below and in the

screenshots referenced in connection with other elements herein.

@ Mﬂ:HOI:ﬂIP Products Applications Deesign Sample About

B
b |

MPLAB® XC Compilers

Micrachip's line of award-wanning MPLABE XC C Compilers provides a comprehensive solution for your project's software
development and is offered in free, unrestricted-use downloads, Finding the right compiler to Support your device is simple:
= MPLAB XCEB supports all B-bit PIC MCUs |

» MPLAB XC16 supports all 16-bit PIC MCUs and dsPICs

# MPLAB XC32/32++ supports all 32-bit PIC MCUs

D v MPLAB* XC Compiler Choices
HE ' ECN =
. READERS CHOICE | PLAE

TR l \4

ol

Source: hitp/fwww_ microchip.com/mplab/compilers.
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What is MPLAB X IDE?

1.2.3 Implementing an Embedded System Design with MPLAB X IDE

A development system for embedded controflers is a system of programs running on a
computer that help to write, edit, debug and program code — which is the intelligence
of embedded systams applications — into a microcontroller. MPLAB X IDE is such a
system, it contains all the components needed to design and deploy embedded
systems applications.

The typical tasks for developing an embedded controller application are:

1. Create the high level design. From the features and performance desired, decide
which PIC MCU or dsPIC DSC device is best suited to the application. then
design the associated hardware circuitry. After determining which peripherals
and pins control the hardware, write the firmware — the software that will control
the hardware aspects of the embedded application. A language tool such as an
assembler, which is directly transiatable into machine code, or a compiler that
aliows a more natural language for creating programs, should be used to write
and edit code. Assemblers and compilers help make the code understandable,
allowing function labels to identify code routines with variables that have names
associated with their use, and with constructs that help organize the code in a
maintainable structure.

2. Compile, assemble and link the software using the assembler and/or compiler
and linker to convert your code into “ones and reros™ —machine code for the PIC
MCUs. This machine code will eventually become the firmware (the code pro-
grammed into the microcontroller).

3. Test your code. Usually a complex program does not work exactly the way
imagined, and “bugs” need to be removed from the design to get proper results.
The debugger allows you to see the "ones and zeros™ execute, related to the
source code you wrote, with the symbols and function names from your program.
Debugging allows you to expernment with your code to see the value of variables
at varicus points in the program, and to do “what if” checks, changing variable
values and stepping through routines.

4. “Burn” the code into a microcontroller and verify that it executes correctly in the
finished application.

Source: hitp/fww1_microchip.com/downloads/en/DeviceDoc/50002027D pdf, page 19.

Features

When combined with Micrachip's award-winning, free integrated development environment, MPLAB® X IDE, the full graphical frontend provides:

« Editing errors and breakpaints that match corresponding lines in the source code
« Single stepping through C and C++ (C++ only available in MPLAB XC32++ compilers) source code to inspect variables and structures at critical points

» Data structures with defined data types, including floating point, display in watch windews

MPLAB® XC Compiler Optimizations

The optimizations found on MPLABE XC C Compilers provide code size reductions and speed enhancements that benefit your design projects. PRO license is available for designs that
require maximum code reductions and best performance. The MPLABEXC C Compiler contains a free, 60-day trial of a PRO license for evaluation when activated.

MPLAB® XC C Compiler Licenses - Go PRO

Need to optimize your code size reduction or get better speed from your project’s software? PRO licenses are avallable to unlock the full potential of the MPLAB XC C compiler's advanced
level optimizations. See our list of flexible licensing options in the Features section below.

Source: hitp:/fiwww._microchip.com/mplab/compilers.
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FIGURE 1-8: MPLAB® X IDE PROJECT MANAGER
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The source files are text files that are written conforming to the rules of the assembler
or compiler. The assembler and compiler convert them into intermediate modules of
machine code and placeholders for references to functions and data storage.

The linker resolves these placeholders and combines all the modules into a file of exe-
cutable machine code. The linker also produces a debug file which allows MPLAB X
IDE to relate the executing machine codes back to the source files

Source: hitp/'ww1 . microchip.com/downloads/en/DeviceDoc/50002027D pdf, page 22.

ATMEL STUDIO 7

19. Atmel Studio 7 is an Integrated Development Environment (IDE) for
developing and debugging all AVR and SAM microcontroller applications. Atmel Studio 7
provides one or more generic application handler programs, each such program comprising
computer program code for performing generic application functions common to multiple
types of hardware modules used in a communication system. For example, Atmel Studio 7
comprises a Hardware Abstraction Layer (HAL) containing Hardware Access Functions for
defined functions (“generic application handler”). Hardware Access Functions include source
code comprising functions and data structure, modules and/or pre-built Libraries, which are
common and uniform across all supported Atmel Studio 7 hardware modules. Certain elements

of this limitation are illustrated in the screenshots below and in the screenshots referenced in
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connection with other elements herein.

Atmel Studio 7 User Guide
Atmel Studio 7

MICROCHIP

Preface

Atmel Studio is an Integrated Development Environment (IDE) for writing and debugging AVR"/ARM"
applications in Windows” XP/Windows Vista"/Windows 7/8 environments. Atmel Studio provides a project
management tool, source file editor, simulator, assembler, and front-end for C/C++, programming, and
on-chip debugging.

| Atmel Studio supports the complete range of Microchip AVR tools. |Each new release contains the latest
updates for the tools as well as support for new AVR/ARM devices.

Atmel Studio has a modular architecture, which allows interaction with 3¢ party software vendors. GUI
plugins and other modules can be written and hooked to the system. Contact Microchip for more
information.

Source: hitp/fww1.microchip.com/downloads/en/DeviceDoc/Atmel-Studio-7-User-Guide . pdf, page 1.

@ MICROCHIP  Products

Applications Design Sample About - = Q

Atmel Studio 7

Studio 7 Is the integrated development platform (IDP) for developing and debugging all AVRE and SAM microcontroller
applications. The Armel Studio 7 IDP givas you a seamless and sasy-to-use snvironment to write, build and debug your ‘

applications written in C/C++ or assembly code. It also connects seamiessly to the debuggers, programmers and @
Atmel Studio 7 @i

Additionally, Studio includes Atmel Gallery, an online app store that allows you to extend your development environment
with plug-ins developed by Microchip as well as third-party tool and embedded software vendors. Studio 7 can also
seamlessly import your Arduino sketches as C++ projects, providing a simple transition path from Makerspace to
Marketplace.

development kits that support AVRY and SAM devices.
Eatiey 4o e sl
Mere Poeriul than Ever m

Key Features

» Support for 500+ AVR and SAM devices « Advanced debugging features include complex data breakpoints, nonintrusive trace
support (SAM3 and SAM4 devices), statistical code profiling, Interrupt trace/monitoring,
polled data tracing (Cortex-MO+ devices), real-time variable tracking with optional

timestamping.

» Vast source code library, including drivers, communication stacks, 1,600+ project
examples with source code, graphic services and touch functionality through Advanced
Software Framewark (ASF)

Integr. itor with visual assi
» IDE extensions through Atmel Gallery, the online apps store, for development tools and + Intagrated editor with visual assist

embedded software from Microchip and third parties

# Tune capacitive touch designs, validate system performance, monitor power
consumption, and real-time data and trace graphing with Atmel QTouch Composer

= Configure and test the performance of wireless designs with the Wireless Composer
running on the target

« Write and debug C/C++ and assembly code with the integrated compiler

« Project wizard allowing projects created from scratch or from a large library of design
examples

= In-system programming and debugging provides interface to all Atmel In-circult
programmers and debuggers

= Create transparent debug views inte CPU and peripherals for easy code develapment
and debugging

« Full chip simulation for an atcurate medel of CPU, interrupis; peripherals, and external
stmuli

Source: http:/iwww.microchip.com/mplab/avr-support/atmel-studio-7

o
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1.2 Components of Hardware Abstraction Layer
Figure 1 shows a representative block diagram of the Hardware Abstraction Layer in relation to the MC
Application Framework and the customer application.

Customer Application
\ v
4 s
[ MC Application Framework ]
i~ =)
4 - ' '
L. v,
r[ e N\ e
e =
k- Peripheral Drivers o \ y
\ Hardware Abstraction Layer j
k. Application Framework )

Figure 1: Block di

AN MacRocHIR

agram of Hardware Abstraction Layer

Source: http://ww1.microchip.com/downloads/en/DeviceDoc/hardware-abstraction-layer pdf, page 5.

Atmel Studio 7

INEWS] Avmel S0 6 1 Upakte 1.1
[NEWS] Avwat St § 1 Uipaste |
[NEWS] Atmet Slaga 61

IREWS] Admal Shaee 60

[REWS] AR Stedo 51

OEEED

atalytom

B Contnet iniormaben

Geting Stared

Frojact Wanagerent

E wboiuson

B o fues

s pognct wizard

Bachng & new GCC proged Tor AVH Sevica

Liarad Oitons

EoE&E

SING B P GCC Dot Jor SAMARMY Oavici
B CwteEang
= Staneg s new GOC Sats Lty Pragiet
& wey Stane Libraras
B Craate new St Levary rossct
[F  Sabe Litvary Prapct Dptons CARAGNU AT
» ] GOC Prasect Gotons aed Contguraton
[l assmescon proscn
B tmoor o Prosects

[ Doatup Otomce Fiw i bl Gtutie

* Static Library Project Options (AVR/GNU Archiver)

The AVESGHNU A chived )n-ur.l( ambitds & calition of abject filed intd & wnghe Srchive M, B85 khown & b library, I

Qpen the Projsct Properties on the menu Project — *Your_project_mame Properties’. This menu itam & onfy avallable when a Statle Ubrary
project I8 open. i order 10 configure Static Uibrary cptiens, <fick an the Tooldhain proparty tab

In the Tocichain property page, wou will s¢s AVR/GNU Archivar active and anabled. You may alio see that the AVR/GMU Linker s disabled for a
static brary praject.

Figure 1, AVR/GCHU Archiver Satup Dislog, Command Line Shown

Geelpphestion .o X

AVEGNU Srthes @ Genenst

dutrever Page

Source: hitps:/iwww._microchip.com/webdoc/GUID-ECDSAS26-B1DA-44FC-BEOB-5A53418A47BD/index_html
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Stant Page - Atmefitudse
File Edit  View Vismistd ASF  Pioject  Debug  Tools  Window  Help

-0 | W~ 0 -% el N | ") = (= LR = Diabeiey Broweier = | B function - B0 A 8
w0 | e | Bew Propect ? x
Stait Page + P Recent Sontby: Default - iR = Search bnstalled Templates (Cird-E)
4 [nstalled 7
I GCC C ASF Board Project I+ Type: CiCe+
o Creates an project fos Atmed or User
Assernbler il GCCC Executable Project CiCes Bradics g A
AtmelSiudio Salution e
| GCC C States Libivary Preject C/Cen
Start 8 GCC Ce- Executable Rroject CiCes
Mew Praject
GCC C»« Static Library Propect T
Mew Example Project =
Open Prajedt... 'h'pl""] SAM 11 Secure Solution w1.0 CiCs+
Rt Create project from Arduing sketch C/Can
|
Hame GreBoardPropect|
Location: cusers' rinku\Docurments tmel Studich 1.0 - | Browse.
Selution name GeeBoardProject! [+ Create directony for soluticn
| ]
Keep page open after propect o _._._luk I_E“___l
o Show page on starftup I

Source: Atmel Studio Software.

Figure 3-6. View of a GCC Project after Build Completed

Solution Explorer b=

|

[ Solubion GeeApplication ' (1 project)

£ |y GecApplicationl

E | |Dependences

% commeon.h

i fuseh

7 inttypes.h

i ok

# iox128atLh

7 leduh

%' portpins.h

% sfr_defs.h

I stdnth

' stdnt.h

Ty version.h

B iy Output Fies
@ GecAppicatoni.een
[E) GecAppication Lelf
[ Goctopication.hex
GeeApphcation Llss
[ Gerappication 1.map

Bl S Ubrares

-3 o
B Cocronicaton: <]

Dependencies
All the included files are listed here. Double click on any file to open it in the editor,

Source: http:/fww1.microchip.com/downloads/en/devicedoc/atmel-42167-atmel-studio user%20quide.pdf. page 29.

20.  Atmel Studio 7 generates specific application handler code to associate the

generic application functions with specific functions of a device driver for at least one of the
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types of the hardware modules. For example, in addition to the generic drivers and HAL,
Atmel Studio 7 also includes specific microcontroller handler code that is specific to the
application and specific to particular microcontroller families such as SAM (ARM) device.
Certain elements of this limitation are illustrated in the screenshots below and in the

screenshots referenced in connection with other elements herein.

3.24, Starting a New GCC Project for SAM (ARM) Device
1. Create a new project by selecting New Project from the Project menu. This will open the Project
Wizard

et e | Dt =1 +11E] B

BEE € Esnrtatts Prupet Gt s

st b | W s 6.2 . [ra—
| et nacme A me) ¢ Cometn Bracion los prluaien

—  mmmm|

2 Select C/IC++ — GCC C Executable Project as a template, then specify a project name, selecta
location, and write a solution name for the project. e start-up files will be added to the project
by default, which willjcontain some device specific functions and libraries |Press OK when you are
satisfied with the settings.

3. Select C/IC++ — GCC C Static Library Project as a template, then specify a project name, select
a location, and write a solution name for the project. This creates a Static Library (LIB) project,
which is a good way to reuse code.

Source: hitp/fww1._microchip.com/downloads/en/devicedoc/atmel-42167-atmel-studio_user%20guide pdf, page 33.

21. Atmel Studio 7 generates specific application handler code and defines a
specific element in the specific code to be handled by one of the generic application functions
for that hardware module. For example, Atmel Studio 7 generates system-specific application
handler code by defining functions, data structures and/or Macros (“specific element”)
corresponding to specific hardware modules that extend or otherwise connect the system-
specific application handler code and data structures made available by the generic application
handler code of the Atmel Studio 7. Certain elements of this limitation are illustrated in the

screenshots below and in the screenshots referenced in connection with other elements herein.
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Macros

Expands the edit box to display the list of macros/environment variables to insert in the command line edit
Do,

Macro Table

|Llsi the available macros/environment variables and its vaiue.lYuu can select only one macro at a time to

insert into the command line edit box. MSBuild also provides a set of reserved properties that store
information about the project file and the MSBuild binaries. These properties may also be listed in the edit
box.

See|Macros/environment variables below for a description which are specific to Atmel Studio. |
Table 3-2. Atmel Studio Build Macro Table

Macro Description

S(AVRSTUDIO_EXE_PATH) The installation directory of Atmel Studio (defined with drive and path)
§(SolutionDir) 'The directary of the solution (defined with drive and path)
i ${SolutionPath) | The absolute path name of the sclution (defined with drive, path, base

name, and file extension)
| The file name of the solution

:Iﬁdm}

' S(SolutionName) | The base name of the solution

| s(SolutionExt) The file extension of the solution. It includes the ** before the file
extension.

' S{Configuration) | The name of the current project configuration, for example, *Debug”

|s{Piatform) The name of the cummently targeted platiorm, for example, “AVR®

S(DevEnVDir) ' The installation directory of Atmel Studio (defined with drive and path)

| 8(ProjectVersion) The version of the project

Source: hittp/fww1_microchip.com/downloads/en/devicedoc/atmel-42167-atmel-studio_user%20guide pdf, page 43.

ﬁ\m:m Producs Appications Design Sample Abdur A ® Q

Atmel Studio 7

Studio 7 & the integrated development platform (I0P) for developing and detugging all AVR® and SAM microcontrolier
applications, The Atrrel Studso 7 IDP ghves you & Seamiess and easyto-use emiranment 16 write, buld and debug your g a

applications writen in CAC»+ or assembily code. IT also connects seamiessly o the debuggers, programmers and
development kits that suppart AVAE and SAM devices Mamel St ¥ @
Finies 40 Live il
Mirre Piveerisl ihan B
Additionally, Studio includes Atmed Gallery, an onling agp store that afiows you 19 extend your development anvironment
with plugins Seveloped by Microchip as well as third-party toal and embedded software vendars. Studio 7 can gl

searnlessly MMport your Ardind sketehes 85 C++ projscs, provding o Bmphe transition path from Makerspsce to
Markerptace.

Key Features

= Supporn for 500+ AVE and SAM devices = Advanced debupging feanures inchude comples data breakpoints, NoMMMEsye trace

» Wast source code library, including drvers, communication stacks, 1,600+ progect
examples with scurce code, graphic services and touch functianality threugh Agvanced
Software Framewerk (ASF)

= |DE extensions through Atmel Galiery, thi niine apas store, for development toaks and
embedded software from Microchip and third parties

= Tune capacitive touch designs, validate system performance, monitor power
oonsumption, and real-time data and trace graphing with Atmel QTouch Composer

= Configure and test the performance of wireless designs with the Wireless Composer
running onthe target

= Virite and gebug C'Cr= and assemnbly code with the integrated compiler

support {SAM3 and SAMA devices), statistical code peofiling, Imterrupt trace/monitoring.
polled data tracing (Cortex-Mi= deviees), real-timé variable tracking with optional
Limestarmping.

o Integrated editor with visal assist

= Project wizard allowing projects created from scratch or from a large library of design
examples

= In-system programming and debugging, prosides interface to all Avmiel in-circuit
programmiers and debugsers

« Crate transparent debug views into CPU and peripherals for easy code development
anad debugging

# Full chip simulation for an accurate modet of CPU, intervupts, peripherals, and exemal
Stimuli

Source: hitp/iwww. microchip.com/mplabfavr-supportfatmel-studio-7

22.  Atmel Studio 7 compiles the generic application handler programs together with

the specific application handler code to produce machine-readable code to be executed by an
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embedded processor in the at least one of the types of the hardware modules. For example,
when a specific application is needed for a particular hardware, the generic functions and the
specific functions are compiled together to yield a machine readable code. Microchip
Technology and/or its customers compile the generic functions and the specific functions using
Atmel Studio 7 and/or any other compiling SDK supported by Microchip Technology. Certain
elements of this limitation are illustrated in the screenshots below and in the screenshots
referenced in connection with other elements herein.

@.Mwm Products  Applications  Design  Ssmple  About 2 m Q

AVR® and Arm® Toolchains (C Compilers)

Toolchains for AVR
| Note: These toolchains are included when dewnleading Atmel Studio 7. |

| The AVR Toolchain s a collection of togls/ibraries usad to create applications for AR mlcfe{n"n[rczlersl This collection includes compiler, assembler, linker and $tandard € & math libraries,

Most of these tools are based on effores from GNU fwwaw gruerg), and some are developed by Microchip. For more information please refer to the release nates.

Armel AVR GNU Toolchain s also avallable as part of Atmel Studlo. Only those users who wish to run the Atmel AVR GHNU Toolchain as standalone 1ools from the command line reed to
download and install this package, There are two sets of dewnloads, one for Windows and one for Linus,

Key Features

Source code for Windows: Source code for Linux:
» C/C++ oross compiler

» Assembler and linker
. Ey AVR 8-bit GNU Toolchain 243 AVR E-hit GNU Toolchain 343
» C-lipracies for developing C/C++ programs
AVR 8-bit GNU Toolchain 3.5.4 AVR E-hit GNU Toolchain 3.5.4

Source: hitp/www_microchip.com/mplab/avr-support/avr-and-arm-toolchains-c-compilers
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Atmel Studio 7 User Guide
Gettlng Started

Figure 2-2. Download Your Configured Project
DOWNLOAD YOUR CONFIGURED PROJECT

wynilpsd antalning all

Seiect which IDE or command line tool you want the pack 1o Include support files for

l Arrmel Studio ]

K pvision from Keil:

@ AR Embedded Workbench
pay DOMNium DRT (Atmel Studio pluging

=2 prakefile (standalonal:

— [ KK R

specify file name (optionaly E Mty Project

¥ DOWNLOAD PACK

To do: Import the Atmel START Quiput into Atmel Studio.

Source: hitpiww1_microchip.com/downloads/en/DeviceDoc/Atmel-Studio-7-User-Guide pdf, page 28

1. Click the Start Without Debugging button located in the Debug menu, as shown in the figure
below. This will|compile the project and write it to the specified target MCU lsing the configured
tool.

Figure 2-13. Start Without Debugging

Busld Debug | Teok Window Help

I &) Windcws » | Dstn
Hey P Start Debugging and Break AR+F5 o s

- [ Artschte Target

plexand — — — o]

-'—-1 P Surt Without Debugging Cirl=FS p—

2. When Atmel Studio 7 builds the project (automatically done when pressing Start Without
Debugging), several generated output files will show up in the Solution Explorer window. The
following output files are generated:

2.1. EEP file: EEPROM content written to the device.

2.2, ELF file: Contains everything written to the device, including program, EEPROM, and
fuses.

23 HEX file: Flash content written to the device.

24. LSS file: Disassembled ELF file.

2.5. MAP file: Linker info, what did the linker do, decisions about where to put things.

26. SREC file: Same as HEX but in Motorola format.

Source: http:fiww1_microchip.com/downloads/en/DeviceDoc/Atmel-Studio-7-User-Guide _pdf, page 43.

ATMEL START

23. Atmel Start 7 is a web-based software configuration tool for various software
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frameworks, which are used in development of embedded application (“producing embedded
software”) in Microcontroller Unit (MCU). Atmel Start provides one or more generic
application handler programs, each such program comprising computer program code for
performing generic application functions common to multiple types of hardware modules used
in a communication system. For example, Atmel Start includes a Hardware Abstraction Layer
(HAL) containing Hardware Access Functions for defined functions (“generic application
handler”). Hardware Access Functions include source code comprising files such as prebuilt
libraries and header files, functions, and data structures, which are common and uniform across
all supported Atmel Start hardware modules. Certain elements of this limitation are illustrated

in the screenshots below and in the screenshots referenced in connection with other elements

MICRQQCHH:! Atmel START User's Guide
Atmel START User's Guide

herein.

Overview

Atmel START helps you getting started with microcontroller development. It allows you to select MCU,
configure software components, drivers, middleware, and example projects to tailor your embedded
application in a usable and optimized manner. Once you are done you can download the generated code
project and open it in Atmel Studio or another third-party development tool.

With Atmel START you can:

= Get help selecting an MCU based on both software and hardware requirements
*  Find and develop examples for your board

«  Configure drivers, middleware, and example projects

»  Get help with setting up a valid PINMUX layout

+  Configure system clock settings

Source: hitp:/fww1.microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 1.
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Figure 1-1. Relation Between START, Software Content, and IDEs

Explore/Select: === —L  START

e == -

= —_—

Configure Device: @

Configure Software Content: @

Source: hitp/iww1._microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 5.

114 Atmel START

Atmel START is a web-based software configuration tool for various software frameworks, which helps
you get started with MCU development. Starting from either a new project or an example project, Atmel
START allows you to select and configure software components (from ASF4 and AVR Code), such as
drivers and middleware to tailor your embedded application in a usable and optimized manner. Once an
optimized software configuration is done, you can|dovmload the generated code project and open itlin the
IDE of your choice, including Studio 7, IAR Embedded Workbench®, Keil” pVision™, or simply generate a
makefile.

Atmel START enables you to:
«  Get help with selecting an MCU, based on both software and hardware requirements
»  Find and develop examples for your board
= Configure drivers, middleware, and example projects
= Get help with setting up a valid PINMUX layout
«  Configure system clock settings

Source: hitpziww1.microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 4.
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AtmEL START ATmegal2s # Return To Front Page | Help And Support
‘ { } VIEW CODE B SAVE CONFIGURATION & EXPORT PROJECT
EXPORT PROJECT
DOWNLOAD ¥YOUR CONFIGURED PROJECT WHAT TO 0D NEXT? |
E Download 3 generated pack containing all yaur sanfigured softwars compenents Use one of the celermed IDES 3nd IMport your proiact as descried in the Lser guitsa.
@ Select which 10E or command line todd you want the pack to Include support files far f you do not have any IDEs installed you can download and Instadl Atrme! Spedio 7.0 far

frae.

E;_e.t'nei ST

£ MpLaE xiDE: Atmel START

g 4R Embedded Workbench: How to open In IDEs rjl

= pakefile (standalons):
Specify file name [optionall My Profect

¥ DOWNLOAD PACK

DEVICE PACK INFORMATION

OooE

Deice: ATmegal 28

Device Pack: ATmega_DFP

T 2018 Microchip Technology inc

Nobe: The exported pack ¢an also be used later i you want 1o import a configuration n
W g

Source: hitp://start atmel.com/#dashboard/export.

1.2 Components of Hardware Abstraction Layer
Figure 1 shows a representative block diagram of the Hardware Abstraction Layer in relation to the MC
Application Framework and the customer application.

[ Customer Application

i ~

MC Application Framewark ]

\_ o
'8 ™
[ PV | QB | GPO | ADC | Timaer
\_ Peripheral Drivers . h_ J
\_ Hardware Abstraction Layer V.
N Application Framework J

Figure 1: Block diagram of Hardware Abstraction Layer

Source: hitp://ww1_microchip.com/downloads/en/DeviceDoc/hardware-abstraction-layer pdf, page 5.
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= config
qla-:lc_c\onﬁg.h
— = doxygen
+ O generator
malnpage. dox
system dox

-1 = include
atmel_start_pins.h
driver_lnit.h
port.h
protected_lo.h
syscerih

system.h

—B 2re
driver_initc
protected_lo.S5
- urils
ArmelStarteny_conf
atmel_start.c
armal_start.h
driver_isr.c

main,c

pr
Yaalnpage

Ysectlon doe_drlver _salnpage _Intre Introduction

AVR Code is a software library containing drivers, middleware and
aspplication: for AVR microcontroallers. START, a web-based
GUI, is used to generate C-code according to the user's needs.

In STAAT, the uter selects the device for which to generate code.
Thereafter, the user selects the driver and middleware components
that he wants to Include In the project. Az an exssple, the user
may choose the device TinyE17, and add the USART and SPI driver.
The user can wuse S5TART to configure the detailed behaviocur of the
drivers, and configure the device’'s clock system and I/50 pins.
Finally, the user exports the project as an atzip-flle, which
can be opened in Studio or 1AR Embedded Workbench. The
project contaling:

C and assembly files that cam be complled using the GCC
or IaR compilers.

PREV! MAINPAGE.DOX

A directory with doxygen-flles documenting the drivers lacluded Iin the project.

The doxygen-files can be built intc a HTHL-document by executing the

command “daxygen doxyfile.doxygen™ on & computer where doxygen is installed.
The file "dowyfile.doxygen® is found In the “dexygen/genesrator® directory in

the atzrip-file.
-~ Example code documenting the usage of the configured drivers

‘section doc_driver mainpage driver_overview Briver Overview
After the user has selected a device to configure, he will be oble

to add and configure drivers snd middlewsre svallable for that
device. In START, drivers are grouped by Tunctionnality, such as

Source: hitp://start atmel.com/#dashboard/export.

PREVIEW - ATMEL_STA

== config
clock_config.h
— = doxygen
+- 0 generator
mainpage.dox
system.dox
— B include
atrnel_start_pins.h
driver_init.h
porth
protected_lo.h
sysctrl.h
system.h
=B grc
driver_init.c
protected_io.5
+- 00 urtils
Armeistart.env_conf
atmel_start.c
atmel_start.h
driver_isr.c

main.c

1 #include <atmel_start.h>

)

3 Pl

4 = Initializes MCU, drivers and middleware in the project
5 e

& volid atmel sztart_init{void)

= {

&8 system_init();

a }

Source: httpi//start.atmel comf#dashboard/export.
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PREVIEW - ATMEL_START.H

B config
ciock_config.h
= dowygen
+- 3 generator
mainpage.dox
system.dox
—-= include
atmel_start_pins.h
driver_init.h iz
porth
protected_lo.h
sysctrlh
system.h
- = grg
driver_init.c
protectad_io.5
+- O utils
AtmeliStart env_conf
atmel_start.c
atmel_starth
driver_isr.c

miain,

extern “C"

]

2

include "includefdriver init.h"”

sinelude “include/stmel seart_

* Infitializes MCU,
L

void atmel_start_init{wveodd);

dlet cplusplus

drivers and middleware in

pimg.h"

the project

Source: hitp://start. atmel com/#dashboard/expart.

24.

Atmel Start generates specific application handler code to associate the generic

application functions with specific functions of a device driver for at least one of the types of

the hardware modules. For example, in addition to the generic drivers and HAL, Atmel Start

also includes specific application handler code that is specific to the application and specific to

particular microcontroller families. Certain elements of this limitation are illustrated in the

screenshots below and in the screenshots referenced in connection with other elements herein.
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1.2 Components of Hardware Abstraction Layer
Figure 1 shows a representative block diagram of the Hardware Abstraction Layer in relation to the MC
Application Framework and the customer application.

-~

Customer Application
' ™
'
MC Application Framewark ]
- N
~ ™ © ™\
I Hardware Accets Functons I
b 4 Board
Hapeart
4 - b Package
[;‘v. m| an | eeo | Aoc '-ﬂ--"i (B5P)
[ meon] warT | SEF [ oma [ i]
WDT Bits
\ Peripheral Drivers Y, W y
Hardware Abstraction Ly
\ per] J
\_ Application Framework y

Figure 1: Block diagram of Hardware Abstraction Loyer

source: hitp/fww 1. microchip.com/downloads/en/DeviceDoc/hardware-abstraction-layer_ pdf, page 5.
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Source: http://start.atmel. com/#project.
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Atmel. START ATmegal2s # Return To Front Page | Help And Support
I - L R e
MY SOFTWARE COMPONENTS ®
[T T B TR RO TR T P T e E TR e

|5ELE(‘.‘TED DEVICE:ATMEGMZS'

E m EE] DASHBOARD

GENERAL SUPPORTED PERIPHERALS
Narme ATmegal2s <1}
Cry AVR
Flash 128 KB
SRAM 4 KB
Package QFMES
Order Code ATmegalZBL-3MN
Change package

B oatasHeer [Tw ORDERSAMPLES g PURCHASE DEVICE

€ 2018 Microchip Technology inc.

Source: http://start. atmel comig#dashboard

25. Atmel Start generates specific application handler code and defines a specific
element in the specific code to be handled by one of the generic application functions for that
hardware module. For example, Atmel Start generates system-specific application handler
code by defining hardware-specific configuration parameters that extend or otherwise connect
the system-specific application handler code and data structures made available by the generic
application handler code of Atmel Start. Certain elements of this limitation are illustrated in the

screenshots below and in the screenshots referenced in connection with other elements herein.
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Figure 2-1.

General Architecture

| 1 1 1

documents UseCase#1 | | UseCase#2 |..[UseCasedn1| | UseCasesn |

Hardware = >
Targets =) - ,
MCU XPro CryptoAuth
SAM, AVR SHA204A, ECCx0BA, AES132
"M class
Bare metal

Source: http/iww1 microchip.com/downloads/en/App Notes/Atmel-8984-CryptoAuth-CryptoAuthLib-ApplicationNote _pdf,

page a.

3.3.2

How to Configure a Software Component
Software components can be added and removed from the Dashboard after a project is created.

To configure a software component, go to MY SOFTWARE COMPONENTS in the DASHBOARD tab.
Hovering over a component will give an indication of dependencies to other software components.
Clicking on a component will open the software component’s editor. From here you can:

*  Remove or rename the component

*  Open a user guide if available

+  Select drivers, mode, and instance if available

«  Select signals (if available) and resolve possible conflicts with other components
|' Configure parameters specific for the selected software component |

Basic configuration is common functionality or parameters that are available on any implementation of the
peripheral, for example, common to all ADC hardware peripherals or USART hardware peripherals.

Basic mode: Using field names, drop-down options, and hover-over text, an embedded developer should
be able to intuitively select an appropriate configuration.

Advanced configuration exposes hardware-specific configuration parameters, with unique or differentiated
functionality. Using this functionality means that more work may be required to move the code to a

different architecture. On common MCU platforms, such as the Microchip M0+, even the advanced
configuration may be portable between D21 and L21.

Source: hitp/iww1 microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 19
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322 Getting Started: Creating a New Project

The Create New Project screen was designed to help select an MCU for your project, based on both
software and hardware requirements. This example describes how to create a new project.

1. Open a browser and go to http://start. atmel.com.
2. Select CREATE NEW PROJECT.

Atmel | START .

This tool will help you select and configure software

components and tailor your embedded application in
a usable and optimized manner.

The Create New Project screen will show up as shown in the figure below. In the FILTERS section,
| when adding MIDDLEWARE and DRIVERS to the project, the list of MCUs, [which meet those
requirements, is narrowed down. The SEARCH FOR SOFTWARE searches all software
components, displaying relevant results for both Middleware and Drivers. Drivers refer to both MCU
peripheral drivers or component drivers, written to support external components.

Source: hitp/iww1.microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 12
26. Atmel Start compiles the generic application handler programs together with the
specific application handler code to produce machine-readable code to be executed by an
embedded processor in the at least one of the types of the hardware modules. For example,
when a specific application is needed for a particular hardware, the generic functions and the
specific functions are compiled together to yield a machine readable code. Microchip
Technology and/or its customers compile the generic functions and the specific functions using
MPLAB XC Compilers and/or any other compiling SDK supported by Microchip Technology.
Certain elements of this limitation are illustrated in the screenshots below and in the

screenshots referenced in connection with other elements herein.
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e
b, |

'ﬁ\ m:m Products Applications Design Sample About

Home MPLAB MPLAB®E XT Compilers

MPLAB® XC Compilers

Microchip's line of award-winning MPLAB® XC € Compilers provides a comprehensive solution for your project’s software
development and i offered in free, unrestricted-use downloads. Finding the right compiler to suppart your device is simple:

>
« MPLAB XC8 supports all 8-bit PIC MCUs COMPILER

= MPLAB XC16 supports all 16-bit PIC MCOUs and dsPICs ‘\v/r

& MPLAB XC32/32++ supports all 32-bit PIC MCUs

T MPLAB® XC Compiler Cholces

. 4 E 7=
| 0 H

Source: hitp//'www_microchip.com/mplab/compilers.

2.2 Supported IDEs and Compilers
The output from Atmel START can be used in a set of software tools as:

*  Atmel Studio 6.2 with the Atmel START extension installed

+  Atmel Studio 7.0 or later

*  |AR Embedded Workbench

*  Keil pVision
Also, the Atmel START output can be used with the command line GNU C compiler, utilizing the
generated Makefile.

Atmel Start uses CMSIS packs for generating code. Some useful links:

*  General information on CMSIS packs htip://www.keil.com/pack/doc/CMSIS/Pack/html/index.html
*  Device Family Packs (DFP) for Atmel Studio can be downloaded from http://
packs.download.atmel.com, but best managed from Pack Manager in Atmel Studio
*  Keil Device Support, see under Atmel for DFPs http://www.keil.com/dd2
Related Links
6. Using Atmel START Output in External Tools

Source: http/f'ww1.microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A.pdf. page 8.
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5.5  Importing the Secure Project in pVision® from Keil®
1. For importing both secure and non-secure projects in the same workspace:
— Create a folder and unzip the secure and non-secure project in the same folder

— Rename the *gpdsc files in both folders to avoid confusion (e.g: AtmelStart_S.gpdsc and
AtmelStart_NS.gpdsc)

— Create a Keil project file by selecting these *.gpdsc files separately:

3.1. File -> Open -> Secure project folder -> select the AtmelStart_S.gpdsc file (after
selecting Show All File Types) -> a project will be created. Save and close the
project.

3.2. Repeat the above step for the non-secure project

— Create a Multi Project workspace in Keil MDK and add both the project files (.uvprojx file for
secure and non-secure)
— Configure the secure project as described below
2. Goto Options by right clicking the project name in the workspace. Under the Target tab, go to the
[Code Generation section and make sure the ARM Compiler is “Use default compiler version 6", |
change the software model to “Secure Mode" for a secure project, and select the check box “Use

Source: http:/fww1_microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 50.

Options for Target 'ATSAMLIIEIGA' = |
Device Taret |Output | Lising | User | C/Ces (AC6) | Asm | Linker | Debug | Lities |
Microchip ATSAML11E16A Code Generation
ARM Compier:  |Use defaul compiler version 6 - |
2l (MHz): [120
Software Modsl: | Securs Mode |
Operating system: | None -
System \iewer Fie: W Use MicroLIB r
[;75“\';"Eie;':"":: _l
™ Use Custom Fie |
Raad Only Memory Areas Fead/Wite Memory Aeas
defautl off chp Start Size Stup | |defat ofiche St Size Nelri
r  rom | [ e r R | [ R
r rom2 | | [ roRaw | [ r
r  roms: | | c r Ram | [ r
onchp on-chip
W RoM1 [O0 |ex10000 @ P IRAM1- [B20000000 (04000 r
I RoM2 [B400000  [GxB00 < F RaMz | | r
[ ok ]|  concs | Demas | Hebp

Source: hitpww1_microchip.com/downloads/en/DeviceDoc/Atmel-START-User-Guide-DS50002793A pdf, page 51.

27.  Defendant’s actions complained of herein will continue unless Defendant is
enjoined by this court.

28.  Defendant’s actions complained of herein are causing irreparable harm and
monetary damage to Plaintiff and will continue to do so unless and until Defendant is enjoined

and restrained by this Court.
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29.  Plaintiff is in compliance with 35 U.S.C. § 287.

PRAYER FOR RELIEF

WHEREFORE, Plaintiff asks the Court to:

(a) Enter judgment for Plaintiff on this Complaint on all causes of action asserted
herein;

(b) Enter an Order enjoining Defendant, its agents, officers, servants, employees,
attorneys, and all persons in active concert or participation with Defendant who receive notice
of the order from further infringement of United States Patent No. 7,069,546 (or, in the
alternative, awarding Plaintiff a running royalty from the time of judgment going forward);

(c) Award Plaintiff damages resulting from Defendant’s infringement in
accordance with 35 U.S.C. § 284;

(d) Award Plaintiff pre-judgment and post-judgment interest and costs; and

(e) Award Plaintiff such further relief to which the Court finds Plaintiff entitled
under law or equity.

Dated: January 31, 2019 Respectfully submitted,

/s/ Jay Johnson

JAY JOHNSON

State Bar No. 24067322

D. BRADLEY KIZZIA
State Bar No. 11547550
KIZZIA JOHNSON, PLLC
1910 Pacific Ave., Suite 13000
Dallas, Texas 75201
(214)451-0164

Fax: (214) 451-0165
jay@kjpllc.com
bkizzia@kjpllc.com

ATTORNEYS FOR PLAINTIFF
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EXHIBIT A
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