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Preface

NOTICE TO CUSTOMERS

document.

All documentation becomes dated, and this manual is no exception. Microchip tools and
documentation are constantly evolving to meet customer needs, so some actual dialogs
and/or tool descriptions may differ from those in this document. Please refer to our web site
(www.microchip.com) to obtain the latest documentation available.

Documents are identified with a “DS” number. This number is located on the bottom of each
page, in front of the page nhumber. The numbering convention for the DS number is
“DSXXXXXA”, where “XXXXX” is the document number and “A” is the revision level of the

For the most up-to-date information on development tools, see the MPLAB® IDE on-line help.
Select the Help menu, and then Topics to open a list of available on-line help files.

This document contains general information that is useful to know before using the
dsPICDEM™ SMPS Buck Development Board.

Items discussed in this preface include:

About this Guide

Conventions Used in this Guide

Warranty Registration

Recommended Reading

The Microchip Web Site

Development Systems Customer Change Notification Service
Customer Support

Document Revision History

ABOUT THIS GUIDE

This document describes how to use the dsPICDEM™ SMPS Buck Development
Board development tool. The manual layout is as follows:

Chapter 1. “Introduction” — This chapter introduces the dsPICDEM™ SMPS
Buck Development Board and provides a brief descriptions of the hardware.
Chapter 2. “Hardware Overview” — This chapter describes the dsPICDEM™
SMPS Buck Development Board hardware.

Chapter 3. “Using the dsPIC30F2020 Device” — This chapter goes through a
basic step by step process for getting your dsPICDEM™ SMPS Buck Develop-
ment Board up and running with the MPLAB® In-Circuit Debugger 2 (ICD 2) using
a dsPIC30F2020 device.

Chapter 4. “Demonstration Program Operation” — This chapter describes the
operation of the dsPICDEM™ SMPS Buck Development Board.

Appendix A. “Schematic and Layouts” — This section illustrates the
dsPICDEM™ SMPS Buck Development Board layout and provides hardware
schematic diagrams.

© 2006 Microchip Technology Inc. DS70181A-page 1
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CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

| Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User’s Guide

Emphasized text

...Is the only compiler...

dialog

Initial caps A window the Output window

A dialog the Settings dialog

A menu selection select Enable Programmer
Quotes A field name in a window or | “Save project before build”

Underlined, italic text with A menu path File>Save
right angle bracket
Bold characters A dialog button Click OK

A tab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris the radixand n is a
digit.

4'b0010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#define START

Filenames autoexec.bat

File paths c:\mccl8\h

Keywords _asm, _endasm, static
Command-line options -Opa+, -Opa-

Bit values 0, 1

Constants 0xFF, ‘A’

Italic Courier New

A variable argument

file.o, where file can be
any valid filename

Square brackets [ ]

Optional arguments

mccl8 [options] file

[options]

Curly brackets and pipe
character: { | }

Choice of mutually exclusive
arguments; an OR selection

errorlevel {0]|1}

Ellipses...

Replaces repeated text

var name [,
var name. . .]

Represents code supplied by
user

void main

{
}

(void)

DS70181A-page 2
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WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly.
Sending in the Warranty Registration Card entitles users to receive new product
updates. Interim software releases are available at the Microchip web site.

RECOMMENDED READING

This user's guide describes how to use the dsPICDEM™ SMPS Buck Development
Board. Other useful documents are listed below. The following Microchip documents
are available and recommended as supplemental reference resources.

Readme Files

For the latest information on using other tools, read the tool-specific Readme files in
the Readmes subdirectory of the MPLAB IDE installation directory. The Readme files
contain update information and known issues that may not be included in this user’s
guide.

THE MICROCHIP WEB SITE

Microchip provides online support via our web site at www.microchip.com. This web
site is used as a means to make files and information easily available to customers.
Accessible by using your favorite Internet browser, the web site contains the following
information:

* 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 consultant 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

© 2006 Microchip Technology Inc. DS70181A-page 3
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DEVELOPMENT SYSTEMS CUSTOMER CHANGE NOTIFICATION SERVICE

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

To register, access the Microchip web site at www.microchip.com, click on Customer
Change Notification and follow the registration instructions.

The Development Systems product group categories are:

» Compilers — The latest information on Microchip C compilers and other language
tools. These include the MPLAB C18 and MPLAB C30 C compilers; MPASM™
and MPLAB ASM30 assemblers; MPLINK™ and MPLAB LINK30 object linkers;
and MPLIB™ and MPLAB LIB30 object librarians.

+ Emulators — The latest information on Microchip in-circuit emulators.This
includes the MPLAB ICE 2000 and MPLAB ICE 4000.

* In-Circuit Debuggers — The latest information on the Microchip in-circuit
debugger, MPLAB ICD 2.

- MPLAB® IDE - The latest information on Microchip MPLAB IDE, the Windows®
Integrated Development Environment for development systems tools. This list is
focused on the MPLAB IDE, MPLAB SIM simulator, MPLAB IDE Project Manager
and general editing and debugging features.

* Programmers — The latest information on Microchip programmers. These include
the MPLAB PM3 and PRO MATE® Il device programmers and the PICSTART®
Plus and PICkit™ 1 development programmers.

DS70181A-page 4 © 2006 Microchip Technology Inc.
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CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

+ Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)

» Technical Support

Customers should contact their distributor, representative or field application engineer

(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

Technical support is available through the web site at: http:/support.microchip.com

© 2006 Microchip Technology Inc. DS70181A-page 5
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dsPICDEM™ SMPS BUCK
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Chapter 1. Introduction

Modern power supplies are becoming smaller, more efficient, more flexible and less
costly. These desirable enhancements have come about as digital signal controllers
have been incorporated into Switched Mode Power Supply (SMPS) designs. Buck
converters are used when the desired output voltage is smaller than the input voltage.

This chapter introduces and provides an overview of the dsPICDEM™ SMPS Buck
Development Board. Topics covered include:

» Overview
* dsPICDEM™ SMPS Buck Development Board Kit
* dsPICDEM™ SMPS Buck Development Board Features

1.1 OVERVIEW

Figure 1-1 is a block diagram of the dsPICDEM™ SMPS Buck Development Board, A
dsPIC30F2020 DSC controls two independent DC/DC synchronous buck converters,
providing closed-loop Proportional, Integral, Derivative (PID) control in software to
maintain desired output voltage levels. The dsPIC® DSC device provides the neces-
sary memory and peripherals for A/D conversion, PWM generation and general
purpose |/O, precluding the need to perform these functions in external circuitry.

FIGURE 1-1: SYNCHRONOUS BUCK CONVERTER BLOCK DIAGRAM
T T 7 7 'BUCKCONVERTER1T ~ '" 7 Ttoan
| [ I
VIN VoD | VIN y VOUT1
PWM'IHI 11 | | |
PWM1L e L VA
AN4 | =4 T~ ||_‘ |
ANole1— | | |Ve |
o
= N Lo - - - L - _—_ _ _u4
Communication "oL OC1—Vg—> ____________
<:> 8 i_ BUCK CONVERTER 2 —;
o VIN»—[ ’— VOUT2
PWM2H| 12 |
PWM2L| I"_ . V2 |
ANZR—2 | |
L AN3leY2 | |
L Lo _ = _ - _
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dsPIC DSC SMPS devices are specifically designed to provide low-cost, efficient con-
trol of a wide range of power supply topologies. Their specialized peripherals facilitate
closed-loop feedback control of switched mode power supplies while also providing
communications for remote monitoring and supervisory control.

The dsPICDEM™ SMPS Buck Development Board aids in rapid development of mul-
tiple buck converters using dsPIC30F 1010/2020 Digital Signal Controllers. The
dsPIC30F1010/2020 devices offer these features and capabilities:

* Integrated program and data memory on a single chip
+ Ultra fast interrupt response time and hardware interrupt priority logic

» 2000 ksps, on-chip ADC with four dedicated sample/hold circuits for multiple loop
control

» Four independent, high-resolution PWM generators specially designed to support
different power topology

» Four analog comparators for system protection

» On-chip system communications (IZC/SPI/UART)
» On-chip RC oscillator for lower system cost

* High-current sink/source 1/O pins: 25 mA/25mA

* 30 MIPS performance CPU

1.2 dsPICDEM™ SMPS BUCK DEVELOPMENT BOARD KIT

The dsPICDEM™ SMPS Buck Development Board kit contains these items:

+ dsPICDEM™ SMPS Buck Development Board

* dsPICDEM™ SMPS Buck Development Board CD containing example code and
relevant documentation

1.3 dsPICDEM™ SMPS BUCK DEVELOPMENT BOARD FEATURES
The dsPICDEM™ SMPS Buck Development Board incorporates these features:

1.3.1 Power Stages

* Two synchronous buck converter power stages

» Voltage/current measurement for digital control of buck converters

* In-rush current limiting

+ Switchable 5Q/5W resistive load on VOUT1

» Buck Converter 1 output (VOUT1) on J1 connector for external loading
* Buck Converter 2 output (VOUTZ2) on J2 connector for external loading

1.3.2 Input/Output Controls

* Three 5 kQ Potentiometers (R29,R30 and R35)
» Two push button switches (S2 and S4)

» Master Clear push button switch (S3)

LED indicator (LED3)

DS70181A-page 8 © 2006 Microchip Technology Inc.
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1.3.3 Development Board Power

* Auxiliary power input (P1and P2) — 7V to 15V (9V nominal)
* 9 volt power input (J2)

Note: This power input is compatible with the 9 volt power supply that is part of
the MPLAB ICD 2 In-Circuit Debugger (DV164007).

» LED power-on indicator (LED1)
» On-board 5V DC, low-dropout regulator

1.34 Communication Ports

* One RS232 port (J6)
MPLAB ICD 2 programming connector (J5)

» SW2 selection of programming interface to the MPLAB ICD 2
Debugger/Programmer

© 2006 Microchip Technology Inc. DS70181A-page 9
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Chapter 2. Hardware Overview

This chapter describes the dsPICDEM™ SMPS Buck Development Board
hardware elements and identifies the hardware components. The topics covered
include:

» Connectors

» User Interface Hardware

* Program or Debug Selection Switch (SW2)

21 CONNECTORS

Figure 2-1 shows the hardware connection (MPLAB ICD 2 and power supply) to the
dsPICDEM™ SMPS Buck Development Board.

FIGURE 2-1: dsPICDEM™ SMPS BUCK DEVELOPMENT BOARD
CONNECTED TO MPLAB® ICD 2 AND POWER SUPPLY

RS232 Connector

TABLE 2-1: BUCK CONVERTER BOARD CONNECTORS
No Hardware Elements

Input Power Connector (J2)

RS232 connector (J6)
Programming/debugging connector (J5)
VOUT1 Connector (J1)

VOUT2 Connector (J3)

Expansion Header (J7)

© 2006 Microchip Technology Inc. DS70181A-page 11
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dsPICDEM™ SMPS Buck Development Board

211 Input Power Connector

The dsPICDEM™ SMPS Buck Development Board obtains +9V power from a power
connector for a +9V AC/DC wall adapter as well as auxiliary power connection points
(AUX PWR IN). A separate +5V DC regulator provides the operating voltage (VDD)
required by the dsPIC30F2020 device.

2.1.2 ICD Connector

An RJ11 female connector (J5) connects the MPLAB® ICD 2 to the dsPIC30F2020
device for programming and debugging.

21.3 RS-232 Serial Port

An RS-232 serial communication port (J6) is provided for monitoring and controlling the
power supply by a remote processor. The PGM DEBUG switch (SW2) must be in set
in program mode position (PGM) to communicate via the UART.

214 VOUT1

An external load can be connected to VOUT1 through connector J1. An on-board 5Q
5 watt resistor is connected at the output of VOUT1 through MOSFET U6 to optionally
load the first buck converter circuit. This load can be enabled or disabled in software.
See Figure A-3: “dsPICDEM™ SMPS Buck Development Board Schematic 2 of 3”

21.5 VOuT2

An external load can be connected to VOUT2 through connector J1.See Figure
A-4: “dsPICDEM™ SMPS Buck Development Board Schematic 3 of 3”

2.1.6 Expansion Header

Header J7 is an expansion connector that matches the dsPIC30F2020 device pins (see
Table 2-2 for pin usage information).

DS70181A-page 12
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TABLE 2-2: DEVICE PINS IN EXPANSION CONNECTOR
Plgrr;lmu;nr:er Assignment Primary Use

1 MCLR Master Clear (Reset)

2 ANO/RBO Analog Input 0 (Buck Converter 1 current)

3 AN1/RB1 Analog Input 1 (Buck Converter 1 voltage)

4 AN2/RB2 Analog Input 2 (Buck Converter 2 current)

5 AN3/RB3 Analog Input 3 (Buck Converter 2 voltage)

6 AN4/RB4 Analog Input 4 (Input Voltage)

7 ANS/RB5S Analog Input 5 (Potentiometer R29)

8 Vss Ground reference for logic and 1/0O pins

9 ANG6/OSCI/RB6 Analog Input 6 (Potentiometer R30)

10 AN7/0SCO/RB7 Analog Input 7 (Potentiometer R35)

11 EMUD1/RE7 ICD secondary communication channel data
12 EMUC1/RE6 ICD secondary communication channel clock
13 VDD Positive supply for logic and 1/0O pins

14 OC2/RF6 Compare output

15 OC1/RDO Compare output

16 RA9 Port A pin (LED3)

17 UITX/PGC/RF7 UART1 Receive

18 U1RX/PGD/RF8 UART1 Transmit

19 Vss Ground reference for logic and I/O pins

20 VDD Positive supply for logic and I/O pins

21 PWM3H/RE5 PWM 3 High Output (Push Button Switch S2)
22 PWM3L/RE4 PWM 3 Low Output (Push Button Switch S4)
23 PWM2H/RE3 PWM 2 High Output (Buck Converter 2)

24 PWM2L/RE2 PWM 2 Low Output (Buck Converter 2)

25 PWM1H/RE1 PWM 1 High Output (Buck Converter 1)

26 PWM1L/REO PWM 1 Low Output (Buck Converter 1)

27 AVss Ground reference for analog module

28 AVDD Positive supply for analog module

© 2006 Microchip Technology Inc.
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2.2

USER INTERFACE HARDWARE

Figure 2-2 identifies the hardware elements that comprise the user interface (jumpers,
switches, LEDs and potentiometers) on the dsPICDEM™ SMPS Buck Development
Board.

FIGURE 2-2: JUMPERS/LED/SWITCHES/POTENTIOMETER

Jumpers
MCLR Reset Switch JP3 JP1 JP4 JP2 JP5 J4

E- e

@t 94'.'

M c oF hﬁl vouT2 3
o kvl b oW 1T 9
GND .« |R & \ GND o
ANE . o N - ' - 8- - B - - B -
5 } R #!
N e oE %Y MICROCHIP R =
o2-01008 Ravz—SYNC BUCK CONVERTER USING SNPS dsPIC o & & & u

CONEl  cInTh  RIN , , Jutelh
Py Ty

T OUEEOoDEEEOO0

Cgamaeddad

LED1 LEDS3 R29 R30 R35 S2 S4
LEDs Potentiometers Switches
221 Jumpers

The dsPICDEM™ SMPS Buck Development Board has seven jumpers that determine
how features on the buck converters are used. Table 2-3 lists these jumpers and their
functions.

TABLE 2-3:
Jumper
JP1

JUMPER DESCRIPTIONS

Description

Buck Converter 1 Input Select

ON: Connects the Input power to buck converter 1
OFF: Input to buck converter 1 is left open

JP2 Buck Converter 1 Load Drive
ON: Turn ON buck converter 1 load (5€2/5W) using OC1/RDO pin
OFF: On board load is disabled

JP3 Buck Converter 2 Input Select

ON: Connects the Input power to buck converter 2
OFF: Input to buck converter 2 is left open

DS70181A-page 14
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TABLE 2-3: JUMPER DESCRIPTIONS (CONTINUED)
Jumper Description

JP4 Buck Converter 1 Synchronous MOSFET Drive
ON: Enable Synchronous MOSFET drive for buck converter 1
OFF: Disable Synchronous MOSFET drive for buck converter 1

JP5 Buck Converter 2 Synchronous MOSFET Drive
ON: Enable Synchronous MOSFET drive for buck converter 2
OFF: Disable Synchronous MOSFET drive for buck converter 2

J4 Buck Converter 1 Current Sense Position Select

Jumper J4 is connected to the buck converter 1 output bulk capacitor. It allows the
user to select the current sense resistor position for different applications.
Position Function

1-2 Current sense resistor senses output load of converter 1
2-3 Current sense resistor senses inductor current of converter 1
J8 Buck Converter 2 Current Sense Position Select

Jumper J8 is connected to the buck converter 2 output bulk capacitor. It allows the
user to select the current sense resistor position for different applications.
Position Function

1-2 Current sense resistor senses load current of converter 2

2-3 Current sense resistor senses inductor current of converter 2

22.2 Switches, LEDs and Potentiometers

The dsPICDEM™ SMPS Buck Development Board has 2 switches, 3 potentiometers
and one LED for user applications. The board also has one power ON status LED and
device reset switch.

TABLE 2-4: PUSH BUTTONS, POTENTIOMETERS AND LEDS

Label Hardware Elements

S2,S4 | Push button switches connected to port pins RES and RE4, respectively, for user
applications. When momentarily depressed, the switch connects the respective
port pin to ground (Logical ‘0°).
R29, R30, |User potentiometers connected to analog input pins (AN5, AN6 and AN7),

R35 respectively, for user applications.

LED3 User programmable LED; programmed by writing to port pin RE9.

LED1 Power-on status LED; indicates status of 5V regulator.

S3 Reset switch. When momentarily depressed, the switch asserts the MCLR signal
to the dsPIC® DSC device for Reset.

2.2.3 Test Points

The dsPICDEM™ SMPS Buck Development Board provides seven power test points
that can be used to debug the power stage and eight PWM test points that can be used
to check the PWM signal and gate drive to buck converter 1 and 2. These test points
are described in Table 2-5 and Table 2-6, respectively.

© 2006 Microchip Technology Inc. DS70181A-page 15



dsPICDEM™ SMPS Buck Development Board

FIGURE 2-3: TEST POINTS

Power Test Points

P2 P1 TP2 TP1 P14 P9 P3

CRCECICIC) CHEEC)

E-§E-§ £E S

B P GD' 94u-0

GND g

»'- ' AN - B - - -
no-alts:_ | IJPR IcROGHIP S 5

a
oz-ar6la-nevz | SYNCABUCK CONVERTER USING SMPS dsPIC 5 & © u ©

|
L]
]
L]
L
L)
o
\ T

P8 P6 P5 P7 P10 P13 P12
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TABLE 2-5: POWER TEST POINTS

Test Point Description

TP1 5V DC Regulator Output

TP2 5V DC Regulator Output Ground("

P1 Input Supply Voltage

P2 Input Supply Ground(")

P3 Buck Converter Output Ground™

P9 Buck Converter 1 Switching Point
P14 Buck Converter 2 Switching Point

Note 1: All ground test points are shorted

TABLE 2-6: PWM TEST POINTS

Test Point Signal
P5 Buck Switch PWM signal (Buck Converter 1)
P6 Synchronous Switch PWM signal (Buck Converter 1)
P7 Buck Switch PWM signal (Buck converter 2)
P8 Synchronous Switch PWM signal (Buck Converter 2)
P10 Buck Switch Gate Drive (Buck Converter 1)
P11 Synchronous Switch Gate Drive (Buck Converter 1)
P12 Buck Switch Gate Drive (Buck Converter 2)
P13 Synchronous Switch Gate Drive (Buck Converter 2)
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2.3 PROGRAM OR DEBUG SELECTION SWITCH (SW2)

The dsPIC30F2020 device program pins (PGC/PGD) are multiplexed with the UART
pins (UTRX and U1TX). A DIP switch (SW2) selects whether the default programming
pin pair (PGC/PGC) are used to program the device. Because PGC and PGD are
multiplexed with the UART pins, the pins can only be used to program the device.
Debugging is not possible with PGC/EMUC and PGD/EMUD.

When SW2 is in the PGM position, the PGC/PGD and PGC1/PGD1 pins are connected
to the ICD 2. This configuration allows you to program the device with either the default
programming pin pair (PGC/PGD) or the first set of auxiliary programming pins
(PGC1/PGD1). Emulation and debugging in not possible when SW2 is in the PGM
position and the default programming/emulation pins are selected (via the
Configuration bits).

When SW2 is in the DEBUG position, PGC1/EMUC1 and PGD1/EMUD1 must be

selected as the debugging pin pair in the Configuration bit settings window. Both
programming and debugging are possible in this configuration.

© 2006 Microchip Technology Inc. DS70181A-page 17
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Chapter 3. Using the dsPIC30F2020 Device

This chapter is a self-paced tutorial to get you started using the dsPICDEM™ SMPS
Buck Development Board with its on-board dsPIC30F2020 device. Information is pro-
vided on these topics:

 Tutorial Overview
 Creating the Project

+ Building the Code

* Programming the Chip
» Debugging the Code

3.1 TUTORIAL OVERVIEW

The tutorial demonstrates the main features of MPLAB IDE Integrated Development
Environment and the MPLAB ICD 2 In-Circuit Debugger as they are used with the
dsPICDEM™ SMPS Buck Development Board. On completing this tutorial, you should
be able to:

+ Create a project using the Project Wizard.

» Assemble and link the code and set the Configuration bits.

» Set up MPLAB IDE to use the MPLAB ICD 2 In-Circuit Debugger.

» Program the chip with the MPLAB ICD 2.

» View the code execution.

* View registers in a Watch window.

» Set a breakpoint and make the code halt at a chosen location.

» Use the function keys to Reset, Run, Halt and Single Step the code.

Before you begin the tutorial, run the install program on the dsPICDEM™ SMPS Buck
Development Board CD. The default installation location is:

c:\Program Files\Microchip\Sync Buck Board\Firmware\DualBuck

3.2 CREATING THE PROJECT

The first step is to create a project and workspace in MPLAB IDE. Usually, you will have
one project in one workspace.

Note: These instructions presume the use of MPLAB IDE 7.43 or newer.

A project contains the files needed to build an application (source code, linker script
files, etc.) along with their associations to various build tools and build options.

A workspace contains one or more projects and information on the selected device,
debug tool and/or programmer, open windows and their location, and other IDE
configuration settings. MPLAB IDE provides a Project Wizard to help create new
projects.

© 2006 Microchip Technology Inc. DS70181A-page 19
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3.21 Select a dsPIC DSC Device

 Start MPLAB IDE.
» Close any workspace that might be open (Eile>Close Workspace).
» From the Project menu, select Project Wizard.

» From the Welcome screen, click Next> to display the Project Wizard Step One
dialog as shown in the Figure 3-1.

FIGURE 3-1: PROJECT WIZARD, STEP 1, SELECT A DEVICE
rropectwzard %
Step One:

Select a device EE/{@}

< Back Mext = Cancel Help

» From the Device: pull-down list, select dsPIC30F2020 and click Next>. The
Project Wizard Step Two dialog displays as shown in Figure 3-2.
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FIGURE 3-2: PROJECT WIZARD STEP 2, SELECT LANGUAGE
TOOLSUITE
X

Step Two:

Select al toolsuit Eﬁ
elect a language toolsuite f
e

Aictive Toolsuite: Micrachip A5 30 Taolsuite j

— T oolzuite Contents

Browse. .. |

Help! My Suite: [sn't Listed! | [T Show all installed toolsuites

< Back Mexd > Cancel Help

3.22 Select Language Toolsuite

» From the Active Toolsuite: pull-down menu, select Microchip ASM30 Toolsuite.
This tool suite includes the assembler and linker that will be used.

Note: If you are creating a project with source files written in a language other
than Microchip assembly, choose the appropriate language tool suite from
the drop-down selections.

* In the Toolsuite Contents block, select MPLAB ASM30 Assembler
(pic30-as.exe).

* In the Location block, click Browse... and navigate to:
C:\Program Files\Microchip\MPLAB ASM30 Suite\bin\pic30-as.exe

» With MPLAB LINK 30 Object Linker (pic30-Id.exe) selected in Toolsuite Con-
tents, click Browse... and navigate to:

C:\Program Files\Microchip\MPLAB ASM30 Suite\bin\pic30-id.exe

 Click Next> to continue. The Project Wizard Step Three dialog displays as shown
in Figure 3-3.
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FIGURE 3-3: PROJECT WIZARD, STEP 3, NAME YOUR PROJECT
rroecrwzad x
Step Three:

M ct Eﬁ
ame your proje /
]

— Project Hame
DalBuck,

— Praoject Directary

Browse... |

< Back Mext = Cancel Help

3.23 Name Your Project

* In the Project Name text box, type DualBuck.

» Click Browse... and navigate to C: \DualBuck to place your project in the tutorial
folder (create this folder if it does not already exist).

» Click Next> to continue. The Project Wizard Step Four dialog displays as shown
in Figure 3-4.
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FIGURE 3-4:

PROJECT WIZARD, STEP 4, ADD FILES TO PROJECT

Project Wizard N El

Step Four:
Add any existing files to your project

EE:/%}

-] ADOBEAPP -]
EJJ Cuztomer Projects
& Documents and Settin_l
& Download
=] DRIVERS
& dsPIC
=] DualBuck
[ isr_tapzs

—[3 p30F020.gld

B p30FE020Inc

~[B SMPS_PID_Contn

i

O CADualBucktisr traps.s

O C:ALDualBucksp30r2020.gld

O CDualbucksp30f2020. 0
Femove O CDualBuck SMPS_PID Contro

Add x>

KN I El

Check the box to copy the file to the

E-L_] HT-PIC hd project directony. Click the filename to
1 I I 4 edit the name of the local copy.
<Back | Next> e Help

3.24 Add Files to Project

In the left window, navigate to c: \ .
files:

SMPS PID Control.s
isr traps.s
p30£2020.g1d
p30£2020.1inc

. .\Firmware\DualBuck and select these

Click Add>> to include these files in the project. The files appear with check

boxes in the right-hand window.

Check each box (to instruct the Project Wizard to copy these files to the project

directory).
Click Next> to continue.
When the summary screen displays

, click Finish.

When the Save Workspace As window displays, type DualBuck.mcw in the
“File name” field and save the workspace in C: \DualBuck (see Figure 3-5).

© 2006 Microchip Technology Inc.
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FIGURE 3-5: SAVE WORKSPACE WINDOW
Savein: I (=3 DualBuck j Q F * -
My Documents
My Compiter
-
File name: IDuaIBud(.mcw j Save I
Save as type: II"-"IF'LAB Workspace Files " mow) j Cancel |

After the project wizard completes, the MPLAB IDE project window shows the

isr traps.sand SMPS_PID Control.s files in the Source Files folder, the
p30£2020. inc file in the Header Files folder and the p30£2020 . gldfile in the Linker
Scripts folder (Figure 3-6).

FIGURE 3-6:

MPLAB® IDE PROJECT WINDOW

-loix]

=] 8] DualBuck.mcp
|_:_||:| Source Files
isr_traps.s
.|£] sMPs_PID_Contral.s
|:—:|[:| Header Files
..[2 p30f2020.inc
..... (L] Object Files
----- 3 Library Files
5-/23 Linker Scripts
..|= p30f2020.01d
----- ([ Other Files

[ ] Files ## Symbols
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A project and workspace has now been created in MPLAB IDE. DualBuck.mcw is the
workspace file and bualBuck . mcp is the project file. Double click the
SMPS_PID Controls. s fileinthe project window to open the file. MPLAB IDE should

now look similar to Figure 3-7.

FIGURE 3-7:

MPLAB® IDE WORKSPACE WINDOWS

#» DualBuck - MPLAB IDE v7.42
File Edit View Project Debugger Programmer Tools Configure Window Help

N =10l x|

| DS | m@ [ Séw P | Checksum: 0x0120

|

J |

=101 ]

Il MPLAB IDE Editor i

ol x|

e — SMPS_PID Controls |
5112 Source Files = l' ’””’””*"""”‘*’””’”*’”‘*’”"”‘"""”‘*’””*"""”‘*’””"”'""”‘******’”***********g
isr_traps.s 2 s * B 2006 Microchip Technology Inc.
SMPS_PID_Control i N
D e 2 ; ¥ FileName: ) :SHPS_PID_-Ccnt.Icl: = ) B ] )
5-----|zp30f2020.inc S : * Dependencies: Header (.inec)} files if applicable, see below
: : 13 W Ppoocogson: dsPIC30F2020 ES
quJECtF'_'ES 7 ; % IDE: MPLAE® IDE v7.42.00 or later
i DleraryFlIes 2 ; * Dev. Board Used: Sync Buck Converter Using SMPS dsPIC
E‘ [;—ILinkerScripts 9 ; * Hardware Dependencies: T
.. [2] p30f2020.qid i :
[ Other Files 11 : * SOFTWARE LICENSE AGREEMENT:
12 ; * Microchip Technology Inc. (“Microchip”) licenses this software t«
13 : * solely for use with Microchip dsPIC® digital signal controller
‘| | _’I i3 s * products. The software is owned by Microchip and i=s protected unc
(] Fles iz : : applicable copyright laws. A1l rights reserved.
17 ; * SOFIWARE IS5 FROVIDED ™A5 I5." MICROCHIP EXPRESSLY DISCLATMS ANY
18 ; * WARRANTY OF ANY KIND, WHETHER EXPRESS CR ED, INCLUDING EBUT t
19 s ¥ LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY, FITNESS F(
20 ; * PARTICULAR PURPOSE, OR NON-INFRINGEMENT. IN NO EV SHALL MICROC
21 ; * BE LIABLE FOR. ANY INCIDENTAL, SPECIAT, INMDIRECT OR: CCNSEQUENTIAL
22 ; * DAMAGES, LOST PROFITS OR LOST DATA, HARM TC YOUR EQUIPMENT, COST
23 ; * PROCUREMENT OF SOBSTITUTE &OCDS, TECHNOLOGY OR SERVICES, ANY CLAT
24 ; * BY THIRD PARTIES (INCLUDING BUT NHOT LIMITED TC ANY DEFENSE THERE(
25 ; ¥ ANY CLATMS FOR INDEMNITY OR CCNTRIBUTICN, OR OTHER SIMILAR COSTS.
26 2
27 : % REVISION HISTORY: o

MPLABICD 2 |

|dsPIC30F2020

=0

s [wr.

|n 1, Col 1
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3.3 BUILDING THE CODE

In this project, building the code consists of assembling the SMPS_PID Controls.s
and isr_traps. s files to create their respective object files, SMPS_PID Controls.o
and isr traps.o, and then linking the object files to create the DualBuck.hex and
DualBuck. cof output files. The . hex file contains the data necessary to program the
device and the . cof file contains additional information that lets you debug at the
source code level.

Before building, there are settings required to tell MPLAB IDE where to find the include
files and to reserve space for the extra debug code when the MPLAB ICD 2 is used.
The following line is near the top of the SMPS PID Controls.s file:

.include "p30£2020.inc"

This line causes a standard include file to be used. Microchip provides these files with
all the Special Function Register (SFR) labels already defined for convenience. To build
the code, select Build Options>Project from the Project menu. The Build Options dialog
displays, as shown in Figure 3-8.

FIGURE 3-8: BUILD OPTIONS

Build Options For Project "DualBuck.mcp®

lns
X

General | ASM30/C30 Suite | MPLAB ASM30 | MPLAB LINK30 |

Cutput Directory, $BINDIR]:

l| Browse...

Intermediates Directary, $[TMPDIR]:

| Browse. .

Azzembler Include Path, $AINDIR]T:

I Browse. .

Inzlude Path, $IIMCDIR]:

I Browse. ..

Library Path, $[LIEDIR]:

I Browse...

Linker-Script Path, $[LERDIR]:

N8N

| Browse, .

Help | Suite Defaultz |

0K I Cancel | Amply
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3.31 Identify Assembler Include Path

» Select the General tab.

« At the Assembler Include Path, $(AINDIR) box, click Browse... and navigate to:
C:\Program Files\Microchip\MPLAB ASM30 Suite\Support\Inc
This path tells MPLAB IDE where to find the include files

 Click Apply and then click OK.

Note: The p30£2020. inc file was included when you added files to the project
folder (section Section 3.2.4 “Add Files to Project”). Selecting an
Assembler Include Path in the manner described here allows you to link to
the latest . inc file included with MPLAB IDE. Skip this step to use the
. inc file in the project folder.

3.3.2 Link for ICD 2

Itis necessary to tell the linker that the code should be built with the intention to debug.
This sets aside RAM for the MPLAB ICD 2 to use during debugging. If this step is not
done, the MPLAB ICD 2 will not function properly in Debug mode.

» On the Project Manager toolbar, select “Debug” from the drop-down box (see
Figure 3-9)

FIGURE 3-9: LINK PROJECT FOR MPLAB® ICD 2

| [bebug ~lo @@ B @[S @
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3.33 Build the Project

+ Select Project>Build All.
» Observe the progress of the build in the Output window as shown in Figure 3-10.

FIGURE 3-10: BUILD OUTPUT WINDOW

[Cr— o/ x]
Build | Version Cantral | Find in Files | MPLAE ICD 2 |

bdake: The target "CADualBuckhisr_traps.o" is out of date.

Executing: "CA\Program Files\hicrochipitAFLAB ASKE0 Suitetbinhpic3l-as. exe" -p=30F2020 "i
bake: The target "ChADualBuckhSkPS_FID_Control.o" is out of date.

Executing: "CAProgram Files\hicrochipibAFPLAB ASKE0 Suitetbintpic3il-as. exe" -p=30F2020 "
bdake: The target "ChDualBuckiDualBuck cof' is out of date.

Executing: "CAProgram Files\hicrochipibAFPLAB ASKE0 Suitetbintpic30-ld exe" "CADualBuckh,
Executing: "CAFrogram Files\MicrochiphhPLAB ASM30 Suitehhinypic30-hinZhex.exe" "DualBu
Loaded CADualBuckiDualBuck.cof.

BUILD SUCCEEDED: Mon QOct 09 17:06:03 2006

4| | i3

3.4 PROGRAMMING THE CHIP

The MPLAB ICD 2 In-Circuit Debugger can be used to program and debug the
dsPIC30F2020 device in-circuit on the dsPICDEM™ SMPS Buck Development Board.

Note: Before proceeding, make sure that the USB driver for the MPLAB ICD 2 has
been installed on your PC (see the “MPLAB®ICD 2 In-Circuit Debugger
User’s Guide” (DS51331) for more details regarding the installation of
MPLAB ICD 2).

3.41 Setup the Device Configuration

» Use the Configure>Configuration Bits menu to display the configuration settings.
» Set up the Configuration bits as shown in Figure 3-11.

FIGURE 3-11: CONFIGURATION SETTINGS
ol

Address

FEOOOD

000F ' Boot Segment Write Protect
Boot Segment Program Flash Code Protection MNo Boot Segment

Setcting

Boot Segment may be written

Fg8oo004 o007 General Code Segment Write Protect General Segment may be written
General Segment Code Protection Disabled

F80006 0001 Oscillator Mode =(—__E;€;¥nal Fast RC (FRC) wf:Eii::::>

Fg0o08 DOE3 Clock Switching and Monitor Sw Disabled, Mop Disabled

Freguency Range Select
QOSCI/0OSCO Pin Function
Primary Oscillator Source

High Range (FRC 14.1Mhz PLL 451Mp

©SCO pin has digatal 1/0 function
Primary Oscillator Disabled

v

F8000A 001F Watchdog Timer Postscaler w 1:32,7Ta8

WDT Prescaler 1:128

Watchdog Timer Enable ;/D?able )
F800DOC ooo7 BOR Timer Value 128m=
FS000E o002 Comm Channel Select Pp<__Use= EMUCL and EMUDL I
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34.2 Connect the MPLAB ICD 2 In-Circuit Debugger

» Before connecting the MPLAB ICD 2 make sure SW2 is in the DEBUG position.
» Connect the MPLAB ICD 2 to the PC with the USB cable as shown in
Figure 3-12).
» Connect the MPLAB ICD 2 to the dsPICDEM™ SMPS Buck Development Board
with the short RJ-11 (telephone) cable.
* Apply +9V power to the board.

FIGURE 3-12: dsPICDEM™ SMPS BUCK DEVELOPMENT BOARD
CONNECTED TO MPLAB® ICD 2 IN-CIRCUIT DEBUGGER
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3.43 Enable MPLAB ICD 2 Connection

» From the Debugger menu, click Select Too/>MPLAB ICD 2 to designate the
MPLAB ICD 2 as the debug tool in MPLAB IDE.

» Select Debugger>Connect to connect the debugger to the device. The MPLAB
ICD 2 should report that it found the dsPIC30F2020 device, as shown in
Figure 3-13.

» Select Debugger>Settings to display the MPLAB ICD 2 Debugger settings.

» Select the Program tab.

» Check Allow ICD 2 to select memories and ranges, as shown in Figure 3-14.
This setting will speed up operations by programming only a small part of the total
program memory.

Note: The MPLAB ICD 2 may need to download the new firmware if this is the first
time the MPLAB ICD 2 is being used with a dsPIC30F device. If any errors
are shown, double click the error message to get more information.

FIGURE 3-13: ENABLING MPLAB® ICD 2

Woupt -0l x|

Buid | Versian Contral | Find in Files MPLABICD 2 |

~.Fassed A
MPLAE ICD 2 Ready T

Connecting to MPLAEB ICD 2

..Connected

Setting Ydd source to target

Target Device dsPIC30FZ020 faund, revision = Few 0x1000
..Reading ICD Product ID

Funning ICD Self Test

..Passed

MPLAB ICD 2 Ready

1| | »

DS70181A-page 30 © 2006 Microchip Technology Inc.



Using the dsPIC30F2020 Device

FIGURE 3-14:

SETTING PROGRAM MEMORY SIZE

MPLAB ICD 2 Settings i

Status I Communication I Limitations I Power Program |‘u"ersinns I Wamings I

* Allow ICD 2 to select memaries and ranges

= emaones

¥ Program

¥ Configuration
™ EEFRGEHM
=D

[T Esternal

—1 Manually select memories and ranges

21 x]

Fragran [ phiors
¥ Freeze on Halt

¥ Eraze all before Program

[T | Frezerve EEFEOM on Frogram

= Pragrarm femary

[hes]

Stark ID:-:L"
Erd ID:-:-'13F

Full Hangel

T Erternal termany
[Fresx]

Start IU:-:U
End IUHU

= Bootloader
[Tzerremary Houtines

I'\IED2'\SH.¢.M1E.HE><

Brmmze,..

Eull B arge |
ez

— Automatically

™ Flun after successful program

[ Program after successful build

o]

Cancel Spply |

Hep |

3.4.4

Program the dsPIC30F2020

» From the Debugger menu, select Program. The Output window (Figure 3-15)
displays the program steps as they occur.
* Observe the process in the Output window. When “MPLAB ICD 2 Ready”
displays, the device is programmed and ready to run.
» Use the Debugger>Reset menu to reset the code, then Debugger>Run to run the
code.

© 2006 Microchip Technology Inc.
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FIGURE 3-15: PROGRAMMING THE DSPIC30F2020 DEVICE
Moutpst P [=TE
Buld | Version Control | Find in Files MPLAEICD 2 |
MPLAB ICD 2 Ready -

Frogramming Target...
LMalidating configuration fields
..Erasing Part

..Programming Frogram bMermony (0x0 - Ox43F)
erifying...

.Program Memaory

Merify Succeeded

..Loading DebugExecutive
~.Programming DebugExecutive
..Debug Executive
.Programming Debug Yector
..Debug Vector

.Programming Configuration Bits
.. Config Memany

“erifying configuration memaony...
Connecting to debug executive
..Programming succeeded
09-Oct-2006, 09:49:15

MPLAB ICD 2 Ready _ILI
1 | 3
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3.5 DEBUGGING THE CODE

The MPLAB ICD 2 In-Circuit Debugger can be used to run, halt and step the code. A
breakpoint can be set to halt the program after the code has executed the instruction
at the breakpoint. The contents of the RAM and registers can be viewed whenever the
processor has been halted.

The MPLAB ICD 2 In-Circuit Debugger uses the following function keys to access the
main debugging functions:

<F5> Halt

<F6> Reset
<F7> Single Step
<F9> Run

In addition, there are more functions available by right clicking on a line of source code.
The most important of these are “Set Breakpoint” and “Run to Cursor”.

3.51 Display the Code

* From the View menu, select View>Program Memory.

* On the Program Memory window, select the Symbolic tab, as shown in
Figure 3-16.

* Press <F5> to halt the processor and press <F6> to reset. The program memory
now shows a green arrow pointing to the line of code at address 0.

The instruction at this location is goto 0x000100. This code is added by the linker to

make the program branch to the start of the code in the Lab1. ¢ file. From location
0x000100 executable code starts.

FIGURE 3-16: PROGRAM MEMORY WINDOW
o]
Line Address Cpcode Label Disassenbly -
o 0000 4 :
2 0002 000000 nop
3 0004 000104 stayl
4 0006 000104 stavl
5 0008 000110 staye
] 000A 000116 stay3d
7 Qooc 00011C stayd
B 000E 000122 stays
] 0010 000128 stave
10 0012 00012E stay’?
11 0014 00043C _DefaultiInterrupt
iz 0o0le 00043C _DefaultInterrupt
149 gol1s 00043C _DefaultiInterrupt
14 001n 00043C _DefaultiInterrupt
5 gol1c 00043C _DefaultInterrupt
16 001E 00043C _DefaultiInterrupt
17 Qo020 00043C _Defaultinterrupt
18 0022 00043C _DefaultInterrupt
19 0024 00043C _DefaultiInterrupt
20 0026 00043C _DefaultInterrupt
21 0028 00043C _DefaultiInterrupt
22 0028 000390 _ADCInterrupt
23 go02C 00043C _DefaultInterrupt
24 00ZE 00043C _DefaultiInterrupt
25 0030 00043C _DefaultInterrupt =
J ol
Opcode Hex | Machine " Symbolic | P53 Mixed | PSY Data
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3.5.2 Step the Program

* Press <F7> to single step the code. The green arrow now points to the code
below reset inthe SMPS PID Control.s source code, as shown in
Figure 3-17.

* Right click two lines below the green arrow and choose “Run to Cursor”. The
green arrow then points to the line on which you right clicked.

* From the View menu, select View>Watch to open a Watch window as shown in
Figure 3-18.

* From the Add SFR pull-down list, display DTR1.

» Click Add SFR to add the DTR1 register to the Watch window.

* Next, select PWMCON1 from the pull-down list and click Add SFR.

» Repeat for the ADCON register.

* You will be able to view these registers change as you step through the code.

FIGURE 3-17: SOURCE CODE WINDOW
o

SMPS_PID_Contiols | er_trapss|
556 ;==============================================s=======s========s=======s========== :Ej
BET | e R R R R AR RRRRR AR RRR AR AR ARR AR R AEEARAFAAEARRFAAEARRRAAAAERRA S A HERR XS A REE D

558
559 =

560 - This is the start of the erecuntable code wectored to after a reset
561
562
563 IR R AR R R R R R R AR R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R R AR R R R R AR R R R R R R R R R R R R i
564 S=====s=======s==============s=====S==============================================

SES
566
567 reseg:
568 nop
LI = | mow ¥
570 mov #ox

K. STRT, wWlh s Init. Stack pointer
b

571 mow wl,
572
5T3
574
575

576 s ‘5et up the MAC unit to operate in integer mode and in Super Satu
= o

PLIM : Init -stack limit
; clrwdt ; Clear watch dog timer

ate Mode.

L
Hh
I
x
i
o
Ls]
o
I
g
ot b

R ; Because we are doing B.8 arithmetic, we need to control the

i g s e _>ILI

FIGURE 3-18: WATCH WINDOW DISPLAY

_Ioix

addSFR|facce  +]  Add Symbol| [_sP |
Address I Symboal Name I Value IDecim.a 1|
0412 DIR1 0=x0000 0
0408 PWMCON1 0=x0000 0
0300 ADCON 0x400B 16385
4| | y
|'watch1 Waich2| Watch3 | ‘watch 4]
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3.5.3

Set Break Point

» To set a breakpoint, right click a code line and select “Set Breakpoint” from the
pop-up menu.
As an example, find the following line of code and set a breakpoint on this line.

cpO

VIN GOOD FLAG

A red stop sign should appear in the gutter (gray bar on the left) of the source
code window, as shown in Figure 3-19.
* Press <F9> to run the code. The program halts on the instruction following the
breakpoint

Note:

An alternate method is to simply double click the line. This feature may

need to be enabled using the Edit>Properties menu.

FIGURE 3-19: SETTING

BREAKPOINT

I MPLAB IDE Editor s

=101

SMPS_PID_Controls | jsr_traps |
900

901 IDLE LOOP:
9p2 B

303 call

S04 call

905 D opD

306 bra

907

908 call F
309 cpl F.
o910 bra il
911

912 opl

913 bra

5

915 mowv

ehEs op

917 bra

Q18

Jgfl_l call SOFT

AULT_CHE(

r

Check if fault t©

Do we have good

Check soft start

If mo: soft sStart
read soft =tartc
[SYSTEM TIMER -
back until

Loop

Proce=s=s =oft

Check if input w

imer is active or done
aoltage is OK

Vin ?

in if we have bad wvin

mode

» do normal stuff

timer wvalue
WREG)
timer > Period

start operations
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NOTES:
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MICROCHIP USER’S GUIDE

Chapter 4. Demonstration Program Operation

The dsPIC30F2020 device supplied with the dsPICDEM™ SMPS Buck Development
Board is pre-programmed with a demonstration program that illustrates simultaneous
Proportional-Integral-Derivative (PID) control of the output voltage for the two buck cir-
cuits on the dsPICDEM™ SMPS Buck Development Board. This code is available on
the CD that is provided with the dsPICDEM™ SMPS Buck Development Board kit. It
can also be downloaded from the Microchip web site (www.microchip.com).

This section covers the following topics:
» Demonstration Program

» Demonstration Code

» Other Code Examples

41 DEMONSTRATION PROGRAM

The demonstration program provides simultaneous closed-loop control of the output
voltage from both buck circuits on the dsPICDEM™ SMPS Buck Development Board.
One PID loop controls a target voltage output (VOUT1) at 5V. The other PID loop con-
trols a target voltage output (VOUT2) at 3.3V.

The PID control scheme consists of seven parameters. The main parameters are:

1. Proportional Error Gain (P-Gain) — This parameter produces a correction fac-
tor that is proportional to the magnitude of the output voltage error.

2. Integral Error Gain (I-Gain) — This parameter uses the cumulative voltage error
to generate a correction factor that eliminates any residual error due to limitations
in offset voltages and measurement resolution.

3. Derivative Error Gain (D-Gain) — This parameter produces a correction factor
that is proportional to the rate of change of the output error voltage, which helps
the system respond quickly to changes in system conditions.

Additional control parameters that are summed with the P, I, and D Gain terms are:

4. Second Derivative, or Jerk Error, Gain (J-Gain) — This parameter produces a
correction factor that is proportional to the change in the differential error (i.e., the
derivative of the derivative). J-Gain is a high frequency term that tends to provide
quick response to an impulse event.

5. Feed Forward Gain — This parameter produces a correction factor based on the
desired output voltage that is computed based on the magnitude of the input volt-
age, inductor current, and circuit attributes (i.e. inductor and capacitor values).
This term allows the control loop to be proactive rather than reactive. In other
words, when the input voltage changes, feed forward gain responds so that the
control loop does not have to wait until the output voltage changes before making
the appropriate gain correction.

6. Dead Time Gain — This parameter produces a correction factor, which compen-
sates for the fact that the feed forward gain term does not account for the energy
lost due to the dead time of the PWM signal (the time when both MOSFETSs are
off).

7. Current-Limit Gain — This parameter limits the cumulative control gain when the
current is approaching its upper limit.
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The demonstration program requires no manual preparation except to connect 9V
power to the board. You can verify the VOUT1 and VOUT2 voltage levels by measuring
them at the output terminals (J1 and J3, respectively).

If you installed the software that came on the dsPICDEM™ SMPS Buck Development
Board CD, the demonstration program source code is located in the following folder on
your PC.

C:\Program Files\Microchip\Sync Buck Board\Firmware\DualBuck

Instructions for programming the dsPIC30F2020 are provided in the Readme file that
is included in the DualBuck folder. Chapter 3 also describes how to program the
dsPIC30F2020 using the ICD 2. Figure 4-1 illustrates the program flow of the
demonstration program.

FIGURE 4-1: SMPS DEMONSTRATION PROGRAM FLOW CHART

START

Initialization Routines:

» Peripherals — ADC, PWM, Timers, GPIO, etc.

« Variables — PID Gain Terms, Data Buffers

» Constants — Desired Voltage, Current Limit, etc.
* Interrupts — ADC, Timers

» Set Soft Start Flag

» System Stabilization

Fault-Check Routine

| |
| |
| |
| Does Yes . |
Fault Condition Disable
| Exist Outputs | |
?
| |
| | ADC Interrupt
e _I
Soft Start Routine
r— - - — — ¥y — — — — — -|

I |
I |
Soft Yes Is ADC Interrupt Routines:
<l st |a Soft Start | « Measure VouTt
|| Routine Active | .
2 + Calculate PID Gain Parameters

| | * Update PWM Duty Cycle

I |
) i

Idle Loop Functions:
» Check Soft Start Flag
» Check/Reset Fault Timers and Flags

» Perform non-critical functions here (e.g. user
application tasks)
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4.2 DEMONSTRATION CODE

421 System Initialization

When power is applied to the board, the program starts by executing these system
initialization routines:

» Peripherals — The required peripherals (PWM, ADC, Timers, GPIO) are
configured and enabled.

» Variables — Program variables are defined. RAM locations and register usage are
also defined and documented.

» Constants — Program constants are defined, including reference setpoints for
both VOUT1 and VOUT2, input voltage, current limits, fault conditions, PWM
periods and Timer periods.

* Interrupts — The ADC and Timer Interrupts are set up and enabled.
+ Soft Start — The Soft Start flag is set

» System Stabilization — All outputs are discharged to ensure a stable value at
startup.

4.2.2 Fault Check

The program checks the ADC for input undervoltage and output overvoltage condi-
tions. If a fault occurs, the PWM outputs are disabled until the fault condition is cleared.
If no fault is detected, the program proceeds.

4.2.3 Soft Start

If the Soft Start flag is set, the Soft Start Routine ramps up the output voltage in an
open-loop fashion to bring the system within the operating range of the PID control
loop. This routine ensures that the output does not overshoot the desired voltage. It
also limits the current at startup.

4.2.4 ADC Interrupt

The ADC Interrupt is the heart of the demo program. This routine takes up approxi-
mately 75% of the execution time. It performs all the PID calculations and applies any
needed corrections to the output

Two simultaneous PID loops are being processed (one for VOUT1 and the other for
VOUT2). Each loop has its own variables, constants and peripheral initialization.

Key points to note are:
» The ADC Interrupt can occur at any time during program execution, and
* It takes priority over any other tasks that the program is performing.

4.2.5 System Idle Loop

All auxiliary functions are performed in the System Idle routine. This is the time avail-
able to the CPU while the demo program is waiting for an ADC Interrupt. Non-critical
functions can be performed in this loop. During this time the input voltage, fault timers
and Soft Start flag are checked.
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43 OTHER CODE EXAMPLES

There are several other code examples included on the dsPICDEM™ SMPS Buck
Development Board CD. Please refer to the Readme files located in each code exam-
ple folder for details on what each code example demonstrates. Check the Microchip
website (www.microchip.com) for the latest updates to these code examples and for
additional code examples.
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Appendix A. Schematic and Layouts

This Appendix provides a layout drawing of the printed circuit board followed by

schematics for the dsPICDEM™ SMPS Buck Development Board.

FIGURE A-1: dsPICDEM™ SMPS BUCK DEVELOPMENT BOARD LAYOUT
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