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EU Declaration of Conformity 

 

This declaration of conformity is issued by the manufacturer. 

The development/evaluation tool is designed to be used for research and development in a laboratory environment.  This 

development/evaluation tool is not a Finished Appliance, nor is it intended for incorporation into Finished Appliances that are made 

commercially available as single functional units to end users under EU EMC Directive 2004/108/EC and as supported by the European 

Commission's Guide for the EMC Directive 2004/108/EC (8th February 2010).  

This development/evaluation tool complies with EU RoHS2 Directive 2011/65/EU. 

This development/evaluation tool, when incorporating wireless and radio-telecom functionality, is in compliance with the essential 

requirement and other relevant provisions of the R&TTE Directive 1999/5/EC and the FCC rules as stated in the declaration of conformity 

provided in the module datasheet and the module product page available at www.microchip.com. 

For information regarding the exclusive, limited warranties applicable to Microchip products, please see Microchip’s standard terms and 

conditions of sale, which are printed on our sales documentation and available at www.microchip.com. 

Signed for and on behalf of Microchip Technology Inc. at Chandler, Arizona, USA.

Object of Declaration: dsPIC33EP128GS808 Development Board
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Preface

INTRODUCTION

This chapter contains general information that will be useful to know before using the 

dsPIC33EP128GS808 Development Board. Items discussed in this chapter include:

• Document Layout

• Conventions Used in this Guide

• Recommended Reading

• The Microchip Web Site

• Customer Support

• Document Revision History

DOCUMENT LAYOUT

This document describes how to use the dsPIC33EP128GS808 Development Board 

as a development tool to emulate and debug firmware on a target board. The manual 

layout is as follows:

• Product Overview – This chapter introduces the dsPIC33EP128GS808 

Development Board and provides an overview of its features.

• Hardware – This chapter describes the hardware components of the 

dsPIC33EP128GS808 Development Board. 

• Demonstration Program Operation – This chapter includes a program 

demonstration, code demonstration and code examples for the 

dsPIC33EP128GS808 Development Board.

• Appendix A – Shows the schematics and board layouts for the 

dsPIC33EP128GS808 Development Board.

NOTICE TO CUSTOMERS

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 number. The numbering convention for the DS number is 
“DSXXXXXXXXA”, where “XXXXXXXX” is the document number and “A” is the revision level 
of the document.

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

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 

dialog

“Save project before build”

Underlined, italic text with 

right angle bracket

A menu path File>Save

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, R is the radix and 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:\mcc18\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 mcc18 [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)
{ ...
}
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RECOMMENDED READING

This quick start guide describes how to use the dsPIC33EP128GS808 Development 

Board. Other useful documents are listed below. The following Microchip document is 

available and recommended as a supplemental reference resource:

• “dsPIC33EPXXXGS70X/80X Family Data Sheet” (DS70005258)

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

PRODUCT CHANGE NOTIFICATION SERVICE 

Microchip’s customer notification service helps keep customers current on Microchip 

products. Subscribers will receive e-mail notifications 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 Product 

Change Notification and follow the registration instructions.

CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

• Distributor or Representative

• Local Sales Office

• Embedded Solutions Engineer (ESE)

• Technical Support

Customers should contact their distributor, representative or Embedded Solutions 

Engineer (ESE) 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://www.microchip.com/support.

DOCUMENT REVISION HISTORY

Revision A (June 2017)

• Initial Release of this Document.
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Chapter 1.  Product Overview

1.1 INTRODUCTION

This chapter introduces the dsPIC33EP128GS808 Development Board and provides 

an overview of its features. The topics covered include: 

• Overview

• Development Board Functionality and Features

• Electrical Specifications

1.2 OVERVIEW

The dsPIC33EP128GS808 Development Board (referred to as development board) is 

designed to aid in the evaluation and development of firmware for the dsPIC33EP ‘GS’ 

family of Digital Signal Controllers (DSCs). There are 3 primary objectives for 

development of this board:

• Evaluation of peripherals and core features of the GS family

• Support for dual CAN solutions with the “CAN/LIN/J2602 PICtail™ (Plus) 

Daughter Board User’s Guide” (DS70319)

• Demonstration of emulated power supply transient response

The development board can be used as a stand-alone platform for evaluating DSC core 

features, such as throughput and device peripherals, which include ADC, PWM, PGA, 

CMP, SPI, I2C, etc. Table 2-3 provides a comprehensive list of I/O signals available for 

evaluation. Note that the remappable I/Os provide additional flexibility to access 

additional signals on the I/O pins. Refer to the “dsPIC33EPXXXGS70X/80X Family 

Data Sheet” (DS70005258) for further details.

The development board provides support for development of dual CAN applications, 

along with the CAN/LIN/J2602 PICtail (Plus) Daughter Board. The CAN/LIN/J2602 

PICtail (Plus) Daughter Board consists of 2 sets of CAN drivers and 2 sets of LIN 

drivers. The development board plugs into the PICtail board and allows 

development of CAN or LIN communication. 

The development board contains multiple first-order RC filters to emulate power supply 

functionality. The board can be operated in Open or Closed-Loop mode. Furthermore, 

there is additional hardware on the board to simulate power supply transient behavior. 

The board can be powered with a standard 9V adapter or through the mini-USB. The 

board can be programmed with standard Microchip programming tools via an RJ25 

connector and contains LEDs, switch, selectable jumpers for maximizing peripheral 

interconnectivity, potentiometers and analog feedback networks, all of which help to 

facilitate development of firmware on the dsPIC33EP ‘GS’ devices. 
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1.3 DEVELOPMENT BOARD FUNCTIONALITY AND FEATURES

The dsPIC33EP128GS808 Development Board allows users to evaluate the features 

of dsPIC33EP ‘GS’ series devices. The dsPIC33EP ‘GS’ devices offer new peripherals 

and features that can be explored using the development board. Configurable connec-

tors make it easy to connect different peripherals together to test features that would 

otherwise require additional hardware. The development board can also be used to 

develop dual CAN communication systems when used along with the CAN/LIN/J2602 

PICtail (Plus) Daughter Board. 

The development board provides the following features:

• Dual CAN/LIN Interface:

- Used as an add-on board to the CAN/LIN/J2602 PICtail (Plus) 

Daughter Board

- Interfaces with CAN and LIN drivers on the CAN/LIN/J2602 PICtail (Plus) 

Daughter Board

- Provides power to CAN and LIN drivers on the CAN/LIN/J2602 PICtail (Plus) 

Daughter Board

• Power Supply Simulation Using First-Order Filters:

- Separate voltage and current loop emulation

- Provision to simulate dynamic response

- Multiple first-order filters on board, selectable by jumpers

- Ramp generator circuit

- Constant-current test circuit

• General Features:

- External voltage input provision

- Debug switch and LEDs

- On-board power supply – operates from 9V input

- Optional USB power

- RJ25 connector programming interface

- PICkit™ 3 serial analyzer

1.4 ELECTRICAL SPECIFICATIONS

TABLE 1-1: DC INPUT RATING (J1)

Parameter Minimum Typical Maximum Units Remarks

Voltage 7.0 9 11 V 9V Adapter

Current 0.2 — — A Stand-Alone Mode

— — 0.7 A With CAN/LIN Operating on the 

PICtail™ Board
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Chapter 2.  Hardware

This chapter describes the hardware components of the dsPIC33EP128GS808 

Development Board. The topics covered include: 

• Top Assembly

• Signal Configuration

• Application Components

• Board Connectors

• Indicators and Human Interfaces

• Test Points

• Programmer/Debugger

2.1 TOP ASSEMBLY

The top and bottom assemblies of the board are shown in Figure 2-1 and Figure 2-2. 

Table 2-1 and Table 2-2 provide a description of the components.

FIGURE 2-1: DEVELOPMENT BOARD COMPONENTS (TOP)
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TABLE 2-1: DEVELOPMENT BOARD COMPONENTS (TOP)

FIGURE 2-2: DEVELOPMENT BOARD COMPONENTS (BOTTOM)

TABLE 2-2: DEVELOPMENT BOARD COMPONENTS (BOTTOM)

Number Description

1 dsPIC33EP128GS808

2 Configurable Jumpers

3 Switch (SW1)

4 Diagnostic LEDs

5 Potentiometers

6 Power LED

7 9V Power Connector (J1)

8 USB Connector (J2)

9 Programming Connector

10 PICkit™ 3 Serial Analyzer (J24)

Number Description

1 Voltage Regulators

2 Connector J17

3 Connector J18

4 Op Amp U3

5 Op Amp U5

6 MOSFET Q2

7 MOSFET Q1
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2.2 SIGNAL CONFIGURATION

Table 2-3 provides a full list of the dsPIC33EP ‘GS’ DSC connections and a brief 

functional description of the pins used on the development board.

TABLE 2-3: dsPIC33 PIN CONFIGURATION DETAILS

Development 

Board Signal 

Label

Device

Pin #

Device Pin 

Function
Description

PWM4L 1 PWM4L PWM Output

PWM1H 2 PWM1H PWM Output

PWM1L 3 PWM1L PWM Output

PWM8L 4 PWM8L PWM Output

PWM8H 5 PWM8H PWM Output

RP48 6 CAN1TX CAN1 Transmit

RP61 7 CAN1RX CAN1 Receive

FLT10 8 FLT10 Fault Signal, I/O

MCLR 9 MCLR Reset Signal

FLT9 10 FLT9 Fault Signal, I/O

VSS 11 VSS 3.3V Return

VDD 12 VDD 3.3V

RE2 13 RE2 I/O

RE3 14 RE3 I/O

AVDD 15 AVDD Filtered 3.3V

RP60 16 RP60 Reconfigurable Pin

AN0 17 AN0 Analog ADC Input

AN1 18 AN1 Analog ADC Input

AN2 19 AN2 Analog ADC Input

AN3 20 AN3 Analog ADC Input

ISRC4 21 ISRC4 Current Source Input

RE4 22 SW1 Switch Input

RE5 23 RE5 I/O

AVDD 24 AVDD Filtered 3.3V

AVDD 25 AVDD Filtered 3.3V

AVSS 26 AVSS Filtered 3.3V Return

AN15 27 AN15 Analog ADC Input

DACOUT2 28 DACOUT2 DAC Output

AN11 29 AN11 Analog ADC Input

EXTREF2 30 EXTREF2 External ADC Reference Voltage

VSS 31 VSS 3.3V Return

VDD 32 VDD 3.3V

CMP4C 33 CMP4C Comparator Input

CMP4A 34 CMP4A Comparator Input

CMP4B 35 CMP4B Comparator Input

AN16 36 AN16 Analog ADC Input

RE6 37 RE6 I/O

RE7 38 RE7 I/O

RP63 39 LIN1RX LIN1 Receive
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DACOUT1 40 DACOUT1 DAC Output

RB4 41 RB4 I/O

RC14 42 RC14 I/O

RE8 43 GPIO1 I/O

RE9 44 GPIO2 I/O

CMP4D 45 CMP4D Comparator Input

RP55 46 CAN2TX CAN2 Transmit

RP56 47 CAN2RX CAN2 Receive

VDD 48 VDD 3.3V

RD14 49 RD14 I/O

RD9 50 RD9 I/O

VSS 51 VSS 3.3V Return

RE10 52 LED2 LED Control Signal

RE11 53 LED1 LED Control Signal

RP72 54 LIN1TX LIN1 Transmit

PGED3/SD2 55 PGED3 Programmer Interface for J3

PGEC3/SCL2 56 PGEC3 Programmer Interface for J3

RP75 57 LIN1TXE LIN1 Transmit Enable

AN19 58 AN19 Analog ADC Input

RP64 59 LIN1CS LIN1 Control Signal

PGED1/SCL1 60 SCL1 PICkit™ Serial Analyzer

PGEC1/SDA1 61 SDA1 PICkit Serial Analyzer

RP52 62 LIN2CS LIN2 Control Signal

RE12 63 RE12 I/O

RE13 64 RE13 I/O

RP53 65 LIN2TX LIN2 Transmit

RP54 66 LIN2RX LIN2 Receive

RP69 67 LIN2TXE LIN2 Transmit Enable

PWM5H 68 PWM5H PWM Output

PWM5L 69 PWM5L PWM Output

VCAP 70 VCAP Core Voltage

VDD 71 VDD 3.3V

PWM6H 72 PWM6H PWM Output

PWM6L 73 PWM6L PWM Output

PWM7L 74 PWM7L PWM Output

PWM7H 75 PWM7H PWM Output

PWM3H 76 PWM3H PWM Output

PWM3L 77 PWM3L PWM Output

PWM2H 78 PWM2H PWM Output

PWM2L 79 PWM2L PWM Output

PWM4H 80 PWM4H PWM Output

TABLE 2-3: dsPIC33 PIN CONFIGURATION DETAILS (CONTINUED)

Development 

Board Signal 

Label

Device

Pin #

Device Pin 

Function
Description
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2.3 APPLICATION COMPONENTS

Table 2-4 describes the application components that are available on the 

dsPIC33EP128GS808 Development Board (see Figure 2-1 and Figure 2-2 for 

component locations).

TABLE 2-4: COMPONENT DETAILS

2.4 BOARD CONNECTORS

Table 2-5 describes the hardware connections available on the development board 

(see Figure 2-1 and Figure 2-2 for component locations).

TABLE 2-5: CONNECTOR DETAILS

Component Label Description

Top Assembly Components (see Figure 2-1)

Microcontroller (DSC) U4 Main Controller

Configurable Jumpers Jx Jumpers for Selecting Various Inputs

Switch SW1 Switch Input

Diagnostic LEDs LD1, LD2 LEDs for Diagnostics

Potentiometers R12, R20 Variable Input Voltage to Controller

Power LED LD3 Power Indicator

Input Power Connector J1 9V DC Input

USB Connector J2 USB Power Connection

Programming Connector J3 Connection to Programmer/Debugger

PICkit™ Serial Analyzer J24 Communication Interface (not mounted)

Bottom Assembly Components (see Figure 2-2)

Voltage Regulator U1 Converts 9V DC Input to 5V

Voltage Regulator U2 Converts 5V DC Input to 3.3V

Op Amp U3 Used as a Buffer or Summing Node

Op Amp U5 Used as a Buffer

MOSFET Q1 Switch for Generating a Ramp Signal

MOSFET Q2 Switch for Generating Transient Loading

Interface Connector J17 CAN/LIN Interface with PICtail™ Plus

Interface Connector J18 CAN/LIN Interface with PICtail Plus

Label Description

J1 9V DC Input

J2 USB Connection for Powering the Board (provides 5V DC input)

J3 J25 Connector to Provide External Programmer/Debugger Interface

J24 PICkit™ 3 Serial Analyzer Communication Interface (not mounted)
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2.5 INDICATORS AND HUMAN INTERFACES

Table 2-6 describes the user interfaces available on the development board kit.

TABLE 2-6: HUMAN INTERFACE DETAILS

Label Description

SW1 Switch Input.

LD1 Diagnostic Green LED.

LD2 Diagnostic Red LED.

LD3 Green LED Power Indicator.

R12 Potentiometer to Provide Variable Voltage (0-3.3V) to Controller I/O Pins.

R20 Potentiometer to Provide Variable Voltage (0-3.3V) to Controller I/O Pins.

J4 Selects PWM1H or PWM1L as an Input to the RC Filter.

J5 Selects PWM2H or PWM2L as an Input to the RC Filter.

J6 Selects PWM3H or PWM3L as an Input to the RC Filter.

J7 Selects PWM4H or PWM4L as an Input to the RC Filter.

J8 Selects PWM1-4 Passed through an RC Filter as Input to the Op Amp Buffer. 

The Circuit Emulates Output of a Switched Mode Power Supply (SMPS). 

Multiple PWMs can be Selected if Necessary.

J10 Selects PWM5H or PWM5L as an Input to the RC Filter.

J11 Selects PWM6H or PWM6L as an Input to the RC Filter.

J12 Selects PWM5-6 Passed through an RC Filter as Input to the Op Amp Buffer. 

The Circuit Emulates Output of a Switched Mode Power Supply (SMPS). Both 

PWMs can be Selected if Necessary.

J15 Selects PWM7H or PWM7L as an Input to the Ramp Generator Circuit.

J20 Allows Connection of PWM Signals to Comparator or Fault Inputs.

J22 Connects a Variable Voltage Generated by Potentiometer R20 or DACOUT2.

J23 Connects Current Source to a Resistive or Capacitive Load.
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2.6 TEST POINTS

Table 2-7 describes the test points that are available on the development board. See 

Figure 2-3 for test point locations.

TABLE 2-7: TEST POINTS

FIGURE 2-3: TEST POINT LOCATIONS

Label Description

TP1 3.3V (P3V3)

TP2 3.3V Return (GND)

TP3 External 3.3V Input to ADC

TP4 External 3.3V Return (AGND)

TP5 Buffer Output from RC Filters

TP6 Filtered 3.3V Return (AGND)

TP7 3.3V Return (GND)

TP8 Filtered 3.3V (P3V3A) (not mounted on board)
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2.7 PROGRAMMER/DEBUGGER

The development board needs an external programmer/debugger, such as the 

MPLAB® ICD 3 or REAL ICE™ emulator to program the controller on the board. 

TABLE 2-8: PROGRAMMER/DEBUGGER COMPONENTS

Component Label

Programmer/Debugger 

Connector

J3 RJ25 Connection for Interface to MPLAB® ICD 3 

(DV164035)/REAL ICE™ Emulator (DV244005)
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Chapter 3.  Demonstration Program Operation

The dsPIC33EP128GS808 Development Board is preprogrammed with application 

software that emulates the closed-loop operation of a power supply. The program illus-

trates 2-Pole, 2-Zero (2P2Z) compensator control of the output voltage for the power 

supply emulation circuit. This code can be downloaded from Microchip web site 

(www.microchip.com). 

This section covers the following topics:

• Hardware Description

• Software Demonstration

• Code Demonstration

• Other Code Examples

3.1 HARDWARE DESCRIPTION

The hardware on the development board emulates the behavior of a power supply. 

Most of the power supply topologies consist of 2nd order Inductor-Capacitor (LC) 

filters, which smooth out the high-frequency switching content from the output voltage, 

resulting in a DC output voltage. The controller monitors the output voltage, compares 

it with a reference voltage and generates the required PWM duty cycle to maintain the 

output voltage equal to the reference voltage. The switching frequency is fixed and the 

output voltage regulation is maintained by controlling the on time of the switch. The 

ratio of the on time to the total switch duration is known as the duty cycle. The DSC 

implements a digital compensator, with the voltage error as input and the duty cycle as 

output. The development board does not use any inductor, but relies on the 

single-order RC filter and PWM to emulate the power stage of the supply. Figure 3-1 

shows the hardware used for emulating the power supply.
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FIGURE 3-1: EMULATED POWER SUPPLY HARDWARE

The power section on the board consists of one of the PWM outputs, depending on the 

jumper installed. The default jumper position uses the JP7 jumper between Pins 1 and 

2, and JP8 between Pins 1 and 2. JP7 selects PWM4L as the input to the RC circuit, 

while JP8 connects the output of the RC filter to the input of the U3-A buffer. The PWM 

signal, together with the RC filter, forms a power stage. Note the difference in the RC 

filter values connected to jumper J8. The capacitor value changes by a factor of 10 and 

can be used to emulate power supplies with a wide range of switching frequencies. The 

output voltage can be monitored at test point, TP5. The range of the output voltage 

varies from 0-3.3V, depending upon the reference voltage and PWM duty cycle. The 

output voltage is connected to the ADC input, AN0. The DSC computes the duty cycle 

based on the output voltage sample by using a digitized version of a 2P2Z filter. The 

duty cycle controls the on time, during which, the output of the PWM pin is at 3.3V and 

at 0V for the rest of the duration. The PWM output generates a near DC value when 

passed through an RC filter.
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The load current in a power supply is dependent on the external load impedance and 

could be constant or varying. The real test for a power supply is when the load 

transitions from 0% to 100% or from 100% to 0% of rated current values. In a 

non-regulated power supply, a load transition leads to a drastic fall/rise in the output 

voltage. However, in a well regulated closed-loop system, a load transient will lead to 

a smaller output voltage drop (rise) when transitioning from 0 to 100% (100 to 0%), 

depending on the control design. The development board has additional hardware 

provided by the Q2 MOSFET to emulate the power supply loading condition. The Q2A 

and Q2B MOSFETS are controlled by signals PWM8L and PWM8H respectively. Q2A 

is connected between the buffer input and GND, while Q2B is connected between the 

buffer input and 3.3V. When Q2A is turned on, the buffer input gets pulled down to GND 

through the R30 resistor. Depending on the duration of the PWM8L pulse, the output 

voltage is pulled down from its steady-state value, thereby emulating a 0 to100% 

loading condition. Figures 3-2 and 3-3 indicate the transient loading condition. The 

green waveform corresponds to the PWM4L signal and the blue waveform to the buffer 

output (TP5) in the following figures.

FIGURE 3-2: 0 TO 100% LOADING CONDITION
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FIGURE 3-3: 0 TO 100% LOADING CONDITION

A load throw effect is seen when the load is suddenly switched off. During this 

condition, the output voltage rises. When PWM8H is turned on for a small duration, the 

input buffer gets connected to 3.3V through the R31 resistor. The output voltage 

subsequently rises, as seen from Figure 3-4 and Figure 3-5. The control loop tries to 

correct the situation by changing the duty cycle.

FIGURE 3-4: 100 TO 0% LOADING CONDITION
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FIGURE 3-5: 100 TO 0% LOADING CONDITION (ZOOMED)

There are additional features on the board, such as a second power loop (PWM5-6 and 

U3-B) and a ramp generator (Q1), which can be used for demonstrating the Current 

mode control of the power supply.

3.2 SOFTWARE DEMONSTRATION

The demonstration software provides closed-loop control of the output voltage. The 

2P2Z control loop controls the converter output voltage based on the reference voltage 

set by potentiometer R12. The switching frequency is fixed and set to 100 kHz.

The 2P2Z control scheme consists of the following parameters:

• Reference – Desired set point for the output voltage

• Error – Calculation of (Reference – Feedback)

• System Plant – This is the converter being controlled

• Output – Output voltage or current

• Feedback – The measured output signal level

The demonstration program requires no manual preparation except to connect 9V to 

the J1 connector or connecting a USB cable to connector J2 with the other end 

connected to a laptop.
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