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Preface

INTRODUCTION 

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

Audio PICtail� Plus Daughter Board. Items discussed in this chapter include:

� Document Layout

� Conventions Used in this Guide

� Warranty Registration

� Recommended Reading

� The Microchip Web Site

� Development Systems Customer Change Notification Service

� Customer Support

� Document Revision History

DOCUMENT LAYOUT 

This document describes how to use the Audio PICtail Plus Daughter Board as a 

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

is as follows:

� Chapter 1. Introduction � This chapter introduces the Audio PICtail Plus Daugh-

ter Board and provides an overview of its features.

� Chapter 2. Hardware � This chapter provides a functional overview of the Audio 

PICtail Plus Daughter Board and identifies the major hardware components.

� Chapter 3. PWM Speech Loopback Demo � This chapter describes a simple 

loopback program that demonstrates how to use the Audio PICtail Plus Daughter 

Board for speech capture and playback without the use of a codec. 

� Appendix A. Drawings and Schematics � This appendix provides detailed 

technical drawings and schematic diagrams of the Audio PICtail Plus Daughter 

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 

�DSXXXXXA�, where �XXXXX� 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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WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly. 

Sending in the Warranty Registration Card entitles you 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 Audio PICtail Plus Daughter 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.

PIC24H Family Overview (DS70166)

This document provides an overview of the functionality of the new PIC24H product 

family. It helps to determine how the PIC24H high-performance, 16-bit microcontrollers 

fit a specific product application.

PIC24H Family Reference Manual (www.microchip.com)

Refer to this document for detailed information on PIC24H device operation. This 

reference manual explains the operation of the PIC24H family architecture and 

peripheral modules, but does not cover the specifics of each device. Refer also to the 

appropriate device data sheet for device-specific information and specifications.

dsPIC33F Family Reference Manual (www.microchip.com)

Refer to this document for detailed information on dsPIC33F device operation. This 

reference manual explains the operation of the dsPIC33F Digital Signal Controller 

(DSC) family architecture and peripheral modules, but does not cover the specifics of 

each device. Refer also to the appropriate device data sheet for device-specific 

information and specifications.

dsPIC33F Family Datasheet (DS70165)

This document provides an overview of the functionality of the dsPIC33F DSC product 

family. It includes device-specific information such as pinout diagrams, register maps, 

electrical specifications and packaging, in addition to an overview of the CPU and 

peripheral features.

dsPIC30F/33F Programmer�s Reference Manual (DS70157)

This manual is a software developer�s reference for the dsPIC30F and dsPIC33F 16-bit 

DSC devices. This manual describes the instruction set in detail and also provides 

general information to assist in developing software for the dsPIC30F/33F DSC family.
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MPLAB® ASM30, MPLAB® LINK30 and Utilities User�s Guide (DS51317)

This document helps you use Microchip Technology�s language tools for dsPIC33F 

DSC and PIC24H MCU devices based on GNU technology. The language tools 

discussed are:

� MPLAB ASM30 Assembler

� MPLAB LINK30 Linker

� MPLAB LIB30 Archiver/Librarian

� Other Utilities

MPLAB® C30 C Compiler User�s Guide and Libraries (DS51284)

This document helps you use Microchip�s MPLAB C30 C compiler to develop your 

application. MPLAB C30 is a GNU-based language tool, based on source code from 

the Free Software Foundation (FSF). For more information about FSF, see 

www.fsf.org.

MPLAB® REAL ICE� In-Circuit Emulator User�s Guide (DS51616)

This document describes how to use the MPLAB REAL ICE in-circuit emulator as a 

development tool to emulate and debug firmware on a target board, as well as how to 

program devices.

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

www.fsf.org
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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® II device programmers and the PICSTART® 

Plus and PICkit� 1 development programmers.

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
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Chapter 1.  Introduction

Thank you for purchasing Microchip Technology�s Audio PICtail Plus Daughter Board. 

This board provides a low-cost interface for speech sampling and playback. The Audio 

PICtail Plus Daughter Board is used with the Explorer 16 Development Board to 

demonstrate an effective software technique for processing acceptable voice quality 

audio without the use of a codec device. 

This chapter introduces the Audio PICtail Plus Daughter Board and provides an 

overview of its features. Topics covered include:

� Overview

� Board Setup

� Reference Documents

1.1 OVERVIEW

The Audio PICtail Plus Daughter Board fits into the expansion slot on the Explorer 16 

board and interfaces between an external audio device and the dsPIC33F or PIC24H 

device on the Explorer 16 board. Audio input signals are routed to the Analog-to-Digital 

Converter (ADC) module on the dsPIC33F or PIC24H device for software processing. 

Output signals can be generated by the dsPIC33F or PIC24H on the Output Compare 

PWM module as a pulse-width modulated digital waveform. On some dsPIC33F 

devices the output can be generated by the Digital-to-Analog Conversion module as a 

pair of differential signals.

A PWM output signal is converted to an analog signal by a low-pass filter on the Audio 

PICtail Plus Daughter Board. A Digital-to-Analog Converter (DAC) signal pair is 

converted to a single-ended analog signal by a differential amplifier on the Audio PICtail 

Plus Daughter Board. 

The output signals from the Audio PICtail Plus Daughter Board are then appropriately 

amplified for the selected output type (line or speaker).

The Explorer 16 board supplies power to the Audio PICtail Plus Daughter Board.

The Audio PICtail Plus Daughter Board is shown in Figure 1-1.
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FIGURE 1-1: AUDIO PICtail� PLUS DAUGHTER BOARD

1.2 BOARD SETUP

Figure 1-2 is a photograph of Audio PICtail Plus Daughter Board plugged into 

Explorer 16 Development Board. A microphone and speaker are connected to the 

Audio PICtail Plus Daughter Board. The power supply and MPLAB ICD 2 are plugged 

into the Explorer 16 board. When the included demonstration software is loaded into 

the dsPIC33F or PIC24H device, the voice input to the microphone is looped back to 

the speakers, demonstrating voice-quality audio without the use of a codec device. 

FIGURE 1-2: AUDIO PICtail� PLUS DAUGHTER BOARD SETUP
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1.3 REFERENCE DOCUMENTS

In addition to the Recommended Reading listed in the Preface, the following 

manufacturers� data sheets are also recommended as reference sources:

� National Semiconductor Corporation Data Sheet, LM4811 Boomer® Audio Power 

Amplifier Series Dual 105 mW Headphone Amplifier with Digital Volume Control 

and Shutdown Mode (DS200061)

� Wolfson Microelectronics Data Sheet, WM8510 Mono CODEC with Speaker 

Driver, Production Data December 2006, Rev. 4.1

� Atmel Corporation Data Sheet, AT25F4096 4-Mbit High Speed SPI Serial Flash 

Memory (24546�SFLSH�05/06)
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Chapter 2.  Hardware

This chapter provides a functional overview of the Audio PICtail Plus Daughter Board 

and identifies the major hardware components. Topics covered include:

� Functional Overview

� Hardware Components

2.1  FUNCTIONAL OVERVIEW

The block diagram shown in Figure 2-1 illustrates the mainstream operation of the 

Audio PICtail Plus Daughter Board. 

FIGURE 2-1: AUDIO PICtail� PLUS DAUGHTER BOARD BLOCK DIAGRAM

2.1.1 Speech Sampling

The incoming audio signal can come from a line input or a condenser microphone. The 

speech sampling input is jumper selected (J8). The selected signal is amplified by a 

non-inverting AC amplifier (Line/Microphone Amplifier) and routed to the ADC module 

on the dsPIC33F or PIC24H device through an anti-aliasing filter. This second-order 

Sallen-Key low-pass filter has a cutoff frequency of 3300 Hz. The ADC Channel Select 

Jumper (J5) selects the input signal line (AN0 or AN3). If the input to the amplifier is a 

condenser microphone, a bias voltage provides a working supply voltage for the 

microphone. The line input does not require this bias voltage.

The amplifier has a variable gain from 3 dB to 23 dB, which can be adjusted to control 

microphone sensitivity or boost a low line-input signal. The output of the amplifier is 

biased at 1.65V. 
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2.1.2 Speech Playback

The mainstream speech playback interface processes the pulse-width modulated 

digital signal from the Output Compare PWM module of the dsPIC33F or PIC24H 

device. A low-pass filter demodulates the PWM signal as shown in Figure 2-2. The 

low-pass filter behaves like an integrator whose output signal amplitude depends on 

the duty cycle of the input PWM waveform. The PWM frequency should be an integral 

multiple of the audio sampling rate.

FIGURE 2-2: PWM DEMODULATION

The output of the low-pass filter feeds both the Line Output and Headphone amplifiers 

(through Output Select Jumper J4). The Line Output amplifier drives external audio 

recording equipment or an external audio power amplifier. The amplifier is an AC 

inverting amplifier with adjustable gain. The gain can be adjusted to match the input 

level requirements of the external audio equipment, and can be varied from -1 dB to 

10 dB. 

The headphone amplifier drives an audio headphone. This amplifier can drive up to 

75 mW into a 32 ohm headphone. The amplifier uses a digital volume control that is 

controlled by the clock switch and the control switch.

Volume is increased by pressing and releasing the clock switch while holding the 

control switch down. Volume is decreased by pressing and releasing the clock switch 

without operating the control switch.

2.1.3 Codec

The optional codec is supported by dsPIC33F devices only. The input is fixed to the 

amplified incoming signal from the Line/Microphone amplifier. The output feeds both 

the Line Output and Headphone amplifiers (through Output Select Jumper J4). 

The codec must interact with the application program running on the dsPIC33F. 

Commands from the application program control the codec operating parameters (such 

as communication protocol, sampling rate, volume control, level control, filter settings, 

etc.). Command information is exchanged over the Inter-Integrated Circuit� (I2C) 

module on the dsPIC33F.

The codec converts the incoming audio signal to a digital signal for the Digital 

Converter Interface (DCI) module of the dsPIC33F. Audio output from the application 

program is sent to the codec via the DCI module. The codec converts this digital signal 

to audio for the Line Output and Headphone amplifiers.

2.1.4 DAC Differential Amplifier

The DAC Differential Amplifier allows theAudio PICtail Plus Daughter Board to interface 

with the DAC module on dsPIC33F devices. Audio output from the DAC module is a 

pair of differential analog signals. The DAC Differential amplifier converts this 

complementary signal pair into a single-ended audio signal for the Microphone and 

Line Output amplifiers. The DAC Differential amplifier provides 0 dB gain.

C

R

PWM SIGNAL FROM OCPWM LOW-PASS FILTER DEMODULATED AUDIO SIGNAL
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2.1.5 4-Mb Serial Flash Memory

The Audio PICtail Plus Daughter Board includes 4-Mb serial Flash memory that can be 

used for storing data. The memory interfaces with the SPI bus on dsPIC33F and 

PIC24H devices and might typically be used by applications that require storage of 

speech samples for playback purposes.

2.2 HARDWARE COMPONENTS

Figure 2-3 identifies the key Audio PICtail Plus Daughter Board hardware components.

FIGURE 2-3: AUDIO PICtail� PLUS DAUGHTER BOARD

1 2 3 4 5 7 8

9

10

1112131415161718

19

20

21

Ref Component Ref Component

1 Flash Memory Write-Protect Jumper (J6) 12 Microphone Gain Control (R29)

2 Flash Memory (U1) 13 Line/Microphone Input Select Jumper (J8)

3 ADC Channel Select Jumper (J5) 14 Headphone Output Jack (J10)

4 Line/Microphone Input Phone Jack (J1) 15 Line Output Jack (J9)

5 Output Select Jumper (J4) 16 Headphone Amplifier Digital Volume Control (S2)

6 PWM Low-Pass Filter (U3:A,B) 17 Headphone Amplifier Digital Volume Control (S1)

7 DAC Differential Amplifier (U3:C) 18 Headphone Amplifier (U5)

8 28-Pin Starter Development Board Connector (J3) 19 Codec Oscillator (Y1)

9 Line Output Amplifier (U4:B) 20 Explorer 16 PICtail Connector (J2)

10 Filter Input Select Jumper (J7) 21 Codec (U2)

11 Line Output Gain Control Potentiometer (R24) 22 Anti-Aliasing Low-Pass Filter (U4:C)

6

22
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2.2.1 Line/Microphone Input Phone Jack (J1)

The Line/Microphone Input (Ref 4) is a 3.5 mm mono input phone jack (MJ3502). This 

connection accepts either a condenser microphone or a line level signal (see 

schematic in Figure A-2).

2.2.2 Line/Microphone Input Select Jumper (J8)

The Line/Microphone Input Select Jumper (Ref 13) determines if the Microphone/Line 

Pre-Amplifier (U4:A) operates as a line amplifier or a microphone amplifier. If the MIC 

option is selected, a bias voltage of +5V is applied to the Line/Microphone Input Phone 

Jack (J1), as shown in the schematic in Figure A-2.

2.2.3 Line/Microphone Pre-Amplifier (U4:A)

The Microphone/Line Pre-Amplifier (Ref 9) is implemented using one of the four 

op amps on the MCP6024 quad op amp IC (U4). The output of this non-inverting AC 

amplifier is biased at 1.65V. The gain of the amplifier is controlled by Potentiometer 

R29, as given by Equation 2-1.

EQUATION 2-1: INPUT PRE-AMPLIFIER GAIN

See Figure A-2 for the complete schematic of the Line/Microphone Pre-Amplifier.

2.2.4 Anti-Aliasing Low-Pass Filter (U4:C)

The Anti-Aliasing Low-Pass Filter uses one of the four operational amplifiers on the 

MCP6024 quad op amp IC (U4). The output of the Line/Microphone Pre-Amplifier 

(Ref 22) uses an anti-aliasing low-pass second-order Sallen-Key structure to filter the 

signal and provide a cut-off frequency of 3300 Hz.

See Figure A-3 for a schematic of the Anti-Aliasing Low-Pass Filter.

2.2.5 Microphone Gain Control (R29)

MIC ADJ Potentiometer R29 (Ref 12) controls the gain of the Line/Microphone 

Pre-Amplifier (U4:A).

See Figure A-2 for the complete schematic of the Line/Microphone Pre-Amplifier.

2.2.6 ADC Channel Select Jumper (J5)

The ADC Channel Select Jumper (Ref 3) is used to select the analog-to-digital input 

channel (AN0 or AN3) on the dsPIC33F or PIC24H device on the Explorer 16 

Development Board.

To use channel AN0, place the jumper between pins 2 and 3 on the ADC CH SEL 

header (see Figure A-2). To use channel AN3, place the jumper between pins 1 and 2.

Gain 1
R29 R17+( )

R3
-------------------------------⎝ ⎠

⎛ ⎞+=

Note: Setting the gain too high can cause the output of the amplifier to saturate 

and clip.
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2.2.7 PWM Low-Pass Filter (U3:A,B)

The PWM signal from the Output Compare PWM module on the dsPIC33F or PIC24H 

device on the Explorer 16 board is demodulated by the PWM low-pass filter (Ref 6). 

This fourth order filter uses two of the four op amps (U3:A and U3:B) on the MCP6024 

quad op amp IC. 

The input to the filter is selected by the Filter Input Select Jumper (J7). The output of 

the filter is routed to the headphone and line output amplifiers via the Output Select 

Jumper (J4).

The complete schematic of the low-pass filter, the input select jumper and the output 

select jumper is shown in Figure A-4.

2.2.8 Filter Input Select Jumper (J7)

The input to the PWM Low-Pass Filter is selected by the FLT I/P SEL Jumper (Ref 10). 

This jumper allows the following inputs to be selected:

� OCPWM channel 1 output (OC1) of the dsPIC33F or PIC24H device on the 

Explorer 16 board

� OCPWM channel 2 output (OC2) of the dsPIC33F or PIC24H device on the 

Explorer 16 board

� Output of the Line/Microphone Pre-Amplifier (MIC_SIG)

2.2.9 Output Select Jumper (J4)

The Output Select Jumper (Ref 5) determines whether the input signal for the Line 

Output and Headphone Amplifiers comes from the PWM Filter, the codec or the 

differential amplifier that converts a digital audio signal from the dsPIC33F device.

See Figure A-4 for circuit details.

2.2.10 Line Output Amplifier (U4:B)

The Line Output Amplifier is implemented using one of the four op amps on the 

MCP6024 quad op amp IC (Ref 9). The output of this inverting AC amplifier is intended 

to drive an external audio amplifier or recording device. The signal is AC-coupled to the 

Line Output Jack (J9). 

The gain of the amplifier is controlled by the Line Adjust Potentiometer (R24), as given 

by Equation 2-2.

EQUATION 2-2: LINE OUTPUT AMPLIFIER GAIN

See Figure A-4 for a complete schematic of the Line Output Amplifier.

2.2.11 Line Output Gain Control Potentiometer (R24)

LINE ADJ potentiometer R24 (Ref 11) controls the gain of the Line Output Amplifier 

(U4:B). 

See Figure A-4 for a complete schematic of the Line Output Amplifier.

Gain
R24 R19+( )
R21

-------------------------------=

Note: Setting the gain too high can cause the output of the amplifier to saturate 

and clip.
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2.2.12 Line Output Jack (J9)

Line out jack J9 (Ref 15) is a 3.5 mm stereo socket that can be used to connect the 

output of the line output amplifier to an external power amplifier or recording 

equipment. 

See Figure A-4 for a complete schematic of the Line Output Amplifier.

2.2.13 Headphone Amplifier (U5)

The Headphone Amplifier (Ref 18) is a National Semiconductor LM4811 70 mW stereo 

amplifier with digital volume control. The input to the amplifier is controlled by the 

setting of Output Select Jumper (J4). The output of the amplifier is available at 

Headphone Output Jack (J10). 

Gain is controlled by the voltage levels applied through the CLK switch (S1) and VOL 

UP/DN switch (S2). Each time the CLK switch is pressed, the gain increases or 

decreases by 3 dB, depending on the status of the VOL UP/DN switch. If both switches 

are pressed, the gain increases on the leading edge of the CLK signal. If only the CLK 

switch is pressed, the gain decreases on the leading edge of the CLK signal. The gain 

can be adjusted over a range of +12 dB to -33 dB in 16 discrete gain settings.

See Figure A-4 for a complete schematic of the Headphone Amplifier.

2.2.14 Headphone Amplifier Digital Volume Control 

Volume is increased by pressing and releasing the CLK switch (Ref 17) while holding 

down the VOL UP/DN switch (Ref 16). Volume is decreased by pressing and releasing 

the CLK switch without operating the VOL UP/DN switch. 

See Figure A-4 for a complete schematic of the Headphone Amplifier.

2.2.15 Headphone Output Jack (J10)

The Headphone Jack (Ref 14) is a 3.5 mm stereo connector. A 32 ohm headphone can 

be connected to this socket.

See Figure A-4 for a complete schematic of the Headphone Amplifier.

2.2.16 DAC Differential Amplifier (U3:C)

The DAC Differential Amplifier (Ref 7) allows the Audio PICtail Plus Daughter Board to 

interface with the Digital-to-Analog Converter module on dsPIC33F devices. Audio 

output from the DAC module is a pair of buffered differential analog signals. The DAC 

Differential amplifier converts this complementary signal pair into a single-ended audio 

signal for the Microphone and Line Output amplifiers. 

This amplifier uses one of the four op amps (U3:C) on the MCP6024 quad op amp IC 

(Ref 7). The DAC Differential Amplifier provides 0 dB gain.

See Figure A-4 for a complete schematic of the DAC Differential Amplifier.

2.2.17 Codec (U2)

The Audio PICtail Plus Daughter Board includes an optional codec (Ref 21) that 

interfaces to the DCI module (data interface) and I2C bus (control interface) of the 

dsPIC33F device on the Explorer 16 board. It is also AC coupled to the output of the 

Line/Microphone Amplifier (MIC_SIG).

The codec is a Wolfson WM8510 and uses oscillator Y1 for clocking.

See Figure A-5 for a complete schematic of the Codec.
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2.2.18 Codec Oscillator (Y1)

Codec Oscillator Y1 (Ref 19) provides a required 12 MHz master clock signal to the 

16-bit Codec (U2). 

See Figure A-5 for a complete schematic of the Codec.

2.2.19 Flash Memory (U1)

The Audio PICtail Plus Daughter Board includes a serial Flash memory chip (Ref 2). 

This memory is write protected when the jumper pin is inserted in WP (Jumper J6).

See Figure A-6 for a complete schematic of the Flash memory circuit.

2.2.20 Flash Memory Write-Protect Jumper (J6)

When the jumper pin is inserted in WP (Ref 1), write operations to the serial Flash 

memory have no effect.

2.2.21 Explorer 16 PICtail Connector (J2)

The Audio PICtail Plus Daughter Board connects to the Explorer 16 board using edge 

connector J3 (Ref 20). The Audio PICtail Plus Daughter Board uses these Explorer 16 

signals:

� +3.3V power

� +5V power

� Ground

� dsPIC33F device DCI module signals

� dsPIC33F or PIC24H Output Compare module signals

� dsPIC33F or PIC24H SPI 2 module signals

� dsPIC33For PIC24H I2C 2 module signals

� dsPIC33F or PIC24H ADC module inputs

2.2.22 28-Pin Starter Development Board Connector (J3)

The 28-Pin Starter Development Board Connector (Ref 8) allows the Audio PICtail Plus 

Daughter Board to be connected to Microchip's 28-Pin Starter Development Board.

CAUTION

To avoid damage to the Audio PICtail Plus Daughter Board, the 28-Pin Starter 

Development Board must operate a +3.3V when it is connected to the Audio PICtail Plus 

Daughter Board.
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Chapter 3.  PWM Speech Loopback Demo

This chapter describes a simple program that demonstrates how to use the Audio 

PICtail Plus Daughter Board for speech capture and loopback without the use of a 

codec. Topics covered include:

� Speech Loopback Demo

� Running the Demo

3.1 SPEECH LOOPBACK DEMO

The CD that accompanies the Audio PICtail Plus Daughter Board contains a Speech 

Loopback Demo application. As shown in Figure 3-1, this sample application uses the 

Audio PICtail Plus Daughter Board to capture an input microphone signal and deliver 

the captured signal to the dsPIC33F device on the Explorer 16 board for audio 

processing. The application program running on the dsPIC33F or PIC24H then:

� Compresses the incoming digital signal from 16 bits to 8 bits using the G.711 

µ-law encoding algorithm

� Decompresses the 8-bit signal back to 16 bits using the G.711 µ-law decoding 

algorithm

� Outputs the decompressed signal to the OC PWM module, where it is converted 

to a Pulse-Width Modulated signal. 

FIGURE 3-1: SPEECH LOOPBACK DEMO OVERVIEW

The Audio PICtail Plus Daughter Board then processes the PWM signal through the 

PWM filter to produce an analog audio signal. This signal is amplified and output 

through the speaker.

As a result, audio spoken into the microphone is digitally processed without the use of 

a codec device and played back through the speaker.

G.711
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ENCODE

12-BIT
ADC
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PWM
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EXPLORER 16 DEVELOPMENT BOARD
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DAUGHTER BOARD

SPEECH INPUT
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SPEECH OUTPUT
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DECODE
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The demo program consists of these basic software elements:

� ADC Driver

� Output Compare Module Driver

� Loopback Application Software

3.1.1 ADC Driver

The ADC driver reads the incoming signal on the specified 12-bit ADC channel (either 

AN0 or AN3), as determined by the ADC CH SEL jumper (J9). The driver interface is 

specified in the file ADCChannelDrv.h. The driver is implemented in 

ADCChannelDrv.c file.

The ADC driver uses DMA Channel 0 to read data from the ADC register. The DMA 

channel is configured for continuous ping-pong operation, which allows the application 

to read one buffer while the DMA is populating the other buffer. Buffer memory must be 

allocated by the user application.

Parameters such as instruction cycle frequency, sampling rate, buffer size and ADC 

module configuration are set in the ADCChannelDrv.h header file. Refer to the driver 

documentation on the CD for details.

3.1.2 Output Compare Module Driver

The Output Compare PWM (OCPWM) Driver uses the Output Compare module to 

convert digital data to a PWM signal. Either Output Compare Channel 1 or Channel 2 

can be used. The driver interface is specified in the file OCPWMDrv.h and the driver is 

implemented in OCPWMDrv.c file.

The driver uses DMA Channel 1 to write data to the OCxRS register in the Output 

Compare PWM module. This channel is configured for continuous ping-pong 

operation. The buffers for the driver must be allocated by the user application. 

The Timer 2 module on the dsPIC33F or PIC24H device is configured for the maximum 

PWM time period. The driver maps the input sample value to a time period, which is 

then loaded into the OCxRS register. The OC output stays high until the Timer 2 value 

matches the OCxRS register time period and then stays low for the rest of the PWM 

period. This way the duty cycle of the OC PWM signal is proportional to the input digital 

sample.

Parameters such as instruction cycle frequency, sampling rate, buffer size and PWM 

carrier frequency are set in the OCPWMDrv.h header file. Refer to the driver 

documentation on the CD for details.
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3.1.3 Loopback Application Software

The Loopback application on the accompanying CD uses the ADC and OCPWM 

drivers to read and output speech signals with the Audio PICtail Plus board. The 

application will loopback the microphone signal to the headphone output after 

performing a G.711 encode/decode operation on the microphone signal. Figure 3-2 is 

a flow chart of the demo application.

FIGURE 3-2: APPLICATION FLOW CHART
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3.2 RUNNING THE DEMO

To run the demo, follow these basic steps:

1. Copy the demo programs from the Audio PICtail Plus Daughter Board CD to your 

MPLAB project folder.

2. With the Audio PICtail Plus Daughter Board plugged into the Explorer 16 

Development Board, set up the Explorer 16 board to run with MPLAB IDE (using 

either MPLAB ICE or REAL ICE).

For detailed instructions on setting up the Explorer 16 Development Board, refer 

to the �Explorer 16 Development Board User�s Guide� (DS51589).

3. Open the demo program project in MPLAB IDE.

4. Build the application and program the dsPIC33F or PIC24H device.

5. Run the program.

6. Connect the microphone and speaker.

7. With the application running, speak into the microphone and note the resulting 

playback on the speaker.
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Appendix A. Drawings and Schematics

This appendix provides detailed technical drawings and schematic diagrams of the 

Audio PICtail Plus Daughter Board.

A.1 AUDIO PICtail PLUS DAUGHTER BOARD LAYOUT

Figure A-1: Audio PICtail Plus Daughter Board Layout is a drawing of the Audio 

PICtail Plus Daughter Board layout.

FIGURE A-1: AUDIO PICtail� PLUS DAUGHTER BOARD LAYOUT 

A.2 SCHEMATIC DIAGRAMS

The following schematic diagrams are included in this appendix:

� Figure A-2: Speech Sampling Interface Schematic

� Figure A-3: Anti-Aliasing Low-Pass Filter Schematic

� Figure A-4: Speech Playback Interface Schematic

� Figure A-5: Codec Schematic

� Figure A-6: Flash Memory Schematic

� Figure A-7: Board Connectors
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FIGURE A-2: SPEECH SAMPLING INTERFACE SCHEMATIC

FIGURE A-3: ANTI-ALIASING LOW-PASS FILTER SCHEMATIC
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FIGURE A-4: SPEECH PLAYBACK INTERFACE SCHEMATIC
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FIGURE A-5: CODEC SCHEMATIC

FIGURE A-6: FLASH MEMORY SCHEMATIC
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FIGURE A-7: BOARD CONNECTORS

Note: The 28-pin board must 

operate at +3.3V when 

it is connected to the 

Audio PICtail� Plus 

Daughter Board.
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