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Preface

INTRODUCTION

This chapter contains general information about this user’s guide and customer support
that will be useful prior to using the Signal Analysis PICtail Daughter Board.

HIGHLIGHTS

Items discussed in this chapter are:

» About this Guide

» Warranty Registration

* Recommended Reading

» Troubleshooting

* The Microchip Web Site

» Development Systems Customer Notification Service
» Customer Support

ABOUT THIS GUIDE

This document describes how to use the Signal Analysis PICtail Daughter Board and
the PICkit™ 1 Signal Analysis PC Application using the PICkit 1 Flash Starter Kit. The
manual layout is as follows:

» Chapter 1: Signal Analysis PICtail Daughter Board — An overview of the Signal
Analysis PICtail Daughter Board. It describes the PCB layout, parts and electrical
connection to the PICkit 1 Flash Starter Kit.

» Chapter 2: Using the PICkit 1 Signal Analysis PC Application — This chapter
explains the operation of the PICkit 1 Signal Analysis PC Application.

» Chapter 3: Lesson Projects — Lessons that describe the different concepts in
controlling the signal analysis of the PIC microcontroller.

» Chapter 4: Troubleshooting — This chapter provides resolutions for solving com-
mon problems associated with using the Signal Analysis PICtail Daughter Board
and steps on how to resolve them.

» Appendix A: Hardware Schematics — lllustrates the Signal Analysis PICtail
Daughter Board hardware schematic diagrams.

© 2004 Microchip Technology Inc. DS51476A-page 1
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Conventions Used in This Guide

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description Represents Examples

Code (Courier font):

Plain characters Sample code #define START
Filenames and paths c:\autoexec.bat
Angle brackets: < > Variables <label>, <exp>
Square brackets [ ] Optional arguments MPASMWIN [main.asm]
Curly brackets and pipe | Choice of mutually exclusive argu- errorlevel {01}
character: {| } ments; An OR selection
Lower case characters | Type of data "filename"
in quotes
Ellipses... Used to imply (but not show) addi- list
tional text that is not relevant to the ("list_option...,
example "list_option"]
0Oxnnn A hexadecimal number where n is a 0xFFFF, 0x007A

hexadecimal digit

Italic characters A variable argument; it can be either a | char isascii (char,
type of data (in lower case characters) | ch) ;

or a specific example (in upper case
characters).

Interface (Arial font):

Underlined, italic text A menu selection from the menu bar | File > Save
with right arrow

Bold characters A window or dialog button to click OK, Cancel

Characters in angle A key on the keyboard <Tab>, <Ctrl-C>
brackets < >

Documents (Arial font):
Italic characters | Referenced books MPLAB IDE User’s Guide

Documentation Updates

All documentation becomes dated, and this user’s guide is no exception. Since the
Signal Analysis PICtail Daughter Board User’s Guide and other Microchip tools are
constantly evolving to meet customer needs, some actual dialogs and/or tool
descriptions may differ from those in this document. Please refer to our web site to
obtain the latest documentation available.

Documentation Numbering Conventions

Documents are numbered with a “DS” number. The 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
A

The document number.
The revision level of the document.

DS51476A-page 2 © 2004 Microchip Technology Inc.
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WARRANTY REGISTRATION

Please complete the enclosed Warranty Registration Card and mail it promptly.
Sending in your 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 the Signal Analysis PICtail Daughter Board and
the PICkit 1 Signal Analysis PC Application using the PICkit 1 Flash Starter Kit. Other
useful documents are listed below:

PICkit 1 Flash Starter Kit User’s Guide (DS40051)

Consult this document for instructions on how to use the PICkit 1 Flash Starter Kit
hardware and software. (This document can be found on the PICKkit 1 Flash Starter Kit
CD-ROM (DS40049) included with the Signal Analysis PICtail Daughter Board Kit.)

PIC16C745/765 Data Sheet (DS41124)

Consult this document for information regarding the PIC16C745 8-pin based, 8-bit
CMOS Microcontroller with USB device specifications.
PIC16F684 Data Sheet (DS41202)

Consult this document for information regarding the PIC16F684 14-pin Flash based,
8-bit CMOS Microcontroller device specifications.

MPLAB IDE User’s Guide (DS51025)

Consult this document for more information pertaining to the installation and features
of the MPLAB Integrated Development Environment (IDE) Software.

MXLAB User’s Guide (DS51220)

Consult this document for more information regarding the Strip Chart, FFT and
Histogram functions. (This document is only available on the Microchip web site.)

Microchip Web Site

The Microchip web site (www.microchip.com) contains a wealth of documentation.
Individual data sheets, application notes, tutorials and user’s guides are all available
for easy download. All documentation is in Adobe® Acrobat® (pdf) format.

TROUBLESHOOTING

See Chapter 4 for information on common problems.

THE MICROCHIP WEB SITE

Microchip provides on-line support on the Microchip World Wide Web (WWW) site. The
web site is used by Microchip as a means to make files and information easily available
to customers. To view the site, you must have access to the Internet and a web
browser, such as, Netscape Navigator® or Microsoft® Internet Explorer.

The Microchip web site is available by using your favorite Internet browser to reach:
www.microchip.com

The web site provides a variety of services. Users may download files for the latest
development tools, data sheets, application notes, user’s guides, articles and sample
programs. A variety of information specific to the business of Microchip is also
available, including listings of Microchip sales offices, distributors and factory
representatives.

© 2004 Microchip Technology Inc. DS51476A-page 3
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Technical Support

* Frequently Asked Questions (FAQ)

» On-line Discussion Groups — conferences for products, development systems,
technical information and more

* Microchip Consultant Program Member Listing
+ Links to other useful web sites related to Microchip products

Engineer’s Toolbox

» Design Tips

* Device Errata

Other Available Information

+ Latest Microchip Press Releases
+ Listing of seminars and events
» Job Postings

DEVELOPMENT SYSTEMS CUSTOMER NOTIFICATION SERVICE

Microchip started the customer notification service to help our customers keep current
on Microchip products with the least amount of effort. Once you subscribe, you will
receive e-mail notification whenever we change, update, revise or have errata related
to your specified product family or development tool of interest.

Go to the Microchip web site at (www.microchip.com) and click on Customer Change
Notification. Follow the instructions to register.

The Development Systems product group categories are:
» Compilers

* Emulators

* In-Circuit Debuggers

+ MPLAB IDE

* Programmers

Here is a description of these categories:

Compilers — The latest information on Microchip C compilers and other language
tools. These include the MPLAB C17, MPLAB C18 and MPLAB C30 C compilers;
MPASM™ and MPLAB ASM30 assemblers; MPLINK™ and MPLAB LINK30 object
linkers; 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 and MPLAB SIM30 simulators, MPLAB IDE
Project Manager and general editing and debugging features.

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

DS51476A-page 4
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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)

» Corporate Applications Engineer (CAE)

* Hotline

Customers should call their distributor, representative or field application engineer

(FAE) for support. Local sales offices are also available to help customers. See the
back cover for a list of sales offices and locations.

Corporate Applications Engineers (CAEs) may be contacted at (480) 792-7627.

In addition, there is a Systems Information and Upgrade Line. This line provides system
users a list of the latest versions of all of Microchip’s development systems software
products. Plus, this line provides information on how customers can receive any
currently available upgrade Kits.

The Hotline Numbers are:

1-800-755-2345 for U.S. and most of Canada.
1-480-792-7302 for the rest of the world.

© 2004 Microchip Technology Inc. DS51476A-page 5
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Chapter 1. Signal Analysis PICtail™ Daughter Board

1.1 INTRODUCTION

This chapter introduces the Signal Analysis PICtail™ Daughter Board. It describes the
PCB layout, parts and electrical connection to the PICkit 1 Flash Starter Kit.

1.2  HIGHLIGHTS

This chapter discusses:

» The Signal Analysis PICtail Daughter Board Contents
» The Signal Analysis PICtail Daughter Board Hardware
* The Acquisition Firmware

1.3  SIGNAL ANALYSIS PICtail DAUGHTER BOARD KIT CONTENTS

The Signal Analysis PICtail Daughter Board Kit contains the following items:

1. The Signal Analysis PICtail Daughter Board Printed Circuit Board (PCB)

2. PICkit 1 Flash Starter Kit CD-ROM Version 2.0 (or later) (DS40049)

3. Pre-programmed PIC16C745 PICmicro® device with USB Version 2.0.0 (or later)

1.4 SIGNAL ANALYSIS PICtail DAUGHTER BOARD

The Signal Analysis PICtail Daughter Board works as an extension to the PICKkit 1
Flash Starter Kit. When combined with PICkit 1 V2.0.0 (or later) firmware and the
PICkit 1 Signal Analysis PC Application, the Signal Analysis PICtail Daughter Board
can perform signal analysis capabilities such as:

* Real-time Strip Chart

+ Oscilloscope

» Fast Fourier Transformation (FFT)
» Histogram

* Programming

© 2004 Microchip Technology Inc. DS51476A-page 7
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1.4.1 PCB Layout and Parts

Figure 1-1 shows the PCB layout of the Signal Analysis board. It is populated with a
PIC16F684 and two 25LC640 serial EEPROM memory devices. The PIC16F684 1/0O
pins RCO, RC1 and RC3 are connected directly to test point connections on the edge
of the PCB. These can be configured as comparator analog inputs (RCO/AN4,
RC1/ANS5), analog-to-digital converter inputs (RCO/AN4, RC1/AN5, RC3/AN7) or as
digital input/output pins. I/0O pin RC5 is connected through a RC filter (R1 and C4) to a
test point connection. RC5 is the P1A output of the Enhanced Capture/Compare/Pulse
Width Modulation (ECCP) module. It can be configured for digital PWM output.
Additionally, +5V and ground test points are available as test point connections.

Two 25LC640 SPI™ compatible serial EEPROM memory devices provide 8-bit by 16K
bytes of non-volatile memory. They are used in conjunction with the signal analysis
firmware (PICA2Dlab.hex) program to store data at a specified sample rate. For non
real-time acquisition modes (oscilloscope, FFT and histogram), the PC program
downloads the data from the 25LC640’s for computation and display.

Connector J1 allows additional circuit boards (for example temperature, light or
pressure sensors) to be plugged into the Signal Analysis board for signal measurement
and analysis. All port pins from the PIC16F684 are available on the J1 connector.

FIGURE 1-1: SIGNAL ANALYSIS PICtail™ DAUGHTER BOARD
o) PICtail™ Daughter Board
= & O @ Signal Analysis
+ e\
< @ MICROCHIP U

c I3

0 o o _Jo
8@ O = U1 o Oy

S\ d o 0©
- o o 9 Q
8 o o U3

o o &S\
Y o o o o
O S[j
= o o o o

Q Q Q Q
A
O -

JIIOJ OO OO O0OO0OO0OO0OO0OO0OO0OO0O0
L(3<I'C")LO<I'C")O\—(\IO\—N>Q
<< <0000 < <O 00lz|z
recrrrrrex ¥ e|i|o
OO O0OO0OO0O0OO0OO0OO0OO0O00]0]0

PIIOJO O O OO O0OO0OO0OO0O0OO0OO0O0

DS51476A-page 8

© 2004 Microchip Technology Inc.



Signal Analysis PICtail™ Daughter Board

1.4.2 Electrical Connections

Figure 1-2 shows how the Signal Analysis PICtail Daughter Board plugs into the
PICKit 1 Flash Starter Kit expansion header J3. The Signal Analysis Board electrically
detaches the PICkit 1 onboard LED array. The target PICmicro device is plugged into
the Signal Analysis Board DIP socket U1. Remove any PICmicro devices from the
Evaluation Socket on the PICKkit 1 Flash Starter Kit.

Note: When the Signal Analysis PICtail Daughter Board is plugged into the
PICKit 1 Flash Starter Kit, remove any PICmicro devices from the Evalua-
tion Socket on the PICKkit 1. The target PICmicro device used for evaluation
and development is plugged into the DIP socket U1 on the Signal Analysis
Daughter Board.

FIGURE 1-2: SIGNAL ANALYSIS PICtail™ DAUGHTER BOARD
ORIENTATION

USB Cable
Signal Analysis
PICtail™ Daughter Board

Expansion
Header (J3) —»

PIC16C745 Firmware
Version 2.0.0 or later

Figure 1-3 shows the electrical connections of the Signal Analysis PICtail Daughter
Board with the PICkit 1 Flash Starter Kit. There are five connections: +5V, Ground,
ICSPCLK, ICSPDAT and VPP (see Figure A-1 in Appendix A. “Hardware
Schematics”). These signals allow the target PICmicro device, plugged into U1 DIP
socket on the Signal Analysis PICtail Daughter Board, to be programmed and provide
bidirectional synchronous serial communications with the PICkit 1 PIC16C745 micro-
controller with USB device. With PICkit 1 V2.0.0 (or later) firmware, the user can
communicate to and from the target PICmicro device via USB serial communications.
This facilitates PC host programs to command, control and communicate with the
target PICmicro device that is being evaluated or for program development.

© 2004 Microchip Technology Inc. DS51476A-page 9
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FIGURE 1-3: SIGNAL ANALYSIS ELECTRICAL CONNECTION BLOCK
DIAGRAM

Signal Analysis PICtail™

PICKit™ 1 Flash Starter Kit Daughter Board
+5V +5V +5V
PIC16C745 Busy J3 P1 PIC16F684
RB7128 [13] +5V [13]
Personal US§‘>
Computer 7 7
RC7L18 X ICSPDAT 13 | rAo
8
RCE 17 ICSPCLK 12 RA1
2
RAO Ch VPTD 3 Vv 3
3 arge Pump PP 4
RA1 Circuitry _'< RA3
Rc2[13
14 14
< GND

1.5 PIC16F684 FIRMWARE

This section provides a high-level discussion of the PIC16F684 firmware ‘PICA2DIlab’.
The source code for PICA2Dlab is contained on the PICKkit 1 Flash Starter Kit CD-ROM.
When programmed into the PIC16F684 on the Signal Analysis PICtail Daughter Board,
PICA2Dlab recognizes commands from the PICKkit 1 Flash Starter Kit PIC16C745
PICmicro device with USB. The PIC16C745 requires firmware version 2.0.0 or later for
the signal analysis functions to work. PICA2Dlab communicates synchronously in both
directions with the PIC16C745 microcontroller. Finally, the PICkit 1 Signal Analysis PC
host program can command the PIC16F684 on the Signal Analysis PICtail Daughter
Board.

1.5.1 PICA2Dlab Commands

Once programmed into the PIC16F684 microcontroller, the PICA2DIab.hex firmware
receives commands from the PC16C745. Presently it understands five commands:

1. Version — Returns a single byte representing a version number for the code. The
host program on the PC may interrogate this to ensure the proper code is
installed in the PIC16F684.

2. Get Real-time Data — Runs a conversion and returns the two byte result.

3. Set Configuration — Expects two bytes from the host. First byte represents the
number of 256 byte blocks to acquire. Second byte represents the acquisition
speed which is used as an index into a look-up table and sets up TimerO for the
acquisition period.

4. Go - Starts the acquisition process.

5. Read — Reads the data stored in the serial EEPROMSs and sends it to the PC via
the USB port.

DS51476A-page 10
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1.5.2 Real-time Mode

Real-time mode refers to the Signal Analysis Application mode that commands the
PIC16F684 to perform one analog-to-digital (A/D) conversion from RC0/AN4 1/O port
pin. The 10-bit conversion data is immediately sent to the PIC16C745 for transfer to the
PC USB port. The Signal Analysis Application then displays the data in a real-time strip
chart format.

1.5.3 Acquisition Mode

Acquisition mode refers to the Signal Analysis Application mode that commands the
PIC16F684 to perform a specified number of A/D conversions at a specified speed
(samples per second) and store the results in the serial EEPROMs.

The acquisition process is controlled by TimerQ. The configuration command looks up
precalculated TimerQ prescaler and TimerO values. This ensures TimerQ will generate
an interrupt on time as specified by the speed configuration parameter. When Timer0
overflows, the interrupt is triggered and initiates an analog-to-digital conversion and
restarts TimerO.

Writing to a serial EEPROM consists of writing to a page of memory (32 bytes for the
25L.C640) and initiating a Write cycle. A write cycle can take a maximum of 5 ms (3 ms
typical) to complete. Thus, in order to store A/D conversions at high speeds, two serial
EEPROMs are used. The data conversions are stored in the two serial EEPROMS by
alternating (interleaving) between the two devices.

Figure 1-4 graphically illustrates the Acquisition mode data flow.

FIGURE 1-4: PICA2DLAB ACQUISITION MODE DATA FLOW DIAGRAM

ADC

Queuing
Function
(ISR)

Synchronous

Serial
EERead

EEPROM
(2x25L.C640)

Circular Queue

Dequeuing
Function

(Acquisition) w

Note: The Signal Analysis PICtail Daughter Board is designed as a development
tool rather than laboratory quality equipment. To reduce product costs, a
number of design choices have been made in favor of lower cost over
increased accuracy. These choices may affect the accuracy and
repeatability of measurements. These potential sources of error include:

*The Analog-to-Digital Converter is referenced to VDD, which is supplied
by the USB cable. The PICkit 1 Signal Analysis PC Application
assumes its 5.00V, however, the USB specifies only 4.75-5.25V.

*Timing of the samples (in Acquisition mode) is controlled by TimerQO and
the internal oscillator on the PICmicro device. Check the
PIC16C745/765 8-Bit CMOS Microcontroller with the USB data sheet
(DS41124), for actual specifications on oscillator tolerances.

© 2004 Microchip Technology Inc. DS51476A-page 11
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Chapter 2. Using the PICKkit™ 1 Signal Analysis PC Application

21 INTRODUCTION

This chapter explains the operation of the PICkit 1 Signal Analysis PC Application. The
Signal Analysis PICtail Daughter Board works as an extension to the PICkit 1 Flash
Starter Kit. When combined with PICkit 1 V2.0.0 (or later) firmware and the PICkit 1
Signal Analysis PC Application, the Signal Analysis PICtail Daughter Board can
perform signal analysis capabilities such as:

» Real-time Strip Chart

+ Oscilloscope

» Fast Fourier Transformation (FFT)

» Histogram

* Programming

2.2 HIGHLIGHTS

This chapter discusses:

* Programming PICA2DIab into the PIC16F684
+ Selecting the mode

* Oscilloscope Plot

FFT (Fast Fourier Transform)

» Histogram

2.3 PROGRAMMING PICA2DLAB INTO THE PIC16F684

1. Attach the Signal Analysis PICtail Daughter Board to the PICkit 1 Flash Starter
Kit as shown in Figure 2-1.

FIGURE 2-1: SIGNAL ANALYSIS PiCtail™ DAUGHTER BOARD

USB Cable

Signal Analysis
PICtail™ Daughter Board

Expansion
Header (J3) —

PIC16C745 Firmware
Version 2.0.0 or later
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2. Connect the PICKit 1 Flash Starter Kit to a PC using a USB cable.
3. Execute the PICKkit 1 Signal Analysis PC application.

FIGURE 2-2: PICkit™ 1 SIGNAL ANALYSIS PC APPLICATION INTERFACE
WINDOW

PICkit™ ) Strip
Programmer Oscilloscope FFT  Histogram Chart

ICkit 1 - LAR
File Programmer Todly
Mode

' Real Time
Acquizition
&) e ime
) Cantinteus

Samples |25E j'
Speed (zps] m

" PICkit(tm) 1 FLASH Starter Kit NIEE
Program Memory

ooon  3FFF 2FFF 2FFF 3FFF 3FFF 3FFF 3FFF 3FFF
oo0e  3IFFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0010 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
no01e  3FFF 2FFF 2FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0020 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
nn02e 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0020  3FFF 2FFF 2FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0038 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0040 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0048 3FFF 2FFF 2FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0050 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0058 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0060  3FFF 2FFF 2FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0068 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

EEDATA Memory

00 FF FF FF FF FF FF FF FF ﬂ
08 FF FF FF FF FF FF FF FF
10 FF FF FF FF FF FF FF FF
18 FF FF FF FF FF FF FF FF [~ 25kHz0sc
20 FF FF FF FF FF FF FF FF

Board Controls

¥ Device Power

30 FF FF FF FF FF FF FF FF =]

Yerify Eraze Quit
— Device Confi ion
Device FICT1EFESS Configuration 'word  Ox3FFF
UserlD: OxFFFFTF7F OSCCaL 0=0000
CheckSum  Ox0FFF B andgap (0000

4. Click the PICKkit Programmer icon.

5. Open Eile > Import HEX from the menu tool bar and select the “PICA2Dlab.hex”
file.

FIGURE 2-3: IMPORT HEX FILE

. PICKkit 1 - LAB

File F'ru:ugrammer Toolz:  About

E:-:pu:urt HE> Chl+E | | | |:

Exit Chrl+0)

™ Continuous

[Firrrare Wession :2.0.2

6. Program the PIC16F684 by selecting the Write Device button.

7. Apply the signal under test to pin RCO. The signal voltage level should be
between 0V and +5V.
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24 MODE SELECTION

The Mode selection determines how the Signal Analysis Application will perform
analog-to-digital conversions (ADC) from the 10-bit ADC in the PIC16F684 and how
they will be displayed. There are two mode selections; Real Time and Acquisition, as
shown in Figure 2-4.

FIGURE 2-4: MODE SELECTION
PICKit 1 - LAB (O] x|

File Programmer Tools  About

Made
= Real Time | | | | .| |- Samples
= Acquisition Speed [zps] Iﬁ

* Ore Timne
) Continumus

In Real-time mode, data conversions are performed immediately and transmitted to the
PC. The data is displayed on a real-time strip chart.

In Acquisition mode, the data is stored in the serial EEPROMSs. After the acquisition
sequence, the data is uploaded to the PC for post processing.

241 Real-time Mode

Real-time mode performs an ADC on the RC0/AN4 1/O port pin and immediately
transmits the data for display on the PC. The display option for this mode is the Strip
Chart function. The Speed (sps) drop-down menu controls the relative conversion
speed.

To use the Strip Chart function, click on the Strip Chart button. The Strip Chart window
is displayed, as shown in Figure 2-5. To start the conversion process, click Go. Use the
Speed (sps) drop-down menu (Figure 2-9) to control the sample speed.

FIGURE 2-5: STRIP CHART

"E_ Strip Chart

—actual Values——— - Averaged Yalues

Averaging
Volts | [0391v [0 (r e vII
Dec |80 IO Yollzper [1p =

divzion
Hex |050 [ox000

Binary | [ooo001010000 ||| [0000000000000
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2411 REAL-TIME NUMERIC VALUES

The Real-time numeric values are displayed at the bottom of the Strip Chart window.
These values show the results of the conversion as it is transmitted from the ADC
(Figure 2-6). The value is displayed in Volts, Decimal, Hex and Binary formats. The
display updates each time a conversion is completed.

FIGURE 2-6: REAL-TIME VALUES
—dctual Values————— ~ Averaged Values
Volts |0.391 4% IO
ADC
I IO
Conversion LEE 80
Results Hex IOBO |0><000

Binary | [ooooo1010000 | | 0000000000000

A second set of values provides the ability to observe the effects of averaging
(Figure 2-7). When Averaging is selected, the Rolling Average mode is enabled. The
display is updated after every conversion based on the average of the last n
conversions where n = counts.

To enable averaging for each conversion, click the Enable Averaging check box. Use
the Counts drop-down menu to control the counts.

FIGURE 2-7: AVERAGING
Averaaing
= —
4 =
16
32
1)
128
255 (I
1024 -

To change the volts per division in the Strip Chart window, use the Volts per Division
drop-down menu and select the volts (Figure 2-8).

FIGURE 2-8: VOLTS PER DIVISION
Aweraging
Enable ounts I -I
’7|- Lweraging Count 8 |
Woltsper [ |-
divsion TR

24.2 Acquisition Mode

Acquisition mode performs an ADC on the RC0O/AN4 I/O port pin and temporarily stores
the data from each conversion in the serial EEPROMs on the Signal Analysis PICtail
Daughter Board. When all conversions are complete, the data is uploaded to the PC

for display and analysis. Display options for this mode are the Oscilloscope, Histogram
and FFT.

DS51476A-page 16
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243 Sample Size

FFT accuracy increases with sample size. However, large sample sizes take longer to
upload to the PC.

To select different program memory space samples and sample speeds, use the
Samples and Speed (sps) drop-down menus shown in Figure 2-9.

FIGURE 2-9: SAMPLES AND SPEED SELECTION

£, PICkt 1 - LAB -0l x|

File Programmer Tools About

Mideﬁ' @l - . Samples

' One Time
= Continuous

Speed [zpz)

f '_ _Hex File Loaded: C:,Program Files',Microchip' PICKIET - |EI|£|
Program Memory
oooo 2807 2807 2807 2807 2906 3400 3400 0185

0008 0187 1683 30FF 0085 3081 0087 3070 008F
nnin  INN? NN9g 1381 1987 INN7 NN99 2117 2NAR

2.5 OSCILLOSCOPE PLOT

The Oscilloscope Plot shows the results of a conversion with respect to time. This plot
shows time on the X-Axis and voltage on the Y-Axis.

Click the Oscilloscope button (Figure 2-2) then Click Go to acquire and display the
results according to the sample size and speed selected in the drop down boxes.

FIGURE 2-10: OSCILLOSCOPE PLOT DISPLAY WINDOW

% Oscilloscope Plot
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2.6 FFT (FAST FOURIER TRANSFORM)

The FFT displays the Fast Fourier Transformation of the data in the frequency domain.
This display is typically used to analyze AC signals or to help locate the source of AC
noise.

FIGURE 2-11: FFT DISPLAY

FFT Window Selection

U Window Selection——
] i+ Blackman
= Harnming
= Harming

1 = Rectangular
|~ Graph Width
: " Full

i+ Half

Fundamental [19 5Hz [-59.248) SMR [52d8 THD |2 1dB
Maise Floar [-31 248 SIMNAD [7108 SFDR {10948

The size of the data set of the FFT analysis determines the resolution and accuracy of
the FFT. The accuracy is equal to:

FFT Accuracy = (4/(m/N)dB)

Where:

n = number of converted bits
N = number of data points

In instances where the input signal is not periodic with respect to the sampling fre-
quency of the converter (as is the case with this tool), windowing algorithms are advan-
tageous when looking at FFT results. The windows that are available with the Signal
Analysis Application are the Blackman, Hamming, Hanning and Rectangular. Basically,
an FFT window is multiplied times the measured signal data set taken during the spec-
ified length of time of the conversion. Typically this multiple reduces the magnitude of
the beginning and end of the sample and consequently minimizing discontinuities seen
with the FFT calculation.

Blackman — Window has a bell-shaped characteristic similar to the Blackman-Harris
window. The peak resolution of this window is not as fine as the Hanning, but the
responses flares out less and the rejection of the sidelobes is better.

Hamming — Window has a bell-shaped characteristic. The initial samples from the
conversion data are multiplied by a small number as are the last samples. With this
window, the side lobes adjacent to the main lobes are lower than the results from the
Hanning Window.

Hanning — Window has a bell-shaped characteristic. The initial samples are multiplied
by zero as well a the latest samples. The samples between the beginning and end are
multiplied with the Hanning bell-shape curve. The side lobes of this window are farther
from main lobe as compared to the Hanning Windows. This window is typically used
for harmonic analysis of continuous time signals as well as random noise.

DS51476A-page 18
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Rectangular — Window is a rectangular shaped window. Every point of the time scale
is multiplied by a constant. This window provides the best frequency resolution with the
narrowest lobe width. Amplitude accuracy errors occur if frequency of observed signal
has a non-integer number of cycles in the FFT time record. Most typically, this window
is best used when viewing transients, impulses, pseudo-random noise and when the

input signal is correlated with the sampling frequency.

When the FFT windows are implemented there is a certain amount of energy that is
spread across adjacent frequency bins. This spreading is a result of converting
non-coherent signals and the particular window. Consequently, there is not a direct
correlation between the amplitude of the analog input signal to the A/D converter and
the height of the spur in the FFT analysis.

261 Glossary of Terms

Fundamental Frequency — The lowest frequency component in the Fourier
representation of a periodic quantity.

Noise Floor — The noise level at a referenced location and bandwidth.

SNR (Signal-to-Noise Ratio) — The ratio of relative power of the usable signal to the
noise present, expressed in decibels.

SINAD (Signal to (Noise + Distortion) Ratio) — S/(N+D) is the ratio of the rms value
of the actual input signal to the rms sum of all other spectral components or harmonics
below the Nyquist frequency, excluding DC. This software includes nine harmonics in
the calculation. Decibels is the unit of measure for S/(N+D).

THD (Total Harmonic Distortion) — The ratio in dB of the energy of a fundamental test
frequency to the energy of its harmonics appearing in the band of interest.

SFDR (Spurious Free Dynamic Range) — The difference in decibels between the
input signal and the next largest harmonic.
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2.7 HISTOGRAM

The Histogram allows the user to observe the data taken from a conversion and deter-
mine the relative variation of the digital codes. The histogram plot shows the digital
codes on the X-Axis and the number of occurrences for each code on the Y-Axis. The
statical values of the data set are shown at the bottom of the window. The Span Control
locks in the number of codes shown on the X-Axis or allows the program to
automatically scale the axis for every conversion.

FIGURE 2-12: HISTOGRAM WINDOW

Y-Axis shows the number of times
a certain code is returned.

Hiztogram

a0 a0
a0 -7 an
70 70
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a0 =)

40 40

30 30

20
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] _j_ E— — ]
34 35 36 37 33 33 40
Span Contral — Statigtic:
i Automatic Span Adjust IMi"'l Code = 34
= Span Locked lm
Fin Code
?: Max Code [ Span= 7
IMean = 37
IStd Dev =116
Forces the X axis to automatically Forces display to show a certain
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the data set. The range is set by the values in
the Max Code and Min Code
boxes.
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Chapter 3. Lesson Projects

3.1  INTRODUCTION

The Signal Analysis PICtail Daughter Board can capture a variety of DC and AC signals
from the RCO/AN4 1/O port pin of the PIC16F684 using the internal 10-bit ADC. Ensure
that the applied signal does not exceed 5V peak-to-peak. If the signal is DC, ensure
that the voltage levels do not fall below 0V or exceed +5V. If the signal is AC, DC
decouple the signal using a decoupling capacitor and ensure that the signal level does
not exceed the DC limits stated above. Lesson 1 demonstrates how a DC signal can
be displayed from a thermistor. Lesson 2 demonstrates how an AC signal can be
displayed from a photodiode.

In addition to capturing analog signals, the Signal Analysis PICtail Daughter Board can
generate low frequency sine waves from Pulse Width Modulated (PWM) signal from
the ECCP module. I/O port pin RC5 is connected to a low-pass RC filter (R1 and C4)
and made available as a test point on the edge of the PCB. Lesson 3 demonstrates
how a 125 Hz sine wave can be generated.

3.2 HIGHLIGHTS

The following lessons are discussed in this chapter:

* Lesson 1 — Thermistor
* Lesson 2 — Photodiode
* Lesson 3 — Pulse Width Modulated Generated Sine Wave

3.3 LESSON 1-THERMISTOR

A thermistor is a resistor that changes resistance in response to temperature changes.
Some have a positive temperature coefficient where the resistance increases with
temperature and others have a negative coefficient. For temperature measurement
purposes, the Negative Temperature Coefficient (NTC) versions are more linear.

The simplest configuration is shown in Figure 3-1. It is a resistor divider network where
the thermistor and a second resistor are connected in series between ground and a
voltage reference. The voltage between the resistors varies with the temperature and
can be measured via an A2D Converter. Also, this configuration has the added benefit
that voltage increases with temperature.

The voltage at the center is given by ADC counts = 1024 * R/(R+Rt). In this example,
the thermistor specified for 10 kQ at 25C. The bottom resistor is chosen to be 3.3 kQ.
That means 254 ADC counts correlates to 25C. Since the ADC is referenced to 5V
(nominal) 254 counts * 5/1024 = 1.241V.

Start the PICKkit 1 Signal Analysis PC Application. Select the Real Time button, click on
the Strip Chart icon, and then click Go. By changing the temperature of the thermistor,
the response can be observed in real-time on the strip chart display. An example
screen capture is shown in Figure 3-2.

For more information about thermistors, see Microchip Application Notes AN685,
ANG689, AN867 and AN897, available on the PICkit 1 CD-ROM and on the Microchip
web site: www.microchip.com.
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FIGURE 3-1:

THERMISTOR SCHEMATIC
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FIGURE 3-2:
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3.4 LESSON 2 -PHOTODIODE

A simple photodiode circuit can be constructed from the schematic shown in

Figure 3-3. D4 is a Panasonic PNZ334 PIN photodiode. U4 is Microchip Technology
MCP6001U op amp. Ry was chosen to be 64.9 kQ so that VouT = 4.5V at the maximum
Is, and VouT ~ 0V at the minimum Is. C3 is a 0.1 pF capacitor for good supply bypass
performance. Ry, and C, form a low-pass filter for noise performance. Since the
maximum sample rate of the Signal Analysis PICtail Daughter Board is 5000 samples
per second (sps), the low-pass pole is set near 500 Hz.

R, = 10.0 kQ

C, ~ 1/(2r(500 Hz)(10.0 kQ2)) = 32 nF

The nearest standard value of 33 nF, giving
frRncn = 1/(27(10.0 kQ)(33 nF)) = 482 kHz

Table 3-1 summarizes the final design values of the components in Figure 3-3.
Figure 3-4 through Figure 3-6 show screen captures from data acquisitions from the
photodiode placed 30 cm under a fluorescent desk lamp. The sample size was 1024
and the sample speed was set at 1000.

FIGURE 3-3: PHOTODIODE PICtail™ SCHEMATIC DIAGRAM
Cq
|
Ry Ry
AN f\/\/\,—l—o Vout
+/5rv CZI
5k e -0
PNZ334
TABLE 3-1: PHOTODIODE PICtail™ COMPONENTS
Component Value/Part No. Size/Package
Cq 18 pF SMD 0805
C, 33 nF SMD 0805
Cs 0.1 uF SMD 0805
D4 PNZ334 Plastic Through-hole,
Panasonic 100 mil pitch
R4 64.9 kQ, 1% SMD 0805
Ry 10.0 kQ SMD 0805
U, MCP6001U SOT-23-5
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FIGURE 3-4: PHOTODIODE OSCILLOSCOPE SCREEN CAPTURE

% Oscilloscope Plok

X

FIGURE 3-5: PHOTODIODE FFT SCREEN CAPTURE
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FIGURE 3-6: PHOTODIODE HISTOGRAM SCREEN CAPTURE
| Histogram x|
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3.5 LESSON 3 - PULSE WIDTH MODULATED GENERATED SINE WAVE

A sine wave can be generated from a low-pass filtered Pulse Width Modulated (PWM)
signal. The duty cycle of the PWM signal is set to the magnitude of a sine wave at a
prescribed sample rate. The sample rate sets the frequency of the sine wave.

Figure 3-7 is an oscilloscope screen capture of the PWM signal. Persistence has been
set on to capture the varying duty cycle. Figure 3-8 is the resulting sine wave after the
PWM signal in Figure 3-7 has been low-pass filtered.

Source code and hex files are available on the CD-ROM.

FIGURE 3-7: MODULATED PWM SIGNAL (BEFORE FILTERING)

|

Freq(1): 31.75kHz Pk-Pk(1): B.31V
Peak-Peak »

1 ) Frequency

4D Source Clear Period
FIGURE 3-8: SINE WAVE (AFTER PWM FILTERING)

Freq(11: 125.0Hz Pk-Pk(]1): 3.81V
l I M Frequency Period Peak-Peak »
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Chapter 4. Troubleshooting

41 INTRODUCTION

This chapter describes common problems associated with using the Signal Analysis
PICtail Daughter Board and steps on how to resolve them.

42 COMMON PROBLEMS

421 Programmer Not Found

The PICKit 1 Signal Analysis PC Application was not able to communicate with the
PICKit 1 Flash Starter Kit. Check that the USB cable is connected to the PICkit 1 Flash
Starter Kit and the PC.

FIGURE 4-1: PROGRAMMER NOT FOUND ERROR MESSAGE

. PICkit 1 - LAB - O] x|

Flle Programmer Tools About

Maoda
" B AE
* [~ Acguisition == Speed [zpg] -

= 100
’V {+ One Time

 Continuaus |Programmer not found....

i '_ _Hex File Loaded: C:\Program Files'Microchip',P
Program Memory

=

2

oooo 2807 2807 2807 2807 2906 3400 3400 0185
o00gd 0187 1683 30FF 0085 3081 0087 3070 OO08F

andn anng o nanac 4904 4907 2007 nnda 2440 anoD

4.2.2 Insert Device

The PICKkit 1 Signal Analysis PC Application was not able to communicate with the
target PICmicro device. Check that the Signal Analysis PICtail Daughter Board is
plugged into J3 of the PICkit 1 Flash Starter Kit. Check that a PICmicro device is
plugged into socket U1 of the Signal Analysis PICtail Daughter Board. Check and make
sure that the evaluation socket on the PICkit 1 board is empty.

FIGURE 4-2: INSERT DEVICE ERROR MESSAGE

™, PICkit 1 - LAB o ] 5

File Programmer Tools About

Mode
" Real Time | [ | | .| .I - Samples |1D24 :I'
v [~ Acquigition Speed [zps) -mg

&
’7 % One Time

 Confinuous [Insert Device

i '_ _Hex File Loaded: C:'Program Files'Microchip',P - |EI|1|

Program Memory

IHex File Loaded: C:\Program F||es'l,M|chch|p'l,F‘IClqt 1 ¥2\PICAZDlab hex
o000 2807 2807 2807 2807 290F 3300 S400T UISS

ooog 0187 1683 30FF 0085 3081 0087 3070 008F

andn SN0 nnac 4904 4909 2a0nT anad 2447 2non
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4.2.3 End Device Must Have Acquisition Firmware Loaded

The PICKit 1 Signal Analysis PC Application was not able to communicate with the
firmware in the target PICmicro device on the Signal Analysis PICtail Daughter Board.
Ensure that PICA2Dlab.hex has been programmed into the Signal Analysis PICtail
Daughter Board.

FIGURE 4-3: END DEVICE ACQUISITION FIRMWARE LOADED ERROR
MESSAGE

M PICKit 1 - LAB =] F

File Programmer Tools About
tode

£ Real Time - .S . . Samples I1024 jv

—|—|—| “ Speed sps) [o0 =

[End Dievice must have acquisition fimmware loaded

[ ".ﬁ.cquisition

* One Time
~ Continuous

" pICkit{tm) 1 FLASH Starter Kit oy ] |
Program Memory

0000 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ﬂ
0008 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

nnin ATTE ITCT ATTT ITEE ATTT ITEE ATTT ITEE
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Appendix A. Hardware Schematics

A.1  INTRODUCTION

This appendix contains the Signal Analysis PICtail Daughter Board Hardware
Schematic Diagram.
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SIGNAL ANALYSIS PICtail™ DAUGHTER BOARD

HARDWARE SCHEMATIC DIAGRAM

FIGURE A-1
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NOTES:
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