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Preface

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 on-line help.
Select the Help menu, and then Topics to open a list of available on-line help files.

INTRODUCTION

This chapter contains general information that will be useful to know before using the
F1 Evaluation Platform User’s Guide. Items discussed in this chapter include:

¢ Document Layout

« Conventions Used in this Guide

« Warranty Registration

*« Recommended Reading

e The Microchip Web Site

« Development Systems Customer Change Notification Service

e Customer Support

« Document Revision History

DOCUMENT LAYOUT

This document describes how to use the F1 Evaluation Platform User’s Guide as a
development tool to emulate and debug firmware on a target board. The manual layout
is as follows:

e Chapter 1. “F1 Evaluation Platform Overview”

e Chapter 2. “Getting Started”

e Chapter 3. “Programming the F1 Evaluation Platform”

e Chapter 4. “Demo Code”

e Chapter 5. “Hardware Libraries and Drivers”

* Chapter 6. “Troubleshooting”

e Chapter 7. “Schematics”

© 2009 Microchip Technology Inc. DS41401A-page 5



F1 Evaluation Platform User’'s Guide

CONVENTIONS USED IN THIS GUIDE

This manual uses the following documentation conventions:

DOCUMENTATION CONVENTIONS

Description

Represents

Examples

Arial font:

Italic characters

Referenced books

MPLAB® IDE User'’s Guide

Emphasized text

...Is the only compiler...

dialog

Initial caps A window the Output window

A dialog the Settings dialog

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

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

Atab

Click the Power tab

N‘Rnnnn

A number in verilog format,
where N is the total number of
digits, Ris the radix and nis a
digit.

40010, 2'hF1

Text in angle brackets < >

A key on the keyboard

Press <Enter>, <F1>

Courier New font:

Plain Courier New

Sample source code

#defi ne START

Filenames aut oexec. bat

File paths c:\nccl8\h

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

Bit values 0, 1

Constants OxFF, ‘A

Italic Courier New

A variable argument

file.o,wherefilecanbe
any valid filename

Square brackets [ ]

Optional arguments

nccl8 [options] file
[opti ons]

Curly brackets and pipe Choice of mutually exclusive |errorl evel {0] 1}

character: {| } arguments; an OR selection

Ellipses... Replaces repeated text var_name [,
var_name. . .]

Represents code supplied by
user

void main (void)
{
}

DS41401A-page 6
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WARRANTY REGISTRATION

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

RECOMMENDED READING

This user’s guide describes how to use F1 Evaluation Platform User’s Guide. Other
useful documents are listed below. The following Microchip documents are available
and recommended as supplemental reference resources.

Readme for F1 Evaluation Platform User’s Guide

For the latest information on using F1 Evaluation Platform User’s Guide, read the
“Readne for F1 Eval uation PlatformUser’s Gui de. t xt”file (an ASCII text
file) in the Readmes subdirectory of the MPLAB IDE installation directory. The Readme
file contains update information and known issues that may not be included in this
user’s guide.

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.

© 2009 Microchip Technology Inc. DS41401A-page 7
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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 (FAQSs), 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

DEVELOPMENT SYSTEMS CUSTOMER CHANGE NOTIFICATION SERVICE

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

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

The Development Systems product group categories are:

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

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

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

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

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

DS41401A-page 8 © 2009 Microchip Technology Inc.
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CUSTOMER SUPPORT

Users of Microchip products can receive assistance through several channels:

« Distributor or Representative

* Local Sales Office

 Field Application Engineer (FAE)
 Technical Support

Customers should contact their distributor, representative or field application engineer
(FAE) for support. Local sales offices are also available to help customers. A listing of
sales offices and locations is included in the back of this document.

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

DOCUMENT REVISION HISTORY
Revision A (October 2009)

« |nitial Release of this Document.

© 2009 Microchip Technology Inc. DS41401A-page 9
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NOTES:
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Chapter 1. F1 Evaluation Platform Overview

11 INTRODUCTION
Thank you for choosing the F1 Evaluation Platform. This kit allows you to begin
development on the PIC16LF1937.

The PIC16LF1937 is the first of the enhanced mid-range microcontrollers. These
architectural enhancements allow for more memory and faster computation than that
of legacy PIC16 microcontrollers.

The PIC16F1 and PIC12F1 family of microcontrollers are a series of 8-bit
microcontrollers derived from the popular PIC16 series of 8-bit PIC® microcontrollers.
The F1 derivatives feature an enhanced CPU, support for extended amounts of
memory, improved peripherals, and XLP low power. The F1 Evaluation Platform allows
you to evaluate these features for your application in a simple, low-cost platform.

This chapter introduces the F1 Evaluation Platform:

* Platform Contents
* Hardware Features

1.2 PLATFORM CONTENTS

The F1 Evaluation Platform contains the following items:
1. F1 Evaluation Platform Demo Board — www.microchip.com/F1Eval

1.3 HARDWARE FEATURES

The F1 Evaluation Platform has the following hardware features:

131 PIC16LF1937

The PIC16LF1937 is a 40-pin full-featured device, including:

Enhanced PIC16 instruction set
8K Words of Flash memory
512 bytes of RAM

256 bytes of EEPROM

3 ECCPs, 2 CCPs

MSSP (I°C™, SPI)

EUSART

8- and 16-bit timers

. 32 MHz internal oscillator

10. Low-power 32 kHz crystal oscillator and
11. LCD controller.

© 0NN

1.3.2 MCP9800 I°C Tem perature Sensor

The MCP9800 is a low-power, selectable 8 to 12-bit 12C temperature sensor in a
SOT23-5 package.

© 2009 Microchip Technology Inc. DS41401A-page 11
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1.3.3 PICKit™ 3 Programming/debug Header

The PICKkit 3 is a low-cost development tool that allows programming and debugging of
the PIC16LF1937 MCU.

1.3.4 PICKit Serial Communications Header

The PICKit serial is a low-cost development tool that allows 1°C, SPI and USART
protocols to be monitored and debugged through a simple 6-pin connector.

1.3.5 1 Button, 1 Potentiometer, 4 LEDs

Simple applications need the basic user interface elements. The button, potentiometer
and 1 LED are available for any application. The remaining 3 LEDs are shared with the
20-bit motor control connector.

1.3.6 One 3.5 Digit LCD

The 3.5-digit LCD glass supplied on this board is a typical meter-type display with icons
for ohms, amps, etc. The PIC16LF1937 makes controlling this glass very simple.

1.3.7 20-pin Motor Control Expansion Connector

This connector allows the PIC16LF1937 to control an optional Sensorless BLCD
add-on board (DM164130-2). The PIC16LF1937 has complete control of 3 phases so
other 1, 2, or 3-phase motor topologies can also be controlled.

1.3.8 Current Monitoring Connector

To demonstrate the XLP features, a precision ammeter can be connected to the current
monitoring connector. This allows your application to be easily optimized for the lowest
possible current.

1.3.9 Generous Prototyping Area

Our circuits are not your circuits. A prototyping area has been provided to extend the
functionality of this demo board to demonstrate the utility of the PIC16LF1937 in your
application.

DS41401A-page 12
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Chapter 2. Getting Sarted

2.1 INTRODUCTION

This chapter gives instruction to get your F1 Evaluation Platform powered up and
running the default demonstration.

« Powering the F1 Evaluation Platform

» Default Firmware

« Programming the F1 Evaluation Platform with the PICkit™ 3

* Attaching a PICKit Serial (optional)

» Measuring the current consumption

FIGURE 2-1: F1 EVALUATION PLATFORM (DM164130-1)
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2.2 POWERING THE F1 EVALUATION PLATFORM

The PIC16LF1937 supplied with your F1 Evaluation Platform requires a supply voltage
of 1.8V-3.6V. Voltages above 3.6V will degrade or damage the device. There are four
ways to supply the necessary power.

1. Use PICkit 3,

2. Use the power connector at JP3,

3. Use PICkit Serial, or

4. Use the BLCD Expansion Header J3.

2.3 POWERING WITH PICkit™ 3

To power with the PICkit 3, perform the following steps:

1. Make sure a jumper or an ammeter is connected across JP2.
2. If you are using a BLDC expansion, remove the jumper at JP1.

© 2009 Microchip Technology Inc. DS41401A-page 13
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3. Configure the PICKit 3 to supply a voltage between 1.8 and 3.6V. For proper LCD

contrast, the supply should be 3.3V.
4. Attach the PICKkit 3 to the PICkit ICSP™ connector at the end of the board.

5. Activate the PICkit 3 power output.

2.4 POWERING WITH THE CONNECTOR AT JP3

To power with the connector at JP3, perform the following steps:

1. Make sure a jumper or an ammeter is connected across JP2.

2. Ifyou are using a BLDC expansion, remove the jumper at JP1.

3. Verify the supply voltage to be between 1.8 and 3.6V. For proper LCD contrast,
the supply should be 3.3V.

4. Attach the power supply to JP3.

5. Turn on the power supply.

FIGURE 2-2: POWERING WITH THE CONNECTOR AT JP3
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2.5 POWERING WITH PICKit™ SERIAL

To power with the PICkit Serial, perform the following steps:

1. Make sure a jumper or an ammeter is connected across JP2.

2. If you are using a BLDC expansion, remove the jumper at JP1.

3. Configure the PICkit Serial to supply a voltage between 1.8 and 3.6V. For proper
LCD contrast, the supply should be 3.3V.
Attach the PICkit Serial to the PICkit Serial connector at the top corner of the

board.
5. Activate the PICKit Serial power output.

DS41401A-page 14 © 2009 Microchip Technology Inc.



Getting Started

26 POWERING WITH THE BLDC EXPANSION HEADER J3

The BLDC Expansion hardware contains a 3.3V linear regulator. This allows the 5-12V
motor power supply to power the PIC16LF1937. J3 pin 6 is the source for the 3.3V
power. To use this power perform the following steps.

1. Make sure a jumper or an ammeter is connected across JP2.

Insert the shorting jumper at JP1.

Verify that any attached PICkit 3 or PICKit serial is not supplying power.

Verify that there is NO power supply or shorting jumper at JP3.

Verify that the BLDC expansion hardware provides less than 3.6V of power. (The
F1 BLDC add-on supplies 3.3V)

Attach the BLDC expansion board.
7. Supply power via the BLDC board.

o~ wDN

IS

2.7 DEFAULT FIRMWARE

The default firmware supplied with your F1 Evaluation Board Demo has the following
features:

Blink LEDs

Measure the ambient temperature

Run a BLDC motor (or try to if no motor is attached)

Display time/temperature/pot position/motor RPM on the LCD

o M~ DN

User interface with a button and pot
For the latest firmware go to www.microchip.com/F1Eval

2.7.1 Blinking LEDs

The 4 LEDs indicate motor phase operation (D<2:4>) and the performance of the
primary state machine loop (D1).

2.7.2 Measuring the Ambient Temperature

The MCP9800 is polled when in Temperature Measurement mode. The measured
temperature is filtered, scaled to centigrade and displayed on the LCD.

2.7.3 BLDC Motor

One task of the demo code is to drive a BLDC motor attached to the BLDC Expansion
Header. The optional BLDC Controller board (DM164130-2) is required to drive the
motor. The code performs a series of forced commutation steps to attempt a sensorless
motor start. If no back EMF signal is detected, the code repeats the start-up sequence.
The LEDs blink at an increasing rate indicating the motor start attempts. If no motor
drive hardware is attached, this pattern can repeat or it may detect a BEMF signal in
the noise present on the BEMF sense inputs.

© 2009 Microchip Technology Inc. DS41401A-page 15



F1 Evaluation Platform User’'s Guide

2.7.4 LCD Display

The time, temperature, pot position and motor speed are displayed on the LCD. The
LCD is a 3.5-digit multimeter display with icons for amps, volts, ohms, etc. The display
uses 4 commons and 10 segment drives. The Timerl oscillator is used to clock the
display peripheral and allow the display to show a picture even in Sleep. The LCD
peripheral was configured for a Type B waveform for this demo. This mode provides an
interrupt when the LCD can be updated. This interrupt is not required for Type A
waveforms, but the extra complexity of the interrupt allows the LCD peripheral to be
used to provide the real-time clock periodic interrupt. The different waveform types are
described in section 21.9 of the PIC16LF193X data sheet (DS41364). Normally, the
Timerl counter would be used, but this timer is required for the BLDC software.
Because the LCD is clocked from the 32.768 kHz crystal, the LCDIF operates at a
multiple of the crystal frequency, providing a very accurate time base for the real-time
clock.

2.7.5 User Interface

Due to the extreme simplicity of this board, only a single button and a single pot are
available for user input. These two elements allow the user to cycle through the display
elements, change the motor speed and change the time.

Pressing and releasing the button cycles through the 4 display modes:
1. Time

2. Temperature

3. Pot ADC value

4. RPM

Turning the pot will change the motor speed or set the time.

If the display is showing the time, and the button is held down for 3 seconds, turning
the pot clockwise will increase the time, and counter clockwise will decrease the time.
Placing the pot in the center of the range will leave the time unchanged. A feature that
could be added as a simple programming exercise would be to allow the time change
to be faster or slower depending upon pot position.

DS41401A-page 16
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Chapter 3. Programming the F1 Evaluation Platform

3.1 INTRODUCTION

The F1 Evaluation Platform makes extensive use of the onboard peripherals of the
PIC16LF1937. This chapter provides guidance concerning the tools used for
programming the F1 evaluation board and a map of the board function to 1/O pin and
pin function.

3.2 PROGRAMMING/DEVELOPMENT TOOL SUPPORT

The following development tools support the F1 Evaluation Platform:

1. PICkit™ 3

2. PICkit™ 2

3. REAL ICE™ in-circuit emulator (with adapter AC164110)

The PICkit™ tools can also power the F1 Evaluation Platform, therefore, no additional
hardware is required to get started. The ICSP™ pins of the PIC16LF1937 are

dedicated to the PICkit ICSP connector, eliminating interactions between the
Evaluation Platform and the programmer/debugger.

If you are developing with the REAL ICE emulator, you will need the AC164110 adaptor,
or the high-speed trace adaptor. These adaptors provide the inline 6 pin connector
required by the PICKit ICSP programming capability interface. You will also need a
power supply, please see Chapter 2. “Getting Started” for more on powering the F1
Evaluation Platform.

© 2009 Microchip Technology Inc. DS41401A-page 17
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3.3 HARDWARE RESOURCES
TABLE 3-1:
Pin Number | Pin Name | Pin Function Used Board Function

1 RC7 EUSART RX PICkit™ Serial Pin 1
2 RD4 Segment 17 LCD Pin 13, S1/S2/m/M
3 RD5 CCP1 Output B BLDC pin 5, Phase U low drive
4 RD6 CCP1 Output C BLDC pin 9, Phase V low drive
5 RD7 Segment 20 LCD pin 14, A/V/IK/IOmega
6 Vss Vss Vss
7 VDD VDD VDD
8 RBO Segment 0 LCD pin 5, RC/BATT/-/AC
9 RB1 C12IN3- BLDC pin 19, Phase V BEMF Zero Cross
10 RB2 ANS Potentiometer
11 RB3 C12IN2- BLDC pin 17, Phase U BEMF Zero Cross
14 RB4 comM1 LCD pin 1, Common 1
15 RB5 COom2 LCD pin 2, Common 2
16 RB6 PGC PICkit 2 ICSP™ pin 5, PGC
17 RB7 PGD PICkit 2 ICSP pin 4, PGD
18 MCLR MCLR PICkit ICSP Pin 1
19 RAO Segment 12 LCD pin 11, 1A/1F/1E/1D
20 RA1 C12IN1- BLDC pin 15, Phase W BEMF Zero Cross
21 RA2 COM3 LCD pin 3, Common 3
22 RA3 C1lIN+ BLDC pin 16, BEMF Zero Cross Reference
23 RA4 Segment 4 LCD pin 8, 3B/3G/3C/3DP
24 RA5 Segment 5 LCD pin 9, 2A/2F/2E/2D
25 REO REO LED D4 and BLDC pin 3 Phase W high drive
26 RE1 RE1 LED D3 and BLDC pin 7 Phase U high drive
27 RE2 RE2 LED D2 and BLDC pin 11 Phase V high drive
28 VDD VDD VDD
29 Vss Vss Vss
30 RA7 Segment 2 LCD pin 7, 3A/3F/3E/3D
31 RA6 Segment 1 LCD pin 6, DH/RH/B-C/4DP
32 RCO T10SCO 32.768 kHz Crystal Drive
35 RC1 T10SCI 32.768 kHz Crystal Drive
36 RC2 CCP1 Output A BLDC pin 1, Phase W low drive
37 RC3 MSSP SCLK MCP9800 SCLK and PICkit Serial pin 5
38 RDO Common 4 LCD pin 4, Common 4
39 RD1 RD1 LED D1
40 RD2 RD2 Button Input
41 RD3 Segment 16 LCD pin 12, 1B/1G/1C/
42 RC4 MSSP SDA MCP9800 SDA and PICkit Serial pin 4
43 RC5 Segment 10 LCD pin 10, 2B/2G/2C/2DP
44 RC6 EUSART TX PICkit Serial pin 6

DS41401A-page 18
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Chapter 4. Demo Code

4.1

4.2

4.3

4.4

4.5

INTRODUCTION

The F1 Evaluation Platform demos are located at www.microchip.com/F1Eval. The
following demos are available:

1. 1°C™ Demo

2. LCD Demo

3. BLDC Demo

4, Combined Demo

This chapter provides an overview to the functions provided by these demos.

I2C™ DEMO

The 12C demo reads the current temperature from the on-board MCP9800 1°C
temperature sensor. The 1°C driver is used to extract the data. The resulting value is
converted to a PWM duty cycles and used to control the brightness of the LED D4. LED
D1 toggles at approximately 10 ms.

LCD DEMO

The LCD demo adds button, potentiometer, Real-Time Clock (RTC) and LCD support
to the 1°C demo. The 32.768 kHz crystal is activated to maintain the Real-Time Clock
and to drive the LCD peripheral. An input driver is supplied to manage the button and
potentiometer. A state machine now controls the major features of the demo so that the
time, temperature and potentiometer value can be displayed on the LCD.

BLDC DEMO

The BLDC demo controls a sensorless, brushless DC motor connected to the PIC16F1
BLDC Expansion board (DM164130-2). Other motors can also be driven by making
appropriate modifications to the motor control parameters in the source code.

COMBINED DEMO

The combined demo combines all the software from all the previous demos to show the
power of the PIC16LF1937. In this demo, the BLDC motor is seamlessly controlled
while displaying the time, temperature, potentiometer position or motor RPM/10. All
drivers are reused from the previous demos. The RTCC is driven from the LCD
peripheral.

The combined demo is preprogrammed in the F1 Evaluation Platform.
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Chapter 5. HardwareLibrariesand Drivers

5.1

5.2

5.3

5.4

5.5

INTRODUCTION

All of the demo code uses a common set of libraries to provide 1°C, real-time clock,
MCP9800 and LCD services. These libraries may be useful for other applications so
they are documented here. These drivers are located at www.microchip.com/F1Eval.

I2C™ DRIVER

The I12C driver allows I1°C requests to be queued and then handled either by interrupts
or by polling. The driver is configured during compilation to support polling or interrupts.
The 1°C and LCD demos configure the driver for interrupt mode. The Combined demo
polls the I2C handler within the MCP9800 driver.

MCP9800 DRIVER

The MCP9800 driver uses the 12C driver to get the current temperature. The
nmcp9800_get _t enp function is fully blocking, so once a request is queued, the driver
polls the 1°C subsystem until the data is complete. If the 12C driver is operating without
interrupts, the ntp9800_get _t enp function repeatedly calls the | 2C_handl er
function to process all the 12C events. If the I12C driver is operating with interrupts, the
nmcp9800_get _t enp function simply inserts an | 2C_TRANSACTI ON_T into the 12C
transaction queue and waits for the transaction to complete.

RTCC DRIVER

A software RTCC is managed by the supplied RTCC driver. This driver implements the
ti me() function required by the C compiler. Time is internally kept as seconds since
January 1, 1970. Standard C functions can be used to convert the time to the current
date. This driver has two modes. In the first mode, it expects to be called once per
second by the Timer1 interrupt. In the second mode, it expects to be called on every
LCD mode B frame. This allows the RTCC to keep accurate time even if Timerl is being
used by some other function, such as the BLDC motor driver.

LCD DRIVER

The LCD driver contains the initialization code required for the LCD peripheral and the
mapping code required to control the 3.5-digit LCD supplied with this demo board. Itis
a good starting point for the LCD driver your unique application will require.
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56 USING THE I°C™ DRIVER

The supplied software includes an 12C Master mode driver with the following features:

Interrupt driven or polled

Queued requests

Minimum memory requirements

Uses Restart to maximize bus bandwidth

Multiple atomic I2C transactions allowed at each queue entry
6. Completion flag for each queued block of 12C commands.

o~ wDdhPRE

5.6.1 I2C Data Structures

Two data structures are defined to simplify interactions with the 12C driver.

5.6.1.1 1 2C_RESULTS T

The | 2C_RESULTS T is an enumerated type with the following enumerations:

TABLE 5-1: |12C RESULTS T

1 2C_REQUEST_PENDI NG Request is in the queue or in process but it is not
done.

| 2C_REQUEST_COWPLETE The request is finished successfully.

| 2C_REQUEST_STUCK_START The request was aborted. The start condition did
not clear correctly.

| 2C_REQUEST_ADDRESS_NO_ACK The request was aborted. No ACK occurred on

the address, so the target device must not exist
or is not functioning.

| 2C_REQUEST_DATA_NO_ACK The request was aborted. Not all of the data
could be sent because the device did not ACK a
byte.

| 2C_REQUEST_LOST_STATE The I1°C state machine had a RAM corruption

and the default case caught the failure. This will

infinite loop so you should never see it.

The data completion flag for an 12C request is of type | 2C_RESULTS _T. This flag will
be | 2C_REQUEST_PENDI NG until the request is complete. If the request completed

without errors, the value will be | 2C_REQUEST _COWPLETE. If there were errors, the

value will reflect one of the other 4 error conditions.

5.6.1.2 12C.T

The | 2C_T is a structure representing one transaction on the 1°C bus. A transaction
contains the following elements:

1. A 7-or 10-bit address. Address type is determined automatically by the driver.
R/W mode is implicit in the address and specified by bit 0.

2. An 8-bit baud rate. This is the value placed in SPADD. Predefined constants are
included that compute the SPADD value given an FOSC value. Set FOSC with
a #define before #including the | 2C. h file.

3. Abuffer_| ength. This is the number of bytes available for reading or writing
at the supplied data buffer.

4. A Buffer Pointer. Your application will allocate a block of memory for an 12C
transaction. Pass a pointer to this block via the Buffer Pointer. The block must
remain valid until the transaction is complete (i.e. if you allocate the block as a
non-static array within a function, you must not leave the function until the 12C
transaction is complete or the array may be reused by a different function).

DS41401A-page 22
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5.6.2 I2C Function Interface

5.6.2.1 i2c_init

The functioni 2c_i ni t configures the 12C driver and makes it ready to receive
transaction in the transaction queue.

FIGURE 5-1:
initialize()

{

i 2c_i nit (12C_400K):

}

5.6.2.2 i2c_insert

The functioni 2c_i nsert places one complete set of transaction request block (trb’s).
TRBs can be bundled into an array of multiple TRBs and inserted as one large request.
The driver will ensure that all the TRBs in the list will be processed sequentially with 1°C
restarts separating them.

FIGURE 5-2:
Send_dat a()

{

| 2C_TRANSACTI ON_REQUEST_BLOCK trb_list[5];
| 2C_RESULTS f 1l ag;
...popul ate the trb’s ...

i2c_insert(5,trb_list, &flag);
}

5.6.2.3 i2c_build_write_trb/i2c_build _read_trb

Thei2c_build wite trbandi2c_buil d_read_trb functions are helpers to
assemble the | 2C_TRANSACTI ON_REQUEST _BLOCKS from passed parameters.

FIGURE 5-3:
Send_one_byte()
{

| 2C_TRANSACTI ON_REQUEST_BLOCK trb_li st;
unsi gned char dat a;

| 2C_RESULTS fl ag;

data_block = .. ny data byte ..

i2c_build_wite_trb(&rb_Iist, ADDRESS, 1, &data, i2c_200K);

i2c_insert(1,&rb, &1 ag);

}

5.6.2.4  i2c_write_block /i2c_read_block

Thei 2c_write_blockandi 2c_read_bl ock functions are helpers that assemble
a TRB, insert it into the queue and wait for the transaction to complete.
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FIGURE 5-4:
Send_one_byt e()
{

unsi gned char dat a;
i2c_write_bl ock(ADDRESS, 1, &data, i2c_200K);

}

5.6.2.5 i2c_handler

The i 2c_handl er function must be called for each I°C state to be handled. This
function can be placed into the Interrupt Service Routine for your application or, you
can simply poll it often. If the i 2c_wri te_bl ock ori 2c_r ead_bl ock functions are
used when the driver is configured for polling, then this function will repeatedly be
called until the transaction completes.

FIGURE 5-5:

I nterrupt_service_routine()

{
i 2c_handl er();

}

5.7 USING THE LCD DRIVER

The supplied LCD driver configures the LCD module for the 1/0 pins used by the F1
Evaluation Platform. Icon definitions are provided to simplify the software. A BCD to
7-segment display mapping function is also provided to further simplify control of the
LCD glass. For more information concerning the LCD peripheral, please consult the
LCD chapter in the PIC16LF1937 data sheet (DS41364).

57.1 LCD Data Structures

5.71.1 BCD_TYPE

To simplify BCD to the 7-segment display mapping, a BCD segment data type has been
provided. This data type is simply four 4-bit fields representing digits 0, 1, 2, and 3.

FIGURE 5-6:

typedef union
{
U NT16 val;
struct
{
unsigned digit0 :
unsigned digitl :
unsigned digit2 :
unsigned digit3 :

EAASA

3
} BCD_TYPE;

Simply place the number you want displayed in each digit position and call

| cd_di spl ay_di gi ts. Digit 3 is the most significant ¥z digit of the 3.5-digit LCD
glass. Therefore, the largest value displayable is 1FFF assuming hexidecimal digits or
1999 for decimal digits.
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57.2 LCD Function Interface

5.7.2.1 lcd_init

This function configures the LCD peripheral for this board and this glass. Type B
waveforms are used to allow the LCD peripheral to be used for the real time clock
function. The Timerl oscillator is configured as the LCD clock source.

FIGURE 5-7:
System.initialize()

{

led init():

}

5.7.2.2 lcd_display_digits

This function accepts a BCD_TYPE variable and maps each digit to the correct
segments. Mapping the segments is done in two stages. First, the digit is converted to
the correct 7-segment mapping. Then, the 7-segment mapping is converted to the
actual glass segments with a long series of “if-else” statements. This function will need
extensive work in the “if-else” statements for applications driving different glass.

FIGURE 5-8:
void display_int(int t)
{

BCD_TYPE bcd;

bcd.digit0 =t 9%0;

t /= 10;
bcd.digitl =t % 10;
t /= 10;
bcd.digit2 =t % 10;
t /= 10;

bcd. digit3 = t%0;
| cd_di splay_di gi ts(bcd);

}

5.7.2.3 lcd_display_on /Icd_display_off

These two functions simply turn the LCD peripheral off. The Timerl oscillator is left
running. One use for these functions is to implement display blinking.

FIGURE 5-9:
voi d updat e_bl i nking()
{
if(tinme(0) %2) // if an odd nunber of seconds
{
| cd_di splay_on();
}
el se
{
| cd_display_off();
}
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5.7.3 LCD Segment Definitions

FIGURE 5-10: LCD DISPLAY

RC RH DH SI S2

BATT

DP4 DP3

There are many segments present on the F1 Evaluation Platform LCD. To access these
segments, simply set the supplied #defines to 1 or 0.

FIGURE 5-11:
voi d display_volts(int v)

{

display_int(v);
DP3 = 0;
DP2 = 0;
Sl =
S2 =
AVPS
VOLT
KI LO
OHMS = 0;
if (v<0

M NUS = 1;
el se

M NUS = 0;

o o

I
eere

5.8 USING THE RTCC DRIVER

The RTC driver simply keeps track of seconds. The power-up initial value is ‘0’,
however a function (r t cc_set ) is provided to change that value. To keep the seconds
up-to-date, the function, r t cc_handl er, must be called more frequently than the
defined value of CLOCKS_PER_SECOND. There are two options for the RTCC driver.
The first option is to use the Timerl counter to provide a 1 Hz interrupt
(CLOCKS_PER_SECOND =1). The second option is to use the LCD write-allowed
interrupt flag to provide a 128 Hz event (CLOCKS_PER_SECOND = 128). The two
choices are selected by defining use_I cdi f or undefining use_| cdi f .

5.8.1 RTCC Function Interface

5.8.1.1 rtcc_init

Intialize the RTCC function including Timer1, if required.
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FIGURE 5-12:
System.initialization()

{

rtcc_init();

}

5.8.1.2 rtcc_handler

The rt cc_handl er function must be called frequently to keep the internal seconds
counter accurate.

FIGURE 5-13:

System.interrupt_service_routine()

{

If(TMRLI F & TMRLI E)

{
TMRLI F = 0;
rtcc_handl er();

}

5.8.1.3 rtcc_set

After system initialization, the seconds counter is cleared to ‘0’. The standard C
libraries equate 0 seconds to Midnight, Jan 1, 1970. That time has expired a long time
ago, so a new time in seconds can be configured with rt cc_set ().

FIGURE 5-14:
#i ncl ude <tine. h>
Time_set() // set the time & date to 1 second after m dnight, July 4, 2009
{
struct tmtime_str;
time_t unix_tine;
time_str.tmyear = 2009; // the year
time_str.tmnmon = 7; /1 the nonth
time_str.tmnday = 4; // the day of the nonth
time_str.tmhour = 0; // the hour (0-23)
time_str.tmmn = O; /1 the minutes
time_str.tmsec = 1; /'l the seconds
time_str.tmisdst = -1; // daylight savings time nodifier
uni x_tinme = nktine(&ine_str);
rtcc_set (unix_tine);
}
5.8.1.4 time

The standard C libraries require the application to supply the t i me function. This
function returns the current ti me_t value or loads a supplied t i ne_t value. The
interrupts are saved and restored to make this function safe for use with interrupt driven
code.

5.9 USING THE MCP9800 DRIVER

The MCP9800 is an I1°C temperature sensor. The MCP9800 driver provides a simple
interface to the features in the sensor.
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5.9.1 MCP9800 Function Interface

5.9.1.1  mcp9800_init

This function configures the mcp9800 for 12-bit temperature, Continuous Conversion
mode. In this mode, the temperature is always ready to be read from the 1°C interface.

FIGURE 5-15:
System.init()
{

i2c_init();
mcp9800_init();

}

59.1.2 mcp9800_get_temp

This function reads the current temperature and scales the result to degrees C * 10.
(24.3C is returned 243)

FIGURE 5-16:
Ther nost at ()

{

int tenperature;
tenperature = ntp9800_get _tenp();
i f(tenperature > 260)
{
turn_on_air_conditioner();

}
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Chapter 6. Troubleshooting

6.1 INTRODUCTION

There may come a time when you need to determine why your F1 Evaluation Platform
is not performing correctly. This chapter lists a few of the problems that can prevent
proper operation.

6.2 COMMON PROBLEMS

6.2.1 The board will not power up

Make sure there is no shorting jumper at JP3. Then, go back and review Chapter
2. “Getting Started” of this manual.

6.2.2 LCD is blank, but everything else works

The demo code in supplied with your F1 Evaluation Platform uses the Timer1 oscillator
to drive the LCD. If the Timerl oscillator is not oscillating, the LCD will remain blank.
Here are some steps to assure that your Timerl oscillator is working properly.

1. Cleanand dry the board especially around the components at the top right corner
of the PIC16LF1937.

2. Make sure no foreign material is shorting the crystal leads.
3. Ifyou are using the RCO and RC1 pins for some other function, you should

nmodi fy | cd_init toreconfigure the LCD peripheral for a different clock
source.

The Timerl oscillator of the PIC16LF1937 is a very low-power design that can be easily
disrupted by stray leakage. In an actual application, Microchip recommends that the

crystal circuit be conformal coated to prevent leakage. Please review Application Note
AN1288, “Design Practices for Low-Power External Oscillators” for more information.

6.2.3 The motor spins, but then stops

The BLDC start-up algorithm could be having trouble finding the BEMF zero-crossing
signal required to synchronize the motor commutation.

If you have attached the BLDC add-on board and you are using the supplied BLDC
motor, then the pot labeled i Ref needs to be turned completely counter clockwise to
assure that a good BEMF zero-crossing signal is detected by the PIC16LF1937.

If you are using a different motor, you need to adjust the zero-crossing threshold to
match the requirements of the motor. For more information, consult the documentation
supplied with the BLDC add-on board.
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Chapter 7. Schematics

7.1 INTRODUCTION

To help understand the features of the F1 Evaluation Platform and the BLDC add-on
board, the schematics are included here.
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F1 Evaluation Platform Schematic (1 of 3)

7.1.1
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F1 Evaluation Platform Schematic (2 of 3)

7.1.2

“INVIIdWNOD SHOY 38V SIININOWOD TV
"A1BWN3SSY Ty A =
SIHL 404 WOB 3HL NI ONNO4 34V SYIBWNN TVNLOV = o Uonoss 0UsIBeY = pues wiolg
¥3EANN TVNLOV WONH ¥34410 AV ONV AINO sousIa10y [Vl o "
434 ¥04 34V 3¥3IH NMOHS SHIBWNN/SINVN 30IA30 o5
9
"'SQVYVAONOIN NI tr—@3d) ubHA £od 5
3V SINTVA JONVLIOVAVD “M¥y/L %S ‘SWHO NI 33V (9ad) mo1A ¥Od 3
S3NVA JONVLSISTY ‘031103dS ISIMYIHLO SSTINN {133 w8 n ISNIS IN3HHNO
E su,J a uon3oag aAluQg <
‘S3LON 4
ﬁan YBIH M zdr L
(&) AEE+ aant+ ALY ALy ar
PaS| 9y
dd—2¢£—WIA~ a0
063/ M/A/V] _
W/W/Zs/1S — T 1Moid
/21/91/81
aL/3L/41/v1 —51
d0z/0¢/92/82 09d/984 I
QT/32/42/v2 a9d//8Y 3
dag/0¢/98 /85 @
ac/3e/48/v8
da¥/0—-8/HY/HA
Ov/=/11v8/0d _ _ T
YOI - o -
N
£NOJ DD DZINVUDDZZ
W02 G5 Z89RFRROO
W02 522233333
zzzz 23322
agzs39492s
sa sdaaaYg 3L -
9280 AITITSD
anNSueawe
a RaaeE
s 2253
ez {ro3s/esdo/vy B “or 22 £OONVESIO/BNY/ BT &=
57 |dVON/ LSO/ PNV/ GV = Z00MESH0/aNY/ 285y [
10/1-00864ON 571 2935/5Nv/03y 1O/ 1SdI/0 INV/ L8l 18y
- LT v ana F4 wwwwmwwuuwwww SOMM\SMQQ\N:%Q\DM, g a8y
[£0¥) H10S T - A
04 i as aa gz ¥d40L 41XE6149101d SSAg—
S 57 ¢n 82935/51540/A1d/ LAY QY
n o 93S/NIMTO/ LOSO/ LV 6193S/%15d0/01d/90Qy| 3 90y
o d¥OA/ 1935/2050/ 9V B193S/£1540/81d/50 = SQy
7 92d/1¥011/03S01L/03d W £1935/215d3/02d/vQy)| Z Y0y
= —=1oN - < 893S/ X8/10/ LO¥| 70y
00 o9
SOU s 5o 38 o m
. 255883832838
L'o 03882 RICH?
DX INNSSNT
[Re} 22200010 v X
NTu B TOUNODON
208U POQ0
- or 2o NS SR _
[ u3mod] BougoShEda =
TMmmMmOTOOOM
- BRESERRES 258
f4e] aan+ o o NN
ZHYMB9L TS net T KEE R

€2
600220 AS'S OL AG+ JONVHD g
6500220 S[00L A9 0} 8sDojoy v
31va NOILdI¥OS3a #003 | A3y

_ S ey
— Jdgi

|

|

© 2009 Microchip Technology Inc.



F1 Evaluation Platform User’'s Guide

F1 Evaluation Platform Schematic (3 of 3)

7.1.3

*diyooJolN Aq paroiddp ag }snui sUOIIDII4I08dS SA0GD 9U) O} SSAIDUISYD Auy
'pPa}DOIPUI BPIS dY} UO Pa}DOLIGD) SDM g§)d 949YyMm AIjunod 83pdipu|

E AER] _ ZGLZ0—G0 ON 39S }JoMUD 3sN

‘papirosd DIDP [[UP DN @Y} WOU) S8}DUIPI00D 8y} AQ paipoo| g 0} s8|oy ||V

9}YYM :JO|OD UD8JISH|IS
N33H9 :40J0D 4SDWISPIOS
"Jus|PAINDS 10 |47 @87 Old3 WIHOVNAQ — SDWsp|os

"49p|0S P3I9AST JIY—1OH
Yyym (DGONS) 41oddoo 2upq J9AO %SDUWISP|OS

ull uolsJeuww|

P109 HSY14

"P1ob saydulouoIW @7 < ‘PIOD/IDAIIN
yyim payoid eq [|pys siebuly 10309uUUOD 8bp]

[]
[]
[]
[]

p|o9 uolsIoWW| *HSINIS

‘|[puoi}do sI 8pIX0 UMOIG
*S49AD| JBUUI UO BPIXO >0D|q @SN USAD|1}NW S| PJDOQ §|

i c_oc_g SSBUXDIY) ||DISAOC paysiul4
D sJ2Ap| [puJtSIul JybBlem nH

E sJaAD| |puJa}Ixs yblam nH

2ouppaduw| pa||od3uo) D sieApT I\_m\ac_z_:s_ D

"JuBIDAINDT U0 $—¥ 4 YHBLETOd DIOS| TIVIY3LYN
'90@9—Y—0dI/ISNV 48d §0d ¢ SSV10 P o

S|oAs| 89uD}de09D ||D }9AW 0} PaUn}oDINUDW 3G 0} §Jd SIYyL

6@ onv AAYNINN 3N q

31va NOILINOS3a A3y

‘S310N

5600 °N z X 0zL'0
£e0Q SOA | ¥ X v0°0
£@0'@ SOA | ZTT L 2000
£00°0| S3A ¢ A IS0
cooe] SPA | ov X ¥20'0
G00 — 2@ +| SSA | /§ + Z100
(=/+) 101 pa3p|d|A}yupnp|loquiAs|(yaur) piq 9joH
8|901 |14
ft——— QG| ———
|——099°1L
GLlo BEL ﬁ e
XX XXXXXXXXXX v_A
XXXXXXXXXX
R REaAL L
I P
&ﬁ seze
- T, 205°S
n A
Y
% A -
30IS ¥v4 z sovononos 1+ X/ X
al 44N MY 3 + =
< X
x M XX
S3LON 335
3dIS ¥v4
~SN NI 3QVA.
NIFHOSHTIS

© 2009 Microchip Technology Inc.

DS41401A-page 34



Schematics

1S S1dvd 31vdvd3sS 33S

DS41401A-page 35

'SINAISIY TV 40 3344 39 TIVHS Qdv0od A3HSINIA “6
'STVIYALVYIAN 40 7118 33S  *SININOJWNOO d3LvINdOdNN '8
"INON :S13MO0S FHINOIY SININOAWOD ISIHL L
V/N :0330X3 OL 1ON 1HOIFH LNINOJWOD WNINIXYN "9
V/N 40 HLONIT ANWIXYIN V OL Q3WWIYL 38 T1VHS SAv3l 11V 'S 34ISd0L
'd3070S 40 3344 39 TIVHS SAvd LNINOJWOD d3SNNN TV ¥ 018 N3l
‘dyv08 3JHL OL HSN14 d3INNOW 38 TIVHS SININOdWNOD TV "¢
‘3dIS dOL 3FHL NO Q3INNOW SININOJWOO FT1O0H HONOYHL TV *¢ s dot
"INVITdINOD SHOY 38V SININOJWOD TV “L I ar O
. 1

d314103dS ISIMETHLO SSTFINN “S3LON A1dNISSV z T TmA,

m »uw_lmux EE ,m.xINHE W

b 1S

8 2. = =

F I3

o Bre Bmre ®Ie w3

0 ,mxs,u 0 ,me:u %0 mmxﬁu i m

r.a r.a raa 2 E

SR )=

— o o o

== e 8 @

e ! " P I I— m

34ISd0L Lr

BLDC Add-On Schematic (1 of 3)

60 9NV AIVNINIT3dd o)

3va NOLLJI¥OS3a A3

7.1.4

© 2009 Microchip Technology Inc.



F1 Evaluation Platform User’'s Guide

BLDC Add-On Schematic (2 of 3)
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BLDC Add-On Schematic (3 of 3)
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