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Preface

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

• The Microchip Web Site

• Development Systems Customer Change Notification Service

• 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: 

• Chapter 1. “F1 Evaluation Platform Overview” 

• Chapter 2. “Getting Started”

• Chapter 3. “Programming the F1 Evaluation Platform”

• Chapter 4. “Demo Code”

• Chapter 5. “Hardware Libraries and Drivers”

• Chapter 6. “Troubleshooting”

• Chapter 7. “Schematics”

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 users to receive new product 

updates. Interim software releases are available at the Microchip web site.

RECOMMENDED READING

This user’s guide describes how to use the F1 Evaluation Platform. Other useful docu-

ments are listed below. The following Microchip documents are available and recom-

mended 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 

“Readme for F1 Evaluation Platform User’s Guide.txt” 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.
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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 (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

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 Hitech C16, 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.

• In-Circuit Debuggers – The latest information on the Microchip in-circuit 

debugger, MPLAB ICD 2, ICD3, PICkit™ 3.

• 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 device programmers and PICkit™ 3 development programmers.
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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)

• Initial Release of this Document.

Revision B (September 2010)

• Revised Figures 7.1.4, 7.1.5 and 7.1.6
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NOTES:
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Chapter 1.  F1 Evaluation Platform Overview

1.1 INTRODUCTION

Thank you for choosing the F1 Evaluation Platform. This kit allows you to begin 

development using the PIC16LF1937 microcontroller (MCU). 

The PIC16LF1937 is the first in a family of 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:

1.3.1 PIC16LF1937

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

1. Enhanced PIC16 instruction set

2. 8K Words of Flash memory

3. 512 bytes of RAM

4. 256 bytes of EEPROM

5. 2 CCPs and 3 enhanced CCPs

6. MSSP (I2C™, SPI)

7. Enhanced USART

8. 8- and 16-bit timers

9. 32 MHz internal oscillator

10. Low-power 32 kHz crystal oscillator and 

11. LCD controller.

1.3.2 MCP9800 I2C Temperature Sensor

The MCP9800 is a low-power, I2C temperature sensor with selectable 9 to 12 bits of 

output resolution.
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1.3.3 PICkit™ 3 Programming/Debug Header

The PICkit 3 is a low-cost development tool that allows programming and debugging of 

the PIC16LF1937 MCU using the PICkit ISCP™ header.

1.3.4 PICkit Serial Communications Header

The PICkit serial is a low-cost development tool that allows I2C, 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 expansion 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 the LCD very simple.

1.3.7 20-pin Motor Control Expansion Connector

This connector allows the PIC16LF1937 to control an optional Sensorless BLDC 

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 Extreme Low Power (XLP) features of the PIC16LF1937, 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.
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Chapter 2.  Getting Started

2.1 INTRODUCTION

This chapter gives instruction to get your F1 Evaluation Platform powered up and 

running the default demonstration. The following sections include:

• 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)

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 BLDC 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.
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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 PICkit 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. If you 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

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.

4.  Attach the PICkit Serial to the PICkit Serial connector at the top corner of the 

board.

5.  Activate the PICkit Serial power output.
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2.6 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.

2. Insert the shorting jumper at JP1.

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

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

5. Attach the BLDC expansion board.

6. Connect power to the BLDC expansion board.

2.7 DEFAULT FIRMWARE

The default firmware supplied with your F1 Evaluation Board Demo performs the 

following functions:

1.   Blink LEDs

2.   Measure the ambient temperature

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

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

5.   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.
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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 Timer1 oscillator is used to clock the 

display peripheral and allow the LCD to display data 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 Timer1 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.
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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 I/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.
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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/K/Omega

6 VSS VSS VSS

7 VDD VDD VDD

8 RB0 Segment 0 LCD pin 5, RC/BATT/-/AC

9 RB1 C12IN3- BLDC pin 19, Phase V BEMF Zero Cross

10 RB2 AN8 Potentiometer

11 RB3 C12IN2- BLDC pin 17, Phase U BEMF Zero Cross

14 RB4 COM1 LCD pin 1, Common 1

15 RB5 COM2 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 RA0 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 C1IN+ 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 RE0 RE0 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 RC0 T1OSCO 32.768 kHz Crystal Drive

35 RC1 T1OSCI 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 RD0 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
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Chapter 4.  Demo Code

4.1 INTRODUCTION

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

following demos are available:

1. I2C™ Demo

2. LCD Demo

3. BLDC Demo

4. Combined Demo

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

4.2 I2C™ DEMO

The I2C demo reads the current temperature from the on-board MCP9800 I2C 

temperature sensor. The I2C driver is used to extract the data. The resulting value is 

converted to a PWM duty cycle and used to control the brightness of the LED D4. LED 

D1 toggles at approximately 10 ms.

4.3 LCD DEMO

The LCD demo adds button, potentiometer, Real-Time Clock (RTC) and LCD support 

to the I2C 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.

4.4 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.

Refer to application note AN1305, “Sensorless 3-Phase Brushless Motor Control with 

the PIC16FXXX” for detailed information regarding BLDC motor control.

4.5 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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NOTES:
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Chapter 5.  Hardware Libraries and Drivers

5.1 INTRODUCTION

All of the demo code uses a common set of libraries to provide I2C, 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.

5.2 I2C™ DRIVER

The I2C driver allows I2C 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 I2C and LCD demos configure the driver for interrupt mode. The Combined demo 

polls the I2C handler within the MCP9800 driver.

5.3 MCP9800 DRIVER

The MCP9800 driver uses the I2C driver to get the current temperature. The 

mcp9800_get_temp function is fully blocking, so once a request is queued, the driver 

polls the I2C subsystem until the data is complete. If the I2C driver is operating without 

interrupts, the mcp9800_get_temp function repeatedly calls the I2C_handler 
function to process all the I2C events. If the I2C driver is operating with interrupts, the 

mcp9800_get_temp function simply inserts an I2C_TRANSACTION_T into the I2C 

transaction queue and waits for the transaction to complete.

5.4 RTCC DRIVER

A software RTCC is managed by the supplied RTCC driver. This driver implements the 

time() 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 Timer1 is 

being used by some other function, such as the BLDC motor driver.

5.5 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. It is 

a good starting point for the LCD driver your unique application will require.
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5.6 USING THE I2C™ DRIVER

The supplied software includes an I2C Master mode driver with the following features:

1. Interrupt driven or polled

2. Queued requests

3. Minimum memory requirements

4. Uses Restart to maximize bus bandwidth

5. Multiple atomic I2C transactions allowed at each queue entry

6. Completion flag for each queued block of I2C commands.

5.6.1 I2C Data Structures

Two data structures are defined to simplify interactions with the I2C driver.

5.6.1.1 I2C_RESULTS_T

The I2C_RESULTS_T is an enumerated type with the following enumerations:

The data completion flag for an I2C request is of type I2C_RESULTS_T. This flag will 

be I2C_REQUEST_PENDING until the request is complete. If the request completed 

without errors, the value will be I2C_REQUEST_COMPLETE. If there were errors, the 

value will reflect one of the other 4 error conditions.

5.6.1.2 I2C_T

The I2C_T is a structure representing one transaction on the I2C 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 I2C.h file.

3. A buffer_length. 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 I2C 

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 I2C 

transaction is complete or the array may be reused by a different function).

TABLE 5-1: I2C_RESULTS_T

I2C_REQUEST_PENDING Request is in the queue or in process but it is not 

done.

I2C_REQUEST_COMPLETE The request is finished successfully.

I2C_REQUEST_STUCK_START The request was aborted. The start condition did 

not clear correctly.

I2C_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.

I2C_REQUEST_DATA_NO_ACK The request was aborted. Not all of the data 

could be sent because the device did not ACK a 

byte.

I2C_REQUEST_LOST_STATE The I2C state machine had a RAM corruption 

and the default case caught the failure. This will 

infinite loop so you should never see it.
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5.6.2 I2C Function Interface

5.6.2.1 i2c_init

The function i2c_init configures the I2C driver and makes it ready to receive 

transaction in the transaction queue.

FIGURE 5-1:

5.6.2.2 i2c_insert

The function i2c_insert 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 I2C restarts separating them.

FIGURE 5-2:

5.6.2.3 i2c_build_write_trb / i2c_build_read_trb

The i2c_build_write_trb and i2c_build_read_trb functions are helpers to 

assemble the I2C_TRANSACTION_REQUEST_BLOCKS from passed parameters.

FIGURE 5-3:

5.6.2.4 i2c_write_block / i2c_read_block

The i2c_write_block and i2c_read_block functions are helpers that assemble 

a TRB, insert it into the queue and wait for the transaction to complete.

initialize()

{

      i2c_init(I2C_400K);

}

Send_data()

{

I2C_TRANSACTION_REQUEST_BLOCK trb_list[5];

I2C_RESULTS flag;

… populate the trb’s …

i2c_insert(5,trb_list, &flag);

}

Send_one_byte()

{

I2C_TRANSACTION_REQUEST_BLOCK trb_list;

unsigned char data;

I2C_RESULTS flag;

data_block = .. my data byte ..

i2c_build_write_trb(&trb_list,ADDRESS, 1, &data, i2c_200K);

i2c_insert(1,&trb,&flag);

}
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FIGURE 5-4:

5.6.2.5 i2c_handler

The i2c_handler function must be called for each I2C 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 i2c_write_block or i2c_read_block functions are 

used when the driver is configured for polling, then this function will repeatedly be 

called until the transaction completes.

FIGURE 5-5:

5.7 USING THE LCD DRIVER

The supplied LCD driver configures the LCD module for the I/O 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).

5.7.1 LCD Data Structures

5.7.1.1 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:

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

lcd_display_digits. Digit 3 is the Most Significant ½ digit of the 3.5-digit LCD 

glass. Therefore, the largest value displayable is 1FFF assuming hexidecimal digits or 

1999 for decimal digits.

Send_one_byte()

{

 unsigned char data;

 i2c_write_block(ADDRESS, 1, &data, i2c_200K);

}

Interrupt_service_routine()

{

 i2c_handler();

}

typedef union

{

  UINT16  val;

  struct

  {

    unsigned  digit0 : 4;

    unsigned  digit1 : 4;

    unsigned  digit2 : 4;

    unsigned  digit3 : 4;

  };

} BCD_TYPE;
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5.7.2 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 Timer1 oscillator is configured as the LCD clock source.

FIGURE 5-7:

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:

5.7.2.3 lcd_display_on / lcd_display_off

These two functions simply turn the LCD peripheral off. The Timer1 oscillator is left 

running. One use for these functions is to implement display blinking.

FIGURE 5-9:

System_initialize()

{

 lcd_init();

}

void display_int(int t)

{

  BCD_TYPE bcd;

  

  bcd.digit0 = t %10;

  t /= 10;

  bcd.digit1 = t % 10;

  t /= 10;

  bcd.digit2 = t % 10;

  t /= 10;

  bcd.digit3 = t%10;

  lcd_display_digits(bcd);  

}

void update_blinking()

{

 if(time(0) % 2) // if an odd number of seconds

 {

 lcd_display_on();

}

else

{

 lcd_display_off();

}

}
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