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IDE, Compiler, MCC &
Development Tools Introduction
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All in One Development Tools

* New generation Integrated Development Environment, Support PIC, sic, AVR, CEC and
SAM Series MCU/MPU, Provide Plug-in function to extend more advance feature. Java

Based, Cross platform, latest version is v6.00.

E3 MPLAB X IDE v6.00
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Cultl)
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StartPage x| ¥ MPLAB X Store x
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X IDE
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LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

{

PROJECTS MY MPLAB® X IDE

# Open Sample
® Create New

Recent Projects Microchip Login

Import Prebuilt
Already Registered?
E-mail &
o

Passvo:
y
3 Forpot Password?
ly_Test

® Import Legacy

REGISTER NOW
References & Featured Links ){ I D E
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®
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C Compiler for 8-bits PIC/dsPIC® MCU

» XC8 is new generation C compiler, it’s supported all 8-bits PIC/AVR MCU
(PIC10F/PIC12F /PIC16F /PIC18F, AVR / ATINY).

* Base on GNU C, apply GPL License (GNU General Public License).
* Provide standard C libraries (printf, strlen, etc..) and Peripheral Libraries (old versions).
* All version you can download from Microchip website. It’s provided free version.

Subscription L Workstat 1 1 N N
Site License Network 1 Varies by Seat None Yes
Network Server License Network 1 Unlimited One Hour Yes E D M P I I E R

Virtual Machine * Network 1 N/A N/A No v
Dongle License Dongle N/A Unlimited None No
*This license must be used in addition to a network server or site license to enable the license to work in a virtual machine environment.
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MPLAB XC8 PIC Assembler Overview

* The MPASM Assembler is no more built into MPLAB X IDE later than v5.40, It replace to
the MPLAB XC8 PIC Assembler, this is bundled with the MPLAB XC8 C compiler.

* The PIC Assembler is a free-standing cross assembler and linker package, supporting all
8-bit PIC® microcontrollers.

* PIC Assembler is not a code compatible replacement for the microchip MPASM, many
of the MPASM directives and operators need different coding in the PIC Assembler.

 MPASM can still be used for maintenance of existing projects, but it is no longer being
developed and the PIC Assembler is recommended for all new projects.

* The internal assembler application used by the PIC Assembler is the same as that used
by the MPLAB XC8 C Compiler tool, with the assembly language being common
between both tools.
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PIC Assembler Recommended Reading

 MPLAB® XC8 PIC Assembler User's Guide
* This user’s guide describes the use and features of the MPLAB XC8 PIC Assembler.
* MPLAB® XC8 PIC Assembler Guide For Embedded Engineers

* This guide is a getting started guide, describing example projects and commonly used coding
sequences used by the MPLAB XC8 PIC assembler. Use this guide if you need to develop new

projects using the assembler.
 MPLAB® XC8 PIC Assembler Migration Guide

* This guide is for customers who have MPASM projects and who wish to migrate them to the
MPLAB XC8 PIC assembler. It describes the nearest equivalent assembler syntax and directives for

MPASM code.
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Programmer/Debugger

* The MPLAB® ICD 4 In-Circuit Debugger/Programmer is Microchip’s fastest, cost-
effective debugging and programming tool for PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features

* Full-Speed Real-Time Emulation

* Target voltage of 1.20V to 5.5V.

* Can supply up to 1A of power to the target

* Overvoltage/ Over-current protection

* Supports multiple breakpoints,
stopwatch and source code file debugging

* Selectable pull-up/pull-down option to the
target interface
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https://www.microchipdirect.com/product/DV164045?productLoaded=true

Programmer/Debugger

* The MPLAB® PICkit™ 4 In-Circuit Debugger/Programmer allows fast and easy
debugging and programming of all PIC®, dsPIC®, AVR, SAM and CEC flash
microcontrollers.

* Features
* Matches silicon clocking speed.
* Target voltage of 1.20V to 5.5V.
* Can supply up to 50mA of power to the target.
* Minimal current consumption at <100pA from target.
* Portable USB-powered and RoHS-compliant.
* 8-pin single in-line header.
* Backward compatible for demo boards, headers and target systems using 2-wire JTAG and ICSP.
* Option to be self-powered from the target (2.7V to 5.5V).
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Programmer/Debugger

* The MPLAB® SNAP In-Circuit Debugger/Programmer allows fast and easy debugging
and programming of most PIC®, dsPIC®, AVR, SAM and CEC flash microcontrollers.
* Features
» Affordable performance L i
Matches silicon clocking speed
Target voltage of 1.20V to 5.5V
Portable USB-powered
CE and RoHS-compliant
8-pin single in-line header
Backward compatible for demo boards, headers and target systems using 2-wire JTAG and ICSP
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APP1618-SD EVB Introduction
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APP1618-SD EVB

 APP1618-SD EVB combine two Microchip MCUs and Built-on rich components.
* PIC16F1937 block

* 3x LEDs, 2 x Buttons.
* 1 x Potentiometer.

1 x I12C Temperature Sensor.

1 x Capacitive Touch Buttons.
1 x Glass Display.
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* PIC18F47J53 block
- 4 X LEDs. = i N
* 3 x Buttons. f 3 E‘k ?3
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APP1618-SD Overview
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PIC16(L)F193X Introduction

* This family of devices contain an enhanced mid-range 8-bit CPU core.
. ngh Performance RISC CPU:

* Only 49 Instructions Oscillator
* Up to 32 MHz oscillator/clock input Up-to 32 MHz
* Up to 16K x 14 Words of Flash Program Memory ‘
* Up to 1024 Bytes of Data Memory (RAM) cPu Data Memory

Program Memory

* 16-Level Deep Hardware Stack 2 e IS HE e Up-to 1 KB

.l . . : e Interrupt Support . ..
o -to 1
Inte.rrupt C.apablllty with Automatic Context Saving Il:::t::ct; :\SN m e g S with Additional
* Special Microcontroller Features: « 16 Level Stack with Features

* Precision Internal Oscillator:

RESET options
- Factory calibrated to £1%, typical

* Software selectable frequency range from 32 MHz to
31 kHz

* Power-Saving Sleep mode
* High Endurance Flash/EEPROM cell

* 100,000 write Flash endurance

* 1,000,000 write EEPROM endurance

* Flash/Data EEPROM retention: > 40 years
- Wide Operating Voltage Range:

« 1.8V-5.5V (PIC16F193X)

* 1.8V-3.6V (PIC16LF193X)

Room for Peripheral and 1/O Driver Expansion
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PIC16(L)F1937 Program Memory and Data Memory

* 8K x 14 Words of Flash Program Memory
* 512 Bytes of Data Memory (RAM)

Reset Vector 0000h BANK 0 020h BANK 4 220h
96 Bytes 07Eh 80 Bytes 26Eh
Interrupt Vector | 0004h BANK 1 OAOh BANK 5 2A0h
0005h General | 80Bytes | ..~ | 80Bytes | 512
Page O Purpose Byte
On-chip 07FFh Register BANK 2 120h BANK 6 320h
Program 0800h 8192 80 Bytes 16 Bytes
Memory Page 1 Word 16Fh 32Fh
OFFFh sank3 | LAOh
1000h 80 Bytes | .
Page 2
17FFh
1800h
Page 3
1FFFh
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PIC16F Series
Program Memory and Data Memory

@ MICROCHIP



Data Memory Organization

* The data memory is partitioned in 32 memory banks
with 128 bytes in a bank.

* Each bank consists of:
* 12 core registers
* 20 Special Function Registers (SFR)
* Up to 80 bytes of General Purpose RAM (GPR)
* 16 bytes of common RAM

* The active bank is selected by writing the bank
number into the Bank Select Register (BSR).

* All data memory can be accessed either directly
using the file registers.

7-bit Bank Offset

Memory Region

00h

0Bh
0Ch

1Fh
20h

128
bytes

6Fh
70h

7Fh

Core Registers
(12 bytes)

Special Function Registers
(20 bytes maximum)

General Purpose RAM
(80 bytes maximum)

Common RAM
(16 bytes)
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What’s Banks?

Byte-oriented file register operations

* The file register address of the instruction is 7bit. 13 8 76 0
. . . OPCODE d f (FILE #)
* Writing the bank number into the Bank Select Register 4= 0 for destination W
(BSR) to change the actual file register address. 7Bt ie rogater address
* Change the value of the BSR via BANKSEL or MOVLB. Bit-oriented file register operations -
OPCODE b (BIT#)| f(FILE #)
BSR f, file register address b = 3-bit bit address
f = 7-bit file register address
bit 4 bit 0 bit6 bit0
413(2]|1(0 65143 (2]|1|0
Bank Select Location Select
Data Memory
0x000 (Ob 1111111) OXFFF
BANKSEL or MOVLB 0x00

(Ob 1111111) Ox7F

Bank O Bank 1 Bank 2 Bank 31 @ MICROCHIP



PC<=14:0>
Program Memory Organization ot o f
Interrupt, RETFIE v
. .. . . Stack Level O
* The Program memory is partitioned in 16 Pages with Stack Level 1
2K x 14bits in a Page. Stack Level 15
* The enhanced mid-range core has a 15-bit program il Reset Veolor 0000h
. : e
counter (PC) capable of addressing 32K x 14 program e ooon
memory space. Page 0 o00sn
. 07FFh
* The Reset vector is at 0000h and the Interrupt vector . 0800k
iS at 0004h- words [ Fage OFFFh
1000h
Fage 2
17FFh
32K
words Page 3 1800n
1FFFh
2000h
FPage 15
7FFFh
T | IMICROCHIP

14 bit



What’s Page

* The Program Counter (PC) is 15 bits wide, it can access up to 2215=32K words (<Ox7FFF).
* The address of the instruction is 11bit.

* The low byte comes from the PCL register, which is a readable and writable register.

* The high byte (PC<14:8>) is not directly readable or writable and comes from PCLATH.

* Change the value of the PCLATH via PAGESEL or MOVLP.

PC, Program Counter, 15bit CALL and GOTO instructions only

PCLATH PCL, PC Least Byte 13 1] 10 0
OPCODE k (literal)

bit 6 bit 0 | bit7 bit0
k = 11-bit immediate value

14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 0

Page Select Location Select
Program Memory

0x0000 (Ob 11111111111) OX7FFF

PAGESEL or MOVLP —— 0x000

(Ob 111 11111111)0x7FF

Page O Page 1 Page 15



PIC16F Series
Instruction Set Summary
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PIC16F Series Instruction Set Summary

e Each PIC16 instruction is a 14-bit word containing the operation code and all required
operands.

* The opcodes are broken into three broad categories.
* Byte Oriented
* Bit Oriented
* Literal and Control

* All instructions are executed within a single instruction cycle, with the following
exceptions, which may take two or three cycles:
* Subroutine takes two cycles (CALL, ...)
* Returns from interrupts or subroutines take two cycles (RETURN, ...)
* Program branching takes two cycles (GOTO, ...)

* One additional instruction cycle will be used when any instruction references an indirect file
register and the file select register is pointing to program memory.
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Opcode Field descriptions and Abbreviation descriptions

* The following table lists some of the Opcode Field descriptions and Abbreviation

descriptions.

| Dmrton

Working register (accumulator)

File register address (0x00 to Ox7F)

Literal field, constant data or label

Bit address within an 8-bit file register

Destination select; store result in W or f

Carry/nBorrow bit

Zero bit

STATUS
Register

/'

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl

8bit Working Register (accumulator)

Byte-oriented file register operations
13 8 7 |6 0
OPCODE d f(FILE #)

d = 0 for destination W
d = 1 for destination f
f = 7-bit file reqgister address

\

Bit-oriented file register operations
13 10( 9 716 0

OPCODE b(BIT#)| f(FILE #)

b = 3-bit bit address
f = 7-bit file register address

Literal and control operations

General
13 8|7 0
OPCODE k (literal)

k = 8-bit immediate value

Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO




PIC16F Series Instruction Set Summary

* The following table lists some of the BYTE-Oriented File Register and LITERAL

Operations.

AT, Description Cycles
Operands P y

BYTE-Oriented File Register and LITERAL Operations

MOVF
MOVLW
MOVWEF
CLRF
INCF

DECF

MOVLB
MOVLP

f, d
k
f
f

f, d

f,d

f,d

f,d
k
k

Move f

Move literal to W
Move W to f

Clear f

Increment f
Decrement f

Add W and f

Subtract W from f
Move literal to BSR
Move literal to PCLATH

[y

O S e W = Y Ty N S Sy WY

Status
Affected

C Z
CZ

| oerpton

- Working register (accumulator)
f

Register file address (0x00 to Ox7F)

“ Bit address within an 8-bit file register

Literal field, constant data or label

Carry/nBorrow bit (STATUS Register)
Zero bit (STATUS Register)

Destination select; store result in W or f

@ MICROCHIP



Description

Working register (accumulator)

PIC16F Series Instruction Set Summary

Register file address (0x00 to 0x7F)

Bit address within an 8 -bit file register

Literal field, constant data or label

* Example of the BYTE-Oriented File Register and LITERAL Operations.

Destination select; store result in W or f

Carry/nBorrow bit (STATUS Register)

Example: Result:

Zero bit (STATUS Register)

movf X, w WREG =X, (if WREG =0, 7 = 1)

movf X, f X=X, (ifX=0,2=1)

moviw 10 WREG =10

movwf X X =WREG

cirf X X=0,(fX=0,72=1)

incf X, w WREG =X+ 1, (if WREG =0, 7 = 1)

incf X, f X=X+1,(ifX=0,72=1)

decf X, w WREG =X - 1, (if WREG =0, 7 = 1)

decf X, f X=X-1,(ifX=0,2=1)

addwf X, w WREG =X + WREG, (if WREG =0, Z = 1; if Carry, C = 1)
addwf X, f X=X+WREG, (ifX=0,Z2=1;if Carry, C=1)

subwf X, w WREG = X - WREG, (if WREG=0,Z=1; if Borrow,C=0)
subwf X, f X=X-WREG, (ifX=0,Z=1;if Borrow,C=0)

movlb 3 BSR(Bank) = 3

movlp 3 PCLATH(Page) =3 \ MICROCHIP




PIC16F Series Instruction Set Summary

* The following table lists some of the BIT-Oriented File Register Operations.

I Description Cycles SR
Operands P y Affected

a | et

Working register (accumulator)

BIT-Oriented File Register Operations

BCF f,b Bit Clear f 1

f,b BitSetf 1
BTFSC f, b Bit Test f, Skip if Clear 1(2)
BTFSS f, b Bit Test f, Skip if Set 1(2)

Register file address (0x00 to Ox7F)

Bit address within an 8-bit file register
Literal field, constant data or label
Destination select; store result in W or f
Carry/nBorrow bit (STATUS Register)
Zero bit (STATUS Register)

@ MICROCHIP



Description

Working register (accumulator)

PIC16F Series Instruction Set Summary

Register file address (0x00 to 0x7F)

Bit address within an 8 -bit file register

* Example of the BIT-Oriented File Register Operations.

Literal field, constant data or label

Destination select; store result in W or f

Example' Result: Carry/nBorrow bit (STATUS Register)

BCF i o) befX, 3 SetXbit3=0

Zero bit (STATUS Register)

BSF o0 bsfX,3 SetXbit3=1

BTFSC iis) btfscX, 5 if X bit 5 =0, skip 1 command ; else, run next command

BTFSS ii1s) btfss X, 5 if X bit 5 =1, skip 1 command ; else, run next command
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PIC16F Series Instruction Set Summary

* The following table lists some of the Control Operations.

I Description Cycles SR
Operands P y Affected

a | et

Working register (accumulator)

Control Operations

GOTO k Go to address
CALL k Call Subroutine
RETURN Return from Subroutine

Register file address (0x00 to Ox7F)

2 Bit address within an 8-bit file register

2 Literal field, constant data or label
RETEIE Return from interrupt 2 Destination select; store result in W or f
Carry/nBorrow bit (STATUS Register)

Zero bit (STATUS Register)
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PIC16F Series Instruction Set Summary

* Example of the Control Operations.

Example: Result:
goto Labell Goto the Labell: address
goto $+2 Goto the (current address +2)

Description

Working register (accumulator)

Register file address (0x00 to 0x7F)

Bit address within an 8 -bit file register

Literal field, constant data or label

Destination select; store result in W or f

Carry/nBorrow bit (STATUS Register)

Zero bit (STATUS Register)

call Functionl Goto the Functionl:, until the RETURN instruction is executed

return Return to the next address before executing CALL

retfie Return to the next address before executing Interrupt
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Preprocessor Directives

 MPLAB XC8 accepts several specialized preprocessor directives, in addition to the
standard directives.

* The following table lists some of the Preprocessor Directives.

| Directive | Pupose
m Include text file into source.
Define preprocessor macro.
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Assembler Directives

* Assembler directives, or pseudo-ops, are used in a similar way to instruction
mnemonics, with the exception of PAGESEL and BANKSEL, these directives do not
generate instructions.

* The following table lists some of the Assembler Directives.

Diectve | Puwose

Assembler Directives

PSECT Declares or resumes program section.

Sets location counter within current psect.
CONFIG Specifies configuration bits.

Ends assembly

(c{le]:7.\BI Makes symbols accessible to other modules.
Reserves storage.

V€] Generates code to select bank of operand.

/(|33 Generates set/clear instruction to set PCLATH bits for this page.
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PIC16F Series
Program Sections and Linker Classes
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Linker Classes

* The linker uses classes to represent memory ranges in which psects can be linked.

* The assembler driver passes a default set of such options to the linker, based on the
selected target device.

* Psects are typically allocated free memory from the class they are associated with.

* The following linker classes are defined once you include <xc.inc>.

Consists of ranges that map to the
program memory pages on the target

Data Memory Classes

Consists of ranges that cover all the
RAM general purpose RAM memory of the
target device.

DE ) .
o device and are used for psects containing
executable code.
STRCODE Defines a single memory range that

covers the entire program memory.

(where nis a bank number) — each
BANKn consist of a single range that covers the
general purpose RAM in that bank.

Consists of a single memory range that

COMMON covers the common RAM.
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Program Sections

Program sections, or psects, are simply a section of code or data.
They are a way of grouping together parts of a program (via the psect’s name) even though the source

code cannot be physically adjacent in the source file, or even where spread over several modules.

attributes.

placed before the code and objects.

The PSECT assembler directive is used to define a psect, it identified by a name and has several

If you create your own psects, try to associate them with an existing linker class.
As you have no control over where this psect is linked, it recommended that a PSECT directive always be

have a similar name and function to the sections used by the 8-bit MPASM assembler.

Psect name Linker class Purpose

code CODE To hold executable code.

data STRCODE To hold data in program memory.

udata RAM To hold objects allocatable anywhere in GPR.

udata_bankn | BANKn To hold object allocatable in a particular data memory bank.
udata_shr COMMON To hold objects allocatable in common memory.

When writing assembly code, you can use the psects provided once <xc.inc> has been included. These

@ MICROCHIP



A Basic Example For Mid-range Devices

Psect name Linker class

code CODE
data STRCODE
udata RAM

udata_bankn | BANKn

udata_shr COMMON

Include <xc.inc>

I PSECRudata_bankO

uDatal:
DS 1
uDataZ2:
DS1

PSECT resetVec,class=CODE,delta=2,abs
ORG 0x00

resetVec:
PAGESEL main
goto main

PSECT code
main:

loop:
goto loop

END

Data Memory

BANK O 020h BANK 4 220h
96 Bytes 07Eh 80 Bytes 26Eh
BANK 1 OAOh BANK 5 2A0h
General | 80Bytes | .. | 80Bytes | ..
Purpose
Register | gank2 | 29" | ganke | 320N
80 Bytes 16Eh 16 Bytes 32Fh
BANK 3 1A0h
80 Bytes 1EFh

Reset Vector 0000h
Interrupt Vector | 0004h
0005h
Page 0
On-chip 07FFh
Program 0800h 8192
Memory Page 1 Word
i OFFFh
1000h
Page 2
17FFh
1800h
Page 3

512
Byte

LFFFh 5\ MICROCHIP




First Project
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Lab Preparation
Step 1

* Open MPLAB X IDE firstly.

%3 MPLAB X IDE v6.00

- X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Sea I
FEES D C BT B )Tt QB Q00 ewar N

StartPage x| ¥ MPLABX Store x

A5\ MicrocHIP
\V/" LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

PROJECTS MY MPLAB® X IDE
® Open Sample

# Import Legacy Recent Projects Microchip Login
# Import Prebuilt

478@

<o resent project> Already Registered? New to Microchip?

E-mail Address: Register now to enjoy the benefits of software update alerts and easy software purchasing,

I | o o e

=n

ick!
Double Click! e .
CENTER References & Featured Links

» Errata
NSTALL MORE » Product Selection Tools

PLUG'NS » User Guides

» Technical Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

https: //www.microchip.com/mplabx/ | Loading ... W
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Lab Preparation
Step 2

* Select : Tools » Options

¥3 MPLAB X IDE v6.00

| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

%4 MPLAB X IDE v6.00

BI[C]C]

File Edit View Navigate Source Refactor Production Debug Team| Tools [Window Help

T E S
-

PROJECTS

® Open Sample
# Create New

® Import Legacy
# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE
PLUGINS
Download & install

https: //www.microchip.com/mplabx/ \

Recent Projects Microchip Login

<no recent project> Already Registered?
E-mai Address:

Password:

o

References & Featw»

» Errata
» Product Selection Tools
» User Guides

b -4 -S\MicrocHip
~
Analysis >
Embedded >
n
Licenses >
Packs MY MPLAB® X IDE
Manage Network Tools
Cl /CD Wizard...

F
MY MPLAB® X IDE | WHAT'S NEW

Tem platES ndate alerts and easy software purchasing,

DTDs and XML Schemas

Plugins

Plugins Download

Options >
N

» TechiiiTal Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

Loading ... W
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Lab Preparation
Step 3

e Select : Embedded » Build Tools

a Opti

General Editor Fonts & Colors Keymap |Embedded| Team Appearance Plugins Miscellaneous

Generic Settings Project Options | Build Tools | MISRA Check Managed Tools Suppressible Messages Diagnostics Other

Toolchain:
XC32 (ya 00) [C:
XC8 (v2.36) [C:\P

: = Type: XC8
rogram File 04 i Base Directory: C:\Program Files\Microchip\xc8\v2.36\bin

i ' C Compiler: C:\Program Files\Microchip\xc8\v 2. 36 \bin\xc8-cc.exe
A Assembler: C:\Program Files \Microchip\xc8\v2. 36 \bin\xc8-cc.exe
Custom Compiler...
Make Command: C:\Program Files\Microchip\MPLABX\v6.00\gnuBins\GnuWin32\binmake.exe
Remoye Default
O O 0 [ 1] 1]

Check XC8 Compiler Version is "v2.36 Scan for Buid Tools
Export.. || Import... || Apply Cancel Help

% ﬁ ' ‘~1§1§ ’ US c @ Q [Filter (Ctrl+F)
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Lab Preparation
Step 4

* To prevent opened files to confuse our implementation.
* Please [Right Click] on opened file and choose Close All.

m MPLAB X IDE v6.00 - LabO_First_Project : default — K
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q~ Search (Cirl+I

m MPLAB X IDE v6.00 - LabO_First_Project : default

— — — — ——— ——r

il

File Edit View Mavigate Source Refactor Production Debug Team Tools Window Help

PRI D@ JE-T-E-P-R-L-QB-DD] i’
Projects x  Files 2 | StartPage x| MPLAB X Store | | 2] main.c x|
- f&d Lab0_First_Project H Source  History ) ;- B _|a

- [ Header Files :
EU 87 maln.c =T
. .
0 Right Click! §
10 mnd ry f
i; This 1s the malr ile generated using PIC Ic :‘I'( Close Ctd+1|'lg'
13 escription: Close All Ctrl+Shift+W
14 his header file provides implementati river AP
Lab0_First_Project - Dashboard x| Navigator o 15 Generation Information - o ‘ | close Othe.r
% %5 Lab0_First_Project ~ 16 Froduct Revision PICI0 / PICIZ PICI& / PICIE M
& ¥ Project Type: Application - Configuration: default 17 Device PIC16F1037
[5G Device 18 Driver Version 0 Maximize Shlﬂ""E'S-CdpE
(= - g PIC16F1937 9 L«
ﬂ @ Checksum: Blank, no code loaded !
- ~EB CRC32: Hex file unavailable 20 FI oat
@ | =@ Packs 2[F s i |
- PIC12-16F Looc DFP (1.3.90) Output x Float Group
=¥ Compiler Toolchain —
- xc8 (v2.36) [C:\Program Files\Microchipxc8v2. 36 \pin] Configuration Loading Error x  Configuration Loading Error x  MPLAB® Code Configuraty . ——
F L{f Production Image: Optimization: Disabled Hlaliagses e Sa_raLes IR ¢ e Doc I"_ -'-\l: +5 |"I tt+D
¥ L{f Device support information: PIC 12-16F booc_DFP (1.3.90) INFO: me:
L L{f License: Workstation - PRO - HPA:6895 day(s) - Press for £ INFO D oc k G rou p
- (& Memory INFO! -
-3 Usage Symbols disabled. Click to enable Load Symbols. INFD
-l Data 512 (0x200) bytes D Coneration comlate
i Program 8,192 (0x2000) words - i
FRworod v :
>
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Lab Preparation
Step 5

* To prevent opened projects to confuse our main project.
* Please select File > Close All Projects

¥3 MPLAB X IDE v6.00 = X
| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Qr Search (Ctri+

%4 MPLAB X IDE v6.00 E

<'®@

E & ) . sac| T d M m'leCRDCHIP

| ¥1 New Project... Ctrl+Shift+N F
| LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

9 NewfFile... Ctrl+N
Open Project... Ctrl+Shift+O MY MPLAB® X IDE

Open Recent Project

Microchip Login
Import 3 Already Registered? New to Microchip?
E-mail Address: Register now to enjoy the benefits of software update alerts and easy software purchasing,
licensing and account viewing.
Close Project =
! I
Close Other Projects [ Locm | Forgik Dasmessrd?

Close All Projects

-
Open File... W’m

Open Recent File References & Featured Links
» Errata » Technical Articles and White Papers
T 1 » Product Selection Tools » Buy Direct from Microchip
oje roups...
» User Guides » Open Source 4 PIC

Project Properties

i i e B @Mlcnocmp




LabO First Project

* Base on current project or Open .\Lab0.0_xxx.X to do exercises

* Try to use XC8 PIC Assembler to create your First Project.

* To understanding MPLAB X IDE basic operation.

* Learn how to use edit, build, project manager and program functions.

How to start ?

@ MICROCHIP



LabO First Project
Step 1

* Execute Project Wizard Select : File » New Project or Click icon 'ﬂ

¥4 MPLAB X IDE v6.00

| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

%4 MPLAB X IDE v6.00

1 El =8

_—

PROJECTS
# Open Sample
» Create New

® Import Legacy
# Import Prebuilt

Recent Projects

<no recent project>

PROGRAMMING
CENTER

NSTALL MORE
PLUGINS

Download & install

https://www.microchip.com/mplabx/ ‘

SRC

Microchip Login

Already Registered?
E-mail Address:

Password:

References & Featured Links

» Errata

» Product Selection Tools
» User Guides

L GoCl)
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

CE . &\ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
MY MPLAB® X IDE

New to Microchip?

Register now to enjoy the benefits of software update alerts and easy software purchasing,
licensing and account viewing.

REGISTER NOW

» Technical Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

Loading ... W
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LabO First Project
Step 2

 Categories : Microchip Embedded
* Projects : Standalone Project

%4 New Project X
Steps Choose Project
1. Choose Project Q, Filter:
B e
Categories: Projects:
[ 1) Microchip Embedded | hit MPLAB Harmon
| -1 Other Embedded Standalone Project
| #-12) Samples . DItMCL Harmony Froje
L3 Generic & Existing MPLAB IDE v8 Project
() Prebuilt (Hex, Loadable Image) Project
& User Makefile Project
{§d Library Project
& Import START MPLAB Project
{4 Import Atmel Studio Project
Description:
| Creates a new standalone application project. It uses an IDE-generated makefile to build your
| project.
< Back Next > Finish Cancel Help ,
A8\ MicrocHIP



LabO First Project
Step 3

* Family : Mid-Range 8-bit MCUs (P1C10/12/16/MCP) , Device : PIC16F1937

* Tool : Snap-SN : BURXXXXXXXXX

4 New Project

Steps

Select Device

Choose Project
Select Device
Select Header

Select Plugin Board
Select Compiler

Select Project Name and

Db

Family:

id-Range 8-bit MCUs (PIC10/12/16/MCP) -

Device:

PIC16F 1937 v

Tool:

Snap-5N:BUR 190973788 v b Show Al

|

You must connect

MPLAB® SNAP to PC, firstly.

PIC16F1937

Help

< Back | Mext > !! nis
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LabO First Project

Step 4
* Supported Debug Header : None

4 New Project X

Select Header

d

Choose Project
Select Device * OPTIONAL: Please select an assodated debug header if present
Select Header

Select Plugin Board

Supported Debug Header: Nene iy

OmswN e

Select Project Name and

A debug header is a device made espedially for debugging. It provides
extras pins and in some cases extra debugging capabilities,

< Back Next > Finish Cancel Help

@ MICROCHIP



LabO First Project

Step 5 (Use pic-as)
* Compiler Toolchains : pic-as (v2.36) [C:\Program Files\Microchip\xc8\v2.36\pic-as\bin]

4 New Project X
Steps Select Compiler
1. Choose Project
2. Select Device Compiler Toolchains
3. Select Header —-XC8
4. Select Plugin Board L.XC8 (v2.36) [C:\Program Files\Microchip\xc8\v2. 36\bin]
5. Select Compiler - HITECH PICC
6. Select Project Name and p—
Folder = peas

< Back Next > Finish Cancel Help
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LabO First Project

Step 6

* Project Name : Lab0.0_First_Project, Project Location : C:\Exercises_PI1C1002

* Encoding : UTF-8

Steps Select Propsct Mame and Folder
1. Choose Project
2. Belect Device Project Name: Lab0.0_First_Project
3 Belect Header
4. Belect Plugin Board Project Location: CAExercimPIC 10024 I: Browss. .
5 Relect Compiler
6. Select Propect Mame and Folder Project Folder: CAExercisestPIC 10024.ab0.0_First Project X
Owerwrite existing project.
Al delete sources.

Set as main project
[] Use project location as the project faldex

Encoding: 1ITF-8

< Back

Mexdt =

| Firish ||| Caneel Help
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LabO First Project

Notice

* |If an old project already exist at the same location, you must delete it firstly or change
to new project folder.

L)
Steps Select Propct Mame and Folder
1. Choose Project
2. Belect Device Project Name: Lab0_First Project
3 Belect Header
4. Belect Plugin Board Project Location: CAExercimPIC 10024 Browss. .
5 Relect Compiler
6. Select Progect Mame and Folder Project Folder: Z AExerciseshPIC 10024 ab0_First Project X
[] Owerwrite existing project.
Alan delete sources.
Zet az main project
[] Use project location as the project folder
v— Encoding: UTF-& "
@ Projectboldevalread yexistzand isnoternpty Filebakefileexists.
< Back Mexdt = Finizh Cancel Help
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LabO First Project

Step 7

* Create a main.c file in the project.
Projects » Source Files » New » Other... » New File » Assembler » AssemblyFile.s

Projects = | Files Classes

Services

=l Lab0 Frist Project

}- Header Files
}-ﬁ' Imnportant Files
1@ Linker Fils

- (i)

=] Mew

[
[
G
£
£
£

7[5 Lo 1

Mew Logical Folder
Add Existing ltem...

Add Existing ltems from Falders...

Find...

Cut
Copy
Faste

Remove From Project

Rename...

Properties

Cirl+V

DEEBEE P S D

Directory...

AssemblyFile.asm...

C Main File...
C Source File...
C Header File...
C++ Class...

C++ Source File...

C++ Header Fils...

Makefile...

Other_..

EB Mew File

Sleps

Choose Fike Type

1.  Choose Fik: Type
a0

Project: | (25 Lah0.0_First_Project
Q, Filter:

Cate gories:

File Twpes:

@13 Microchip Embedded

I s B AT
| Assembler

by

Llalnl

AzzemblvFile =

IO O oI

kil AssemblyFile sz

Description:

A & sermnbler file with no content.

< Back

Wext

Finish

Cancel Help
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LabO First Project

Step 8

* File Name : main

4 Mew AssemblyFile.s

Steps

Mame and Location

1.  Choos File Tape File N i
2. Mame and Location
Project: Lab0.0_First_Project
Folder: Browse. .
Created File: |CMExercissPIC1002PIC-ASab0.0_First_Project. Kinnadn. s
< Back Next = Fiin: Cancel Help
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LabO First Project
Step 9

e Add code segment to your main.s

// TODO 0.01
#include <xc.inc>

// TODO 0.02

PSECT resetVec,class=CODE,delta=2,abs
ORG 0x00

resetVec:
PAGESEL main ;jump to the main routine
goto main

// TODO 0.03
PSECT code
main:

goto loop ;main loop

END

@ MICROCHIP



LabO First Project
Step 10

e Add code segment to your main.s

// TODO 0.01
#include <xc.inc>

// TODO 0.04

PSECT udata_bank0

delay_ms_count:
DS1

delay_ms_count_1:
DS1

PSECT code
delay_ms:

return

@ MICROCHIP



LabO First Project

Step 11
e Add code segment to your main.s

// TODO 0.05

; CONFIG1
CONFIG FOSC =INTOSC ; INTOSC oscillator
CONFIG WDTE = OFF ; WDT disabled

; CONFIG2
CONFIG PLLEN = OFF ; 4x PLL disabled

// TODO 0.01

#include <xc.inc>

@ Program firmware to target board
then observe result.
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LabO First Project
Step 12

 Select Build Main Project iconctf
* Make sure compiled result is BUILD SUCCESSFUL.

$ MPLAB X IDE v6.00 - LabO_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

EEE% =0 (Y |default V@@E-Dv%‘-%.@&b.@@

(8

Pin Manager: Grid View Output = | Notifications [MCC]

[ MPLAB® Code Configurator = Lab0_First Project (Build, Load) =
INto: Loading mle: L/ Users/ A 1YoUU/ .mchp_packs, M
make[2]: Leaving directory 'C: /Exercises WinterElite2
make[l]: Leaving directory 'C:/Exercises_WinterElite2

BUILD SUCCESSFUL (total time: Ssj
Loading code from C:/Exercises_WinterElite2021 /Exs
Program loaded with pack,dsPIC33CK-MP_DFP,1.5.1:
Loading completed

@ MICROCHIP



LabO First Project
Step 13

* Select Make & Program Device Main Project icon i
* Make sure the result is Programming/Verify complete.

ﬁ MPLAB X IDE v6.00 - LabO_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

B IR E= ST D@Eﬁ.%ﬁcﬁw@ T =

Pin Manager: Grid View Output ch| Notifications [MCC]
MPLAB® Code Configurator * Snap-Lab0_First Project * Lab0 First I
Erasing...

The following memory area(s) will be programmed:
program memory: start address = Ox0, end address = Ox
configuration memory

Programming/Verify complete

@ MICROCHIP



LabO First Project

Notice

 MPLAB X IDE will auto upgrade the firmware of SNAP to keep it up to date, it might
take couple minutes to wait for finish. Your project will start programming after this.

Output =
Lab0 First Project (Build, Load, ...) = Snap-Lab0_First_Project =

Currently loaded versions:

Boot version................... 01.00.00
Updating firmware application...
Connecting to MPLAB Snap...

Currently loaded versions:

Application version............ 00.04.29
Boot Version..........c........ 01.00.00
Script version................. 00.04.17
Script build number............ db473af2{4
Tool pack version ............. 1.5.353

Target device dsPIC33CK256MP506 found.

Device Id Revision = 0x1
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LabO First Project

Result

Nothing happen ????
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LabO First Project

* Base on current project or Open .\Lab0.1_xxx.X to do exercises

* Try to use Bare-Metal C to create your First Project.

* To understanding MPLAB X IDE basic operation.

* Learn how to use edit, build, project manager and program functions.

How to start ?
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LabO First Project
Step 1

* Execute Project Wizard Select : File » New Project or Click icon 'ﬂ

¥4 MPLAB X IDE v6.00

| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

%4 MPLAB X IDE v6.00

1 El =8

_—

PROJECTS
# Open Sample
» Create New

® Import Legacy
# Import Prebuilt

Recent Projects

<no recent project>

PROGRAMMING
CENTER

NSTALL MORE
PLUGINS

Download & install

https://www.microchip.com/mplabx/ ‘

SRC

Microchip Login

Already Registered?
E-mail Address:

Password:

References & Featured Links

» Errata

» Product Selection Tools
» User Guides

L GoCl)
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

CE . &\ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW
MY MPLAB® X IDE

New to Microchip?

Register now to enjoy the benefits of software update alerts and easy software purchasing,
licensing and account viewing.

REGISTER NOW

» Technical Articles and White Papers
» Buy Direct from Microchip
» Open Source 4 PIC

Loading ... W
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LabO First Project
Step 2

 Categories : Microchip Embedded
* Projects : Standalone Project

%4 New Project X
Steps Choose Project
1. Choose Project Q, Filter:
B e
Categories: Projects:
[ 1) Microchip Embedded | hit MPLAB Harmon
| -1 Other Embedded Standalone Project
| #-12) Samples . DItMCL Harmony Froje
L3 Generic & Existing MPLAB IDE v8 Project
() Prebuilt (Hex, Loadable Image) Project
& User Makefile Project
{§d Library Project
& Import START MPLAB Project
{4 Import Atmel Studio Project
Description:
| Creates a new standalone application project. It uses an IDE-generated makefile to build your
| project.
< Back Next > Finish Cancel Help ,
A8\ MicrocHIP



LabO First Project
Step 3

* Family : Mid-Range 8-bit MCUs (P1C10/12/16/MCP) , Device : PIC16F1937

* Tool : Snap-SN : BURXXXXXXXXX

4 New Project

Steps

Select Device

Choose Project
Select Device
Select Header

Select Plugin Board
Select Compiler

Select Project Name and

Db

Family:

id-Range 8-bit MCUs (PIC10/12/16/MCP) -

Device:

PIC16F 1937 v

Tool:

Snap-5N:BUR 190973788 v b Show Al

|

You must connect

MPLAB® SNAP to PC, firstly.

PIC16F1937

Help

< Back | Mext > !! nis
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LabO First Project

Step 4
* Supported Debug Header : None

4 New Project X

Select Header

d

Choose Project
Select Device * OPTIONAL: Please select an assodated debug header if present
Select Header

Select Plugin Board

Supported Debug Header: Nene iy

OmswN e

Select Project Name and

A debug header is a device made espedially for debugging. It provides
extras pins and in some cases extra debugging capabilities,

< Back Next > Finish Cancel Help
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LabO First Project

Step 5 (Use Bare metal C and MCC)

* Compiler Toolchains : XC8 (v2.36) [C:\Program Files\Microchip\xc8\v2.36\bin]

4 New Project

Steps Select Compiler
1. Choose Project
2. Select Device Compiler Toolchains
3. Select Header [=-XC8
4, Select Plugin Board
5. Select Compile ...
6. Select Project Name and i

Folder —|-pic-as

L..pic-as (v2.36) [C:\Program Files\Microchip\xca \v2. 36'\pic-as\bin]

< Back Mext = Finish

Help
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LabO First Project

Step 6

* Project Name : Lab0.1_First_Project, Project Location : C:\Exercises_PIC1002

* Encoding : UTF-8

Steps Select Propsct Mame and Folder
1. Choose Project
2. Belect Device Project Name: Lab0.1_First_Project
3 Belect Header
4. Belect Plugin Board Project Location: CAExercimPIC 10024 { Browss. .
5 Relect Compiler
6. Select Propect Mame and Folder Project Folder: CAExermcisestFIC 10024 ab0.1_First ProjectX
Owerwrite existing project.
Al delete sources.

Set as main project
[] Use project location as the project faldex

Encoding: 1ITF-8

< Back

Mexdt =

Finish ||| Caneel Help
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LabO First Project

Notice

* |If an old project already exist at the same location, you must delete it firstly or change
to new project folder.

L)
Steps Select Propct Mame and Folder
1. Choose Project
2. Belect Device Project Name: Lab0_First Project
3 Belect Header
4. Belect Plugin Board Project Location: CAExercimPIC 10024 Browss. .
5 Relect Compiler
6. Select Progect Mame and Folder Project Folder: Z AExerciseshPIC 10024 ab0_First Project X
[] Owerwrite existing project.
Alan delete sources.
Zet az main project
[] Use project location as the project folder
v— Encoding: UTF-& "
@ Projectboldevalread yexistzand isnoternpty Filebakefileexists.
< Back Mexdt = Finizh Cancel Help
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LabO First Project
Step 7

* Create a main.c file in the project.
Projects » Source Files » New » Other... » New File » C » C Source File

Propcs =| Files | Classes | Serviees = B4 New File X
=l Lab0 Frist Project
E}' Header Files Steps Choose File Type
[}-ﬁ' Imnportant Files 1. Choose Fike Type Project: | (55 Lab0_Frist_Project ~
rm% Linker Fils 2.
&3 - Q, Filter:
=] | Mew ! 3 Directory... Crrraribs
o Lo Mew Logical Folder kil AssemblyFile.asm. .. oy Biconchin Fonhadded
_ ; e e | [ o c T
Add Existing ltem... & CcMainfile. | o @ C Hesder Fils
Add Existing ltems from Falders... M CSourcefile..  § 1 | 5 Asembler
Find... I CHeaderfile.. | | | ) Shell Seripts
@ c lass. ) Makefiles
- =] C++Clags.. ¢ | ) Python
E & C++SourceFile. |} | | = XML
opy =y
I C++ HeaderFile... D Other
Paste
‘E] Makefile... Diescription:
Remove From Project 4 C file with no contents.
Other...
Rename.. -
Properties
= Back Cancel Help
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LabO First Project

Step 8

* File Name : main

4 Mew AssemblyFile.s

Steps

Mame and Location

1.  Choos File Tape File N i
2. Mame and Location
Project: Lab0.0_First_Project
Folder: Browse. .
Created File: T ExercisesPIC1002PIC-ASNLab0 0_First Project. Ximain.c
< Back Next = Fiin: Cancel Help
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LabO First Project
Step 9

e Add code segment to your main.c

// TODO 0.01
#include <xc.h>

// TODO 0.02
void main(void)
{

// TODO 0.03

while (1) //main loop
{

}

return;

}
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LabO First Project
Step 10

e Add code segment to your main.c

// TODO 0.01
#include <xc.h>

// TODO 0.04
unsigned char delay_ms_count;
unsigned char delay_ms_count_1;

@ MICROCHIP



LabO First Project

Step 11
e Add code segment to your main.c
// TODO 0.05
// CONFIG1
#pragma config FOSC = INTOSC // INTOSC oscillator
#pragma config WDTE = OFF // WDT disabled
// CONFIG2
#pragma config PLLEN = OFF // 4x PLL disabled
// TODO 0.01

#include <xc.h>

@ Program firmware to target board
then observe result.
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LabO First Project
Step 12

 Select Build Main Project iconctf
* Make sure compiled result is BUILD SUCCESSFUL.

$ MPLAB X IDE v6.00 - LabO_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

EEE% =0 (Y |default V@@E-Dv%‘-%.@&b.@@

(8

Pin Manager: Grid View Output = | Notifications [MCC]

[ MPLAB® Code Configurator = Lab0_First Project (Build, Load) =
INto: Loading mle: L/ Users/ A 1YoUU/ .mchp_packs, M
make[2]: Leaving directory 'C: /Exercises WinterElite2
make[l]: Leaving directory 'C:/Exercises_WinterElite2

BUILD SUCCESSFUL (total time: Ssj
Loading code from C:/Exercises_WinterElite2021 /Exs
Program loaded with pack,dsPIC33CK-MP_DFP,1.5.1:
Loading completed
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LabO First Project
Step 13

* Select Make & Program Device Main Project icon i
* Make sure the result is Programming/Verify complete.

ﬁ MPLAB X IDE v6.00 - LabO_First_Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

B IR E= ST D@Eﬁ.%ﬁcﬁw@ T =

Pin Manager: Grid View Output ch| Notifications [MCC]
MPLAB® Code Configurator * Snap-Lab0_First Project * Lab0 First I
Erasing...

The following memory area(s) will be programmed:
program memory: start address = Ox0, end address = Ox
configuration memory

Programming/Verify complete
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LabO First Project

Notice

 MPLAB X IDE will auto upgrade the firmware of SNAP to keep it up to date, it might
take couple minutes to wait for finish. Your project will start programming after this.

Output =
Lab0 First Project (Build, Load, ...) = Snap-Lab0_First_Project =

Currently loaded versions:

Boot version................... 01.00.00
Updating firmware application...
Connecting to MPLAB Snap...

Currently loaded versions:

Application version............ 00.04.29
Boot Version..........c........ 01.00.00
Script version................. 00.04.17
Script build number............ db473af2{4
Tool pack version ............. 1.5.353

Target device dsPIC33CK256MP506 found.

Device Id Revision = 0x1
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LabO First Project

Result

Nothing happen ????
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Discuss
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PIC Assembler vs MPASM Assembler

* Discuss

* What is the difference between the First Project of XC8 PIC Assembler and MPASM Assembler ?

KEBPIC-Assembler

// TODO 0.05

; CONFIG1
CONFIG FOSC = INTOSC ; INTOSC oscillator
CONFIG WDTE = OFF ; WDT disabled

; CONFIG2
CONFIG PLLEN = OFF ; 4x PLL disabled

// TODO 0.01
#tinclude <xc.inc>

// TODO 0.04

PSECT udata_bank0

delay_ms_count:
DS1

delay_ms_count_1:
DS1

PSECT code
delay_ms:
BANKSEL delay_ms_count
movwf BANKMASK(delay_ms_count)

’

// TODO 0.02

PSECT resetVec,class=CODE,delta=2,abs
ORG 0x00

resetVec:
PAGESEL main ;jump to the main routine
goto main

// TODO 0.03

PSECT code
main:

goto loop ;main loop

END

MPASM-Assembler

; TODO 0.05
; CONFIG1
__CONFIG _CONFIG1, _FOSC_INTOSC & _WDTE_OFF ; INTOSC oscillator, WDT disabled

; CONFIG2

__CONFIG _CONFIG2, _PLLEN_OFF ; 4x PLL disabled
; TODO 0.01

#include "p16f1937.inc"

; TODO 0.04

udata 0x20

delay_ms_count RES 1

delay_ms_count_1 RES 1

ORG 0x10

delay_ms:
BANKSEL delay_ms_count
movwf delay_ms_count

’

; TODO 0.02
ORG 0x00

resetVec:
PAGESEL main ;jump to the main routine
goto main

; TODO 0.03

ORG 0x700
main:

goto loop ;main loop

END
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Assembly vs C

* Discuss

* What is the difference between the First Project of Assembly and Bare Metal C ?

KEBPIC-Assembler

// TODO 0.05

; CONFIG1
CONFIG FOSC = INTOSC ; INTOSC oscillator
CONFIG WDTE = OFF ; WDT disabled

; CONFIG2
CONFIG PLLEN = OFF ; 4x PLL disabled

// TODO 0.01
#tinclude <xc.inc>

// TODO 0.04

PSECT udata_bank0

delay_ms_count:
DS1

delay_ms_count_1:
DS 1

PSECT code
delay_ms:
BANKSEL delay_ms_count
movwf BANKMASK(delay_ms_count)

’

// TODO 0.02

PSECT resetVec,class=CODE,delta=2,abs
ORG 0x00

resetVec:
PAGESEL main ;jump to the main routine
goto main

// TODO 0.03
PSECT code
main:

goto loop ;main loop

END

Bare-Metal-€

// TODO 0.05

// CONFIG1

#pragma config FOSC = INTOSC // INTOSC oscillator
#pragma config WDTE = OFF // WDT disabled

// CONFIG2
#pragma config PLLEN = OFF // 4x PLL disabled

// TODO 0.01
#include <xc.h>

// TODO 0.04
unsigned char delay_ms_count;

unsigned char delay_ms_count_1;

//
void delay_ms(unsigned char count)

}
/

// TODO 0.02
void main(void)

// TODO 0.03
¥vhile {1) //main loop

return;
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GPIO Architecture
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GPIO Output
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GPIO Block Diagram

* Please refer to the block diagram, this is the concept for programming model. The real
and detail block diagram please refer to the following slide.

* TRIS: To determine Input or Output.
1 for Input, 0 for Output.

e LAT: set output drive
value for Output pins.

* PORT: reaction logical
level from Input pins.

>

ANB/RPBS/CTED{0/RBEN]
/AN9/RPBY/CTED4/PMR7/REY |\
/RPB10/CTED11/PMATB/RB10 [|]

TDO/ANT1/PMAIQRB11 u’

IRB1 : :
TDVAN13/PMATD/RB y s

Rxn

x: A,B,C, etc..
TRISxn n:0,1,2, etc..
TRISxn: 1:Input, 0:Ouput

LATxn or PORTxn

PORTxn
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TRISx: PORTx Tri-state Register

GPIO Input Peripheral Register

— l:Input or 0:Output

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
TRISx7 TRISx6 TRISx5 TRISx4 TRISx3 TRISx2 TRISx1 TRISxO
bit 7 bit O

LATx: PORTx Data Latch Register

— 1:High or O:Low

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATX7 LATX6 LATX5 LATx4 LATX3 LATX2 LATx1 LATXO
bit 7 bit O

PORTx: PORTx Register — 1:High or O:Low
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
Rx7 Rx6 Rx5 Rx4 Rx3 Rx2 Rx1 Rx0
bit 7 bit O
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Labl GPIO Output

* Base on current project or Open .\Lab1.0 xxx.X to do exercises
* Try to control LED continues toggle (ON or OFF period = 200mS).

* RB3 > LED (LEDS).

How to start ?
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Check Schematic

LED8

RB3

RB3

LEDS R24

16F_RB3 N,’/
- ANANA————
LED BLUE 1K A

-> 1:LED Light or O:LED Dark
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Labl GPIO Output

Step 1
e Add code segment to your main

main: _ ' I
// TODO 1.01 TRISB: PORTB Tri-state Register — 1l:Input or 0:Ouput
BANKSEL TRISB R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
bcf BANKMASK(TRISB),3 TRISB7 | TRISB6 | TRISBS5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO

bit 7 bit 0
s | 0_-> Output |
goto loop

@ MICROCHIP



File Register Address Masking

* |t is recommended that you mask all addresses used by PIC file register instructions
whose operand represents a bank offset.

* The PIC Assembler will issue a fixup overflow error (for symbolic operands) or warning
(for absolute operands) should it detect that there is superfluous bank information in

a file register address operand.

* There are two common ways that you can mask the address operand.

* Mask out the bank information from the address using a bitwise AND (& operator), typically using

the BANKMASK() macro.

* Mask out the bank information from the address using a bitwise XOR (* operator).

Data Memory Address

bit 12

ik —— I -

f, file register address

BSR

bit 0

5

4

3

2

1

bit 4 bit 0

bit6

bit0

4(3(2(11]0

6

5

4

3

2

1

0
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R24

Labl GPIO Output

- LEDS
L Dol ANAA
. LED BLUE 1K L
Step 2 O:Low 1
e Add code segment to your loop eos -
main: 16F _RB3 V/’ ANAA
// TODO 1.01 LIS LED BLUE 1K -
BANKSEL TRISB 1:High
bcf BANKMASK(TRISB),3 I
loop: _ _
// TODO 1.02 LATB: PORTB Data Latch Register —> 1:High or O:Low
:Enable LED8 R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
BANKSEL LATB LATB7 | LATB6 | LATB5 | LATB4 | LATB3 | LATB2 | LATB1 | LATBO
bsf BANKMASK(LATB),3 b7 Dor1 o

movlw 25 ;25%8ms=200ms
call delay_ms

:Disable LEDS8

BANKSEL LATB

bcf BANKMASK(LATB),3
movlw 25 ;25%8ms=200ms
call delay_ms

Period Control

)

Q Program firmware to target board
then observe result.

goto loop
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Labl GPIO Output

Step 3 & Result

* Try program compiled firmware to your target board.
* Select Make and Program Device Main Project icon %ﬂ
* Make sure program result » Programming/Verify complete

,,,,,

‘ d ,,,,,,, \
§ . TB Bﬂalm k \
i A (ST KTATRT 8T nm
g B Fs Dll]l][ll] "

l_
D

4 'L ;r' &
.AG %«-,j mn![”.ln

sEEE‘U

5
U
o0

o B |

Lyymmf .
E )
i
Ll

o
wiw ns'numg
At

pmnml

?‘ Eﬁﬁﬁ i,
z!"ml o @&v

8 88%8o0c0onoo
0000000000G00000Q0D

0 T

i

-
—LL—‘L.-@
1=

ool ol

=
# 0 cf..

T - ¥
Qo000

......... p ,z

EC] o o"
ewc:: i

000
! 00000CGOC0COOOOOCAOOQNOND
\ OOOOOOOOOOOOOOOQ*‘.‘O
- 1) . ’, .

- NEEEENERRRRETTLY

D Toggle,

Interval Period use "for()" loop delay.
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GPIO Input
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GPIO Block Diagram

* Please refer to the block diagram, this is the concept for programming model. The real
and detail block diagram please refer to the following slide.

* TRIS: To determine Input or Output.
1 for Input, 0 for Output.

e LAT: set output drive

value for Output pins.
* PORT: reaction logical
level from Input pins.
 ANSEL: To determine
Analog input or Digital 1/0.
1 for Analog, 0 for Digital.

TRISxn

Rxn

ANSELxn
——9

x: A,B,C, etc..
n: 0,1,2, etc..
TRISxn: 1:Input, 0:Output

ANSELxn: 1:Analog, 0:Digital

LATxn or PORTxn

PORTxXn
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TRISx: PORTx Tri-state Register

GPIO Input Peripheral Register

— l:Input or 0:Output

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
TRISX7 TRISx6 TRISX5 TRISx4 TRISX3 TRISx2 TRISx1 TRISX0
bit 7 bit O
PORTx: PORTx Register — 1:Pinis > Vi or O:Pinis< Vi
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
Rx7 Rx6 Rx5 Rx4 Rx3 Rx2 Rx1 Rx0
bit 7 bit O

ANSELx: PORTx Analog Select Register

— 1:Analog or O:Digital

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
ANSx7 ANSXx6 ANSx5 ANSx4 ANSx3 ANSx2 ANSx1 ANSxO
bit 7 bit O
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Lab2 GPIO Input

* Base on current project or Open .\Lab2.0_xxx.X to do exercises
* Try to set RD1, RD2 to digital input as get button status.

* Try use button to control LED light or dark.
* S5 Pressed -> LEDG6 Light, S5 Released -> LED6 Dark
* S6 Pressed -> LED7 Light, S6 Released -> LED7 Dark

 RBO3 » LED(LED1).
 RD1 » Button(S5).
 RD2 » Button(S6).
* RC6 » LED(LEDG).
* RC7 » LED(LED?7).

Let’s go!
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Check Schematic

5\6_ IN 16F RD1 RD1
R18 R19
— AN ANAN
2K 220
R20 R21
— AN ANAN
2K 220
16F_RD2 RD2
LED6 RC6
LED7 RC7
S5 RD1
S6 RD2

-> 0:Button Press or 1:Button Release

S5V IN
O

R22 LEDG

e %I/’ BF-RC8
1K LED GREEN
R23 LED7

SEh '|// BF-RC7
1K LED RED

-» O:LED Light or 1:LED Dark

RC6

RC?7
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Lab2 GPIO Input

Step 1

e Add code segment below #include

#include <xc.inc>

// TODO 2.01

#define LED6 BANKMASK(LATC),6
#define LED7 BANKMASK(LATC),7
#define S5 BANKMASK(PORTD),1
#define S6 BANKMASK(PORTD),2

|
LATC: PORTC Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 | LATC6 | LATCS | LATC4 | LATC3 | LATC2 | LATC1 | LATCO
VED7 LED6 bit 0
[

PORTD: PORTD Register - 1:Pinis > Vit or O:Pin is < ViL
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 S6 S5 bit 0
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Lab2 GPIO Input

Step 2 _ |
TRISC: PORTC Tri-state Register — 1:Input or 0:Output
e Add code segment to your main R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
. TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO
main: ; :
bit Q) 0 - Output bit 0
// TODO 2.02 |
IF;AfNKSEL TRISC( ) LATC: PORTC Data Latch Register - 1:High or 0:Low
cf BANKMASK(TRISC),6
bef BANKMASK(TRISC).7 R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
BANKSEL LATC LATC7 | LATC6 | LATCS | LATC4 | LATC3 | LATC2 | LATC1 | LATCO
bsf LED6 bit 7 1 - LED Dark bit 0
bsf LED7 [
// TODO 2.03 TRISD: PORTD Tri-state Register — 1:Input or 0:Output
BANKSEL TRISD R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
bsf BANKMASK(TRISD),1 TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO
bsf BANKMASK(TRISD),2 bit 7 yr
BANKSEL ANSELD r 1 1 = "’f_ﬁlﬂt
bcf BANKMASK(ANSELD),1 ) .
bcf BANKMASK(ANSELD),2 ANSELD: PORTD Analog Select Register - 1:Analog or 0:Digital
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 § R/W-1/1 | R/W-1/1
ANSD7 | ANSD6 | ANSD5 | ANSD4 | ANSD3 | ANSD2 § ANSD1 | ANSDO
bit 7 0 0 ->Digital
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Lab2 GPIO Input

Step 3
e Add code segment to your loop
loop: I
// TODO 2.04 PORTD: PORTD Register > 1:Pin is > Vix or O:Pin is < ViL
BANKSEL PORTD R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
btfss S5 RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
goto LED6_Light bit 7 bit 0
goto LED6_Dark 22
LED6_Light:
_ 5\6_IN 16F R 5\6‘|N 16F RD1
R18 R19 S.E R18 R19 SGE
- NAN AN O - AN ANAN O o
= “ S5 Press = o5 Release
goto loop b RD2=1
|
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Lab2 GPIO Input
Step 3

e Add code segment to your loop

loop:

// TODO 2.04
BANKSEL PORTD
btfss S5

goto LED6_Light
goto LED6_Dark

LED6_Light:

BANKSEL LATC
bcf LED6

ioto LED6_END

BANKSEL LATC

bsf LED6

goto LED6_END
LED6_END:

goto loop

LATC: PORTC Data Latch Register

— 1:High or O:Low

R/W-1/1

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
bit 7 LEDG6 bit 0
Sy IN LEDG Light
rR22 LEDS LATC6 = 0
; *l’, 18F-RC6
1K LED GREEN
|
5}'5 IN LED6 Dark
R22 LEDS LATCG - 1
RIS N/)' BF-RC6
1K LED GREEN
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Lab2 GPIO Input
Step 3

e Add code segment to your loop

loop:

// TODO 2.04
BANKSEL PORTD
btfss S5
goto LED6_Light
goto LED6_Dark
LED6_Light:
BANKSEL LATC
bcf LED6

ioto LED6_END

BANKSEL LATC

bsf LED6

goto LED6_END
LED6_END:

goto loop

PORTD: PORTD Register

— 1:Pinis > Vi1 or O:Pin is < ViL

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 SS bit 0

I
LATC: PORTC Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
bit7  LED6 bit 0
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Lab2 GPIO Input

Step 4

e Add code segment to your loop

loop:

// TODO 2.05
BANKSEL PORTD
btfss S6
goto LED7_Light
goto LED7_Dark
LED7_Light:
BANKSEL LATC
bcf LED7

ioto LED7_END

BANKSEL LATC

bsf LED7

goto LED7_END
LED7_END:

goto loop

PORTD: PORTD Register

— 1:Pinis > Vi1 or O:Pin is < ViL

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 56 bit 0

|
LATC: PORTC Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 LATC6 LATCS LATC4 LATC3 LATC2 LATC1 LATCO
bMED7 bit 0

@ Program firmware to target board
then observe result.
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Lab2 GPIO Input

Result
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Oscillator Architecture
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PIC16F Series Clocks

* Microchip PIC16F1937 MCU available clock sources are Internal Oscillator, Low Power
Crystal and External Clock and RC or etc..

» Software-controllable switching between various clock sources.
* The clocks can be divided or multiply by 4 x PLL. 4 x PLL

* ECL : OMHz to 0.5MHz
* ECM : 0.5MHz to 4MHz !
* ECH : 4MHz to 8MHz External ook S Peripherals
O—>
° LP: 32kHz External RC !
N I -
XT - up to 4AMHz High Gain Crystal !
* HS © 4MHz to 20MHz (HS) o—>
* INTOSC : 31kHz to 32MHz Medium Gain Crystal | ( cPU
Timerl Oscillator 1 L
(T105C) ' R
Low-Power Crystal |
(LP) L
Internal Oscillator :
(HFINT) * (MFINT) * (LFINT) 5_)
v @Mlcnocmp



Oscillator Setting

» System Clock Select by SCS<1:0> in OSCCON.

OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 | R/W-0/0 | R/W-1/1 | R/W-1/1 | R/W-1/1 u-0 R/W-0/0 | R/W-0/0

SPLLEN IRCF<3:0> - SCS<1:0>
bit 7 bit 0
External Oscillator .
Internal
Oscillator nq EEN .
Block >
. 8 MHz_ CPUand
g > Peripherals
[} >
— 31.25kHz - 16 MHz > E
31 kHz
I
IRCE<3:0> SCS<1:0>: Systerp Clock Select bits
Timer1 Oscillator T q 1x = Internal oscillator block
'—(" 1 01 = Timer1 oscillator
FOSC<2:0> 00 = Clock determined by FOSC<2:0>
5CS<1:0> A8\ MicrocHIP




Oscillator Setting

 Oscillator Select by FOSC<2:0> in Configuration Word 1.

External Oscillator

v

Internal
Oscillator ng EEN )]
Block >
> 8 MHz
4
N 31.25kHz - 16 MHz R E
31 kHz
I
IRCF<3:0>
Timerl Oscillator R
FOSC<2:0> ——
SCS<1:0> ——

R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1
FCMEN IESO | ncouten | BOREN1 | BORENO | nCPD nCP
bit 13 R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1
MCLRE | nPWRTE | WDTE1 | WDTEO | FOSC2 | FOSC1 | FOSCO
bit 6 bit 0
CPU and
Peripherals FOSC<2:0>: Oscillator Selection bits

>

111 = ECH: External Clock, High-Power mode
110 = ECM: External Clock, Medium-Power mode
101 = ECL: External Clock, Low-Power mode

1 100 = INTOSC oscillator

011 = EXTRC oscillator
010 = HS oscillator: High-speed crystal/resonator
001 = XT oscillator: Crystal/resonator
000 = LP oscillator: Low-power crystal
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Oscillator Setting

* Internal Oscillator Frequency Select by IRCF<3:0> in OSCCON.
OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 | R/W-0/0 | R/W-1/1 | R/W-1/1 | R/W-1/1 u-0 R/W-0/0 | R/W-0/0

SPLLEN IRCF<3:0> - SCS<1:0>

bit 7 bit 0
IRCF<3:0>: Internal Oscillator Frequency Select bits |
“000x = 31 kHz LF

External Oscillator . [
> 0010 = 31.25 kHz MF
Internal 0011 =31.25 kHz HF
Oscillator ng N ) 0100 = 62.5 kHz MF
Block > 0101 = 125 kHz MF
;& YT CPU and 0110 = 250 kHz MF
X i g Peripherals 0111 = 500 kHz MF (default upon Reset)
1.2 z-1 7 " 1000 = 125 kHz HF
| 320k JoMMe, = 1001 = 250 kHz HF
31 kHz 1010 =500 kHz HF
st 1011 = 1 MHz HF

1100 =2 MHz HF
IRCF<3:0>
Timerl Oscillator 1101 =4 MHz HF
11110 = 8 MHz or 32 MHz HF |
N1111 = 16 MHz HF J

v

—_—
-

FOSC<2:0> —

$CS<1:0> — ®MICRDCHIP




Phase Locked Loop

* A block diagram of the PLL module.

0sCc2

0sC1

T1050

T10SlI

, External |
'Oscillator N~ LP, XT, HS, RC, EC_\\
T > .
: : Sleep -
| | - 4 x PLL - Sleep
‘Oscillator: Timert S FOSC<2:0> = 100 T10SC | |x 53 CPUand |
| | = T ™ % ' Peripherals
: : E CECEN
nable
' | i IRCF<3:0>
! Osaillator Internal Oscillator
16 MHZ_\}\ >
Internal 8 MHz
Oscillator 4 MHz _
Block 2 MHz
& 1 MHz Clock
HFPLL 16 MHz § 500 kHZ__ § Control
* (HFINTOSC) Eﬂ 250 |'(H2:_ = |
200 Kz o 125kHz FOSC<20> SCS<1:0>
Source 500 kHz 62.5kHz ]
(MFINTOSC) 3125 kHz Clock Source Option
1 kHz 31 k4 - for other modules
Source | | z-'-*—/

31 kHz (LFINTOSC)

WDT, PWRT, Fail-Safe Clock Monitor _

Two-Speed Start-up and other modules
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Phase Locked Loop

* Clock input must 4MHz to 8MHz after PLLPRE, which can use External Clock (Crystal or

External Clock) or Internal Fast RC as clock source.

External Clock
(EC)

Internal Oscillator
(INTOSC)

v

Must 2 4Mhz U? to 8Mhz Here

1)
=

FOSC Max Value : 32MHZ

»4 x PLL
—

fPIC16F1937
L Core

@ MICROCHIP



Oscillator PLL Setting

* PLL Enable by PLLEN bit in Configuration Word 2.

CONFIGURATION WORD 2

R/P-1/1 | R/P-1/1 u-1 R/P-1/1 | R/P-1/1 | R/P-1/1 U-1
LVP nDEBUG . BORV TVREN PLLEN
bit 13 u-1 R/P-1/1 | R/P-1/1 U-1 U-1 R/P-1/1 | R/P-1/1
VCAPEN<1:0> - - WRT1 WRTO
External Oscillator R bit 6 bit 0
Internal
Oscillator g + %_,
Block > |
, 8 MiHz_ CPUand 1 gystem Clock
. Peripherals
[} > - -
1N : Py 8MHz x (4x PLL) = 32MHz
When use Internal Oscillator and 4x PLL,
31 kHz, | must be set to the SMHz.
IRCF<3:0>
Timerl Oscillator R
FOSC<2:0> —
SCS<1:0> —
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Oscillator PLL Setting

* PLL Enable by PLLEN bit in Configuration Word 2.

CONFIGURATION WORD 2

R/P-1/1 | R/P-1/1 U-1 R/P-1/1 | R/P-1/1 | R/P-1/1 U-1
LVP nDEBUG - BORV TVREN PLLEN
bit 13 U-1 R/P-1/1 | R/P-1/1 U-1 U-1 R/P-1/1 | R/P-1/1
VCAPEN<1:0> - - WRT1 WRTO
External Oscillator R bit 6 bit 0
Internal
Oscillator g + %_,
Block > |
. 8 MHz_ cPUand | gyustem Clock(External)
> Peripherals
[} > —
N 31.25kHz - 16MHz 4MHz to 8MHz x (4x PLL)
— > —
31 kHz
I
IRCF<3:0>
Timerl Oscillator R
FOSC<2:0> —
SCS<1:0> —
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Oscillator PLL Setting

* PLL Enable by SPLLEN bit in OSCCON when PLLEN bit in Configuration Word 2 is set 0.
OSCCON: OSCILLATOR CONTROL REGISTER

R/W-0/0 | R/W-0/0 | R/W-1/1 | R/W-1/1 | R/W-1/1 u-0 R/W-0/0 | R/W-0/0

SPLLEN IRCF<3:0> - SCS<1:0>

bit 7 bit 0
If PLLEN =1, SPLLEN bit is ignored.

External Oscillator

Internal
Oscillator g +
Block > | |
- 8 MHz_ CPL{ and
” Peripherals
! >
N 31.25kHz - 16MHz_ System Clock (4x PLL)
| > —_—
31 kHz:
I
IRCF<3:0>
Timerl Oscillator
FOSC<2:0> —
SC<L0> @Mlcnocmp




Lab3 Clock Setting

* Base on current project or Open . \Lab3.0_xxx.X to do exercises
* Try provide maximum frequency (4MHz) to MCU.

Let’s go!
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Configuration Bits Window

Step 1 (Optional)

* Create a main.c file in the project.
Menu Window > Target Memory Views > Configuration Bits

Configuration Bits =

Window Help
MPLAB® Code Configurator vs
7 MPLAB Discover
Kit Window
B Projects Ctrl+1
[[Y Files Ctrl+2
@l Classes Ctrl+9
Favorites Ctrl+3
B2 Semices Ctrl+5
98 Dashboard
Mavigator Ctrl+7
La Action ltems Ctrl+6
Tasks Ctrl+Shift+6
= Output Ctrl+4
Editor Ctrl+0
Debugging
Web
IDE Tools
Target Memory Views & Program Memory
Simulator [ File Registers
@ Programming Center
Configure Window & Configuration Bits
Reset Windows
[ Linear Data
Close Window Ctrl+W & UserID Memory
Close All Documents Ctrl+Shift+W
Close Other Documents
Document Groups
Documents... Shift+F4

qj,_ Rddress Name Value Field Option Category Setting
a 5007 CONFIG1 3FFF - = - - %
T FOSC ECH Oscillator Selection ECH, External Clock, High Power Mode (4-32 MHz): device clock supplied to CLEIN pin
§ 3 WDTE N Watchdog Timer Enable WDT enabled
E 1 EWRTE OFF Power-up Timer Enable PWRT disakled
i 1 MCLRE N MCLR Pin Function Select MCLR/VPP pin function is MCLR
ﬁ 1 P OFF Flash Program Memory Code Protection Program memory code protection is disabled
ﬁ 1 CED OFF Data Memory Code Protection Data memory code protection is disabled
3 BOREN on Brown-out Reset Enable Brown-ocut Reset enabled
1 CLEOUTEN OFF Clock Out Enable CLEOUT function is disabled. I/0 or oscillator function on the CLEOUT pin
1 IESO N Internal/External Switchover Internal /External Switchover mode is enabled
1 FCMEN on Fail-Safe Clock Monitor Enable Fail-Safe Clock Monitor is enabled
5008 CONFIGZ2 3FEF - - - -
3 WRT OFF Flash Memory Self-Write Protection Write protection off
3 WCRPEN  OFF Voltage Regulator Capacitor Enable All VCAP pin functiconality is disabled
1 PLLEN on PLL Enable 4x PLL =nabled
1 STVREN  ON Stack Overflow/Underflow Reset Enable Stack Overflow or Underflow will cause a Resst
1 BORV Lo Brown-out Reset Voltage Selection Brown-out Reset Voltage (Vbor), low trip point selected.
1 LVP on Low-Voltage Programming Enable Low-voltage programming enabled

Memoryr | Configuration Bits

e

Format | Read/Write

> Generate Source Code o Otput
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Configuration Bits Window

Step 2 (Optional)

* Create a main.c file in the project.
Menu Window » Target Memory Views » Configuration

Set the others bit same the sample picture setting.

Confguration Bits x]

%_ Address HName WValue Field Option Category Setting

2007 CONFIG1 3FE4 = |- = - |
4 | FOSC INTOSC Oscillator Selection INTOSC oscillator: I/0 function on CLEIN pin

, 0 WDTE OFF Watchdog Timer Enable WO disabled

= 1 PWRTE OFF Power-up Timer Enable PWRT disabled

- 1 MCLEE oH MCLE Pin Function Select MCLR/VEFF pin function is MCLE

ﬁ 1 CP QOFF Flash Program Memory Code Protection FProgram memory code protection is disabkled

'@ 1 CED OFF Data Memory Code PFrotection Data memory code protection is disabled
3 BOREN Oon Brown-out Resst Enable Brown—-cut Reset enabled
1 CLEOUTEN COFF Clock Cut Enable CLEQUT function is disabled. I/0 or ocscillator function on the CLEOUT pin
1 IESD CHN Internal /External Switchover Internal /External Switchover mode is enabled
1 FCMEN Oon Fail-Safe Clock Monitor Enable Fail-Safe Clock Monitor is enabled

2008 CONFIG2 3EFF - - - -

3 WRT OFF Flash Memory Self-Write Frotection Write protection off
3 VCAPEN OFF Voltage Regulator Capacitor Enable A1l VCAP pin functionality is disabled
0 | FLLEN OFF FLL Enabkle 4x FLL disabled
1 STVEEN UN Stack overflowfﬁnderflow Resct Enable SCAck UVELLLOW OF UNOSLLlOW WLLl Cause & Beset
1 BORV LO Brown-out Reset Voltage Selection Brown—-out Reset Voltage (Vbor), low trip point selected.
1 LVE o Low-Voltage Programming Enakble Low-voltage programming enabled

Memory | Configuration Bits ot Format | Eead/ W rite ot i Soinga Sl o O
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Configuration Bits Window

Step 3 (Optional)

* Click [Generate Source Code to Output] Button to get your Config Code

CGenerate Sonrce Code to Cotput

Configuration Bils Cutput - Conlg Bils Source =

; PICLEF1 237 Configuration Bit Bettings

; dzzembly source line conflz statements

» CONFIGL

ONFIG FORRZ = EX ;
(ONFIG  WOTE = ON H
(ONFIG HMIRIE = OFF H
(ONFIG MZLRE = ON ;
(ONFIG P = OFF

(ONFIG  CFD = OFF H
(ONFIG  EOREN = ON H

H

H

CONFIG FOMEN = ON ;
; (ONFIG2

(ONFIG WRT = (FF ;
CONFIG VCHEEN = OFF ;

CONFIG  BORY = 10 :
(ONFIG LVE = OM ;

Osecillator Belection (ECH, Exterral Clock, Nigh Power Mode (4-32 Miz): device clock supplied to CIKIN pin)

; Watchdog Timer Erable {WIT enabled)

Power-up Timer Erable (PWRT disabled)

; WAR Pin Function Select ¢(MILR/VEP pin function is MCLR)
; Flaszh Program Memory Code Protection (Program memory oode protection is disabled)

Data Memory Code Protection (Data memory code protection iz disabled)

Erown-out Reset Frable (Brown-out Reset erabled)

Clock Out Erable (CLKOUT function iz disabled. I/0 or oseillator function on the CLEOUT pin)
Internal /External Switchover (Internal/Erternal Switchorer mode iz enabled)

Fail-Hafe Clock Monitor Erable (Fail-Safe Clock Movitor is enabled)

Flaszh Memory Belf-Write Proteotion (Write protection off)
Toltage Regulator Capacitor Brable (411 WAP pin functiovality is disabled)

; PLL Ermble {dx PLL erabled)
; Btack Crerflow/Urderflon Reset Erable (Stack Crerflow or Underflow will cause a Reset)

Erown-out Reset Voltage Selection (Brown-out Reset Voltage (Thord, low trip point seleoted.)
Low-Yoltage Progranming Erable (Low-woltage programming enabled)

! confiz statements should precede project file includes.

#include <xe. ine=
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Configuration Bits Window
Step 4 (Optional)

* Copy the contents of the Output window to the main.s

Configuration Bils Output - Config Bits Source  x B
Asm Souree History ‘@vy -|‘QQL.5'%IZ>‘§>Q>DD
: PICIEFLE3T Confizuration Bit Settivgs 1 ; PICIAFLI837 Confignration Bit Settings
2
; Assanbly source line config statements 3 ; Assembly source line config statements
4
5 CONFIGL 5 ; CONFIGL
CONFIG  FORC = ECH ; Oscillator Belection (B, External Clock, High Power Mode (4-32 Miz): device clock supplied to CIKIN pin)| 6 CONFIG FOSC = ECH : oscillater Selaction (ECH, External Clock, High Power Mode (4-32 MHz): device clock supplied to CLKIN pin)
LG VITE = 5 Wetchic Timss Erable (HIT aralled) it 7 CONFIG VDTE = N ; Watchiog Tinex Enchle (WDT enchled)
(ONFIG  PWRTE = OFF ; Power-up Timer Enable (PWRT disabled) LUV 8 CONFIG FWRTE = OFF ; Power-up Time: Enable (PWRT disakled)
(ONFIG MCLRE = N ; MIR Pin Function Select (MCLRAFP pin function is MCIR) 9 CONFIG MCLREE = ON ; MCLE Pin Function Select (MCLE/VPP pin function is MCLR)
INFIG P = OFF ; Flash Program Memoxy Code Frotection (Program memory oode protection is disabled) Find.. Cul+F 10 CONFIG ©F = OFF : Flash Program Memory Code Protection (Program memory Code protectien is disahled)
CONFIG CED = OFF ; Tata Memory Chde Protection (Tlata memory oode protection is disabled) Find Next F3 11 CONFIG CPD = OFF ; Data Memory Code Protection (Data wemory code protectlon is disabled)
CONFIG  BOREN = N 5 Brown-cut Reset Emable {Brown-cut Reset emabled) Find Previous Shift+F3 12 CONFIG  BOREN = ON ; Brown-out Reset Enable (Browm-out Reset emabled)
CONFIG  CLECUTEN = OFF ; Clack Out Erable (CLHOUT function is dissbled. If0 or ascillater function an the CIKOUT pin) Filter... Ctrl+G 13 CONFIG CLEOUTEN = OFF ; Clock Ont Enable (CLKOUT function is disabled. I/0 or escillator function on the CLROUT pin)
CONFIG  IEXD = ON ; Internal {Exterral Switchorer (Interal/Extermal Buitchover mode iz enabled) 14 CONFIG IES0 = ON ; Intermal/External Switchower (Internal/External Switchover mode is enabled)
CONFIG FOMEN = ON ; Fail-Bafe Clock Monitor Enable (Fail-fafe Clock Monitor is emabled) Wrap text Ctrl+R 15 CONFIG FCMEN = ON ; Fail-Safe Clack Monitor Enable (Fail-Safe Clock Menitor is enabled)
Larger Font  Ctrl+Up 16
5 CINFIG2 17 . CONFIGE
: : : Smaller Font Ctrl+Down i i i i
(ONFIG  WRT = CFF ; Flash Memoxy Self-Write Protection (Write protection off) 18 CONFIG WRT = OFF ; Flash Mewory $elf-Write Protection (Write protection off)
CONFIG  VCHRPEN = OFF ; Voltage Regulator Capacitor Enable (All VCAP pin functiomality is disabled) Settings... 19 CONFIG WCAPEN = OFF : Woltage Regulator Capacitor Enable (All VCAP pin functionality is disakled)
CONFIG  PLLEN = 0N ; PIL Erable (4x PLL embled) S s an CONF1G PLLEN = ON ; FLL Enable (4x FLL enabled)
CONFIG  STVREN = ON ; Btack Overflomflinderflow Resat Erable (Stack Dverflow or Uderflow will cause a Resat) - 21 CONFIG STVEEM = ON ; Stack overflow/Underflow Reset Enable (®tack Overflow or Underflow will cause a Reset)
(ONFIG  BORY = L0 5 Brown-cur Reset Voltage Selection (Brown-out Reser Yolraze (Ybor), low trip point selected.) Clear Crrl+L 22 CONFIG BORV = Lo : Brown-out Reset Voltage Selection (Browm-out Reset Voltage (Vhor), low trip point selected.)
INFIG LVP = ON 5 Low-Yoltage Programing Enable {Low-voltage progranming ensbled) Close Ctrl+F4 23 CONFIG LWP = ON ; Low-Woltage Programming Enable (Low-voltage programming enabled)
24
! eonfiz statements should precede project file includes. Output Folds ¥ 25 // config statements should precede project file includes.
#include <xe.inc 26 #inclnde <xc, inc>
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Lab3 Clock Setting

Step 5

e Add code segment to your main.s

; CONFIG1

CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG

FOSC = INTOSC
WDTE = OFF
PWRTE = OFF
MCLRE = ON

CP = OFF

CPD = OFF
BOREN = ON
CLKOUTEN = OFF
IESO = ON
FCMEN = ON

R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1

FCMEN IESO nCLKOUTEN | BOREN1 | BORENO nCPD nCP

bit 13 bit 7
R/P-1/1 | R/P-1/1 | R/P-1/1 | R/P-1/1 R/P-1/1 | R/P-1/1 | R/P-1/1
MCLRE | nPWRTE | WDTE1 | WDTEO FOSC2 FOSC1 FOSCO
bit 6 INTOSC oscillator bit0

Set the others bit same the sample code setting.
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Lab3 Clock Setting

Step 6

e Add code segment to your main.s

; CONFIG1

; CONFIG2
CONFIG WRT = OFF
CONFIG VCAPEN = OFF
CONFIG PLLEN = OFF
CONFIG STVREN = ON
CONFIG BORV =10
CONFIG LVP =ON

: PLL Disable

CONFIGURATION WORD 2

R/P-1/1 | R/P-1/1 U-1 R/P-1/1 | R/P-1/1 | R/P-1/1 U-1

LVP nDEBUG - BORV | TVREN | PLLEN -

bit 13 OFF bit 7
U-1 R/P-1/1 | R/P-1/1 U-1 U-1 R/P-1/1 | R/P-1/1
- VCAPEN<1:0> - - WRT1 | WRTO
bit 6 bit 0

Set the others bit same the sample code setting.
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Lab3 Clock Setting

Step 7
e Add code segment to your main
main: I

// TODO 3.03

BANKSEL OSCCON OSCCON: OSCILLATOR CONTROL REGISTER

moviw 0b01101000 ; IRCF 4MHz R/W-0/0 | R/W-0/0 | R/W-1/1 | R/W-1/1 | R/W-1/1| U-0 | R/W-0/0 | R/W-0/0

movwf BANKMASK(OSCCON) SPLLEN IRCF<3:0> - SCS<1:0>
bit 7 1101 =4MHz bit0

Keep fhe others bit default value.

IRCF<3:0>: Internal Oscillator Frequency Select bits
000x = 31 kHz LF
0010 = 31.25 kHz MF

0111 =500 kHz MF (default upon Reset)
1000 = 125 kHz HF

1001 = 250 kHz HF

1010 = 500 kHz HF

1011 = 1 MHz HF

1100 = 2 MHz HF
11101 = 4 MHz HF ]
Q Program firmware to target board 1110 = 8 MHz or 32 MHz HF

then observe result. 1111 = 16 MHz HF
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Lab3 Clock Setting

Result
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Delay Function

e Discuss

* How to produce a Delay function in ms?
* FOSC =4Mhz

PSECT code

delay_ms_0 = 893S + ETE + I8 = 1000us —
= P18 + (delay_ms_0) * ms_count - fTS + EXYR

=( ms_count * 1ms ) + 3us

1
- Getayamed  E + T+ 10

delay_ms:
BANKSEL delay_ms_count
movwf BANKMASK(delay_ms_count)

delay_ms_0:
BANKSEL delay_ms_count_1

movilw 6+2;256-x
movwf BANKMASK(delay ms count_1)
nop

incf BANKMASK(delay ms count 1),f
btfss ZERO
goto delay_ms_1

-e
=

= (L¥1#2)us* (256 =TI = 999us (s count_1=6)

- (1+1+2)us*( 256 - ms count 1) -1us=992us (ms count 1 =8)

//normal: 1+1+2 us ; last: 1+2+0 us

BANKSEL delay_ms_count
decfsz BANKMASK(delay_ms_count),f
goto delay_ms_0

return E
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Interrupt Architecture
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What'’s Interrupt ?

* In general, processor is executed in sequence according to the program's flow.
* However, if some peripherals or event needs immediate attention then an interrupt
flag been set as high-priority and requiring interrupting current process to serve it.

* Processor will jump to execute the interrupt service routine (ISR, Interrupt Service

Routine) to service peripherals or events.
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PIC16F Series Interrupt Architecture

PC<14:0>

i o 4o
* The interrupt enabled by setting the GIE, PEIE, and Interrupt T _g;gg';tgjg;g’
Enable bit(s). :

Stack Level 15

* The following events happen when an interrupt event occurs

Reset.Vector 0000h
L] . o . : h
while the GIE bit is set: —
oy o 0005h

* GIE bit is cleared, then reset after return from Interrupt. Page 0 .
* Current Program Counter is pushed onto the stack. e 0800h
* Critical registers are automatically saved to the shadow registers. ﬁﬂ;ﬁ?& { b

o . . emory Page 2

* Current Program Counter is loaded with the interrupt vector 0004h. ’ 17FFh
Page 3 1800h

& 1FFFh

Interrupt Enable 1— Rollover to Page 0 | 2000h

InterruptFlagl —

—_— Interrupt to CPU

Interrupt Enable nj|— |’ _
Interrupt Flag n — Rollover to Page 3 m—
PEIE

GIE
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Interrupt Function

* The firmware within the Interrupt Service Routine (ISR) should determine the source of the interrupt by
polling the interrupt flag bits.
* The interrupt flag bits must be cleared before exiting the ISR to avoid repeated interrupts.

* The RETFIE(Return from Interrupt) instruction exits the ISR by popping the previous address from the

stack, restoring the saved context from the shadow registers and setting the GIE bit.

PSECT isrVec, class=CODE, delta=2, abs
ORG 4H
isr:
PAGESEL S
BANKSEL PIRn
btfss xxxIF
goto xxx _ISR_END
bcf xxxIF

xxx _ISR_END:

exitISR: |
retfie ﬁ\ MICROCHIP




Interrupt Control Register

INTCON: Interrupt Control Register

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
GIE PEIE TMROIE INTE IOCIE TMROIF INTF IOCIF
bit 7 bit 0

@ MICROCHIP



Interrupt Control Register

INTCON: Interrupt Control Register

* Interrupts are disabled upon any device Reset, they are enabled by setting the bits.

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
GIE PEIE TMROIE INTE |OCIE TMROIF INTF |OCIF
bit 7 bit 0
TMROIF —} Wake-up
TMROIE — (If in Sleep mode)
Peripheral Interrupt event >~
“““““““ ~73 INTF —
Peripheral Interrupts E INTE _}
= —
ivatdbod DS - o e
} IOCIE — to CPU
° ° i
S =
E . . | [peee
E PIRn<7> } E
] PIEn<7> | E <lls
1 ]
] 1

N s e s s s . . ————_— —_— —_— —_—
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Timer Architecture
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Timer or Counter ?

* Counter or Timer is a clock counter, use to count how many clocks into module after
start.

* There are two kinds of generally called Timer or Counter. In fact, it’s same.
* The Input Clock unknown : Just know how many counts, called Counter.
* The Input Clock known : Can use count and clock period to calculate time, called Timer.

* Timer can set a notify condition, like overflow, equal some value etc.

* |f interrupt disable user must check flag, as soon as possible.
* If interrupt enable : Timer will notify CPU, if condition is true.

* PIC16F1937 provide one 16-bit timer (TMR1) and four 8-bits timers.
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Timer2/4/6 Control Register

TxCON: TIMERx Control Register

U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TXOUTPS<3:0> TMRXON TXCKPS<1:0>
bit 7 bit 0

PRx: TIMERX Period Register

R/W
PRx<7:0>
bit 7 bit O

TMRx: TIMERx Module Register
R/W
TMRx<7:0>
bit 7 bit 0
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TIMERX Control Register

* Timer2/4/6 is enabled by configuring the TMRXxON.

TxXCON: TIMERx Control Register
U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0

TxOUTPS<3:0> TMRxON TxCKPS<1:0>
bit 7 bit 0
Sets Fl
TMRXx bi §I'IVI|:2IF
Output A

Fosc/d Prescaler | 5 TMRx Reset
1:1,1:4,1:16, 1.64 {>
$ 2 Comparator - Postscaler
EQ 1:.1t0 1:16
TxCKPS<1:0> 4}
PRx $ 4

TxOUTPS<3:0>
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TIMERXx Module Register

* TMRx increments from 00h on each clock edge.
TMRx: TIMERx Module Register

R/W
PRx<7:0>
bit 7 bit O
Sets Flag
TMRXx bit TMRXIF
Output
A
] 0,1,2,..
Prescaler Reset
—> TMRx
Fosc/d 11, 1:4,1:16, 1:64
} 2 Comparator - Postscaler
EQ 1110 1:16
TxCKPS<1:0> 4}
PRx 4

TxOUTPS<3:0>
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TIMERX Period Register

* TMRx is compared to that of the Period register, PRx, on each clock cycle.

Fosc/4 ———

Prescaler
1:1,1:4,1:16, 1.64

PRx: TIMERX Period Register

¥

TxCKPS<1:0>

R/W
PRx<7:0>
bit 7 bit O
Sets Flag
;Eﬂti?t bit TMRXIF
A
TMRx |

Comparator Postscaler
: co | 1:11t01:16

Pﬁx $ 4

TxOUTPS<3:0>
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Software programmable Prescaler and Postscaler

* These options are selected by the Prescaler or Postscaler control bits.

TxCON: TIMERX Control Register
U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0

TxOUTPS<3:0> TMRxON TxCKPS<1:0>
bit 7 bit O
Sets Flag
TMRXx bit TMRXIF
Output
A
Fosc/d Prescaler TMRx Reset
1:1,1:4,1:16, 1.64 {}
} 2 Comparator ol Postscaler
EQ 1110 1:16
TxCKPS<1:0> 4}
PRx 4

TxOUTPS<3:0>
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INTCON: Interrupt Control Register

Timer0/1/2 Interrupt Control Registers

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
GIE PEIE | TMROIE | INTE IOCIE | TMROIF | INTF IOCIF
bit 7 bit 0

PIE1: Peripheral Interrupt Enable Register 1

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TMR1GIE | ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE
bit 7 bit 0
PIR1: Peripheral Interrupt Request Register 1

R/W-0/0 | R/W-0/0 | R-0/0 | R-0/0 |R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TMR1GIF | ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMRL1IF
bit 7 bit 0
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Timer4/6 Interrupt Control Registers

PIE3: Peripheral Interrupt Enable Register 3

U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0| U-0 |R/W-0/0| U-0
CCP5IE | CCP4IE | CCP3IE | TMR6IE TMR4IE
bit 7 bit 0
PIR3: PERIPHERAL INTERRUPT REQUEST REGISTER 3
R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
CCP5IF | CCP4IF | CCP3IF | TMR®IF TMRA4IF
bit 7 bit 0
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Timer2/4/6 Interrupt

* Timer2/4/6 can also generate an optional device interrupt.
PIR1: Peripheral Interrupt Request Register 1

Timer 2 Interrupt

R/W-0/0 | R/W-0/0 R-0/0 R-0/0 R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF
bit 7 bit O
R/W-0/0
(_gt/ltRSt iit?n\ljllsgnz TMRAIF Timer 4 Interrupt
- A R/W-0/0
TMR6IF Timer 6 Interrupt
Fosc/d s 1:1,1F):Z1e,s1c:a1lg,r1:64_> TMRx —
{} P
2 Comparator - ostscaler
EQ 1:1t0 1:16 ]
TXCKPS<1:0> 4p Timer Interrupt
PRx $4

TxOUTPS<3:0>
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Lab4 Timer2 Interrupt

* Base on current project or Open .\Lab4.0 xxx.X to do exercises
* Try to add TMR2 to replace software delay to control LEDs toggle period.
* The Timer2 setup to timer mode, timer ON or OFF period is 200ms.

* RB3 » LED (LEDS).

Let’s go!
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Calculate the Timer Period Setting

* Target’s timer period is 200ms.

Step 1. Confirm the current setting
* Check current system instruction clock (FOSC/4) = 4MHz/4 = 1Mhz. (Lab3)
* Timer Holding Register is 8-bit. (range is 256, 1/1Mhz*256 = 256us, 256us < 200ms)

Step 2. Adjust Prescaler & Postscaler
* Select Prescaler is 64, 1/(1Mhz/64)*256 = 16.384ms, 16.384ms < 200ms.
 Select Postscaler is 1:16, 1/(1Mhz/64/16)*256 = 262.144ms, 262.144ms > 200ms.

Step 3. Set Timer Period to 200ms
* 1/(1Mhz/64/16) = 1.024ms
* 200ms / 1.024ms = 195.3125, The value must be an integer.
* 1.024ms*195 = 199.68ms
* 1.024ms*196 = 200.704ms

— Timer Period Setting is (195-1) or (196-1).
(0~194) or (0~195)
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Check Schematic

LED8

RB3

RB3

LEDS R24

16F_RB3 N,’/
- ANANA————
LED BLUE 1K A

-> 1:LED Light or O:LED Dark
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Lab4 Timer2 Interrupt

Step 1
e Remove “TODO 1.02” and Add code segment below #include

#include <xc.inc> I

// TODO 4.01 PR2: TIMER2 PERIOD REGISTER

#define LED8 BANKMASK(LATB),3 R/W

:Fosc=4Mhz, Fosc/4=1MHz PR2<7:0>

;1us*16*(195)*64 = 199.68ms bt 7 < - bt 0

#tdefine TMR2_Period 194 ;(195-1) Pelr iod = 194 = 200ms
LATB: PORTB Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1

LATB7 LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO

bit 7 bit0
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Step 2

Lab4 Timer2 Interrupt

e Add code segment to your main

main:
// TODO 4.02 PR2: TIMER2 PERIOD REGISTER
BANKSEL PR2 R/W
movilw TMR2_Period ; 200ms PR2<7:0>
BANKSEL TMR2 Period = 200ms
clrf BANKMASK(TMR2) |
TMRx: TIMERx MODULE REGISTER
R/W
TMRx<7:0>
BANKSEL T2CON bit 7 0 = Clear Timer Conter bit 0
;T2CKPS 1:64; T20UTPS 1:16; TMR20N on I
e T2CON: TIMER2 CONTROL REGISTER 1 = ON
i ( ) u-0 R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
- T20UTPS<3:0> TMR20ON T2CKPS<1:0>
bit 7 1111 =1:16 Postscaler 11 = Prescdler

is 64
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Lab4 Timer2 Interrupt
Step 2

e Add code segment to your main

main:

// TODO 4.02

BANKSEL PIR1
bcf TMR2IF
BANKSEL PIE1
bsf TMR2IE

PIR1: Peripheral Interrupt Request Register 1

R/W-0/0 | R/W-0/0 | R-0/0 R-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TMR1GIF ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF
bit 7 0 = reset bit0

|

PIEL: Peripheral Interrupt Enable Register 1

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
TMR1GIE ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE
bit 7 1 = enablét°
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Lab4 Timer2 Interrupt
Step 3

e Add code segment to your main

main:
// TODO 4.02

// TODO 4.03
BANKSEL INTCON
bsf PEIE

bsf GIE

INTCON: Interrupt Control Register

R/W-0/0

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
GIE PEIE | TMROIE | INTE | IOCIE | TMROIF | INTF IOCIF
bit7 1 = Enable bit 0
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PC<14:0>

Lab4 Timer2 Interrupt =

IRETURN, RETLW
Step 4 nterrupt, RETFIE *

Stack Level 0

Stack Level 1
e Add code segment below #include .
// TOD_O 4.04 Reset Vector 0000h
PSECT isrVec,class=CODE,delta=2,abs . ¢
. ORG 4H Interrur;t Vector 0004h
isr: 0005h
PAGESEL $ PageC o7FFh
0800h
. Page 1
exitISR: F?fg;lig'?“ “{I ?ggg:
retfie Memory | Page 2
17FFh
1800h
Page 3
1FFFh
Rollover to Page 0 2000h

Rollover to Page 3 7EFFh
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Lab4 Timer2 Interrupt
Step 5

e Add code segment to your isr

isr: I

PIR1: Peripheral Interrupt Request Register 1

// TODO 4.05 R/W-0/0 | R/W-0/0 | R-0/0 R-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0

BANKSEL PIR1 TMR1GIF | ADIF RCIF TXIF SSPIF CCP1IF | TMR2IF | TMR1IF

btfss TMIR2IF bit 7 _ bit 0

goto TMR2IF_END 0 = reset

bcf TMR2IF ; clear the interrupt flag l

BANKSEL TMR2 TMRx: TIMERx MODULE REGISTER

clrf BANKMASK(TMR?2) ; reload the timer R/W

TMRx<7:0>

TMR2IF_END: bit 7 0 = Clear Timer Conter bit 0
exitISR:

retfie
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Lab4 Timer2 Interrupt

Step 6

e Add code segment to your isr

isr:
// TODO 4.05

// TODO 4.06

BANKSEL LATB

btfss LED8

goto LED8_Light

goto LED8_Dark
LED8_Light:

bsf LED8

ioto LED8_END

bcf LED8
goto LED8_END
LED8_END:

exitISR:
retfie

LATB: PORTB Data Latch Register LED8 > 1:High or 0:Low

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATB7 LATB6 LATBS LATB4 LATB3 LATB2 LATB1 LATBO
bit 7 0 or 1 bit 0

@ Program firmware to target board
then observe result.
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Lab4 Timer2 Interrupt

Result
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ADC Architecture
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What’s ADC ?

* The Analog-to-Digital Converter(ADC) converts a signal from the time/amplitude
continuous domain into
a time/amplitude discrete domain.

Quantify

111

110

101

100

011

010

001

000

A

N

\\O

N

| >

Sample Time
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Resolution

* The resolution of the converter indicates the number of discrete values. The resolution
determines the magnitude of the quantization error. (wiki)

Quantify

A

1111
1110
1100 o
1011 4

1010

1001
1000
0111 o
0110
0101 A4
0100
0011
0010

0001
0000 | | | >

Sample Time
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Sample Rate

* The analog signal is required to define the rate at which new digital values are
sampled from the analog signal.
* This faithful reproduction is only possible if the sampling rate is higher than twice the
highest frequency of the signal. (wiki)

Quantify
A

1111
1110
1100
1011
1010
1001
1000
0111
0110

o1 A

0100
0011
0010

0001
0000

=

N

&

S

)

O
A
o)

S

5

N
| I’

Sample Time
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PIC16F Series ADC Features

e Analog-to-Digital Converter (ADC) includes the following features:
10-bit resolution and up to 14 channels analog inputs multiplexed into one A/D converter.

5 us typical sampling time, as fast as 11 pus conversion time.

A/D sampling frequency up to 62.5 kHz.

External reference inputs, VREF+ & VREF-.

A/D Result can be left or right justified.

10-bit resolution with 1 LSb accuracy.

A/D conversion during SLEEP. A/D complete can wake processor. »«

AN1
AN2
AN3
AN4

AN5(2)

ANg(2)

AN7(2)
ANS
AN9

AN10
AN11
AN12
AN13

Temperature Sensor
DAC
FVR Buffer1

VREF- ADNREF =1 o
N
ADNREF = 0
VoD Vss
T ADPREF = 00 _

ADPREF =11~

VREF+ ADPREF = 10 .

00000

00001

00010

00011

00100

00101

00110

00111

01000 ADC

01001

GO/DONE =+

—

01010
01011
01100
ADON™
01101 —
* Vss
. —

.
11101

11110

CHS<¢0:/]//

11111

0 = Left Justify
1 = Right Justify

16

ADRESH | ADRESL

ADFM —
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ADC Control Registers

ADCONO: A/D Control Register O

U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
CHS<4:0> GO/nDONE |  ADON
bit 7 bit 0
ADCONZ1: A/D Control Register 1
R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0
ADFM ADCS<2:0> ADNREF |  ADPREF<1:0>
bit 7 bit O
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ADC Setting

* Select Analog Channel and then Enable the ADC Module.

ADCONO: A/D Control Register 0
U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0

CHS<4:0> GO/nDONE |  ADON
bit 7 bit O
Configure port and Select ADC input channel.
ANO [X}—
AN1 [X}—
AN13 X [Go/nDONE]— —ADFM

CHS<4:0>
ADON _li ADRESH | ADRESL
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Sample and Conversion Clock

ADC CI::I; Period Device Frequency (FOSC)
* The time range of sample (Tacq) = 5.0us (typical). T T
* The time to complete one bit conversion is defined as TAD. [ | oo
* One full 10-bit conversion requires 11 Tap periods. Sy e

Fosc/16 101

* The time range of Tap 2 1.0us and < 6.0us.

Fosc/32 010 1.0 us 1.6 us

Fosc/64 110 2.0 us 3.2 us 4.0 us

FRC X11 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0 us

TAcQ Tcy - TAD Tap1l TAaD2 TAaD3 TAD4 TADS TAD6 TAD7 TAD8 TAD9 Tapl0 Tapll 2 Tcy

1 bit9 bit8 bit7 bité bi5 bit4 bit3 bit2 bitl bit0
Conversion starts

>

' > 5.0 us (typical) |

Holding capacitor is disconnected from analog input (typically 100 ns)
|Set GO bit|

Sample starts (Clear GO bit) p——— - v
. it is cleared.

* Holding capacitor is connected to analog input.
e ADIF bit is set.
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ADC Setting

* Select Conversion ADC Clock Period (TAD) to inside of range.

ADCON1: A/D Control Register 1

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 U-0 R/W-0/0 | R/W-0/0 | R/W-0/0
ADFM ADCS<2:0> - ADNREF ADPREF<1:0>
bit 7 bit 0

ADC Clock Period ]
(TAD) Device Frequency (FOSC)
ADC
Clock ADCS<2:0>
Source
Fosc/2 000
Fosc/4 100
Fosc/8 001
Fosc/16 101 1.0 us
Fosc/32 010 1.0 us 1.6 us 2.0 us
Fosc/64 110 2.0 us 3.2 us 4.0 us
FRC X11 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0us | 1.0-6.0 us

TAD 2 1.0us and £ 6.0us

@ MICROCHIP



ADC Setting

* Select Conversion Clock and Output Format.

(YC () / { (¢
J J ath”,

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 U-0 R/W-0/0 | R/W-0/0 | R/W-0/0

ADFM ADCS<2:0> - ADNREF ADPREF<1:0>
bit 7 bit O
ANO —
AN1 —
AN13 D<}— GO/nDONE <= — ADFM | =0 (Left) or 1 (Right)

CHS<4:0>
ADON _li ADRESH | ADRESL
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ADC Registers

ADRESH: ADC Result Register High (ADRESH), ADFM =0

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
ADRES<9:2>

bit 7 bit 0

fADRESL: ADC Result Register Low (ADRESL), ADFM =0
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
ADRES<1:0>

bit 7 bit 0

ADRESH: ADC Result Register High (ADRESH), ADFM =1

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u

- - ADRES<9:8>

bit 7 bit 0

ADRESL: ADC Result Register Low (ADRESL), ADFM =1

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
ADRES<7:0>

bit 7 bit 0

ADEM = 0 (Left)

ADFM = 1 (Right)
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ADC Setting

* ADC result register format setting.
ADRESH and ADRESL, ADFM = 0 (Left)

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
ADC Value ADRES<9:2> R/W-x/u | R/W-x/u
bit 7 bito|  ADRES<1:0>
bit 7 bit 6
ANO [X}—
AN1 [X}—
:_ —_ 10bit ADC Val
AN13 GO/NDONE <« ADFM | alue
| ADRESH ADRESL
CHS<4:0> <9:2> <1:0>
ADON_li ADRESH = ADRESL | BEMp | b9 | b8 | b7 [ b6 | b5 | b4 | b3 |b2|bl|bo

ADFM = 0 (Left)

@ MICROCHIP




ADC Setting

* ADC result register format setting.
ADRESH and ADRESL, ADFM = 1 (Right)

R/W-x/u | R/W-x/u
ADC Value ADRES<9:8> R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
bit 1 bit 0 ADRES<7:0>
bit 7 bit O
ANO —
AN1 —
: — —_ 10bit ADC Val
AN13 GO/NDONE <« ADFM | alue
I ADRESH ADRESL
CHS<4:0> <1:0> <7:0>
ADON_li ADRESH = ADRESL | EEMp | b9 | b8 | b7 [ b6 | b5 | b4 | b3 |b2|bl|bo

ADFM = 1 (Right)
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Lab5 ADC Channel Periodically

* Base on current project or Open .\Lab5.0 xxx.X to do exercises

* Try to add ADC module and conversion Potentiometer (VR2) voltage.

* ADC Result 2 512, turn on LED6G.
* ADC Result <512, turn off LED6.

e " Clock Source " » " Fosc/4 "

e " Result Alignment " » " Right "

* " Channel Select " » " AN8(RB2) "
e " Conversion Time" » " 200ms"

Let’s go!
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Check Schematic

S5V IN
5V
R22 LED6
*I/, BF-RC6 RC6
1K LED GREEN

LED6 RC6

-» O:LED Light or 1:LED Dark
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Lab5 ADC Channel Periodically

Step 1

e Remove “TODO 2.04” and Add code segment to your main

main:

// TODO 5.01

BANKSEL TRISB

bsf BANKMASK(TRISB),2
BANKSEL ANSELB

bsf BANKMASK(ANSELB),2

ANSELB: PORTB Analog Select Register

- 1:Analog or 0:Digital

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
ANSB7 | ANSB6 | ANSB5 | ANSB4 | ANSB3 | ANSB2 | ANSB1 | ANSBO
bit 7 1= Analog bit 0
|
TRISB: PORTB Tri-state Register — 1:Input or 0:Output
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
TRISB7 | TRISB6 | TRISBS | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO
bit 7 1 = Input bit 0

@ MICROCHIP




Lab5 ADC Channel Periodically
Step 2

e Add code segment to your main

main:
// TODO 5.01

// TODO 5.02

BANKSEL ADCON1

moviw 0b11000000 ;ADFM right; ADCS FOSC/4;
movwf BANKMASK(ADCON1)

BANKSEL ADCONO

moviw 0b00100001 ;CHS AN8; ADON enable;
movwf BANKMASK(ADCONO)

ADCON1: A/D Control Register 1

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0
ADFM ADCS<2:0> - ADNREF |  ADPREF<1:0>
%= Right 100 = FOSC/4 - Tap = 1us bit0
|
ADCONO: A/D Control Register O 1 = Enable ADC
U-0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0
CHS<4:0> GO/nDONE | ADON
bit 7 00100 = ANS8 bit 0
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Lab5 ADC Channel Periodically

Step 3

e Add code segment to your isr

ISr:

// TODO 5.03
BANKSEL ADCONO
bsf GO_nDONE

exitISR:

ADCONO: A/D Control Register O

u-o0 R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 R-0/0
CHS<4:0> GO/nDONE ADON
bit 7 1 = Starts @an

A/D

conversion cycle.
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Lab5 ADC Channel Periodically
Step 4

e Add code segment to your loop

loop:

// TODO 5.04
BANKSEL ADCONO
btfsc GO_nDONE
goto ADC_END

ADCONO: A/D Control Register O

u-o0 R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R-0/0

CHS<4:0> GO/nDONE |  ADON

bit 7 0 = A/D conversio
completed.
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Lab5 ADC Channel Periodically
Step 5.1

10 xxxxxxxx =2 512
e Add code segment to your loop 0 XxXXXXXxx < 512

loop: I
// TODO 5.04

ADRESH: ADC Result Register High (ADRESH), ADFM =1

// TODO 5.05.1 R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u I R/W-x/u | R/W-x/u
BANKSEL ADRESH - - - - . - I ADRES<9:8>
;10bit ADC, ADFM right bit 7
moviw 0b10 ; 512 = 0b 10 00000000
subwf BANKMASK(ADRESH),w ; ADRESH — 512 ADRESL: ADC Result Register Low (ADRESL), ADFM = 1
btfss CARRY ; nBorrow bit (0 -> ADRESH < 512) R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
goto LED6_Light ; 1: ADRESH =512 ADRES<7 0
goto LED6_Dark ; O: ADRESH <512 i
LED6_Light: bit 7 bit 0
BANKSEL LATC
bcf LED6

ioto LED6_END

BANKSEL LATC
bsf LED6

bit0

goto LED6_END
LED6_END:

ADC_END:
Q Program firmware to target board

@ MICROCHIP
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Lab5 ADC Channel Periodically

Step 5.2 (additional)

X XXXXXXXX 2 512
e Add code segment to your loop OX XXXXXXXX < 512
loop: I
// TODO 5.04 _ _
ADRESH: ADC Result Register High (ADRESH), ADFM =1

// TODO 5.05.2 R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
BANKSEL ADRESH . £ - - - - ADRES<9:8>

;10bit ADC, ADFM right e —
btfsc BANKMASK(ADRESH),1 ; >512
goto LED6_Light ADRESL: ADC Result Register Low (ADRESL), ADFM =1

goto LED6_Dark R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
ADRES<7:0>

LED6_Light: bit 7 bit 0
BANKSEL LATC
bcf LED6

ioto LED6_END

BANKSEL LATC
bsf LED6

goto LED6_END
LED6_END:

@ Program firmware to target board @ MICROCHIP
then observe result.



Lab5 ADC Channel Periodically

Result
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Discuss
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ADC Result Register Format

* Discuss

* Select Format is Left or Right? Which format is used in which situation?

ADRESH and ADRESL, ADFM = 0 (Left)

10bit ADC Value

ADRESH ADRESL
<9:2> <1:0>
b9 | b8 | b7 | b6 | b5 | b4 [ b3 [ b2 | bl]| b0
ANO —
AN1 —
AN13 | X[ GO/NDONE <«
CHS<4:0>

ADON —|i

10bit ADC Value

ADRESH ADRESL
<1:0> <7:0>
b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0
— ADFM
=0
ADRESH | ADRESL || Left or Right ?

ADRESH and ADRESL, ADFM = 1 (Right)
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ADC Result Register Format

* Discuss

* Select Format is Left or Right? Which format is used in which situation?

ADRESH and ADRESL, ADFM = 0 (Left)

10bit ADC Value

ADRESH and ADRESL, ADFM = 1 (Right)

10bit ADC Value

Reducing the amount

ADRESH ADRESL ADRESH ADRESL
<9:2> <1:0> <1:0> <7:0>
b9 | b8 | b7 [ b6 | b5 | b4 | b3 | b2 | bl | b0 b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0
The first value is taken. The second value is taken.
Working Register Working Register
WREG=Z:0> of instruction can
1 byte 1 byte increase efficiency.
b7 | b6 | b5 b4 | b3 |b2]|bl]| b0 b7 | b6 | b5 | b4 | b3 |b2]|bl]|b0

Only 1 byte can handle at the same time.
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ADC Result Register Format

* Discuss
* Get the Rough of the ADC value to you need.

ADRESH and ADRESL, ADFM =0 Use 1 byte to obtain the rough value of 0 to 1020 (0,4,8,...,1020).

Check 1 Value Check 2 Check 3 Base Real Value
10bit ADC Value ADRESL Bit 1 ADRESL Bit 0 .
(WREGBit1) | * | (WREGBito) | 1| *3 (0~1020)+3
0~255) x 4
ADRESH ADRESL (0255) x4 | SO | , | WO | o | ., | (0100000
<9:2> <1:0> ADRESH 0~1020 | (WREG Bit 1) (WREG Bit 0)
: : 0~255 = 0~1023
IEEE B ADRESL Bit 1 ADRESL Bit 0
(0,4,8, - : 1 1 0~1020)+ 1
b9 [ b8 [ b7 [ b6 | b5 | b4 | b3 | b2 | bl | bO ... 1020) | (WREGBit1) (WREG Bit 0) o )
ADRESL Bit 1 ADRESL Bit 0 .
(WREG Bit 1) (wreGito) | © | *© (071020)+0
ADRESH and ADRESL) ADFM - 1 Check 1 Check 2 Base Check 3 Real Vajue
] ADRESH Bit 1 ADRESH Bit 0 .
10bit ADC Value (WReG Bit1) | © | (wReGBito) | © | *7°B 768 +(07255)
ADRESH Bit 1 ADRESH Bit 0 _
ADRESH - (WReGBit1) | 1 | (wreggito) | O | 12 soResL 512 + (0~255) o
<1:0> <7:0> ADRESH Bit 1 ADRESH Bit 0 (WREG Byte) N )
(wreGBit1) | © | (wresito) | 1| *2°° 256 +(07255)
b9 | b8 | b7 | b6 | b5 | b4 [ b3 | b2 | bl]| b0 e pr——
wreGBit1) | ° | (wressito) | ° | *O 0+(07255)

Use 1 byte to obtain the value of 0 to 255
(0,1,2,...,255). @ MICROCHIP



ADC Result Register Format

* Discuss

* Get the value of Range to you need, divide the ADC values into four intervals.

ADRESH and ADRESL, ADFM =0

11 xxxxxxxx =2 768
10 xxxxxxxx 2 512
01 xxxxxxxx 2 256
00 xxxxxxxx < 256

10bit ADC Value

ADRESH ADRESL
<9:2> <1:0>
b9 | b8 | b7 [ b6 | b5 | b4 | b3 | b2 | bl | bO

ADRESH and ADRESL, ADFM =1

10bit ADC Value

ADRESH ADRESL
<1:0> <7:0>
b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | b0

Check 1 Check 2 Actual Range
?\?IEIIEESGHBBi'i(tl)l ?V?/iESGHB?’:tOC)) 2768 768~1023 (256) | Function 1
?V?/RRIIEESC-iHBBi’ictl)l ?V?/RREZHB?;tOC)) >512 512~767 (256) | Function 2
'(AV?IEIEESGHB?’ictl)l ?V?/I:{ESGHB?;tO(; 2256 256~511 (256) | Function 3
(AV?IF:RIIEESGHBI?itl)l ?V?/RRiZHB?;tO? <256 0~255 (256) | Function 4

Check 1 Check 2 Actual Range
(AVI?IﬁIIEEZHB?titg (AVI?;ESGHB?:EG)S 2768 768~1023 (256) | Function 1
?\?/iESC-EHB?tit;) (A\Ziisc_;HB?;t; >512 512~767 (256) | Function 2
?V[\)/FF{{IIEEZHB?’?;; ?V?/?IEEZHB?:G)S 2256 256~511 (256) | Function 3
?V?/';ESGHBT; ?V?/';EZHBT; <256 0~255 (256) | Function 4
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* Discuss
* Get the value of Range to you need, divide the ADC values into eight intervals.

ADRESH and ADRESL, ADFM =0

ADC Result Register Format

ADRESH and ADRESL, ADFM =1

11 Ixxxxxxx 2 896
11 Oxxxxxxx 2 768
10 Ixxxxxxx 2 640
10 Oxxxxxxx 2 512
01 1xxxxxxx 2 384
01 Oxxxxxxx 2 256
00 Ixxxxxxx 2 128
00 Oxxxxxxx < 128

10bit ADC Value

10bit ADC Value

ADRESH ADRESL

<9:2> <1:0>
bSO | b8 | b7 | b6 | b5 [ b4 | b3 | b2 | bl | b0
Check 1 Check 2 Check 3 Actual Range
sonenans o e T [ et [ [ s | ssomoms 20 [ ancions
ronesans | [ ronesians [ o | poreanr T [ | osororaz | anton
sonesans o [ sonesiona [ | somesi T [ase | sowsnnzs | antions
sonesans o [ soresions o | moresnr [ o | sasasstazs | antion
sonesnans o [ soresiaes [ o | ressi o [ | cartazs | anons

Use 1 byte to obtain the 2 ~ 256 (2~N) interval.

ADRESH ADRESL

<1:0> <7:0>
b9 | b8 | b7 | b6 | b5 | b4 | b3 | b2 | bl | bO

Check 1 Check 2 Check 3 Actual Range
?VT’?{E?EHB?F?S)’ ?VE\JJF;{IIEEZHB?tItG? - 1] =89 896~1023 (128) | Function 1
e |+ | fomesrioes |+ | (RGN | © | =7cs | 768555 128) | Function 2
et | o | fonesrioes o | IR | 2 [ =% | se07e7u20) | Function s
Nt | o | fonesrioes o | IR | © | =2 | s127se 20 | Function s
ot Lo | fonesiones | o | R | 1 [ ¢ | 3s+s:1u20) | Function s
ot Lo | fonesrioes | o | IR | © | =2¢ | 2567353 020 | Function s
?\R’F;EZHB???? ?\ZFF(QIIEEZHB?’(HG? - 1] =128 128~255(128) | Function 7
?\?IF;EZHB???? ?\?IF;{IIEEZHB?’(HG? - 0 | <128 0~127(128) | Function 8
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EEPROM Architecture
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What’s Data EEPROM ?

* The data EEPROM is a high-endurance, byte addressable array that has been
optimized for the storage of frequently changing information (1M write EEPROM
endurance).

« EEPROM can be written to byte-by-byte.
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PIC16(L)F1934/6/7 BLOCK DIAGRAM

Program
Flash Memory
RAM  |[@====p| EEPROM
PORTA
OSC2/CLKOUT  Timing o o
X]<a»| Generation
OSC1/CLKIN INTRC CPU —} PORTB
N am
Oscillator <
= PORTC
MCLR <}
== PORTD
SR ADC _ . . _ _ =) PORTE
Latch 10-Bit Timer0 Timer1 Timer2 Timer4 Timer6 Comparators

v v v v v v v

LCD ECCP1 ECCP2 ECCP3 CCP4 CCP5 MSSP EUSART
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Data EEPROM Control

* The data EEPROM are indirectly addressed through the Special Function Registers
(SFRs), there are four SFRs used to access these data EEPROM memories:

* EECON1 (EEPROM Control 1 Register)
* EECON2 (EEPROM Control 2 Register)
* EEADRL (EEPROM Address Low Byte Register)
* EEDATL (EEPROM Data Low Byte Register)

* When selecting a EEPROM address, only the LSB(EEADRL and EEDATL) available, this
can address up to a maximum of 256 bytes of data EEPROM.

* Control bits RD and WR initiate read and write, respectively. These bits cannot be
cleared, only set, in software.

* To Read or Write an EEPROM data location, the user must clear the EEPGD(Flash
Program/Data EEPROM Memory Select bit) and CFGS(Flash Program/Data EEPROM or Configuration Select bit)
control bits of the EECONL1 register.

* The WREN(Program/Erase Enable bit) bit, when set, will allow a write operation to occur.
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Reading the Data EEPROM Memory

* To read an EEPROM data location, the user must first
write the address to the EEADRL register, and then set
control bit RD.

* The data is available at the very next cycle, in the
EEDATL register; therefore, it can be read in the next
instruction.

 EEDATL will hold this value until another read or until it
is written to by the user (during a write operation).

&5

Select Viemory:
Clear i1)= EEPGD
=111/ CFGS

Select Addres:

Jo11114 EEADRL

Set control bit

Set the RD bit

Read Data:

1. EEDATL

¥

&5
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Writing to the Data EEPROM Memory

* To write an EEPROM data location, the user must first
write the address to the EEADRL register and the data
to the EEDATL register.

 WREN bit in EECON1 must be set to enable write. The
user should keep the WREN bit clear at all times, except
when updating EEPROM.

* Interrupts should be disabled during this code segment.

&5

Select Viemory:
Clear ;.- EEPGD
=111« CFGS

Select Addres:

355111/ EEADRL

Setting Data:

Setting: 4»7.) 8

v

Enable Writes

Set the WREN bit

Disable INTs
Clear the GIE bit

|
|
v
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Writing to the Data EEPROM Memory

* Then the user must follow a specific sequence to
initiate the write for each byte (write 0x55 to EECON2,
write OxAA to EECON2, then set the WR bit).

 An EEPROM byte write automatically erases the
location and writes the new data (erase before write).

* At the completion of the write cycle, the WR bit is
cleared in hardware.

v

SPEC. sequence
write 0x55 to
EECON2

SPEC. sequence
write OxAA to
EECON2

Set control bit

Set the WR bit

|

Recovery INTs
Set the GIE bit

Disable Writes
Clear the WREN
bit

!
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EEPROM Control Register

EECON1: EEPROM Control 1 Register

R/W-0/0 | R/W-0/0 | R/W-0/0 | rR/s/HC-0/0 | R/W-x/q | R/W-0/0 | R/S/HC-0/0 | R/S/HC-0/0
EEPGD CFGS LWLO FREE WRERR WREN WR RD
bit 7 bit O
EECON2: EEPROM Control 2 Register
W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
EEPROM Control Register 2
bit 7 bit O
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EEPROM Address Byte Register

EEADRL: EEPROM Address Low Byte Register

R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0

R/W-0/0

EEADR<7:0>

bit 7

bit 0
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EEPROM Data Byte Register

EEDATL: EEPROM Data Low Byte Register

R/W-x/u

R/W-x/u

R/W-x/u

R/W-x/u

R/W-x/u

R/W-x/u

R/W-x/u

R/W-x/u

EEDAT<7:0>

bit 7

bit 0
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Lab6 EEPROM Read and Write

* Base on current project or Open .\Lab6.0_xxx.X to do exercises
* Try to set RD2 to digital input as get button status.

* Try use button to Increase the value of the address 0x00.
* S6 Presse then Release -> Increase the value of the EEPROM with in 0~ 3.
* Show the binary value of the EEPROM with LED6 and LED7.

 RB3 » LED(LED1).
 RD2 » Button(S6).
* RC6 » LED(LEDSG).
* RC7 » LED(LED?).

Let’s go!
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Lab6 EEPROM Read and Write

* Create variables and subroutines to read and write EEPROM Memory.

Variables:

Subroutines:

PSECT udata_bankx
EE_ADDR:

DS1
EE_DATA:

DS1

- Read a byte from address of the EEPROM.

EE_Write: Write a byte to the address of the EEPROM.

EE_ADDR: 1 Byte Customize Variable

EE_ADDR<7:0>

<7:0>

PSECT code
; EE_LADDR - EEADRL

; EEDATL - EE_DATA
return

PSECT code
EE_Write:

; EELADDR - EEADRL
; EE_DATA -> EEDATL

return

EEADRL: EEPROM Address Low Byte Register

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 [ R/W-0/0 [ R/W-0/0 | R/W-0/0 | R/W-0/0

EEADR<7:0>

bit7

bit0

EEDATL: EEPROM Data Low Byte Register

R/W-x/u ‘ R/W-x/u ‘ R/W-x/u ‘ R/W-x/u ‘ R/W-x/u | R/W-x/u | R/W-x/u ‘ R/W-x/u

EEDAT<7:0>

bit7

bit0
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Lab6 EEPROM Read and Write

Step 1

BANK 3
180h INDFO
181h INDF1
182h PCL
183h STATUS
184h FSROL
185h FSROH
186h FSR1L
187h FSR1H
188h BSR
189h WREG
18Ah PCLATH
18Bh INTCON
18Ch ANSELA
18Dh ANSELB
18Eh —
18Fh|  ANSELD("
100h | ANsEIEM
191h EEADRL
192h EEADRH
193h EEDATL
194h EEDATH
195h EECON1
196h EECON2
=rm —
198h —
199h RCREG
19Ah TXREG
19Bh SPBRGL
19Ch SPBRGH
19Dh RCSTA
19Eh TXSTA
19Fh BALDCON
1A0h
General
Purpose
Register
80 Bytes
1EFh
1FOh
Accesses
70h —7Fh
1FFh

e Remove “TODO 2.04, 5.04, 5.05”, and Add code segment to your main.s

#include <xc.inc>

// TODO 6.01
PSECT udata_bank3 |
EE_ADDR:

DS1

e _D

[A:

m

EE_ADDR: 1 Byte Customize Variable

EE_ADDR<7:0>

bit 7

bit 0

DS 1

<7:0>

bit 7

bit 0
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Lab6 EEPROM Read and Write

Step 2
BANK 3 &
1800 TNDFD e Add code segment to your main.s
181h INDF1
1600 STAIES //TODO 6.01 I
184h FSROL
i // TODO 6.02 EECON1: EEPROM Control 1 Register
oen [ BSR- PSECT code R/W-0/0 | R/W-0/0 | R/W-0/0 | R/s/Hc-0/0 | R/W-x/q | R/W-0/0 | R/s/Hc-0/0 | R/s/HC-0/0
Toan PR EEPGD | CFGS | LWLO | FREE | WRERR | WREN | WR RD
186h| _INTCON movlb 3 ;Set the BANK to 3 it ) =0 = §t0
18Dh ANSELB bcf EEPGD
::E: ANSELDW bcf CFGS l
i NSLE movf BANKMASK(EE_ADDR),w EEADRL: EEPROM Address Low Byte Register
o movwf BANKMASK(EEADRL) R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
194h EEDATH be RD ,EE Read EEADR<7:0>
195h|EECONT movf BANKMASK(EEDATL),w :
= by oit 7 = EE_ADDR _bit0
o = movwf BANKMASK(EE_DATA) - |
190h|  RCREG return l
19Ah TXREG
ocn|—SPpRG EEDATL: EEPROM Data Low Byte Register
132: ?ﬁ?li R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
19Fh BAUDCON
TAOh EEDAT<7:0>
Pupose bit 7 = EE DATA bit 0
Register —A -
80 Bytes
1EFh
1FOh
Accesses
70h —7Fh
1FFh
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Lab6 EEPROM Read and Write
Step 3

BANK 3

180h
181h
182h
183h
184h
185h
186h
187h
188h
189h
18Ah
18Bh

INDFO

INDF1

PCL

STATUS

FSROL

FSROH

FSR1L

FSR1H

BSR

WREG

PCLATH

INTCON

18Ch
18Dh
18Eh
18Fh
190h

ANSELA

ANSELB

ANSELD(T)

ANSELEM

191h
192h
193h
194h
195h
196h

EEADRL

EEADRH

EEDATL

EEDATH

EECONI1

EECON2

Tommn
198h
199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh

RCREG

TXREG

SPBRGL

SPBRGH

RCSTA

TXSTA

BAUDCON

1A0h

1EFh

General
Purpose
Register
80 Bytes

1FOh

1FFh

Accesses
T0h—7Fh

e Add code segment to your main.s

// TODO 6.02 I
// TODO 6.03 EECON1: EEPROM Control 1 Register
PSECT code R/W-0/0 | R/W-0/0 | R/W-0/0 | rR/s/Hc-0/0 | R/W-x/q | R/W-0/0 | R/S/HC-0/0 | R/S/HC-0/0
EE_Write: EEPGD | CFGS LWLO FREE | WRERR | WREN WR RD
movlb 3 ;Set the BANK to 3 . :
’ lit = — bit0
bcf EEPGD 0 0 1
bcf CFGS l
movf BANKMASK(EE_ADDR),w EEADRL: EEPROM Address Low Byte Register
movwf BANKMASK(EEADRL) R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0 | R/W-0/0
movf BANKMASK(EE_DATA),w CEADR<7-05
movwf BANKMASK(EEDATL) . : :
bsf WREN :Enable writes bit 7 = EE_ADDR bit 0 |
bef GIE  ;Disable INTSs. l
EEDATL: EEPROM Data Low Byte Register
R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
EEDAT<7:0>
bit 7 = EE DATA bit 0
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Lab6 EEPROM Read and Write
Step 3

e Add code segment to your main.s

// TODO 6.02

// TODO 6.03
PSECT code
EE_Write:

movlw 0x55

movwf BANKMASK(EECON2)

moviw 0xAA

movwf BANKMASK(EECON2)

bsf WR ;Set WR bit to begin write
bsf GIE ;Reset Interrupts

bcf WREN :Disable writes

btfsc WR ;Wait for write to complete
goto $-1
return

;complete

EECON1: EEPROM Control 1 Register

(cleared at

R/W-0/0 | R/W-0/0 | R/W-0/0 | R/s/HC-0/0 | R/W-x/q | R/W-0/0 | R/S/HC-0/0 | R/S/HC-0/0

EEPGD CFGS LWLO FREE WRERR | WREN WR RD

bit 7 = 0 (disable afte

|

EECON2: EEPROM Control 2 Register

W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0 W-0/0
EEPROM Control Register 2

bit 7 -2 0x55 - 0xAA bit 0

=1 the complete)

rite)

@ MICROCHIP



Lab6 EEPROM Read and Write

* Press the button to modify the value of the EEPROM Memory, and then show the
result by the LED.

Get the value of
EEPROM

Confirm the current
value of the EEPROM
is in the range

Determine the state
of the button

Update the value of
the EEPROM

Use the LED to show
the current value
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Lab6 EEPROM Read and Write S eEpRoM

Ste P 4 Confirm the current
value of the EEPROM

is in the range

e Add code segment to your main
// TODO 6.04 I Y

BANKSEL EE_ADDR _ .
moviw 0x00 EE_ADDR: 1 Byte Customize Variable

movwf BANKMASK(EE_ADDR)

EE_ADDR<7:0>

// TODO 6.05 L l = 0x00br°

;Check if value is out of range

BANKSEL EE_DATA FE _DATA: 1 Byte Customize Varia
moviw 3+1
subwf BANKMASK(EE_DATA),w ; EE_DATA - (3+1) TA<7:0>
btfss CARRY ; nBorrow bit (0 = EE_DATA < 3)
goto loop . 0: EE_DATA <3 kt Read EEPROM Data Byte form address 0x00¢ito
cirf BANKMASK(EE_DATA) ; 1: EE_DATA>3

call EE_Write

loop:
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Lab6 EEPROM Read and Write

Step 5

e Add code segment to your loop

loop:

// TODO 6.06
BANKSEL PORTD
btfsc S6
goto BTN_S6_Release
;Debunce
movlw 10 ;10*(1ms)=10ms
call delay_ms
BANKSEL PORTD
btfsc S6
oto BTN_S6_Release

PORTD: PORTD Register

Determine the state

of the button

— 1:Pinis > Vi1 or O:Pin is < ViL

; Add S6 Press application code here.

BTN_S6_Release:

R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u | R/W-x/u
RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO
bit 7 56 bit 0

o Switch Electrical State
- e LT
T OFF
SWITCH
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Lab6 EEPROM Read and Write
Step 6

e Add code segment to your loop

// TODO 6.06

; Add S6 Press application code here.

// TODO 6.07

BANKSEL EE_DATA

incf BANKMASK(EE_DATA), f

;Check if value is out of range.

moviw 3+1 ;0:00,1:01,2:10,3:11

subwf BANKMASK(EE_DATA),w ; EE_DATA - (3+1)

btfsc CARRY ; nBorrow bit (0 = EE_DATA < 3)

cIrf BANKMASK(EE_DATA) :1: EE_DATA >3
call EE_Write ; 0: EE_DATA <3
;Wait the S6 Release
BANKSEL PORTD
btfss S6

goto $-1

BTN_S6_Release:

Update the value of

the EEPROM

DATAT:0>

bit 7

increase each time a key is pressed. »it0
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Lab6 EEPROM Read and Write

* Use binary to represent the result.

<7:0> bitl | bit0
bit 7 bit 0 |
EE_DATA

Byte | bitl | bit0 LED7 | LEDO
3 1 1 Light Light
2 1 | 0 | Light | Dark
1 0 | 1 | Dark | Light
0 | 0| 0 | park | Dark

Use the LED to show
the current value

LATC: | ata Latch Register — 1:High or O:Low

R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 | LATC6 | LATCS5 | LATC4 | LATC3 | LATC2 | LATC1 | LATCO
YED7 LEDG6 bit 0
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Lab6 EEPROM Read and Write
Step 7

e Add code segment to your loop

Use the LED to show
the current value

// TODO 6.07

// TODO 6.08
BANKSEL EE_DATA
btfsc BANKMASK(EE_DATA), 0
goto LED6_Light
goto LED6_Dark
LED6_Light:
BANKSEL LATC
bcf LED6

ioto LED6_END

BANKSEL LATC

bsf LED6

goto LED6_END
LED6_END:

<7:0> bit 0
bit 7 Check the Bit |
LATC: PORTC Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1

LATC7 | LATC6 | LATCS | LATC4 | LATC3 | LATC2 | LATC1 | LATCO
bit 7 LED6 bit 0
EE_DATA
LED7 | LED6
Byte | bitl bit0
3 1 1 Light | Light
2 1 0 Light | Dark
1 0 1 Dark | Light
0 0 0 Dark | Dark
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Lab6 EEPROM Read and Write

Step 8

e Add code segment to your loop

// TODO 6.08

// TODO 6.09
BANKSEL EE_DATA
btfsc BANKMASK(EE_DATA), 1
goto LED7_Light
goto LED7_Dark
LED7_Light:
BANKSEL LATC
bcf LED7

ioto LED7_END

BANKSEL LATC

bsf LED7

goto LED7_END
LED7_END:

Use the LED to show
the current value

0 Program firmware to target board
then observe result.

<7:0> bit 1
bit 7 Check the Bi¥
LATC: PORTC Data Latch Register — 1:High or O:Low
R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1 | R/W-1/1
LATC7 | LATC6 | LATCS | LATC4 | LATC3 | LATC2 | LATC1 | LATCO
VED? bit 0
EE_DATA
LED7 | LED6
Byte | bitl bit0
3 1 1 Light | Light
2 1 0 Light | Dark
1 0 1 Dark | Light
0 0 0 Dark | Dark
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Lab6 EEPROM Read and Write

Result
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Show the binary value of the LED Toggle,
EEPROM with LED6 and LED7. Interval Period use "Timer2" callback. @ MICROCHIP
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EE Data Memory

* Discuss
* How to Read the current value of EEPROM Data Memory?

* Stepl: Open the EE Data Memory window JE

B3 EE Data Memory - Editor - O X
EE Data Memory = [ay) E] @
5 |nddress 00 01 02 03 04 05 06 07 08 09 OAR OB OC 0D OE OF ASCII
arg emory Views rogram hMemory R
FF [FF [fF [FF [FF [FF [FF [fF [FF [FE [fF [fF [FF [FF [FF [FF
Windowl HE.‘|p Simulator File Registers = 10 FF |FF |[FF |FF [FF [fFF |FF [FF |FF |FE |FF |FF [FF |FF [FF [FF
F = FF |FF [FF |[FF |FF |FF [FF |FF |[FF |FF |FF |[FF |[FF |FF |FF |EF
r : B a0 FF |FF [FF |[FF |FF |FF |FF |FF |FF |FE |FF |FF |[FF |FF |FF |EF
Md@ Code C # Programming Center SFRs PR FF [FF [FF |F¥ [FF [FF [FF FF |FF |FF [FF |FF [FF [FF |[FF FF
— . Canfi ti Bits _* |50 FF |FF [FF |[FF |FF |FF |FF |FF |FF |FE |FF |FF |[FF |FF |FF |EF
= MPLAB Discowver C f Wi d ﬁ anfguration ol &n FF |FF [FF |[FF [FF |[FF [FF [FF [FF [FF [FF [FF |[FF [FF |FF [FF
) i antigure vVindow 70 FF |FF |[FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |[FF |FF |FF |EF
Kit Window . ﬁ EE Data MEH"ICIF}" 20 FF |[FF |[FF |[FF [FF |[FF |[FF |[FF [FF |[FF |FF |[FF [FF |[FF |FF [FE |.
o Reset Windows — 0 FF [FF [FF [F¥ [FF |FF |[FF [F¥ |FF |FF |FF [FF |FF |FF |FF [FF |.
0 Projects ﬁ Hardware Stack o FF |[fF [Ff [FF_|fF [fF [FF |FF [fF |FE |FF |FF [FF |FF |FF_FF_|.
) B0 FF |FF |[FF |FF |FF |FF |FF |FF |FF |FF |FF |FF |FE |FF |FF |EF
Files Close Window Ctrl+WW ﬁ Linear Data o FF_|[rf [ff fr [rr [;f [f§ [FF [r¥ [fE [FF [FE |[F¥ [fF [FE [FF |-....... .......
Do FF |FF [FF |FF |FF |FF [FF |FF |[FF |FF |FE |FE |FF |FF [FE FE |--vv-v. -:vv...-
Close All Documents Ctrl +Shift+W E0 FF [FF [FF [FF [FF |[FF [FF |[FF |[FF [FE |FF |[FF |F¥ [FE |FF |FF |evevevee weeenen-
ﬁ User ID Memo y Fo FF |FF [FF |FF [FF |FF [FF |FF [FF |FF |FE |FF [FF |FF [FE |FF |--vvvvvv ~2vvvee-
Memory | EE Data Memorny ~ Format

e Step2: Click the Read Device Memory button

The following memory areals) will he read:

_ program memory: Start address = 0x0, end address = Oxz1fff
- - D - E* | | - Er - J 1
I conflguration memory
.......... Pt

EEData memorv
User Id Memory

Fead complete @ MICROCHIP



EE Data Memory

* Discuss

* How to Read the current value of EEPROM Data Memory?

* Step3: Read the current EEPROM Data Memory value of the address

B4 EE Data Memory - Editor — O >
EE Diata Memony xl Ll v E] @
I%_ Rddress 00O 01 02 03 04 ©O5 06 O7 03 0% O0OR OB OC 0D OE OF ASCIT
(] WFF FF |FF |[FF |FF |[FF |FF [FF |FF |FF |[FF |FF |FF [FF [FF |eeeuevsn ssensans
10 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FFE [FF |FF [FF |eeessssn ssesnans
’ 20 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FFE [FF |FF [FEF |eeueeon ssennans
‘ 30 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |eeueeon ssennans
" 40 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |ceeueeon ssennans
|50 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |eeuevon ssennans
L] FF |[(FF |FF |FF |FF |FF [FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |ceeuevsn ssennans
Ta Fr |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FE [FF |FE [FE |eeessssn sseanans
fid FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FFE [FF |FF [FF |eeessssn ssesnans
S0 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FFE [FF |FF [FEF |eeueeon ssennans
B0 FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |eeueeon ssennans
BO FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |ceeueeon ssennans
i FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |eeuevon ssennans
D0 FF [FF |FF |FF |[FF |FF [FF |FF [FF |FF |FF |FF |[FF [FF |FF [FF |ceeuevsn ssennans
[EQ Fr |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FE [FF |FE [FE |eeessssn sseanans
FQ FF |[FF |FF |FF |FF |FF |[FF |FF [FF |FF |FF |FF |[FFE [FF |FF [FF |eeessssn ssesnans

Memory | EE Data Memoor

Vl Fu:umlat|
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