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* IDE, Compilers, MCC and Development Tools Introduction

* APP1618-SD EVB Introduction

* Getting Started with First Project
& LabO First Project (MCC)

* GPIO Architecture
HLlab1.2 GPIO Output (MCC)
HLlab2.2 GPIO Input (MCC)

* Oscillator Architecture
HLab3.2 Clock PRIPLL (MCC)

* Interrupt Architecture

* Timer Architecture
HLlab4.2 Timer2 Interrupt (MCC)
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Major Course 23

* ADC Architecture

S Lab5.2 ADC Channel Periodically (MCC)
* LCD Architecture

ELab7 LCD Display (MCC)
* UART Architecture

= Lab8 UART Printf (MCC)

HLab9 UART Communication (MCC)

* |2C Architecture
HLab10 Temperature Sensor (MCP9800) Operation (MCC)
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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.

3 MPLAB X IDE v5.50

= X
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctrl+I
japa )= L o M I Tl i b - @ & 8 pc How do I?
StartPage x P4 MPLAB X Store x AR EJ@

PLAB ﬁ\ MICROCHIP
\v/r LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

PROJECTS

# Open Sample

» Create New

# Import Legacy Recent Projects Microchip Login
# Import Prebuilt

MY MPLAB® X IDE

New to Microchip?

S0 rancot pomil Already Registered?

E-mail Address: Register now to enjoy the benefits of software update alerts and easy software purchasing,
_ licensing and account viewing.

II —
e
=l e | RS

PROGRAMMING : -

CENTER References & Featured Links

» Emata » Technical Articles and White Papers
NSTALL MORE » Product Selection Tools » Buy Direct from Microchip
PLU G | NS » User Guides » Open Source 4 PIC
Download & install
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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® Code Configurator

 MPLAB® Code Configurator - MCC is a free, graphical programming environment that
generates seamless, easy-to-understand C code to be inserted into your project.

* Supports 8-bits, 16-bits and limited 32-bits PIC® microcontrollers.

M’PLAB®XIDE R MCC
" l MPLAB
P C O D E
Generated drivers l: D N F I E u R ATD R

-

[ Application program ]
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3 MPLAB X IDE v6.00 - Lab0_First Project : default

MCC’s GUI Quick View

- ped
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q search (Ctri+])
1 : +~ 5 . Sns LB LB L E - - B . = pc: L WeDxO :
LEW%-QGJ‘H&“ v [y A \-Iﬁ ,m.@;"-'—';g;ﬁ;tf-"""| Zacc  Waax0 sbark O.L2 How do I7 Keyword(9)___J|
v v v (- N
Projects | Files Services Resource Managemen... xl =] fSystemModde x] Pin Manager: Package View x| =
Project Resourc... _Gener. || Impor. | B @ O J‘EE} Easy Setup | (=] Registers
¥ System RRBEEEZZZARAAA
¥ INTERNAL OSCILLATOR LR E8RRZ2ZEBLERD
() Interrupt Module HjE|EE|E|E|EE]|E]E
*
() Pin Module Current System clock 500 kHz ez 40 39 38 57 36 35 34 33 37 3130]: RCO
() System Module J Oscillator Select | INTOSC oscillator: /O function on CLKIN pin RD4| ]2 29[| Ras
RDS[]3 28[|ra7
System Clock Select I FOSC l - ‘ wn6 [ 4 @ >7[lvss
RD7[]S MERoEHE PB:VDI]
. Int | Clock 500KHz_MF - —PLL Capable Fi
]| voicesc [0 ] @-ricoe s e Mewow  CAG
¥ Documents J External Clock 1 MHz RBo[ 8 210 Reo
PIC16F1937 Product Page D PLL Enabled D Software PLL Enabled BE 22[C|Ras
¥ Libraries rE2[ 10 21[C|Rad
11 12 13 14 15 16 17 18 19 20
» £ Foundation Services mininininininininlnl
Z:'TMOTT v WDT mzzm=sxoaga
v Peripherals ] ufumw;gaﬂﬂ
Lab0_First | -... | Navigator | Core\ersions [MCC] x| & Watchdog Timer Enable WDT disabled
MCC Core Versions Watchdog Timer Postscaler [ 165536
» MPLAB® Code Configurator (Plugin) v5.1.1
Libraries may be updated in the Content Manag ¥ Programming
Low-voltage Programming Enable
<t y \ 5
Output - MPLAB® Code Configurator | Pin Manager: Grid View | N\tifications [MCC] x | \ 5]
Category Source Description l
. INTERNAL OSCILLATOR . isabled when Low-Voltage P ramnpi i
Resources Composer n Manager
T
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MCC’s GUI Quick View

3 MPLAB X IDE v6.00 - Lab0_First Project : default - ped
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Qr Search (Ctrl+]) ]
L é : B9 - -5 - @ :
PSS D@ = JE-T-E- DR TR AT e Hondow
—
Projects [Fles IServlnes [Rﬂolmllanagemﬂlx] = | [ System Module :] Eja
Project Resourc... _Gener.. || Impor.. | Bo.. | @ | @ 455 Easy Setup | ] Registers |
v System ¥ INTERNAL OSCILLATOR
) Interrupt Module
() Pin Module Current System clock 500 kHz
O System Module Oscillator Select | INTOSC oscillator: [/O function on CLKIN pin [ -]
System Clock Select I FOSC I -
. | | Clock MF - P le Fi
Device Resources Content Manager nternal Cloc | 500KHz_ I °—r LL Capable Frequency
* Documents External Clock 1 MHz
PIC16F1937 Product Page [CJpLLensbled  [] Software PLL Enabled
* Libraries
» £ Foundation Services
) MQTT v WDT
¥ Peripherals 3
Lab0_First_Project -... ] Navigator rmvgrﬂun [Mcc] x] = Watchdog Timer Enable I WDT disabled I - I
MCC Core Versions Watchdog Timer Postscaler | 1:65535 [ -]
» MPLAB® Code Configurator (Plugin) v5.1.1
Libraries may be updated in the Content Manager. ¥ Programming

Low-voltage Programming Enable

1
Output - MPLAB® Code Configurator | Notifications [MCC] x |

Category Source Type: | ALL
»> INTERNAL OSCILLATOR  INFO
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MCC’s GUI Quick View

3 MPLAB X IDE v6.00 - Lab0_First Project : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

AEES DE BT EPEE OB O3 e e

- X
[Q search (cHi+D) |

Projects IFIes IServlnes [Rmuanagemﬂlx] = [ SystemModule = Pin Manager: Grid View x] EZ|B
Project Resourc... | Gener... || Impor.. | Exp.. @ @] Ppackage [uqvmo |;] | Pin No: 17|1a]19[20|21|22j29[23 8 | 9 ]10[11|1z|13j14|15 30|31|32[33|3s|39]40[ 1 34|35J3u
¥ System PortA v/ PortB ¥ PortC ¥
O Interrupt Module Module| Function| | Direction| |0 |1 (2|3 |4 |5|6|7|0|1|2|3|4|5|6|7|0|1[23|4|5|6|7|0|1]2
(0 Pin Module 0sC CLKOUT  |output B
O SystemModule I . input R T N O T O T O O B T I O O B B
GPIO output I R R I T B T T I B I B B B I I B
MCLR input
Device Resources Content Manager RESETY  cae input & " h

|
¥ Documents

PIC16F1937 Product Page
v Libraries
» £ Foundation Services

B O marT

¥ Peripherals

Lab0_First_Project -... | Navigator | Core Versions [MCC] x | E]]
MCC Core Versions

» MPLAB® Code Configurator (Plugin) v5.1.1
Libraries may be updated in the Content Manager.

Output - MPLAB® Code Configurator [llnl:iﬁul:'lnns[ﬂcc] x]
Category Source Type: | ALL
- INTERMAL OSCILLATOR  INFO
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MCC’s GUI Quick View

3 MPLAB X IDE v6.00 - Lab0_First Project : default - ped
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help WSearch (Ctrl+1) ]
: — : H W : : : : s L H :
FEES D@ o E-T-E DR QBT D 2w @ oo |saciwoo:bako| hworl |
Projects | Files | Services | Resource Managemen... x | Interrupt Module x| DIEE
Project Resourc... |_Gener.. || Impor.. | Bp.. @ 4E5 Easy Setup |
¥ System Interrupts
) Interrupt Module
) Bin Module /A, Please remember to enable the Peripheral and Global Interrupts in your code!
S Modul
© System Module ¥ Interrupt Vector
Order | 4t Up || b Down | Single ISR per interrupt
Device Resources Contert Manager Order Module | interrupt | Enabled
¥ Documents 1 |PinModule [1OCI ]
PIC16F1937 Product Page
¥ Libraries
» £ Foundation Services
O mQ1T
¥ Peripherals

Labo_First_Project -... | Navigator | Core Versions [MCC] x| & |

MCC Core Versions
» MPLAB® Code Configurator (Plugin) v5.1.1

Libraries may be updated in the Content Manager.

Output - MPLAB® Code Configurator 1 Motifications [MCC] x]
Category Source Type: | ALL
> INTERNAL OSCILLATOR  INFO
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MCC’s GUI Quick View

More ?

www.microchip.com/mcc
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http://www.microchip.com/mcc

Programmer/Debugger
ICD4 (Part No. DV164045)

* 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 5328.89

* 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

PICKit4 (Part No. PG164140)

* 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. $76.99

* 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
SNAP (Part No. PG164100)

* 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 k $34.09
* Matches silicon clocking speed g ok

* Target voltage of 1.20V to 5.5V ; :

* Portable USB-powered 0

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.
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1 x I12C Temperature Sensor.
1 x Capacitive Touch Buttons.
1 x Glass Display.

* PIC18F47)53 block

4 x LEDs.

3 x Buttons.

1 x Potentiometer.

\ 9121d
3

(8dY)>S8Y
NId 48121d
) )
| 51

[
D

SdrBEdl
E]
L%

ex

[ ]
nien

|

I
L]
)W!JI.LU

XE6T149101d ¢
£6rZ$48131d

[ J
s X
- 2drR9df  0Zl: =
w0s/bod-bdl (o
J 4851_‘1913

[l

0X1/9J4-<4dl
OXd/224-9d0
19S/€2Y4-5dl

[ ]
4 o3 |
eay - za31 |9}
1 [ro3 ||
186N
wdl

138 4 yoa ||| ()
| | b3

18y
— W10Z6dIH

°
S
@©
-
(=3
@D
H4
P}
[
o
©®
pe)
o
>
-
=)
0
(=]
=
=
[=
Z
o
>
=
m
=
—
x
=
2
o
-

o R

§8 8 3 .
* 1 x Analog Temperature Sensor . & . & ¥
. e e g
* 4 x Capacitive Touch Buttons. e AiC i -.--_‘1‘
* 1 x MicroSD Socket
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APP1618-SD Overview
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First MCC Project

@ MICROCHIP



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 o 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

* Select : Tools » Plugins

¥4 MPLAB X IDE v6.00

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

%4 MPLAB X IDE v6.00

PE

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

e

[~

PROJECTS

# Open Sample
» Create New

® Import Legacy
# Import Prebuilt

PROGRAMMING
CENTER

NSTALL MORE
PLUG
Downlc
https://www.microchip.com/mplabx/ \

SRC

Recent Projects Microchip Login

Already Registered?
E-mail Address:

Password:

<no recent project>

oo

References & Featui

» Errata
» Product Selection Tools
» User Guides

b =% -S\Microckip

Analysis >k
MY MPLAB® X IDE | WHAT'S NEW
Embedded >

n
Licenses
Packs MY MPLAB® X IDE
Manage Network Tools
Cl /CD Wizard...

Tem p|ates pdate alerts and easy software purchasing,

DTDs and XML Schemas

Plugins

Plugins Dow%

Options
» Technical Articles and White Papers
» Buy Direct from Microchip

» Open Source 4 PIC

Loading ... W
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Lab Preparation
Step 5 (MCC not installed yet)

* Select : Available Plugins
e Search : MCC

%4 Plugins X

Updates| Available Plugins (2/41) | Downloaded Installed (185) Settings

Check for Newest Search: MCC

Install Name

[ 1 ___MPIAR Touch
4

MPLAB® Code Configurator

{fiy Community Contributed Plugin A

Version: 5.1.4
Author: Microchip Technology Inc

Date: 2022/3/18

Source: Microchip v6.00 Plugins
Homepage: http: //www.microchip.com/mcc

&
g
3
g
b S
of g

Plugin Description
The MPLAB® Code Configurator (MCC) generates seamless easy to understand C code v

<::heck MCC "v5.1.4" and Install it -

‘ Install 1 plugin selected, 86MB
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Lab Preparation
Step 5 (MCC has installed)

* Select : Installed
e Search : MCC

¥ Plugins X

Updates Available Plugins (40) Downloadedl Installed (1/186) | Settings

Search:

Select Name Category Active
290 "_Y MPLAB® Code Configurator
Il MPLAB® Code Configurator MPLAB IDE v

Version: 5.1.4
rce: Microchip v6.00 Plugins

Plugin Description
The MPLAB® Code Configurator (MCC) generates seamless easy to understand C code
that's inserted into your project. It enables, configures and utilizes a rich set of

peripherals across a select list of devices. It's integrated into MPLAB X (IDE) to provide
a very powerful and extremely easy to use development platform. v

%uap

f——

Check MCC Version is "v5.1.4" -

Activate Deactivate Uninstall
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Lab Preparation
Step 6

* 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 7

* 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

* Try to create your first MPLAB X IDE Project.

* Try to create your first MCC style 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 ,
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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

@ MICROCHIP



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 : LabO_First_Project, Project Location : C:\Exercises_PIC1002

* Encoding : UTF-8

¥4 New Project

Steps Select Project Name and Folder

1. Choose Project
2. Select Device Project Name: Lab0_First_Project
3. Select Header
4, Select Plugin Board :
Pr 3 . P
s, lect C. I oject Location C:\Exerdses_PIC1002 [ Browse
6. Select Project Name and
Folder Project Folder: C:\Exerdses_PIC1002\Lab0_First_Project.X
[] overwrite existing project.
Also delete sources.
Set as main project
[[] use project location as the project folder
Encoding: UTF-8
< Back Next > Finish Cancel Help

@ MICROCHIP



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.

‘ ¥4 New Project X

Steps Select Project Name and Folder

Choose Project ‘
Select Device Project Name: Lab0_First_Project ‘
Select Header
Select Plugin Board
Pr 3 . P

R Compler oject Location C:\Exerdses_PIC1002
Select Project Name and
Folder Project Folder: C:\Exerdses_PIC1002\Lab0_First_Project.X

PN

[[] Overwrite existing project.
Also delete sources
Set as main project
[[] Use project location as the project folder

Encoding: UTF-8 v

OF'vo;ect Folder already exists and is not empty. File Makefile exists.

< Back Next Finish Cancel Help
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LabO First Project
Step 7

* Menu Tools » Embedded » MPLAB Code Configurator v5: Open/Close or Click @

¥4 MPLAB X IDE v6.00

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

%4 MPLAB X IDE v6.00

File Edit View Navigate Source Refactor Production Debug Team

L NEE
Tooli!‘windnw Help
- S -l\ MICROCHIP
L b

S

PROJECTS

# Open Sample

» Create New

® Import Legacy Recent Projects
# Import Prebuilt

PROGRAMMING
CENTER

<no recent project>

r
https://www.microchip.com/mplabx/ ‘

Analysis

Microchip Login

Already Registered?
E-mail Address:

Password:

References & Featured Link

» Errata
» Product Selection Tools
» User Guides

i

Embedded 2. MPLAB® Harmony 3 Content Manager

Licenses me8. 2 MPLAB® Harmony 3 Configurator

Packs

Manage Network Tools
Cl/ CD Wizard...
Apply Diff Patch...

asy software purchasing,

Templates

DTDs and XML Schemas

Plugins

Plugins Download

Options

» Open Source 4 PIC

Loading ... W

MPLAB® Code Configurator v5: Open/CIEse
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LabO First Project
Step 7

* Menu Tools » Embedded » MPLAB Code Configurator v5: Open/Close or Click @

¥4 MPLAB X IDE v6.00

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

‘Qv Search (Ctr+I) ik
ﬁ MPLAB X IDE v6.00 - LabO_First_Project : default

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

EE’EL@L] : default Vlﬁj';ﬂ"%' D'%'i'%@'@ -

PROJECTS MY MPLAB® X IDE
# Open Sample

® Import Legacy Recent Projects
# Import Prebuilt

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW T

Microchip Login

<no recent project> Already Registered?

New to Microchip?

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

PROGRAMMING _
CENTER References & Featured Links

» Errata » Technical Articles and White Papers
NSTALL MORE » Product Selection Tools

» Buy Direct from Microchip
P L U G | » User Guides » Open Source 4 PIC

nstall

https://www.microchip.com/mplabx/ ‘ Loading ... W
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LabO First Project

Step 8

* Select a Content Type : Select MCC Classic.

3 MPLAB X IDE v6d
File Edit View N

£ Source Filed
Er-ﬁ Libraries

@[ Loadables

Lab0_First_Project
2 |7g Lab0_First_Prd
Y8 Project Ty|
@a =] Device
g PICIE
-4 Check
-ER CRC3]
-l Packs
- il PIC12]
=] “If Compiler Tf

: XC8 (v
"l Produd
~l Devic
' Licensé

©H =

8 Content Manager - Editor

StartPage x| gy MPLABXStore x| ContentManager x|

MCC Content Manager Wizard

Select a Content Type

7] o 7]

Development process you are
accustomed to

All components and libraries
that you have used before

Release notes and supported devices Release notes and supported devi = Release notes and supported devices

Library support may be a key factor in your choice of MCC flavor:

> MCC Melody and MCC Classic - Library Summary y  MPLAB Harmony - Library
Summary

Still unsure which content type is right for your project?

] % o
D EO
0 (PO
0% -
=
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LabO First Project

Step 9

* You can add the available Libraries provided in the Device resource to the project or

click Finish.

B3 MPLAB X IDE V6! ¥4 Content Manager - Editor — O x ®
File Edit View N . . S
: & StartPage x| MPLABXStors x| ContentManager x| =[O
# £ i ard -
MCC Content Manager Wizar PG
(i) Header File . Type 2 ce Content 0
@@ Importantf
=B ke Fies Required Content
e Source Filed
;{g t:’;:;; All required content is available locally on your machine. No other download is needed to get started.
To change content versions later, access the Content Manager from Device Resources.
Optional Content
Select optional content to be made available in Device Resources for selection
“ Optional Content
Component 1l Version Description
Lab0_First_Project
2z g |;abg_ﬁrst_m Libraries
o roject Ty
@?J =] Device
(=] i PICIE _ | 8-bit Bootloader 241 The 8-bit Bootloader Library enables creation of bootloaders for 8-bit MCUs.
= 48 Check
@ & _ E?cksmcz The DAC (Digital to Analog Converter) |ibrary for Microchip’s MPLAB® X allows -
- ; & rici2 DAC 2041 for quick and easy C code generation for Microchip’s Digital to Analog I =
=-F Compier T} converters. A~
: :gj §Coad|(: The Data Encryption Routine Library provides data encryption routines based on
5 [;eviu Data Encryption Routines 1.0.1 four encryption algorithms (AES, XTEA, SKIPJACK and Pseudo-random binary
% Licenst sequence generator.)
=] QM:mD(y
@ Usage File System 1.1.0 FatFs File System Library for FAT/FAT32/EXFAT and SD Card applications
- Data §
- Progra UN - The LIN (Local Interc ART driver that allows transfer
7 ‘kzhflru = of UART packets formatted usin LIN
< The MCP802X Library Plug-in for MCC allows for quick and easy C code v
MCPE02X 1.0.0 generation for interfacing with the MCP8&02X family (3-Phase Brushless DC Motor -
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LabO First Project
Step 10

* MCC Configurator interface show up.

g MPLAB X IDE v6.00 - Lab0_First_Project: default — x
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help [Q- search (ctri+])
Eﬂm%@@*m“ > &I'?'Dﬁ' D"‘E—a' m@?g@kmb zdcc:w:nxn:barka| How do I?
Projects | Files | Services | Resource Managemen... xl [=] | SystemModule x] Interrupt Module x] PinModue x| ‘Li'@@ Pin Manager: Package View x.\ =
Project Resourc... Gener... H Impor... || Bxp.. | @ ‘ @ 5 Easy Setup | 5 Registers
2 2 2T
v System + INTERNAL OSCILLATOR RBfzeaRERA
") Interrupt Module OO0 OO0
L]
) Pin Module Current System clock 500 kHz “C-_’:""w 39 38 37 36 35 34 33 32 3130 -
") System Module Oscillator Select [ INTOSC oscillator: I/0 function on CLKIN pin RDa[7]> 29[ras
RDS[]3 28[|RAT
System Clock Select l FOSC l - I RDB[ 4 @ 27lvss
il = MicrocHiP 26:“
Device Resources Content Manager Internal Clock l 500KHz_MF l - | ©) —PLL Capable Frequency VSS:G PIC16F1837 2s[|re2
¥ Documents ‘ External Clock 1 MHz bl =14 Zf,‘Ekﬂ
| RED[ |8 23[|Re0
PIC16F1937 Product Page I:' PLL Enabled D Software PLL Enabled RE1[ ]9 22[C|ras
¥ Libraries rR?[ 10 21[CIRA4
11 12 13 11 15 16 17 18 19 20
» (%) Foundation Services minininininininininl
g": MQTT v WDT = @2 = a =
- =
¥ Peripherals l EEE*EEE?%E
Lab0_First_Project -... [ Navigator I Core Versions [MCC] x] = Watchdog Timer Enable WDT disabled ] - ]
MCC Core Versions Watchdag Timer Postscaler | 1:65536 E
¥ MPLAB® Code Configurator (Plugin) v5.1.1 .
@Core v5.4.2 [Available for download.] ¥ Programming
v Corev5.4.1 [CAU 62407 5.4.1
ore [CAlsersiA \mecicares\34-Tcore Low-voltage Programming Enable
{0 Core v5.4.0 [Available for download.]
O Core v5.3.3 [Available for download.] =M< NG T y
{) Core v5.3.0 [Available for download.) Output - MPLAB® Code Confi | Pin Manager: Grid View x | Notifications [MCC] | =
@ Core v5.21 [Available for download] Package: [ UQFN40 [ -] I Pin No: 17‘18|19‘20‘21|22|29|28 8 I 9 \10\11{12]13|14|15 30‘31 ‘32‘33‘38'39|40| 1 34‘35\4
@ Core v5.1.0 [Available for download.] PortA ¥ PortB ¥ PortC ¥
© Core v5.0.1 [Aveileble for downlosd) Module Function | Direction |0 |1 |2 |3 |4 |5|6|7|0|1|2|3|4|5|6|7|0|1/2|3|4|5|6|7[0]1
{0 Core v4.85.1 [Available for download.]
®c 4850 [Available for download] 0sc CLKOUT output B
ore v4.85.0 [Available for download.
GPIO input
) Core v4.75 [Available for download ] Pin Module ¥ o CRIC I RIC I RIC I R IR B R R B BRI B R BRI B
) Core v4.65 [Available f adl . GFIO output RGN G TG G G A A A A A JAC A A A A A A A I B G B
&
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LabO First Project

Step 11

* Change package : UQFN40 » TQFP44

ﬂ MPLAB X IDE v6.00 - Lab0_First_Project: default — x
File Edit View MNavigate Source Refactor Production Debug Team Tools Window Help [Qv Search (Ctrl+1)
Eﬁ%@@m—vl@'?'@'b'%'%'a'mwegshm zdcc:w:urﬂ:harka| How do I?
Projects [ Files ‘ Services Rﬂoumzl‘lanageml:nxl [= || System Module x[ Interrupt Module x] Pin Module x] \IZ|B@ Pin I Package View x.‘ =
Project Resourc... | Gener.. | impor.. || B | @] @ 48} Easy Setup | ] Registers
v System + INTERNAL OSCILLATOR AERELUERAEE
() Interrupt Module o JLLTLTILILILITITT
() PinModule Current System clock 500 kHz RC7| )1 AN 4342 A1 40 39 38 37 35 35 M?d MC
= ; § . . rDA| )z 32 |reo
() System Module Oscillator Select I INTOSC oscillator: I/0 function on CLKIN pin ros s [
System Clock Select | FOSC I -I ROE[4 30[]RA7
ro?[]s s ljvss
vss[llé MicROCHIP sl von
Device Resources | Content Manager Internal Clock | 500KHz_MF l - I O—tDLL Capable Frequency mn=1 PIC15F1937 e
v Documents - External Clock 1 MHz REo[J8 26[we1
Re1[Je 250
PIC16F1937 Product Page ‘—| D PLL Enabled D Software PLL Enabled Rr2[J10 24 RAS
¥ Libraries rea[ 1 29[ ] ras
. . 12 13 14 15 16 17 18 19 20 21 22
> G) Foundation Services | mROOO0O000000n
(:!qu v WDT ZZE323322:22
¥ Peripherals 1 ﬂng.,.g.,;g_,g;a
Lab0_First_Project -... [ Navigator Core Versions [MCC] x| [ Watchdog Timer Enable WDT disabled I -
MCC Core Versions Watchdog Timer Postscaler | 1:65536 i -
¥ MPLAB® Code Configurator (Plugin) v5.1.1 *
(%) Core v5.4.2 [Available for download ] ¥ Programming
41 [C 7 4.1
v Corevs [C\Users\AB2407\ mcch\cores\5.4.1\core_ru Low-voltage Programming Enable
) Core v5.4.0 [Available for download ]
O Core v5.3.3 [Available for download.] T HIE 3
) Corev5.3.0 [Available for download.] = ator J Pin Manager: Grid View xl MNotifications [MCC =
@ Corev5.2.1 [Avsilable for download] Package: | TQFP44 | ~ Pin No: 19|2a|21|2\23\24|31|30 8 | 9 10'11‘14‘15i16|17 32|35|35|37\42|43|44| 1 35\39]43
(@ Core v5.1.0 [Available for download.] PortA ¥ PortB ¥ PortC ¥
@ Core 501 [Aveilble for download Module Function | Direction |0 |1 |2|3 |4 |5|[6|7|0|1|2|3|4a|5|6|7|0[1[2(3|4|5|6|7|0]1
) Core v4.85.1 [Available for download ]
OC 4850 [Available for d toadl] 0OsC CLKOUT output 'h
ore v4.85.0 [Available for download. U
@ Core va.75 [Available for download] | input T T A T A T I T B A T I R
B e bl oo ; 0  owor BB m B @ hn B s b B b e b bR B
< | J 2 < | J >
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LabO First Project
Step 12

* Click [Generate] Button to get your first MCC Project.
* MCC to generate files include main.c automatically.

IFrojecI: Files | Services | Resource Management [MCC] x | I

Project Resources | Generate | Import.. | Export

NE

¥ System
) Interrupt Module

() Pin Module

| Output - MPLAB® Code Configurator x

— 1 13as1m
. System Module

Projects x

S8 N1Lab0_First_Project

= Header Files

B (@) MCC Generated Files
. @ device_config.h

B mcc.h

: E] pin_manager.h

@[ Important Files

(@) Linker Files

(" & g Source Files h

i E] main.c
= MCC Generated Files
E] device_config.c
B9 mec.c
: E] pin_manager.c y
@ g Lbraries
& (@@ Loadables

INFO: Fetching list of available libraries

13:48:13.836  INFO: Download Chmplete: C:\Wsers\AG240T\ mecimec_libraries. sml
13:45:14 564 INFO: Start ML

W 13:48:14 383 INFO: Core v5.4.1 loaded.
14:07-22.545 [NFO: #HEsstttsttatsts sttt sttt ts sttt st restssssssnsssnssses
14:07. 2. 546 INFO: Generation Results
14:07-22.547 [NFO: $4ettra ettt sttt ittt aetstattestitsessssssssnessnss
14.07.22.555 INFO: main.c Buccess. New file.
14:07:222.556 INFO: mec_generated_filesldevice_confiz. ¢ S 5. New file.
14:07:22.558  INFO: moc_generated files\device confiz.h Success. New file.
14:07:222.559 INFO: meo_generated_files\meo. ¢ 5. New file.
14.07.22 559 INFO: mec_gensrated_filesimeo. h ss. New file.
14:07:222. 560 INFO: mec_generated_files\pin_marager. c 5. New file.
14.07.22.561 INFO: mcc generated files\pin mamager. b Success. New file.
14:07-22. 626 [NFO: $4aett sttt tste st s tataettststtssttsasstsssssnessnss
14.07.2 27 INFO: Generation complete (total time: 928 milliseconds)
14:07-22. 628 [NFO: $488tta st tsttststattettststtssttsasaasssssessnss
14.07. 2 632 INFO: Generation oomplete
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LabO First Project
Step 13

 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 14

* 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

@ MICROCHIP



LabO First Project

Result

Nothing happen ????
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GPIO Architecture
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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.

* 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/PMA1BRE10 []]

TDO/ANT1/PMAIRB11 u’

oo )

TCK/AN12/PMA1 IRBI

TDIWAN13/PMATD/RE, '
YL TEDS/PMAY=

Rxn

TRISxn

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

LATxn or PORTxn

PORTxn
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GPIO Setting of MCC

* Just Click & Select. Code Generate Automatically.

= X
@ e Resource Management [MCC] X|
Pin Manager: Grid View x Project Resources | Generate | Import.. | Export | @ || @ |
Package: | ToFras | ~ | | PinNo: [19]20|21|22|23|24|31[30] 8 | 9 10| 11| 14[15[16]17]32] 35| 36|37 | 42| 43]4a] 1 v System
() Interrupt Module
PortA ¥ PortB ¥ PortC ¥ . 5 Pin Moda
Module Function Direction (0|12 |3 |4 |5|6|7|0|1|2|3|4|5|6|7|0 | 11234 |5[6|7 ) SystemM
0sC CLKOUT output B
GPIO input .
Pin Module ¥ nee CRCRCHCICRCRCRCICRCRC B RC RCRC RCRICRCRICRICRICRIC RIC R Device Resources Content Manager
GPIO output GGG R R R R I R R R B B v Documents ‘|
MCLR input Ny PIC16F1937 Product Page T
RESET ¥ v Librari
VCAP input s [ ibraries
7 : » 2 Foundation Services
) MQTT
= X
Resource Management [MCC] x|
Project Resources [ Generate | import.. || Export 0/ @]
¥ System m
) Interrupt Module g Pin Module - Editor - | X
() Pin Module oy — Modiex] II E]@
) System Module -
[{{;} Easy Setupl_ F Registers |
Selected Package : TQFP44
1 Content Manager
'De;'ce Refources , PinNamea | Module | Function |CustomNa..| StartHigh | Analog | Output WPU
ocuments
PIC16F1937 Product Page -| RE3 PinModule |GPIO LED1 D D D
v Libraries
» 2 Foundation Services ¢ r — ’
B3O marT | ~ Click & Rename .
A8\ MicrocHIP



GPIO Functions of MCC

* MCC Provide below functions for GPIO:

Prototype definition : ""pin_manager.h"'

OUT operation
CustomName_SetHigh();
CustomName_SetLow();
CustomName_Toggle();
CustomName_SetDigitalOutput();

IN operation
CustomName_GetValue();
CustomName_SetDigitallnput();
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Lab1l GPIO Output
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Labl GPIO Output

* Base on current project or Open .\Lab1.2_xxx.X to do exercises
* Try to use MCC to generate your first MCC style code and control GPIO base on MCC

style.
* Try to set the four GPIO pins to digital output mode and toggle levels (period around

500ms ~ 18), individually.
* RBO3 » LED(LED1).

How to start ?
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MPLAB X IDE
Tips

* Too many windows, You may can’t find the window you want. MPLAB X IDE provide
named Reset Windows to go back to default layout.

3 MPLAB X IDE v6.00 - X
| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q Search (Ctri+
B4 MPLAB X IDE v6.00 E
L [C]@)
File Edit View Mavigate Source Refactor Production Debug Team Tools Help | ik
o 1 MPLAB® Code Configurator v5 y
™ o & v - . = MpLaE Discover
_ - ' - - ' 1 KtWindow
| . 4 —
‘ v LEARN & DISCOVER | N i Projects Ctrl+1
o ([ Files Ctrl+2
@ Classes Ctrl+9
PROJECTS — ]
llz] Favorites Ctrl+3
o] S I
: cf:;e :::e & Senvices Ctrl+5
® Import Legacy Recent Projects Microchip Login 78 Dashboard
# Import Prebuilt Ci) Navigator Ctrl+7
- <o recent project> Already Registered? New to Microchip? — .
E-mail Address: Register now to enjoy the benefits of software upfl e | Action ltems Ctrl+6
licensing and account viewing. E Tasks Ctrl+Shift+6
Password:
' e & Output Ctrl+4
=n Editor Ctrl+0
Debugging >
Web >
PROGRAMMING . e ’
CENTER References & Featured Links Target Memory Views »
» Errata » Technical Articles and Simulator ’
NSTALL MORE » Product Selection Tools - S &) Programming Center
» User Guides » Open Source 4 PIC
PLU S Configure Window > |

Downic

n
https://www.microchip.com/mplabx/ ‘

Reset Windows ; I @ MICRDCHIP



MCC Hints

* You may can’t find the MCC window you want also. MCC provide named Show All to

show all MCC windows.

3 MPLAB X IDE v6.00
| File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

%4 MPLAB X IDE v6.00

File Edit View MNavigate Source Refactor Production Debug Team Tools| Windoy |Help

FEES D k-
[~

PROJECTS

# Open Sample

» Create New

# Import Legacy Recent Projects Microchip Login
# Import Prebuilt

Already Registered?
E-mail Address:

' | i

PROGRAMMING ,
CENTER References & Featured Links

<no recent project>

» Errata
» Product Selection Tools
» User Guides

https://www.microchip.com/mplabx/ ‘

@

ik

MPLAB® Code Configurator v5

| >I MPLAB® Code Configurator v5: Open/Close
i

3

LEARN & DISCOVER |

| —_—1

Heo«wdle ® 0@

New to Microchip?

Register now to enjoy the benefits of software up
licensing and account viewing.

& e

» Technical Articles and
» Buy Direct from Microc =
» Open Source 4 PIC

MPLAE Discover
Kit Window
Projects

Files

Classes
Favorites
Services
Dashboard
MNavigator
Action ltems
Tasks

Output

Editor
Debugging
Web

IDE Tools
Target Memory Views
Simulator
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Labl GPIO Output
Step 1

* Set System Clock.
* Oscillator Select : INTOSC oscillator. 1/0 function on CLKIN pin

* Internal Clock : 500KHz_MF &3 System Module - ditr ~ o X
System Module  x ODa]=)
g X £0% Easy Setupl £ Registers
Resource Management [MCC] x| v INTERNAL OSCILLATOR
Project Resources | Generate || Import.. || Export | 9 | @ Current System clock 500 kHz

Oscillator Select INTOSC oscillator: /0 function on CLKIN pin ] -

¥ System _l
—\ System Clock Select | FOSC I j
) Interrupt Module 5

J: Pin Module Internal Clock I 500KHz_MF l 'J o —PLL Capable Frequency
O System Module External Clock 1 MHz
[:] PLL Enabled [:] Software PLL Enabled

Device Resources Contant Manager
¥ Documents "'l v WDT

PIC16F1937 Product page Watchdog Timer Enable WDT disabled I - ]
v Libraries Watchdog Timer Postscaler 1:65536 I - |

» (=] Foundation Services
Y MOTT ¥ Programming

Low-voltage Programming Enable
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Labl GPIO Output

Step 2

* Change package
- UQFN40 » TQFP44

=3

Module Function
0sC CLKOUT

GPIO

GPIO

MCLR

VCAP

Pin Module ¥
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Labl GPIO Output

Step 3

* Set PORTB, Pin3 (RB3) to digital output mode.

* Pin Manager : Gird View : Click RB3 lock to GPIO output.

] X
Pin Manager: Grid View x |
Package: | TQFP44 | ~ PinNo: |19(20(21 /22|23 24(31|30(8 |9 |10|11|14|15|16|17 3235|3637 |42 (43 44 1
PortA v PortB v PortC v
Module Function | Direction |0 | 1|2 3|4|5/6|7|0/1/2|3/4|5|6/7|0|1)2]34|5]6|7
0scC CLKOUT output B i
e input G I I I I I IR
GPIO €------owiput-—-—-- B ra e BT e w5 8|8 B | |'B BB B BB BB B
RESET v MCLR input
VCAP input B B h
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Labl GPIO Output

Step 4
e Set Alias for RB3.

* Pin Module : uncheck Analog, Check Output, Custom Name > LED1.

=

X

Resource Management [MCC] = |

Project Resources | ©Gsnerate | Import. || Export 9 @

¥ System
() Interrupt Module

{ ) Pin Module
() System Module

ﬁ Pin Module - Editor
Pin Module  x

EIDIQ]E

J K" Easy Setupl‘ = Registers

Selected Package : TQFP44

Pin Name & Module Function

Custom Na...| Start High Analog Output

Device Resources

Content Manager

RB3 Pin Module |GPIO

LED1 _ L] [ ]

¥ Documents
PIC16F1937 Product Page

¥ Libraries
» IE] Foundation Services
() MOTT

] Click & Rename i
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Labl GPIO Output

Step 5

* Click Generate Button to generate your code.

* All files generate by MCC include main.c automatically.

]

X

>

— o

Resource Management [MCC] = |

() Interrupt Module
() Pin Module

) System Module

Project Resources [ Generate | Import.. || Export | @ | ©)
¥ System

Device Resources

Content Manager

¥ Documents
PIC16F1937 Product Page

¥ Libraries
» IEJ Foundation Services
() MOTT

=@ Lab1_GPIO_Output
= Header Files
- B-[g) MCC Generated Files
- device_config.h
B mcc.h
; @] pin_manager.h
(+} ﬁ Important Files
Ej Linker Files
=} |\gz1_Source Files

B device_config.c
- B mec.c
; ‘E] pin_manager.c
& -[@ Libraries
) @ Loadables
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Labl GPIO Output
Step 6

* Try to add code to main function Double Click main.c to view & and add below code

segment in it.

RTEL(PLR (N0 H | L b8

files/mee

t{ main.c - Editor
Eman.c x
a Source | History ) &~ 5 -|ﬂ
44 #include "mcc_generated_f1
- a5
LProjects x| 60
-1l Lab1_GPIO_Output :; -
=} —@ Header Files 49 void main{void)
=-[g) MCC GeneratedFiles |1 7'
EE*) device_config.h z SYSTEN_Ini tialize();
'P_] mcc.h 54|
" . 55
' @] pin_manager.h |
+) ﬁ Important Files 57 ble the Global Interrupts
58 INTERRUPT GlobalInterruptEnable
+ @ Linker Files = '
- [ Source Files .
= (g MCC Generated Files - }
%7 device_config.c >
Eﬂ mcc.C 67
B s &
. ] pin_manager.c 6 while (1)
i@ Libraries ™ {
!
3] @ Loadables 2 )
13 Ly
11 |ins|

Add below code to
main()

#include "mcc_generated_files/mcc.h"

uint32_t i=0;

int main(void)
{

// initialize the device
SYSTEM_Initialize();

while (1)
{

‘ // Add your application code
LED1_Toggle();
for (i = 0; i < 2800; i++);

1

}
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MPLAB X IDE Hints

* Hot key "Ctrl + Alt + \"

* Type LEDL1 first, then use "Ctrl + Alt + \" to find you want.

4 main.c - Editor — | e

T manc ]

Souce Hsory | E-F-Q&5FHLC

51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7

72
@
[

5

S

/f initialize the device

SYSTEM_Initialize();

'/ When using Interrupts, vou need to set

se the following macros to:

/ Enable the G

// INTERRUPT_GlobalInterruptEnable();

Enable the Peripheral Interrupts

/[ INTERRUPT PeripheralInterruptEnable();

ble the Global Interrupts

RRUPT lobalInterruptDisable();

'/ Disable the Peripheral Interrupts

/! INTERRUPT Peripheral InterruptDisablef )

vhile (1)
{

Ctrl+Alt+\

Add

whur application code

4 main.c - Editor —

T manc ]

Source  History '.‘L(ﬂ‘&'|ﬁ%'5%

T manc ]

4 main.c - Editor —

Souce Hsory | E-F-Q&5FHLC

51 [ { Lol |
52 /! initialize the device
53 SYSTEM_Initialize();
54
55| [ Vhen using interrupts, vou need to set
56 s5e the fl'l-. 1 ".’El'.i' macros to:
57
58 // Enablg = 1Ep)_ans
59 /7 INTERRU £= 1ED1_getValue p:
60 £ [Ep1_LaT
61 nablel £ 1ED1_FORT E
62 '/ INTERRM #= 1ED1_ResetPullup ible();
63 #= [ED]_SeténalogMode -
64 LED] SetDigitallnput |
65 = LED1_SetDigitalMode §();
66 = LED]_SetDigitalOutput
67 #5 [ED] SetHigh bis
68 LED1_SetLow lablel )
69 = LED]_SetPullup
70 LED]1_TRIS
n LED]_Togzle =
72 /7 adi £ LED1_WPU
& LEDL
(] b
B -} v
< >
44:12 [INS Dinable to resolve identifier LED1.

51 [

52 // initialize the device
53 SYSTEM_Initialize();

54
55| [ £/ When nusing interrupts, vou need to set
56 /{ Use the following macros to:

57
58 /! Enable the G Interrupts

59 // INTERRUPT GlobalInterruptEnable();
60

a1 '/ Enable the Peripheral Interrupts

62 // INTERRUPT Peripheral InterruptEnable();

63 -
64 ff Disable the Global Interrupts _

65
66
&7 // Disable the Peripheral Interrupts
68 | //INTERRUPT Peripheral InterrmptDisable()
69
70 while (1)
7 { 7
72 /¢ Add vour application code
= LED!. Tozzle
74 H
B -} v

< >

RRUPT lobalInterruptDisable();

=5 [INS [nexpected token: }
ﬁ\ MICROCHIP



Labl GPIO Output

Step 7 & 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
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Labl GPIO Output

Code Example

#include "mcc_generated_files/mcc.h"

uint32_t i =0;

int main(void)

}

// initialize the device
SYSTEM_Initialize();

// When using interrupts, you need to set the Global and Peripheral Interrupt Enable bits
// Use the following macros to:

// Enable the Global Interrupts
//INTERRUPT_GloballnterruptEnable();

// Enable the Peripheral Interrupts
//INTERRUPT _PeripheralinterruptEnable();

// Disable the Global Interrupts
//INTERRUPT_GloballnterruptDisable();

// Disable the Peripheral Interrupts
//INTERRUPT _PeripheralinterruptDisable();

while (1)

// Add your application code
LED1_Toggle();
for (i = 0; i < 2800; i++);

}
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Lab2 GPIO Input
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Lab2 GPIO Input

» CustomName_GetValue(); function is used for get digital input level from outside.
* The simple example code shows below:

5V_IN 5V_IN
if(BT1_GetValue()) rak g 1K
{ BT1(RD1)
LED2_SetHigh();
}
else 220
{
LED2_SetLow(); _"\'\
; |1
_T_ BT
GND

LED2(RC6)
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Lab2 GPIO Input

* Base on current project or Open .\Lab2.2_xxx.X to do exercises
* Try to set RDO1, RDO2 to digital input as get button status.

* Try use button to control LED light or dark.
* BT1 Pressed -> LED2 Light, BT1 Released -> LED2 Dark
* BT2 Pressed -> LED3 Light, BT2 Released -> LED3 Dark

 RBO3 » LED(LED1).
 RDO1 » Button(BT1).
 RD02 » Button(BT2).
e RCO6 » LED(LED2).
 RCO7 » LED(LED3).

Let’s go!
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Lab2 GPIO Input
Step 1

* Set PORTC, Pin6 (RC6), Pin7 (RC7) to digital output mode.
* Pin Manager : Gird View : Click RC6, RC7 lock to GPIO output.

= X
Pin Manager: Grid View x |
Package: | TQFPa4 | = Pin No: 8|9 /10[11|14|15[16|17(3235/36|37 42|43 /44| 1 |38/39|40/41|2 |3 |4 |5 |
PortB ¥ PortC ¥ PortD ¥
Module Function Directon (0|1 ,2|3|4|5|6 (7|01 /2|3 |4,5|6|7|0(1(2|3|4|5|6,7
0SC  |CLKOUT  |output o
R et Bm'mBBB BB EBE e e e e EE R RS
GPIO output <1l B B BB B B BB 8 8]0 B B B h B e
RESET v MCLR input .
VCAP input
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Lab2 GPIO Input
Step 2

e Set PORTD, Pinl (RD1), Pin2 (RD2) to digital input mode.
* Pin Manager : Gird View : Click RD1, RD2 lock to GPIO input.

1] X
Pin Manager: Grid View x |
Package: | TQFPa4 | = Pin No: 8|9 /10[11|14|15[16|17(3235/36|37 42|43 /44| 1 |38/39|40/41|2 |3 |4 |5 |
PortB ¥ PortC v PortD v
Module Function Direction |0 |1 |2|3|4 5/ 6|7 |01 /2|3 |4|5|6|7|0(1|2|3,4|5|6|7
0sC CLKOUT output ? ?
pobiodue w Ot e v w(8fa)n e n
GPIO output I R R B O B OB CRCRC RGN
RESET v MCLR input .
VCAP input
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Lab2 GPIO Input

Step 3

 Set Alias for RC6, RC7, RD1, RD2.
* Pin Module : uncheck Analog, Check Output, Custom Name > LED1.

=

X

Resource Management [MCC] = |

Project Resources | Generate

Import... | Export | (7] | ®

¥ System
() Interrupt Module

{ ) Pin Module
{ ) System Module

Device Resources

Content Manager

¥ Documents
PIC16F1937 Product Page

¥ Libraries
> IE] Foundation Services
) MOTT

a Pin Module - Editor - X

. - =0

{5} Easy Setup | =5 Registers |
Selected Package : TQFP44

Pin Namea | Module | Function | Custom Name | Start High | Analog Output
RB3 Pin Module |GPIO LED1 ] ]
RC6 Pin Module |GPIO (" LeD2 1 []
RCT7 Pin Module |GPIO LED3 [ ]
RD1 Pin Module |GPIO BT1 [] L] L]
RD2 Pin Module |GPIO

| BT2 } J L] L] L

| Click & Rename |
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Lab2 GPIO Input
Step 4

* Click Generate Button to generate your code.

D) X o
Resource Management [MCC] x

Project Resources | Generat | Import.. | Export | @ || @
¥ System
() Interrupt Module

>

Output - MPLAB® Code Configurator x |
2:27:53.5M INFO: main.c Success. MX cutput unchanged ™
12:27:53.275 INFO: mec_generated_fileshdevice_confiz. o Sucocess

12:27:53.375  INFD: moo_generated_files\device_confiz. h Success.

O Pin Module 12:27:53.375  INFD: mec_generated_filesimee. o Success
() System Module 12:27:53.3%  INFO: meo_genervated_files\meo. h Buccess.
12:27: 52,276 INFO: mec_generated_fileshpiv_marager.c  Success. Auto-merged
Device Resources . Content Manager 12:27.53.271 INFO; mc:u:_g&fnemted_fll&s".pimmmg&r.h Sucoess. futo-mexged.
12:27-53.400  [NFO: #+48848884840 0088838088008 88 008828820008 0888848

¥ Documents
12:27:53.409 INFO: Generation oomplete (total time: T2 milliseconds)

PIC16F1937 Product Page

12-27-53 410 [NFI): #+8#84823 4488808383324 0088833808040 2328338 0888833423
¥ Libraries — - _
12:27-53.410 INFO: Generation complete. W
3 Ig] Foundation Services < >
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Lab2 GPIO Input

Code Example

#include "mcc_generated_files/mcc.h"
uint32_t i=0;

int main(void)

// Disable the Peripheral Interrupts
//INTERRUPT _PeripheralinterruptDisable();

while (1)
{
// Add your application code

LED1 Toggle();
for (i = 0; i < 2800; i++);

if(!BT1_GetValue())
LED2_SetLow();

else if(!BT2_GetValue())
LED3_SetLow();

else
{
LED2_SetHigh();
LED3_SetHigh();
}
}
}
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Lab2 GPIO Input

Result
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Oscillator Architecture
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Phase Locked Loop

* A block diagram of the PLL module.

0sCc2

0sC1

T1050

T10SlI

31 kHz (LFINTOSC)

'External |

] - 1

Oscillator

| . N LP, XT, HS, RC, EC
T 2> ' =™
: : Sleep -

(I | - 4 x PLL - Sleep
‘Oscillator Timert S FOSC<2:0> = 100 T10SC | x 53 CPUand _
| | = ' ™ % ' Peripherals
: : E CECEN

nable
' ' i IRCF<3:0>
! Osaillator Internal Oscillator
16 MHZ_\}\ >
Internal 8 MHz
Oscillator 4 MHz _
Block 2 MHz
g 1 MHz Clock
HFPLL 16 MHz § 500 kHZ__ § Control
* (HFINTOSC) Eﬂ 250 Iw:Hz: = |
00 kia o 125 kHz 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-'-*—/

WDT, PWRT, Fail-Safe Clock Monitor _

Two-Speed Start-up and other modules
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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 !
T ng -
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) .
Internal Oscillator :
(HFINT) * (MFINT) * (LFINT) 5_)
v @Mlcnocmp



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
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Oscillator Setting of MCC

T10S0 g :

-
’ ‘ PIC16F1937
4 x PLL >
- Core
\_

1

%4 System Module - Editor

K CIE)

$5% Easy Setup | =] Registers

v INTERNAL OSCILLATOR

External |
:Oscillainrj M . LP, XT, HS, RC, EC
T = N -
! — Sleep
' 1 . '— 4xPLL b Sle
Fcis_clili-tar? Timer1 l>\ EFOSC<2:0== 100 T1OSC___ > CPU and
= g Peripherals
IRCF<3:0>
Internal Oscillator
16 MHz \K
Internal 8 MHz !
Oscillator 4 Mz
Block 2 MHz
3 1 MHz | Clock
HFPLL 16 MHz : 500kHz. | % Control
(HFINTOSC) 700 250 kHz =
500 kHz = 125 kHz: FOSC<2:0= SCS<1:0=
Source 500 kHz 62.5kHz | )
(MEINTOSC) 91.95 kHz Clock Source Option
™ for other modules
3 kHz ||
Source 31 kHz, /

31 kHz (LFINTOSC)

WODT, PWRT, Fail-Safe Clock Monitor

Two-Speed Start-up and other modules

Current System clock 32 MHz (4x PLL)

Oscillator Select

INTOSC oscillator: /O function on CLKIN pin

System Clock Select | FOSC

3

Internal Clock [ 8MHz_HF

I v o —PLL Capable Frequency

External Clock 1 MHz

b PLL Enabled

Software PLL Enabled

v WDT

Watchdog Timer Enable WDT disabled

Watchdog Timer Postscaler

¥ Programming

Low-voltage Programming Enable
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Lab3 Clock PRIPLL

* Base on current project or Open . \Lab3.2_xxx.X to do exercises
* Try provide maximum frequency (4MHz) to MCU.

Let’s go!
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Lab3 Clock PRIPLL
Step 1

e Set Internal Clock.
* Internal Clock : 500KHz_MF » 4MHz_HF

= X
Resource Management [MCC] = I

Project Resources | Generate | Import.. | Export | @ || ©)
¥ System

() Interrupt Module
{ ) Pin Module

{ ) System Module E!

Device Resources

- Content Manager

#

U

¥ Documents
PIC16F1937 Product Page
¥ Libraries

> Ig] Foundation Services

¥ System Module - Editor

£5% Easy Setup “ = Registers£

v INTERNAL OSCILLATOR

Current System clock 4 MHz

Oscillator Select [ INTOSC oscillator: I/O function on CLKIN pin

System Clock Select | FOSC | -]

| - I o —PLL Capable Frequency

Internal Clock l 4MHz_HF

External Clock 1 MHz

[[JPuenabled  [_] Software PLL Enabled

v WDT

Watchdog Timer Enable [ WDT disabled

Watchdog Timer Postscaler | 1:65536

¥ Programming

Low-voltage Programming Enable
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Lab3 Clock PRIPLL

Step 2

* Click Generate Button to generate your code.

=

X

Resource Management [MCC] =

)

>

Project Resources | Generat Import... || Bxport | @ || @

¥ System
() Interrupt Module
() Pin Module
() System Module

Output - MPLAB® Code Configurator x |

Device Resources

- Content Manager

¥ Documents

PIC16F1937 Product Page
¥ Libraries

> Ig] Foundation Services

#

U

M cutput unchanged ™

2:27T:53.3M INFO: main.c Hucoess.
12:27:53.275 INFO: mec_generated_fileshdevice_confiz. o Sucocess

12:27:53.375  INFD: moo_generated_files\device_confiz. h Success.
12:27:53.375 INFO: mec_generated_files'mec. e Hiccess

12:27:53.27% INFO: meo_genervated_files\mee. h Sucoess.

12:27: 52,276 INFO: mec_generated_files\pivumarager.c  Success. Auto-merged
12.27.53.2T INFOD: mc:u:_g&fnemted_fll&s".pimmmg&r.h Sucoess. futo-mexged.
12:27-52.400  [NFD: ##ett#et 4t et ittt ee st esteassttssastssssess
12:27:53.409 INFO: Generation oomplete (total time: T2 milliseconds)
12:27-53 410  INFD: ##5$44384 4888840888008t 4ea8t 48888283423
12:27-53.410 INFO: Generation complete.

<
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Lab3 Clock PRIPLL

Result

vvvvvv

o (e TOTSATSIRTS

T ?s!l‘llﬂ!f"' !JJJ"
B { oy (ALK ATRTETATY) ¢ ”‘Tu—rn'ﬁ'mT |

¥

4

Tt Bt T |
:'--- q '

[ -5 2u . -
’Q&i RN € J0- NSKe e
e S $ \ aadn B\ 3

OO0
oo

I e

vy

M
Wil
10
o0

T
R o
L

L
-

; Ly ©
s )

‘o &b £&

eo0o0GO00

N

QooCooocCcooco00D
(el e NuRalalula R RulleNullsXnl
0000000000000 D
L 000000000 QC0O000

2 8 « Y@t ' . ‘
[rnns s sl ';‘z e ., B | &L‘l;
LED2 Turn On, When BT1 Pressed.
LED3 Turn On, When BT2 Pressed.

WY

i

LED Blink Speed More Quickly. ‘ @ M
ICROCHIP




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.

@ MICROCHIP



PIC16F Series Interrupt Architecture

* The interrupt enabled by setting the GIE, PEIE, and Interrupt Enable bit(s).
* PIC16F has only one interrupt entry point, address is 0x0004.

* Support multi-interrupt event processing, but no priority function.

* Interrupt priority is determined by polling in sequence.

* PIC16F background storage adopts Shadow mode.

TMROIF — Wake-up
TMROIE — (If in Sleep mode]h
I T INTF ——
Peripheral Interrupts i INTE
(TMR1IF) PIR1<0>—} OCIF D—v
] | Interrupt
(TMR1IF) PIR1<0> IOCIE _} to CPU

@

®

° i [ PEIE
PIRn<7> —
PIEn<7> i L_GIE

Interrupt logic
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Coding for Interrupt

* A complete interrupt code segment includes below 3 parts.
* Interrupt Service Routine (ISR)
* Enable Interrupt
* Initial Peripheral to generate Interrupt Request.

* This is very difficult for beginner, if you use bare metal style to build your code.

* MCC could help you to build most all code segment. So, you can get easy to handling

interrupts.
* Just one click all interrupt relate setting will get ready.

B4 TMR2 - Editor

TMR2 x EJ @
| 55 Easy Setup | =] Registers
Hardware Settings
\7] Enable Timer
1 . | Timer Clock Timer Period
bl
S En o < TI et Irl tE i Flt Postscaler - Timer Period 1.024ms = 100 ms < 262144 ms
Prescaler { 164 u Actual Period 100.352 ms (Period calculated via Timer Period)

[‘ Enable Timer Interrupt

Software Settings

Just One Click !
Enable Interrupt

Callback Function Rate 0 x Time Period = Os
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MCC’s Interrupt Function

* MCC enable interrupt, set priority and create interrupt service routine automatically.

64
65
66
67
68
69
70
7
72
73
4
75
%
77
78
70
80
81
82
83
84
85

e

¥4 tmr2.c - Editor — | X
B tmr2c x

Sorce | tsoy WRBE-H-ADFELR P LB/ G

v +
void TMR2 Initialize( void) ~n

celectes

PIRlbits . TMRZIF = 0;

Enabling TMR

PIElbits TMRZIE

Default feErrapt anale
TMRZ_SetInterruptHandler(TMRZ_DefaultInterruptHandler);

T2CKPS 1:64: T20UTPS 1:16:; TMRION on:
T2C0N = 0x7F;

.

< >

132:1 [INS|

¥4 tmr2.c - Editor
B tmr2c x

Source  History T8 &)

ITs
119
120
121
122
123
124
125
126
127
128
129
130
131
132
132
134
135
136
137
138
139
140

ISR o X

B RRSELRIPeRabAlr @

wvold TMR2 ISR{void)
E g

f/ clear the TMRZ inte
PIRIbits TMRZIF = O;

1f(TMRZ2_InterruptHandler)

{
TMR2_InterruptHandler();

wvold TMR2 SetlnterruptHandler{ void (* InterruptHandler)(wvoid)){
TMRZ_InterruptHandler = InterruptHandler;

}

E vold TMR2 DefaultinterruptHandler{ void ){

f add wou IMEL 1nte I S n Code
t ff f 58t custom functlon usling TMREYZ Setl:
}

< >

108:39 |INS|
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MCC'’s Interrupt Manager

* MCC’s Interrupt Module allow user to manager interrupt enable/disable and priority.

ﬁ Interrupt Module - Editor
Interrupt Module =

KD C]G)

g :' Easy Setup

Interrupts

/A, Please remember to enable the Peripheral and Global Interrupts in your code!

¥ |Interrupt Vector

Order 4 Up 4L Down

Single ISR per interrupt

Order Module

Interrupt Enabled

1 Pin Module

locC []
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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.

* If 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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MCC’s Timer Module

 Add Timer resource from Device Resources.

1 x X ) X
Resource Management [MCC] x| Resource Management [MCC] x|
Project Resources | Generate | Import.. | Export 9 @ Project Resources | Generate || Import..  Export | @ || (&)
¥ System v Peripherals -
") Interrupt Module r@ ® TMR2
) Pin Module ¥ System
() System Module ") Interrupt Module
() Pin Module
Device Resources Content Manager Device Resources Content Manager
v @ Timer ) v @ Timer ..
Q0O ™ro @L © ™Ro
9® s— ©OL © TMRi
@ RO MR | @0 & T™™R4 !
9_ S\ TMR h'l @ & T™Rs ‘_II

F

Click [+]
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MCC’s Timer Module

(EE

¥4 TMR2 - Editor
TMR2  x

4
Enable Timer

Timer Clock

Postscaler | 1:1 -

Prescaler | 141 -

A N

| Timer Period
Actual Period 2.048 ms

8us £ 2.048 ms
(Period calculated via Y\imer Period)

< 2048 ms

I? Enable Timer Interrupt \

\

~\

\

Sc%twure Settings

N

\

Cal\f.ack Function Rate

de = 00ns

\
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Timer Functions of MCC

* MCC Provide below functions for Timer:
Prototype definition : "'tmrn.h""

* void TMRn_Initialize (void);

* void TMRn_Start (void);

* void TMRn_Stop (void);

* void TMRn_WriteTimer (uint8_t timerVal);

* uint8_t TMRn_ReadTimer (void);

* void TMRn_LoadPeriodRegister (uint8_t periodVal);

* void TMRn_SetinterruptHandler (void (* InterruptHandler)(void));
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Function Rate

* Timer’s callback function rate is a software counter. Hardware always Limited. It can’t

set a long period.

* The “Rate” will involve software counter to extend your hardware timer period.

void TMR2_ISR(void)
{

static vaolatile unsigned int CountCallBack = 0;

PIR1bits. TMR2IF = 0;

if (++CountCallBack >=| TMR2_INTERRUPT_TICKER_FACTOR)

{

TMR2_CallBack();
CountCallBack = 0;

}
}

Software Settings

Callback Function Rate 02 x Time Period = 200.704 ms

\ extend your timer period by
software artifice.

%void TMR2_CallBack(void)
{

// Add your custom callback code here

if(TMR2_InterruptHandler)

{
——TMR2_InterruptHandler();

}
}

voidJ‘TMRZ_SetInterruptHandIer(void (* InterruptHandler){void))
{ '

TMR2_InterruptHandler 3 InterruptHandler; .

}
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Lab4 Timer2 Interrupt

* Base on current project or Open .\Lab4.2_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 period is 200ms.

Let’s go!
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Lab4 Timer2 Interrupt
Step 1

* Device Resources
* Timer » TMR2

= X
Resource Management [MCC] x |
Project Resources | Generate || Import.. || Export | @ || @
¥ System

() Interrupt Module

() Pin Module

() System Module

Content Manager

r

Device Resources
v @ Timer

@ L © T™MRO

@ L3 ¢) TMR1

OO VR

Click [+]

=

>

Resource Management [MCC] = |

Project Resources | Generate || Import.. | Export | @ || @

¥ Peripherals

©E{® T™MR2

¥ System
() Interrupt Module
() Pin Module

e

el

Device Resources

Content Manager

v @ Timer
@ L & T™MRO

@ L © TMRI
©OL © TMR4

@ L © TMRE

r
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Lab4 Timer2 Interrupt

Step 2

* Prescaler
* 1:1»>1:64

B4 TMR2 - Editor

i?nf? Easy Setup " = Registers |

Hardware Settings

Enable Timer

Timer Clock

Timer Period

Postscaler

11

Prescaler

1:64

-

Timer Period

Actual Period 256 us

256 us < 16.384 ms

(Period calculated via Timer Penod)

=

D Enable Timer Interrupt

Software Settings

Callback Function Rate

x Time Period = Os

@ MICROCHIP



Lab4 Timer2 Interrupt

Step 3

e Postscaler
* 1:1»1:16

B4 TMR2 - Editor

403 Easy Setup | = Registers]

Hardware Settings

Enable Timer

Timer Clock

Timer Period

Postscaler | 1:16 | -

Prescaler | 1:64

-

Timer Period

1024 ms < 256 us £ 262144 ms

Actual Period 1024 ms (Period calculated via Timer Period)

D Enable Timer Interrupt

Software Settings

Callback Function Rate

x Time Period = Os

@ MICROCHIP



Lab4 Timer2 Interrupt

Step 4

 Timer Period
* 256us » 200ms

B4 TMR2 - Editor

403 Easy Setup | = Registers]

Hardware Settings

Enable Timer

Timer Clock

Timer Period

Postscaler | 1:16

Timer Period 1024 ms =

200 ms £ 262144 ms

Prescaler | 1:64

Actual Period 199.68 ms

(Period calculated via Timer Period)

D Enable Timer Interrupt

Software Settings

Callback Function Rate

x Time Period = Os
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Lab4 Timer2 Interrupt
Step 5

* Enable Timer Interrupt.

B4 TMR2 - Editor

403 Easy Setup | = Registers]

Hardware Settings

Enable Timer

Timer Clock

Timer Period

Postscaler | 1:16

Prescaler | 1:64

Timer Period 1024 ms =
Actual Period 199.68 ms

200 ms £ 262144 ms

(Period calculated via Timer Period)

Enable Timer Interrupt

Software Settings

Callback Function Rate

x Time Period = Os
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Lab4 Timer2 Interrupt

Step 6

* Confirm enable TMR2 Interrupt.

]

X

Resource Management [MCC] x I

Project Resources | Generate || Import.. | Export | @ || ©)

¥ Peripherals

@8 & T™MR2

¥ System

() Interrupt Module
() Pin Module

Device Resources

. Content Manage

=

¥ Documents
PIC16F1937 Product Page
¥ Libraries
» &2 Foundation Services

) MQTT

&4 Interrupt Module - Editor - O X
Interrupt Module x| (PO
{?;} Easy Setup

Interrupts

/A, Please remember to enable the Peripheral and Global Interrupts in your code!

¥ |nterrupt Vector

Order {fUp I'{5[3M.:>‘nnnfr'|.|

Single ISR per interrupt

Order Module Interrupt Enabled
1 TMR2 TMRI
2 Pin Module 10CI | .
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Lab4 Timer2 Interrupt
Step 7

* Click Generate Button to generate your code.

) X
= X
Resource Management [MCC] = }
; Output - MPLAB® Code Configurator x
Project Resources [ Generate | Import.. || Eport | @ || © R : _ - .
¥ System 2:27:53.5M INFO: main.c Success. ML output unchanged
) Interrupt Module 12:27:53.275 INFO: mec_generated_fileshdevice_confiz. o Sucocess
- P 12:27:53.375  INFD: moo_generated_files\device_confiz. h Success.
{ ) Pin Module .
- 12:27:53.375 INFO: meco_generated_files\mes.c Hiccess
() System Module 12:27:53.27% INFO: meo_genervated_files\mee. h Sucoess.
12:27: 52,276 INFO: mec_generated_files\pivumarager.c  Success. Auto-merged
Device Resources | Content Manager 12:27:52.2T INFO: mco genevated files\pin menager.h  Success. Auto-mexged.
v Do : ~ 12:27-53.409 INFO: ##ett#aedsat ettt it ettt eessstassessstssastsssasess
Cuments
'~—| 12:27:53.409 INFO: Generation ocomplete (total time: T22 milliseocords)
PIC16F1937 Product Page 12:27-53 410 TNFO: ##8844383 4884883408884 00884 8080488820348
¥ Libraries .
4ot ) 12:27-53.410 INFO: Generation complete. W
> Ig_l Foundation Services < >
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Lab4 Timer2 Interrupt

Code Example

#include "mcc_generated_files/mcc.h"
#include "mcc_generated_files/tmr2.h"

void TIM2_ISR(void);
uint32_ t i=0;

int main(void)

// Enable the Global Interrupts
INTERRUPT_GlobalinterruptEnable();

// Enable the Peripheral Interrupts
INTERRUPT_PeripheralinterruptEnable();

/)INTERRU PT_PeripheralinterruptDisable();
TMR2_SetinterruptHandler(TIM2_ISR);
while (1)

{

=
}

void TIM2_ISR(void)

LED1_Toggle();

int main(void)

//INTERRUPT_PeripheralinterruptDisable();

TMR2_SetinterruptHandler(TIM2_ISR);
while (1)
{

}
}

// Add your application code
LED1 Toggle();

if(!BT1_GetValue())
LED2_SetLow();

else if(!BT2_GetValue())
LED3_SetLow();

else

LED2_SetHigh();
LED3_SetHigh();
}
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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

@ MICROCHIP



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

e

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 us conversion time.
* A/D sampling frequency up to 62.5 kHz. Ver  ADNREF=1
. ADNREF =0 . [
* External reference inputs, VREF+ & VREF-.
* A/D Result can be left or right justified. L aoeRer-mo,
ADPREF:llD N
* 10-bit resolution with 1 LSb accuracy.
- A/D conversion during SLEEP. o
AN1 00001
* A/D complete can wake processor. .. oo
AN4 00100
" e sio0s
o ioso|  COPONE™ &
AN11 DlCI:l { ADFM —] O = Left Justify
AN12 01100 1 = Right Justify
AN13 1101 ADONM — 16
® Vss_L
Temperature Sensor 11101
DAC 11110
FVR Buffer1 11111

CHS<4:Dj/
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ADC Channel Selection

* 14 analog channel inputs to connect as Analog Positive input of S/H.
* AN2 or VSS as Analog Negative input of the S/H.

* The differential input voltage is Positive — Negative.

ANO
AN1

AN13

Temperature Sensor (AN29)
DAC (AN30)
FVR Buffer (AN31)

AN2
VSS

CHS

(Analog Channel Number)

Output Data

T

ADNREF
(Negative Input Selection)

\L REFSEL
(Voltage Reference)
D - |
S S / H 10-Bit Result Alignment

< = ABC

| Clock Divider —— CLKDIV

— [
X'_\ Clock Selection —— CLKSEL
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Sample and Conversion Sequence

* The ADC sample and conversion time are requirements from the specification.

* The conversion time need 11 TAD, TAD time range 1us to 6us.

ADC Clock Period (TAD) Device Frequency (Fosc)
Device Frequency (Fosc)
ADC
ADCS<2:0> 32 MHz 20 MHz 16 MHz 8 MHz 4 MHz 1 MHz
Clock Source
Fosc/2 000 62.5ns(? 100 ns(® 125 ns(@ 250 ns(? 500 ns(? 2.0 us
Fosc/4 100 ---t25 ns{#---1---206nst--- - 250 st P -----5001s2--] 1.0 ps 4.0 us
Fosc/8  |¢----06+----- ---0:5-psl@)--—1---406-Asle) -} --- 0.5 18- - - 4B 18- 2.0 us 8.0 us®
Fosc/16  [€====10t===--- ----800 TS - --—1""" RO -~ g~ >4 4.0 us 16.0 ps®
Fosc/32 010 1.0 us 1.6 us 2.0 us 4.0 us 8.0 us® 32.0 us®
Fosc/64 110 2.0 us 3.2 us 4.0 us 8.0 us(® 16.0 ps® 64.0 us®
FRC €= -4-6-6:6-pi5{1:Y-1-4-0-6-0-nsl -1 -4 5-6:8 sl -L 4 666 18N 1.0-6.0 s | 1.0-6.0 us(h¥
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MCC’s ADC Module

 Add ADC resource from Device Resources.

>

X

Resource Management [MCC] x |

Project Resources | Generate

Import... [ Export I 7] ‘ )

v Peripherals
@ L3 O ™R2

v System
") Interrupt Module
) Pin Module

>

X

Resource Management [MCC] x |

Device Resources

Content Managgr

v Peripherals
v &5 ADC
@ f1% ADC

» & C

" Click[+]

Project Resources | Generate

Import... ‘ Export ‘97\ Ezl

oK Peripherals

[ ©K3% axc
Ok 0 TMR2

v System
) Interrupt Module

Device Resources

Content Manager :

v Peripherals
b A CCP
» lgi Comparator
» . DAC
> A ECCP
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MCC’s ADC Module

¥4 ADC - Editor
ADC x

| x

LIEHE

(5% Easy Setup | = Registers |

Hardware Settings
ADC Clock Result Alignment | left
Clock Source FOSC/2 - Positive Reference | VDD
1TAD 5000 ns Negntive Reference | VSS
Sampling Frequency 173913 kHz
Conversion Time 11.5*TAD = 575 us
I:l Enable ADC Interrupt
Selected Channels
g Pin Channel Custom Name
Internal Channel FVR channel_FVR
Internal Channel Temp channel_Temp
Internal Channel DAC channel_DAC
RAO ANO channel_ANO

< L
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ADC Functions of MCC

 MCC Provide below functions for ADC:
Prototype definition : “adc.h"

* void ADC _Initialize(void);

void ADC_StartConversion(void);

void ADC_SelectChannel(adc_channel_t channel);
adc_result_t ADC_GetConversion(adc_channel_t channel);
adc_result_t ADC_GetConversionResult(void);

bool ADC_IsConversionDone(void);
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Lab5 ADC Channel Periodically

* Base on current project or Open .\Lab5_ xxx.X to do exercises
* Try to add ADC module and conversion Potentiometer (VR2) voltage.

* ADC Result 2 512, turn on LED2.
* ADC Result <512, turn off LED2.

* " Clock Source " » " Fosc/4 "
e " Result Alignment " » " Right "
* " Channel Select " » " AN8(RB2) "

Let’s go!
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Lab5 ADC Channel Periodically

Step 1

* Device Resources
 ADC» ADC

D) X

Resource Management [MCC] x |

>

X

Resource Management [MCC] x [

Project Resources | Generate || Import... || Bport | @ || &)

v Peripherals

QRO ™R _

v System ‘
") Interrupt Module

") Pin Module

Device Resources Content Manager

v Peripherals
v & ADC
] ADC L

> A C

> Click[+]

Project Resources | Generate

Import... || Export ‘97\ g,:l

v Peripherals

|| @E3% ax
XIS

v System
) Interrupt Module

Device Resources

Content Manager

v Peripherals
» & CCP
» lul Comparator
» - DAC
» A ECCP
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Lab5 ADC Channel Periodically

Step 2

* Clock Source
* Fosc/2 » Fosc/4

4 ADC - Editor

%@} Easy Setup

‘ = R.egisbers]

Hardware Settings

Enable ADC

ADC Clock

Clock Source

FOSC/4

1TAD

Sampling Frequ

sion Time

1.0us
o565 kHz
11.5*TAD =

11.5 us}

|:| Enable ADC Interrupt

Result Alignment
Positive Reference

MNegative Reference

1TAD : 1.0us
Sampling Time : 5us
Conversion Time : 11us(11TAD)

Sampling Frequency : 62.5kHz

Selected Channels

Pin

Channel

Custom Name

Internal Channel

FVR

channel_FVR

RAOD

ANO

channel_ANO

Internal Channel

channel_Temp

Internal Channel

channel_DAC
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Lab5 ADC Channel Periodically

Step 3

* Result alignment

* Left » Right

4 ADC - Editor

€0} Easy Setup H = Registers]

Hardware Settings

Enable ADC

ADC Clock

Result Alignment

Clock Source FOSC/4

1TAD 1.0us
Sampling Frequency 86.9565 kHz
Conversion Time 11.5*TAD =

Positive Reference

MNegative Reference

11.5us

|:| Enable ADC Interrupt

Selected Channels

Pin Channel

Internal Channel FVR

channel_FVR

RAOD ANO

channel_ANO

Internal Channel

channel_Temp

Internal Channel

channel_DAC
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Lab5 ADC Channel Periodically

Step 4

* Pin Manager : Grid View

* ANO(RAOQ) > disable

=

Pin Manager: Grid View x|

Package:

TQFP44 | =

Module

Function

ANx

VREF+

VREF-

0sC

CLKOUT

Pin Module ¥

GPIO

GPIO

RESET ¥

MCLR

VCAP
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Lab5 ADC Channel Periodically

Step 5

* Pin Manager : Grid View

* AN8(RB2) » enable

=

Pin Manager: Grid View x|

Package:

TQFP44 | =

Module

Function

ANx

VREF+

VREF-

0sC

CLKOUT

Pin Module ¥

GPIO

GPIO

RESET ¥

MCLR

VCAP
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Lab5 ADC Channel Periodically
Step 6

* Set Alias for RB2.
* Pin Module : Custom Name > VR.

= X
Resource Management [MCC) x‘
Project Resources | Generate || Import.. | Export 9 ©

¥4 Pin Module - Editor — O X
Pin Modue  x Q=

J 4% Easy Setup” = Registers

@O ™R Selected Package : TQFP44
¥ System
y;_ Pin Namea | Module | Function | Custom Name | Start High | Analog Output
) Interrupt Module RB2 ADC ANS
() Pin Module VR D D
) System Mod ’ RB3 Pin Module |GPIO LED1 : I:J D
Device Resources Content Manager RCO Pin Module |GPIO e Click & Rename
v Documents ‘| RC7 Pin Module |GPIO LED3 []
PIC16F1937 Product Page RD1 Pin Module |GPIO BT1 D l:] D
¥ Libraries
RD2 Pin Module |GPIO
» 2 Foundation Services BT D l:] I:I
O MQTT
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Lab5 ADC Channel Periodically
Step 7

* Click Generate Button to generate your code.

D) X =
Resource Management [MCC] = |

Project Resources | Senerate | Import.. | Exort | @ || ©)

>

2:27:53.5M INFO: main.c Success. MX cutput unchanged ™
¥ System §
— 12:27:33.3715 INFO: mec_generated_files‘\device_config. ¢ Success
) Interrupt Module . i - L .
12:27:53.375  INFD: moo_generated _files\device oonfig. b Success.

() Pin Module

12:27:53.375 INFO: mec_generated_files'mec. e Huccess
™ o ~ ) , )
s System Module 12:27:53.37% INFO: meo_generated_files'meo. h Sucoess.
12:27: 52,276 INFO: mec_generated_fileshpivomarager.c  Success. futo-merged
. .7 £ 20 - - F ‘-'". : = o ess M to-me: )
Device Resources Content Manager 12.27.53.2T1 INFO: meoo generated files\pin manager. b  Success. Auto-merged
- 1"‘___. 2"|| jf: __‘u:lg '['"F‘:' g dEsddsddEEFF RS aE R EsREEEEFEREEEERAEESFEERSFERE S
¥ Documents |
v 12:27:53.409 INFO: Generation ocomplete (total time: T22 milliseocords)
PIC16F1937 Product Page L
1‘22'? S:: 41[' I}m:l t * ik iiiiiiiiiiiiiiiiiiiiiiiiiitiiiiiiiiiii i iiiiiinE
¥ Libraries —— .
12:27:53.410 INFO: Generation complete W
> IE,] Foundation Services < >
) MOTT
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Lab5 ADC Channel Periodically

Code Example

#include "mcc_generated_files/mcc.h"
#include "mcc_generated_files/tmr2.h"

void TIM2_ISR(void);
uint32_ t i=0;
uintl6_t ADC_Value=0;

int main(void)
while (1)
{

=
}

void TIM2_ISR(void)
{

LED1_Toggle();

ADC_Value = ADC_GetConversion(VR);
}

int main(void)

TMR2._SetInterruptHandler(TIM2_ISR):

while (1)
{ // Add your application code
if(ADC_Value>=512)
LED2_SetLow();
else
LED2_SetHigh();
if(!BT2_GetValue())
LED3_SetLow();
else

LED3_SetHigh();
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Lab5 ADC Channel Periodically

Result
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LCD Architecture
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PIC16F Series LCD Features

 Built-in LCD driver module can directly drive LCD panel.

* Up to four common pins.

* Static (1 common)

* 1/2 multiplex (2 common)

* 1/3 multiplex (3 common)

* 1/4 multiplex (4 common)
* Segment pins up to.
* 28 pins - up to 60 segments.
* 44 pins - up to 96 segments.
* 64 pins - up to 184 segments.
* 80 pins - up to 192 segments.
Three LCD clock sources with selectable presale.
Built-in LCD bias generator.
Support 3V and 5V glass panel.
Use software adjusted contrast.

Low power consumption.
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LCD Driver Module

* LCD physical pin total= Common x Segments

PIC16(L)F 1933/1936/1938

PIC16(L)F 1934/1937/1939

PIC16(L)F 1946/1947

* Static (1 common)

* Static Bais

* 1/2 multiplex (2 common)
* 1/2 or 1/3 Bais

* 1/3 multiplex (3 common)
* 1/2 or 1/3 Bais

* 1/4 multiplex (4 common)

4 x15 =60 4 X 24 =96 4 %X 46 = 184
* Drives a number of LCD types:
Maximum Number of Pixels
Multiplex Bias
PIC16(L)F1936 PIC16(L)F1934/7
Static (COMO) 16 24 Static
1/2 (COM<1:0>) 32 48 1/2 or 1/3
1/3 (COM<2:0>) 48 72 1/2 or 1/3
1/4 (COM<3:0>) 60'1) 96 1/3

* 1/4 Bais
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LCD Bias Voltage Generation

Voo : LCDIRE
— LCDIRS
—r— P I\. LCDA
1.024V from
FWVR "~ Jorzv
%3 ~ 3
I/’r | LCDIRE LCDRLP1
. { LCDIRS LCDRLPO
e LCDA
g LCDCST<2:0=
VLCD3PE = ’ LCDA
VLCD3
@ ) ledbias3
.'—’__.-—”J
VLCD2PE -
VLCD2 }
@ - . ledbias2
| BIASMD) I
VLCD1PE g
VLCD1
E - ledbias
_‘__,r-"
<
=
<‘ lcdbias0
=

Power Nominal Resistance of Nominal
Mode Entire Ladder Iob
> [Low 3 Mohm 1pA
Medium 300 kohm 10 pA
High 30 kohm 100 pA

LCD Internal Ladder

power Modes(1/3 Bias)

\ 4

Static Bias 1/2 Bias 1/3 Bias
LCD Bias 0 Vss Vss Vss
LCD Bias 1 — 1/2 Voo 1/3 Voo
LCD Bias 2 — 1/2 Voo 2/3 Voo
LCD Bias 3 VLcD3 VLcD3 VLcD3
LCD Bias Voltages
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LCD panel Specifications

* Operating voltage : 3.3V.
* Operating temperature : -10°C~70°C.

- Drive Scheme: 1/4Duty~ 1/3Bias. * NN HHIEREAR AR AARA -

* Viewing Direction : 6:00 O'Clock. (.o 1iey 5 BEC Max Min B 2100 %10 A
5

* TN(Twisted Nematic) Type. oAt ] 2

1 807 10 07 )

BT (T
“f\‘ DP1 OP4
N DNV VO TN 23 SiPL ‘

s 53 6 9
Log Lim Levm 30~8O0)su[) 717 Y7 7 o o
A [Fast S@Fﬂﬁﬂ@@%ﬁ I 0 Q:U UC,U Q:ﬂ

C siow 80-130UJLL, (LI, (L, (M) pEW,

CENNNENNENNNNENEN -
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LCD Pin Configuration

LCD PIN COMO coMmi COM2 coms3 Segment
1 Leq Lim Lrtm N.C.
2 S7 S6 S5 S4 N.C.
3 6D 6E 6G 6F N.C.
4 6DP 6C 6B 6A N.C.
5 7D 7E 7G 7F N.C.
6 7DP 7C 7B 7A N.C.
7 8D 8E 8G 8F N.C.
8 8DP 8C 8B 8A N.C.
9 9D OE 9G SF N.C.

10 9C 9B 9A N.C.

11 °F °C S3 SEG21
12 C A Slow Fast SEG5

13 COMO COMO
14 cCOM1 comM1
15 COM2 COM2
16 COM3 COM3
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LCD Pin Configuration

LCD PIN COMO coMmi COM2 coms3 Segment
17 DEW 80~130 50~100 30~80 N.C.
18 SEL SPL dB %RH N.C.
19 m V S2 S1 SEG7
20 5C 5B 5A SEG15
21 5D 5E 5G 5F SEG4
22 N.C.
23 P.H x10 x100 Min N.C.
24 4DP 4C 4B 4A SEG22
25 4D 4E 4G 4F SEG23
26 3DP 3C 3B 3A SEG3
27 3D 3E 3G 3F SEG16
28 Max REC HOLD BAT SEG17
29 2DP 2C 2B 2A SEG18
30 2D 2E 2G 2F SEG19
31 1DP 1C 1B 1A SEG20
32 1D 1E 1G 1F SEGO
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MCC’s LCD Module

 Add LCD resource from Device Resources.

>

X

Resource Management [MCC] x |

Project Resources | Generate Import... || Bxport | @ || @

v Peripherals

@ (3 4 ADC
2 X FORLILH

v System
() Interrupt Module

=

X

Resource Management [MCC] x |

Project Resources | Generate | Import.. || Export e

Device Resources

Content Manager

» — FVR

* Click[s]

¥ Peripherals
ADC

| ©m8 wo
OO ™R

¥ System

Device Resources

Content Manager

P — FVR

» & Memory
> 2 MSSP
» .J SRLatch
> @ Timer
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MCC’s LCD Module

¥4 LCD - Editor - O X
LD x| [ I[=@
{05 Easy Setup | = Registers |
Hardware Settings -
™ V| Enable LCD I
/

¥ General Settings

/

Waveform type

il

Clock Source
> Prescaler Settings

Multiplex Mode

Awvailable Pixels

lTypc-Awawform I

[ FOSC/256

|
E |
|

| Static cOMo

|
a
- |
]

24

D Enable LCD Interrupt
I:’ Disable Sleep Mode
Frame Frequency

Bias Mode

—

185313 kHz

(e [ =] ]

¥ LCD Design

add[-|m /[0 8] o Osfiftas | -]

Import LCD | ~ | ExportLCD | ~

\
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MCC’s LCD Module

¥4 LCD - Editor - O X

KIC]E

483 Easy Setup ‘I = Registers‘
SEG13 '}
SEG14
SEG15
SEG16
SEG17 fi
SEG18
SEG19
SEG20
SEG21
SEG22
SEG23

<L

¥ Bias Settings

D Bias 1 pin |:| Bias 2 pin D Bias 3 Pin

D Internal Reference Enable
D Internal Reference Ladder Idle Enable

N Internal reference source -
> Contrast control resistor ladder -

¥ Power Settings

-

Reference ladder A time power control { disabled

|-
Reference ladder B time power control { disabled | - |
-]

Reference ladder time interval control { Always B Power mode

-
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LCD Functions of MICC

e MCC Provide below functions for LCD:
Prototype definition : “lcd.h”

Void LCD _Initialize (void);

void LCD_Enable (void);

void LCD_EnableSleepMode (void)

void LCD_Disable (void);

void LCD_DisableSleepMode (void);

bool LCD_IsActive (void);

void LCD_SetContrast (unsigned int value);

void LCD_SetintervalAPowerMode (unsigned int value);
void LCD_SetintervalBPowerMode (unsigned int value);
void LCD_SetPowerDistribution (unsigned int value);
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Lab7 LCD Display

* Base on current project or Open .\Lab7_xxx.X to do exercises

* Try to add LCD module and conversion Potentiometer (VR) voltage to shows ADC
result on LCD Display.

Let’s go!
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Lab7 LCD Display
Step 1

* Device Resources
* LCD» LCD

b X

Resource Management [ncqll

Project Resources | Generate || Import.. | Bt @ ]| @
v Peripherals =
@ B3 % ADC |
2 X FORLILH ‘
v System =
() Interrupt Module

. Content Manage

Device Resources

~

» — FVR

=

X

Resource Management [MCC] x]

Project Resources  Generate || Import..

v Peripherals

Export Ie“@

H

el

Device Resources

_ Content Manager

» — FVR
g a Memory
> = MSSP

» [ SRLstch
g @ Timer

.
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Lab7 LCD Display
Step 2

¥4 LCD - Editor

* Clock Source
45% Easy Setup || =] Registers |

* Fosc/256 » LFINTOSC(31 kHZ) ['cveescinss

Enable LCD

¥ General Settings

Waveform type l Type-A waveform l - I

Clock Source LFINTOSC (31 kHz) | ~

Prescaler Settings 11 -

Multiplex Mode | static como [ -]

Available Pixels 24

|| Enable LCD Interrupt
D Disable Sleep Mode

Frame Frequency 3.875kHz

Bias Mode -

¥ LCD Design

(add [~ |[B /|0 |80 Osftes | -]

| Import LCD | ~ || ExportLCD | ~
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Lab7 LCD Display
Step 3

¥4 LCD - Editor

* Multiplex Mode
 Static COMO » 1/4 COM(3:0)

45% Easy Setup || =] Registers |
Hardware Settings

Enable LCD

¥ General Settings

Waveform type
Clock Source

Prescaler Settings

‘ Type-A waveform I -

|
| LFINTOSC 31 kHa) | ~ |
|

K E

Multiplex Mode

1/4 COM(3:0) | - i

Awvailable Pixels

96

[ ] Enable LCD Interrupt
D Disable Sleep Mode

Frame Frequency 3.875kHz

Bias Mode

1/3 Bias mode I = ]

| Import LCD | ~ || ExportLCD | ~
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Lab7 LCD Display
Step 4

* Disable Sleep Mode.

¥4 LCD - Editor - O e
=@

45% Easy Setup ll =] Registers |

Hardware Settings *

Enable LCD

¥ General Settings

Waveform type
Clock Source

Prescaler Settings

[ Type-A waveform I -

| LFINTOSC 31 kHz) | ~

|
|
L -]
l

D Enable LCD Interrupt

Bias Mode

3.875kHz

Multiplex Mode | 1acomao | - 1/3Biasmode | ~ |
Available Pixels 96

¥ LCD Design

(add [~ B /[0 || 8 || © |[O)#fthas - | Import LCD | + || ExportLCD | ~ |

A

W
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Lab7 LCD Display
Step 5

* Enable Internal Reference.

¥4 LCD - Editor

| X

ano®

45% Easy Setup l =] Registers |

SEG2
SEG3
SEG4
SEG5
SEG6
SEGT
SEGE
SEG9
SEG10
SEG11

¥ Bias Settings

_DMn D Bias 2 pin D Bias 3 Pin
v | Internal Reference Enable ]‘
al Reference Ladder Idle Enable

Internal reference source -
Contrast control resistor ladder -

¥ Power Settings

-

Reference ladder A time power control l disabled

-]
Reference ladder B time power control l disabled I - |
-]

Reference ladder time interval control l Always B Power mode
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Lab7 LCD Display

Step 6

* Internal reference source

* VDD » FVR

¥4 LCD - Editor

45% Easy Setup || =] Registers |

SEG2
SEG3
SEG4
SEGS
SEG6
SEGT
SEGE
SEG9
SEG10
SEG11

¥ Bias Settings

[ ] Bias 1pin [] sias 2 pin [_] Bias 3 Pin
Internal Reference Enable
EI Internal Reference Ladder Idle Enable

Internal reference source -
Contrast control resistor ladder

¥ Power Settings

Reference ladder A time power control l disabled

Reference ladder B time power control l disabled

Reference ladder time interval control l Always B Power mode
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Lab7 LCD Display

Step 7

 Reference ladder A time ...

* disabled » High

¥4 LCD - Editor

403 Easy Setup || ] Registers

SEG2
SEG3
SEG4
SEGS5
SEG6
SEG7
SEGE8
SEG9
SEG10
SEG11

¥ Bias Settings

Internal Reference Enable
D Internal Reference Ladder Idle Enable

Internal reference source

R -
Contrast control resistor ladder

[ ]Bias1pin [ ] sias 2 pin [_] Bias 3Pin

¥ Power Settings

Reference ladder A time power control | High

-

Reference ladder B time power control | disabled

-

Reference ladder time interval control | Always B Power mode I - |
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Lab7 LCD Display
Step 8

¥4 LCD - Editor

 Reference ladder time ...
453 Easy Setup || £ Registers

* Always B Power mode SG2

SEG3
> sEos
SEG6
* A power 7, B power 9 s
SEa10
SEG11

¥ Bias Settings

[ ] Bias 1pin [ ] sias 2 pin [_] Bias 3Pin
Internal Reference Enable
D Internal Reference Ladder Idle Enable

Internal reference source

R -
Contrast control resistor ladder

¥ Power Settings

Reference ladder A time power control l High

Reference ladder B time power control | disabled

Reference ladder time interval control | A power 7, B power 9

A power b, B power 10

”lA power 7, B power 9 I; !
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Lab7 LCD Display
Step 9

¥4 LCD - Editor - | X

* LCD Design o L e
* Add » MCC Library | & oy Seup | 5 Regier

¥ LCD Design

- Import LCD | ~ || ExportLCD | ~

MCC Library |

External Imagel |
Microchip Supported LCD Glass »

8] Symbal Library Dialog X

0% 0.2 0 m

Seven Wheel Logo Alarm Battery
¢ —a Segment > U

Macro:_-: ° q _]II
SEG/CO . - = H 104 mary |
r ® (.

SEGO Colon Dot Single Pixel Matrix Temp Text 1
SEG1 Pixel (7x38)

SEG2
SEG3
SEG4 — - v
SEG5

cie b
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Lab7 LCD Display
Step 10

* LCD Design
* Select Seven Segment

] Symbol Library Dialog

Gl

Single
Pixel

Pixel Matrix
(7x38)

e
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Lab7 LCD Display

Step 11

* LCD Design.

¥4 LCD - Editor

ania=

X

403 Easy Setup ﬂ = Registers ]

¥ LCD Design

@B@@E@lﬂmﬁas |- ]

| Import LCD | ~ || ExportLCD | ~ |

do0

L~

<

Macro: MACRO ' _SYMOO

SEG/COM Table Mapping

[ MACRO Summary ‘

COM0 COM1 COM2 COM3
SEGO
SEG1
SEG2
SEG3
SEG4

SEG5
SEGA

w
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Lab7 LCD Display
Step 12

¥4 LCD - Editor - | X

KDCIE)

405 Easy Setup " = Registers ‘
¥ LCD Design

\Add |~ || % || O || B | © | [J#fiffas v Import LCD | + || ExportLCD | + |

A

i W
A +
e | ll l _l
| ' _l
U

4

L | 4 )
., A - LCD PIN COMO com1 CoMm2 com3 Segment
31 1DP 1C 1B 1A SEG20

32 1D 1E 1G 1F SEGO
L Y,
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Lab7 LCD Display
Step 13

* Assign Segment and COM.

LCD PIN COMO coM1 COM2 COM3 Segment *—
. 4
31 1DP 1C 1B 1A SEG20
32 1D 1E 1G 1F SEGO

¥4 LCD - Editor

405 Easy Setup " =] R«egisters‘

¥ LCD Design

(add -] B |8 2 [[#fies

Import LCD] | ~ || ExportLcD | ~ |

l-ll 1
|

~

e

<0

Macro:

MACRO _SYMOOA

A 4 A 4
SEG: EE’ COM: EE]

SEG/COM Table Mapping

| MACRO Summary |

SEGO
SEG1
SEG2
SEG3
SEG4
SEGS

COM0O COM1 COM2 COM3

-~
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Lab7 LCD DiSp|ay R oM comt com2 coms Segment

31 1DP 1C 1B 1A[F----- --=>SEG20
Step 14 32 1D 1E 1G 1F SEGO

¥4 LCD - Editor

* Assign Segment and COM.
* Segment A > SEG20 *”J{Ezf:;ﬂéwml

Import LCD | v || Export LCD | v |

A~

w

<0

] ]
Macro: MACRO _SYMOOA SEG:l 20 | v |COM: | o I

SEG/COM Table Mapping | MACRO Summery |
COMO COM1 COMZ2 COM3 E

SEGO
SEG1
SEG2
SEG3
SEG4
SEG5
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La b7 Lc D D i s p I ay LCD PIN COMO coM1 COM2 com3 Segment

31 1DP 1C 1B 1A SEG20
Step 15 32 1D 1E 1G 1F SEGO

¥4 LCD - Editor

* Assign Segment and COM.
* Segment A > COM3 *”J{Ezf:;ﬂéwml

Import LCD | v || Export LCD | v |

A~

w

<0 ) >

Macro: MACRO _SYMOOA SEG:l 20 | w |COM:| 3 | o ]

SEG/COM Table Mapping | MACRO Summery |

COM0O COM1 COM2 COM3
SEGO
SEG1
SEG2

SEG3
SEG4
SEG5
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Lab7 LCD Display
Step 16

¥4 LCD - Editor - | X
* Confirm Segment and COM. (PO
£8% EasySetupll =] Registers‘ :
¥ LCD Design
(add [~ ||| @) 8| @ |[(#fiftas - Import LCD | ~ || ExportLCD | - |
s' s I N i
N
\. J
; ‘

W

<L

J >
Macro: _SYM SEG: EIZ] COM: DZ]

| SEG/COM Table Mapping ) | MACRO Summary |
COMO COM1 com2 COM3 :
SEGO MACRO_SYMOOD MACRO_SYMODE MACRO_SYMOOG MACRO_SYMOOF

MACRO_SYM02C MACRO_SYMO2B MACRO_SYMO2A

v
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Lab7 LCD Display
Step 17

e Confirm Macro.

Il:
Ij

¥4 LCD - Editor

405 Easy Setup " =] R«egisters‘

¥ LCD Design

Import LCD lv || Export LCD | s |

A

W

<\

Macro: MACRO _SYMEE'

SEG/COM Table Mapping

| [ = ]cow| [ =]

| MACRO Summary |

COMO COM1 Ccom2 COM3
MACRO_SYMOOD MACRO_SYMOOE MACRO_SYMOOG MACRO_SYMOOF

MACRO_SYM02C MACRO_SYMO2B MACRO_SYMO2A

~
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Lab7 LCD Display
Step 18

* Click Generate Button to generate your code.

=

X

Resource Management [MCC] =

)

>

Project Resources | Generat Import... || Bxport | @ || @

Output - MPLAB® Code Configurator x |

¥ System
() Interrupt Module
() Pin Module
() System Module

Device Resources

- Content Manager

¥ Documents

PIC16F1937 Product Page
¥ Libraries

> Ig] Foundation Services

#

U

M cutput unchanged ™

2:27T:53.3M INFO: main.c Hucoess.
12:27:53.275 INFO: mec_generated_fileshdevice_confiz. o Sucocess

12:27:53.375  INFD: moo_generated_files\device_confiz. h Success.
12:27:53.375 INFO: mec_generated_files'mec. e Hiccess

12:27:53.27% INFO: meo_genervated_files\mee. h Sucoess.

12:27: 52,276 INFO: mec_generated_files\pivumarager.c  Success. Auto-merged
12.27.53.2T INFOD: mc:u:_g&fnemted_fll&s".pimmmg&r.h Sucoess. futo-mexged.
12:27-52.400  [NFD: ##ett#et 4t et ittt ee st esteassttssastssssess
12:27:53.409 INFO: Generation oomplete (total time: T2 milliseconds)
12:27-53 410  INFD: ##5$44384 4888840888008t 4ea8t 48888283423
12:27-53.410 INFO: Generation complete.

<
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Lab7 LCD Display

Code Example

#include "mcc_generated_files/mcc.h"
#include "mcc_generated_files/tmr2.h"

void TIM2_ISR(void);
void LCD_Show(uint16_t LCD_Value);

uintl6_t ADC_Value=0;
uint8_t Num[4];
volatile uint8_t TMRFlag;

int main(void)

{

while (1)
{

=
}

void TIM2_ISR(void)

TMRFlag=1;
}

void LCD_Show(uint16_t LCD_Value)
{

-

void LCD_Show(uint16_t LCD_Value)
{
Num[0] = (LCD_Value / 1000) % 10;
Num[1] = (LCD_Value / 100) % 10;
Num[2] = (LCD_Value / 10) % 10;
Num([3] = (LCD_Value % 10);
if (LCD_Value >= 1000)
{
LCD_MACRO_SYMOONum(Num([O0]);
LCD_MACRO_SYMO1Num(Num[1]);
LCD_MACRO_SYMO2Num(Num[2]);
LCD_MACRO_SYMO03Num(Num([3]);

}

else if (LCD_Value >= 100)

{
LCD_MACRO_SYMOONum(10);
LCD_MACRO_SYMO1Num(Num[1]);
LCD_MACRO_SYMO2Num(Num[2]);
LCD_MACRO_SYMO3Num(Num([3]);

}
else if (LCD_Value >= 10)

LCD_MACRO_SYMOONum(10);

LCD_MACRO_SYMO1Num(10);

LCD_MACRO_SYMO2Num(Num[2]);

LCD_MACRO_SYMO3Num(Num([3]);
}

else

{
LCD_MACRO_SYMOONum(10);
LCD_MACRO_SYMO1Num(10);
LCD_MACRO_SYMO02Num(10);
LCD_MACRO_SYMO3Num(Num[3]);

int main(void)

'.I:i\/lR2_Set|nterruptHandIer(TIM2_ISR);
while (1)
{

// Add your application code

if(TMRFlag)
{

TMRFlag=0;

LED1_Toggle();

ADC_Value = ADC_GetConversion(VR);
LCD_Show(ADC_Value);

}
if(!BT2_GetValue())

LED3_SetLow();
else

LED3_SetHigh();
}
}
}
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Lab7 LCD Display

Result
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UART Architecture
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What’s UART

* UART : Universal Asynchronous Receiver Transmitter.
* The module data exchange through serial communication.
* The data formatting includes 1 start bit, 5 ~ 9 data bits and 1 ~ 2 stop bits.

ey Fros 1000% €2 MHz

480 kHz

51.5us = 19417.48Hz

Y e

208.25 us

e S R S oo S R e e

92.25 us

-----------------

........

\ K Bit0>< Bit1>< Bit2>< Bit3>< Bit4>< Bit5>< Bit6>< Bit7>(:’ Bits
A A A
T .

Start Bit

[P PR R R PR GRS G PRy G P Py W PR W SR SR S DU Y W PR S S SO G SO S PR S PR W P

UART Transmit Example :

’N'(0x41), 19,200 bps
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PIC16F Series UART

* UART module is full-duplex, asynchronous communication., Support RS-232, RS-485,

and LIN.
* The module also supports 8 ~ 9 Data Bits, Half-duplex synchronous master and Slave

modes.

e 2-Deep FIFO for RX.
* Provide LIN bus Auto Baud Detect and calibration, 13 Data bit transmit, Wake-up on

Break reception.
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MCC’s UART Module

 Add UART resource from Device Resources.

= %
Resource Management [MCC] xJ
Project Resources | Generate || Import.. | Export | @ || ()

¥ Peripherals
@ E3 4y ADC
@@Ll B wo
@3 & ™R2 |

¥ System

Device Resources Content Manager

v [=) EUSART

© G4 (=) EUSART
» [ E pt

» VR

=

X

Resource Management [MCC] = |

Project Resources | Generate || Import.. | Export | @ || ©) |

¥ Peripherals

@ Py ADC

@ B4 (=) EUSART

XS
@3 O ™R2

Device Resources

Content Manager

» |14 Ext_Interrupt
» — FVR

» & Memory

P 5 MSSP

» [ SRLatch

=
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MCC’s UART Module

¥4 EUSART - Editor — ] X
ODO[E)

4% Easy Setup | & Registersl

Hardware Settings

Mode | asynchronous | ~ /
™| v | Enable EUSART Baud Rate: 9600 - ‘Eﬁﬁ{}%
:’ Enable Transmit Transmission Bits: | 8-bit - 7

[:] Enable Wake-up Reception Bits: 8-bit -

WDHE Polarity Non-Inverted -
D Enable Address Enable Recejve

Enable EUSART Interrupts
¥ Software Settings

] Redirect STDIO to USART

Software Transmit Buffer Size | 2 -

Software Receive Buffer Size | & -

@ MICROCHIP



STDOUT Redirect

* MCC provide STDOUT redirect function, It can redirect STDOUT to UART.
* You can use printf() to export data by UART, if redirect successfully.

* For Example :

* UART Transmit Example : printf(" Hello World!! "); [ eusarr-cdior - 0 x
EUSART x| 0O

‘:' Easy Setup | = Registers

Hardware Settings

Mode‘ asynchronous | h ]

Enable EUSART Baud Rate: 9600 El Error: 0.160 %
Enable Transmit Transm ission Bits: l 8-bit | - |
D Enable Wake-up Reception Bits: { 8-bit | - |

Redirect Printf to the UART
/ D Auto-Baud Detection  Data Polarity l Non-Inverted |

D Enable Address Detect Enable Receive

lﬁ;{]i Redirect STDIO to USART [T p—

v Software Settings

Software Transmit Buffer Size | & - [ ] Redirect STDIO to USART
. Software Transmit Buffer Size | &

Software Receive Bufter Size : - Software Receive BufferSize | 8 |
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Lab Preparation

PC Terminal Software Setting
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Lab Preparation
Step 1

* PL2303TA provides connecting an RS232-like full-duplex asynchronous serial device to
any Universal Serial Bus (USB) capable host, include highly compatible drivers could
simulate the traditional COM port on most operating systems.

" i —
oo o}
By
-, =
s : = ‘8
NN cc st
iy R . [ awx e w GG ..’
_ fulc 0. 0.6.90.9.00] - .
g . o
: 1 ©.
= sy ﬁ.'
A = \“1‘ )
> B3 i O
o, - -~ 1 6600000000000000000
IS 2em - =0 000000000000000000
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Lab Preparation
Step 2

* Please confirm Windows Device Manager on your PC.

* For Window 7, you might need install driver before Labs.
Driver at : \Appendix\Serial Emulator Driver\mchpcdc.inf

* You will see a USB Serial Port (COMXx) at Device Manager.

=,.__I_ SEEEES
BED HTA BEV HEQ
@2 | @ HEl 8
4 17 AdamSyu-PC
b IDE ATA/ATAPI 25128
.JM SM Driver
b g ARIENESE
=
oo B2tenE
b M REHE
a.[p EthEs
- [l CDC RS-232 Emulation Demo
v B RRARESSHE
- ) g
by EREFIEREREHE
. T3 EEE (COM A LPT)
o[ BEREtHEERE

{" e ————— :J

.. § ERESIERRTHE
4 TF EEIE (COM A LPT)

EE— M ILELRGARE -
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Lab Preparation

Step 3

* Find TeraTerm from your desktop or install it from.
* http://ttssh2.sourceforge.jp/index.html.en

 Select : Serial - Port: COMx: USB Serial Port (COMXx).
* Check : Setup - Serial Port > COMXx, 9600, 8 bit, none, 1 bit, none

Tera Term: New connection

O TCP/IP myhost.example.com
History
Telnet 22
SSH S5H2
Other AUTO
® Serial Port: COMA4: USB Serial Device [COMA4]

Cancel Help

T COM4A - Tera Term VT

File Edit Control

Terminal...

Window...

Font
Keyboard...

Serial port...

Proxy...

Tera Term: Serial port setup and connection X
h |
Port: COMA v ]
New setting
Speed: 9600
Data: 8 bit hd Cancel
Parity. none ~
Stop bits: 1 bit v Help
Flow control: none it

Transmit delay

0 msec{char

D msec/line
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Lab8 UART printf

* Base on current project or Open .\Lab8 xxx.X to do exercises
* Try to add UART1 module then output VR ADC value .
 UART set to 9600, N, 8, 1, No flow control.

* Disable LED2(RC6) and LED3(RC7) GPIO output function.

* UART has connected by PCB layout.
* PIC16F1937 (UART-TX, RC6) <-> PL2303TA (RX)
* PIC16F1937 (UART-RX, RC7) <-> PL2303TA (TX)

Let’s go!
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Lab8 UART printf

Step 1

* Disable RC6, RC7 GPIO output function.

D) X
Pin Manager: Grid View x
Package:| | TQFPas | ~ PinNo: |8 |9 |10|11|14 1516|1732 35|36 37|42 43 38|39 41(2 (3|45
PortB v PortC v PortD ¥
Module) Function| | Directionl |0 |1 |2 |3 |4 |5|6|7|0|1[2[3 4|5 0|1 3|4|5(6|7
AN input T h 6w
ADC ¥ VREF+ input
VREF- input
COMx output a a a
LCDY  [SEGx output a BB OGN G 6 aaa
VLCDx input B 8l
0sC CLKOUT output
o odale v |97© I I I ICICICICNE
GPIO output ORI RO RN CRECREC RN
MCLR input
RESET ¥ VoA oot
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Lab8 UART printf
Step 2

* Device Resources
* EUSART » EUSART

] X

] X

Resource Management [MCC] x|

Resource Management [MCC] x I

Project Resources | Generate || Import.. | Export | @ || @
¥ Peripherals 4
@ E3 %y Anc
@E38 wo |
@O ™R

¥ System

Project Resources | Generate || import.. | Export |£| @|

¥ Peripherals

@ 7 % Anc

@E3= eusart | L

OLI o LD
@3 O ™R

Device Resources . Content Manager
¥ [=] EUSART '

© L3 (=) EUSART

> i E pt

| Click [+]

Device Resources - Content Manager

» Ext_Interrupt
» — FVR

» [ Memory

» 5 MSSP
» I SRLatch I ‘
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Lab8 UART printf
Step 3

 Enable Redirect STDIO to USART.

¥4 EUSART - Editor - O X

(O
455 Easy Setup ” = Registers
Hardware Settings
Mode[ asynchronous I - |
Enable EUSART Baud Rate: 9600 | ~ |Emor-0.160%
Enable Transmit Transmission Bits: [ 8-bit | v ‘
[] Enable Wake-up Reception Bits: | 8-bit | -]
[ ] Auto-Baud Detection  Data Polarity [ Non-Inverted | v ‘
|| Enable Address Detect Enable Receive
D Enable EUSART Interrupts
v Software Settings

Redirect STDIO to USART
So “ Transmit Buffer Size | & - ]
Software Receive Buffer Size m
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Lab8 UART printf
Step 4

 Generate Code.

Generate

=

et

Projects  Files Serwvices 'mm_ul

Project Resour.|. | Gener. &mm" | Be- | @)@

¥ System
() Interrupt Module
{ ) Pin Module

() System Module

X

Output - MPLAB® Code Configurator x

14:23:35.09%
14:23:33.099
14:23:35.099

INFO:

I

[NFO:

SRR SIS IR RS SRR SRR R R RS

Generation Reaults

e R e R R R R R R R RN R R N

Device Resources _ Content Manager

¥ Documents
dsPIC33CK256MP506 Product Page
¥ Libraries
» (V) Foundation Services
@ L3 O motorBench® Development Suite
@ [ O WINC15XX

]

14.23:35.291
14:23:35.291
14:23:35.291
14:23:38.29

[NFO:

INFT)

[NFO:

INFT)

SIS RS SS RS R SR SRR SRS RN AR

Generation complete (total time: 2969 milliseconds)

SRR RS RIS R R RS R RS RSN RS RS AR RSN

Generation complete,
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VT100 Console Control

* Use VT100 command to control UART output as

| COM4A - Tera Term VT — ] X

File Edit Setup Control Window Help

Hello World!'!

* printf("\033[2]"); // Clear screen
* printf("\033[?251"); // Hide cursor
* printf("\033[y;xH"); // Set cursor to (x,y)
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Lab8 UART printf

Code Example

#include "mcc_generated_files/mcc.h" int main(void)
#include "mcc_generated_files/tmr2.h*
#include <stdio.h>
TMR2_SetInterruptHandler(TIM2_ISR);

void TIM2_ISR(void); printf("\033[2J");
printf("\033[?25I");
uintl6_t ADC_Value=0; while (1)

volatile uint8_t TMRFlag;
// Add your application code
int main(void)
if (TMRFlag)
{

while (1) TMRFlag = 0;
{ LED1_Toggle();
ADC_Value = ADC_GetConversion(VR);
} LCD_Show(ADC_Value);
} printf(" \033[1;1HADC_Value:%4d", ADC_Value);
}
void TIM2_ISR(void) }
{ }
TMRFlag = 1;
}
void LCD_Show(uintl6_t LCD_Value)
{
}
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Lab8 UART printf

Result

o e Jan A B

TOSRER O %

N o T
' uunnuu i

M COMS - Tera Term VT

File Edit Setup Control Window Help

.‘

™
Q0
»

mmmh

Wil o

M-
T

A ,»mmmuq

o9
)
ee
00
oC
o0
Jec ©
o
£e
=8 o
ggo
(<}
o
o
[
[
[}
o

G ADd e DS * el 7 S
il

(el e e Ko M Ru oo R R oRelle R s Xl s v
000000000 OOOCOOOQON
00000 CcOoO0CcO0OCOO00

Q00000

@ MICROCHIP



MCC’s UART Interrupt

* Polling mode not easy to catch that the data from PC to UART.
* This is very easy if enable UART interrupt to be received it.
* Receive and transmit buffer(queue) are implemented ready, so ease to use and don’t

worrying data lost.
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UART Functions of MCC

e MICC Provide below functions for UART:

Prototype definition : “eusart.h”

* void EUSART _Initialize(void);

* bool EUSART _is_tx_ready(void);

* bool EUSART _is_rx_ready(void);

* bool EUSART _is_tx_done(void);

* uint8_t EUSART_Read(void);

* void EUSART_Write(uint8_t txData);

* void EUSART_Transmit_ISR(void);

* void EUSART_Receive_ISR(void);

* void EUSART_RxDataHandler(void);

* void EUSART_SetFramingErrorHandler(void (* interruptHandler)(void));
* void EUSART_SetOverrunErrorHandler(void (* interruptHandler)(void));
* void EUSART_SetErrorHandler(void (* interruptHandler)(void));
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Lab9 UART Communication

* Base on current project or Open .\Lab9_ xxx.X to do exercises
* Try to enable UART interrupt to be received UART data come from PC.

* To set a suitable received buffer size.

Let’s go!
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Lab9 UART Communication
Step 1

* Enable EUSART Interrupts.

%24 EUSART - Editor - O e
EUSART x DO

J*ix’ Easy Setup" = Registers

Hardware Settings

Model asynchronous I > I

Enable EUSART Baud Rate: 9600 ~ | Error: 0.160 %
Enable Transmit Transmission Bits: | 8-bit | - ‘

D Enable Wake-up Reception Bits: 8-bit -

D Auto-Baud Detection  Data Polarity | Non-Inverted | = |

|:| Enable Address Detect Enable Receive

l Enable EUSART Interrupts
h i_i are Settings

Redirect STDIO to USART

Software Transmit Buffer Size | & |

Software Receive Buffer Size 8
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Lab9 UART Communication
Step 2

e Buffer Size.
° 8»32

%24 EUSART - Editor

{52 Easy Setup || 5 Registers

Hardware Settings

Model asynchronous | - |

Enable EUSART Baud Rate: 9600

Enable Transmit Transmission Bits: | 8-bit

|:| Enable Wake-up Reception Bits: 8-bit

|:| Auto-Baud Detection  Data Polarity | Non-Inverted
D Enable Address Detect Enable Receive

Enable EUSART Interrupts

¥ Software Settings

Redirect STDIO to USART

Software Transmit Buffer Size | 32 | - ]

Software Receive Buffer Size -
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Lab9 UART Communication
Step 3

 Generate Code.

[[enerete ],

] X

Projects  Files | Services | Resource Manage... x |
Project Resour.| _Gener, |[impo.. | B | @ | ©
¥ System %

() Interrupt Module
{_ Pin Module
() System Module

- Content Manager

Device Resources
¥ Documents
dsPIC33CK256MP506 Product Page
¥ Libraries
» (V) Foundation Services
@ L3 O motorBench® Development Suite
@ (8 O WINC15XX

X

Output - MPLAB® Code Configurator x

14:23:35.09%
14:.23: 38 U39
14:23:35.099

INFO:

I

[NFO:

SRR SIS IR RS SRR SRR R R RS

Generation Results

e R e R R R R R R R RN R R N

14:23:35.291
14:23.38.291
14:23:35.291

14:.5: 35, 2493

[NFO:

INFD

[NFO:

LN

SIS RS SS RS R SR SRR SRS RN AR

Generation complete (total time: 2969 milliseconds)

SRR RS RIS R R RS R RS RSN RS RS AR RSN

beneration complete,
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Lab9 UART Communication

Code Example

#include "mcc_generated_files/mcc.h"
#include "mcc_generated_files/tmr2.h*
#include <stdio.h>

void TIM2_ISR(void);
uintl6_t ADC_Value=0;
volatile uint8_t TMRFlag;
uint8_t Rx_Buffer[1];

int main(void)
while (1)
{

=
}

void TIM2_ISR(void)

{
TMRFlag = 1;

}

void LCD_Show(uint16_t LCD_Value)
{

-

int main(void)

TMR2_SetInterruptHandler(TIM2_ISR);
printf("\033[2J");

printf("\033[?25I");

while (1)

{

// Add your application code
if (TMRFlag)
{
TMRFlag = 0;
LED1_Toggle();
ADC_Value = ADC_GetConversion(VR);
LCD_Show(ADC_Value);
printf(" \033[1;1HADC_Value:%4d", ADC_Value);
}
if (EUSART _is_rx_ready())

Rx_Buffer[0] = EUSART_Read();
printf(" \033[3;1HRx_Data:%1c", Rx_Buffer[0]);
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Lab9 UART Communication

Result
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|12C Architecture
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What’s 12C

* 12C, Inter-Integrated Circuit
* It’s a serial communication interface.
Synchronous, inside-board level, short distance communication.
* The data is clocked along with a clock signal(SCL).
* The clock signal controls when data is changed and when it should be read.

* Since 12C is synchronous, the clock rate can vary, unlike asynchronous (RS-232 style)
communications.

Ny (S (D) Q) (A)or (N) (P) (1
SCLx /
\ i AN A - /
] NACK |
SDAx —_
\ >< ACK
S L
Start Data or Data  ACK/NACK Stop
Condition Address Allowed Valid Condition
Valid to Change
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PIC16F Series MSSP Module

* The Master Synchronous Serial Port (MSSP) module can operate in one of two modes:
* Serial Peripheral Interface (SPI).
* Inter-Integrated Circuit (12C).

* Serial Peripheral Interface (SPI) ¢
 Master and Slave mode. reac @%Wﬂm [SSPjE”
¢ CIOCk Parity. | SSPBUF | Baud Rate

C L. erADD)
* Slave Select Synchronization (Slave mode only). = o st I
. . SSPSR ’—G——< B
* Inter-Integrated Circuit (12) %@ffMSb = g8
3 g 8|3
* Master and Slave mode. - g Star it, Sop b, ° JE
% Acknowledge 4@0—0 g g
* Support limited Multi-Master. oL ﬁj & Generste (SSPCON2) HE
. . . S 3 8=
* Support 7-bit and 10-bit addressing. b EI %<I, g
* Pin Definition : = < e [
. . SCL in . Write CO||iSiF=n dkEIGCt —® Set/Reset: S, P, SSPSTAT, WCOL, SSPOV
* SCL (Serial Clock) : Clock, PIC16F -> Device. rroermas Bl I
* SDA (Serial Data) : Data In/Out, PIC16F <-> Device. prss it i
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12C Device

* Temperature Sensor (MCP9800) :
* MCP9800 is a digital temperature sensor converted to digital word with a user selectable 9 to 12-bit

Sigma-Delta Analog to Digital Converter. £0.5°C (typical) at +25°C
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MCC’s MSSP Module

 Add MSSP resource from Device Resources.

>

Resource Management [MCC] x

Project Resources | Generate || Import..

v Peripherals
@ 3 % Aoc
@ B3 = EUSART
@8 wo
® L3 O T™™R2

>

Resource Management [MCC] x

Project Resources | Generate || Import..

Export o ‘ ‘ (;)

Export o ‘ ‘ (;)

Device Resources

. Content Manager

» & Memory
v = MSSP
© BR 5 MssP
R
>

e
v) Timer
H 3

= Click [+] =

v Peripherals
@ £3 4 Ao
© P4 =) EUSART
@51 8 Lo
[ © B3 & mssp

Device Resources

. Content Manager

» it Ext_Interrupt
» — FVR

» & Memory

» [:3 SRLatch

> @ Timer
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MCC’s MSSP Module

4 MSSP - Editor — O X

KD

{5 Easy Setup | ] Registers |

v Software Seitings

Interrupt Driven: D

¥ Hardware Settings

N Serial Protocol: 12C -

" Mode: Master v

I12C Clock Frequency(Hz): 3907 = 100000 = 250000

Actual Clock Frequency(Hz): 100000.00

» Advanced Settings

¥ Interrupt Settings

\ Enable 12C Interrupt: D
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12C Functions of MICC

* MCC Provide below functions for 12C:
Prototype definition : ""i2c_master_example.h"

uint8_t 12C_Read1ByteRegister(i2c_address_t address, uint8_t reg);

uintl6_t 12C_Read2ByteRegister(i2c_address_t address, uint8 _t reg);

void 12C_WritelByteRegister(i2c_address_t address, uint8_t reg, uint8_t data);

void 12C_Write2ByteRegister(i2c_address_t address, uint8_t reg, uintl6_t data);

void 12C_WriteNBytes(i2c_address_t address, uint8_t *data, size_t len);

void 12C_ReadNBytes(i2c_address_t address, uint8_t *data, size_t len);

void 12C_ReadDataBlock(i2c_address_t address, uint8_t reg, uint8_t *data, size_t len);
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Lab10 Temperature Sensor

* Base on current project or Open .\Lab10_xxx.X to do exercises
* Try to set MCP9800 ADC resolution to 12 bits.
* Read the value from Temperature Sensor and use UART to output to PC.

Let’s go!
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MCP9800 Read & Configuration

* First, Set ADC resolution & resolution & other config you want.

* Secondly, Read ADC value maximum valid 12 bits. (2 Bytes).

TABLE 5-1: BIT ASSIGNMENT SUMMARY FOR ALL REGISTERS
I'\;;giilst;a;r MSB/ Bit Assignment
|| _P1Po LSB 7 6 5 4 3 2 1 0
Ambient Temperature Register (T,)
) 0 MSB Sign 28c 25c 2%c 2%C 22°C 2'c 20c
LSB 2T¢ 25C 2%¢ 24°C 0 0 0 0
' [Sensor Configuration Hegistep1ociiTtaT
] 1 LSB One-Shot Resolution Fault Queue ALERT |COMP/INT | Shutdown
Polarity
Temperature Hysteresis Register (T ...
1 0 MSB Sign 26°C 25°C 2%Cc 2%°C 2%°C 2°c 20c
LSB 2°C 0 0 0 0 0 0 0
Temperature Limit-Set Register (Tggt)
1 1 MSB Sign 25C 2°°C 2%C 2%°¢ 2%°C 2'c 20:¢
LSB 2°C 0 0 0 0 0 0 0
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Lab10 Temperature Sensor
Step 1

* Device Resources
* MSSP » MSSP

] X 1 X
Resource Management [MCC] x| Resource Management [MCC] x|
Project Resources | Generate || Import.. | Export | @ || © Project Resources | Generate || Import.. || Export | @ || @
v Peripherals - v Peripherals
© E3 % ADC ‘ @ B3 & ADC \l
@ B3 (=) EUsART L @ B3 =) EUSART
@E3 8 wo @548 o
2 IX FoRULY | @3 & Mssp I

Device Resources  Content Manager Device Resources | Content Manager
» & Memory 1 » Ext_Interrupt i
v 2 MSSP » — FWR

© BR 5 MssP » @& Memory
» 5 SR ‘, » i SRLatch
> @ Timer » (*) Timer
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Lab10 Temperature Sensor
Step 2

e Serial Protocol.
* SPI» 12C 4 MSSP - Editor

403 Easy Setup ‘ =] Registers

¥ Software Seitings

Interrupt Driven:

¥ Hardware Setlings

Serial Protocol: 12C

Mode: Master

12C Clock Frequency(Hz): 3907 = 100000 = 250000

Actual Clock Frequency(Hz): 100000.00

» Advanced Settings

» Interrupt Seltings
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Lab10 Temperature Sensor
Step 3

 Generate Code.

[[enerete ],

] X

Projects  Files | Services | Resource Manage... x |
Project Resour.| _Gener, |[impo.. | B | @ | ©
¥ System %

() Interrupt Module
{_ Pin Module
() System Module

Device Resources _ Content Manager

¥ Documents
dsPIC33CK256MP506 Product Page

¥ Libraries

3 G) Foundation Services
@ L3 O motorBench® Development Suite
@ [ O WINC15XX

X

Output - MPLAB® Code Configurator x

14:23:35.09%
14:.23: 38 U39
14:23:35.099

INFO:

I

[NFO:

SRR SIS IR RS SRR SRR R R RS

Generation Results

e R e R R R R R R R RN R R N

14:23:35.291
14:23.38.291
14:23:35.291

14:.5: 35, 2493

[NFO:

INFD

[NFO:

LN

SIS RS SS RS R SR SRR SRS RN AR

Generation complete (total time: 2969 milliseconds)

SRR RS RIS R R RS R RS RSN RS RS AR RSN

beneration complete,
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Lab10 Temperature Sensor

Code Example

#include "mcc_generated_files/mcc.h"

#include "mcc_generated_files/tmr2.h"

#include "mcc_generated_files/examples/i2c_master_example.h"
#include <stdio.h>

#define MCP9800_Address 0x4D
#define MCP9800_REG_TA 0x01
#define MCP9800_Register 0x60
#define MCP9800_Start 0x00

;};)Iatile uint8_t TMRFlag;
uintl6_t MCP9800_Read_Data;

int main(void)

{

while (1)
{

=
}

void LCD_Show(uint16_t LCD Value)
{

=
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Lab10 Temperature Sensor

Code Example

int main(void)

TMR2_SetlnterruptHandler(TIM2_ISR);

12C_Write1ByteRegister(MCP9800_Address, MCP9800_REG_TA, MCP9800_Register);
__delay_us(100);

12C_Write1ByteRegister(MCP9800_Address, MCP9800_Start, 0x00);
__delay_us(100);

while (1)
// Add your application code
if (TMRFlag)
{

TMRFlag = 0;

LED1_Toggle();

ADC_Value = ADC_GetConversion(VR);

LCD_Show(ADC_Value);

MCP9800_Read_Data = 12C_Read2ByteRegister (MCP9800_Address, NULL);

printf(" \033[1;1HADC_Value:%4d\r\n", ADC_Value);

printf(" \033[2;1HTemp_9800:%2d.%3d'C", (int) ((MCP9800_Read_Data >> 8)&0x7F), (int) ((MCP9800_Read_Data&O0xFF) >> 4)*1000 / 16);
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Lab10 Temperature Sensor

Result

| q
|

Y Th et ~Q?"f’f’.‘.’:,
v AL B[ ] 8141 P
A uunnuu S8
X b 5 ' . " Vi o (2}
¥ COMS - Tera Term VT E=r = raer s g€ Jo-
‘ * \‘) ¥ ' ' . . “T - E,EDO' mu
File Edit Setup Control Window Help : ’ =& = e r""'"" '1 | .

HOC Malue: &7
Tenp 9800:26.812°C

- ‘...
o -

!E'!F’Cj 5
41_ 3 tl =

"7"""’\ .

e
S

l-ummm

pnmml
.

e A

VRN 0S79%.38101d
of|_pimitNg

L

)
ee
00
oC
o0
Jec ©
o
£e
=8 o
ggo
(<}
o
o
[
[
[}
o

iy

s - En

,

-

.

-

‘, L
17

N R R )

cCco
ocooe
Q00
oo¢C
oCoC
Q00O
000
oCQ
000
000
00
000
000
000
o0Q
oQCQO
0O

“@ooo0o00

@ MICROCHIP



Microchip Trademarks

Overview

Microchip Technology Incorporated’s products are marketed and sold under one or more of the following trademarks belonging to Microchip or one of Microchip’s subsidiaries.
Questions regarding use of these trademarks should be addressed to the Microchip’s Legal Department via email: legal.department@microchip.com.

The following are registered trademarks of Microchip in the U.S.A. and other countries:

The Microchip name and logo, the Microchip logo, Adaptec, AnyRate, AVR, AVR logo, AVR Freaks, BesTime, BitCloud, chipKIT, chipKIT logo, CryptoMemory, CryptoRF, dsPIC, FlashFlex,
flexPWR, HELDO, IGLOO, JukeBlox, KeelLoq, Kleer, LANCheck, LinkMD, maXStylus, maXTouch, MedialLB, megaAVR, Microsemi, Microsemi logo, MOST, MOST logo, MPLAB, OptolLyzer,
PackeTime, PIC, picoPower, PICSTART, PIC32 logo, PolarFire, Prochip Designer, QTouch, SAM-BA, SenGenuity, SpyNIC, SST, SST Logo, SuperFlash, Symmetricom, SyncServer, Tachyon,
TimeSource, tinyAVR, UNI/O, Vectron, and XMEGA

The following are registered trademarks of Microchip in the U.S.A:

AgileSwitch, APT, ClockWorks, The Embedded Control Solutions Company, EtherSynch, Flashtec, Hyper Speed Control, HyperLight Load, IntelliMOS, Libero, motorBench, mTouch,
Powermite 3, Precision Edge, ProASIC, ProASIC Plus, ProASIC Plus logo, Quiet-Wire, SmartFusion, SyncWorld, Temux, TimeCesium, TimeHub, TimePictra, TimeProvider, TrueTime,
WinPath, and ZL
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