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Power Supply
Name Conventions

BJT 
(N-channel)

MOSFET
(N-channel)
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PIC18 Packaging
Through-Hole

SIP
Single In-Line Package

DIP
Dual In-Line Package

QIP
Quadruple In-Line Package

DIP

DIP
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PIC18 Packaging
Surface Mount

SMD
Surface Mount Device

SMT
Surface Mount Technology

PLCC
Plastic Leaded Chip Carrier

TQFP
Thin Quad Flat Pack

TQFP

4



Product/Device Naming
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Product/Device Naming
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PIC Max/Min Ratings
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Sink vs. Source

PIC (sinking)

PIC (sourcing)

1

0
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Sink vs. Source

PIC (sinking)

PIC (sourcing)

0

1
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Sink vs. Source

PIC (sinking)

PIC (sourcing)

0

1

SourceGate

Drain
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PIC Max/Min Ratings
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Powering Up & MCLR 
PIC18F458
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Powering Up & MCLR 
PIC18F458
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SFR Values Upon Resets

…P
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External Crystal

• Reason for parallel capacitors?

• Great video: https://www.youtube.com/watch?v=5StwZCeNzVU
• LC Osc Basics: https://www.electronics-tutorials.ws/oscillator/oscillators.html
• Crystal Osc: https://www.electronics-tutorials.ws/oscillator/crystal.html
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External Crystal 
for the PIC18F452

PI
C

18
F4

52

16



External or Internal Crystal
for the PIC18F4520

PI
C

18
F4

52
0
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On-Chip Reset Circuit
Simplified Diagram (452)

Different RESET 
sources/causes

Same outcome
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Brown-Out Reset (BOR)
Voltage

• Sometimes the VDD (positive supply) can drop 
below the desired level (+5V)

• This can cause CPU issues and unreliable 
operation (instr. execution, I/O, ADC, etc.)

• You may specify a BORV threshold level where 
the PIC “resets” automatically if the VDD falls below

• VBOR options: 2.5, 2.7, 4.2, and 4.5 V (for 452)

time

VDD
Supply Voltage

5V

2.5V BORV Level
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Brown-Out Reset (BOR)
Voltage
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Watchdog Timer (WDT)
Reset

• PIC can automatically reset itself when 
code execution is hung up or non-logical
– User must clear/restart the WDT periodically
– Infinite loop, malfunctioning peripherals, etc. 
– Can be used as a makeshift debugger

• Programmer can enable or disable and set 
the time-out period
– Possible ms – 100xsec range

• Clear the WDT (prevent a reset) by using
– CLRWDT instruction
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Configuration Registers
452
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Configuration Registers
4520

24



CONFIG1H - Oscillator
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CONFIG2L – Initial Transients
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CONFIG2H – Rottweilers
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Configuration Bit Settings
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Config Bit Settings
MPLAB X IDE

Create a new project 
or 

Edit an existing project
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Config Bit Settings
MPLAB X IDE

 Window
 PIC Memory Views
 Configuration Bits
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Config Bit Settings
MPLAB X IDE

Formatted table 
appears to allow your 
configuration settings
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Config Bit Settings
MPLAB X IDE

Click “Generate Source 
Code to Output”
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Config Bit Settings
MPLAB X IDE

Select All 
and Copy
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Config Bit Settings
MPLAB X IDE

Select the row between 
#include and any 
functions below
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Config Bit Settings
MPLAB X IDE

Paste all the config bits 
and you’re done
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Software Program Flow
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0b1110 = 0xE

0b0110 111a 
= 0x6E or 0x6F

OPCODE
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So, What’s in a HEX File?

INHX8M INHX32
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HEX File Content
INHX8M

BB (count byte): how many DATA bytes in the line, max value 0x10 (16)
AAAA (address): ROM address space where data needs to go 
TT (type): 00 means hex file is continuing, 01 means it is over (EOF)
HHH…HHH (data): opcode and data/location, at most 16 in a line – see BB
CC (checksum): to ensure integrity of incoming hex code

BB  AAAA TT           HHHH…………………………………….……………..HHHH           CC
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Checksum

• Calculate Checksum Byte
1. Add all bytes together and drop the carries (mask anything 

above 8 bits)
2. Take the 2’s complement of the sum, and that is now your 

checksum byte
3. Append as the last byte in the series in the HEX file row

• Check Integrity (perform checksum operation)
1. Add all bytes together with checksum byte

• If bottom 8 bits == ZERO  NO CORRUPTION
• If bottom 8 bits != ZERO  SOMETHING’S WRONG
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• Calculate checksum byte
1. Add all bytes together and drop the carries (mask anything above 8 bits)
2. Take the 2’s complement of the sum, and that is now your checksum byte
3. Append as the last byte in the series in the HEX file row

BB  AAAA TT           HHHH…………………………………….……………..HHHH           CC

Data to Send
0x04
0x08
0x80

+          0x00
0x19
0xEF
0x03
0xF0

0x287 = 0b 10 1000 0111
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• Calculate checksum byte
1. Add all bytes together and drop the carries (mask anything above 8 bits)
2. Take the 2’s complement of the sum, and that is now your checksum byte
3. Append as the last byte in the series in the HEX file row

BB  AAAA TT           HHHH…………………………………….……………..HHHH           CC

Data to Send
0x04
0x08
0x80

+          0x00
0x19
0xEF
0x03
0xF0

0x287 = 0b 10 1000 0111

Take 2’s Complement
0x87 = 0b 1000 0111

1000 0111
Invert     0111 1000
Add 1                 + 1

0111 1001
=   0x79

0x79 is your Checksum Byte
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Check integrity (perform checksum operation)
1. Add all bytes together with checksum byte (0x79)

– If bottom 8 bits == ZERO  NO CORRUPTION
– If bottom 8 bits != ZERO  SOMETHING’S WRONG

BB  AAAA TT           HHHH…………………………………….……………..HHHH           CC

Data Sent (truth)
0x04
0x08
0x80
0x00
0x19
0xEF
0x03
0xF0

Data Received (GOOD)
0x04
0x08
0x80

+          0x00
0x19
0xEF
0x03
0xF0

______________0x79
0x300 = 0b 11 0000 0000 44



Check integrity (perform checksum operation)
1. Add all bytes together with checksum byte (0x79)

– If bottom 8 bits == ZERO  NO CORRUPTION
– If bottom 8 bits != ZERO  SOMETHING’S WRONG

BB  AAAA TT           HHHH…………………………………….……………..HHHH           CC

Data Sent (truth)
0x04
0x08
0x80
0x00
0x19
0xEF
0x03
0xF0

Data Received (GOOD)
0x04
0x08
0x80

+          0x00
0x19
0xEF
0x03
0xF0

______________0x79
0x300 = 0b 11 0000 0000

Data Received (BAD)
0x04
0x09
0x80

+          0x00
0x19
0xEF
0x03
0xF0

______________0x79
0x301 = 0b 11 0000 0001

Can’t trust data
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We have the Hex File,
What Now?

• Need to burn/flash the .hex file 
onto the microcontroller

• Three methods:
– Off-circuit (OCSP): the microcontroller 

is programmed as a stand alone chip 
and is then inserted into the circuit

– In-circuit (ICSP): microcontroller has to 
set aside pins that are used to program it 
while inside the circuit

– Boot loader: a special code running on 
the microcontroller, allowing it to accept 
code from any of its interfaces (boot 
loader needs to be burned with one of 
the previous two methods beforehand) 46



PicKit 3 - ICSP
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Boot loader Pros/Cons

• See our QwikFlash boards (old method)
• Takes away ROM space from the developer
• Don’t need an actual programmer (PICKit)
• Can use any communication methods 

available to the microcontroller (SPI, I2C, etc.)
– But slower

• Code space for boot loader must be reserved 
and protected

• May be a good choice for development but 
usually not for final product 48



Boot Loader 
in Program ROM

Boot Loader 
Code

Use existing program code
to insert your

new program code
Use Serial/I2C/etc. communication

to send HEX file along from
regular personal computer
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Questions?
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