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fIntroduction

stands for “Peripheral Interface

ation and embedded applications etc.



Brief History

as developed by General
5. (Microelectronics division)

)

85, General ments converted their

electronics division to  Microchip
logy. (PIC1640 and PIC1650).

93, Microchip technology launched the 8-
16C84 with EEPROM.

> In 1998, Improved version of PIC 16C84 with
flash memory was evolved (PIC 16F84)



bOIe of the low-end device numbers







type is indicated by an




ification of PIC

microcontroller is divided into
oories on the basis of internal

e Mid-Range PIC



BOMparison for above four categories

6-40

Up to 3 KB

Up to 134 Bytes

12-bit

w
w

5 MIPS"

» Comparator

* 8-bit ADC

« Data Memory
eInternal Oscillator

PIC10,PIC12, PIC16

8-64

Up to 14 KB

Up to 368 Bytes

14-bit

35

5 MIPS

In addition of baseline
- SPI

- 12C

- UART

- PWM

- 10-bit ADC

- OP-Amps

PIC12, PIC16

8-64
Up to 28 KB
Up to 1.5 KB

14-bit

49

8 MIPS

In addition of Mid-range

- High Performance

- Multiple communication
peripherals

PIC12F1XXX, PIC16F1XXX

18-100
Up to 128 KB
Up to 4 KB

16-bit

83

Up to 16 MIPS

In addition of Enhanced
Mid-range

* CAN

LIN

- USB

* Ethernet

* 12-bit ADC

PIC18



lajor Features

ures of mid range PIC are
categories:

al Feature

al Features



ore Features

ins to the basic features that are required to

= Instruction set (35)

@ Low Power Consumption (< 2mA @5V), 4-
20MHz.



evice Oscillator

ircuit is used to generate the device clock. The
r the device to execute instructions and for
Four device clock periods generate one
cle.

to eight different which the oscillator may have :
Frequency (Power) Cry
al/Resonator

peed Crystal/Resonator

nal Resistor/Capacitor (same as EXTRC with CLKOUT)
ternal Resistor/Capacitor

EXTRC External Resistor/Capacitor with CLKOUT

@ INTRC Internal 4 MHz Resistor/Capacitor

@ INTRC Internal 4 MHz Resistor/Capacitor with CLKOUT



lock Types

ritical frequency accuracy and

@ XT mode — frequencies between 100 kHz and 4 MHz
= HS mode — frequencies between 8 MHz and 20 MHz



vice sciilator Connections

4 common oscillator modes that are
ost PIC micro devices.

S mode stands for “High Speed” mode. It is
ed to be used with crystals, and resonators
1 a frequency of 3 to 4 MHz or more. The
important thing to remember about HS mode is
that it provides the highest drive level available.



stands for “Crystal” mode and
medium drive level. It is
used with crystals and

ode has moderate power consumption
its drive level is lower than that of HS
e, and because a lower clock speed is
ced. Remember, as a rule: the faster the
clock used, the more current the application
will require



de stands for "Low Power” mode.

useful for circuits that require the
ossible. LP mode is engineered
76 stal operation, and it can
ction at any uency below 200kHz. LP
det;s most”commonly used for 32.768kHz
ration.

ode will produce the slowest clock rate,
as a result, the lowest power consumption
the modes.

= LP mode is ideal for timing sensitive
applications since these same crystals are used
as a time base in wrist-watches.




e stands for “External RC” mode.

nt to note that this is an

mode, ( some PICmicro
RNAL_ RC mode).

ode uses a re istor-capacitor network
cted to the OSC1 pin. When the device is
igured for external RC mode, these
nents are automatically driven to

produce a frequency which will run the
PICmicro MCU.



signed for very low-cost
wer consumed will vary
f frequencies that can



important to note that RC mode
inaccurate clock source. In
this won’'t matter, but
Iming sensitive should
used with this mode. For this reason, RC
1s not recommended for timing sensitive
ations or for RS-232 communication.



de stands for “Internal RC” mode
ch like the standard External

r and capacitor are already provided.
ntrollers with this feature have an on-
C oscillator. Current designs run at



1s the least expensive oscillator
o external components are
ful, because devices in this
can often u OSC1 and OSC2 lines
neral purpose I/O. This feature makes
C12CXXX and other 8-pin PICmicro

s very popular.




Reset logic

used to place the device into a

re et during normal operation
-out Reset (BOR)



PIC Reset actions

iIs wused to put the
oller into a known state.
when a PIC
iIcrocontro 1S reset, execution
rts from address 0 of the program
ory. This is where the first
cutable user program resides.
reset action also initializes
various SFR registers inside the
Microcontroller.



isms ensure that the CPU starts
the appropriate operating
en met, and can be used to
of program failure.

tual reset to the CPU or the Chip_Reset,

ated by a flip-flop. This has two inputs,
and R (Reset).



ters Reset mode when Chip_Reset

ich is caused by the S line going

unt11 the flip-flop is cleared,
oing high.

input to the flip-tflop goes high, via a

ut OR gate, if any of the following
igh:



ion normally occurs in various

Reset

aog Timer Rese

out Reset (This feature is not available
6C61/62/64/65 series. Only 74 series
s feature



lon will set the program counterto
ess of the program.This starting



-out reset occurs when the supply
below 4 volts.The device remains
ut reset state till the supply
oltage is restored.The Brown-out reset also
ludes another feature .If Vdd is hit with a
sient noise spike ,causing Vdd to drop
ow 4.0Volts for longer than 100 micro
nds the Brown-out reset circuit detects that
and reset the chip.whereas in most of the other
microcontrollers many erroneous executions
takes place during this time. The PIC brown-
out reset will also help if the power-on reset
conditions are not met.



CPU Operation

ing Unit (CPU) is responsible for using
program memory (instructions) to
f the devicee Many of these
-memory. To operate on data
the Arithmetic Logical Unit (ALU) is required. In
0 performing arithmetical and logical operations,

controls status bits (which are found in the
register). The result of some instructions force
0 a value depending on the state of the result.

‘he CPU controls the program memory address bus, the
data memory address bus, and accesses to the stack.



| Eight Level Stack



CPU Registers

1ster:

er is used by many instructions
operand. It also serves as
he result of instruction
nilar to accumulator in
controllers and processors. It is an 8-bit

destination

Register:

It contains the arithmetic status of the ALU,
the RESET status and the bank select bits for
the data memory.



7 Woarking Register

C: Carry/borrow bit

DC: Digit carry/borrow bit

Z:. Zero bit

NOT PD: Reset Status bit (Power-down mode bit)

NOT_ TO: Reset Status bit (time- out bit)

RPO: Register bank Select

The bits 7 and 6 of Status Register are unused by 16¢c6x/7x.



set when two 8-bit operands are
and a 9-bit result occurs. This 9-
carry bit.



f the carry from the bit 3




r zero bits is affected by the execution
tic or logic instructions.

its NOT_TO and NOT_PD are
vith PIC’s sleep mode. The
ro controller can put itself to sleep mode to

power during intervals when it has
ng to do. It can be reset by any of three
s. Upon reset the CPU can check these two
status bits to determine which kind of
event resettled it and then respond
accordingly.




ank select bit RPO is used to

bct S
Select bank

bsf STATUS, RPO
Select bank 1.




ile Select Register):

er used for indirect addressing. In
ressing mode the 8-bit register

irst written into FSR. It is a
cial purpose register that serves as an
ress pointer to any address through out the
re register file.

F - (Indirect File):

not a physical register .Addressing this
INDF will cause indirect addressing. Any
instruction using the INDF register actually
access the register pointed to by the FSR.




the lower 8-bits of the 13-bit
. It can be read like any other

TH (Program nter Latch):

per 3-bits of PCLATH remains zero and
no purpose, it is only when PC2 is

to that PCLATH 1is automatically
Linto the PC at the same time.



ntent moved to some other register and then
be accessed.

by many instructions as source of an

nd.
m destination for the result of instruction execution.

'@ Itis an 8-bit register 5

R.Hariharan AP / EEE -SECE




ALU Operation

ALU sources
Special WORKING register W
Data register or immediate
ALU destination
Data register or W

Transfer operations

Data Bus

Data

2

Arithmetic

Data register <+ W

Status

Status register
Flags produced by ALU operations

Logic
Unit
(ALU)







Program Memory

7x tamily controllers have either 2k or
of program memory. Normally a
ory of 2k addresses needs only a
ounter to access any address

ogram memory of 4k address needs a 12-bit
ram counter. But this PIC family uses 13-bit
ram counter allowing the controllers to an
ogram memory without changing the CPU
structure.



Hex Addr
an

2k

Addresses

A 3

13-hit program counter

Frograrm memaory
(2K




dresses in the program memory address
treated in a special way by the CPU.
ress H' 000" being a go to mainline
second special address, H" 004’
In service instruction can be
ess to make the CPU to
- of the Interrupt Service
e located elsewhere in the memory space.



Frogram mermory
Hex Addr

Qoo
Q0
],
QoS
o4
aos

S0 1o main line

S0 to inverse

End of tables

Main line o
main line programs

and its subroutines

Interrupt service routine
and its subroutines

T
//"
|




1 with tables, if any tables are

assigned to addresses in the
‘OFF’. For most of the
s sufficient.

line program begins after the tables.



y is also known as Register File.
onsists of two components.



cial purpose register file consists of
ut ports and control registers.
om 00OH to FFH requires 8 bits of
ver, the instructions that use
modes in PIC to address
e register files 7 bits of instruction only.
fore the register bank select (RI’0) bit in
ATUS register is used to select one of the
ter bank




l Data Memory
(Register Files)

General Purpose

: Special Function
Registers (GPR) I?egisters (SFR)

Control the

Control the “Core “Peripherals”




Architectural Features

s gives information regarding internal
functionality of a controller:

itecture

ord tions
ingle word Instruct

gle Cycle Instructions

ructions Pipelining
duced Instruction set (35)

5 Register File Architecture

=@ Orthogonal Instruction set (symmetric)

= Fight-level deep hardware stack



ARCHITECTURE

performance of the PIC1I6CXX family
buted to a number of architectural
only found in  RISC
oproce To begin with, the PIC 16CXX
>s a Harvard ar ecture, in which, program
data are accessed from separate memories
g separate buses. This improves
dwidth over traditional Von Neumann
ecture where program and data may be
fetched from the same memory using the same

bus.




Plsarchitecture is a “Harvard”

dl'C

hitecture

m The Harvard Arc

nitecture

HARVARD ARCHTECTURE

Program
address

13 bits

Program
memory

Instruction

Register

address
Special
purpose
registers

+

data

memory
(i.e., RAM)




HARVARD ARCHITECTURE

Program Register
address address

v Special

13 bits 8 bits purpose
registers

Program
memory

+

data

memory
(i.e., RAM)

Instruction Data

Y B N
X > 1

14 bits 8 bits

Figure 1 Harvard architecture.




PIC 16c6x/7x family of micro-
uses Harvard Architecture it
evices exceptionally fast execution

iven clock rate. In the Harvard
ate buses are used for Data

Instruction as shown in the diagram.

ructions are fetched from program memory
buses that are distinct from the buses
used for accessing variables in data memory,
I/O ports etc. Every instruction is coded as a
single 14-bit word and fetched over a 14-bit
wide bus.



ogram and data buses further
s to be sized differently than
s. Instruction op-codes are
wide ma it possible to have all
word instructions. A 14-bit wide
memory access bus fetches a 14-bit
ction in a single cycle




Specifications and Features:

61 addresses 1K x 14 of program memory.

62A /R62/64 addresses 2K x 14 of
and

C6 65/65A /R65 devices address
x 14 of progra 01y .

PIC 16C66/ 67 address 8K x 14 program memory.
ogram memory is internal.

16CXX can directly or indirectly address its
et files or data memory.

@ All special function registers including the program
counter are mapped in the data memory.



Figure 5-1: General F

ormat for Instructions

Byte-oriented file register operations
13 8 7 6

OPCODE

d f (FILE #)

Bit-oriented file register operations

13 10 9 7 6

OPCODE

b(BIT#| f(FILE#

Literal and control operations

General
13

OPCODE

k (literal)

CALL and GOTO instructions only

13 11 10

OPCODE

k (literal)

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

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

k = B-bit immediate value

k = 11-bit immediate value




SINgle word/cycle Instructions

M= monics

Description

Cycles
bcf f b Clear bit b of register T 1
kel T, b Sel bil b uvlreyisler T
clre Clear working register W
crf f Claar f
mowive k [Mowve literal k" to W
moweT T [Mowe W to
mowt f, FOW) Mowe fto F or W
swapff FON) Swap nibbles of f, putting result in F or W
andiw k Aond literal walue into W

andwf T, FOV D

Aond W owdath F and put the result in W or F

andwt t, F Q)

And VY wath Foand put the resuft 11 ¥ or

— | k| ek | k| ok | ek | k| ek | ek | ok | ok | ek | o | ok | ok | ek | ok | ok | ok | ok | ek | omd

iorhes k incusive-0OR literal value into W

iorwef T, T 0N ) inclusive—0OR W with T and put the result in I or W

v b E =zclusive-OR literal value into W

=t F, F OV ) E =cluzsive 0O R W with fand put the result in F or W

addiw k Add the literal wvalue to W and store the result in W

addwd T FONV) Audd W te T and store the result in F or W

[subl v k Subtract the literal value from VW and store the result in W

ls-ubwff, FOm ) Subtradt f from W and store the =sult in F or VW

[Aff FW ) Copy finto F orWW,; rotate F orVW left through the carry bit

mff FOUW) Copy finto F orVW; mtate F orW right through the carny bit

btf=c f, b Test b kit ofthe register fand skip the ne=t instruction if bit is clear L2
bifzs f, b Test 'b* bit ofthe register fand =skip the next instruction if bit is sat e

Decrement fand copy the re=sult o0 F orW; skip the next instruction ifthe

dects= 1, F(WV) - 1484
result is zem
incfoz £ F OV} :g-;r:rrgent fand copy the result to F or'VW; skip the next instruction ifthe resuit 172
goto label o to the instruction with the label "label” =
call label =0 to the subroutine “label™, push the Frogram Counter In the stack =z
retrun Return from the subroutine, POP the Program Counter from the stack 2
Ratrun from the eubroutine, POP the Program Counter from the etack; put k in
rethwe k A .y
retie Feturn from Intemupt Service Roatine and re-enable intemupt 2
ol needt ClearWatch Dog Timer 1
sleep o into sleepd stand by mode 1
[nop Mo operation 1




Instruction Pipelining
(Sequential)

Instruction
cvele

Clack Juuyiuuyuyuuyyyuy

Non-pipeline Fetch1 | Execute 1| Fetich2 | Execute2| Fetch3

Pipeline Fetch1 | Execute 1
Fetch2 | Execute 2
Fetch 3

Execute 4
Fetchd | Executed




Instruction Pipelining
(Sequential)

Fetch of n t
imnstruction

from address n

Execution of Fetch of ( n+1) .

instruction

Execution of Fetch of ( n+2) o
(n+1) ™ instruction instruction

Execution of
(n+2) ® instruction




Fetch of jump
mnstruction from

address n+1

Change the program
count to new

Fetch of ( n+2)™
mstruction

Instruction Pipelining
(Branch Control)

Ignore ( n+2) e
mnstruction

Fetch mstruction
from new address




Register File Architecture:

s also known as Register File.

“ile co

[ two components.
file (same as RAM).

| purpose register file (similar to SFR in

al purpose regi

—






Register File Map




sheral Features

add power to microprocessor or
hlch includes ease in interfacing to

- Capture, Compare and PWM
Synchronous serial port
RT- Serial Communication Interface

of: _rators
= ADCs- 8 or 10 bits
"~ @ LCD Drivers



2AC 16C6X/7X CONTROLLERS

RAL FEATURES

X/17CXX is a family of low-cost,
ance, CMQOS, fully-static, 8-bit

ners : Timer 0, Timer 1,

er 0: 8-bit timer/counter with 8-bit
scaler

1er 1: 16-bit timer/counter with prescaler
be incremented during sleep via external

stal / clock

= Timer 2: 8-bit timer/counter with 8-bit period
register, pre-scaler and post-scaler



mpare/ PWM (CCP) module(s)

it, max resolution is 12.5 ns,

max resolution is 200ns,
is 10-bit
SSP) with SPItv and

al Synchronous Asynchronous Receiver
itter (USART /SCI)



ve Port (PSP) 8-bits wide, with
WR and CS controls

tion circuitry for Brown-out

| ller family has
ced core features, eight-level deep stack,
ultiple internal and external interrupt




Block Diagram-16C6X

GFPR RAM

Frogram ROM

instructio




General Block Diagram

13
EEP RO Ohd <i—=- Program Counter [ EEPROR Data hdermory
Program
fl=rmory
PIC1GCES3/RES F2hd -
512 = 14 File Registars ||
PIC16 GRS 4R Ed PIC16CE3/RE3/8 ""'I SSERIES IC'"'\' BB IS A
1K =14 o) BB1E
PIC 16 Cahomad
Program 55 = &

Bus 14
u= v j} Fohd Addr
ST
n o “odrbdux

‘ﬂ T Indir= ct
“ddr
| F5F reg Iﬂ:

[ sTATUS reg |

1

Pow er-up
=4 Timer

In=tu ction O=cillator
Oecode & Startup Timer
Control

Power-on
Re=at

Timing Wigtchd og ﬁE RE7:RB1

Ge neration Timer
=[] REOMNT




Typical Applications

Motor control speed

D-to-A Conversion

Stepper motor, micro-step controller

Timing control and event sequencing
Magnetic/pneumatic actuator intelligent control
LED/Lamp Intelligent driver

PWM of AC power

Switching power supply controller




Imitations

itectures have several limitations:
accumulator
10N set

irectly referenced in
erations, although
ilable via 2 additional

r-bank switching is required to access
tire RAM of many devices



	�          INTRODUCTION �          TO �          PIC MICROCONTROLLERS
	Brief Introduction
	Brief History
	Some of the low-end device numbers are
	 Mid range PIC architectures  
	Slide Number 6
	Classification of PIC
	Comparison for above four categories
	Major Features
	Core Features
	Device Oscillator
	Clock Types
	PIC Oscillator Connections
	Slide Number 14
	Slide Number 15
	Slide Number 16
	Slide Number 17
	Slide Number 18
	Slide Number 19
	Slide Number 20
	Reset logic
	PIC Reset actions
	Slide Number 23
	Slide Number 24
	Slide Number 25
	Slide Number 26
	Slide Number 27
	CPU Operation
	CPU REGISTERS
	CPU Registers
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Slide Number 34
	Slide Number 35
	Slide Number 36
	Slide Number 37
	Working Register:(W)�
	ALU Operation
	Memory organisation :�
	Program Memory�
	Slide Number 42
	Slide Number 43
	Slide Number 44
	Slide Number 45
	Data memory (Register Files): �
	Slide Number 47
	Slide Number 48
	Architectural Features
	ARCHITECTURE 
	PIC architecture is a “Harvard” architecture
	HARVARD ARCHITECTURE
	Slide Number 53
	                                    
	Specifications and Features:             
	Long Word Instructions (14 Bit)
	Single word/cycle Instructions
	Instruction Pipelining (Sequential)
	Instruction Pipelining (Sequential)
	Instruction Pipelining� (Branch Control)
	Register File Architecture:�
	Data Memory Map
	Register File Map
	Peripheral Features
	PIC 16C6X/7X CONTROLLERS
	                                                  
	Slide Number 67
	Block Diagram-16C6X
	General Block Diagram
	Slide Number 70
	Limitations 

