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more self-contained, powerful, and faster

o A special category of microprocessors emerged
e Microcontrollers

e [Intended for control purposes

e No high computational power, huge memories, or high
speed is required

o Has excellent /O capabilities
e Small, low cost, and self contained

S L

POV

niArpL

1 /0

Microprocessors and Microcontrollers
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* Different families with each familv built around the same COre

* Family members differ in memory size and peripheral capabilitic
’ék..: L‘b Family 1 Family 2

L Col=

Family 3




and Mlcrocontrollers

Micr cessors ootk
opro | g e il
e Microcontroller Packaging /, =
e Plastic packaglng o f W DI ower.

e Pins for I/0,clock, communication,
. usually determine

e — 2RSS | = _————-—-_-—_'-_
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Microchip and the PIC Microcontrollers

. Peripheral Interface Controller (PIC) was originally a

design by General Instruments intended for simple
control applications

. In the late 1970s, Gl introduced PIC® 1650 and 1655

+ Standalone design

» RISC witji 30 instructions

+ Single working register (accumulato%f\g%b;\f\t ek o the (b

_— ] T L [ i
_._-__.lill'ﬁ"lml ‘ -y i

+ Many attractive features

» PIC was sold to Microchip
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Microchip and the PIC
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Microchip and the PIC Microcontrollers
M \ )
PIC18 Architecture
128 Mid-Range & 8bit Data
64 E_nhanced | 16-bit Instruction

PIC18F



e {ar PO 1 JACS e 11 the o Vear serf<o
~\L )TN AﬁM‘fM '
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>0 ,9 odwanced $eopyns e
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incarporeh Fla 47 1 v with A Wt :
icrahls SR e e s

Microcon




° PlC Famlhes

VI

.l..’

AW N
Instruction
Word Size

12- or 14-bit

12CX/12FX 2

16C5X/16F5X 2 12-bit 33
16CX/16FX g 14-bit AL 1
17CX 16 16-bit 58 4
18CX/18FX 32 16-bit 75
.., S Eoon VX & fhe et (MY 1S
N SINAMNMT=7 P = adolles 4’_\sbr«¢fc7£ SO i

. Example: the 16C84 was the first of its kind built usin
CMOS technology. It was later reissued as 16F84

incorporating flash memory and other technologic
features




—— |
D —

| - - - T
* MICI‘OChIp and the PIC Mlcrocontrollea s
" &o—-—% \W’L N i =\t
| | - PIC Characteristics B W T] 7% WA Lt () WKk
* Low-cost 3— | e b gr
H _>5 caif Suhe 2 QC/ 105 (cAuin
f » Self-contained ¢ _, o S‘*"Dg Yoo Sthod
?}:"r ' # 8-bit 5,\;;\4\’\ g 9@5 C2.a% (2
» Harvard architecture ‘i
| - e vweed ah [eost 7 \ens s Qeck T
.~ |+ Pipelined - ek 4o clo hes ted Fumctron cally
* Single accumulator (the working or W register)

» Fixed reset and Interrupt vectors D= Lot be chavaed .
R—foof Vedor : ; | ‘




N

J TR regaas  tomemon e 00,
' s ™ : wh." = -'\.".'LL
L R T :

VDD M VssS
GP5/0OSC1/CLKIN m GPO/ICSPDAT
GP4/0SC2 m GP1/ACSPCLK
GP3/MCLR/VPP O GP2/TOCKI
Q.
Key
Vpp: Power supply Vgg: Ground
Vpp: Programming voltage input MCLR: Master clear
OSC1, OSC2: Oscillator pins CLKIN: External clock input
GPO to GP5: General-Purpose input/output pins (bidirectional except GP3)
CSPDAT: In-Circuit Serial Programming™ data pin.
CSPCLK: In-Circuit Serial Programming™ clock pin.

Scanned with CamScanner




e fou bytm)
”( progmm mCen .
(€1 bylcs RAM.

6—1 b}'tt..'» EEPROM

SHXL N T —

DC 10 20 MHz= 4K program mcmory
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\J S

Port A, bit 2 : 18 @ RA1 Port A, bit 1
Port A, bit 3 3 RAD Port A, bit O
s QSC1/CLKI

@_mmw\ _ﬁmm«mmm. wma@k\m\wSmE o*ﬁrm

N Oscillator connections n.ﬂo.\

Ground
“port B, bit0 RBUO/INT C

PortB,bit1 RB1 L L RB6  Port B. bit 6 g\n}«\.

Port B, bit 2 RBZ2 -1 RB5 Port B, bit 5
PortB,bit3 RB3 Q9 100 RB4 Port B, bit 4

Port B, bit 7

"also counter/timer clock input
"*also external interrupt input

e 18 Pins / DC to 20MHz / 1K program Memory/ 68 Bytes of RAM / 64

Bytes of EEPROM / 1 8-bit Timer / 1 5-bit Parallel Port / 1 8-bit Parallel
Port




od B3 5 e DN\
DataBus g e }\:' \M

EEPROM Data Memory

An Architecture Ogixigw__o the 16F84A

~ RAM
~ File Registers

68x8

EEDATA K24 Data Memory




The PIC 16F84A Memory

16 Series
instructions which
invoke the Stack

The Interrupt

Service Routine
must start here

Organ ization’:

The program
must start here



The PIC 16F84A Memory Organizatjon | *
vk e ko
e The Configuration Word o W S;";’* ' e 'f)W( oV} | YWk,

e A special part of the program memory N 1.

F-\e\rone o (ﬂ‘}*“"_tt&\

e Allows the usego configure daiifﬁﬂeéatures of the microcontroller g_% {
the time of program download and is not accessible within the program :
orwhile it is running é

RPu RFPu RPu RPu RPu RP-u RPu RPu RP-u RFPu RP-u RP-u RPu RP-u

mmmmmmmmmﬁm
b0

bit 134 CP: Code Protection bit 1\% O thwenm \60-'~"( coda \> \G‘ED’E&)eeJ‘

1 = Code protection disabled
0= i
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\3\1w""*““’;’0 A
The PIC 16F84A Memor

Fie ADIress . -
indirect avdr "

Data Memory and Special Function 1 -
Registers (SFRs) Y W

e SRAM (volatile) s g o4
e Banked addressing o [T

o8h

\ -
= OAR
e Specicﬂ F£mcti n ﬁeg:stf:' s SFRs . oon
4 1LC ) n

, (Gl ek L e S E Sk U v BTH-
8BH in bank 1 Gonera

- Used to communicate with 1/0 and t
control the microcontroller operation 1 | Y/«

'
| Someofthem hoid /0 datgrare TR 1 L L
|« Geneval Plifpose Régisters ™" PR T
| » Addresses OCH — 4FH (68 Bytes) —
* Used for storing general data en 10 | g
Unirmplementod data memory location, read as T,

Note 1: Nota physical rogstor.

e 2 A DN A S T ——
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' The p|C 16F
84A
Memory Or
gani
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O I oy 5 ey

; A e s ety . e g, | -
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16F84A Memory Organization

. 64 bytes Non-volatile
10000 000 erase/write cycles
‘ s likely to be need
(sed to store data that is likely ed for lond ferm i}

- Qperation I controlled through EEDATA1O¢ EADR (0SH) EECON1 |

>
(88H), and EECON2 (89H) SFR @ g,

. To read a location
. store the address in EEADR and set th
o data is copied to EEDATA register \
- To write to a location

¢ data and address are placed in EEDATA and EEADR, respectively \
o enable writing by setting the WREN bit in EECON1 SFR \
+ store 55H then AAH in EECON2 |

* commit writing by enabling the WR bit
3 Once the write is done, the EEIF flag is set in EECON1.

__H—

e ——
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he EECONI Reglster (88H)

EE!F EEPROM Wrne Operation Interrupt Flag bit
— The write operation completed (must be cleared in software)'?

— The write operation IS not complete or has not been started
hit 3 WRERR' FEPROM Emor Flag bit

1 = A write operation is prematurely terminated
(any MCLR Reset or any WDT Resel during normal operation)

o = The write operation completed

WREN: FEPROM Wirite Enable bit
1 = Allows write cycles
= Inhibits write to the EEPROM

WR: Write Control bit
= Intiates a write cyde. The bit is cleared by hardware once write is complete. The WR bil

can only be set (not cleared) in software.
0 = Wite cycle to the EEPROM is complete

RD: Read Control bit

cleared) in software.
0 = Does not initiale an EEPROM read
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The PIC 16 Series Instruction Set
Encoding

5(1 BW F / J" Byte-oriented file register operations
13 8 7 6 0

~ oroooe [ a] _TeEm

d = 0 for destination W col o\ol

O \Dl £Yd = 1 for destination f
§ = 7-bit file register address

Bit-oriented file regisier csparatjons
13 10 S

OPCODE

b = 3-bit bit address
§ — 7-bit file register address

Litaral and control operations
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Assembler Details

e Any assembler line may have up 10 four different elemg

(/_ _ -operand _-comment
= < ‘

S W\Xt start bsft status, 5 .select memory bank 1
movlw B'00011000' ,conflg pattern for port A
movwf trisa
movliw 53

o We can specify values in different bases in assen




. T

Assembler Detalls

e Assembler directives

e These are assembler-specific comman
of assembly programs

-

v ar-Piag

L

A ™

.....

-
L
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Sample Program 2

® Write a program to swap the contents of

Ox33 with locatlon Ox11
NAANY 33/¢

Movwy A \

{337
D /

2707 e MY =Y

IOCatI
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Oorg 0x0004

INVEC goto  INVEC , interrupt vector
'“ﬂt***t*****‘k*****t**ﬂf MAIN PROGRAM nnunmunnfnunt
START bef STATUS ,RP0  : select bank 0
movf  0x33,0 ' put first number in W
movwf  0x22 , store the 1 number temporarily
movf  0x11, 0 , get 2™ number
movwf  0x33 , store 2 in place of 1%
movf  0x22,0 » get 1% number from 0x22
movwf  0x11 - store 1% in place of 2
NONE goto DONE ; endless loop
end 11 bosc -
_ ' ='-=‘"> ‘05.(

» The PIC 16F84A has 35 instructions to perform
different computational and control operations

: ' ' of
' Programs can be written UsINg different levels |

abstraction

*Using  assemblers simplifies
development process
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__.u-ﬂ""ﬂ#‘ﬂ : e e
e —————

Example - Continued
AR W
i A MoVE 3 \,

multiply clrw RTESC STAWS ) &
e —azaad 4]

Repeat addwf 0x30,0 :repeated addition
decfsz0x31,1 ;counter \e-p ~ APPWE 30, o
goto repeat pEcesz 3, A
return " Sy B\ Gote \oop
' D (tAwrn

60‘:{0 i ‘?Z(%\- ] J R
Geénerating Time Delays

* In many applications, it Is required to delay the execution
of some block of code; i.e. a time delay!

e In most microcontrollers this can be done by

e Software

e Hardware (Timers)

e To generate time delay using software, /et the

microcontroller execute_non useful instructions for certain

number of times!

| e If we know the clock frequency and the cycles to execute
each instruction we can generate different delays |

Delay = #cycles X clock cycle time

d\w -y

Eyaee H doclt




Generating Time Delays

e ExXample 5: Determine the time required to
execute the folIowing code. Assume the clock
frequency is 800KHz. *q

u\sr-— - = Sus
R‘UP

?;w\s* Q\41) 4+ \Qa x \ 1- -+

TER

v% D 200 ' Initialize counter
)*(T

del nop , main loop for delay
= 5 s \}a"() nop
decfsz COUNTER, F
goto del

. What if this code to be used as a subroutine??!!
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PM&(/‘ A MVCI{‘

-

N\ acleln/ ':*0 ~ e Arah w_;\*h 'vwqu Q{Arxd%.f..\/wﬂwfﬂ

\W/e \\/QJ
et Working with Data
z&ﬂé! 0 Pitcet a»éf/c.ﬁlfr'ﬁ
W“‘“"":'Indlrect Addressing * " W iwt

Direct addressing is capable of accessing
single bytes of data

Working with list of values using direct

addressing is inconvenient since the address is
part of the instruction

Instead, we can use indirect addressing where

e The File Select Register FSR register acts as a
pointer to data location. celetyes § m'* \> mgf

____——_

e The FSR can be incremented or decremented to
change the address

The value stored in FSR is used to address the
memory whenever the INDF (0x00) register is
accessed in an instruction

This forces the CPU to use the FSR register to
address memory
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