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What is an Embedded System?

S0 DYTL "l‘qs K kSyu.‘ (eOan .5—-\
A.aio An embedded system is a computer system that

IS
» designed to perform one or a few dedicated functions

often with real-time computing constraints

o embedded as part of a complete device often including
hardware and mechanical parts.

\gos Embeddad
o By contrast, a general-purpose computer, such as

a personal computer, is designed to be flexible and
to meet a wide range of end-user needs.
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The Essence of Embedded Systems )

*H

©r [ ~ software || _ _ _
L input ! “[ —T—— Hﬂ : Output !
+ Variables ! peceea OmpUter - Variables !
L ’ Hardware f\ I J
\. ," o ’b %
& ; : U
t ,‘}'V‘:

The Essence of Embedded Systems

e Characteristics * 7> 2L

e Software driven

e Reliable

e Real-time control system e@ﬂ\u\éh desls”

e Microcontroller or DSP based -» hardwewre J)

e Autonomous / human interactive / network interactive
Ly agamles) Boxy (2 som\n

e Operate on diverse input variables and in diverse
environments

@
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Examples
e Automotive

® Avionics/Aerospace/Defence
° Industrial Automation

® Telecommunications

e Consumer Electronics & Intelligent Homes &
Retail (Thin Clients/POS)

e Scientific & Medical Equipment

e Computer peripherals
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Human

The | =/ interaction
embedded - > ,
computer W?W?ﬁ?j o
iy b Networked

I > interaction
(maybe!)

Actual temperature A ¢

Required temperature

e The refrigerator is required to maintain low
temperature by reading the current value and
controlling the compressor accordingly

Gish 5 Pottindl T 03 ) Ay 3 (ool Sk
Emnbedded Sﬂs%:m

=
£
t ~. .
s

NS

Examples el o
Sensers NG J..é.s
e Sl Sles @l

Alarm & immobiliser
(behind glavebex)

Engine managament system
(under bennet)

e Automatic wiper cantrol
. e (under boonet)

A

Firts) cantrol unit
(Letund 2its g (onsole)

Elemtir window & reauel ludkng
(in ol weeli)

Aotilock Laghng sratem
(wreder covm)

Autuimativ traninisswn
(wndst cover)

 ° Different sensors in the car door produce signals that are of great
lmportancewwhen integﬁrated with the rest of the car functionality
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| Examples
ded computer,
Th: G’;E:thi; 16LF84A
i
On/off — 5 = )| .
sv::itzh T “"-‘5‘1',{' I m@i—-—»
8 o . : -‘"‘”________,___.——4 o
R R ‘ i — Player?

[P | Out-of-play’ LED padde
Player 1 paddie _/ Ball flight LEDS out-of-play

. ctrohic ’ping‘pong’
o The Eleij‘w._

o The Derbot Autonomous Guided Vehicle
e More sensors and powerful microcontroller
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Examples

Ultragsound
ranging
module
Pulse + Echo
Bump sensor \ | Bump sensor
left L4 right
Light seneor N Analog-to-digital ¢ Light sensor
loht 4 right
convarter
Light sensor ’ . Ulte nd
rear 7 servo
Serlal data
iy Compass
microcontroller .
J—-—_- Power 5V Serial
regulation & clock
_.E management [
Y l Serial extension bus
Alkaline v Pulse width modulation
stream x 2
v Motor drive
interface

Motor Motor
left right

@ e The Derbot Autonomous Guided Vehicle

Embedded Systems Market
L, 0(3\31\!;5935337‘31’

Global Embedded|System|Market Revente 2015220211(USD  Billion)

22534

‘”'Jlllll

2015 2016 2017 2018 2019 2020

lyaall
Revenue (USD Billion)
- 8888 E 888

M Revenue

Source: Zion Research Analysis 2016
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Some Computer Essentials
° Elements of a Computer

h l <,‘:l\> Data |
e outside I Centra : |
world <:> Onuptl:)tu{t <___l’> Processing f\i

Unit Y :(_\\:

. . Ccpu \m’} Program |

K—/) E I\.M_ngmory ,‘i

| Vv

- S50 ifan

L Information path (Bus) —--------¢ QMGW:SE
& Kooy J o) S by o o) &ills,
9 L:;:-;)S s Catrol 4t aéémﬁgﬁ_q\gkgj;>~3_ STy dosis (o

asall teod write

( Memory Organization
(® The Von Neumann Architecture

e One address bus and one data

bus - \»mbgs\é A
s
e /O may be also connected to

these busses

o Simple and logical

architecture, however / (A
‘(\dw\ o

R Y Same memory width @
UJ:J’%L:‘ for instruction and data ?!
PSS o Shared busses ?!@k P

el e et
o \od Anbiug 2 (o 5ib \ Eorae
. 630;!()31; 0'“(\9(- CON\QORQK\-EA

Some Computer Essentials

, Bl e

(o
Central | dopmum
Processing
7 Unit (CPU)
Program
memory
oo Y,
Bos, Heusding an it § G
SN (il o e S ?’i)
B coffedion
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Some Computer Essentials

Memory Organization
(@ The Harvard Architecture

e Separate address and data bus for program

memory and data memory 255 Busssl dasysraipaiy
Gonponent Mg ' :

e More flexibility; (1 W)
e Different memory'/‘\}vidth
e Simultaneous access of
data and program memories

e Complex ?!
A simng  He i

S\'\Q.\EA bos Was N\ LY

Some Computer Essentials

Instruction Sets

s Every CPU has a set of instructions that it can recognize and
execute

e There are different approaches in designing instructions for the
CPU in attempt to speed up program execution

e CISC (Complex Instruction Set Computers) - >>$a.$" Soido\>-

A . e
Many instructions and addressing modes instuctiedism e
Qﬁg\@\ Instructions have different levels of complexity (different size and ‘
o execution time) 2o\ \gawd EXN\B)
Q.\!‘ Relatively slow L,us(s\xb € QS

Shorter programs - C’nm(’\e){ mr;\'mc'.*bn.;gcﬁ&f
e RISC (Reduced Instruction Set Computers) .5 G 35S M'\‘)Ag\‘
,%f Few instructions and addressing modes SITOEIN "\S\'&’C*‘b“ A
Simple instructions of fixed size RGN &A&Nﬂ e
Relatively fast Gt g
Longer programs A

P
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Some Computer Essentials

~« Memory Types
O e Volatile » »'=se

i RML sy
\& ss=0 - Holds its contents as long as power 15 ON
A\Lk.';’rb: Used as temporary storage to hold data
Bewer ] e
Mo Easy to write oo |
dota RAM & ‘\‘-‘D:‘cLL{ N % P\;ﬂ\hlxu\\_ My
t\b\\.\.’ohk;\s Q}&Q&,&j
. Hc'\\tc\\j

(® e Non-volatile - (540 5
Wh \J  Retainsits values on power out
%!ds"'cm W More difficult to write in terms of time and power
85558 U |n embedded systems, it is usually used to store
data 3\ programs
@lﬁ ROM / fLhsh/ gepom

/(_.-kﬁ”_ll_)__&_i;"_!&_pi_.\,w_M]‘C(Oe(ocesﬁofs LY. W
Eonbedled Wi g0 3 birios dins
Microprocessors and Microcontrollers

o First microprocessors in the 1970s
e The computer CPU on a single chip
e |nitially, memory and I/O interfacing outside the CPU

o As technology evolved, the microprocessor became

more self-contained, powerful, and faster = zi<Us 322
'T(ansis'f'or J

. © A special category of microprocessors emerged

o Microcontrollers Tooalded Systen N oy Yool

° Intended for control purposes - péfﬂ]@g;t\))kbb:;*

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

® Has excellent I/O capabilities _s inpul ol i Lo §

e Small, low cost, and self contained )

A albhenal eompprelidocovin
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Microprocessors and Microcontrollers W

. . N
e A generic microcontroller /%d
Program Further |- ..J-.
mr:%:r <::’\t/ peripheral|~:~ -
Power y
“QFT C - P e Jeufoe'i
Dat Further ‘|2, Lo ey Bt
mve;gry <:'—_—J\\/ <:> peripheral |1+ “\;—’\’ ausb
Microcoitollers )
<:> Digital <::> ‘i-\,.\g:\&ulgv\mﬂ
/10
—1~] Microprocessor <;> Embeouﬂc‘as A\
Reset, —// (— core .
Interrupt(s v Analog /‘_:>
VA:I\V 110 =
C Internal data &
address buses
Counters ||,
GIOCk <—:> & timers N1
Juuu

Vi

ey

~

Microprocessors and Microcontrollers
(sassme\pd Famly 34
e Microcontroller Families P q_éym\%,@ lacy < Sessal)

e Different families with each family built around the same core CPU \Lswsd

e Family members differ in memory size and peripheral capabilities —

LAl Family 2 Family 3 Noa o i
P \_s\.<?~ Sl
' : ‘ Hev\cn’j A\ $>’>
N as 3\

Pecithel
CaPC\l}.ll:kQS

: -kf:~§orbtntab
) "
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Microprocessors and Microcontrollers

¢ Microcontroller Packaging
* Plastic packaging
}@&ums for 1/0, clock, communlcatlon, and Power.
"X ® The number of pins usually determmes the size of the

S 57 chip oottt Zinpdt I\ ey Latse Pins W 0 Medd e
Lﬁ’,j; P B Apd” N EsBlikise B \msuuf

e, Motarola
. PIC 68000

{ Lrsoa

‘ ?2}

,}fMlcrochlp 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
(}5 ~~* Standalone design
« RISC with 30 instructions

» Single working register (accumulator)
« Many attractive features

» PIC was sold to Microchip

N4
5=

-
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Microchip and the PIC Microcontrollers

>N
s
)
=
Q
-
v
c
-
.

L L@XAAA k.)m M’Cl’oConT(o"efs 3 u.bdlx\%u& AR ICTN Oy

. MHicreplocessar 3y

Y
Microchip and the PIC Microcontrollers

| PIC18 Architecture
128 - :
B MidRange& ot
= 64 Enhanced
£ Mid-Range | |
2 g-bit Dat g
™, w2 14-bitliast?u:uonww_/f,ff PIC18F
> 16 Wt
§ ° ' ‘ a;‘\trmrt( oa%%
( L
z 4 PIC16F o WY vt ¥
2 s An. \_AM\D\:\\\\ N
Basehne
1 8-bit Data
12-bit Instruction

6 8 14 18 28 40 64 84 100

Pins
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i ‘ ' trollers
Microchip and the PIC Microcon
 PIC Families
R T ST B Interrupt
. tack Size ' Instruction - - No. of
PIC Family S(t:::(r:;z)e ":’S;:: S;‘:e'_ . Instructions Vectars
o 12CX/12FX 2 12- or 14-bit 33 :One
: one
T 16CSX/16FSX 2 12-bit 33 !
@’y ﬁmix 8 14-bit 35 .
'Sd 17CX 16 16-bit 58 )
Bg% 18CX/18FX 32 16-bit 75
7 5 o7
J fg) Ey i its kind built usin
8 * Example: the™16C84 was the first of .ItS in g
CMOS technology. It was later reissued as 16£§4A
incorporating flash memory and other technological
features

: CEM AV @.g_;\:),@; GS (Y L ogonll

—_—

Microchip and the PIC Microcontrollers

* PIC Characteristics
* Low-cost

* Self-contained
« 8-hit
* Harvard architecture

"RISC 5 M8 ik e
* Pipelined
* Single accumulator(

i the working or W register)
° Fixed reset and inte

TUpt vectors
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- PIC 12F508/509

e e Qe

The PIC 12 Series

Sl jua

(Ple micrcont(ollers
« The smallest and snmplest PIC

Pm@‘—’*

; ==
(:&wchUPP\_‘j <— voo—»{]i o  B[e——vss
GPS/OSC1/CLKIN <¢—{]2 § 7[J~e—»— GPONICSPDAT o
[ GP4/0SC2~=—»{]3 (u":_. 6[J=— GP1/1CSPCLK g rPOSC
GP3/MCLRVFPP ——»[ 4 G 5[ Ja—- GP2/TOCKI m?u'l‘ Lot s G'f
VDD Power supply Vgs: Ground
Vpp Programming voltage input MCLR: Master clear
OSC1, 0SC2: Oscillator pins CLKIN: External clock input
GPO0 to GPS5: General-Purpose input/output pins (bidirectional except GP3)
= CSPDAT: In-Circuit Serial Programming™ data pin.
PR CSPCLK: In-Circuit Serial Programming™ clock pin.
4 ¢
Vaa Neomana N o Nanjesd, .X\ ¢ »u\»m:k\ ‘=\_mhl>
The PIC 12 Series Architectur |
: s 25 x8 —
Program memory, —
L . J Address bus for:: L3 25 "‘8‘5{?“ 2 d‘é C) y
program merﬁ ry. T - / TQ%&“"!‘ 3 b{"‘
Databus for 12 snput | G S|
o Fash, ] ATkt /5 GPIO_ |coutplt ‘
mamory, as! ST '~_~_.|_ ) > A = J_" GPONSCP
carrying 5 3 \U '(JDVO“‘\ d GPINSGPOLK
instmcﬁon P"og;a_m = 'Istﬂék"‘ T 2&":&4;— o) _:.;-‘..) GmmK'
word Mamory — — arxe | H—1X] GPIMCLR/VFP
. ‘Slackio — “Eile, -1 X} GP4/OSC2
Propiam (__; Registers GPS/OSC1/CLKIN
4
Address Fus Ao. eM RAM%:\\“ ~—| Address bus for -\§§\ *© )
eriracied Unsinicuon n{bg' Addr MUX'\ data mamory Y
from ‘ Direct Addr 5 Apindirect
Instruction ..-——-—"“F"'l : 7 I = | Aodr [
word FSR Hu_g_,}:,“: Datq bus fordata
i-== "'J “memory and .
Literal dala —~—p B 1 peripherals
exiractod from R =]
Instruction wrord |
— S LV
nstruction | |lnsictiont , .
ool || 245208 11 "roweren || 1 BT
AR
J. e
RGN o Tmng, oo | Weihaoo || N
TR T G55 ElipF
I
oSS T Timor0 {5
S e bifs N\ Gadsgumo @9
po, Vas 7
[EE—— )
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Summary

" An embedded system has one or more computer
embedded within it that perform contry
Operations

* A microcontroller is at the heart of embeddeq
systems. It is basically a microprocessor with
extended /0 capabilities

* Microchip is one of the popular vendors for a large
variety of microcontrollers with different features

~ Chapter 2
~ Sections 1-8

Dr. lyad Jafar

i E
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Outline

o Overview of the PIC 16 Series

o An Architecture Overview of the 16F84A
o The 16F84A Memory Organization

o Memory Addressing

o Some Issues of Timing

o Power-up and Reset

o The 16F84A On-chip Reset Circuit

Overview of the PIC 16 Series

d

o The PIC 16 series is classified as a mid range
, Adl\la/’f\aﬁcl \lgdbMJW&.\
-

“microcontroller
) Bayuy

o The series has different members all built around
the same core and instruction set, but with
different memory, 1/O features, and package size
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— /—'—’/’_’—\
" Scrics family
/ Some members of the | :clf- b.rr“‘_— Peripherale/specig) o

Device No. | .

vi : . of pins* ; | Memory. - 1024 b

number Pt s Clock speeds : ;K Khytes, l.c- 1024 bytcs) 1 8-bit timer

= T6FRaA I D 10 30 Mz 1K program muImory. 1 5-bit parallel pon 5?2 |/
1 N-bit parallel pon ¢

68 bylcs RAM.

- ) 64 bytes E!:f_R_o.'l'——————‘——’ As above, with CXICngeg~

TOLFBAA Ax above A= above As above supply voltage rng .
— | .\x abovc

—

ﬁ,’ — e At o, il
DC 1o I NHz | Asabove : 3 parallel ports,

1 OFRAA -4 As above
IK program memaory 3 counter/timens,

bk;/',; S | 16F873A 24 DC 1o 20 MHz» AN
1V2 bytes R 2 capturefeompare/pny
) 124 bytes EEPROM modules, M

2 wrial communicatiyy
moduless
3 10-bit ADC channg)y

2 annlog comparators

s pumltlc] ports,

16FR74A 40 DC 10 20MHz ';;pt:;xgc:“t:,«";"“'q 3 counter/timers,
2 s R . . re/companre/pPy
nes EEPROM = Sap &
128 bytes E moclules,
2 secinl communicution
mocules,

& 10-bhit ADC ‘-"'““”t‘h.
2 analog comparators
" —
RK progroum memory A paraltel r‘mrls.
3GS hyt_éc RANM A counter/Ztimers,
il .
256 bhyles EEPROM 2 caplure/compare/Pwy
- . maodules,
2 senial conununicativn

16FBT06A 28 DC w0 20 MHz

modules,
5 [0<bit ADC channels,
2 analog compuaridors

2
DC o 20 MIEe BK program mcmory 5 parallel ports,

6K bytes RAM. A counter/timers,
256 byles EEPROM 2 capture/compare/Pwm

—

JOGFER77A <0
muoduales,

2 serial communicition
moddoles,

Wik 8 10-bit ADC channels,
"/:ﬁ‘;\} _»';’_jlnnlng compaealie

\ \;f"\'?:' DI packuge valy.

a An Architeéture O_v?é_rview_ of the
EE 16F84A

*i ?” s
| L © 7S one RoFY
| Port A, bit29]  RAZ o 1 18 RA] < Port A, bit 1 ig\?o'\'lou‘{'PUJf
lm‘df"‘?‘?\(fgi‘“ Port A, bit3[| RA3 RAO  PortA bito | of Rl
» Pfhuec 51 [ 'PortA, bit4 RAA/TOCKI OSC1/CLKIN ;
Oscillator connectionsJ
0SC2/CLKOUT J

(et Sepdtiphcs & Resat| MCLR

fpowser & CGround\  Vd "|Vob  Supply voltage Cpph
Ll Port B, bit 0 RBO/INT g RB7  Port B, bit 7 Clock s
é PorlB,bit1 RB1 g 0 RB6  Port B, bit 6 s
PortB,bit2 RB2 g D RB5  Pon B, bit5 (O‘P
PorlB,bit3 RB3 gf 9 10p RB4  Port B, bit 4

"also counter/timer clock Input ot © houe 3 Pas t)
"*also external interrupl input 2 bits
2
] 102U x R
s 1]
8 Pins / DC to 20MHz / 1K Program Memory/ 68 Bytes of RAM / 64

B =
ytes of EEPROM / 1 8-bit Timer / 1 5-bit Pa\{allel Port / 1 8-bit Parallel

@fﬁ} Port ¢
E— L >3-
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l\
7 —

. (.%71\ J‘“ S (B8 Q\;"LLQ \e= (300 k’i&ém s hin
. . . (e o . g J 1§

- . \
An Architecture Overview of the 16F84A
&ﬁ\ sadeV) @ _)5\.:«3,4,39;5 LB w (s wag+ M Taddeess ]
> 1 Data Bus y
e o Program Countey i< r > EEPROM Data Memory
u®| Program
Yoohos [T EEPROM
\\{3\3 1Kx 14 \5 Lovel Stack File ;":&Eem F Dak;‘M:fsnory
0 \
b" Pmmmll s ss maRARAL . ——
Bus “Hemﬁﬁ’?\\"" \\9&5\6:'\#\: & 3 RAM Addr -*
Instruction Register | oddes “\P‘é;‘:t \ Addr Mux
v Il lowex 7 m? AddUcM.- TMRO
‘d_\&@ ,I ept r. Add / COUFII'I_:Srmmer
xS \ K‘-”'\_ v mer0'
rdd\'i\ . cr:(\z\'ot\ ‘_ogt'«f\\" Ri:nl IX] Raertocki)
LR l - -
‘M\a\\\;\r-‘_ E R s w gy ]
\ : 1’8
s> [ 1
RRUNEY IS N —
%5 s'g : vo'Ponts \‘]“Pd}/ + >‘/
Instruction OU+PU
Decode & == Por'e
Control
RA3:RAQ J
ot o |
% X Reoan
= OSC2/CLKOUT )
3 OSCI1/CLKIN '
© Cofol und oML \syscho N%

P Acthmelic aad \:@cfog\*
The PIC 16F84A ALU and Working

S \ A \,Lﬁ-& M\J.’.?”J\EM H > Fle (cg\gYCTS
o\ Asisds Register i P

-2l sl
o Arithmetic & Logic Unit Egehi frogian L'i,‘&?‘«&élckm

; _ ingtiectnd \ ek
© BHItALU o JL !! e

e Supports 35 simple instructions (RISk A.) MUX j

 Input operands are

< The working register 2 f“P’-\‘s

« Content of some file register or a literal
e The result is stored in Working register or

in a File register ‘;;c'ﬁ\' 2 DO\-QMgmo(‘j

e The Working Register S wreg ; 1
Pectng® [ - 'y B

e Inside the CPU < Semialo, | Tyt N

* For many instructions, it can be chosento ' *(L”“‘ N Asd A |
hold the result of the last instruction \ar Ansosim! 8 VAL of \
executed by the CPU MO A nput \o‘_\\_,\_.jk.g
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The PIC 16F84A Memory Organization

® Program Memory and Related Units

16 Series i _L, — ez I — e
instructions which | % Seicie, s | \[ Program Counter
invoke the Stack Stach Level 1
tigrosilier) MNargd kg o e | ‘The program -
AN A S\edS T e Y — L — must start- here
s (A sy | JThe Interrupt o RESET vocior ] 6ocon || _
- A G 51 Service Routine - P[P GripheralIMaTripT VECioi | 0ooah B L
must stant here ¥ Program Counter
AR L Cnnodd ygoms ¥——_| points to locations in
ga’ 4530_7'&53‘“\5\" dg‘ — _program memory
£8 | [(s dive) st
5% ,
3 ——b‘B\tc:. AL LRSIV TN
o LI K..}. ) \ .L:S-\‘Q \ l\\
. -. 4 3 ﬂg 5 ‘&é e __9 .}7- > .= \'J‘\S
g 15T T‘-é*s'fbsm?m e € . istodo\ Saasgorn
v 2 ‘ocatiens Y\, \.J':\.SL“‘&#}SS Mem “";{ii""
° 2 \“ b SFF RO
(sfeial ) aestih / soeoh > 1% e < T e  Unimplemented
. ¢ S e 3 e || memory space, stil
Q _33’&33\ c:t-:‘j’\'”‘%\ f 5‘3.“"&- 3-)'5‘ e | 1024 ' = af:fd!',essa!ble by 1he
NS RIS AN W1« Yeeafions JE—— + 16F84A program
= o ‘ e Ees
F‘Zgﬁ% - L&y 2% T 2% bl g S41 et | (a3 ¥
N4 s : s T =ale

—

Ll dimal 3 il yetoladt eSO S ciloy W

‘Scanned with CamScanner



LTV ST SR SO
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~— ~ . wav gy

eace oohedded

DATE

(bt Sq wrike Yo — - !'S.c!!‘s';m Memacy s!ﬁai
(eac{ \kanus&.\ o o : \‘6 ProchSor 4 L}}n N un_
Hemdedrd e ;gnfgwd;t.—j : AE uuh& L‘*‘Susenl_sn@ﬁﬂéé—
Addeess inpol @ '
Lﬁ.ﬂ@}@mﬂ@& ‘ Mem..-,m h\ d&q \A\\ H@%__AL
- denedol e U hemley %@mm_
_ ﬁj-?(a,\ s .13\ data 3\ ggﬁ\&.z_ou_?—
— —-—ﬂ‘ :.\ >He¢m\rj %QM—%
Sl dsta Ve < = e T Addess :

Nealive .“ (Memory widdh ) _

+
m \.ans(-)\\ hocation J\ Q.\ Samd p\\é e p‘\( H&Mcm B\LWM

PJA-“Q':A MHem N -3 l:e d oPPI’a a0 LSa. u\\&nbx\ MeMnm M qy-g -2 . Ao

cby A Sy .o <t nf\'l'e(\+ i Tmum‘&dl Loce'\’"on H?-q\m‘_AEL\\M\_m\-N\\g
‘ ..J ] . . . U W T

Helnad.\\nk LLL LDA (‘DG .3\ 3&_5}-
- weike soul Sy @l

Wﬁ@_&ﬁumﬁ_ﬁ_w
Ex: Yo x% ¢ N = hecolion pr= s M ke colions . sgirY Hemesy N3

% n= rng M1l = aM(eﬁm\l}j 3\“?-9{
N hils :cu’{"Dm" A\ aro ¥

7—‘? .n\\& 2 ., km&“mh .45\ ) p\\( A

* ﬂeMo;_g,_TeAnno,\ngg_ > Volokle (RAM) v SRAM - Data
:-,...Nnn_-,sloh\‘i\e \ N DRAM Hemar:(

A .

- Q(‘dgram Mumrg

‘ T3¢
Eladh  EEPRaM_EpRam _ PRaM  RaM

spam LEEpRom / Cladh .+ \os \opnddsiz ) Mictcolielion 3 4
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The PIC 16F84A Memory Organization

O’c Program Memory
Lot ) ke 14 Bits

e Address range OO00H — 03FFH o
o Flash (nonvolatile) = Sgsys / density&ade Jaiy i foo B e 51

_ Np B el p GaoUd
.. e 10000 erase/write cycles —> wa'“\ou'!'anj ecors ©F Pers
= s [ocation O0O0GH is reserved for the reset vector
SRAM e e Location 0004H is reserved for the Interrupt Vector

N

Valakile . ter = [« /IP(\hs"mc)fioh Posater)
;.a}f SQUL‘SC e Program Coun G fsw? | | |
c\s}, sss-rem M\ e Holds the address ‘of the instruction to be executed (next instruction)

“L\.ul'\ub
(= s Stack — Small memory — pc ;‘lcldesg_.s‘ \2}1-\ PN Sy
;sé_e,\p o 8 levels (each is 13 bits) B byyet oSe Shis S
\ L"'\B/ a SRAM (VOIGtI/E)
= 2@@ oA o Used to store/load the return address with instruction like CALL,

RETURN,RETFIE, and RETLW (interrupts and subroutines)

tile « o [pstruction Register

e et o
$ uction being executed > S =
wnF GEE e« Holds the instr 7 e sy
\-f"J ~:J;-'_ " __—_’_'_f_________ﬁ._-———-———'—""_' E—_—— —— . — =
.'_Q.&& aull
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The PIC 16F84A Memory Organization

. S N 2ol Value 3\ el _ao\y, |
_b r' . ) [ b -~ ' l
o The Configuration Word ~ 4 s Gops S 2st o8 cebiqtanclord
* Aspecial part of the program memory . M‘c{ocen’r(olb;fh\n_f':\_g&aﬁ(,\_@
o Allows the user to configure different features of the microcontroller at
the time of program download and is not accessible within the program
or while jt is running —s sibd s\t q!,a{\ 2 Ee) o\ \g.\"g\\);s;kn
-2l
RP-u R/Pu RPu RPu RPu RPu RPu RPu RPau -4 RPu RPu RPu RPw
ﬁcp|cp]cp|cp|cp|cp[cp|cplcplCP!_PWRTEIWDTE]Fosm!Fnscn’]
bit1a ' =
bit 134 CP: Code Pratection bit =
1 = Coda protaction disabled ()
0=A]1pmgmmrnenwryisnudeprdedad—)_.}>_kn
bit 3 PWRTE: Pawer-up Timer Enable bit %S )39 l
1 = Power-up Timer is disabled Yy
0 = Power-up Timer is enabled
bit 2 WDTE: Watchdog Timer Enable bit
1 =WDT enabled
0 = WDT disabked X
bit 1-0 FOSC1:FOSCO: Oscillator Selection bits L 1 3FF
Cxeesk —\\85‘5 ;;=ﬁg Dscj}ll;h;J->Rc Cicewits RS
. = ascll % L * e
(s M 1 = XT ascilator e Poaﬁid\#\*?d}3¥’£33k"a’&‘f‘§m§tﬁ’
\ = i !
Cleek M\ 00 = LP oscillator el R }~ocq+:oM(Ln$\F3?§@g\J\

a:&‘gom‘hov\ word MW GYI e 997 H - (55‘3;53\,5; 3 data j\g}yfgh,,g;ﬁ\aﬁ_é\k
_ Mickecodioliexs N Selito Syl pdall Cloglrelys Gl 1 lajaks ~
CFomma) dymnl] 5520 g0 Jolgill Ansimiias kecation (B a)

The PIC 16F84A Memory Organization

( Fle chis*&s/ RAM / Delta Memory) <

- o Fle Audress L F rosa || oo
Data Memory and Special Function —|'C e TeammiTroa | 22255 |4 o o000
. X o TMRO OPTION_AEG || 81n b’ most sig
Registers (SFRs) ol il PO o o Y liean | |b b
. . m:doco(\\(cllers\é‘&baﬂ oan | (sratus STATUS ‘\uan—\ L[S
° SRAM (volatile) s - o [~ (rsn sy et |1 | Bonk
’ ;e o5h POHTA TRISA f;esn fy | o
* Banked addressing » j5dvasyie || m o m [ baatl
ooh EEDATA CECONY . 88h ! - ¢
09h EEADR EECOM2) | Bon . > 57'30\»‘33'3
H / H 0an PCLATH ) PCLAT i 5an * ¥
° Special Function Registers SFRs o T 1; ot Banko 3
“ Locations 01H-0BH in bank 0 and 81H- \;":" S [0 [} Llegithe
8BH in bank 1 : e £ o 3
SPece|  genma | wappeg | 32n ot
* Used to communicate with /0 and Fondlied  nelem | =B e 2
control the microcontroller operation %3 | Rasko "i‘:\ii :’;3 fg') 3“”\-9’5’5 -
~ dcaal W ( 'ﬁ.ﬂ
Some of them hold /0 data Banko' o “9'-,’5‘&
. ;L‘: . g;r: ijBQ]“k .)\P)
° General Purpose Registers ‘- . 4odns
Addresses OCH — 4FH (68 Bytes) T — ‘5-"“’-""% ¥
© Used for storing general data 7°n ; e | | R
N Bank 0 Bank 1 i
(s Unimplomented data memery location, read as . § !
Hote 1: Nota physccal iopatos, B l
S R PP Ty - P F /
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The PIC 16F84A Memory Organization
Special Function Registers (SFRs) .
Mdress Bk T
00k I .  30h INDF : Data memory contents by Indlrect addressing
0th ) PTIaE | 6ih TMRO : TImer counter
0zh AL = pCL : Low order 8 bits of program counter
03h | STATUS " STATUS : Flag of calculation result
0dh R a b FSR : Indirect data memory address pointer
% [P c_jh PORTA : PORTA DATA 1/0
08h FORTB L3 : ¥ PORTB : PORTB DATA I/0
s TRISS i i EEDATA - Dtata for EEPROM
| éh Uninp lenented - §1h FEADR : Address for EEPROM
0sh FEIWA CECON1 . 88h PCLATH : Write buffer for upper 5 bits of the program (i
0 e AR # INTCON - Interruption control
h [ R - |™  OpIIN_REG: Hode set
fth 1o MG L TRISA : Mode set for PORTA
0th - &h GFR “ §Ch - CFh TRISB : Mode set for PORTB
EECON1 : Control Register for EEPROM
{T:\} EECON2 : Write protection Register for EEPROM

e Special Functio o
] h I 3 l)’MQ i
peripherals File Yegisters &;3‘2 M - velafed Pk
: Lyt [o and p(epka&&\)@'"“
+o canlio)
: ‘ andgt:ooia’?
!  Control PRy Pes
f
WUoconlroller:C‘ Dala bus Peripheral l{ >,m
ata transfer SFR(s
Ninl b
"< —
!
- Intesrupt(s)

The PIC 16F84A Memory Organization
n Registers (SFRs) interacting with

p
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2itade ¢ apbabat) y B
The PIC 16F84A Memory Orgamzatlon
e Data Memory Addressing
* For PIC 16F84A, the address of any memory Iocatlon (File
Register is 8 bits
One bit is used to select the bank
< Seven bits to select a location in the bank
e Bank selection is done through using bits 5 and 6 of the STATUS
registers (RPO and RP1)
e For the 16F84A, only RPO is needed since we have two banks
e In general, two forms to address the RAM (File Registers)
Direct addressing — the 7-bit address is part of the instruction
Indirect addressing
e the 7-bit address is loaded in lower 7 bits of the File Select
Register (FSR , 04H)
e Bank selection is done using the most significant bit of FSR and
the IRP bit in the STATUS register

_
o ]
= /
N\
The PIC 16F84A Memory Organization
¢ Data Memory Addressing |
|
13 DataBus 8, '
Program Counter , = %
FLASH @ lr |
l:;ogram 1
emory
RAM
1K % 14 8 Level Stack File Roglsters = |
(13-bit)
68x8
i sl -
y e ~
Prg’{‘fn i = ﬁ § RAMAddr L.
/ 2 . L
Ingtruction Regleter /.’ Addr Mux1 %
‘ \
7 a H Indiroct .
I /{ Direct Addr _j] S. Addr \
| |
" Wi FSfiteg o= E
N (NN L K
] STATUStog === .7
. [ .-
R - -
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3Nt ddianc Mt castbansiiug Mictocoattallers WA Veayss!

e e, S
———

ey

oot S

QO
- \9\3} —MJ“ q‘gs Mem b\éo-\_;g,.nuxs_.,'_) (?ﬁca\% Q.ch\\“ L s 2 Add(esses
Weateey 1NE PIC 16F84A Memory‘prgamzatlon
- PR 3 :
o The STATUS Register (03H, 83H
Bank uKB\.\n:x.A SORNE N A
Selection | rwao R/W-0 R/W-0 R-1 R-1 R/W-x R/W-x~  R/MW-x
T bt [ IRLI: Y RP1Y RPQ; 10 PD E‘ z pc/ c | <
bit7 ds .\. bit 0
. tndi@ct - Oicex qAA(éss
of 76 Unimplemented: Maintain as ‘o’ —— 3. Plc 648 A2 e\ \e Flag  @nseii (Su
:blt 5 RPO: Register Bank Select bits (used for direct addressing) | Lt of
: 01 = Bank 1 (80h - FFh) ?
N, 00 =BaNk 0 (OON-7FN) e ; R .
= o sm— o =y
bit 4 TO: Time-out bit " / \¥ L—q
1 = Afler power-up, CLRWDT instruction, or sLeEEP instruction (ead W l‘
0= A WDT time-out occurred ‘3\ o' < \Baa
bit 3 FD: Power-down bit SEERn oty "
1 = After power-up or by the CLRWDT instruction 4‘59%\ hih
0 = By execution of the SLEEP lnscht:on B Q_qﬂ_e_'{_.\\d&..\m\a!
Dt 2 Z: Zero bit — , : i
," 1 = The resuit of an anmmellc or logic Operatlon is zero ‘n=
: o = The result of an arithmelic or logic operation is not zero '
: bit 1 DC: Digit camry/borrow Dit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity
: is reversed) i
: 1 = A camry-out from the 4th low order bit of the result occurred
: o = No carry-out from the 4th low order bit of the result
: bit O C: Carry/borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions) (for borrow, the polarity is
reversed)
: 1= A camrry-out from the Most Significant bit of the result occumed
, 0 = No carry-out from the Most Signiflicani bil of the result occurred
. Note: A subtraction is executed by adding the two’s complement of the second operand-
p.o N For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order :
5= bit of the source realster.
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The PIC 16F84A Memory Organiza-ic’
e Data Related ceenom
I8 — ] Datn :mo
M\B\DD@ e EEPROM Data Memory T gty
Aﬁ'q: o;,r:“ 64 bytes Non-volatile ’}EE{iDHfr
é"’i g kq > 10000 000 erase/write cycles L
L \9 Used to store data that is likely to be needed for long term
b:e{ )\_\:‘é‘b’ Operation is controlled through EEDATA (08H), EEADR (09H), EECON1

e (88H), and EECON2 (89H) SFRs > Y Registers = ¢ S s )
To read a location CRAM 1S5 bt Rl O
e store the address in EEADR and set the RD bit in EECON1

« data is copied to EEDATA register > Read i

wa—— Nalsg e To write to a location

‘c:‘.-a Aadwabedt data and address are placed in EEDATA and EEADR, respectivel
N e
\5.»5 «© enable writing by setting the WREN bit in EECON1 SFR

\,5

\ W\ ee store 55H then AAH in EECON2 L weike gnble bit
@

6?9“‘ commit writing by enabling the WR bit EECoN]
< Once the write is done, the EEIF flag is set in EECON1.

Yoladid)l adecal S dlumily

/
_“-——___________'_,/‘
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The PIC 16F84A Memory Organization
e The EECON1 Register (88H)

U-0 u-0 uo RWO RWx RWO RSO RSO
[ =1 =1 = [ EEF |WRERR| WREN | WR | RD |
bit 7 — - — 0
@b&\dog)‘_bsei&\ﬁé A ol
bit 7-5 Unimplemented: Read as ‘0’ ' CL’\*Q\&A& szﬁ\_f .
bit 4 EEIF: EEPROM Write Operation Interrupt Flag bit Rograme ! (-‘*s;- R
1 = The write operation completed (must be cleared in software) TR RACAR Y
o = The write operation is not complete or has not been started - i. T
bit 3 WRERR: EEPROM Error Flag bit kel
1 = A write operation is prematurely terminated 8;}4 %ss*a\«\ N 9
(any MCLR Reset or any WDT Reset during normal operation) . . . m
0 = The wiite operation completed WalG el uad cums
bit 2 WREN: EEPROM Wite Enable bit Cediah ale

1 = Allows write cycles
o = Inhibits write to the EEPROM
bit 1 WR: Write Control bit
1 = Initiates a write cycle. The bit is cleared by hardware once write is complete. The WR bit
can only be set {not cleared) in software.
0 = Wiite cycle to the EEPROM is complete

bit 0 RD: Read Control bit
1 = Initiates an EEPROM read RD is cleared in hardware. The RD bit can only be set {not
R cleared) in software.
%} o = Does not initiate an EEPROM read J

N &#g&\@ a [ ]

dmsgrnd Some Issues of Timing B

e S S i

I a2 @‘-‘ “\Vb\‘ NGa ‘_'.63, « S\Qxfj{

The Clock > “ess sdhsnte adodk N1 P >

L e The ricrocontroller is made up of combinational and sequential logic.
Synch-- Thus, it requires a clock !

e Clock — a continuously running fixed frequency logic square wave
e Timers, counters, serial communication functions are also dependent

on the clock | | B Qel
¢ Operating frequency has direct impact on power consumption > Comporeti\ (3

e Every microcontroller has a range for its clock &Bhepo NN
5 Muz =Dic N\

s hoo
Inputs [ » Outputs &'\ R’S?_ QS\%\" |
P Combinational 1 mi Qﬂ:caa(o\ﬁfﬁ\
circuil Next S\d*ﬁ, 25 i{as & 20 M2 B
Flip-flops 3 ¢ '
N (dos\ast) Ty W )
Clock puls y
COpEES Rel.en‘\_Sb_'\e «@A,S\.‘ l
\ - (a) Block diagram . F= -Fisi =—E5 il
- P

=
S0 N2 T N e

{b) Timing diagram ot clock pulses

F/4 ind'rx‘h‘onlcf’c\e
: LS Peried M
nsY W\
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o Instruction Cycle > ./ = Fighroctions .
f S dividegt;y a fixed value (41n the 16

signal

e The main clock i
lled the instruction cycle
L

series) into a lower-frequency

. . . 4 Ca
e The cycle time of this signal is
V_ i . e in the action of processor __ |
e The primary unit of time | 2

 jd =

Fogt ™

Clock frequency | jIn'stru(.':v_ti‘on cyc].e

. .. | /Frequency Period —|>,
SoMIs A SMHz - 200m e
4 MHz ", IMHz —> 1HS e
1 MHz 7l 250kHz > 4WS
32.768kHz > 8.192KHz P 122.07 ps

Ssome Issues of Timing

(o 7o w2 ey W st W »S 3y )
« Every instruction in the computer has to be fetched from memory and
then executed. These steps are usually performed one after another

o The CPU can be designed to fetch the next instruction while executing
the current instruction. This improves performance significantly!

e Pipelining

e This is called Pipelining
« All PIC microcontrollers implement pipelining (RISC+Harvard make it

easy)
SPaecluP "]

Iy | Fetch | Execule] \
L Fetch | Execcute with Pipefine + 21
IIJJCa” Feteh | Txecuts] W Hhevt pipeline . 2 vt
I" Feteh | Flush ]
] Fetch | Execute|
Time
B . N
2 >

b
e ————— e
——— j/
——
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Power-up and Reset

On power-up, the microcontroller must start to execute the
program stored in the program memory from its beginning (address
0000H) ¥ Reset slafe and Norinal state

A specialized circuit inside the microcontroller detects this and is
responsible for putting the microcontroller in the reset state:
e the program counteris set to zero fczoeee -

e the SFRs are set such that the peripherals are in safe and disabled

Another way to put the microcontroller in the reset state is to apply

A
logic zero to the Master Clear input (MCLR) L e (Rouser SobRY

M AW Q\\g_g&ua;b .y“c“\ﬁ
Oad e

M- L9 micvoceitlet

| 3 1 !
e Some reset circuit configurations :;brm\si\ wéL‘ Reseh” dotmal f
Cn.Ebc_\Sb‘ ARV PR B Voo Ve Voo %k"'&éﬁ) -
ey . ] R Rxner- ¢
ReseX | Roxr Qs — L
V00 g _|L Resel 'i:" " Resat RSQ\&S’% —= Resel R = | ;
LT . (o i (onB R U P
""‘T__J} _\' lioie ik iﬁg)"‘)\s (e:f:y\*:j S g
ol A L MNNSLe
3 Avadss T 22:“;‘\}” | 3 2
22 ol feset Swi *H«?i;’ s
& k.é)-nl)\ o> . ~\on :_g’mu/ o) Aﬁ.\'.nu.uﬁ(b) (©) M_
(CRLLXN dncchargv
S | q y R

MxCLR-o

Scanned with CamScanner



NCLRzo

.__‘.‘:‘S.Q.‘\&f&g‘*&s@jﬁ;&%@iﬁmcxxﬁt{e\&gﬂ\..?kn_... . ‘.W;mm‘{troucé\n@-?;\_ gél\\\_x,\».j &&;33_‘»}

/ ' . . : ‘;m. r ey e o3 . .
" The 16F84A on-Chip PSS ebiivite S oghih )
| L= S = Ae\sdohy ot 3
. N e
KA Ve I (® Extemal Reset Reset
| [ T |7
\ MCLR / Logic ‘1’ on |
N this activates i |
g ssdee ] wor the Reset R-Mkh so5s
A0 _peatu| Modul . L
U\?J\;{:;\v&\e odule ‘—> F-'\tp_F'b.e c;‘-p-my
AV \ Voo Ri = )6.19:5 G&\.e OJY;
' v |Voo Rise ahgre o
( | Detect et fondGaly s anla
. Power-on Reset S : -
s o o . . saiRs Shedes 1)
o OST/PWRT->Power-vP-Yitve : J PR :

s oST ) I"mu“\\@w AR /s N C—\,\*’j< 'z
VA , 10-bit Ripple Counter ' N PR T o < sy
\ oscy | SRSk S etalby @ i R |Reset \ o Al

- CLKIN { iR e ‘

T onChi PWRT -> Power-UP-Timort . ¢ %i L5 Q- stdte o) Rt
st Re oectil> 10-bit Ripple Counter 8% ils Gl Lo pomm
NS . K W1 2\l Teset  Logic ‘1’ on this input '

- NIITTER R é—oooo‘oooaao ue o8 all Lo~y Rz 3\' deactivates the Reset SR Q@

M CeaTBller 3\&&\1&'}57'-}%'3&-.@ achve & Enable PWRT X ‘.3*‘-\‘ Signal and causes the o 2 g;s\if

oY sl Ay 8 532 F )Gapsd hgh of™al microcontroller to exit s

"B - Begeriiiar (—Enable ST _ M eSs  the reset state ol ‘&ej' Rl

LhscyYst \@sep A Enable d Lo&Giagd NArm
.ﬁ-)mg Al o oud ) Rosel N\ b alihY @ Q@ bz o) bl %/
Py T -
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e N> S Reseb-shafe 3\ Cia microonivalier N ?}L”MU?’DSA

The 16F84A on-Chip Reset Circuit

Example on reset timing when MCLR is connected to VDD

2 VDD _—_:/7 = — \
L‘é&l@n f 4
k\_&.& EQ LI
= MCIR ' 1

INTERNAL POR 1l ‘ —
\OD Rige ' '
« TPWRF—
2 s =
e
PWRT TIME-OUT wTosfe  Fos
SSY) Gt J T n
OST TIME-OUT B
TN'I'ERTW.—RESET
| (QH ot e
l:z;:; lows
Summary

e The PIC 16F84A series is a diverse and Cost effective
family of microcontrollers

¢ The PIC 16F84A is pipelined RISC processor with
Harvard architecture |

¢ The PIC 16F84A has three different memory types

* An important memory area is the Special Functio

Register area which act as link between the cPU and
peripherals

¢ Reset operation must bpe understood for propefj
m operation of the microcontroller

rE ‘/‘ 8

o ey o — . v

L e o e e et .. :
i

— e ——————
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dde 212

2 Indhockion i 5651 A Wil

Intt ©E O E = 3 cycles per _tast ~
Tast 2 F DO E
Tast 3 FDE _
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A by 2o SAnge \-\D;,ﬁ\( Jasil ot s Qpelinina N Aasatle v 2 b cnami
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e 653 aley Wog Meto 5\9"‘-‘-9‘~’°°§ﬂ CANYN \narclcl ) 2 Microconiallers N
[anakismen w055 S ntroduction \

. Byome \adiucton j\qusﬂ:nf%?-%MWS CPO st
o Every computer can recognize and execute a group of‘
instructions called the Instruction Set

These instructions are represented in bmary (machine

cou M geois 24

]

code)

2

A program is a sequence of instructions drawn from the
instruction set and combined to perform specific operation

©

To run the program:

e It is loaded in binary format in the system memory

Fot « e The computer steps through every instruction and execute it

o Execution continues unless something stops it like the end of

=y \(\WUP‘\' XG\BB&_:) EPISENEVC SN o

(«-.\ program or an interrupt N @mm\\sm
\

How to Write Programs

o Machine code
o Uses the binary equivalent of the ins_tgg}_c:clczns
e Slow, tedlous and error-prone > a_g%m”
= Ssb 00 0111 0001 0101 - B w==¢3
N e (S

o Assembly Goee }m

{eresset 34 . . s .
;i e Each instruction is given amnemonic 2. Csa ol e

bisasdy 0

3
sy o e program called Assembler converts to machine code
".‘J,h&\
- t o Rather slow and inefficient for large and complex programs

addw NUM, w

« High-level language

Ai‘;f;:}j;‘ | ¢ Use English-like commands to program
H";{a"c' @ ‘e Aprogram called Compiler converts to machine code
e Easy || The program could be inefficient !
(0 for (i=0; i<10; di++) sum += a[i];

.-§ - >
\ S
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Program Development Process

Mrite source cdde]

'

[Assemble/compile]

¢

(Simulate) | T TLTEAN N AU WER

NEIRURIRIELY
Hos el
batca( Evrvor

oo gislactld EATE G A
[ Download |
@%‘f@u e 6;;; [ Test in hardware |

The PIC 16 Series Instruction Set

S e

e The PIC 16 Series ALU

8-bitliteral - >89

‘ Register
(from instruction word) Qenstant File
SPUNE Sladls
ERYY:
L~
' ] AB 8-bit register value Special
l g (from direct or Indirect Function
W Regiater address of instruction) Registers
= (SFFL'S)
an
.".‘.?‘g 8 general
s urpose
\gb RAM
Seran (GPR)
SN Y
d bit, or from Instruction > {ask W
d = lol Or I | d = l1| '
Literal Instructions
)
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The PIC 16 Series Instructlro\p Set
g 14 bits!!! eab |

| & e 35 instructions represented usin |
P o The binary code of the instruction itself is called the

ate/use on values Ca“ed

‘Z: ﬁ’l“ e Most of these instruction oper )
\63‘0 Y Operands (ranging from no operands to two
aealody e Three categories of instructions > 4fss ope@dj\p'u'g&m
Civek Pevand 3 1. Byte-oriented file register operatlons - V\;Qb:@j:\\n |
= i;,fi’: 2. Bit-oriented file register operations > <= Fie 3 ~ 30
P&’anA 3 the@l and control operatlons s \

o Type of operations * m

' 35' 1.  Arithmetic 2
"N ; wu‘o" bits G Vst M
2. Logic 5 p el LS
0g el opennds SRy
3. Data movement sk M g9
4. Control (opcode)
{ ,_:_i':::_-,— e & 5. MiSCB"qﬂmUS

o~

o
The PIC 16 Series Instruction Set

o Introduction to PIC 16 ISA

e Types of operands
~ A 7-bit address for a memory location in RAM

(Register File) denoted by f

- A 3-bit to specify a bit location within an the 8-bit data
denoted by b

A 1-bit to determine the destination of the result
denoted by d

A 8-bit number for literal datg or 11-bit number for |
literal address denoted by k '

42,
(&L
L S 80
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The PIC 16 Serjes Instruction Set

o Examples
clrw ’
e Clears the working register W
o clrf f
* Clears the memory location specified by the 7-bit
address f
addwf f, d
 Adds the contents of the working register W to the
memory location with 7-bit address in f. the result is
savedin Wifd =0, orinfifd=1
“bef f,b
e Clears the bit in position specified by b in memory
location specified by 7-bit address f
addlw k
e Adds the content of W to the 8-bit value speCIfled by k.
The result is stored back in W

)

("l
‘v

/

The PIC 16 Series Instruction Set

Byte-oriented File Register Operations

o Format: op £, d
e op: operation
o £: address of file or register
e d: destination (0: working register, 1: file register)

¢ Example: Tawpe | aMdwl N2,0

addwf PORTA, O

Adds the contents of the working register and register
M PORTA then puts the result in the working register.
| 4

e —— - "

————————————————e. S ———
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The PIC 16 Series Instruction Sﬂ
Bit-oriented File Régister Operafions

° Format: op £, b
® op: operation
e £: address of file or register
e b: bit number, 0 through 7

o Example: Frompte » bef o¥ek,5

bsf STATUS, 5

Sets to 1 Bit 5 of register STATUS.

The PIC 16 Series Instruction Set

Literal and Control Operations

¢« Format: op k
e op: operation
¢ k: literal, an 8-bit if data or 11-bit if address

« Examples:

addlw 5
Adds to the workin .
B register th
call 9 e value 5,
Calls the subroutine at
/"‘\] aderSS 9.
B

—

—
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JEE—
The PIC 16 Series Instruction Set

. . . Oﬂﬁ)&)&\&ﬂ"ww"e
Arithmetic Instructions > Ko el

ADDWF f, d w Add W and f 1 C,DC,Z
t—]
COMF f,d  jowp Complement f 1 Z
DECF f,d Decrement f 1 Z
INCF f, d Increment f 'r,r.w 1 Z
SUBWF f, d ~ Subtract W from f 1  CDCZ
ADDLW k Add literal and W 1 C,DC,Z
SUBLW k Subtract W from literal 1 C,DC,Z
i \5‘ | sl \Azss
ol d =0, result is stored !n W Bl £ 9 ::C\i ey
d=1,resultis storedin F 0 E Lem e
gor\’ov"’s\e_ss Bad‘cu:: A\\ E\(:-;D:Zg\s /- g:z%
M&lwm—‘b_&m = =0 g e\ ~
wiz have Qerre we dofit have Boreotd
The PIC 16 Series Instruction Set
: EXt

Logic Instructions XoRWE g, \}, XVoR operatiot
ComF

ANDWF f,d AND W with f 1 Z
JORWF f d Inclusive OR W with f J Z
XORWF f d Exclusive OR W with f 1 Z
ANDLW k AND literal with W 1 Z
IORLW k Inclusive OR literal with W 1 7
XORLW k Exclusive OR literal with W 1 Z

\,,;.,\ \ogic
d =0, resultis stored in W
D d=1, resultis stored in F

e ——— TSI
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The PIC 16 Series Instruction Set {
Data Movement Instructions |
ey e 5

¥

-

MOVF

MOVWEF 2> Move W to f 1
SWAPF Swap nibbles in f 1
MOVLW Move litgral toWw 1
E‘L\\{. MOVLW 0 -5Wi2 ohom ﬁf % MoVt Mouwr,
MovLw Fu\s h

: MoV LW
» Tesultis stored in w da¥a 5\\)@“\9\,\3.9
" i u =1, resultis stored in F (220 sy 2\
-¥

——

The PIC 16 Serieg Instruction Set
TR\ Suo ) b Wstuction ¢
Contro| Instructions

1\3"_ )

D

A3,

el Y
tf Skip if o :
Increment f, Skip if o 1(2) QnA,-}li
* Bit Test T, Skip if Cla '

ar 1(2)
Bit Test f Skip if Se

ecreme

t 1(2) E

e

Go to addresg 2

Return from intefrupt 2

Return With litera| in W 2

Return from Subroutine 2 il

e LU R R
IR
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MnemonigOperands|

The PIC 16 Series Instruction Set

\.W\Q\\n
Cshomm T MlscellaneousInstructlons

CLRF f © Clearf

1
CLRW - Clear W 1 Z
NOP - No Operation 1 |
RLF f,d  Rotate Left fthrough Carry 1 C |- r"ij‘\n“
RRF £ d Rotate Right f through 1 C so«f!x_:‘;'ie }
Carry Recjster
BCF fb Bit Clear f 1 &%(;});ﬁz
BSF fb Bit Set f 1 ;ﬁl;u_w,
CLRWDT - Clear Watchdog Timer 1 TO,PD"  )ssdisn
SLEEP . Gointostandbymode 1  TO'pD' g*:‘b;\i
d=0,resultis storedin W,d =1, result is stored in F

;‘*Anj A\

—
The PIC 16 Series Instruction Set

Examples |

bef 0x31, 3 clear hit 3 in location 0x31 None

bsf 0x04,0 set bit 0 location 0x04 None
bsf STATUS,5 set bit 5in STATUS register to select bank 1 in None |
memory |
bef STATUS,C clear the carry bit in the status register None ‘
\—-" ('\;;) N Uyn A:y:\'\ ‘Kmn;'}»\ Yl 6"\'1"3\
addlw 4 Adds 4 to working register W and store the result C,DC 2z
in back in W

addwf 0x0C,1  Add the content of location 0xOC to W and store c,DC,2
the result in OCH (d =1)

sublw 10 Subtract W from 10 and put the result in W C,0nCz r

subwf Ox3C,0  Subtract W from contents of location 0x3C and ¢,DC, 2
store the resultin W
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% . ves R & c f\L\ Q\):jé;;\ (i;LO \“\S_\Y ')\
AP AT Q;}_hf\&\ 033.4 =Rl al
Lolles ¢

oy~ .
The PIC 16 Series Instruction Set

locatioﬁ 0x06 by 1 and store result in W
Decrement location TEMP by 1 and store in TEMP

incf Ox06, 0
decf TEMP, 1

com: f 0x10, 1 Complement the value in location 10H and store in

0x10
andlw B'1111011¢’ AND literal value 11110110 with W and store

resultin W :
andwf 0x33, 1 AND location 0x33 with W and store result in 0x33 z
iorlw B'00001111’ Inclusive-or W with 00001111 Z :
iorwf X1,0 Inclusive-or W with‘loca‘tion X1and store resultin . ‘

W ‘ : 4

xorlw B’01010101’
xorwf Ox2A, 0

Exclusive-or W with 01010101
Exclusive-or W with locat

ion 0x2A and store result
R inw

et
-

) 3

clrw

clrf 0x01 Clear locatjon 0x01 ’ i §
moviw 13 Move litera| value 18 intg W NONé
movwf 0x40 Move contents of W tq location 0x40 NON%
movf 0x21,0 Move contens of location 0x21 to Wy z j
movf 0x21, 0x33 Incorrect syntax L
movwf 0x18B, i Incorrect syntax )
swapf T1,1 SWap 4-bit nibblag of locatjoy, T1 NoNf;:‘
swapf DATA, 0 Move DATA to W, swap hibbles, nq change on DATA Noﬂé
T oo et g G
rif 0x25,0 Copy conteinFs of'0x25 tho W and fotate to |eft by ‘ Ci
s one bit position through the ¢ flag y
I ‘"“"""“““‘“‘“\-v/?
=
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Clna@'\'ex; Y -
S_\ide._'Loq_B%+e nmen\&l 5O u.aorkif\s req =
__E‘ocquOQ_E_,_d _» deskination . File Yeq -
... JQ&.A L_Addvess of file (ea.g\e,t-
EX2  AQOWE BRuo fb S
_m__\sxkgj_es:_&z_u_‘_,_y\ L\ 4.>V' 2ne Yo
Eile feg  on & Gmieg = = oxe
QAN (I W —®

- 0 L

" ‘ —_— \ 4 I3 d:ze d:\

§-bits 1 F-bils
he Gn §$'\ 'C\,:m ) Lo ©

EX2  ADDWE ox™9 4 Aesome : Wreq = OXEC / M Toxuy27] = oX\%

Wreaz 727 and M Texu2Y =17 S alf caest
)
%o\ . 1 OREC
\req Tyownd
| OXEC 1 X
; Corry ALL- Qu\'gu'k
A
= MToxuzl=oxa / Wreg= axgec / Cz1l - Sthatosvey & srgn it Colk
[Zz0 ] DC =1 > half-carre 3\« oy Carrys L O\ ol solgl deolion LE
s 0 #= AU-oufpol3ay % C=4
Dc=t ( Statas rp%\s*e\-
%_':-0 E .\S:‘_l ._- 'Z!"E.‘
F Jd
N
EX2 TJ‘CF._Q*ABA fo)
mc,rmai'_ScAh 1 S — C -_-__Ng_ckangr'_

—_ 1 — @) —) |3l 4.4

_and add &4l ,‘!ﬁal‘.ﬂ\??.m _— hT) .

Aesume MEM&\Z&qu&T " an.. . Qwo | DCL=N0<;_\~:;33§;

MQA.L__ : ¥, ~:ﬁ~ v R
MTov2\ 1l ook EF
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QEIHEItﬁ;t‘ﬁhﬁ&kﬁ@EElﬁﬁﬂ%ﬁ@@@@@@@éé’éﬂé}élﬁlﬁkl\]-’l{a'f’[?‘.flwlw[g:flgl;

= 2 6 5 4 3 2 o
*Q‘A—m\-im\'\'efl ERS
% Formal « ?Q;; b - L cumber ta-2
Operglion adlress
E: RCE E.b
bi’f\‘r(“\.ipa\r ;'-y‘ R \ ‘l.'{- position (3-kil) opacde b E
) 7Lt 4 3 =+
, Sorsiela FR Mel ijm\&w
Ex: BRAF F, b - Weeq A ¢ sbsr\
S::t‘\lc(\\
EX: BCE oxs3,ovn Loowing ¥nal: MToX%ed\ = OVES
Ls W\ olel =2 Mo\ alol =y MToYXed J = oS
bijrf:y—bo " 9 - -
Z T et alferted
) .

¥ l\fo+e . OMO3 — chi'( e Tae Rank of Yhig \J'ca—\"oﬂ7
FeYoYoYal ool

La szts-dq = Raall M \.L

SS(Q*US Qc’o\\éﬁf‘f \\ (LY. b&_s QQ(\M _'}\g. [4 Q Ao, oo\l s X -;" 'E' :S 2

\\3:.5% £ k)

% Note : BC‘F O3, B , BIE ovol, ovs
L
C\Pﬁ\r O.,\-q’ru«:, {F-n \3 LR \-\CJO set (.Q.n.']{‘r\'\ @n(\‘h’ L)
4 Quu‘{""_u’\ E\’ll\l( &) y. QQE \QB(O‘T.OQ.‘. 0o —Ei-\..:&c;'..{'\ .\:'.\'\‘n

e Nae : if rve have Y Banls: RPL R@O Ex: we gnte Rank? (k:\-,.
bif: & bit:s ae

BCE__o¥%o3, oxb
BSE ovo3, oxk A
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DATE

_%_Lﬁeml_qud_Cm‘fr;\s _Opexation 2 |
L cooctont

— % Foomal 1 op K
aperﬁ-\mn \—)\i'\'pm\.on ?L\m\’ £ data o W it if addvess

% EX : AODLL K-> workine fea W.B {y5ia sl
# \-} N2 J .s T . . -
Lifexal wovkm% Yeo,
opcede k
IR . 6 3
3 jbbg’_ bt [y,
A
| 1 at3d
ORC\+
B POOLW o%3& , knowing Wiz oxcl = flew W = OXET
* C= O O%F%
22,08 : _
D=0
B TaRLW — a¥3D. \mgm:ns W =OYFE =% e w= ORTFE
+ ¢
of AN 2D —> oo\l \ol %« C.= Not affects)
oR
ANAFE = o vy W T= 0

0OC = pat affeetad

o vy )

Ey: Cab_,\a“fe Moo Ol Cnmp\emeh* o Mloxudol

Coo\E__ odo . i
Wi E ovue.l

£+ NoR G\"DE.'(‘d’ﬁan‘.
ToRwWE ari,

Ex: MovE £,1 Z> Saiash o 2 N Jasl G, ha

wNate: Z 12 sgd tepiagnh g

MovLw O o 3F =) MoVJLW oY EE

ADDWE -P,,o d‘“l AND WE glo '\'){‘m%%:\'

\_\ Z=0 \ )2:0

TTTEEERTwREEEREIERRESFIV OO ELLLELELLLIITT
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Move £1,4

,Nlmvwfi' ?2
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The PIC 16 Series Instruction Set
c o AD ank denstydle
Encoding = -M*_"_g?-‘
K Gyt
. . /leooo \J>\
pegem MO W Yo Byte-orlented file register operations . |8 & ATV
AE 3a Lo ['a OPCODE 8| Z|B T I(FILE nj & ADDW‘:OX 4 ! :F;E'{i\;)
Aoy .\_3._7 H'b"*'s g=010r destination W . gy o i \9’“6;\ i
33 e decad N 2 Ao e regitar aciress drmye ADDWEN © OB 5;
(cq\s’c:r N\ P»-;-“B Bit-oriented file register oporations [gp::-lﬂ f\ ; i
. . 13 109 78 0
-C"bs':’\b*-s" [ OPGODE__ [b(BT W] f(FLE N ] i ¢ ﬂ&yﬂs—‘-c»\*’”’f
X2 BCF DT £ - 3-bit bi 3 s 5"'\:*5\3..’3"-“,)5.‘3
£S5 Y 3 ' 4 ? =?-ll::: ?u:argg::l::sraddrcss = ==
xfolee | 2o T\e\Weo | (:oo\\\ L owi\o\
NOC> \\o\Woo Literal and control operations 6 ‘
b3 il General L‘S)D'S’\Uaé;‘f)% (@ | P“A’r.;““!
= (o\eo o\ on\e0), - e A o7e ) \oinard G?&
= o%135C [TopcobE | k(nera) | = eoo\W cooolol .ﬂs,c?;\o;tSS
‘n‘s po = 5\ k = B-bit immediate value
e @ P CPU |
N 3‘&&:5 C.DAE \\ CALL and GOTO Instructions only . i
N\ Most s A\l 13 11_10 i 0 Check AppendixA
Y- Sx?&\\éss:ré\‘ [opoooe | k (tera) Gongant | for opecode binary
h ot = k = 11-bil inmediate vaiue codes
2 opcede y
| k&.m\aj_b_chg__ﬂl_@&;_c&)mwfw\%\g&
L eamd dedancisbaiate |
Assembler Details |
L Seleedlee ARV PR CE JE AR S
s Any|assembler line may have up to four different elemsnts ,
h;‘ S = Cotamedl Busal o |
: "C:’\BP, label W)emonlc operand comment ) N {;\ : f))t) l
;j'w st;rt bsf7 status,5 ; select memory bank 1
-5‘“1’36‘19 ) movlw B'00011000' ;config pattern for port A
w’«""“‘{‘:& movlw 53 wnal Me\
M . \ P gx: %*O ,Squk
o We can specify values in different bases in assembler
programs m \vace D) \“:uL\»Lo RE
&\\'\"‘t’(\\\ﬁkf\“ A\
doafoll & abba
Hexadecimal H’8d’ or Ox8d BERCRC
Octal 0’574’
Binary 8'01011100’
ASCII ‘G’ or A'G’ p
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... Assembler Details

SN KCAVACSEER WA PP

Nm |
° Assembler directives - b»ywsmsm&ow\swu Gl

25N S
* These are assembler- specific commands to aid the Dr gy

of assembly programs

ESSlng

SVoefidrslis e org Set program orlgm
) CEWNRCE evel 0
\__,A%p&g}?we%ﬁe equ é'f.r- dhos e DEfiNE an assembly consta nt; this

N sl e‘m]@allows Us 10 assign a value to a label
AL AERE i

¥ birad Chloc ‘ i
b@g;i\m?i k and endc Define a block of variables

) . : @ "(‘B <) :
L ohismd « end = %\-‘)\ig;\s“ End program block
#include “Incl

‘ ude add|t| ;
‘*0"8 — oﬁ%tm‘vg(ugmuz,: o O?al source file

dxw

Headin '
c v o \Flk4 °
K j‘ Hardware aIIocatioi

= JF inclade pfsrg.{.inc Software summary

Memaory allocation

¢ REFERENCE

INFORMATION

INF()RM!\TION FOR ASSFMRI FR
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Program Structure

=

Headirzg:

Hardware allocation ? REFERENCE INFORMATION

Software summary

Memory allocation INFORMATION FOR ASSEMBLER
Initialisation
Main program
ACTLAL PROGRAM

Subroutines

Interrupt rautines

Look-up tables DATA CALLED FROM PROGRAM
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Sample Program 1

e Write a program to add thé numbers stored in

locations 31H, 45H, and 47H and store the |
result in location 22H a2
@ .
MoVFE o130 ox3l
ADDWF ouus,e  _ s 'S%beﬂe::lmn e o
ADDWF exyvt,0 SESEES ox“s
MoVvwE 2 ——————]
o%22 e SN ___g,x_i'f__-__
® CWRW ”C_Cf:!sﬁ‘. A\ &Mé NIV
HDDUJF 613\,0 C!\\)j\ \_S.)\\\u‘,(_séljb’\»@\ k
AQOWE oxuse Nl 2 (&OV_\ s J:.\qj \igo )
EEBUE mxais S b u\c&}-‘.k;g{\ é‘;&i / ADDV'\'}F\;;A) ;i\:\
MoV WE ova2 \‘/\v-a\ - / < E?:R = FR
L Wops TR e
)
_/
Sample Program 1 w
; ET T T TR IR IS TS S S e e s EQUATES ,RkEkFhkKKIkhdkhnkhhkkkkrkhkkhkkkkk . i .
STATUS equ  0x03 . define SFRs & | ishas
. \,..&." et §
RPO equ 5 kinclude P\BUG e
H 0 e VECTORS ** =7 S = [aste ot |-
i org 0x000 ; reset vector .
(G 2SN\ “’—\5‘:’1 @k::\?-‘
T ae om irctertopt® goto START o o hot.le 1Rete Ihve|
e igel . oorg 0x00043——> q:’fg_\ \eg s hilols i el
INVEC |y goto  INVEC " intermupt vector =
’.********’k**************** MA‘N PROGRAM *kkk wiﬁ%&*ﬁa&******** :
START S bcf STATUS,RPO ; select bank 0 ha (i
\gwﬂzw ¢ movf 0x31,0 ; put first numberin W/ sy 3te
SERLUSSOL o addwl  0xd5,0 add second number,- \> Seiat
’ / i 2 Y
wko s B> 000%s ¢ g addwl  0x47, 0 ; add third number a;j;“ £52) S;f:
s acccss\‘“é‘ s\kb\q movwf  0x22 ‘saveresultin 0x22 T A
an| \
DONE sy goto  DONE ;endless loop »  pdd, N\ alales
Barke  €Nd > Asgenlpler Y slo R
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/ sample Program 2

o Write a program to swap the contents of |°Catié

0x33 with location 0x11

P . X\

I, =
= o%33

SWARPS ‘::‘\{yl\b

asindudy glasiy

oX\\

d

oxet

2.0  |ow3

-FR A\
S I 2
= s \
. g G |
Most Y-t A

Sample Program 2
ERFFRFEFRE Kk XKk kkxkkkdkkx& EQUATES krekdededekk Rk k kg e s sk ek ok ke ok ke ke ke k
STATUS equ 0x03 ; define SFRs
RPO equ 5
\F- ;iii*i***it*****:’r********** VECTORS KRRFARIRKEAR KRR IRRFRRERRRARER KR K
w equ o org 0x0000 , reset vector
F equ | goto  START
Lo org 0x0004
<3 ¢ INVEC goto INVEC ; interrupt vector
‘Ab’.x'\ ;ir*,‘rir’irr‘:**i:*************** MAIN PROGRAM LR LR L ST TT T T R SOR gt
W2 START bef STATUS , RP0 , select bank 0
s movf  0x33, 0 ; put first number in W
LIS ! | ]
i'y . movwf  0x22 , store the 15t number temPOFa”l
23] movf  0x11, 0 » get 2 number
v movwf  0x33 ; store 2" in place of 1%
Fow movl  0x22, 0  get 15 number from 0x22
movwf  0x11 ; store 1%t in place of 2 |
DONE goto  DONE ; endless loop

end

e e e
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* The P :
differelct 16F84A .has 35 instructions to perform
Nt Computational and control operations

* Programs can be i
written usin '
abstraction g different levels of

Using  assemblers simplifies the  program
development process

There exist many IDE to aid writing programs and
simulate their behavior before putting them into
hardware

e & - ﬁ-" = L -~ F - ..
s 33008 (e 3 BUISIs ol Eunszadia MOLAR Jiicdas

e
» P PR LA Aecanamainlar Diem rriae mm - )
DUNGIME Assempier Programs

e : I_‘ :

Chapter 5

Sections 1-6

Dr. lyad Jafar
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Outline |

o Building Structured Programs

o Conditional Branching |

e Subroutines Sy

/,/\.
[ I ok e ~h
o Generating Time Delays (Seftwace approse )

o Dealing with Data ( teskup tables)

( Inditat addeessi n,:Q
o Example Programs

Building Structured Programs

° Writing programs is not an easy task; especially
with large and complex programs

°lt is essential to put down g design for th€'
program before writing the first line of code
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Building Structured Programs

o EE SV AN
e Flowcharts Read actual
.| temperature Ty
e Rectangle for process
e Diamond for decision e e | :i\\;j;;
Yes No
A
Activate Switch off l
compressor oompn\essor
p '1
L, . |
‘.
No |
< T, >>Tp? . - i
..! 5 \b\;l E
Yes ” "
Activate l\‘
alarm 1
< J ;
/
/
~
Building Structured Programs |
allslany
¢ State Diagrams - |
a i
e Circle for state > HESFINESIES |
Ready Door closed =
e Arrow for state wel. |
transition labeled  Function rrecul/ e |
. e complele Fault ime-ou} detected
with condition(s ) s |
¥ |
that causes the Out of - |
rys balanc ma-ou Heal
transition B9 Sy =W Fout e
failure

‘.*—d‘
Function Motor
complaela — fallure =
Wash
Funotion
~. complote <=~ ‘

Ringse

v

Qutof
balance

Required
tamperatura
wached

e
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3
Conditional Branching

© Microprocessors and microcontroller shoyqg be
able to make decisions

® This enables them to behave according tq the
state of logical variables

o The PIC 16 series is not an exception | They have
four conditional skip instru ctions

e These instructions test for a certain condition and

skip the following instrug{ion it the testeq

condition is true ! &

x O“z-tyé\ ghmdklwd-c??y
D

p—

—_——

4&:

25

Test bit at position b in register
next instruction if the bit is clear ‘0’

btfis f,b
gef (1)

Test bit at position b in register f. skip  btfss 0x21,1
next instruction if the bit is set ‘1’

decfsz f,d  Decrement the contents of register f  decfsZ 0x44,0
by 1 and place the result in Wifd=0
orin fif d = 1. Skip next instruction if
the decremented result is zero
incfsz f,d

. . OXdl;l
Increment the contents of register f incfsz
by 1 and place the result in W if d =_(f3
- orin fifd = 1. Skip next instruction i

the incremented result is zero //

e
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Conditional Branching
o Examplel: a program to add two numbers that
are stored in locations 0x11 and 0x22. If the
addition results in no ccaTFry, the result is stored !n
location 0x33. otK&twise, the result is stored I
locatio -
n Oxil} | @A T DUM@
Ve mcarﬂs
>
o 1t on (_—’__ in o
» The STATUS Register—Co - e
'
L T T wm T o T T 2 T oo T & _
/
] - S B
Conditional Branching
Example 1
STATUS equ  0x03 - define SFRs= o+ #include picléfy:
org  0x0000 ; reset vector
goto  START . /
¢ 019 0x0006 ~ S¥ip Fur addtess  becavse e inflorsp
START ¢ movf Ox11 ,0 ; get first number to W
7 addwf 0x22,0 ; add second number

i}i:ii; —btfsc  STATUS,0  ;checkif carry is clear

nev J\gh (goto C_SET) |csv ; gotolabel C_Setif C==
L co s mowwf 0x33 | store resultin 0x33
C 0 DONE, -sspeig s <2o 83
C_SET movwf 0x44 » :
DONE goto  DONE + endless loop

(A-inc

end
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Conditional Branching
® Example 2: Write a program that mUItiplleS the content
. ouaRer
of location 0x30 by 10. (Rapres”
* wovf ox20,0 forCivoj [ cle7 1at) ¥
Y= X4\
addwl ox30,0
QA-AV”V oX20,0 3
‘\‘ ﬁy L\/ q,;;@.\\ém§ JecEmedtd 4
o gpde s e q o L owsAWAT
‘!(\'E‘J?F(Cfe}\* %,3‘;}&\ L @S +a coeos lool COUNTER S AS
N L e N org oYoo oo
q ilaio i3, g5 it el DA’ > Desima! aumber
poolw  OXFF < mouwd CoLNTER —> oveo
mouuz(l CoUNTER — MovE ox30,0
tMol 2o, W
L1 Gdd e ox30,w = Lspdomidy) (GPO"(' Addii ioise,p Ceds ey,
> inclsz COU’i\ﬁER € '.(\C & \\/AQCCS% CouNTER 1_>m§¢\'53:§.':b
Goto LI ’ L Ui Qote tepeat Ljso F e s
MoVUF ot30 Pl pou wh oX30
\ ~q = oot s [DoNE  goto DonE
Y , .
NP T SOV S R —

Conditional Branching

counter are stored

Decrementing the counter is allowed
counter is initially non zero.

ﬁvz(}‘i Qoo Vo 31 3L
Uﬁ) Me 'y,?};..scy.f, 5\ J)*f)\\by\h ).>-.~3 AL

) J*’FJ.\_A sy A\ 1200 st o Mol L
' O:AJ‘L\J \‘):‘l’:’}\

;_,\.mS
S pRC > \5\7‘;@

- (ower

¢ bits

"

« Example 3: The upper and lower bytes of a 16-bit
in locations COUNTH and

COUNTL, respectively. Write a program to

decrement - the  counter until it is zero.

if the

4

4
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Condltlonal Branchlng

y Exam ple 2
A0
COUNTL equ 0x10 , lower byte of counter in 0x10
COUNT"i €qu 0x11 , upper byte of counter in 0x11
\\16\“ #include "P16F84A.INC"
org 0x0000
START movf COUNTL | F ; check if the both locations are zeros
btfss ~ STATUS (@ + if 50, then finish
C goto DEC_COUNTL , if COUNTL is not zero, decrement it
movf COUNTH  if it is zero check COUNTH
btfsc STATUS @)
goto DONE ; if both are zeros, then DONE
decf COUNTH, F \o oo
DEC_COUNTL  decf  COUNTLF N b
goto START
DONE goto DONE ; program gets here if both are zeros
end
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Subroutines -+ o3 Betod

¢ [n many cases, we need to use a block of code in a
program in different places

e Instead of writing the code wherever it is needed,
we can use subroutines/functions/procedures

e Block of code saved in memory and can be _c_:alled/used
from anywhere in the program =»  “Hslessaadidg

e When a subroutine is called, execution moves to place
where the subroutine is stored

° Once the subroutine is executed, execution resumes
from where it was before calling the subroutine

4—//
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/ .
Subroutines
subroutine 1
I
Do this : SR1 e )
Do that / I
Do something else | ooere
S / ....... ] Subroutine 2
Return
Do that <« °d
SR2 | ....... |
Call SFLZ / 1
------- /<
/ .......
Call SR1
------- /
Return
Subroutines

o The program counter holds the address of the instruction
to be executed

¢ In order to call a subroutine, the program counter has to
be loaded with the address of the subroutine

o Before that, the current value of the PC is saved in stack to
assure that the main program can continue execution from

the following instruction once the execution of the
subroutine is over

\1}@.\ Q,&A Mem & GG %'ﬁgmmmw\m
@51 s B hootfon o il ﬂ
Values 52 : :ﬂ:mj? v  Blevals
e . x |
?s 'RCH\JK%N& VQ(UC\)')'Y~¥- 3._( SHLTR Nt (‘r;lit)ad‘ —
%{hﬂ Valve t\g\ i Program i/“ B Mg,
&% Bus | ‘-d_ 250
|._Instnuction Register | addEss
,’/

_d
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Subroutines

" CALL
e In PIC, to invoke a subroutme we use the]c o
instruction followed by the address O
subroutine

e The address is usually specified by a svmbollc label
in the program

2\ ARYMATEN vé\\pS%n\ \{\é‘UE-d»\A
%o‘moo’v ~es M

e To exit a subroutine and return to the main
program, we use the RETURN or RETLW

instructions ) NS
Sl Liids giagiio

N 4UX3= UxUt+Y ox

Subroutines e 3oz

e Example 4: Write a program that uses a subroutine to
multiply the contents of locations 0x30 and 0x31 and
then return the result in the working register.

~ Code of Svbutnes
MuLIT cLRw

> @\puﬁu
L{ ADOWF o¥ 30, w DK%'—E\ ‘ ‘
DeC Fs2 o‘f3\, e v Zti’zpw—b \5\3:0\__5)
Geote L " % \ox Enasidl
Qe{urr\ %.315(55\3 JC‘Q;_&,
\\‘.‘M\ﬂs\
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Subroutmes Example

STATUS equ 003  define SRS
org 0x0000 - reset vector
goto START
org 0x0005
START moww - - pass the first number
mc;v:fz g);gg - pass the second number
mov
m?IVWf (r)nxli:ipl}' - call the subroutine
ca
........ _ : the first number
0x05 . pass
7. nond 03
\éééj AN moviw 0x04 - pass the second number
>§t ¥ Qb\ movef  Dc3¢ II the subrouti
2 : - e subroutine
j TP call multiply ; call th
_ goto DONE . endless loop

Example - Continued

multiply clrw
Repeat addwf 0x30, 0 ; repeated addition
« decfsz0x31,1 : counter

RSNt o
S Lk N goto repeat
return e by if dendm B
L~ 3 (=} O : " (A
Ses\mapy SW3lze OO o &m
= : ey
end i
Wh0+ ppa{E o“
* MTo30l: o Ji‘;“ﬁ‘?&fs li;f . g 3

R CLYWSPERE WS

at Mloigl1: 0 e Loos\o) conmtert\il o) j
d alall s deo O
\ida g2
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CALL Thsk Pq . o5
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(i uq_s.h : ¢ A -7 g
o ; 55&3
X /'( ‘X 2 ¢ 3 D J
A/ ATROCPOTRP TR
== _:7 Hahe3 aome i Whadagpos (gan Sobrdlinssis
\/ "';' \aliod e M
J ) @BV;Q\ i_;%fn ﬁ'x\AAx\'“\ \'5;; S NGa M
“TasiKp
Qs \\N'\\)\\ r\-fv\ v L.\

%uy{nu‘\‘cei\s ML \AL\SL.»;\ LS wﬁ_&_ﬁk

L,s,xm,,asg FQ;A ggs.;.g, pe.i'_u& Zama ca 5_. Aot ) S ymom LS" M:m" -g.-dc\sess. N %
‘JA@_[&%_MTQQKAX_s_QLA&&SS@Ly&Lm&u_M

. QX QAAMMMM
ALL— @ Hlaces, QP'\?_JCQ oddcess ia Shack .

L@ o, B il seuis, dhass: aldonsg .

% Relocn — hmads the relum oddeess ke $he OC '
——Cﬂdf—iLe‘;ﬂA\—%\&-—H' 3ol

(<]
z
LSt o Sis sy ihonsi
== & Subeeitines W Ao\ & dacadtineg 5
CcAU S2 ] Al ea i n s [ g
X :_BR‘B_/ .// . L:AJA\ A\ Shek
8L iz f""g:\‘  (Neded edotadines) N
62G=""" )
v S
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[ Main oYoaot

\

CALL DELAY. > Machine ccde of 4he inck
5 AW > addess | iks

_ oo \ col Hnoooo—\
ol —gotsoxw ( ‘
mgLAy l S-o\Fe L&o?c'ode > S[‘\co',l' M Ga

¥ e i A it

L we sfored 1 Stk ? Rehurn Mdcess,
| r-E-N.D = oY% aessl
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Generating Time Delays -

b \spting

KINOPS

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

In most microcontrollers this can be done by

e Software —

e Hardware (Timers) -

To generate

time delay using

fagh .1“.3"{3 UA_s\n 1s)

software, Jet the

microcontroller execute non useful instructions for certain

number of times!

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

Delay #cycles x clo"k':fcy";_‘le"tzm_e

= #cycles x"f4 B

e Structure of Delay Loops

Generating Time Delays

(Disable all interrupts)

Load counter

(Padding, e.q. “No Ops.”)

]

A Decrement counter

or 2e107
Is counter z 0//

One loop for small delays

e

Y
L(Disable all interrupts)—l

[

L Load counter 2 1
L Load counter 1 ]

[ (Padding, e.g. “Na OpQFI

A l Decrement counter 1

No //&
-
—<_Is counter 1 2er0?
//'
JYes

N [ Utcrtmenl counter 2 |
-
o
No e S

\ll counter 2 mlu'{/-
w/‘
Yes

Nested Ic loops for or large delays

Scanned with CamScanner



4 . 4
Generating Timeé Delays

o Example 5: Determine the time required

execute the following code. Assume the clog

frequency is 800KHz.
£ moviw D'200’ ; initialize counter
1 movwf COUNTER

del | | nop , main loop for delay

¢ L NOp
2 1 decfsz COU-I\\QEB—’ F

ObaiseySt izl s gy

5 2 gOtO del 6})33 @‘,JJ {!v_,neﬂt: Mulhe{e_g%{\s

S’J\Q{dj\?té \_\é‘r S e Yetora \9 Whlrs s to auaty lgom«;

. What if this code to be used as a subroutine??!! |

.ﬁM€= \ ( q Y % 5. ]

. Chl+ iq 5)+ Y )% P 005 tger |
\\&F K 20-| a— éi
N\ Pl W B%ng]s, 1
Gl e Tl B T="+¢ B

s f@x-\_ﬂ_t@ _-515__‘ CRIL DEWY __

) Generating Time Delays

° Example 6: Analyze the following subroutine and show how%
't can be used to generate a delay of 10 ms exactly including]
the call instruction. Assume 4 MHz clock frequency

TenMs nop o
; beginnin -
moviw D13’ ginning of subroutine
movwf COUNTH- ooter \eck

Mmovwf COUNTL& \nnerlos
Jent  dacfsy COUNTL , F ;

o e T
“tpzf\y‘” g0lo  Ten Nnerloop 255 o
i " (] a0
s ’L?_cé,sbb decfsy COUNTH - S Ky -
% Qoto  Teqq ' outerloop
return
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- Exocuted once when

HEEY) ln";ﬂ"’-‘.'.'io-"—i—;-_l- TII the aubroutine Is called 7 Cycles

R e gy =<

el LTI

L oo oo oo oo

rUATEo UNTL 250 > 249 > 248> ... > 1

i 2 co-\.qo x ((D % (2) ) = T4T7 Cyclos

g v ‘ Crooulod vnce whon

! DECFSX COUNTL ., \ aovo COUNTH 13 -» 12

H . 752 Cycles .

{ %) COUNTL 1 2o T;:)ﬂ".z‘ loy™ . L y

: & < - (2 ————» 5Gyclos e e ¢
1 * l . .

§ DCCTRY COUNTL T UM CFRZ COUNTH Y O \QO? \ \*ﬁq IM As\
L imamemmee e cmatmcmammc e .
B Sl { S\
! 4) COUNTL 0 ->255 2543 .. 1 N

i (C; b) + kf) ) x256 —=-———» 705 Cycloa

! DECFST COUNTL.E aoro

? Exocutod 11 timeos wher

i %) COUNTL 1=20 COUNTH 123 115 ,,, > 1

: o)) _ 2 Cycles 8470 Cycles

: DCOrsZ COUNTL . T
! &) COUNTH 12> 11
i 0N +

————— J Cycles

i *)counm_n-)zss—)zs.i-) .3
: ( s« @) x255
5 3

S OLCFSZ COUNTL . F SoTO
.

— —— 765 Cycles

! S)COUNTL 10
'\:‘E ———— 2 Cycles

Executed oncae when
COUNTH 1 >0

v
DEGFST COUNTL | F

9) COUNTH 1 >0

————— = 4 Cycles

—» 771 Cycles

10000 Cycles

—TiMe_: looea % [ Msee = \Oms/

¥ movwl exde — |

G&SS\&"@-A

‘ |°o aooq ) Dﬂ'&’j QAAESIM = \(\g‘( )\th.yﬁ

Working with Data

Indirect Addressing -

¢ 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 {
* The File Select Register FSR register acts as a G)&_ys \NDF K8 RAM Add

pointer to data location,

¢ The FSR can be incremented or decremented to

change the address

e The value stored in FSR Is used to address the '/
memory whenever the INDF (0x00) register is

accessed in an instruction

e This forces the CPU to use the FSR rogl«:(er\to

How the cpo addtesses the Deifa Hem

or FR
3 OgtaBus g, |
T
RAM
Filg Regiters
63x8
Memadd \\\)\é

R ss =

e M Yo T— /g

2
. DisctAdyr o f drect

#+ s > —’*‘bs Addr
% cleae DR 1 3| PRy K=

% Clear Fsplll /-
Clear FSR Cs‘mmsm =

address memory  cdisleus\ueyl o @

'y n-\k\\; A
\c\c\k(uc\ acklansc LG gk ?*;yr- oo\ C:SN

NOS* s;a A\

SO TSR Ge,

“haal e
Selection
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S\;f:gfy Direct/Indirect Addressing '"16F84IA ________

P il B it ndirect Adg, R |
’-'”—-‘-}“&:c. --E):r;;t- Addressing \} :' IRP 7 '(?S’R) \:
{ pprppo 6 Fomopode 0 . |
| [ W Cad \
E — | \ﬂ-."’\ge 3 E Bank Selec\l Locabion g

E Bank Select Location Select_s: T’ o i J\'?Q ‘.?)\\ o

3: Notimplemented.

0Bh
0Ch / J
/ Addresses

o ¢ map back to
Memory *\. Bank 0

4Fh \

50h

76| O (3) | Frn

Bank 0 Bank 1

Note 1: For memory map delail, see Figure 2-2.
2: Maintain as clear for upward compatibility with future products.

i

STATUS

ol FSR o
et Linor o
% ¥ RES oy
s.;\ oy 85 . uLT equ
we equ
S COUNTER equ
or
2ot Jodiiat J,m go%o
\MVUP" org

START Moviw

movwi

moviw

movwf

LOOP L

addwf
4 AN AR "fincf

a 9 decfsz
’}9 goto

movwf
SRR DONE QOIO
e end

-

/4 [ ] e
Working with Data
° Example 7: A program to add the values found locations 0x10 throJE
Ox1F and stores the result in 0x20

0x03 ; define SFRs -
8)(83 o+u‘+\),+---+\l(6t§’:‘d‘?.a-:‘ de o

X

0x20 UL code W oo~ (188
D15 > D'\’

0x21
0x0000 )
START ; reset vector
0x0005 g
N . :
COUNTER » Initialize counter
0x11=> o\ -
PSR J: Az, | initalize FSR as  pointer
0x10 \%\\n
INDF ,VV\\II Q‘T(AJ ® ,get 1*' number in W
FSR,F — movlw o 200 Using indirect addressid:
COUNTER  F + Paintto naxt location :
Loop . .decrement counter
RESULT F t\g\\ _,,)
SN q«sm\‘gg At

\
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Working with Data
Look-up Tables A<= Seblitsesic,

e A look-up table is a block of data held in the program memory that
the program accesses and uses

e The mqvlw instruction allows us to embed one byte within the
instruction and use ! How about a look-up table ?

e In PIC, look-up tables are defined as a subroutine inside which is a
group of retlw instructions

e The retlw instruction is similar to the return instruction; however, it
has one operand which is an 8-bit literal that is placed in W after the
subroutine returns /

o In order to choose one of the retlw instructions in the look-up table,
the program counter is modified to point to the desired instruction
by changing the value in the PCL register (0x02)

¢ The PCL register holds the lower 8 bits of the program counter

é 3
- RETLw Do’ — ("M"{\ _X

Retw kK
Working with Data

¢ Example 8: A subroutine to implement a look-up table for the squares
of numbers 0 through 5. To compute the square, place the number is
stored in W before calling the subroutine SQR_TABLE.

SQR_TABLE addwf PCL, 1 ;modify the PCL to point the
; required instruction

retw D'0" : square value of 0
refw D'1" ; square value of 1
ety D'4' : square value of 2
retw D9 square value of 3

reflw D'16" ; square value of 4
eflw D'25' ; square value of 5

e PC always points to the instruction to be

- Remember that th
executed

e
e e e
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Summary

® Building complex programs fEQUireS putting dowp i
requirements and design |

e Programs tends to execute instructions sequentia|)
unless branching or subroutines are used

e A subroutine is piece of code that can be called frop
anywhere inside the program

e A simple way to generate time delays is to use delay
_. loops

<y ;
s

e}
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Outline w

e Introduction

e Interrupts

e Timer/Counter — Timer s mesole
e Watchdog Timer

e Sleep Mode

e Summary
|
)

,,,Coaef\bj;&%»m FANTI pp\sﬂ_l&s_ﬂ_%gygm%sw -
o G of intesfugts X

Introduction

s Microcontroller should be able to deal with time

o Respond in a timely marner to external events

\Lar .
-Tﬁeasure time between events

Jorition of some W

e Generate time-based activity = o

LA S
ontrollers are usually

Y, For this purpose, microc ‘
support interrupts

provided with timers and

,_,__/—4
e
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Interrupts

o An interrupt is an event that causes the microcontr0||6r§
halt the normal flow of the program and execute gy !
program called the interrupt service routine (ISR) \

\ii
|
|

e .

i normal

| MO = program

| ready ---------------------- .
| Interrupt “fetch Interrupt

service |
routine

-

<
normal return from interrupt
; program (RETFIE)

o Interrupts can be thought of as hardware-initiated
subroutine calls

o Usually, interrupts are generated by I/O devices such g
T _ .
()  timers or external devices

Interrupts vs. Polling |

» Advantages
« Immediate response to I/0 service request

= Normal execution continues until it is known
that I/O service is needed

> Disadvantages
Coding complexity for interrupt service routines

yod ® Extra hardware needed

&
\M(é = / i
Processor’s Interrupt system 1/0 device must
ge€nerate an interrupt request |
’v’f@é.{!, |
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General Hardware Structure for Interrupts
P> elels Sard dob oo Weasphs 5%
e Interrupts sources can be external and internal : =

e Two types of interrupts : maskable and non-maskable
e Maskable can be enabled/disabled by setting/clearing some bits = zqsunithedw

* Non-maskable interrupts can not be disabled and they always interrupt the o)\
cPU TR \abiss yio\o

e Usually, each interrupt has a flag (a bit) that is set whenever the
interrupt occurs

3% Wagkoble \2o infeqspt \S?M\am AW\ Pie M %

Mcs:.:- 83 Proglatmer £\
A RHNN

Other 1530
Replicated for all other maskable interru

E‘z maskable Global Interrupt Enable® —, e -_"F. —IRD
Maskale'S ) interrupts Coni@l o |
...................... ) o oui -~ e B Ghaee
E i . Interrupt X Enable” £ bt ' £ Wobs | .-
NS CGuyrdtianb g S | ) maskable - 4,55 \a | digakied |
(eq}m* ilnterrupt X ) H Interrupt Q_(\Clb\&é \'>V> S
1 O—/—s af i _i_ L inputs to [
; ——>1ibl CPU
i(Resetby CPU|[ g Interrupt | iﬁ"ef(«-?*&? &
1or program) ) flag® E Sl': ?:
Non-maskable cpde St <Walils Gou Naple &S
inrerrucit’ i /
[\ * bits in a Special Function Register

|
|

)

)

The 16F84A Interrupt Structure |

|

¢ Sources of interrupts
e External interrupt INT |
The only external interrupt input In

- The input is multiplexed with RBO pin of port B li J
It is edge triggered |
e Timer overflow interrupt |

Itis an internal interrupt that occurs when the 8-bit timer
overflows

® Port B on change interrupt

An interrupt occurs when a change is detected on any of the
upper 4 hits of port B

* EEPROM write complete interrupt
) * el "“'l&m’fﬂL that occrs when eEPROM Ginishes wrchr}j

s
-

~»4
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The 16F84A Interrupt Structur,

e Interrupt Hardware Structure

PR
r Wake-

rane-up
[ ' (ifin Sleep Mode)

&

-

Timer Overflow Flag [ ©

~a
Timer Overflow TOIF
Interrupt Enable [ ~*TOIE

INTF
INTE

External Interrupt

Interrupt o Chy

RBIF
Port B Change { RBIE

EEPROM Write |/EEIF
Complete EEIE

Global Interrupt | »GIE
Enable N

P4
¥

¢ No non-maskable interrupts in 16F84A

e — TP
_ The 16F84A Interrupt Structyre | %n

oF
° The INTCON Register - Ploofand Bl asidey ¥
3 Rank Yeomars Sbu\e - InTcon REGISTER (ADDRESS 0Bh, 8Bh) )

R/w-0

R/W-D RAV-Q R/W-0 v

OEaAMN s Sychenl s e 0yt
bit 7 y‘?% /GIE: Global Interrupt Enable bit (dsable ) wBsE  INTan, Toif © Shag

1 = Enables all unmasked interrupts

0 = Disables all inlerrupts ' EQF \}JtON,INTE ob :),U.\bw

bit 6 EEIE: EE Wirite Complete Interupt Enable bit E
1 = Enables the FE Write Complete intermupts .}*b Q‘%i &\é G\Q\ch \-‘*\M&@ éq'\os

1
|
Ay ‘l
|

|
l;

il R/W-0
R el |
|

0 = Disables the EE Write Complete Inlerrup(
TOIE: TMRO Overfiow Interrupt Enable by o
1 = Enables the TMRQ intermupt
0 = Disables the TMRO lnterru':)t LA ZNTes s ATE
INTE: RBONANT External In(errupl Enable b ‘AA&— \‘i\.'“ D
it \W\\) \
1 = E£nables the RBO/INT external interrupt Cﬂ\Q-blﬁ " :
0 ~ Dicables the ROO/INT external Interrupl
RBIE: RB Fort Changa lnmuupt Enablo bat 1:
1 = Enables the RB port change inter,
0 = Disables tha R0 port change lntmrr‘\‘:'::t {
TOIF: TMRO Overflow Intermupd Flag bit ’
1 = TMIRU register has overflowed (ny i
0 = IMRO ragistar g not ovmnuw( Ut Cleared . aottware)
INTF KBUAN I Extornal intarrgpy Fag pi
1 = The RBU/INT oxtemal ntamupt oceun < . i
0 = The RBU/INT external interrupt did notugc(c“t:lrh( be clanrad S1SEERS)

RBIF: REB Port Change Interrup( Flag big |

= Atleast one of the RU7:RB4 ping chan 2 & . 0 \
3 = None of the RD7.RB4 pins hayg chann?;:lds‘t::?e:e {mdatibs Ciearediin soﬂware_) /

—————.
——— ‘x“—\ ’

)
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The 16F84A |nte§i-rupt Structure
e The Option Register (81H) - interrupt related bit

R/W-1 RAW-1 RAMW-1 R/AW-1 RAW-1 R/W-1 RAWV-1 RAN-1
| _rePu T iNTEDG [ Tocs | Tose [ PsA | ps2 [ Pst [ PSO |
bit 7 bit 0

bit 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled

¢ = PORTB pullups are enabled by individual port latch values AUk
bit 6 INTEDG: Interrupt Edge Select bit /ﬁ

1 = Interrupt on rising edge of RBO/INT pin \N\U(U P.\ 3\>
) . 0= Interrupt on falyng edge of RBU/INT pin
bit 5 TOCS: TMROU Clock Source Select bit
1 = Transition on RA4/TOCKI pin
0 = Intemnal instruction cyde clock (CLKOUT)

bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4/TOCKI pin
bit 3 PSA: Prescaler Assignment bit

1 = Prescaleris assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

Select the transition type on
B s MRt WoTee: < input RBO/INT that will cause
Bit Value TMRO Rate WDT Rate -\\'b\ SRR e an Interrupt
gg% 13 i:é g Sade b)s:\aksbu\ks\.n\:z_\
01 o
Sk | bersdemnnr B T e
i ‘32 A R{Nien-R
M Emlia e T i, Renmeatey
THS REF INICeN, TNIE Gong & L oal| dearolt Ny /

BSF INToNGIE —> 5\, \siusis odm\al &)
— Hlligds by g 66, ,\C_\G\t«oﬂ,aop 83 N\ Ssingisns Sa

IS WE A NP S SN A
The 16F84A Interrupt Structure
o QWi Le U VBN G
e Interrupt Operation SOLSN LAk
P ek 599?‘“
*P\E\F\E o ‘\s. Interrupl dﬂlecled Main program lsmgd
L i GlE=0 & e
(e.’ﬂ)ﬂ'\ . NI ) \‘- ( Complete curr‘ent instruction @ i &B\;itfﬂ:éxﬁgsé‘) l - I¥
T 3 o © Shadee R
QnYQ N \ oA |I\’i‘c{(‘uﬁ'@ve Program Cj,ounler on Sl:ack la&(css RL__LI -
) -
s\la M\)’X\ E"bk\’ \h“g.l Clear GIE J \e&_“da&%z:m‘( &
b g \gostid ; ot
Atys P eRh || Reload PC with 0004, | Sokereopt M d%:?w Ty —
: e 03350 \bb@__.s _ /
G‘\E= ( 3 GOd "{Eonlinue program GXGCU@ ISR execution starts 4 MGs g,_R == é/-.'; -
e 4o 6\ ke sl BN ovood| M= 223 PR oVt ie Uo
gy o o> bl pll b el 0
ot Usut ds ' A\ Y

Yes

0 : W (\{'er(upf Vector Ot oodA
GylE-\ 8J o-\B'\h\)%W SetGIElo 1 ﬂq% . Qc&“eg < J
\(\S\- \XS l)g\»$\ bk-kbbn&g R v \\qgw .J?')A
(’Mﬂ *-L%\s Qs 'JTGaN Qe r Load PC from Slack = el Fe Y -

T wheaupty3 o2\t
(EETF\E

40 3 i ram continues . <A \33]&&
15N ng\n@blanhnue program execution | Main prog .

o ertugt \sadlete o) J
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The 16F84A Interrupt Structure

® How to use interrupts ?

L. Start the interrupt service routine at 0x0004

e ke, rClefar the.fl.ag of the used interrupt in the INTCOpN
Vg CBSter (ititis not cleared on reset, e.g, RBIF] ™\

3. Enab| ' o
e the corresponding interrupt by setting its bijt in

INTCON register

|
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The 16F84 |
el A Interrupt Structure
inc ; .
ot Hee 8:8533A~'“° ;include the definition file for 16F84A
e OV goto - START + feset vetor
FHges 09 0000  define the ISR
. Lo R SR et

0rg a"‘dh 0x0006  Program starts here 6 5+®%®

START Es?v '&\&; STATUS , RPO , select bank 1 ‘ a3 @b\sb\\oéeﬁ

- S OPTION_REG, INTEDG : select to i isi by deranit
,§c\mrQ\“%° bsf INTCON . INTE ; ct to interrupt on rising edge NS

[=\]

ADD b‘ﬂ Ae_gqu“'adde Ox0A, W .

SR st movwf ( Ox10 kns yuns\d ; on interrupt store the accumulated result

ket lgm:s,INTf bsf INTCON  GIE , enable external interrupt on RBO/INT
~ ’

i ; enable global interrupts
N ) '\9@,\_)_\3\» bef STATUS , RPO

3 ., select bank 0
__ANTF molw  0x00 ﬁ‘“@i’%wj; clear W

s&  ; add the contents of 0x0A to W
o goto ADD & ; keep adding until an interrupt occurs

|
Neplpss oas MingrSdsy RBo M A& Lt 9
bl @ \ Rbpss oxby -

oot \os, org 0x00BC  location of ISR |

%
l
i
|

clrw Oe® FZ3.aa5\  clear working register
bef INTCON , INTF ; clear the interrupt flag |
e retfie - return from the ISR i
@i end /
MQAQ_’;.__:_’\

. m%:ioswu\ﬁ &L@i&s" ‘ \
Context Saving = T8 TETRA

X
¢ What if the main program is to preserve the W register W3 |

|
. . . . w N
and the interrupt service routine uses it? Wie@pY ']
s Save it temporarily in memory at the beginning of the |SR ‘\
MOVWE  TEMP ; push — R Wbl |

. nd of ISR 5
Restore the value at the e o CRETFE ) 320 o 38 \
MOVF TEMP, W ; pop e pedacy]

% Ual Sobodtee Ms Aknsla (s :
¢ What if we want to preserve some memory location suc

e %\'Q'\US 5\‘;‘;0&!}
as the STATUS register on interrupt? > & SERNC

® Save it temporarily in memory at the beginning of the ISR
SWAPF  STATUS,0  push .
MOVWF  TEMP '\_, COPRARE (-W,\:; ‘Dw?'\g,
* Restore the value at the end of ISR LV PUE q}? i:\cxﬂ
SWAP  TEMP, 0 ; pop Shatos |
MO | L |
“ VWFe \STATUf‘—\—:& s Yo Yo bt @uietichenk
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\“*Et{@tblgxm_%gﬂﬁL@n_cgﬁmﬂmﬂ\W’wmkN
LQ‘\& Y ii\\‘m’\’up\‘ %QQ(QQ ) &m&\ é;\-l} -tSR 5\ -&)Q\» Q C;' J)J‘DJ:) O \)5\ &__9_):8 Cb\é 3& |

Fla:} \g

i

A 0\ &%

s oxeS Multiple Interrupts

The 16F84A Interrupt Structure

C\c\;\ |
W j{\\‘éb ~2\3 e Note that there is only one interrupt vector for all types of
wisgopt 1 interrupts
PISLHS AL s , icrocontroller
S ‘  In other words, regardless of the interrupt type, the micro
‘\\.\HL\\::QT will start executing from location 0x0004 on any interrupt
W= upt ) _ .
’k\1ﬁ§ 5 How to determine the source of interrupt ?
NG T S v . _ S T inni
e ® e Check the interrupt flag bits in the INTCON register at the beginning

Bw, Emé’\ \euel
\-:‘;.ﬂﬁzkkae Q

of the interrupt service routine to determine what is the source of
the interrupt ! > Lasa® kg Yem b 509

\ u : s
- - Interrupt SR btfsc intcon,0 ;test RBIF &01-“.’.}3 ‘M‘J?—k’ - »
<7 Saufrce = INT- - _ \\' goto portb int ;Port B Change routine 33
1€ Saof= = PRche . - - btfsc intcon,l1 ;test INTF
‘._:a " \ - goto ext int ;external interrupt routine
aﬂ»\g—d‘\&-_fﬁ btfsc intcon,2 ;test TOIF
Ob\,g_g goto timer int ;timer overflow routine
btfsc eeconl, 4 ;test EEPROM write complete flag
goto eeprom int ;EEPROM write complete routine
. A/W-0 R/W-0 R/W-Q R/W-0 R/W-0 R/W-0 R/W-0 RAW-x
T [ aIe EEIE | TolE | INTE | RBIE | Toir [ INTF | ®mEIE B
16 it 7 bit 0
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MQML@_PJQ&M_AL\S_KMQJMMM
Side 16 8 TSR biffsc  Inican, RRaE

_9ate %ﬂbc\\ame inleropl3) im code d loble o
‘&_.Q;ag.ng_esé*_b_+_csg. INTcon, T (fedtochanae . --- e
| chel &t V| aole exx feifie )

g;;\éxags‘uwém_ﬂsusmgg} %?QEE?%M — ° g da
AN LRt | oo Tmeros | REtHEY chek M

.‘--‘&5@3 btfsc Ercont 24\ Foasadells

] Cjc_r!fo FE?RGM K&ﬂiﬁw&ﬂ\ﬁ:&mj_&m

P / »
- - @ % s . &'\‘/\1 C .Aa‘diswh_

4 kal‘ [l,i 41 ;EL fl' klr &Ln «’.Flt ’41 L
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' DATE
3 ,
. - o 5 " e
N Slide 16 2 Q ‘\(\\‘exro?{' M2 :-"“-lﬁ"’ 2 wd %

, - . ToTE M AR
. octer of Secyice (RGaCYY) N vy oA Check cade 2avdy Werder N ¥

)
l —IRQ_\__,_ELES&_CJAI&QM ™ \&giutﬁ‘ FlQQ

me: Cleox IF
@ N S e STme

D B ose celili e A TR@F M s\gs TR R db\o\ ;L\ A
:/ \

.y

. - A P " ®
s\ o o\“L;'._Ln‘\') cal v, q':\‘».\_\ \~.\ ey B e ‘\n!\\\\ [ qo\\h\g \ e \bq
~4

D w7 & o
<! R -’4 s'\ Y, ‘u ‘ fij-_’_-.ﬂ 3 -’;E[‘ """,\“ =X \;\ xt \- ‘ '\ '*- LA \\\L‘ ) \‘ £ ’LC “\ \‘\\ A \\\ .}\ NS
- - ~ ~ . a v

."“» ALY WS 'rfb ‘\m«&m \ \m}‘w \\ o TRC 3¢\ Sl .7\1;‘:\
% .QQ:S‘C__BS L»A—J“AQ)M\»@-&S&_CMMAA&L
LR A G W&.@Q&\X\l&@ﬂjkm_\a&h@_ ¥ TRAT W 5..;\,_\)_&}
@ dea { —» paoliple fequed differeit Setrces .
@_icl_vm_i—,—),_mzxﬂiplc Yeguest fmm the Same Seowes.

el e e e At e e
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wait . BTESS TAcon, TATE 2 Q‘Da\\m?) A\(Y TN/ R ;.
Aap_deal L N2l TNTE g i
m‘} 30’\6 wait - @de Madiy ¥ g

U Gleea D — )
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. ‘ S— .
r\‘_) TOO \"C\—EX‘S\ o '%\D_&%_ 6’7

i Y T T =
/ a 'd A\.' w’ LN X s
sy AJ_:_ f.y\‘g (J‘inb

-

i T .
Counters and Timers

* Digital counters can be built with flip-flops. They can count up or
down, reset, or loaded with initial value

* When the most significant bit changes from 1 to O, this indicates an
overflow. This signal can be used to interrupt the microcontroller

¢ If the counter operates using a clock with known frequency we can use
it as g timer ‘

o\ = 25 . -5 35%

[_> t , o\r&r'clo::’”';/—, el i b S e s Dt N R
0 0,

0ol I gk o i I ok ! !

sy L | L > \ Lc>J T ny
Il 1 1 1 i f TD |-
L T LS (S O (S O (0 O "

D, EET £ S W el

e

. . )
w ‘L‘é‘ \'-. [ . < 'A'C‘\i._‘___ -
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Counters and Timers |

i icati - W fomnrio\let f\i\\;'c;)ié&g)ig@w*
o Timer applications O 993360 b s o Y sl s

T‘\(\'\e_j\J&__A \)’\'g:\.
(a) Measure the time

between two events
(b) Measure the time srent 1

Event 1 FL

time —s
between tWO pUIses (@) @h"cbunter’hﬂ [iqaoourfer hére]
() Measure a pulse ] |
| = - |
duration —'abuskss )i K g
A5b3) e Aza i Jasimidy
Oy RN sa kg &
. . - A T
Use polling or Interrupts . . | .
(c)
. inpot & RIM/Toctdl o sbuial st Ky |
3 nSYRs
I*

C-(“W O Soorae Eége\y Q’Q\\ ‘\3\ ‘3:\ \-\\%‘\(\3 A Y \(\c,(uveﬁ\‘y“ﬂx% //

/

7\ _ = S = 7CQIJB§'€4£$_A§ Sty K.}{.an\%

. 5 RV . Qd-e %M\J\&\ Siee Nardwaied
~+The 16F84A Timer 0 Module v R =)
\ <;;<;\>\M ‘i;(?\o Mdfl'iblexer selecting”| | ' Multiplexer - - vﬁmgx‘g \J\Q\)’*‘Q;

N counting source - selecting prescaler Q)’Q\ko“é WSt gss
R = .

+ Stes\aly {

Ty wode Sour Data Bus

. | 8-bit counter ;
/ | sly?c w"'h _T Th1ﬂ0 { ]
nlemal
Clocks {
Programmable 0 PSOUT ¥ L
Proscalor 2 Oyclo Dotay) SER. a2 mi RN N

9 sk .

} Coot AN xS
PS2,PSI,PSO  PSA -> Qeescaley Naltre rs::'gm:f' ; ooty C::s o\t
Boack T8 pecalex it Osopents \\xbp o0 Overtiow LSRR
1: 705, To8E, POA, PE2:PE0 (OPTION_NEQLS:05). LSS a8y S (S R s

\)0\)\.\\
2: The prescaler Is shared with Watchdop Timer (reler Yo Figure 5-2 for detalled block diagram), s
‘ \ -

- e —— T " T TN -- \

¢ 3-bit counter , memory address 0x01 ( (eadable / t.ur\"lnl)|@3 *c\“-%it QS&?
' N PA{E

* Configurable counter using the OPTION register (0x81) ’

Titnere

Nots

Two sources for the timer clock : instruction cycle clock (Fosc/4) or RA4/TOCKI
The Programmable prescaler is shared with the Watchdog Timer WDT

. Thevalye of frequency division Is determined by PS2, PS1, and PSO bits in the
) OPTION register

I — e @}L\S@Qgﬁéﬁ\&&n@\_d_/ *
| S e L’\Ib',‘ f)’\. J hacdwsasm
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The 16F84A Timer 0 Module

¢ The Option Register — Timer related bits

RIW-1 RAV-1 RNV 1R RAW-1 R/W-1 R/W-1 RIW-1 |
| RBPU | INTEDG T0SE | PsA | Ps2 | Ps1_ [ Psp

bit 7 RBPU: PORTB Pull-up Enable bit

2 = PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
bit 6 INTEDG: Interrupt Edge Select bit

= |ntermupt on rising edge of RBU/INT pin \"b\-- X \3]3\! L \AG'QJ

0 = Interrupt on falling edae of RBU/INT pin ~2

= Transition on RA4/TOCKI pin

EERE

"bn 5 Toc S: TMRO Clock Source Selectiit’f/ (’Do\\\‘ef \,:{.J

0 = Internal instruction cycle clock (CLKOUT) 7 Timex 5o |
bit 4 TOSE: TMRO Source Edge Select bit . }
|
\
l
i

\eé < 1 = Increment on high-to-low transition on RA4/TOCK! pin  MiCX©

0 = Increment on low-fo-hiah transition on RA4/10CKI pin !
Dll 3 PSA.: Preccaler Ascignment bit

= = Prescaler is assigned to the WDT
0 = [Mrescaler is assianed 1o the Timer0 module

bit 2-0 PS$2:PS0: Prescaler Rate Select bite
Bit Value _ TMRO Rule‘ WDT Rate Psorpg‘ Ps2 x\

004 AR

ol 1:4 | :2 L»CDDCQ e,erE
c1Q 1:8 1:4
o1l 116 1.8
1G9 1:32 1216
101 1849 1 .32 |
1140 1123 1:84 1
111 1:2E6 1.123 |

el e Y

The 16F84A Timer 0 Module
¢ Timer Timing
rpwyarm

:01|02|03|04 ar| c2] 03] o4’ ot] @2) @3] a4l e1] a2 @3] i a1 2] a3 e
osc1 Wmmmﬂf\f\_ﬂﬁ
CLKOUT(3) __/—_\_I \ o w

|

Timer0 : FEh X : FFh X : 00h 1: 01h ‘)L ) _J
A R 10) ' h X .
ores o 19 ' - -

1 A Timer0 . N

' : T~ ovorflow ! ' \ }
. ! g interrupt  * : ! :
GIE bil ; : \ : : I
1 | ' ) N [
IHSTRUCTION: : ' Flushin Start executihg .
FLOW ! X / response to ! / ISR ' )
' ' ' interrupt : s
1 - > - T N ’
i e ot S 1 oo X ooosh
Inetruction | | 5 : ' p )
felched { L I (PC) L D nst{odndhy ' pstooosh)
gscm%m { : Inst (PC-1) ; N3t (PC) ! Dummy cycle ! Dummy cycle : Inst (00D4h) .

Note 1: Interrupt flag it TOIF is sampled here (every Q1).
2:Interrupt latency = 4TCY where TCY = ingtructi
3 CLKOUT is availabie only in RC ascillator modon SRS
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[\,,, 2 (50 BN o oy (523 adigl\e Gmstials Tieas \ConfySyd @
o Example 2: Write a program that generates a 5 ms delay usingt)

w/—’/f‘s\& u@f 5 ey 5 !“! * s é‘ y ,:- _!!f"! it \

The 16F84A Timer 0 Module

the TMRO module without using interrupts. Assume the clock

frequency is 800 KHz. Sousng S

o Fosc = 800 KHz = the timer internal clock = Fosc/4 = 200
KHz = instruction cycle = 5 us = timer increment every 5,

us Lo ey S Tes Sh@nlion
e For these settings, the timer generates an interrupt after . SRedd el
256 * 5 us = 1280 us only ?! * Timg - :&i{fc‘)\:’:‘!-*? T
e How about changing the prescale factor ? BesT= 266w E Lughe *
= 256 x prescale x 5 us =5 ms = prescale =3.9~=4 cup .. ,g\-lms << By
° This will generate a delay of 4 x 256 x 5 us = 5.12 ms "“’j;g?m" L

o What if we need more accurate delay !! We can play s

63: s

around with the count value (we don’t have to start from %5154

0 always) - e Enent N simeods 5 s =
N x prescale x 5 us =5 ms --> N x prescale = 1000 = we can select -2 P=39
€ e the prescale 8 and the count N to be 125 P=8/ T™MRo:3\ e
hi‘;a;@ We have to load TMRO with 256 — 125 = 131 as initial value s
2 Aoy ; Pt agplabl iy -
e CB Swe = Hinc v Bw\oenﬁg > 9% N \eod NSy Baapnf HIES B¢+ 5o
| X v ) . . ) %= G.\2 e
o . J X one e 3
| AN SN PR )
| [ ] »
| The 16F84A Timer|0 Module TTARTR
E I ’d ’?'.: 2 —> N=%os N | "\‘
o Example — cont WOy, P-4 — N: 250 = p=250 5Tvle: € v
#P L (Sears ililon ip: a> N=\255TMRos \31 \~ |
include pl6f84A.in - CAS |
b P c Ba\b > k= 625> 63 R \ap st
= org 0x0000 : i
B M*\*? goto start Tacs T:SE_ “IN O !
ée‘ 5\9—5\3\\ ‘:LB - 2 psz J " Ps° i —“ A
o org 0x0010 aﬂ g = \M\)\ KKNK\ C‘) \ %‘ \6 o \ \ﬂ O?‘\ 1)
\ start C .. > Soove o A N 1 Qﬁ
P S C 11 delays TEOE e Vorar € Mwh |
. S a ela Py A iz l
Mg Sitihy Y i ;c\-(g \Slso addl X (%
BM,. B P&*Z L2 (o} No2 = Qﬂ;ci\_REC,‘ |
de‘layS movlw D'131' ; ko preldad TO, it overflows after 125 counts |
] i
Yosdusmi MOVWE  TMRO . M\’S k‘é*&% g Oé\—\‘m\ Q&ﬁ c 53|
delny  bst STATUS, RPO| & ;select memory bank 1 =7
".".,:’_53‘/-‘9 movlw B'00000010’ 3 ;set up TO for internal input, prescale by & t
tolline mOvwE  OPTION REG [\, nst 5\§\>,¢\J;;&\ m,sg.&:b.}
J bef STATUS, RPO ;select bank 0 ’
dell btfes intcoﬂ,ToIFQ itest for Timer Overflow flag = j
goto dell ;loop if not set (no timer overflow)_\?“(\;“|
) bef intcon,TOIF ;clear Timer Overflow flag i
P SR U Lelangh gt e Y oo Gin oo dsiLaib
T s AN B apliy Clor A dnan gl
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/__/// . er i |
o 5 Watchdog Tim

P oS g to the microcontroller thy .
& [ e Special timer inter” L ls
2 fuse” continuallycountlng up- :
mnabled and it overflows,
o reset the Microc

7
the microcontroller is reset

ontroller if a program fy
e Can be used t Program fy,

or gets stuck

o Properties |
o The WDT timer is enabled/disabled by the WDTE bit in

configuration word " J «
> % E(
ninternal RC oscillator o' Foer

o |t hasits ow
e The nominal time-out period is 18@;, i ok~
. e Itcanbe extended through the prescaler bits in the OPTION registe
PP S-L'\ ‘/(u—pm28x18 ms= 2.3 SeLc)J-so\cu@c RS @%&oﬁgwsﬁoﬁ
r,c;»l'\"/(S e The WDT timer can be cleared by software using the CLRWDT

\Z
15 instruction
_ © How does the watchdog timer know if the program is stuck
(2 ?M!Itdoes not! |
- ,V;g_\&\,q;_;\_\,\ O
//A-AP.w - N ....7,4,———--——’—'-’_/

CeoBlbig) o |
cucent Ne Eas §st o By 3\%31%?\8 Mod e
Glede= An important way to save power!

<

The microcontroller ca . g
instruction n be put in sleep mode by using the SLEE |

¢ Once in sleep mode,
suspended .
o (The oscillator is switched off )
. > The WDT is cleared. If the WD
Citaws .\, ® Program execution i
oS¢ Migehy o All ports retacigttlsnlls - spend
. e oAl et; eir curr
,}9—»&”-(0“‘“3 e PD and 70O bits are ¢| o
Toﬂ) ’\\_ A '€ Cleared ang gt resp [ L)
o L Blecd N Sovial cb Aonon falls t bl avely PP
eeR s\ g Qi A \uoakabnegl'ﬂlble st :

the mi —
the microcontroller operation 15 almoi

Tis ;
o enabled, it continues running

ettings

:Sf-'x\o 2§ b
e To st heslecy meg "y o) o ey
N (R e Interrupt occurs (gyq OINT, r\r\)\‘?‘ Steet
) » WOT wake-yp NIFGIE = g) 1 s tEP, PB

Jb‘ Program continues
€xecution from PC+1

o External reset
R pin
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Summary

e Microcontrollers can deal with time by using timers
and interrupts | |

e Interrupts saves the microcontrollers computational
power as they require its attention when they occur

only

« Most interrupts are configurable

e Hardware timer can be used as a counter or a timer
and it is very useful in measuring time
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Outline

s Why Do We Need Parallel Ports?

o Hardware Realization of Parallel Ports
o Interfacing to Parallel Ports
o The PIC 16F84A Parallel Ports

o The Power Supply

o The Clock Oscillator sty tofechet)
T/o Pws " Coo}ﬂ |
g < Nodsdh ) (o5 520 e le—
&
) I 7 _nga\\e,\ Am‘h\ Por‘l'_\\s- J&g_ -

'—— \

Why Do We Need Parallel Ports?
@ C Ooka ) %@DU’“”‘\’C’J
e Almost any microcontroller needs to transfer

&,
digital data from/to external devices and for
different purposess  Sisis GhaY

o Direct user interface — switches, LEDs, keypads, displays

e Input measurement - from sensors, possibly through
ADC

o Qutput control information - control motors and
actuators

o Bulk data transfer — to other systems/subsystems
ol O35 2

=" Transfer could be serial or parallel | Analog or
"‘r dlgltal l Q“e ~Th &&.ﬂ s LyN\S\yﬁ\l B% M |
% i BigsﬁaM\b_k\m_&D_L%\ka\ [ :4\’ POJQ[[PJ ﬁﬁk\\\ _

Senal pect P
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The PIC 16F84 Parallel Ports 8y

?d“fﬁ_:}«‘r 8 (Oigiul mpo"r /

(Y

PotAbt2  RA2g 1 18HRAT  PortA bil 1 ectput)
PortA,bit3  RA3 @ RAO  Port A, bit 0
‘Port A, bit 4 HA4[_TOC_KI B OSC1/CLKIN Oscillator connections
Reset MCLR C 0SC2/CLKOUT
Ground  VggB Vop  Supply voltage
“Port B, bit0 RBO/INT C 0 RB7  Port B, bit 7
PortB,bit1 RB1 [ 0 RB6  Port B, bil 6
PortB,bit2  RB2 ] 0 RBS  Port B, bit 5
PortB,bit3 RB3 Q9 10p RB4  Port B, bit 4
Piout

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

)

&7

The PIC 16F84 Parallel Ports

QU S apsdun piy
PORT A r aotpats

(¢ -bit general-purpose bidirectional digital port
>t S onk  MNssati% * wike/
R0 shumy N Wlim R X8 ff‘;‘?&o&g‘ o | odtpar
° Related registers -+ T * el pogfl,w 'mf::{
° Data from/to this port is stored in PORTA register (0x05)
Rock SeuePin Msguss . .
® Pins can be configured for input or output by setting or

clearing corresponding bits in the TRISA register (Ox85) " S
. o = 0S
S\ i \s o atpot Pins Ni»oo i(\?u* s M\ uu:s%r'(‘ s 330-8 s

e B L LO\Z}\_J
as

°*Pin RA4 is multiplexed and can be used] the
clock for the TIMERO module Lol sw\ise SR, J
%i‘;\\ C@_‘E]’ af

Scanned with CamScanner




__——

rallel Ports

The PIC 16F84 Pa
| B
> Rao - ReY PORT : | digital
pidirectional digital port

o 8-bit general-purpos€
o Related registers ke G ee);gb,ﬁ |
o Data from/to this portis stored in PORTB register (0x0s)

e Pins can be configured fo.r irT
clearing, corresponding bits in

put or output by setting o
the TRlSB register (0x8g)

respectively Dicectien (24 \3; b:;:i
e le O d )
o Other features LS Q¥ ks apot

e Pin RBO is multiplexed with the external interrupt INT
and has Schmitt trigger interface

o Pins RB4 — RB7 have a useful ‘interrupt on change
facility

— —

The PIC 16F84 Parallel Ports
o Example 1 - configuring port B such that pins 0 t0

2 are inputs, pins 3 to 4 outputs, and pins 5 to 7
are inputs

ﬁ Lfgscas\i;\s\ss)&;(v&z 5% oLl (5 ke g
(55 s3>0 ’

bsf ®asxis STATUS |, RPO
moviw OxE7

; select bankl

movwf  TRISB

; PORTB<7:5> input,
; PORTB<4:3> output

J

\“‘”’/’/
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The PIC 16F84 Parallel Ports =
o Example 2 — configuring PORTB as output and output value OxAA

bsf STATUS , RPO ; select bank1

clef TRISB ; PORTB is output

moviw OxAA

bef STATUS, RPO ; select bank0 =2 Poct 8 %3 ?U&.\gs»m\é
movwf PORTB ; output data

o Example 3 — configuring PORTA as input, read it and store the value

in 0x0D G 1 o\ TR T

bsf STATUS , RPO ; select bankl

moviw OxFF 5 RofTh <Y Le2 D %{\éis“?
movwf TRISA ; PORTA is input Gl pdpaios
bcf STATUS , RPO ; select bankO

movf PORTA, W ;. read data

movwf 0x0D ; save"data

\ I P I —

Mem localion S @3l s Sendh oddess %Qamb\@o&%@)maéi 5%?&&’\935‘

Interfacing to Iiar;at!,lel Ports
al (e B
Fo ke 1 12 S (tnpot deuices) i N @b

i daudsS0e Switche .
( P\Js»\bu'“-of\gl '\_eeﬂ\e,S\'\Ae«,-\{"M‘) O
- “ ‘
‘:xgk & ' ol creullys \Syasy
D G Q‘::Og Vs , Vs
| qF & oM Lot SMeyd ,
g A PY N A (Vs igh 38
o"o S ot “o— " W L &
L pon R
ov osipat z g volt
z4
. / sl & Gurifch N Single Ree 7 o
Wy CDUS\)\ aks8 8(1(3\:-’-, Pl (Can: " C"’“\S\e‘ W °°3\A g g
¢ Aaoble -lﬁ((,uﬂ\,\ Interfacing to SPST e Interfacing to SPST
Inlerfacing (o gppT W& « switch. To reduce aliehnsingia pulk

wasted current, the <
pull-up resistor R § J
. ._p»\\guﬁﬁ
migh should be high (10~ 77
91! be needed 100KOhms) alhie o
—_— N :

Y . X
N \\"M\W =y . onevalue P Elaiay a V)
o\, [ )

b Alzrandl SN Gl 0.9 )

Swilch, A current ol yphan down resistor

limiting resistor
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RAL

C 98..:3
w\ Mé}"“ Q)\\ \lq\Uﬂ\

Yo LEDs can be driven

%

from a logic output as long as the u
requirements are met. Interfacing O
and their capability to source and sink current A\Q}Q

e e ¥

| Current flows out of the gate
and lights LED when output
is at Logic 1

Weniks noy
A
i Yo o 7 RB,-. o0 S
( Sw
T = 82 coasp
s . l% \QK%’C
'\5 Von Logic gate output high voltage

For current source: You = Rip + Vp

R— Von — Vb

Lol Badisd L /o

N

% Interfacing to Parallel Ports
«y Light Emitting Diodes (LEDs)

AfRSY e Bk N

fent
f LEDs depending on the logj, tyne
cees e
g \‘\\C\"\%
c»«m\
Ve R
7’
o

_—§\
Current flows Inlg
and lights LED yhey

oulput is at Logic0

————

Vou Logic gate output low voltage

Vs =VoL+RIp+W

Vs—Vo-Va Vmof
dote <V ch{‘;wlbh”y

~—For current sink:

\5_5& i . ,/
\!O\LQ%E S\ \7)\‘ WRGERT . - %= Vg Coc\doc*—\lz’//
4 Moy -Ng e — —
Q" / ¥ ‘LOIQ;u W’(“m\‘m\ﬁ@\\b’ \s)-

light when forward biased

. 90 7

.- 4

E

~ 40 )

S T

= 30 f

k] /

g b —

g W Ny

o L& AN [ 77T
, 1.5 0.7 10 29 23 25 V)
; Forward Voltage (V)
§ FORWARD CURRENT Vs
| FORWARD VOLTAGE
i Type number: L-441p
‘ o Wavolanglh 627 nm
( bl

Smed lyp @ 10 mA

Interfacing to Parallel Ports
Light Emitting Diodes (LEDs)

) ,D‘.\,

¢ A special type of diodes made of semiconductor material that can emt

S0

1

O W O

40

]

30 . .

Forward current (mA)

N
P
1.7 19 21 23

Forward Voltoge (V)
FORWARD CURRENT V
FORWARD VOLTAGE

ef L1

|
2.

Typo number: L-44GD

Wavelangth = 565 nm Y.
12med typ. @ 10 mA
~~\-~‘__-.?E_,:"" // ‘
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= A
Interfacing to Parallel Ports

. 7-Segment Display P Geodgle
dde\m-br9&&%%wdé Common Cathode Common Anode lh‘)d\' 3
Jogioned Pl Do Bhsdethes 3 L W 5 B B d  abede
;" ir ) b
I A’%‘
00
g d 1}__
[:—ﬂ—__y_;' @
L Ty
sangils L
Iluminated Segment (1 = Ilumination) fat :
a b e d e f g '6)73-\_‘5\ ()9.:13\ §>~‘ \-3\.
i1 1 1 1 1 o Q\\\‘\fa\\- \\\"\'\\‘
- E — ; 2 B o 4 B @ & "\N?U\'&*'&"\\
=1 7 A T SR T S (Y
= 5 1 0 1 1 o 1 1 X
— e 6 1 ¢ 1 1 1 1 1 Gad lbisp
Bq AN
B 11 1 1 1 1 1
) DI ) 11 1 1 o 1 1
&»{S\\\\ésd- Ciotnan O\ enod \'\\5>\;> /
- ~

Interfacing to Parallel Ports

Port Electrical Characteristics

* Logic gates are designed to interface easily with each other, especially
when connecting gates from the same family

¢ The concern arises when connecting logic gates to non-logic devices
such as switches and LEDs

Intemal Logic 1 voltage
is the supply voltags

Switch Is In this z Ug
position when Now g

output ia at Logia 1 N
v Rs(righ)

RS(low‘)-T

Switch is In this "LLF
position when —
output is at Logic 0

Rshigh) &
HS(Iow)

Intamal Logic 0
voltage is ground

> Generalized model Ly ol = CMOS model

S—_—
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Interfacing to parallel Ports
Light Emitting Diodes (LED)

Vs
VA lor |
o 'orlp
— l——-| ' R
. o
/N
| " ‘o $’
f 4 ’: ROL T

Logic gate oulput low voltage

N

Vow Logic gate output high voltage Vou

Computation of limiting resistors when internal resistance of the port pin

is considered

1%

l\t(\_.-j/
i’ - P
| The PIC 16F84 Parallel Ports S°°° |
| Port Output Characteristics L
constant
Vo VS. low (VDD = 3V, =40 t0 126:C) _ “\37 o\ Tob
S — /-\;,_.)\
AN
=0 \\\\ "Max |
2.0 f e \.»_L\ \\. :
~ \ Typ\J \\ |
5" N \\ > |
A\ N \\

1.0 {- N =
0.5 1 r— e \ \\ \

) Iypkl (al:lAl .quc
MASKIED: 11661 4 B3 (-30°C Iy 4 126°C)
MLJ u.n . B0 (=400 10 5 147 G)
0.00'*'“ — —~——-G—k_‘:—-_~._____~7
10 15 20
. loHm %J

P 92
£ =
£eh Roy =130 Q
N fNEr ettt e————— i
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The PIC 16F84 Parallel Ports |

Port Output Characteristics fu | /Tee
—

Voo vs. lo (VDD = 3V, -40 to 125:C) = all

187 — : Va_=I§-

Typicsl:  3D3IcAlmzan € 25T .
Qanll

Udmum: mean & 3o (—40°C 10 +125'C)
1.6 4 wnimure; mean - 3g (40°C 10 +125°C)

1.4
N u/ el =)\

= B

|
\

\
\\
i)
3

o Example — Write a program that continuously reads an
input value from 4 switches connected to PORTA (RA3-
RAO) and display the value on 4 LEDs connected to PORTB

(RB7-RB4). Make sure to draw th&circuitirklgb\cqnfigure the
. A= \9)3‘ &
ports properly. = 7

° Requirements:
1) Connect four switches to RA3-RAO. Configure t

as input.

2) Connect four LEDs to RB7-
outputs.

hese pins

RB4. Configure these pins ds
confia

el

(Goteot & |

= _,_,_—__-,/
—_—

|
Scanned with CamScanner
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o
Example 3.1 B
#finclude up16F84A.INC”
TEMP EQU  0X20
~ ORG  0X0000 7
R MAIN PROGRAM - NP
MAIN  BSF STATUS,RPO ; SELECT BA
'00001111'
mgx\%\é ?RO,(;A . CONFIGURE RA3-RAQ AS INPUT
MOVLW B‘00000000°
MOVWE TRISB ; COI\iFIGliRE RB7-RB4 AS OUTPUT
BCF STATUS, RPO. 3P Ty qahe=
RePEAT Move  PORTA, W & (;READ FROM PORT A
ANDLW  OXOF ;%;9 . MASK THE LOWER 4 BITS IN PORTA
MOVWF TEMP ¥~ (TT 1 Lesse ]
SWAPF TEMP, F , \./ELB!TS TO RB7-RB4
MOVWF PORTB o what € e A wark
GOTO  REPEAT A Yo affect the \ower
END Pioe of PeRTR? y
AT, ) :
I 1= Wdo sz (\niowds) ©F
[(\: Movw® PoRTR SV (\sobo) e el

Example 3.2

¢ Example — Modify the program and the circuit in Example

3.1 such .that the switches are read and displayed when an
external interrupt occurs (falling edge) only

&5 Sooikeh 10 Gud LA Y ebton (2 & sty - " syt
=7 o Requirements: e i S e Sl s

|\ 2) Connect four LEp
1 APLEDS to = .
\ outnuts, RB7-RB4, Configure these pins as

“\‘\\ —— //
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Example 3.2

#include  “P16F24A.INC”
TEMP EQU 0X20
ORG 0X0000
GOTO MAIN
ORG 0X0004
GOTO ISR
e MAIN PROGRAM
MAIN BSF STATUS,RPO ; SELECT BANK 1
MOVLW  B'00001111'
MOVWEF  TRISA ; CONFIGURE RA3-RAQAS INPUT TSR =
MOVLW  B‘00000001’ ; CONFIGURE RBO AS INPUT -
MOVWF  TRISB ; CONFIGURE RB7-RBL AS QUTPUT > WL
BCF OPTION_REG, INTEDG ; INTERRUPT QN FALLING EDGE Sl
BCF STATUS, RPO Ot Blall Al
BSF INTCON, INTE ; ENABLE INTERRUPT 3 \-
BSF INTCON, GIE : et i
WAIT GOTO WAIT ; WAIT FOR INTERRUPT
e 1] ;R
ISR MOVF PORTA, W ; READ FROM PORT A 1
ANDLW 0XOF ; MASK THE LOWER 4 BITS IN PORTA
MOVWF  TEMP 3
SWAPF  TEMP,F ; MOVE BITS TO RB7-RB4 £ |
MOVWF  PORTB _— @ |
BCF INTCON, INTF 9 <
o) RETFIE BEAUATY = gﬁo‘:‘-;q\\:—r/_‘ Y. |
END 'm“c"/ . - |
[ L Flashing
A gy Flaeh W% | \3bss S |
wae  Example 3.3 P Cmal

o Example — Write a program to control the flashing of a LED

that is connected to RB1 using a pushbutton that. is
connected to RBO. The LED starts flashing upon the arrlyal
of the first rising edge on RBO. Afterwards, successive

[ When
state of flashing(On, off, on, ...).
e \En . ashin ic 0.5 second ON and

' s this implies that i |
gh5e SL;S) :dﬂg?:rll.l n/ilsssme 4/F\)/IHz clock. > @b d'ds (2bs &Nﬁi\:& JY
° Requirements: _r:(>i - pRpo
1) Configure RBO as input and RB1 as output | = N |77
2 Enable external interrupt (INTE) and QIQ%JQEL&'QIS Bewrsl
(1) WPk 3 ki SEENSTEEE it
3) Write g 0.5 second delay routine ash L

+ status of flashing (on/off)

@Qreseck siake as one bit
Keep track of the curren
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Example 3.3

: STORE THE STATE OF FLASHING

COUNTER FOR DELAY LOOP
COUNTER FOR DELAY LOGP

: CLEAR FLASHING STATUS
: SELECT BANK 1

s CONFIGURE RBO AS INPUT AND RB1 AS Qupyr

RISING EDGE FOR EXTERNAL INTERRypT

#include “p16F84A.INC"
FLASH EQU 0X20
COUNT1 EQU 0x21
COUNT2 EQU 0X22
ORG 0X0000
GOTO START
ORG 0X0004
GOTO ISR
N : MAIN PROGRAM
START CLRF FLASH
BSF STATUS,RPO
MOVLW  B'00000001'
b MOVWEF  TRISB
R_~BSF OPTION_REG, INTEDG ; SELECT
BSF INTCON , INTE
BSF INTCON , GIE
STATUS,RPO
‘\@1}”@ CLRF PORTB
Cehtig warr BTFSS FLASH , 0~ i Y
© N GOTO  WAIT >
8'00000010'
" PORTB, 1
.DEL_pSsec’\)7
WAIT

)

; ENABLE EXTERNAL INTERRUPT

- ENABLE GLOBAL INTERRUPT
. SELECT BANK 0

- CLEAR PORTB; TURN OFF LED
. |F BIT 0 OF FLASH IS CLEAR THEN NO FLASHING
- WAIT UNTIL BIT OIS SET

: COMPLEMENT RB1 TO FLASH

=L XA RV 'l;‘l.

® o S5y

W goce 6o\

Flash

7]

N

W52 %= 2

DEL_p5Ssec

LoopP

N\

< XORWF

BCF
RETFIE

MOVLW
MOVWF
MOVLW
MOVWF
NOP
NOP
NOP
NOP
NOP
DECFSZ
GOTO
DECFSZ
GOTO
RETURN

END

Alax’i Wl

\ ® S

Example 3.3

- INTERRUPT SERVICE ROUTINE
MOVLW  0x01

FLASH , F

INTCON , INTF

D'0’
COUNT1
D'244'
COUNT2

COUNTL,
Loop
COUNT?2 N
Loop

; COMPLEMENT THE STATUS
; CLEAR THE INTF FLAG

s delay 0.500207 seconds

SENSNREY s e S ——
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Hardware Realization of Parallel Ports

Output Parallel Port

\\is) _);gsgp:b?:.o\»@““l

)
'('l\ Twolli f
9 k CG0_ B33 [ databus it od
o PR - - /50-' ,
. D Q=
Read/w"le_[>‘o—+—-1—\ \ {__‘F- A External pin
D>
\
Port Select "/ - Nalve \\ u yd L,AJI \.p.lm_e
\ ootpot W Lo M
* Flip-flop fatches dala bus value onto.
igh whenever —exte‘ al pin, when memory Iocalion
pog:tggress is: is sale “AND Writa is active: -
8 (1]
\h\\{)\;--?' \ \ E @ Extemal pin
g -~
Ex {;POV,

- Dofes eg of ?or‘k'
- J

Hardware Realization of Parallel Ports

Read/MWrite

—

Port Select |

Ihput Parallel Port

Two lines of \—> ?0('* &\2}*@
data bus ém\n
Y” nge
_/l ?mﬂ'
— B ]
External pin

o————
w%Lbﬂ: >

Buffer transfers logic value on external pin
onto data bus line, when memory location
Is selected, AND Read is active

]

gl

\/

) let |

External pin

)

—
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Hardware Realization of Paralle] Ports

i,ﬁ“éf Bidirectional Parallel Port

L [ 1]

‘Dirnction”

SFRA

Read " Write =~ Read port [
Data bus ® ~_ l
(it m Input bufer
3 l "‘_'{ Il'O pin
‘Dala
‘ 2 Quipul bufter L I (bit n of an
’ Writeg p e : - Bt pory
Port Salact [ ———\V".' [ Hokia bat \ l
w > output valusa N
\\3\
“1~ [8of thesa .
fip-flopa form i Butter, anabieg
the ‘Data” SFR when pin (s oltpy
Ditsctivn® l
Wiite |
pporR o |D Q -_ §
. e A |- [Dekermmries whether por l O
Diraction Ealact | _)'_J_"_ P> Lt I input or oulpul N\ X
B8 \ T PR Bl I \\"7 o
! s I | Funstion | é
; G \ i = PR X \‘
‘PDala’ IFA ~ < =\ | QD o
[ | | I l | |- l 6 of thesa flip-flops torm (75 T
i the ‘Oata Diteclion’ SFFY 3\

(N
&

cphen-Geg 3\ oik 5y
Eaable 2 g 3™

}I\(sia Pins
- . 2'-',3@; t]

P

Multiplexed input \

.I(\'(‘OWU?-{’ HB:

PORT B

PINS RB3:RB0

NEN

E——_

Hardware Realization of Parallel Ports

\

—REPUY

—

O\(C/LJ . N:(eh 1—
e RQBS —?(PL” :
G :
e —
el _—

WR Port

WR TRIS

—

[ —/ “Voo \
—\::j}:__{ weak '€
L& Pull-yp |

Data Bus
I——

es act:
ac, we Conllgurab|° pull.
L diwacte up resstors ¥ U
= RBPU bit In’“"
/ OPTION regis”

e e -

Data Latch I
D. Q |- 2
K=\, 10 pin@

TRIS Laich

‘- TTL
K=, Input Y
K™ Buffer /

Schmilt Yri - -
Bufler " Trigger

—
-—
- -
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Hardware Realization of Parallel Ports
PORT B

PINS RB7:RB4

REPTY e
p j}—‘l Weak
Pull-up
- Data Bus Data Latch }
y D Q -
WR Port A VO pin(2)
% TRIS Latch Lathes data on port
’ ' D a read
8, = WRTRIS . \
¥ YoT R v ck o TTL
M wQ - @l Input
C? og\‘ Buff
g —_— Holds previous
7 ~
RD TRIS | _lach | / latched data
/1 3
Ha D Il,
I
3 Set RBIF RD Port | EN
Clearing the _ r—
RBIF bit ? Ly \
S Q D L.
|
== 1
EN
L2 =S q
Cor'npares RD Port
previous a.nd / Note 1: TRISB = '1' enables weak pull-up
:’§ present port input (if RBPU = 0’ In the OPTION_REG register).
,‘-j.l':; values 2: 170 pins have diode protection to VbD and Vss.
g
Hardware Realization of Parallel Port
:J >~ PORT A
A PINS RA3:RAD RA4
/ Data
Bus b a
i ]
Port 3 n-
————EC*—‘\-Q ] RA4 pin
! Data Latch
) |
110 pin — D Q
WR ,
Inis | )eRs |
TRIS Latch Schmitt L,
Trigger Q*
TRIS Latch - Input \
f L oy B Bulter
Input \.1/
: — A RD TRIS
[ RD TRIS Q D
7
“*<\~—— V] o (— EN j
EN.
| ROPon “_f\/o___j ]
y e
3 Note: VO pins have protection diodes to VoD and VS$. Note: /O pins have protection diodes to VDO and VSs.
—’_4/
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Hardware Realization of Parallel pgy

Electrical Characteristics

e Schmitt Trigger Input 3V

- P!
A\ e A special type of gate with two thresholds | ‘ ‘
d corruptions in the input;signal {

b4 e Remove fluctuations an L \“\\,{\3

/ A\~ ’ \
/ N L\PJ\A%%L A_% :!\5‘,3\
>

)

~

/ Positive-going
threshold
i /‘v/ \! T e—
Y Vo Negative-going // L
H threshold
Vo

= -]-‘ k’%‘cl
AT 3V ‘ . > ™
@ \ %_ L_TJ s = SR SsTemlys

Q
2v | \ooie & A
o -

S = —

Hardware Realization of Parallel Ports

Electrical Characteristics

¢ Open Drain Output

e Flexible style.of Output that can be adapted as a standard logic
output or a direct drive for sma|| loads

Ve
Vi
. Ve, )
L
prend
load
J'\D
-
\n'\ l i ’I ’L
N K H
e /\....‘.._._M_ Ly
—_— N Ih
/
s77 i P
77 77
) Open Drai jving ?
& Pen Drain Qutpyy Open Drain Output DT

— Small Lo’ad/
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Hardware Realization of Parallel Ports

Electrical Characteristics

o Open Drain Output
e Can be used as a wired-OR

. [Any output diiven low

ipulls this line Jow ~
L /& l Common  output lina

‘ = V.= AtB4C

_}7
]/
S——
..
]

w
b
T 5T
"
T T

o

The Oscillator

° The choice of clock determines the operating
characteristics for the microcontroller

° Faster clock gives faster execution, but more power
consumption

® Accurate and stable operation of the microcontroller
requires accurate and stable clock
Cexodic

G
&7’),-} e:)".b e— C\QC\Q
\9}&“&51{5);\

R3] Oe
2 N M

_’———————’J.

—
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2" The PIC 16F84A Oscillator

Oscillator c;
Supply voltage . ator iy
o \5&?0&' A\ uoﬁﬂmg\)a.ck — 0]
- é\ :
inpol ~ [ Optional oy,
Q limiting resigy,
Oscillator ‘signal’ 3
— -
—— Crystalor ——
ceramic -1!
_ A
o— 5\
77 Hob
. - m Crystal or ceramic ..

Resistor—capacitor (RC). \P'S :

. Jow cost P .« expesrsive 'o’!g
£ - ot precise - stable and precise
& 3595 = - mechanically ragie

\ O U Agw . ‘_ﬂ /4
R EAUNIATTIEALRERY
= = I
f o

@ The 16F84A can be configured to operate in four

different oscillator modes using the FOSC1 and FOSCO
in the configuration word

4
RP-u  R/IP-u RIPu RP-u RIPy Ripy R/P-u i :
RP-u RPy RiPu Ry RPu RPU R
[cp Jepcr[crTor i
= i el I e W L e
e g o

irieton | O gy

IFOscatl FoSco!

¥ Ertanfort A l E)F ,.‘: Cp L @%T“.H’ ""“;S.‘.-W'g(‘(r&v'\;_;‘;
o N WIS A

0 0 i L
t‘;ggi&at}or- intended for low frequency ( g
2/ crystal applicati ce pOWE
consumption pplication to reduce P
O 1 XTogg
Oscillator — _ -
4 (1-4 MHz) '~ standard crystal configuratio
0 HS OSc'
illator — p;
1 high spe -
3 1 RC Oscillator peed (>= 4MHZ)
g

B Capacitgy CdUires external resistor an
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The PIC 16F84A Oscillator

o The 16F84A has two oscillator pins , OSC1 and OSC2.
LR Talingin (B @uemiy il gastl g )

SLEEP
PIC16FXX

XT configuration

NN
Clock Oy
el s P>
s oo
A\ G
o

Clock from
Ext. System

o

Voo
RExT
OSC Intemal
Clock
Cexr=s= PIC18FXX
Vss —
~4— OSC2/CLKOUT
Fosc/4

RC configuration
S 30355))

Open -——

0SC1

0sC2

PIC16FXX

S.SP\ 828 \gpaB 5
\—}5 &é”“g&\ C;\(C.Q'\)f

External Clock

Aageyls Clock A\ a;\,,\_%p\g s

/i

g

MC-“

The PIC 16F84A Oscillator

¢ RC oscillator frequency dependence on power supply

AVERAGE Fosc vs. VDD FOR R (RC MODE, C = 100 pF, 25°C)

~

3360

5180

[PRYY)
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The Power Supply

Jard Operating Conditions (t_mm

PIC16F84A-04 , 3“'“,22“9 lemperature  0°C STAS +70°C (g, Stiteg)

(Commercial, Industrial, Extended) pe -0°C s TAas +85°C (indyg SrCia)

PIC16F84A-20 40°C STASH125°C gy

(Commercial, Industrial, Extended) S CNded)
. Units Condition-
P:;:m Symbol Characteristic Min TYPT Max ditions
Voo Supply Voltage -
i PPly TeLFaaAl 20 | — | 55 VvV |XT, gg and LP osc ((\nﬁgmahon
40 | — [ 55 | V |XT.RCandLP osc conliguray

ggg: A Pt 45| — | 55 V _|HS osc configuration dlion

D002 |VDR RAM Data Retention 15 — - V' |Devicain SLEEP ol

| ~ |Voltage (Note 1) _ = S — -

D003 |vPor  |voD Start Voltagetoensure | — | Vss | — | V |See sectionan Power-on Rese”ome(a
internal Power-on Reset 5
signal -

D004 |SvDD  |VoD Rise Rate to ensure 005| — | — |Vims T
internal Power-on Reset
signal

lop Supply Current (Note 2) T

Do1o 16LF8aA| — 1 4 mA |RC and XT oscm

rosc = 2.0 Ml iz, Voo = § sy )

D010 16Fg4A| — 18 | 45 | mA |RC and XT osc configuration {Note y

Fosc = 4.0 MHz, Vop = 5.8V

DO10A — 3 10 | mA |RC and XT osc configuration {Note 4)

Fosc = 4.0 MHz, Voo = 5 5y
(During FLASH Programming)
D013 — | 10 | 20 | mA |HS osc configuration (PIC16F84A.2)
FOsc =20 MHz, VoD = 5 5v
D014 16LFB4A| — 15 45 RA |LP osc configuration

Fosc =32 kHz, Vop = 2.0V, WDT disableg

( SABOEds i3

i Me N R @ b

= _.loon
i I g
D
2 X AAA
100 nF
decougling ‘Out of play’
capacitor /W

Left
Right

25 tab \Siboy 9t g s\

e v Cornt 550

wrT

Ho mf 5> 90'('\1\5\ Q.L.‘
Bemfriily

———

e T S I A D s o

%
\ ag-ﬂ

—

—

pe 5
vss VDD
[ RBo RB7
RB1 RB6
RB2 RBS
r RB3 RB4
\_—_____—
16LFaqp
/
Scanned with CamScanner



/ Summary h

a||€| ports allow the exchange of data between
he outside world and the CPU

s essential to understand the electrical
0 . . . " .
characteristics and internal circuitry of ports

Al microcontrollers need a clock. The clock speed
determiné the power consumption

[

. Active elements of the oscillator are usually built
inside the microcontroller and the designer selects

the type and configure it
. |t is a must to understand the power requirements of
the microcontroller

’
>

—

IR
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~ T outline

e Introduction

' ication
o Synchronous Serial Communica

o Asynchronous Serial Communication
e Physical Limitations

o Overview of PIC 16 Series

o The 16F87xA USART

o Summary

i

[
Uy

e

LAY
N

Introduction FIRT

—

e Microcontrollers need to move data to and from
external devices

o In general, two approaches =

-asa??g’ > (
\b/. Parallel 7 e ~——F4
| 5}; - Data word bits are transferreq at the same time
f;f © Awire s dedicated for each bt R
> \;‘f”;’?"-f“Simple f"‘”d fast butﬂw e Solad oS
374 - shortdistances Ay S

5 Vs . exRenSE f

. ' ¢ o\
S5 et ST B .
:}3 %47 Bits are transferreq one a.f.t Y me

TN Requires co
fy ° mPlex hardware 1o g -
\ Qo& + Slow but cheap Nsmit and receive 7
N1 o, Short and long dj °
@ "8 distances /

u._’_______————__"\\<\
\\_—/. 3

e meCO R R E TR PTIRRT IR (LR 2 e s e
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Introduction

. Two memories of the same size. However, one
uses parallel transfer while the other uses serial

NC Qg1 ~ ...28 hvce

A12 b WE
A7 G h CS2
A6 O h A8
A5 S LA sod T “8h vce
Ad O o 0 A11 814 h WP
A3 b OE s20 0 SCL
A2 j N A10 vssS g 0 SDA
Al N CS1
AO 3 L D7 [Lexial L
00O T oeda P D6 Sexted dote/addéss
D1 g P D D5
D2 0 D4

GND Qg 14 15n D3

Facedel

o)

(R S

P
\

Serial Communication

¢ Bits are transferred one after another on the same
wire |11

° Challenges |
* How to distinguish the start and end of the bit ? |

°H ‘ start and end of a word ? |
ow to determine the 55 gl wdems |

» saleime 3\l
’ TWO approaChes A2 eg;"l.):\. .
* Synchronous serial communication

A separate clock signal is sent in parallel with the data

Each clock cycle represents one bit duration

® Asynchronous serial communication - \\pr\,;, g\
G \

No clock signal | M aeck 2&,

Timing is derived from the data itself C\“)\)B\ : I

S

-

}

4

/
/

/ @

e o

4
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Serial Communication
]
Data
Synchronous Clock
Transmitter Receiver
Formated
Data
Asynchronous
_ Transmitter Receiver
® .
= 4
//’ ’ A ) ‘——/\
Serial Communication
e Data inside the memory and microprocessor is formatted in
parallel. How to transmit it serially?
= Shift registers ® ( Transmidor N gz )
—1 a, e Pavalle! — Sexval

8 Qo | ‘ . ) N
Ll- Dour} C\-”’J M
Sd‘{al‘qfh“ |
Serlal data In S ,O ;
_ Serial data out} ' 5
Clock | A ‘ J'
iy AR Y A )
. |5 : '
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synchronous Serial Communication

SERIAL NODE 1

- -

SERIAL NODE 2

e

o o Parallel data out ": ;’ ——————— Patalieldalagu — = — — - _l
| . ‘
PR £ S R 3 _—
:""’"’ ’ : ] Clock 7 out,
4 |
| L ] P & ,
| Parallel Data In | ] Parallel Data In :
==~ o sss st - - T - - =———=——————— _ _
K . .
T._. si'f,’.ie G:&\aral Serial Link _. &
X \(‘7 J Master 72 Wd;ﬂ\ Savd ClodkeN
A')'z') SDO SDI - B o
; Parallel load/read Parallel load/read !
é sDI sSDO MSB ﬁ LSB :
: I Shift register I"‘
ok . SCLK SCLK o —
generalor
3;4 Synchronous link implemented using a microcontroller Y
\
Synchronous Serial Communication
widdda (bt \bit1 b2 [bi3 | bild J bits |
LS AU AV AV AN AVATANAN
Advantages
* Simple hardware
* Efficient
* High speed
D,issadvantages (}w%"eﬂ\o‘j
" EXtra line for the clock . :
m The bandwidth'needed for the clock isl twice the data.btandv:dth
\«*) *Data and clock may lose synchronization over long distance — |

A3 LY 3o T doloy ool psmnsitd
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Asynchronous serial Communlcatlon

o No clock signal !

e The transmitter and receiver should operate ;

clock at the sameé rate

e clocks of the transmitter and

' chronize th |
" recon h a start and stop bits

receiver, data is framed wit

e > oS0
Asynchronous Serial Communication
. H S
e Framing v
&
[#
Start
bit Stop
bit
W First -
Idle state data bit dahisé : E@
' v
Start T T e
2l Extra ‘parity’ Earliest p"si'n
. bit could be new Star
\;S‘ inserted here
Ee;'( >
P ,( ~
N e 0 N0 |

- / l
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Asynchronous Serial Communication
> Synchronization

) | Midpoint of
Midpoint first data bit
of Stop bit

First

‘ bit i) l v

ncomin i /
| l dat; 0 ] !\ l / - )
E . %s- o \:;Lﬁ'
: ) Y i R
eceiver clock, i ; >3
runi?\ing at multiple of MMMWMWWW > A\h;h
: e)cpecle? bit rate i - - \557\ \ss»‘:)
rRx ~ \ Sl:«;n bit /_BTO_ “ \s"bé\ &&‘;&5

(RIDT i) feesseeemeessosecoooososs e Bayd ClKforallbutstantbit [T
baud CLK = o _

T 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 1 2 3 §
) ) ? :
P i = I
:F::', \ Samples! ;

"“i“\ - m R e
et .

: ~

‘ \
Y - . e e . |
y&&@ Physical Limitations (  esfay
T A . |
Colb |
¢ Time Constant effect |
|
lLogic 1 Vs n‘
Rsnighy |
Y
N\ H
" G
Rs(low)
Logic 0 ‘j______________’______._______.-_
” Receiver
Transmitter
V... -~ . L
oifoed Lol ls L iy
N i
D M _ A e }
- _—
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Physical Limitations

. : g
s Transmission Line Effect et
o Characteristic impedance an

e Lines should be terminated properly

I

R T ey — e
i Lot/ Ta 08 7 0 L i b bt ;

Physical Limitations

* How to Minimize-
* reducevoltg

L] i e'
large S€paration from source of interferenc
* Increase data Voltage.

9¢€ rate of change.

—/’

4/

—
b
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e \
- Physical Limitations - B

» Ground Differentials

. With longer wires, gro i -
point might not be ?hel;gcrjnzogtagtrﬁalt?\t e
point. o o

. Solutions:

— Differentialtransmission.
— Electrical isolation
—Use optical communication links

Regestt

\ (' ) Input Pulsg Subtractor Outpul Puke
/ A ﬂ
; / \ Saurce JL
" | “ 1 v
{ v e F :
w1 N Tk oo Subvocer

f - . ) )
. 5 i Ac A bE M5 eliniiaal
ﬁ‘wﬁﬁ\;’\oﬁ &X‘ﬁé&‘*\\)—é—\g—gi AS 4 R ¥ RENETIS \

. Slgelt K I o |
Overview of the PIC e 5 |
B ’ el ::
H Pr 1 - s e | g
16 Series ] =l
L = = §
We have already seen 2E
the PIC 16F84A s L f
1 o l " I:
¢ Other members in the I
. o E !
series have more Ey |
features: (yplisSS g ! { |
* Additional I/O ports = L ¥ :' P
* More HW timers (%' u‘u;’ o .f | }
* A/D converters = A
. . - oo : ; |
LCD Drivers i =t 3
7 :.:.: [ {
* USARTs ., Aseyreh s A
* Synchronous Serial — LIRS
£ nergl Purpose 1O } ?\ }
(«s ' COﬂ'lparator.‘; . iy s s/
47 s

— e A
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Overview of the PIC =

16 Series

A, RETURN
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o Overview of the PIC 16 Series

Interrupt Logic

for 16F874A/16F877A
e

%

ZEIF
EEIE

:]F.-‘?S‘————— =
psPlF‘“:[ -
psPtE‘” L

ADIF

ADIE |y
RCIF

e )
e —
TXIF @__

3 \aels N3 S
0 \evels

‘al in Sleep med2)
TMROIF Wake-wp (if in Sleep
TMROIE

INTF
INTE

f—
LEN

~JTntermuptte CRU

SSPIF
SSPIE

TXIE

RBIF
RBIE

B
o -

CCP1IF
CCP1IE

TMRZIF
TMR2IE
TMRIFJT:
n.'.m(:“———-—-—-
ccpzxf:@
CCP2IE /

BCLIF_[T
ecusjf.@f‘*

CIIF 3
C'.’IE ; ,gL
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e
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overview of the PIC 16 Series

40

16F874A
16F877A

3 parallel ports,
3 counter/timers,

2 capture/compare/PWM,

2 serial,~> OsART + Synay  \ehakgh
5 10-bit ADC, -
2 comparators

5 parallel ports,

3 counter/timers,

2 capture/compare/PWM,

2 serial, -» 5pRT & syneh \seslis I
8 10-bit ADC,
2 comparators

Sapy)\s

_/

The 16F87xA USART ae&“*;‘ 3

° The 16F87XA family has a Universal Synchronous

Asynchronous ﬁ(eg_:eiver Transmitter (USART)
L | acitl o Tanar/ ecioor Wl

_ > oyl
* Configurahle, b o

° Half duplex synchronous master or slave = (paday) st radiiiansy
® Full-duplex asynchronous transmitter and receivers

= B Nasy

® The USART shares pins with PORT

® pin 7 being the receive line

® Pin 6 being the transmit line  Res /wx
* Operation involves the following registers = Jalslls \ap i

TXSTA (0x98) TXREG (0x19)
RCREG (0x1A) SPBRG (0x99)
PIR1 (0xocC)
TRISC (0x87)

INTCON (0x0B, 0x8B,0x10B,0x18B)

S ; : \
/"7

e —
e

T & ;-.:\
Cy g ' b&? of
RSFARY e

lgaGan |

RCSTA (0x18) |

PIE1 (0x8C) |

i

N |

A
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© Asynchronous USART Transmitter Block D

iagram

;(Owc_ A\

NN
s

m\&\\m TSR e Aoﬂb wodss e yd

\o

SR M ¢y= _
A 9 e Data Bus

TXREG Register

\5“*?1 =l i
TYReRI

Cleat/| St
bs e

\har ’A Jave
@33

TXIF

(AN
NGols

Interrupt

= ?\Qj
TXEN
@\\\*@ ‘&mm

J

5\\,_@@

8 BYY __../

i 'Ms'b};;;—'—""'-;—"—"ﬂmb :

= la\48 “3_, i
|

S y—.ta

0: . Pin

and Control

Buffer

...........

RC6TX/CK pin

S )

SPEN
Sl

SA L*ks ’ﬁ’amMrF

-1

SPBRG

c\,\ N
oo T‘f-?\EG\

_____

_________

ik A\ Qdeuse e Lo

\gisy!
] |

4
gy | |

),\9.,43 cmﬂp'}j Baud Rate Generalor >a

i A’Yo rrué'

TX9D

\"
g\ﬂ“&\\b\v&\)\j >=>ly

U»é.\ Wanstpiter ﬂ-fcs

o G s

PR
&e%" %

W

S

IL.

oS b Silas CAPS‘NJ)SS OAckcss A\
SoTHREE Lo Rloarasmer <\ Tkea

\o\g\mA

i bagfstd )

o rc.ﬁs{ﬁ\-"

A\ 0 .,.,,_,__,"
s

/"s‘

' A L’-yo.e USRI geﬂefd} FNMTEREPRIWES g PO\\\“j
Qc'.\ WA 3} s 3 LN ag s -ID-‘J/W '
%?‘g‘ﬁe The 16F87xA USART M@: 5
\ RS T
35 lashis @ Asynchronous USART Transmitter Operatlon Notes Lu\ééb" “
L sthse 33 o Datais transmitted LSB first on RC6 pin 5t BhAa TSR 0SSN
Uss esm @l o The shift register TSR is buffered by the TXREG (19H) and is not
2idr B bt 3 accessible as a memory location
«$2>>2% « Transmission is controlled by the TXEN bit which enables the
oddtp eush clock to start the transmission
« To enable serial transmission on RCS, bit SPEN in RCSTA registe’
has to be set
« To transmit data, it must be loaded in the TXREG. It is transferred |
to TSR immediately if no transmission or after the stop bit o™ |
previous transmission is sent out
« Transmission status is Provided by two bits:
. TXIF flag. lr'1 PIR1 register indicates the status of TXREG. It i set
wtlen'(‘im;, 's transferred to TSR, |t g cleared on writing to TXREC
(TXIF is cleared by hardware ang itis read-only) |
TRMT f| ' ‘ i
_ ity bi a6 ilra' TXSTA itls set when the shift register is empty / g
) arity bit can be sent oyt bv using TXD bit and TX9 in TXSTA |

e ——
———
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~" The 16F87xA USART |

TXSTA (98H) |

RIW-0 R/W-0 R/W-0 u-0 RAW-0

.0 1 )
9 [ ™@EN T sync | — | BRGH | TIF::.I\:T I mﬁ ]
=7 hase 5P bit

CSRC: Clock Source Select bit
Asynchrongus mode:
Don’'t care.
Synchronocus mode-
1 = Master mode (clock generated intemally fro B
o = Slave mode (clock from extemal sourc:zy) SRS
bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0 = Selects 8 bit transmission
bit 5 TXEN: Transmrt Enable bit
1 = Transmit enabled
o = Transmit disabled

Note: SREN/CREN overrides TXEN in Sync mode.
bit 4 SYNC: USART Mode Select bit N b
1 = Synchronous mode
0 = Asynchronous mode c\a-chH
bil 3 Unimplemented: Read as "0
bit 2 BRGH: High Baud Ratc Sclcct bit
Asyncl!ronggs mode-

1 = High speed
0O = Low speced
Synchronous mode:
Unuscd in this modc.
bit 1 TRMT. Transmil Shiflt Register Slalus bil
1 =TSR empty
o = TSR full

bit O TX9D: 9th bit of Transmit Data, can be Parity bit j

pit 7

The 16F87xA USART

* Steps for Using the asynchronous transmitter

1. Clear TRISC<6> bit to configure RC6 as output

2. Set the SPBRG (0x99) register and BRGH (TXSTA<2>) bit to choos? )
the appropriate baud rate (more on this later) —  clkYote anJ.\D:_,'

3. Enable asynchronous serial port by clearing the SYNC (TXSTA<4>) \vc}eg‘w_,\:\;id
bit and setting the SPEN bit (RCTSA<7>) - To enahle setia\ foit

4. Ifinterrupts are desired, set the TXIE (PIE1<4>), GIE (INTCON<7>),
and PEIE (INTCON<6>) bits - If jwark ose iniewoRt | W i\@s\

5. If 9-bit transmission is desired, set the TX3 (TXSTA<6>) bit > Qb usT Lo

6. Enable transmission by setting the TXEN (TXSTA<5>), which will

. b N . 3
S bit =T indicatte. Tx Reg
et the TXIF (PIR1<4>) bit - th bit should be

7. If 9-bit transmission is selected, then the nin
~ loaded in TX9D (TXSTA<0>) = papky vosiwtst N, &
8. Lload data in TXREG (0x19) to start the transmission \__&JA

¥ /l
-
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e e
— e —
— ~———

= The 16
A - .
— n
7\}>> - Timing of asynchronous transmissio
cC \
_
Witte 10 TXREG xrr; ‘ 2
We —_— T =i [ i
BRG ouput _,_1__,__[__,—— L e T
(shift clock) ' |
3§ XCEOR v ‘Soo Bt . i
mcKen sanbt (B0 X B X N 1 |
WORD 1 § ‘
TXIF bit ! : ;
(Transmat buffer ' %}C : _ |
reg. empty lag) i . ;
L
! : |
TRMT bit WORD 1 —e ¢ Folh X
(Transm stif S ALy ‘-;(39\ ® {
req. 3 S
SS) L S———  TRemply | |
- - ) - - - . ‘
¢ Registers involved in asynchronous transmission ‘
\ Bita | B3 | Btz | Bit1 | pirog | Yalueon: Zﬂl::h:lr‘
d N Bit7 Bit6 Bit5 it it i ! |
A REEE —AM&-&\‘\ l POR.BOR | "Rosets -
P = |
E‘EW‘\’ \>®> [0Bh.8Bh. (INTCON| GIE N-PEIE [TMROIE| INTE | RBIE | TMROIF| INTF | ROIF | 0000 ooox | 0sco 0004 .
eq, STV " |108h.168h '
= A& 0Ch PIR1 | PSPIFt" | ADIF | RCIF | TXIF [ssPIF | CCPIIF | TMR2IF [ TMR1IF | oo2o acao | ooco 0000 }
' S 18h RCSTA | SPEN | RX9 | SREN |CREN| — [ FERR | OERR | RX9D [ o000 -0ox | 0000 -00x
19h TXREG [USART Transmit Regisler 0006 0000 [ 0200 0000
8Ch _ [PIET | PSPIE!" | ADIE | RCIE | TXIE [SSPIE[CCPIIE [ TMR2IE [ TMRIIE | 0000 00co | 0000 0000
98h  |TXSTA | CSRC | TX9 | TXEN [ SYNC | — | BRGH | TRMT | TxaD 0009 -010 | 00C0 -010
99h SPBRG |Baud Rale Generator Register 000C GOOG | 0000 0000 |
; el )
L

st d’)a-fng btw‘ q\S\J\ |
—— Frmwg ecler\gaa &\A\s\g Lol mb@\ stop bi 4 Mo bils Muﬁ i

Nedie 8
asenditer Wit ¥ NE 16F87xA USART

 Asynchronous'Receiver =sds over wn

ldiasSais yaay VS !
s \RIRAE b:f%s\ibh\@«ﬁw\ f'ﬂ Teciger Jehift Yeq
MU & x64 Baud Rate CLKk SWuatlZbesl g > RN :
gog?" SRR Pk \,s\,@i” FERR | Seriat fo

TN\
RC7/RX/DT \50303\\-»3\4\ bjfc S N

Aepia & Pin Buffer
npot P2 , and Control |
(eczi‘lcf‘u Y] A% ‘
CV"Jﬁ\ -*—‘-\5 dgéﬂkb ‘/\orcqure i

\M\UO | (“9%"‘ SPEN m&sb*‘i\\\n Sqm@c

(&,'M‘,. asp REF/RUDT v (Gnfin ) ik 0\ R
I S>an
Shedbun py il g

Inte
=
L (-

TR p T TR
T adia Bt o = B C s o, &1 TR

*Lﬁ‘-"‘ ?‘9—‘%‘*’1‘*&—3&@\&%@%&& RO N Quq(ccc;)é;')

(F,s+ in First 9015(!::\:0%) y =
T P s ‘“éw,zéf‘g ks o
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" The 16F87xA USART

, asynchronous USART Receiver Operation Notes
. Datais received LSB first on RC7 pin _

, Reception is enabled by the CREN bit
. At the heart of the block is the Rs '

detected, data is transferred to RcR
flag dware and it is read-only).
On-receive interrupt can be enabled by RCIE bit
. The RCREG is FIFO double buffered register

. Can be used to receive bytes while reception continues in RSR

It can be read twice to read the received two bytes

- If a stop bit is detected in RSR and the RCREG is still full, an overrun error
occurs and it is indicated in OERR bit (The word is RSR is lost) |

If OERR bit is set, shifting stops in RSR and transfers to the RCREG is inhibited ! |
« To clear the overrun error, clear the CREN bit.

+ If the stop bit is received as clear in RSR 3 framing error occurs and

itis indicated by the FERR bit. X ok
, pae
+ The 9% bit of data RX90 and FERR are also double buffered. It is
r essential to read the RCSTA register before the RCREG to avoid

Y losing the corresponding values of RXSD and FERR "
e o ol ol Rewky WISl %

© The 16F87xA USART M
RCF?/IAO (18H)

WO R/wo RAW-0 u-o R0 R-0 20
[SPEn T mxs T sren | CrRen | — | FerR | OFRR [ Rxe0 ]
bay i

17 P . : . |
?I=L£2ﬁif;fnmglzzb:g:ﬁgures RX/DT and TX/CK pins as serial port pins) (
0 = Seral por disablad ’
RX9° 9-bit Receive Enable bit

1= Selects 9-bit reception

U= Selects 8-ba recephion

SREN. Single Receive Enable bit

ASynchronous mode
Don't care

b1g

T3

Synche oS - MAas
! = Cnables singla receive
U= Disables singles receive  complote.
This Lit 1s cleared alter receplion i1s comp
o
240chuonous moede - slave ‘
Iriaseq N s neile ) |
CREN iinuous Receive Enable bil
A’-f!uh!uume.uh 1nedy
! = (nables continuous receive
= Divaisdeg CONNUGHS MaGEave
h';i_l_u bug ; y
TN o ) bit C
= Enables continuous receive untl enable
Ui 5 4 Dicablag COMINUGUEL TECMY e

tig -, Uliimpl.:nuunlml: Feizaatd aon ")

<

1] é4

REN i3 doared (CREN ovainides SREN)

Ce naxt valid byta)
'R Framung Eror bt dha RCREG ragister and 1ecoive

. = Ttanung eimor (Can be updated by 1o
g g = No framing eror '
OF Ry Overrun Criof bt Jaaring bt CREN) }
L, ;_0"‘1"“” error (Can be claared by ¢ ‘
1 = Overtun efror ity bil
- RXan, flh bit of received data, can ba pat ¥
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The 16F87xA USART

° Steps for Using the asynchronous receiver

1. Set the SPBRG (0x99) register and BRGH (TXSTA<2>) bit to choose
the appropriate baud rate

2. Enable asynchronous serial port by clearing the SYNC (TXSTA<d>)
bit and setting the SPEN bit (RCTSA<7>)

3. Ifinterrupts are desired, set the RCIE (PIE1<5>), GIE (INTCON<75),
and PEIE (INTCON<6>) bits

4. If 9-bit reception is desired, set the RX9 (RCSTA<6>) bit
Enable the reception by setting bit CREN (RCSTA<4>)

6. The RCIF (PIR1<5>) will be set when reception of one word is
complete and an interrupt will be generated if RCIE is set

7. Read the RCSTA (0x18) to get the 9'" bit and determine if any
error occurred (OERR, FERR)

sy . :
ittt L8 Read the 8-bit received data by reading RCREG (0x1A)

9. Ifany error occurred, clear the error by clearing the CREN

; 0goq -010
Sl \ 6200 0oon | opeo 4000 y
B

The 16F87xA USART

o Timing of asynchronous reception

RX (pin) Sun
Y C) T GN A  r a y Stan
b 2 A2/ S0\ e [\ i) Siop
Rev shift cr bt A == Tha
rF?gv vufler reg 23 f L f_\r ce '
WO 1 “7 wompaf >3 .
Read Rev r : RCREG R-CUP ‘EDPZf ]
pireieo Y T ——— ¢ G . '
I . 55 ‘e LN
VAR O =
(intermupt iag) D e S ce. :
- 2 4 L 4
SRR o T
E C 2 e L
:Er_—__—_—_““—————~_.1;’ 22 3
Note: This timing diagram shows thres words : , S y—— ) |
causng e OZRR (Grema) bt loGe set > " " "XVt The RCREG (receive tumery o o awerd, |
ey i e O S B b i, 2 71 s e is read after the thr s
= Registers involved in asynchrgn a =
Name Bit7 Bit6 :
Address Bit 4 Bit3 Bit 2 Bit 1 Value Value on
— Bito on: all other
0Bh, 6Bh, |INTCON| GIE PEIE | POR, BOR Resets
10Bh, 168h RBIE W%?\‘ﬁ
(ocn  |PIR1T  [PSPIF| ADIF e IF [ 2cco ooz | ooes 600U
eh  |RCSTA | SPEN [ Rxo [ SSPIF | cePir [T ot —— | —
1ch | — = TMR1IF [ oo 9000 | oooo 6000
1Ah RCREG [USART Receive Register L _— | FERR OERR : E
| ) o RX9D | ccoo -pox | 0o00 -00X
gch PIE1__|PSPIETI| ADIE | RCE [ Txig B . ]
oeh ___ |1xsTA | CSRC | TX9 [ TxeN [syng SPIE | ccPiiE [ Thrare THRIE | 520 et oors e
Gon_|SPBRG |Baud Rate Generator Regiiey = [ BrReA [ 1IE | 2020 0060 [ ooeo 0000
L . 10008

MT | TXSD | ccoo o10

=
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~ The 16F87xA USART

The BAUD Rate Generator |
e
» The BAUD rate for USART is controlled by the value in
the SPREG (99H), the SYNC and the BRGH bitsinthe
TA (19H) U A Cre ' u&:".\‘“ca
TXSTA ( | gsP \‘-é’as%“c'\%. ﬁBq\JA < e
Rl &
0 ‘F:)sc ‘Bm‘x{ 1Bl F;)sc
(asynchronous) 64(SPBRG +1) 16(SPBRG +1)
2 bit 3 s 695 @ik
NSl Gy 51 st o
1 \3{3@ -~ C\,.A.bB \ osc
synchronous) s el 4(SPBRG +1)
AL

\e.

el
Exampl 1

- . .
A program to transmit 3 bytes stored in |(-)CatI0nS
0x40, 0x41, and 0x42 serially with no par.lty ata
fate of 9.6 Kbps. Assume PIC 16F877A with

oscillator|frequency of 20 MHz P BRG= 13}
gt 8 \ \'\).'D\ P 9
Table W) ol Glaess =3 2> Braw = o
Sl g el !

Requirements
i, setup the serial port for transmission -
2. choose the appropriateé value of SPBRG an_(.j I
BRGH to produce the required rate f,

|

Y | EEu

we o6& * TxSThR |

, resh C\’j[{'_j:[:f—‘j )
/’//
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Example
include pi6F877AInG ;include the definifon fle for 16F774
" = org 0x0000 - reset vector
Y % - T
_ \p A D goto  STAR
&;r/"f .‘\\ex(l’?’( org 0x0004 K define the ISR
L S
ISR E goto ISR
org 0x0006 - Program starts here
START bsf STATUS , RPO
bef STATUS ,RP1 ;select bank 1
bcf TRISC, 6 - set RC6 as output
moviw D31’
mowwf SPBRG - set the SPBRG value
s pte dbolm o o bsf  TXSTA, TXEN
AL s\e=wY Teanseikecpgf  STATUS,RPO; select bank0
bsf RCSTA, SPEN - enable serial transmission |
moviw  0x40 |
- mowf  FSR ' FSR has the address of the first element |
() |
Nt ‘mc;‘_.n:c\' 041:;"659:005 E" _j
//f T - Au\
= WALt N Jer—> u.&_g& ES
bssl\mwm 31293 A Exa mple
Jo s BT =T
X movf  INDF,W ;read byte to transmit
l':gf"Wf ?S(gEr? ;store in the transmission register
) » Increment FSR to point to next address
WAlT bifss  PIR1, TXIF ; check ifthe TXREG | -
goto WAIT EG is empty ':’?0\\’5
movf  FSRW
oy ey e— C SUblw  0x43 \
e Ubtiss ;. . - A‘WL
u')pip‘w VGU\% goto ?)T(ATUS' Z ; check if all values were transmitted e
oV »® . Sejlj;fl
\',Sr.-P P2 Jsb 4 (o,j\-pd
W~ DONE .4z goto  DONE o
Ny 40 end S
- Y P
VP’ — cc(\(‘z'ia ' &96‘{)‘7', ]
T l=p gete l=p
—t TR j
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_ cerial communication transmits bits one after another
i twO modes: synchronous and asynchronous

, Stable and accurate clocking plays an important role in
cerial communication

, It is cheaper to use serial communication over long
distances

» some members of the 16 series are equipped with
synchronous and asynchronous communication ports

» These ports can be configured to operated in different
modes and rates

i @’Q Chapter 11
il 2 td e Sections 1-3

- Dr. IyadJafar

"’ \\_\ Lo “ J R O ) : A ! i ) . 3 /.
| b0 ¢ i . M—

\\\
. \"‘\ (i //
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e Analog and Digital Quantities

g
> The Analog to Digital Converter =
o Features of Analog to Digital Converter
e The Data Acquisition System — Oala (gedwad))
OSe gLe

° The 16F873 ADC A b of ablide

o Summary

s 4/ 0 sal g digfel o Salyii b d M A WSS ®
: A'\%-);;{\\ NN Q&'\%‘\'\\\\\\Q

P —— —————— —

Analog and Digital Quantities

abL el Lo Bse, i D Lyassiastt 25900 2N Jisid)
Bopleg 3 e Most signals that are produced by transducers are

analog; continuously variable in time and can take
infinite range of values

/

o Digital signals are discrete representation for the
_;}.ﬁmanalog signals in time and valye

(5\ ’ : . . .

\\o\;b\@”;% D'f:’:a' signals perform better and are easier to Wor¥
e W

NN
A

,=> e Analog signals have to be converted into digital fo"

in order to be processed by the microcontroller

| o The device that perform i L lle

| s this is €a
Analog to Digit conversion

al Converter
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SR L A B

Representation Continuous voltage or cyrrent

precision Infinite range of valyes Only fixed number of digits
combination are available

Binary Number

t Suffers from drift, attenuation Tolerant to most forms of )
Resistance 10 distortion, interference. signal degradation. Error | 3

pegradation Recovery is hard checking can be included for (-’—"3‘“‘3‘_ ‘
complete recovery S -}-\3'
Processing using op amps and
) other sophisticated circuits. Powerful computer-based
Processing Limited, complex, and suffers techniques
from distortion
- Analog storage for any length - All semiconductor memory
Storagé of time is almost impossible techniques are digital R
b s o
, el
. QDQ\%\" D\Sl\'ﬂl A\ (\5_:‘4:\\3.\\,.?&14*
,\1‘
The Analog to Digital Converter )
S
* Conversion to digital form requires two steps N
* Sampling b Ny é%%c
' . . e | _-#-_\euejs ~ Yoo
* Quantization h=lod ¥ |
y % R - S!rcqs-,kz\’_“‘?i%_ﬂi Tolt/
v - \i = 2" \1' L o
T T 9\\\"_(5\4\».}5;)3&\&5 <~ B
- &m\ . (‘Q\E‘s 5\ XS) 'c\)a}? w\

Time
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| Convert
Features of Analog t0 Digita or er

e R
Al .{-c,,( ou erd{' MRS = J\még,.\ \f\Pu"F sﬂ,M? (eM\o ) « -

.x_sjc—-e Conversion Characteristics > L5 chate o
» The ADC accepts a voltage that is infinitely variable and 7

converts it to one of @ fixed number of outpu alues o

\O\)\} \4\93 c\j \a_.\.:lr oo m.,,\ Q\ d|9\'t‘1'[ cY : .3 ‘
ol 3 st o ol en Vg Va8V \evel 5\9‘,9} Andiil \a) |

i

| oV <000 < 1V
\ V<0 <2V
yoA | 2V<010<3V

Ingut 1+ A/D -] V<01t <4V

=\ V/\eue‘

N

\ Q\L\')\ )\A'SC*]

»

‘Converter

10V
1 <101 < 6V

\L 6V<110<¢ 7V
TVelrt <8V

"\ms\\ %
S Ry

S adia) 9

Oiglal _sdw E\’““"SVQ
t Vief () =0
bits 3o

ocﬁ? (§)
Qe 3 bit oo -

I
I
GO

J

Features of Analog to Digital Converter

¢ Conversion Characteristics
Lan s Svoamy
Quantization Error

i
CR NN W el \Padie L 9 Shft I dggn & t
T T — iy ——
|
110 = e '
—3 <[ LSB ‘ “0_) Mn— ‘
101 T B ' [ <—ILsB
= I 101 T = l‘
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Features of Analog to Djg;

» Reference voltages [V Igital Converter

\

. mln' max ]

o Determine the acceptable range of in

" out of range input put analog voltage |

put values are clipped —> ™= & o b Lagis] Wl

. Un/po/ar or b/po/ar Negitioe Lol (os o Ummin e it
L e Uoms ronists o S e

e Should be stable and accurate for proper operation

e [nput range V max = Yimin Z&%J“

» Resolution |
: , |
o The amount by which the input voltage has to change to |
go from one output value to another |

» The more the output bits the more the output steps and
finer is the conversion |

o Resolution = V. /27 \o2" oS |
Resawfion )

© o Quantization error Q = resolution /2 &> Q= y
v -
. St G\ Ve ) ght >

e —

e —— .
\

g to Digital Converter

Features of Analo

¢ Conversion Characteristic
Quantization error as a function of ADC bits

Max. quantisation Quantisation error for

" I:S.elif q;antlsatlon error as % of rangeé range of SV Jr =5V "
_ v
3 8 625\ ik 312.50 mV Qe = Sk
4 16 313 2h¥ 156.25 mV 2
. : ;
78.13 mV |
5 32 .56 . |
6 64 o8l 39.06 mV |
# 9.77 mV |
B 256 0.195 i,
0 1024 00488 2.44 MV |
& 4096 0.0122 0.61 mV
) 38.1 v
i ! 65 536 0.00076 | I

Scanned with CamScanner



Features of Analog to Diglta! Converter
» Conversion Speed - SN ads S oud

‘ ;fyc‘/ » Time for the ADC to do the conversion
| :, o Slow ADCs are used with low frequency signals
\ .
7 g e High accuracy ADCs take longer to complete conversion
e Digital Interface

o Made up of control signals and data outputs

e Data outputs — serial or parallel

) “ Vollzge riferwe S5C j
]
5; EOC 1

| Analoque |+ Analogue ol
ogie odgtd [ i

: input % cutput
i —— - converter (n blli) OE
il ) S
i i 1
l , toC ot —
‘ £ (S (@ndd (Ot Enatie) Data
‘: :11;!{;‘, - Comen) Conersen) ! S
) enable Lup (e Sefa W P J

“’ o —————

ﬁ"iThe Analog to Digital Converter

° Dual Ramp ADC
© Slow but with high accuracy
° Flash Converter ADC
- Fast but less accuracy
Used with high speed signals such as video and radar
° Successive Approximation ADC
Medium speed and accuracy

Used in general-purpose industria| applications

Commonly found in embedd
eds
~\¢. stems
i\;;; ’
o ~) ___\ /

—_— —
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ﬁhe Data Acquisition System |

& Elements of .. |
> o\.:.,\a».\-waiq data acquisition system - |
N @\"‘Sﬁ) Removes unwanted  Selects which > ﬂwc’ﬂ , elecironic . ll"%
) signal components,  INPut channel s \¢ o Gis (s Converts its i
- Transduce! qsuglly for antj- connected to its analoginputloa  Voltage i
' nererales signal aliasing purposes output Sample and hold i |
| Generd pos _ _ __ Samples its input digitaloutput  reference i: ;
signal and holds | il
thatvoltage as a |
steady value al IE
Eutput £5%
‘r Sample
pify and offset v e S ek sl |
n o Se ~ s o === m = T 2 ol . i 5 .
AAnrx;ﬁf:eSasignal and AD *.-‘-‘-"”‘"“\*“‘sr Start Output :b’%c‘%:?‘ é’“ ’
adds DC offset to 63‘\"*‘3 Qensor w: Inpulselect_ comversion | result chp"%! ! 4‘:3"1‘?@% |
malch ADG input range 'n o\~ (it Sl 1 - Conversion SO 1w |
@ J AD 3 : "1 complete _ ,' o/ ‘
8 51 ot | ymmooecertenes
tedchi nq oY é}yg \sAas (M e\ e &mgsés&\! (o) \o)
JRY Yy v l
T VG BN |

‘The Data Acquisition System | \{
Elements of data acquisition system |

°* Amplification
ltages |

e Most sensors produce low VO
¢ Need to amplify to exploit the input range of the ADC

* \oltage level shifting might be needed for bipolar signals

* Filtering
* Pick the actual signal and rest
to the sampling rate of the AD

* Remove unwanted signals

" Analog multiplexer
* Used when working with
Fx‘ mUlllple ADCs
©  *Semiconductor switches

rict its frequency content
C to avoid aliasing |

multiple inputs instead of using
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The Data Acquisition System

Elements of data acquisition system

e Sample and Hold
e ADCs are unable to convert accurately a changing signg|

e We need to capture the sample value and hold it for the
duration of the conversion process

e e o 5 @b i\s
e Acquisition time ! o d"?\‘@ \f o an
L) b o
AD - ertteCey < S\ g S\W%
Wm / ,_t_i ’5: g’u‘:“pﬁ‘ ~ __) Acquisition time .: —
bod - © vohage | Ineut ‘\
| 0—p 14 : Oroop
R . upu | _
) Conﬁ_} I ol .
Vc T— ]
-~ | | . Samplesdonll e
5 N
N .5‘: Contiol 'E‘fﬂd_l Tf?ck Q Q_L'Ji = e.wc"{'
A5 7 - - ¥ —
= T T 2l g, Qugaciier |
= \.903\ E‘.B\ UOH'QQXQ j ‘
REN) b
s e P
The Data Acquisition System
Elements of data acquisition system
e Sample and Hold
Ve
0.9995 Vg
0.9880 Vg =
0.9000 Vg Pl o
| _
2.3NC 6.210C 7.6nC t |
= . : /
=% Acquisition time increase as we increase the resolution of the ADC
.
. —— —
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v T Ming
The Data Acquisition System

rypical Timing Requirements for Analog to Digital Conversion

LConllgum and onabk; ADC l

MoK D Be Lipsd g yal
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Loiteh
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'éamplc' Inpul signal - 7

1
l Delay tor signal acqulsnloﬂ qu?.

4 1 _ =

, ‘Hold Input signal j o?en SUJACJ\ : \-5.9‘503;1—\01 N
Sam") e &WQ

Star conversion , Ts = %:; r’.\b - "\‘; ‘\-_HTO“U
! b T, 4

Delaty for cc;?vtersion M g \"}\L-‘ q_‘k:'_* [I h

o complete N gl s i

gy 225 5

Clese  opet ey e -
s
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—— \

quisition i icrocontroller
Data Acquisition in M s, Vot

 Environment o phgciodqrfites i
s need ADCs ; usually they are ,
e MICas 8or 10 b!t ,ﬁDCs [

e cinbiand |
3\\5"_\ ADC Lbkv-‘_\@ﬂx f

“ Embedded system
integrated within th
Pesy M §iamc Wl e

‘ Integration is not easy !

* Proper operation of ADCs
and ground and freedom O ]
* This is not easily available In digita

|
demands clean power S‘l:l.pp'.y”“\
finterference - A s Jiides |

: I
devices ABc

L3 I J
Compromise accuracy of integrated ADCs |

\¥
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The PIC 16F87xA ADC Module \
16F873A 28 3 parallel ports,
16F876A 3 counter/timers,
2 capture/compare/PWM,
2 serial,
mottplixing Ast (g Bchamels ©% «510-bit ADC, » 1 A0c
R é‘??e(a\’( ot 2 comparators
C%S-%-\Y  16F874A 40 5 parallel ports,
16F877A 3 counter/timers,
2 capture/compare/PWM,
2 serial,

(RB-Yo-\\ " 8chames (s «— 8 10-bit ADC,-> L Adc
| 2 comparators

P . o —

The PIC 16F87xA ADC Module .

\
5 chanels Nxoe ! gu‘l‘?’ e S of ana‘os 5

P N D & topet
: : 11,
i} . REZANT
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—o 101
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The PIC 16Fg \

7XA ADC Modyle

Related Reg;

o egisters B

o Operation is controlled by two SFR (SFRs)
- ADCONO Ox1Ff ] .

. ADCON1 Ox9F

e Conversion result (10-bit) is :
placed |
- ADRESL Ox9E " HWOSFRS

« ADRESH Ox1E

ROC W cfiy gymn o @iriss

j ¢ =i ¢°§>S~N \o-bil’sﬁz}l’\{\\f‘gﬂ.(‘es

o ADC interrupt enable and flag are availabli in \\::‘b'-‘v *c\;iij““*

polE « = PIE1 Ox8C qurwex%:c“ AL Jh 3o \o—‘?")fk\'t'
apiE e PIR1T0xOC 3 S—eadloyy Ceg @t Wyl
. TRt el s wis M elagt
e Related registers 1\ 7yed, 4o i A
I TRISA 0x85 aodelss @t alal —

- TRISE 0x89 (in 40-pin devices) Igl'(‘c;__:ow ‘———iu-\‘Jr
Lbz(ec_'\cor\ Yeqeters \lc:\:sa-q ) Pet ——BR
N \GE3FFA :

T I . . 3

The PIC 16F87xA ADC Module

Controlling the ADC

(1) Switching on
: aring ADON bit

The ADC is switched on/off by setting/cle

ADCON0<0> \ouy defastt =0
| ¥)/’% off when it is not needed as it

It is preferred to turn the ADC s not | ;
offers some power saving = (ss\e >daahd 653307\»&»315 s
L VAR o\s €My

s .é\.
(2) Setting Conversion SP ECL . ° ““Q’\’B | |
Operation of the ADC is governed by @ clock with period Ty, |

AW
must be 1.6 us at least - Fosc
T

For correct conversions, Tap
software (2Tgse, 4 Toser 8 Toser

d by
The ADC clock can be selecte 4 To L
16T 3;_ T 64 Toscs OF internal RC 2-4 us) =t Jisg, A L, e &
Selegizn ofOAslc)C clock source is through ADCS2 (ADCON1<E>), Seatl\ ?_,{m\D
- b e
ADCS1:ADCSO (ADCONO<7:6>) | | we Bsiading
%) " If the system clock is fast (>500KHz), use it to derive the ADC
e internal RC. /.

i

e cl ' e th
~____ Clock. Otherwise, us

e ——— e

N
iy T
T e
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The PIC 16F87xA ADC Module

Controlling the ADC

> Veonw = 2 Tap

| Setting Conversion Speed
A full 10-bit conversion requires 12 Ty,

TertoTaD Tep!  Tap2  TaD3  TAD4  TAD5  TeD§ . Too7 _TAC8 | Tacd TAp10 Taplt,
0 T.bg b8 b7 b5 b5 b4 b3 b2 bl b

Conversion starts

Holding capacitor is disconnected frem analog nput (typically 100 ns)

Set GO bit

3 ADRES is loadad
e CObit is cleared
| > \Y“ Holding capacitor is connected to analog input
50 DSNyny
Lo Voo
S —

—

The PIC 16F87xA ADC Module assas

Controlling the ADC 8%y u0ansitzat s

(3) Configuring Inputs and Voltage Reference ! %u:?'g’d(@
* The ADCON1 and TRIS r

egisters control :
A/D port pins the operation of the

Inputs AN7 to ANO can be confi

é;?}',xé inputs.
S

4" " AN3 (RA3) and AN2 (RA2) can be used as the inputs for the
D external reference voltages Separately

. A _ , .
o (o Configuration is made through PCFG3:PCFGQ (ADCON1<3:O>)

gured as analog inputs or digital

(4) Channel Selection

We can select one out of five (or eight channels
input using the bits CHS2:CHs0 (ADCONO<5:3>)

Selection of the input channel closes the sampling switch

dafa aqu - (Symss %w:lth}\éfd_\};\é%g)\gc:ho(\ 5_93»:'(\2 -

) as the analog

/
/
A

|
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The PIC 16F87xA ADC Module

Controlling the Apc - s Clessd
et Weduowe N

- - et N\ s ¥
(5) Starting Conversion and Flagging its End )

Conversion can be started by setting the GO/DONE’ 7 G/ Vel
(ADCONO<2>) bit. This opens the sampling switch.

Once the conversion is complete, this bit is cleared to indicate
the end of conversion ¢
by herdurwe

The GO/DONE’ bit should not be set using the same instruction
that turns on the A/D.

y
A\ B30 Lguia) 29 A/O O et
(o

[a Some Time
—

|

|

|

@ ADON=\ S ).

The PIC 16F87xA ADC Module

Controlling the ADC | \
| |

|

|

(6) Formatting the result |
The ADC result is 10-bit data that is placed in ADRESH and
ADCRESL (0x 1E and 0x9E respectively) -
- «tified or right justitie
The result can be left justifie |
Selection of desired format is through the ADFM (ADCON1<7>)

|
; |
It ’

ADFM =20
ADFM =1
P, —.
,_—-A—,’“ 1 0765 0
l 600000 I ] e ——
—_—— Y ADRESH ADRESL
ADRESH ADRESL. et
N 10-bit Rasult
10-it Result
%\l Lett Justified 4
zlj RGN R

o
— —

— I

.
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RACES - u-0 RW-0
L ) gwo  RW-0  RWO —
Lo RW.0  RW-0  RWO | ADON |
e [A0GSD -
O\s @ X)) o bit0
bit 7 Cypion V)
_____________—’—————___r‘ —’_“_’—-\‘. /——’_’__——-—\-\
e . ; CONQ bits in bold)
/" w76 ADCSI:ADCSO: AD Conversion g i bit5-3 CHS2:CHSO: Analog Channel Seled i
ADCON! | __ADCONO Clock Conversion 600 = Channel 0 (AN0) RRO
<ADCS2> ;Al)’c’_ﬂ_fi_'jk/—»———"’—’_ ¢0x = Channel 1 (AN1) REI
_,3_—_,_2__—_&512_,_——/ ¢i10=Channel2 (AN2)
‘ e e ¢11=Channel3 (AN3)
—— —’i"w 200=Channeld (AN4)
. [ ffos ] 101 =Channel 5 (ANS)
‘ e TJFee® 110 = Channel 6 (AN6)
— | 10 Fosc/6d Tl ! 111 =Channel7 (AN7) R¢2
3 .

vy

A
Jeatlt
(7\3‘3

The PIC 16F87XA ADC Module

, N\ 292 ADCONO Register

Ox1F
R/W-0

k 11 RC (clock denve rom the intema

,/'. \
' bit2  GODONE: A/D Conversion Status bit
When ADON = 2: . o .
! 1 = A/D conversion in progress (sefting this bit staris the A/D conversion which is automatically
cleared by hardware when the A'D conversion is complete)
§ 0 = A/D conversion not in progress
| bit 1 Unimplemented: Read as 0’
| bt0  ADON:AD Onbt ,
| 1 = A/D converter module is powered up '
| 0 = A/D converter module is shut-off and consumes no operating current )
\, /" j
g
/ '\\
The PIC 16F87xA |
xA ADC Module |
ADCON1 Register Ox9F |
by D RWO U0 : |
' [ ADFM | ADCs = e RN RAE |
¢ o7 2 | = | i | PCFG3 [ PCFG2 | PCFG1 | PCFGO |
! aﬂap‘s . Lsalle 3\3\’5;@\&"3}5-&\ 3NGe d =— :
57 s bit7  ADFM: A/D Result Foimat Select bit bit 0
L S 1 = Right justified. Si ot Signi - |
g ght justified. Six (6) Most Signifi
e S il . gnificant bits of ADRES - '
\ 0 = Left justified. Six (G) Least Significant bits ofADRESLH o piar g |
brt 6  ADCS2: A/D Conversion Clock Select bit (ADCON1 bits i N |
SHEA Ui riarmarut Reod o its in shaded area and in beld) P !
bit 2 . ) N & .

e F_C‘FEF:C_F?D-_ND Port Configuration Control bits QNU" \(\QG\_S\@%\\& 3 > |
pcro | REZ [ REUTRES | RN WO [~ - == wgy— !
<3:05 Aric | ANS | ANd | AN3 | Anz | WRy | RO ‘
—— e “ NO | VREF+ | VREF- | C/R !
uoco S,

0601 ;: : o A ATITA TR =10 |
L S N B N N o o
el T~ N N N 3 e
lleuuv(.vlk D | o | 5} = VREFs A A A 2 \{t . ‘4|
o202 | o | o | o ~o A _| D A &) !
sl 0ol oo lWwer]| o |Ta[Ta" _Voo | ves | 33
LOn00 A l;: o D D D D A AND b ok
T [ I K 2 e -
1910 | D ) 'y A & A | A | A __({Na AL “’Ll: %
oL} 0 T A VREFf A Y = D? \‘t;_,:;’r—
L1u0 RN A LA vt | v TR ANS L XSS L
YOI I It ) A TN T RN —A_L ANa | ANE ] o
O e e N N TR T O S B s B
EEETEN T N LN N b5 | ves |1 |
- 2 D 3 — e | | ¢ s |
A = Analog input - 0 = Digital PR WEEs [ vk | D A AN AN2 E-E /
C/R = Hoot analog impul Channe e ol VD T "/’
/.

voltogae nQrencin
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e PIC 16F87xA ADC Module

‘Related Registers -

" the

(€ Qaxlg )
s | Name Bit7 | Bit6 | Bits Bit 4 Bit3 | Bit2 Bit1 | mitg | VYalveon |_Valueon |
Addres o _ POR, BOR [MGCLR, WDT [
ﬂ//’/mTCON GIE | PEIE |TMROE| INTE | RBIE | TMROF | INTF | RBF |oooo 000x | 0000 000u |
| wﬁf_{r_— psPIF")| ADIF | ROF | TXIF | SSPIF | cCPIF | TMR2IF | TMRTF | ooos 0000 | 0000 0000 I
| ;"/’;,ET’ pspIE!) ADIF l‘:!CIE TXIE | SSPIE | CCP1IE | TMRZIE | TMRIIE | 0000 0000 | 0000 0000 i
Iifh/""AEE[;sl}iNDResuH chﬂerHlm Byle SRS, —— ‘I‘
| gEn/’ ADRESL |A/D Resutt Register Low Byte Y I—— !
‘H/"’M ADCS1 |ADCS0 | CHS2 | CHS1 | CHSO [GODONE| — | ADON | 0000 00-0 | 0000 00-0 i|
l ADFM |ADCSZ2 | — — PCFG3| PCFG2 | PCFG1 | PGFGO [ 00-- 0000 |00-- 0000 }
\ — — [PORTA Dala Diroclion Regisler --11 1111]--11 1111 !
— — |PORTA Data Latch when writen: PORTA pins when read --0x 0000 |=--0u 0000 '[
IBF OBF | IBOV |PSPMODE| — [PORTE Data Direclion bils 0000 -111/0000 -111 I
S — I = — — | me2 | mEl | REO [---- -xoxx|---- -uwu l

The PIC 16F87xA ADC Module
o Code ) Iobbo>

» Steps for using the A/D module

1. Configure the A/D module Ny |
5. Select analog pins/voltage reference and digital I/O (ADCON1)

5. Select the A/D channel (ADCONO) - CHS bits
¢ Select the conversion clock (ADCONO) Ancs bits

d. Turn the A/D module on (ADCONO) AD oM

Configure interrupts (if desired)
Clear ADIF (PIR1<6>) and set ADIE (PIE1<6>)
). Set PEIE (INTCON<6>) then set GIE (INTCON<7>) s \
Wait the required acquisition time — AN o sosbiing 3

Start conversion by setting the GO/DONE mx"w o “Q‘F s
ComeLsiod LA s
Wait for conversion complete & s

@) Read the A/D result register pair ADRESH:ADRESL

&/ y

=Y

- Scanned with CamScanner
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The PIC 16F87XA ADC Module |

e The analog input model

Voo Sampling
Sm;t)ch 1
V=06V * 85 Bees
" T 1K+ 99 Rsst
i ML L ,
A i . CHolo
| , CPim J_ [LEAKAGE : ?%C gapadtmce
5pF T TVT=0'6V 500 nA I p
-: 4 le
Legend: Com = input capacitance g&:
Vr = threshold vollage Vop A\
learace = leakage current at the pin due to DDAVt
vanous junctions I\
Ric = interconnect resistance -
SS = sampling switch -
Cqoo = samplehold capacitance (from DAC) [l-', ‘,5 % 8 910 ” (ke )
Sampling Switch kms

Aoy i @Y 2ime

— — —_—_— e

éw* The PIC 16F87xA ADC Module

“5\D

Q o Calculating conversion speed (Qerror is ¥ LSB)

A/D Total Time = Acquisition Time + A/D Conversion time
=Tacq+t 12 * Ty
TACQ = Amplifier settling time

AN
S S — ;4*‘AV_//

C Rol
+ Hold capacitor charging time > RS ’

+ Temperature coefficient - 2234 J\x bao
TACQ = Tawp + Thow + Teore Sl

THOLD =-(R,c+Rgs+Rg) * Copp * In(1/27(n+1))
= (R ¢+Rgs*R) * 120 pF * In(1/2048) Ts

J
}
¥ = 7.6*R¥C
‘%\j //ES_/TQCCL 6"““ i

N
y AD Total Time 2 ps us +7.6RC + (Temperature 25° C) (0.05 ps/ c) +12Tw

TA"‘?

Tcog::

T v e

\\\"
AN
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The PIC 16F87xA ADC Module \

» Calculating conversijop, speed example Assoming g
= * fesQ
=7kQ (Vpp = SV), R Ric = 1kQ, Re=0 . \o-bj—
Temp 35C =16 us
tac =2ps

+7.6(7kQ + 1kQ + 0)(120pF) |
+(35 - 25)(0.05 s/ |
=2+73+405=98 ;s |

Total time =t,_+ 12T,p=9.8+19.2 ps = 29 Hs = Vg

Maximum sampling rate ~= 345KHz = . . K

, v 21k
) Fog= £ =S 2 1725 khy

|

The PIC 16F87xA ADC Module

o SN L L ange oumiu §e.( |

° Repeated Conversions Dus o~ Comwexsion Gubig
° When a conversion is complete, the converter waits 3

period of 2*TAD before it is available to start a new
conversion

® This time has to be added to the conversion time !

* Trading off conversion speed and resolution |

®If resolution is not an issue, then we can start the
Conversion with correct clock then we switch it to higher
clock

® Congsij ' oduced before switching the clock
sider onlyﬂ__ﬂ oy - kb\'
— | 11117 | \b\b 5

i Ly ol W ege G\ RVEW

5,92\9% G Gdms Oofs 1555
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The PIC 16F87xA ADC Module

| : At
e Example: use the ADC in PIC 16F877

ional that is con
sample of an analog signa
Assume the ADC clock to be Fosc/8 and reference

voltage to be internal. The PIC is operating with Fosc
= 4 MHz, VDD = 5 v, and temperature 25 C. The resu|t

should be right justified-ﬂwm(" )

Setup: DG \_ IPICF(\}\U

1) set RAO as analog input
2) select the clock B-tesc

3) generate appropriate delays (Toeq =2+ 7.6 (1K +
7K) * 120 pF = 9.3 us ~= 10 us)

S Peling Gomy TIMAO hailodN bl

|
{
l
|

nected RAQ« ™"
|
|
|

N,

/’_’*““" ——— -_— N e =

Example |
|
|
#include p16F877Ainc ;include the definition file for 16E77A
org 0x0000 ; reset vector
goto START
org 0x0004 , define the ISR |
ISR goto ISR
org 0x0006 , Program starts here
START bsf STATUS, RPO; select bank 1
moviw  B'00000001’ |
movwf  TRISA  SELRAD as input |
moviw B 1(39%1%119_ - Select RAO as analog input, resut gt |

 ustified, and intemal reference vol®®e |

movwf  ADCON1
bef STATUS, RPO - select hani 0 |
moviw  B'01000001’  1urn on ADC, clock Fosc/8, select |
~ ;channel g - j
movwf  ADCONO Clsse e aEatiade J
Quiteh ). T i
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Example

R
» start the conversion >
call  delay10us f : acquisition time delay
bsf ADCONO, GO/ ; start conversion
watt btfsc ~ ADCONO, GO_ DONE wait for conversion to complete

goto $-1
’\J) e \(\Sk ..’Aé ?2\‘::5\ 9\
goto DONE oﬁ" =

DONE
elay10us moviw D2’
movwf  0x20 - counter for delay loop
== dodtsz 0x20.
decfsz  0x20, (\))2,\0 Mse
goto more
return
£ end
\::' th‘ﬁ'
Ly Ucor-net
Summary

¢ Most signals produced by transducers are analog in nature,
while all processing done by a microcontroller is digital.

* Analog signals can be converted to digital form using an
analog-to-digital converter (ADC).

* The 16F873A has a 10-bit configurable ADC module

* Data values, once acquired, are likely to need further
Processing, including offsetting, scaling and code
Conversion.

».,»\
0

|
A
/
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Chaptér 8
Sections 1 -9

Dr. lyad Jafar

Outline

e Introduction

° From Switches to Keypads

o LED Displays

e Simple Sensors

o Actuators

e Summary
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, Humans need to
ihterface with
embedded systems ;
input data and see
response

,|nputdevices:switches,f mput !
| Variables |

pusthttonS, keypads, ' -._-. ~
¢ensors

. output devices: LEDs,
even-segment displays,
liquid crystal displays,
motors, actuators

¢ Examples

Introduction

o CEITE WAGE
EIANIE PREVEAN

L PRUJIER PALOT

o AVIOGR (P

L DAmEE anl

i WIVEVT NAADE

o UBANE ANTGTLEDLE !
POECE QHNaniAL BUE

WTe Photocopier Control Panel

e
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.

Introduction

o Examples

Car Dashboard

&

\Ss}lé__s&_&pgyégn\LMC_,sx@,kaPms_b;p:,s\_ e \7 input companed

\ceyPads A ]
Moving From Switches to Keypads

Switches are good for conveying information of digital nature
They can be used in multiples; each connected to one port pin

In complex systems, it might not be feasible to keep adding
switches ?!

Use keypads !

e Can be used to convey alphanumeric values
o A group of switches arranged in matrix form

Scanned with CamScanner
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Moving From Switches to Keypads
Internal Structure of Keypad
Vs
Pu}l-up o Keypad, = 2
resistors - S
1_] 2—1 [ 3 — ple O‘Q
Port bit r 3 ‘_—'-1 5 ‘CZ,),;M':S
. _3_ i
Row 6 r4 7 :I—s rG
connections 2 = —4—_4 =
4 STy [ 9 votbor |
. —\-0—‘4 _3::{& Gept oM’
é J O O W i
Column = l » =
connections ?

o Pins ot < sble dos soeull B el A o— F hon e g
€3 B e Mo JdlBy (b LN Bt Neg¥y
A PRI PR X1 ST N e W Z

Tsod ol el coa % eutptt 3 Column N2 E(V\lﬂ
Colutna 3\ &a?\_‘cs S " ookprt 4 Rew M o input ,i\_\

Avu o) = .
o e o i 1 3V ooty oiiol Rios Jiskot s )

Moving From Switches to Keypads

How to Determine the Pressed Key  ayeosuost |
A
[?et column bits as outputs PofkTR —> RBT — RRO 1 bids

! w Value Read
e 0111,0110X > qlotn

|_setrow bits as mputs_| 1 % oits |
e | 2 0111 101X |

[ Set column bits to 0 ] 3 0111 110X

] 4 - 1011 011X_

[ Read row bits | 5 1011 101X

6 1011 110X

I&“‘Olinn bits as Inputs I 7 1101 011X

8 1101 101X

‘mﬁs as oulp"u'liﬂ_l ? 1101 1104

__,,]____._._ - 1110 011X

[Sstowbis o0 | 1110 101X

1110 110X
Read column bits

= |C
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Moving From Switches to Keypads

Using Keypad in a Microcontroller

Read keypad pattern

Initialise
Interrupt /ﬁ i
s ‘
Enable interrupt s d Convert pattern to ASCI! J
g ]
/ — — .
' g r Output to LCD J
wait |- | P
|
® y
A
r \\
om\ 420\ B PORTS e Is key released?
= . N
\ereropt A Al N
N

b Clear interrupt flag
N return from interrupt

(RETFIE)
]

= === et _
Moving From Switches to Keypads ]
(»
|

=y
=M L0 Example 1

A program to read an input from a 4x3 keypad and display the
equivalent decimal number on 4 LEDs. If the pressed key is not

a number, then all LEDs are turned on. I cb"t}'ro

. The keypad will be connected to MC as follows
. Rows O to 3 connected to RB7 to RB4, respectively. }
. Columns 0 to 2 connected to RB3 to RB1, respectively.
, |

- Use PORTB on-change interrupt

. Connect the LEDs to RAO-RA3
« Based on the pressed key, convert the row and column values to

binary using a lookup table .
PoRTE o @CL\) boton nomber = (0 Nomber f
M_J ¢ 2% K2+ Columpn Nuvber )’

gl _@LCL_WJZ& Col onts Noymbeor A T

{

|
|
|

G
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Keypad Interfacing Example

#include P16F84A.INC
JOW_INDEX EQU 0X20
(ol INDEX EQU 0X21
ORG 0X0000
GOTO START
ORG 0X0004
GOTO ISR -
GTART BSF STATUS, RPO 00\‘3
MOVLW B’11110000° 4
MOVWF TRISB - SET RB1-RB3 AS OUTPUT AND
- RB4-RB7 AS INPUT
MOVLW 8'00000000’  couss
MOVWF TRISA - SET RAO-RA3 AS OUTPUT
BCF STATUS, RPO
CLRF PORTB . INITIALIZE PORTB TO ZERO
MOVF PORTSW  ; CLEAR RBIF FLAG
BCF INTCON, RBIF
BSF INTCON, RBIE
| BSF NTCON. GIE : ENABLE PORT b CHANGE INTERRUPT
@ L00P GOTO LOOP . WAIT FOR PRESSED KEY "

— it

Keypad Interfacing Example

- READ ROW NUMBER

ISR MOVE PORTB, W
MOVWF ROW_INDEX
BSF STATUS, RPO ; READ COLUMN NUMBER
MOVLW 8’00001110’
MOVWF TRISB
BCF STATUS, RPO
CLRF PORTB
MOVE PORTB, W
MOVWF COL_INDEX
5 g CALL CONVERT  ; CONVER THE ROW AND COLUMN
~SDRC ™ gsE GIATUS, RPO ; PUT THE PORT BACK TO INITIAL SETTINGS
-y MOVLW 8’11110000°
P8 ok MOVWF TRISB . SET RB1-RB3 AS OUTPUT AND
\,}ng_g_\\"ﬁ\vs\' MOVLW §/00000000° ; RB4-RB7 AS INPUT
| e
i CF ) , . c o,
@';{fb\bé L ctre PORTB NN Sy 3“:}95&
% %@ \\ MOVF PORTB, W ; REQUIRED TO CLEAR RBIF FLAG
BCF INTCON, RBIF

RETFIE

i : e
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Keypad Interfacing Example

- CONVERT BTFSS COL_INDEX,3; IF 157 COLUMN,COL_INDEX:O
MOVILW 0
BTFSS COL_INDEX,2 ; IF 2D COLUMN, COL_INDEX=1
MOVLW 1
BTFSS COL_INDEX,1; IF 3fP COLUMN, COL_INDEX=2
MOVLW 2
MOVWEF COL_INDEX ; STORE THE COLUMN INDEX

FIND_ROW BTFSS ROW_INDEX,7 ; IF 15T ROW, ROW_INDEX=0

MOVLW 0
BTFSS ROW_INDEX,6; IF 280 ROW, ROW_INDEX=1
MOvVLW 1
BTFSS ROW_INDEX,S ; IF 3*° ROW, ROW_INDEX=2
MOVLW 2
BTFSS ROW_INDEX,4; IF 4™ ROW, ROW_INDEX=3
MOVLW 3
MOVWEF ROW_INDEX
, CONTINUED ON NEXT PAGE

L1 Suiidan BN G I 3\t 0 o g Zpyieain Ditfon_MNib yasi b ¥

iR tatemedt S\ —dss éemMCL\ (:‘\Q)J Sas \t; wcmir &\ m\\é i

Keypad Interfacing Example

COMPUTE_VALUE MOVF

ROW_INDEX, W ; key 4 - ROW_INDEX*3 + COL_INDEX
ADDWF ROW_INDEX, w
ADDWF ROW_INDEX, w
ADDWF

COL_INDEX, W ; THE VALUE IS IN W

7

0X30,w

STAT )
us,c ; WILLNOT woRk CORRECTLY, OVERFLOW OCCURS
LL

0X30, W
TABLE

PORTA .
RETURN » DISPLAY THE NUMBER ON PORTA

BN e N 2 b
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Keypad.lnter_facingExample |

ThBLE ADDWF PCL, F
RETLW 0X01
RETLW 0X02
RETLW 0X03
RETLW 0X04
RETLW 0X05
RETLW 0X06
RETLW 0X07
RETLW 0Xx08
RETLW 0X09 "
RETLW OXOF ; ERROR CODE — ¢ Y &
RETLW 0X00 | \ \\?3
RETLW OXOF ; ERROR CODE —> (3% |
END

¥ ‘ t : batran \ dg&&% i
MC W @stsaisbs i g iy Ryl \

i

. s\ s s
apeass. e R PRV

[ U

l__\_»,_cukpuk_.ﬁ’bmPQS-\GA\JL——~—————————-————/——\\‘

LED Displays

ivei in
* Light emitting diodes are simple and effective in conveying |
information |

' with
“ However, in complex systems It becomes hard to deal |

individual LEDs

t
Alternatives
. >even segment displays
. Bargraph
** Dot matriy

Yo
ATV
BN NN

AL

- RS

5
w

= vayEEeT
T3y VSN

=

|
|
\ 2t
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: Seven Segment Display

‘Common Cathode Commeon Anode

: f Vcec a )

% lf'lG{I']IdI: IQI % n 0 .0 n
= — —

_ - ) m
Sisplee 9,40048 g+ i

o e Seven Segment Display
;e gye\demle  Multiplexing of seven segment digits

1 T P 3 7,
2= — — | [ | |
b 'g [ [a/ca b gl Ea:‘ca b g1 ‘a/ aib Segment a RB7 -
Segment b RB6 " !

Segment ¢ RB5
Segment d  RB4

Segment e RB3

Segment f RB2

Segment g  RBl

Digit 2 Digit 3 Digit 4 Segment dp  RED
Digit 1 drive ~ RAO
Digit 2 drive ~ RAl

‘ZVN4205'A | ‘ | Digit 3 drive  RA2
ZVN4206A ZVN4206A Digit 4 drive  RA3
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Ade \F 2 T
« !
@ = — N —
i 1 {
} I
MC t 7 — T
Tt . 1
Res - f*L S 0 (‘
Agnacial: \&»_‘\_’kc_khs\.& \ — d - L
r_s%mm&_nhémm
CJlS?.LagJ L Transisfore_C electronic Beifohes )

(EDws=F -:.LN >clisp we ) . F S&"G(vm‘\' Alw\eu)lc_ Qisplay d_z.ml_h_e‘l_
-Eum>\\m \\_ua.sa.‘id\ R %vﬂn %@‘sﬂ\‘sfﬂ' é%bau oot pler m_\\ saadell
M@MM&M@@%M@&
; MML&SP]%_MM
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Seven SegmentDispIaV | w

’ Multiplexing of seven segment digits

segment pattern

segment pattern
for Digit 1

for Digit 3
segment' pattern segment pattern segment pattern
for Digit 4 for Digit 2 for Digit 4
/
Segment ’ =
s A X Y
Digit 1 \/\L [\
Digit 2 / \
Digit 2 /
Digit 3 \ / \
Digit4 / \ /—\—

C ovec bime  mlafide s )

Seven Segment Display |

Example 2

A program to count continuously the numbers 0 through 99
and display them on two seven segment displays. The count
should be incremented every 1 sec. Oscillator frequency is 3
i, AT
e ——bCoﬂ*'(b\
“ Connect the seven segment inputs a through g to RBO
through RB6, respectively

* Connect the pates of the controlling transistors to RAO (LSD)
and RA1 (MSD)

“The main program will be responsible for display and
5
Multiplex| ary 5ms =ty \ e
Q Iplexing every VLT T
5 F-) | acole
Swg -

& R - %

e
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Seven Segment Display Example
HINCLUDE PICF84A.INC - % e -
LOW_DIGIT EQU 0X20
HIGH_DIGIT EQU 0x21
COUNT EQU 0X22
ORG 0X0000
GOTO START
ORG 0X0004
o ISR GOTO ISR
\,\;‘V” START BSF STATUS, RPO
Js-" MOVLW B'00000000" ; set port B as output
MOVWE TRISB
MOVWF TRISA ; SET RAO-RA1 AS OUTPUT
BCF STATUS, RPO
CLRF PORTB
CLRF PORTA
CLRF LOW_DIGIT ; CLEAR THE COUNT VALUE
CLRF HIGH_DIGIT
P CLRF COUNT
(=
\

DISPLAY BSF

BCF
MOVF
CALL
MOVWF
CALL
BCF

BSF
MOVF
CALL
MOVWF

LC/\I I

s \o ms

Seven Segment Display Example

PORTA, 0
PORTA, 1
LOW_DIGIT, W
TABLE

PORTB
DELAY_5MS
PORTA, 0
PORTA, 1
HIGH_DIGIT, w
TABLE
PORTB
DELAY _5MS

; DISPLAY LOWER DIGIT
; GET THE SEVEN SEGMENT CODE

; KEEP IT ON FOR 5 MS

; DISPLAY HIGH DIGIT
» GET THE SEVEN SEGMENT CODE\

s KEEP IT ON FOR S MS

; CHECK IF 1 SEC ELAPSED

INCF
MOVF
SUBLW
BTFSS
GOTO

COUNT,F s INCREMENT THE COUNT VALUE IF TRUE
COUNT, W
D00" 5 leo K \oy 13

¥ I8\ See
STATUS, 7 atl
DISPLAY

» DISPLAY THE samE COUNT

—————
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Seven.Segment Display Example -

i TIME TO INCREMENT THE COUNT

CLRF COUNT '

INCF LOW_DIGIT,F ; INCREMENT LOW DIGIT AND CHECK IF >9
MOVF LOW_DIGIT, W

SUBLW 0X0A

BTFSS STATUS, Z

GOTO DISPLAY

CLRF LOW_DIGIT

INCF HIGH_DIGIT, F ; INCREMENT HIGH DIGIT AND CHECK IF >3
MOVF HIGH_DIGIT, W '
SUBLW 0X0A

BTFSS STATUS, Z
GOTO DISPLAY
CLRF HIGH_DIGIT
GOTO DISPLAY
5
7
\

Seven Segment Display Example

DELAY_5MS

REPEAT

MOVLW
MOVWF
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
NOP
DECISZ
GOTO
RETURN

D’'250° |
S 1
0X40 7 B = Mne
whet |
|
|
|
0X40,1
REPEAT
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Seven Segment Display Example

TABLE ADDWF PCL, 1
RETLW B'00111111' ;'0'
RETLW B'00000110' 1
RETLW B'01011011' ;2
RETLW B'01001111' ;'3
RETLW B'01100110' ;4
RETLW B'01101101' ;'S
RETLW B'01111101' ;'6'
RETLW B'00000111' ;7
RETLW B'01111111' ;'8'
RETLW B'01101111' 3
END
%

& AN ash) OCoR ek Bopl ooy

" gscad gauntty S Al o
Sensors

o S ool dnlmtinGuisian ©
dg e Embedded systems need to interface with the

physical world and must be able to detect the
state of the physical variables and control them

|
|
|

e Input transducers or sensors are used to convert
physical ~variables into electrical variables.

Examples are the light, temperature and pressure
Sensors

- Output transducers convert electric
physical variables,

al variables to

e % = o )
/

\ WA
— e T e — e IR

oor WA TR ) AT P R
5 i Px Sl
L K i - b
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Sensors- - - - -

Li'ght-dependent Resistors
daPasia s Lisy By Ly

o A light-dependent resistor (LDR) is

L) (T DEPENDENT RESISTCR

made from a piece of exposed L
semiconductor materia| L aayia <
l. h . . Vo-'-Ei.

o When light falls on it, it creates - Rg +R

ole—electron ‘ :
h . . pa.l S n the Voltage duisi
material, which improves the M
conductivity. ‘

5V

% BV

10k’ R Wwireae $

— o

v, Sro\slds

x}’ decy &’ (S A\

B or &BéT:- C&-;\s

Gl gl
; | Voltage

, , oV "o E\cbc \(5

| Quaed e\ G
> = A3 Arpliall 34 edmiSrmcalia 8 TOON

R Hakisss V Maned
N

\
|

Sensors , ,

Optical Object Sensing — ™ Seet 335!

¢ Useful in sensing the presence or closeness of objects |

curent N\ yhaB A %
23 35 53 Volage Vo

“ The presence of object can be detected

* If it breaks the light beam . Olojeck M ausy
* If it reflects the light beam
REFLECTIVE SURFACE Opaque Ob‘ed
!.... N E"' "‘E :‘ "'""'E
Ik - vZsdd
| o I A W | [
i

’ A“'D(le

Cathode Collector Emitler
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Sensors
Opto-sensor as a Shaft Encoder

o Useful in measuring distance and speed

'},";Ef-hgilem Technologies

[ OW Limit || Vernier || Invert | Probe
' | J = -

Casadsd Sensors
- Ultrasonic Object Sensor
 Based on reflective principle of ultrasonic waves

© An ultrasonic transmitter sends out a burst of
ultrasqnic pulses and then the receijver detects the

echo
e If the time-to-echo is Mmeasured, distance can be
measured W I~y | s object
)

o | QBN AR 1 o ebnsion

“absab os, SO
Ultrasound - - N
burst from Q\hed— ANN S28 s50)
module :
Echo pulse I_\

feund Ty

‘@\\

{{f";,;:f"l’:? e K\—:SJ-LD < Echo

. B

IR o R NS e
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pctuators: motors and servos
cdded systems need to cause "phySica|'movement

, EmD |
r rotary motion

, Linear ©
\lost actuators are electrical in nature
¢

T solenoids (linear motion)
, » DC Motors

3 0 StEppPEr motors

4 0 SErvo motors

— “f#%m:“f"*“ o IRV
meSs N MIOTOKS suphysm s |

|
¢ Range from the extremely powerful to the very sma

. € ¥
IR R PSR A RERE
* Wide speed range Qowuec ‘“ﬁ“ﬁ@bﬁ\ NSO
¢ Controllable speed Rlarity 5\&{“&0;' Nocddls dyrsod!

¢ Good efficiency
¢ Can provide accurate angular
shafts

o to be driven
* Only the armature winding needs LS &?',‘L\AA\*
\als
b

positioning with angular

CONTINUOUS ROTATION

DC MoTOR
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ksl Stepper Motors
o A stepper motor (or step motor) is a synchronous electric
motor that can divide a full rotation into a large number of
steps.

T s diusoisdine Suds o

/
STEPPER MOTOR Ng

. _ SIGNALB
™) )
/’ \
|
CURRENT 1
Y e v B
P) = > =
| L2 d 1
4—1 S
d4 b )
siscNaLa 4 —11> ROTOR SHAFT
4B gggéme OUT OF
4P cor Z
Ad—T 1> winping PERMANENT MAGNET
d -+ DISK WITH TWO POLES
~] £ DIRECTION OF
A - MAGNETIC FIELD
I\

b METAL CORE USED
. sy Aay TO HELP CHANNEL
9 5\ _)°5f9 3 THE MAGNETIC FIELD

\ s N %! S, >
»SASLS inpot selop outpot soly
/_\__._x‘*lb,?“gs..‘k“\c,__\" ————
;

~ Stepper Motors

¢ Features

e Simple interface with digital systems
° Can control speed and position

° More complex to drive

e Awkward start-up characteristics

e Lose torque at high Speed

o Limited top speed

e Less efficient

S
e e -

S )
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SEFVO MOtOf‘S é"’“"‘st 2383

Allows precise angular Tl
motion m
L=
« The output is a shaft that '
can take an angular @
position over a range of T mse.WIMOdegrees

180° %&\ _)mn:u 39@

¢ The input to the servo is 76 10s 90 degrees | -

a pulse stream whose @ ;

width determines the

Eies

=y N

angular position of the . e sz |

| X A\ oN |

E1 l’:pu\ssw:l{-k Mo<LOloi‘lon*r— — - J
'J\C | T ..: S

f"’;)uhtPI\\

Interfacing to Actuators

q 3 me Su\é»aél\ Qevices P)LD-Q

/1 bﬁo\ﬂe@MWg M““W\Wgw\.&; MC My
|
l
,i N k‘é};\..g\gé;n\ 0,5_;\_53 \_L.\g;\gkg\.\ {eken
l: « Microcontrollers can drive loads with small
- electrical requirements

|

* Some devices, like actuators, require high currents |

or supply voltages

. " . ’\‘(am.‘.s’*ov LHSHUS
* Use switching devices”™

* Simple DC switching using BJTs or MOSFETs
® Reversible DC switching using H-bridge

T e r—————reee i L //
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Interfacing to Actuators
Simple DC interfacing

A‘\oéﬁ A

Vs | (t
R, !
Base current controls |
load current
I
Vou e f
. T.:Fls |
v \
A ekeC |
Logic gate, ‘::‘w» X ’Ya"‘\s‘:\ et |
or port bit " (R 20 :
output e a o)
G ileh b 28 $lha M W 4o deuiae I sh2 Nolsls ionn: o
{ ' QA;\’

Interfacing to Actuators
- Simple DC interfacing

asop 3\@9in&;¢7\‘ov M oad

° Vsi A

i 'Freewheeling' diode \
RL ' p

M (@bing alill, ¢ <o

Gate voltage controls

|
load current A

switched oft,

Decaying current flows ) .
In this direction, when |—1" \

Logic ga}e.
or port bit )(;rc 7
output O)

R

Resistive load

Rl O —

I,
Va '3
o)
Traes's! f
Logic gate, L
or port bit 3
output

TS T
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" Interfacing to Actuators
Simple DC interfacing

lll MOSFETs

; 4 R S R I o 8508, .rh' G ) . X ; Z - 7 -
| um ~in-to-source voltage, Vps (V) - »6(-;’N.4206A.. .:GZ:N‘BMA-'
l 'wiml”" gale-lo-source lhrc:ihold, Vasany (V) 3 :

| W‘“‘e resistance when ‘on’, Rpsoy) () | 1.5 0.33

|

M drain current, /

(m coltinuous rent, /o 60mA — |T.TA
‘.\. — - =
| Mlpalmn (W) 0.7 11
| WM} 100 50

\ ‘QMA

(o}
Yo
S

Interfacing to Actuators
Driving Piezo Sounder and Opto-sensors

5V !
5k6 |
= |
5’ ------ 1
- e ) G| '
1 i ]
Piczo : SZ K ! ; SZ
sounder | © ' Gt ; L
Kingstate electronics e
‘ KPE-204A (’ I
% Lol port B bit 2 [
‘ Port B bil | |: o B bit? |
1 —J ZVN4206
| ZVN4206
oV I > : o
A § -.
e \_,e).ﬂﬁ_)-h—[) (oo \AE
% sounder ratings: 9mA, 3-20 V i -
with 91 Ohm resistor. \
7.6 mA

] The
ontn. te well
| b pto-sensor found to operate rrent is about 1

*Ward voltage is 1.7V. The required cu
/N —
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e DC switching allows driving loads with current flowing in one

direction
e Some loads requires the applied voltage to be reversible; DC

motors rotation depends on direction of current

Interfacing to Actuators
Reversible pC Switching

e Use H-bridge !

Input X

Ve
A B S
‘High side’ i
P ’ Input Y
O
Load
‘Low side’ I

)
f\ﬁ Vos Oun oms
¥
2/ BmYE
2 % L2EN 1~ 18]] Veey
( Y| PR 4A
Y3 w4
HEAT SINK AND [ 13]} HEAT SINK AND
GROUND T [J5  12f] S GROUND
o8| I | Y
240[7 1] 34
Vees 18 9[] 34BN

Interfacing to Actuators
Reversible DC Switching

L293D Dua| H- -bridge
Peak output current 1.3 A per cha |
Nhe

T
—_— —-—
/
\—'_’ .
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|
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Interfacing to Actuators h
Reversible DC Switching |
Driving three motors using L293D
NG
G

Veet

—————(—— ——

€
N . )
More on Digital Input ’T

‘ ' ntroller,
* When acquiring digital inputs into the mlizrc\);?(hin e
| it is essential that the input voltage

' the MC
permissible and recognizable range of

T

on the logic family; TTL, CMOS,

* Voltage range depends

ily is safe
e Interfacing within the same family N
s SN S B
" 7~ @ww =1 T | B T
What for the case T t;é\m;\s B D_J— = |
i ici nso g
¢ Interfacing to d|g|tal se -‘-;‘.E—b e

@ ® Signal corruption o |
° Interference - _ «lj | E

b
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DI L N Wy A 42 BT

R

O

P e

PIC16F873A Port Characteristics

3\l Qe
sy Vel A
G T VA
Co- 50 ) @ fange 3
f}:@d&w\nb\»&

/——\ S
—_—

7

/

i

s 3

More on Digital Input

WA AR .

Irreversible A~ éQ‘f IS
device damage

53V “

50\\/{ e = Ay

1 G T ey = 3 =
B Logic 1

Undefined logic level N %,,mj.mf&%
08V —— ol < >

-0.3V &
i Irreversible
device dam age

T

More on Digita] Input \

Forms of Signal Corruption

Slow edge
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5V

T . W, All ports are usually
VinyEa ke protected by a pair of
Rprot *-’-O\-;:“‘&‘f?sd-
o agie diodes
P&, Short cireuit
0 . An  optional current
Qs ad sshas Vi< 07 W At limiting resistor can be
Wo{f(o,r&éw 7 ol added if high spikes are
. odat ov =
s expected ddde
Wyl eesd S A

d the maximum diode current is 20 mA when -
positive voltage spike that can be

Vo’(u’c\(d -
o Question? Let Ryt = 1KQ an

Vv, = 0.3v, then what is the maximum
suppressed? = Vs + I ( Reprat) - Up*r5-0 = Jg = B-o3r20=2 F v
—_ - —

e |
|
|

igital Input
More on Digit p @ |

nalog Input Filtering
Analog TP A i\ & o gpieedn
oo iss Ntk W3

VTSt Ly
i) “ Re cicuit 3
Sanedge
\"
. St Trigger

peeding up slow logic edges.

* Can use Schmitt trigger fors
be used to filter voltage

* Schmitt trigger with RC filter ¢n
§ Spikes.

_ Y

Scanned with CamScanner



PACE

DATE

Stde 488 Schoutt frgger. -

/ e — o _oCloinad Qo nal
J [8)

\ S Q\\m U{\\(ﬁbu-’ﬁ J

M@M@m—_

Scanned with CamScanner



Quwikch bovocion 4 A

4 . .
More onXDlgltal Input |
Oy Wzl 5o ey
Gusdnd dasdt X _Switch Debouncing f’ SYS Ndasial

+ Mechanical switches exhibit Bouncing behavior

* The switch contact bounces between open and closeg
* A serious problem for digital-devices ?!

Source of eror

voit
Vs
R 071 1y {Digital output)
gY aien
Vv Rt s B High (Logic 1)
& . R i {8 unknown
Qv JERIAS NI ,. A 8¢ LR LMLQQK: 0)
= & o L'y *
. . . W @b QO &
Simple switch interface "’:@“ :‘_’eg&

* Switch debouncing!! hardwar
techniques

e and/or software

'l‘qx\ (\o. ‘L\

s

—_—
/

—

e More on Digital Input

\(\ol‘
Switch Debouncing
Vs
R

2 R,
="

. 1
= CT_

Sourca of error

T (Digital output)

(Bigital eutput)
B ol Hioh (Logic 1) ‘
iy unl(({novlm ) High {logic 1)

i ow (Loglc 0] Unknown

av n - ied v Finirisatie
9) N e
ot *b"to‘p o &0 ‘b“\\d;\“ P’y
¢ Xy Q¥
—_—
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More on Digital Input

- &C
Switch Debodncing
V.
A Switch
Switch Vg e

QuUIp w ' b1 ol
B : XU&g%“fm.\P\ SZA el

s

Gastch bouneM Ssa 3 \)é'\ \Sisa %\\“\3 weds q\ L, IR =

t

" Oslay — A '\ A W4
Input \-%’S»\\\ao\_‘.s '_‘°ﬂ Gas! \‘) s
‘ /I\ Aals AN = \’.?»x\\n
polling | | /I\ St
t Tme NO
IsR W&
ine 5\\'3-0&\15“\()53}‘
perceived 1 Souncing Mo
input
t

@

Summary

* Microcontrollers must be able to interface with the
physical world and possibly the human world

* Switches, keypads and displays represent typical examples
for interfacing embedded systems with the humans

’ Microcontrollers must be able to interface with a range of

input and output transducers.

: : ' reasonable knowledge
* Interfacing with sensors requires a

of signal conditioning techniques

: - uires a reasonable
*Interfacing with actuators €

knowledge of power switching techniques

/

______’____'_,———-‘__—_—/—/
\\—‘ =
= ____"-'-—"——--——

L

/)
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Chapter 9

| Dr. lyad Jafar i

b
- N
Outline

¢ |Introduction

¢ Review of Timer 0 Module
e Timer 1 Module e 200
e Timer 2 Module K “uobet

o Capture/Compare/PWM (CCP)> "";f;;gf
o Digital-to-Analog Conversion X

o Frequency Measurement -

o Summary

T ST RN
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Introduction |

¢ Why do we need timers ? ;
e Maintaining continuous counting functions l

* Recording (‘capturing’) in timer hardware |
the time an event occurs ‘

o Triggering events at particular times |

e Generating repetitive time-based events

o Measuring frequency, e.g., motor speed

$
F

__Jaﬂw&.&k:&tw_&oﬁme\;M\M\\n&@ul\@sﬁ gs.ﬁl)\\-‘f-

Review of Timer 0 Module |
[ Qroled nzys |

S = 7 = /[E'E Nde Vg | }

| : % ‘ GWQV‘ 6: ;

KTime = #ivex L wpre

]

Set Interupt [
ps2, P81, PS0 PSA mgl;g:: % h
10c8 on Ove . i {
AEO5 D) bkt =2 x -i * 288
: TIOH_ALQe50> ~mQ
Mote 1; T0C3, TUSE, PBA, FBZ FB0 (0110 Figure 52 r dutared bk dugiam). X v
2t Tho proscaler & Bhared with V/sENd0) Tumet (refar W FoLY ' FGSC
T AWt AW RAN- | TRAW-1 RANV 1 RAV- 1 RO L RAN-1
imecO S Y 2 -V
e .3 3 7 e
- ot 7 REPT: PORTH Pl up b bit
— i 1= FOs i pat Vel
1A dighy Filo AGGIwSS o= FORTH pul trdd Ly lodividual peartlat o valiass
—_— [
e et P TERG | . A
Y | trarect sonr 1 [ assct aaart | bun 149 iy crapa Gn asing RODANT pin
om TI—OHE&H e (o 0= list W fulle (BN T pln
toh | e Gil & ]
Iz » "
0 28 PoL ez f lah (CLROUT) e
' | ETATLE ETATUS 62n T
Gany Fm“* S v et Gn KA TOURE oo
w _ FBR £en ANHIGN 01 A/ TUCKL BIn
) ' FORTA _ TRIEA €on Lt 4 -
t _‘k_o_r(lg TRISE 6n o Y Todal
et e e et s Lt 20 PSZIRB0. Pivsvaler Bule Seicel by
(o Vol TR0 ate WOT fiale
' wue 1.u o
o od 1 2
vy [ I 4
11 1A 14
jou 1,34 119
ioa 100 [V
110 IR ™
111 o2t 1 iyn
/
/
-
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More Timer Modules

S

1 8-bit timer

1 5-bit port

1 8-bit port
16F873A 28 3 parallel ports, e -"‘;‘“-’(.wﬁz
16F876A 3 counter/timers, oSN

2 capture/compare/PWM,
2 serial, 5 10-bit ADC, 2 comparators

16F874A 40 5 parallel ports,
16F877A 3 counter/timers,
2 capture/compare/PWM,
2 serial, 8 10-bit ADC, 2 comparators

4 ~
/’
Teero W e Timer 1 Module
o ¢ Features
a;,v—?:\:,‘,:e_:lﬁblt timer/counter (0000H — FFFFH) V)coj\\:—e?\aé
a3 Value

\b~ ,
gk ° Count value in TMR1H (0xOF) and TMR1L (0X0E) t¢20i e
e TMR1 operation controlled by TLICON (0x10)

e Three clock sources
(1) Internal clock Fosc/4

(2): External input (RCO/T10SO/T1CKI) for counting purposes
o Count on rising edge (after the first falling edge)
@ External oscillator (RC1/T10SI/CCP2) = "Grero o sprsaidd @)

« Removes the dependency on the main oscillator

o Intended for low frequency oscillation y
32.768 KHz)

= Counting continue in sleep mode

P 10 200KHz (typically

‘-: 3
)

N .

_—
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Timer 1 Module

v P e

Set Flag bit We ot The 16:bit counter
TMR1IFon ?‘\Q\ '
Overflow it e '
E TMR1 ! % Synchronized
i | | Clock Input
‘ TMRIH | TMRIL | | np
| External inpul * -\ |
TMR1ON
e e OO E
\1 Tose S ., TISYNC
COT10SOTICKI : ! |
:Aef ol e L P—— Synchronize|
I == : T10SCEN  Fosc/4 7 1,2,4,8 _/_deg
{oscillaiei—__ , Enable y Intemal—]0 I
/ rormiosteepP2® | X - + Oscillalof) Clock 4, 2 ik
. T A TICKPS1:TICKPSO
Gonnections for —_— . -
atemal oscillator Internal clock source

—

Note 1: When the TIOSCEN bitis cleared, the inverter is tumed off. This eliminates power drain.

: S .
L Tine s $I0CHL K pE - Bmewax = 2 % ¢ % ¥

bin 3

kit 5

L

 —
e

TlCON RegiSter (OX10) RAW-D RAN-0

TMRION
bit &

it 7 L ﬁi

~
Lt7.e Unimplomentod: Road as 0’ oo seale Selact bits w\ \ \m
bt 'f1f"KPs1»T1cnpso;1.menmputC'oc’- o= \9 ‘O
QS\,:O“ I N

11 = 1.8 Proscalo va:uu (
10 = 1-4 Prescale value c
o

61 = 1-Z Prescale value ek Soortees M
60 = 11 Prescale volue
T1GSCEN: Timer | Oscilla
1=0s abled _rter and feadba
0= 'j=z:::f:z = oMt The oscilater invena

Oeeilla

eliminme power droln crock Inpit 5)"nchn‘mlzminﬂ &

TISYHT Timer! Ex1ermal

Hhon TIARI1CS = L. lock input
V= Do not synchronize f”"em“:nc,“i
0= &pnehronize sxemol clock I

Yeihen TIARICE = O°
s Lat 4s ignored. T J usw® B o ai it
T s 1 ok Hoeires Hela 7
: r‘l (‘ S~ [uner L" l:lrl = -r-“'jﬁl"/T FOH (on the pising adgs)
% [yl carens ) ,
0= _ulll»ll 7l 1 ,’ o ) .
Intermal elock (1oscs )
TMRAON Timar! On b
V= Chables Tunwt |

0= Stops Timerl

1or Ennl)le bit
ck resistor are turnad off to

alact bit

the iternal clock when TMRICY = 0,
®

I n

Scanned with CamScanner




: Timer 2 Module

° Features e :

o 8-bit W/ﬁmer

° Count value in TMR2 register (0x11)
°* TMR2 operation controlled by T2CON (0x12)

° No external clock input

° Has Capture and Compare register PR2 (0x92) and
pulse width modulation capability )

Tevers N AU U“&“’“\m

Timer 2 Module
MTime - (PR2Y ¢ U«
+{‘i\ )7 ¥ Pewpest
Ta_{_iers:n% ¢ Sets flag
s o : bit TMR2IF
PR2EN e (s A Tne M aSAF Aimec2 3 n
Ioharopt g X Sk g Sl S oy o vz s
e | / TVimers 3L sorme (Mlelag T Qesaader M ‘mw
~ Prescaler e, Reset S35 ele iy —
Foscl4 —| i mmoe o TMR2reg |« Weqphynsdgus|
1:1,1:4,1:46, ] : 0319
2 Comparaor. cossalerd | e |
e EQ | 11 totgg [ ST
T2CKPS1:T2CKPSD a4t vy — aidl
PR2reg | "o8® Jf 4 |
TOUTPS3:TOUTPSO

L\
7

Tine

SE——— 1 |
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2
Timer 2 Module |

T2CON Register (0x12)

yo RW-O R/WV-0 RW-0

TOUTPS3 | TOUTPS? RW-0__ RV RWO _ RM-0
ET:[: UTPS? | TOUTPST | TOUTPSG | TMR2ON | T20KPST | TZCQJPSM
7 bit0

Unimplemented: Readas'Q'

TOUTPS3:TOUTPSQ: Timer2 Output Postscale Select bits

a0 = 1:1 Postscale
go01 = 1:2 Postscale

w7
n63

1111 = 1:16 Postscale
TMR20N: Timer2 On bit

1=Tmer21son
p=Timer2isofi
T2CKPS1:T2CKPS0: Timer2 Clock Prescale Select bits

b2

bt 10

0o = Prescaleris 1

01 =Prescaleris 4

15 = Prescaler 1s 16 /
_,/

Timer 2 Module

The PR2 register, comparator and prescaler
ter PR2 (0x92) that can be preset by the

'Timer2 has a period regis
programmer
'The content of this register is continuously ¢
When it is running
When TMR2 equals PR2,
TMR2 is cleared
iThe comparator output (same as TMR2IF in
. T”te”Upt if TMR2IE (PIE) is set
he tomparator output can be post-scaled b

ompared with the Timer2

PIR) is high which can be used as

y T20UTPS3:T20UTPSO bits

(T?_CON)
PR2 valug_ Lo Tio 2 valuo, (11w comparatol athn
2 /",‘PJ ‘
Tirner 2 vidlug =" . . P e " i
i V. ’ - |
|
Comparator . ] y l I t :
or output 7| 1
i (= "TMRZ oupur) ' 1 I r Posl = _L

Irllmlunl TMR2IF | l
T, . | PesT= Y
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Capture/Compare/PWM Modules

e Embedded systems need to deal with time events such as setting an alarm
or recording the time of an event

o This can be easily achieved by adding one or more registers to the
timer/counter registers
e Aregister that records the time. It is called the Capture register
e A register that triggers an alarm. It is called the Compare register

e The PIC 16 series combine these functionalities in  the
Capture/Compare/PWM (CCP) modules which {nteract with Timerl and

Timer2 modules CCP Mode Timer Resource
Pon RE2 & cept - o Caplure Timer1
Bn RCL e ccp2s (OB s has Kb Compare Timer
o The PIC16F873A has two such modules | " me
e Each has two 8-bit registers CCP1H (0x16) and CCP1L (0x15) for module CCP1

e A r e gl
and CCP2H (0x1C) and CCP2L (0x1B) for module CCP2 aap Y wishi\ aaSoZmas

e These registers can be used to capture a value from the timer, store the value to

compare with, or store the duty cycle of PWM stream
- Mode of operation is controlled by CCP1CON (0x17) and CCP2CON (0x1D)

130 registers

<=5y

e .T__?
1.{‘
'3

Wy

— EE————

| Capture/Compare/PWM Modules

Capture Mode

« The compare register operates like a stopwatch!
¢ Can record the value of the timer when an event occurs

copteoiS\sara e«\
Set Flag bit CCP1IF o ol
gt e (PIR1<2>) -‘\\?bxus&owb:(»
- . rescaler Cop{’o(c value
Ogie o +1,4,16 e
oo RC2/CCP1 RGBS e
pin CCPR1H | CCPRIL
j and —L ‘ Capture
Edge Detect Enable
J[ } TR | R
CCP1CON<3:0>
Qs i
[ YR WY G (Y ~
/,;:5-;‘ Block diagram of CCP1 module in capture mode
W
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Capture/Compare/PWM Modules

Compare Mode

, The value stored in CCPR1H
compared to Timer1 registers and CCPR1L is continuously

, The associated output pin can be set or cleared

Special Event Trigger I
‘ |
J

RC2/CCP1 (S;;Qilfgg,l;" el - b “”? s \f@
pin i Eﬁm—ﬂﬁﬁﬁﬁiﬁ S v}\ \:?\ue
b —('}__ 8 S Outpul l \3o %
T R Lo‘gic Match Comparator
Ozlgh?gt;gl:le CCP1C()I;N<3;0> FMR"H 7 TMRIL
Mode Select

@ Block diagram of CCP1 module in compaie'mﬁi/"/

Capture/Compare/PWM Modules

CCP Control Registers: CCP1CON and CCP2CON
RIN-0 R/WV/-0 RAM-D rR/v/-0

RAWW-0 RA-0
CCPx!M3 [CcPxraz]| CCPxM1 [ ccPxiio |

u-a u-0
Boxe1 | DCxe0
R bit O

e e
hit 7 -
bt '\ L 3
7.6 Unimplamantacd: Raad as a ‘ QIS K.9s >
Cyclo pit1 and bit0 CJ

b5, :
154 DCxB1:DCxBO: PWM Duly
i a NMa s

Unused \33,.'1) \
Compare Mode- & S\ ;?';_pg Ep

Unused [\ o

PWM Mode:

Those bits ara the two LSS (b'_t‘ll;’;i
bit3.q bits (DCx9:DCx2) of the duty cye e |
D CCPXM3:CCPXMO: GCPx Mode SeIeCtY™ ey = de Loplt |
Gono = Capture]Comp,are/PWM off (re.sets cer=m ) k
0120 = Capture mode, every falling edge l
0101 = Capture mode, svery feing g e i
ry 4th rising 2d9% ‘
dge o |
I
|

pil0) of the 10-bit P'W/M duty cycle. The upper sight
found in CCPRxL.

Ciza= Ca ave
apture mode, =V A eing ©
16111 = Caplure mode. every 16th rising
Qoo = ﬁt.;'.tlm‘:::tggdgm Low, ON compare match force CCP pin High (CCPIF bit iz set) 1\
a2z L -
1loy = é S
L= Compare med2, High, on compare match force CCP pin Low {CCPIF Lt iz set) '5\?-\&

1c Initialize CCF pin ’

Sip= Coempare mode. i = |
ot on compare maleh -, n )

Gen software interrupt iy |

(t:clglrétgn ia set, CCP PN is unaffected) 4 a s o }

|

|

lo11 = C
= Compare mode. S ie zat
i 1 Trigger zpacial avant (cCPIF b= )
o= PWM mode : J
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Capture/Compare/PWM Modules

Pulse Width Modulation

e In many applications, it is required to have a stream of
pulses with controllable width/duration

t | t

e In embedded systems this can be done in software or
hardware

Capture/Compare/PWM Modules

Pulse Width Modulation (software)

L Ser pwm_wsdthj
Ls«:z PWRM_Prd 7

Ls-:t PWM :outpuﬂ

L Clear counter l
~

I Incremaent counter |

g
I
//
S~

/
4\('.?uurnur - DWM.-.Wldl\l-F'\.. You
T SAREST| Cloar Pwi su g |
— e
No
e ——— e e «
B
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Capture/C \
P / Ompare/PWM Modules |
- Pulse Width - .
W Modulation (using CCP module)
K{‘, \ Duty:Cycle Registers S CCP1CON<5:4> —> ok Al
v CCPRIL o
o o
Cx®
— [ w feq 3ls fon IERICEE
L CCPR1H (Slave) ) PR L - ,U,,u on oy cch.\::‘
— I 2 T Rearcept t,_g_sf»\ yad) PNM Y- bj
Comparator R Q A o d..za__s_\p\.‘) ccQP\\ll._ N
4r S CepRiY -“'f"‘f“\k, ] \,,
TMR2 Poke wilh) yarales Lon NE22 \n382>

Comparator

e

(Note 1)/\
T— S

> 23 le
== TRISC<2>

e Note 1: The 8-bit timer
is concatenated with 2-
bit internal Q clock, or 2
bits of the prescaler, to
create 10-bit time base.

- 1

.

Clear Timer,
L ~ CCP1pinand
PR2 L\)latch D.C._.
@ 7Bt os s
l oR
l-—-? l LD

Capture/Compare/PWM Modules

Pulse Width Modulation (using CCP module)

CCPRIL value

changed in program

equal, timer is reset and

Timer 2 and PR2 values
PWM goes high

PR2 value ...
ﬁ'p )
TA1UH valye ,

T'rﬂ’:rQVaIUr’ " L

th 1|0p/

CCPRIL value transferred to
CCPRIH as timer clears

»

/
/
-
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Capture/Compare/PWM Modules

Pulse Width Modulation (using CCP module)
‘ Calculations
o e~ T =(PR2 + 1) x(Timer2 input clock period)

= (PR2 + 1) x{T,_. x4 x(Timer2 prescale value)} » %\"
| Vndaa N v

v

ot ssrse s PWMm 3Tmazg=&24_\d

roa:, : - duo:.n..sB
= (pulse width register) x (PWM timer input clock period)
= (pulse width register) x{T,__ x(Timer2 prescale value)}

osc

pulse width reg/ster CCPRIL :: CCP1 CON<5:4>
Col\ce(ﬂ‘e)nojb

"~ PWM and Digital To Analog Conversion

¢ PWM is perhaps primarily used for load control
¢ Can be used for simple and effective digital-to-analog
conversion
e Space-ratio is fixed

Low pass filter the PWM stream to obtain a DC signal with some
ripple

Place modulation

E"‘i {l--i {-... "‘ ‘
! ; ‘! . fre i i
L] a e | 6 | (EXEYMpassband | Gt roquency

......

e  Space-ratio is modulated
Varying output voltage is produced

Place PWM
frequency deep
in stop-band

—_—
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pWM and Digital To Analog Conversion %

Generating a Sine Wave - change the on-time for the
pWM signal so the output of the LPF will be different

clrf pointer
sin—lOOP

movf pointer,w

call sin_table ;get most significant byte
movwf ccprll ;move it to the PWM output

incf pointer,f ;increment the pointer

movf pointer,w

call sin_table ;get the MS byte
andlw B'11000000"' ;we only use ms 2 bits

-
—

. K ‘
PWM and Digital To Analog Conversion |

¢ Generating a Siné Wave

vwf temp
mof tatus,C ;adjust for CCP1lCON
bc s ,

rrf temp, £

mp , W |
o t?0§601100' ;set some CCP1CON bits
iorlw B

movwf ccplcon

incf pointer,f

movf pointer,W

call delayl

e ————

@ goto sin_10°P

N e e e e

V..
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PWM and Digital To Analog Conversion

® Generating a Sine Wave

Siq_Table
addwf pcl,1

retlw 00 ;0 degrees, higher byte
retlw 00 ;0 degrees, lower byte
retlw 03 ;2 degrees, higher byte
retlw 5A ;2 degrees, lower byte
retlw 06 ;4 degrees, higher byte
retlw OB2 ;4 degrees, lower byte

Frequency Measurement

¢ Frequency measurement is a very important
application of both counting and timing

&

Both a counter and a timer are needed
o The timer to measure the reference period of time
e The counter to count the number of events within that

time.
Measurand
frequency
Fixed, known
time period ” n
\ - J

All Incoming cycles In this
time perlod to bo measured

e e T T T O O 2 AT T T2 e
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TABLE6-2:  REGISTERS ASSOCIAT WITH ==
ED
A1l TIMER1 AS A TIMER/COUNTER .

Value on

Address | Name | Bit7 | Bit . _
o B | Bre | me3 | me2 | mn | e | VOUROT | airother
POR.BOR| pocore

=ah, |INTCON| GE | PEE | THROE - ,
108h, 16Bh INTE RSIE | TMROIF | INTF [ RBIF [cooc coox|0000 000u
h FIR1  |PSPIF"l| ADIF ¢ -
32,1 PIET  |PSPIE ADIE ::EIF TXIF | SSPF | CCPIIF [ TMR2IF [ TMRIIF |cooo cooe|oaod 0000
' E | TXE | SSPIE | CCPIIE | TMR2IE | TMRIIE|cooe cooo|ocoo 0000

Egh’— Tr::g:l: :dding Re’gfster for the Least Sigrificant Byts of the 16-bit TMR Register AXXX XXX | uuuu uuuy
0Fh il clding Register for the Most Sign ficant Byte of the 15-bit TMR1 Regster souce Jonee| uuuu uuuu
h  [TICON| — | — [TICKPSI|TICKPSO|TI0SCEN| TISYAG |TMRICS |TMRION|--00 0000|--uu wuud

Legend:  x =unknon, u = unchanged, - = unimplemented. read as ‘0. Shaded czfs are not used by the Timer1 module.

Example 1

s Maximum time that can be measured by TMR1 is
Time = 2716 * 4/Fosc * Prescaler * Rost
- 65536*1usec*8=0.5243 s oot S

° How about we configure TMR1 to measure 0.5 sec and

use a software counter (post-scaler) to count six times

0.5=N * 1 usec* P> N=62500, P=8
TMRIH:TMR1L = 65536 — 62500 = 3036 = 9(93\[)(;

S TMRLH < 0x0BE TMRIL=0XDC

® TICON = 0x30
| Tickpsi | TCKPSO W;OSCEN T1SYNC | TMR1CS | TION

; 0 1 ‘J 1 i 0 70 0 0
\*We =%; \-—=> FOSQ/LI t/
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Example 1

COUNTER EQU 0x20
‘ ~ #include  “PIC16Fg77,1NC

org 0x0000
goto START
org 0x0004

ISR goto ISR

START bcf STATUS, RP1 ; select bank 1
bsf STATUS, RPO
clrf TRISA ; set RAQ as output

SO \:b(‘ & [movlw B’00000110’ ; configure RAO as digital j
3‘6-}@{ Y L movwt ADCON1
bef STATUS, RPO
FLASH movlw 0x06 ; initialize counter to 6
movwf COUNTER
movliw  0xOB

movwf TMR1H ; initialize TMR1H

movlw  0xDC
movwf TMR1L ; initialize TMR1L
movilw  0x30
movwf T1CON ; initialize T1ICON

bsf T1CON, TMR10ON ; enable timer 1
WAIT_p5sec btfss PIR1, TMR1IF

6.5 & goto  WAIT pSsec
bcf T1CON, TMR10ON , Stop timer
hcf PIR1, TMR1IF
decfsz COUNTER, F
goto WAIT_3sec

; wait for overflow

; clear interrupt flag

moviw  OxFF | ; change the state of RAO
xorwf  PORTA, F |

goto  FLASH

end

—
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\ Example 2
consider the contents of the following
registers
TMR2 =D’44’ A
PR2 = D’100’
T2CON =0x39

If the instruction bsf T2CON, T20N is executed,
then how long does it take to set the TMR2IF
in the PIR1 register ? Assume Fosc = 8 MHz.

TTires (PR % A % P& % pagt
< | S
Jb
w } T2 conN )
LV L S IR CR AW JS&CLZ__Q,\_E&\&\AA-\‘—‘\QS—\__S%@/

A

Example 2
% T2CON
_—— ==
TOUTPS3 | TOUTPS2 | TOUTPSL | TOUTPSO | T20N | T2CKPS1 | T2CKPSO
0 0 1 1 1 0 0 1
j e _
° |nitially, the timer is off )

e Executing the instruction enables the timer

° The time required to set the TMR2IF is
Time = (PR2+1) * prescaler * postscaler * 4 /Fosc

if TMR?2 is initialized to zero.

* However, TMR2 = 44. 50 the time is
Ti?';:&e?’:g(\i)RZ—TI\/IR2+l) * 4 * 4/8MHz + (PR2+1) * 4 *
4/8MHz * 7 = 1528 usec

) b ot
u\ﬁ'é\’,»dsr‘wﬁ 8

=0

W,
Scanned with CamScanner




Example 3

Write a program that configures and uses the CCpy
module in PIC16F873A to generate a periodic square Wave
of frequency 50 Hz and 25% duty cycle. Assume that Fog,

e and compute the values to
PR2 registers which determine

the duty cycle and the cycle time, respectively

= 800 KHz.
3
- oA
. K’?}'\
Requirements % SR
1) Configure RC2 as output
2) Configure TIMER2 modul
be placed in CCPR1L and
3) Turnon the timer

TABLE 8-5: REGISTERS ASSOCIATED WITH PWM AND TIMER2
. . . . .| Valueon
Address | Name | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 Bit 2 Bit 1 Bit0 ryggeaoc[;h all other
0Bh BN = — ! Resets
nB8Eh., |INTCON GIE IT. =
108h, 188k : PEIE TMROIE. INTE | RBIEE | TMROF | INTE RBIF [ocoo 00¢x|0000 000u
1 = - -
gg: ;'g;: PSPIF)] ADIF | RCIF | TXIF | SSPF | CCPIF TMR2IF | TMR1IF {0600 0o¢o[oo0o 0000
- — = i el s R o7 T —— 0]--—- --- 0
8Ch (1) =
= ;Ig PSI?IE ADIE RCIE TXE SSPE | CCPIE TVR2IE | TMR1IE (0600 0000|0000 0000
87h TRISC__ |PORTC Data Direction Register — e | CEPRE fee- = = = :
11h TMR2 Timer2 Module's Register = 1111 11111111 1111
92h PR2 Timer2 Module's Periad Register = 3000 000010000 :ii:
12h T2CCN 23 ITOUTPS3|TOUTPS2]TDUTP , 1111 11111111
a S1|TOUTPSO| TMR ; — =
1Zh CCPRIL_[Capture/ComparePWVI Regiser 1 (LSB) | 20N | T2CKPS1[T2CKPS)|- 000 0000]-200 0090
16h CCPRIH_|Caplure/ComparePWM Register 1 (MSB) e
17h CCPICON| — . | CCPIX . XXX 3000 [uauu uuau
CCP1IM3
18 CCPR2L | Caplure/ComparaPVo Registe |ceP M3 cepims ] CCPMI [CCPIMA|--00 0000|--00 0000
1Ch CCPR2H Caplure/(llompare.'PV\'M Register 2 (MSB) xoox yoorx|wauu uuuy
1Dh CCPZCON| — = l CeP2X [ cepay XX 200X Wiy uuly
Legeﬂd: % = unknoxn,u = unchanged, .= U'ﬁmpbmented. rea CCP2M| CCP2MQ [--00 0000[--00 0030

haded cells are not useg by PWM and Timer2.
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Example 3

» PWM signal specs
e T=1/50=0.02 sec
e Ton =0.25* T=0.005 sec
» Need to configure the CCP1 and TIMERZ
e PR2 register
= (PR2+1) * 4 * Tosc * prescaler
if we assume prescaler = 16, then PR2 =249
 Pulse-width register CCPR1L:CCP1CON<5:4>

" Ton = PWR * TOSC prescaler
"7 3lready the presca \ﬁer is chosen to be 16 > pWR = 250 =0xFA
110’ and CCP1CON<5:4> = B’10’

- CCPR1L = B’00111
e T2CON = 0x06 o ‘W I&lO, |
CcPRIL Cepicon B: P

e« CCP1CON = B'OO&Q‘IIOO’
i

L,////J

\

=
\
|
Example 3 |
#include “p|C16F877.INC”
org 0x0000
goto START ‘
org  0x0004 f
R goto ISR

STATUS, RP1 :select bank 1 !
i
l

START bcf
bsf STATUS, RPO
bef TRISC, 2 ; set RC2 as output |
movlw D249 I
n’l()\./v.lf PR2 z Ser lhe Cy(Ilt‘. tl”]e ln PR—‘ [

bef STATUS, RPO
“~|()v|\l.f ngt
Ufl.lf C_ 49
Movy CPR1I ;setthe ON time in CCPR1L

bt CCPICON, 4 pecifv th
»specity the LS
b‘,f (*(p](‘(),\'l ‘) e LSBs Ql the QN [hne

e —
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Example 3
bsf CCP1CON, 3
bsf CCP1CON, 2 ; configure CCP1in PWM and
movilw  0x06 ’
movwf T2CON ; configure timer 2 and enable it
DONE goto DONE
“end 1: .
&y,
. ."\ -\96* d
N
N
Summary
e Timing is essential element of embedded systems
design
e Wide range of timers is available in PIC
microcontrollers with clever add-on features such
as capture, compare, and pulse width modulation
e It is very occasional to have several timers running
simultaneously in an embedded system
4 -——— S
—_— T —————— —_—
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