


Y sa"&l buff’ef

A [~
\/l/ Active ‘1:3"\
G

Allows infs +v go From A fo Y
based sn info from G

in the case of Active high, A gees
Y if Gis 1 Chigh), whereas in Active
low, A goes to Y if G is 0 (low).

G Y ‘
0
i 1l 1 Kﬂobjﬂ’& —_ 2
0 1 0 megabyte — 277
X 0 h-2Z gigabyte - 2%
) L\igk impeJo\nCe 'I'Gfabg‘l’c — 2‘40
level £ (high)
'(‘njmj R /_\* clack signal
w9 k"‘pal"ms edae level 0 (tow)

Ingtruction cycles = Y Telk
ex: ¢LR - |

Tc|K = _l_ Sel'e — 1
Fesc. gotel, _, 2
sel? portA - |

~ T.e=5x Y x Tew



Numbering 53§+em: bit

® Binary number (o-1) nibble. = Ybits
@ decimal numbev (ao-9) byte = §Lits
® octal number (o-7) wovd = 16 bits

@ hexadecimal (0-a)(A-F)
% How to convert from binavy to texadecimal

1 Hex number takes Y bite

$dz 1 Y2
(Mo wwo o)y = (3ZEED,

Decimal Binaxy fexadecimal CH)
o 0 o090 (o}
1 00 o | 1
2 00 1o 2
3 oo \| 2
Y 0] oo Y
5 sl ol 5
4 ollo 6
e ol || 7
8 looo 8
9 lo ol 9
0 o \o A
{ Lo 1| B
12 Il oo C
13 o[ D
1Y I to E
F

(5 (V1



M;crocontralles

——> Micvo processor
L5 prepherals

* we <tudy PICIEFXX2

% Micro controller

| I/0 ports
|5 Anabog

[ Timers

—s PWM

|, Sevial Pof'r

— memofg

£ Memofg ——— program. _memory

|5 Dafa mewor Y
5 special function registers
L5 Genevul purpese register

¥ T/o povts Digita) T/o
Ana.loj Input



T/0 — input foutput  ports

Tris regishers conﬂisufer the pins as inpuf or output
(L= input, 0 — output)

Lat vegisters Connects the osutput pins to high of low Voltage
(L=, o> Vs;TsfounA

port vegisters Reads the state of the ping

(1"’\/“, o - VSS)

— Theve awe 5 ports (A-E)

* EX: CLRF TRISA - TRISA = oxo0
Hex
# This way , we delined  all
pins on portA (A,-Az) to be

au‘{’pu‘*
cport A > Zbit (A -Ap) SETF  TRISA
eport B = Zbit (By-Bg TRISA = oXFF
vport ¢ 3 Fbit (Co-Cp Ao-Z afe inputs
eport p > 8bit (Do— D) bef  TRISA, 3
cport £ = bt (Eo—E2) TRAPITN
Vi3
(A°~A1) ‘mpud'
Aq  output
to Read the new value on the port (Ay -Az) input

bsf TRISB, 2
movf portB,0 _ Rexd the information and put it in the wrEG



DATA RAM has Geweval Pwpose RAM (GPR)
L__: Special Function Re\c);sfefs (SFRs)

SFRs are Fixed and must-have , GPR's size is what vavies and
Chmge? the RAMS size.

# ROM is used to store thre program

Wa\rking regisfef (WREG)
can Stove 3-bits

u;eo( Pof a(‘ﬂ'hmaﬁc_ a,naL Ioa':c opefod'icns

MoVL W

MoVLw X size of X must be B8-Lit
MovLlw 25H
Herad.ecimal



ADDL W

ADDLW k = tukes the value stoved in t+he wWREG
and adds Kk to that value 4hen stores
the vesault back i the wRee

K£Xoum|olQ
Movlw 128 [0lofo [t [o Jo [t ]e] oy

soor oo ADDLwW tgH  [olofifo 1o fe o] o34
000] 000 | AODDLW 1 H lelof 1[t]i]o]o]l] 394
sloo ool ADDLw Y3H lolb [v[ifrfylo o] 7

# Aftel vuwing the above code /instruction what’s
the Value stored in the WREG7 — ¥#CH

FIGURE 4-1: PROGRAM MEMORY MAP FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR AND STACK FOR
PIC18F442/242 PIC18F452/252
CALL, RCALL, RETURME 21 CALL, RCALL, RETURM{E 21
RETFIE, RETLW RETFIE, RETLW
Stack Level 1 Stack Level 1
Stack Level 31 Stack Level 31
RESET Vector ooooh f RESET Vector 0000h
High Priority Interrupt Vector | 0008h High Priority Interrupt Vector |0008h
Low Priority Interrupt Vector |0018h Low Priority Interrupt Vector |0018h
.
On-Chip L maXimum
Program Memory e
3FFFh / Jd(
a ess

4000h On-Chip
e Program Memory 4 .
kS & locdtions.
g g
E— £
o o
= =
] 7FFFh |8

Read 0’ > oooh |~
Read '0'
1FFFFFh 1FFFFFh

200000h = 200000h~—




The p1c Hle Reg;s—f'ef = Data MeYHo(j

L; Read /wicite (Static RAM)

a collection of + Used for data 9+0(13Q
(eg\‘si-e/s
memody
LoV ]oflL]l]I]|oO
each location— | 9 ~
IS Congja‘e(el
o _vegister”

ond each locotion

has on adoy, ess

(111,
7 addfess ¢
locations
3 add(ess lines /bits  —» number of bits i need
to reptesent the last
address location.

Special Function Regis'l‘ef S

Ly & bunch of registers inside +he data
VVIQMoffj.

x specific Lunctions as +imers, T/s ports, Sevial
Commun',caﬂon .ete.



The file reg.‘s!-er in PICI8 has moximum Yoaé 2. Yo bytes
byte (YK), whch has addresses ocoa-FFFH

which s divided by banks, each bank has

256 byfes

Yog6 = I3 maximum number of banks
256 um/ai Iable

# There s af least £ bank called +he access bonk
which is +he default bank.

% How can we access all ba.vtks? Ioj o method called
BanK  Switching

ocooH
Bank 0
ZFH 128 bytes
Access
Ban k)
GP RAM
SFR
128 bytes
F30 H
Bank 15
FFFH

¥ The 256-byte access bank is divided by 2 €qual gections
of 123 bytes



¥ —— B}ﬂ'ﬁ’— orien‘f‘eoQ |n$+fuc."'ions‘
L5 Bt -oriented Instructions K W —, working vegister
L, contval lastvuctions F — Ffile re\‘jl'S’*’ef

# Using Instructions with the default access bank
(to access other locations in the file vegister for ALU
and. othev operotions

MoVw§F

|

MOVWF (addvess
Con be in SFR or GP RAM
the addvess of the destination

£ Example wree _Addvess | Data
MOVILW 4q9H o2 H
MoVWE 12K oz H
MoVLw 85H 6lYH
MOVWF 13H o5 H '5
MoVLW  3FH empty
MovwF 144
MoVLwW 63H Addvecs Data
MOVWF [5H &34 o012 H qqH
oIz H 85H
# Note: we canugt wmove lLteval yalues 614 H 3FH
(numbers) directly info the geneval purpose 015 H 634

RAM location. it muast be woved via WREG



ADDWF

xtukes two pavameters: Aal‘fl\ress , D

from Register File

D — o, or not specified — WREG
Result will be Saved in WREG

L 1,F — oddvess
Result will be sawved W the same addvess

¥ Example: What ave the contents of +he wWREG ofter
Yunning the fo“ow'wtj pYegvom

MoVLw o ooH £ 2HY = oo H
MOVWF 124 6oH S128% = ooH
MmoVlw 224 224 J12H3 = ooH

ADDWF 12H,F 22H S12H} . 22H
ADDWF 124, F 224 {12H}= Yy H
ADDWF 124, F 22H Z12H3= 66 H

ADDWF [2H,F 22 H F12HY = 80 H

}L ConTents £ wWREG
aPter ecach instruction



ComF
L Complemew'h the contents of Lile vregistes and

places the vesult in WREC

CoMF  qddress, O — 1,F

S0, w

% Example : write o Simple orogram to foggle the SFR
of port®  continuesly forever.

MoVLW  55H
MOVWFE  PovtB ., copies 55H Lrom weee 4o portl
Bl ComF povtB, F
vase. £ /eoTo  BL Wil go to this lime
(that has the B1 label)

* pof'(—B is JusT an addvess location that has a
name, its addvess is F8IH so we can also
do MOVWF F8IH which would be the same

Complemen'f' ’l‘[«e can"'en“l'S of povt&.
it was —» ololotol

then becomes » lolololo and gets
stored in the File (eg‘us'fef ( portB itsed)



MoVF address , D
D=0 . copies the coutents of Lile
veyistey (From I/o pin) te wREG

0=1 ' The content of Lile regster
is copied to itself

-}('EXOLMP)P-' wete o Simple program to 36"’ data Hom the
SFRs of portB and Send it the SFRs of portC
<onfinuousb

AGAIN MoVF PortB, w
MOVWF povtc
G0To AGAIN

¥ To move values Flom portA +o port R
@ MoVFF portA, port B

2@ MoVF poltA, w
MOVWFEF ot R



Taput: 2 digital
output: 1 output

Rlo = stavt )/_) input
RCy = stop (push Button)
RC2 = LED — oufpuf

topet &

Vss Active
L low cct
\S
Reo
R, stert
RCa =
mput 2 _‘l/is
active H RS,
-jh cet } J
1 step — j_
Main :
; Taifialization Ra
bsf TRISC, 0] can also be =
bsf TRISC, L [ dove by:
bef LATC,2 | bel LaTC, 2
bef TRISC,2 | Movlw oxo2
CIRF TRISOD MV WE TRISC
CLRF LATC
L2 btfsc portc,t
L1 bbRSC  portc, o ¢ to search for goto L2
304'0 L1 ‘ON command’ be{ por tc )L
bs€  pert¢,2 goto L1

end.



¥ weaK pull - up onfg available ¥ its better to cleav the LAT

n poﬁ’:B befoe o(ep;n;nj any ou"‘pu"' N case
(which means irternally there is it has anything #rom a previows
a CuvvenT lim':f'mj \feS'ls‘i'of) Lile.
active
SFR = INTCoN2 S I

bed INTCoN2, 7

N 4,/(1\_114r1u

wet Active
Re; = Tnput » start Main :
R = toput — Stop ; Inihialization
RBz =» outpul » LED bsf TRISB,32
we Wil use weak pull-up bsfé TRISB,5
bef LATB, #
bef TRISB, #
R8s CIRF TRISD
i
L1 btfSS  portp, 2
geoto L1
bs€ port 8,7
R8s
? L2 btfsS poctB,5
- goto L2
active High bl port @, 7
b“H"’nS go‘f’o L1

R8=

@—“‘-"Hj_ end-



delay 2 assume Lo = | MHz
Moviw N l Tew = | Ms
Movwf  Count [ Trec= Y Tax = 9 Mg
L2 decfS# count (N-1)#1 + 3
goto L2 (N-1)x2
Nop | 128 4y 32 &6 8§ 4 2 |
Return 2
3IN+7 maximwm Value of N can
be 256
. No.I.< = ZZ5
Tl = No.I'C 4+ Ty.ce = 3UmS

but whot if we want 4o Jelaj

move? we can add ansdhev loop

I.c
delay 2
Moviw m
Mov £ count
LY Movjw N I
Movwf Count | M= 2
» M-\ N=2
L2 decfSZE  count (N-1)#1+ 3
gofo L2 (N-1)# 2 M= |
dectsz  count2 (m-1) %1 +3
goto L3 (M-1)x2

Return 2



Philips Semiconductors

Product specification

HEF4511B

BCD to 7-segment latch/decoder/driver MSI

DESCRIPTION

The HEF4511B is a BCD to 7-segment
latch/decoder/driver with four address inputs (D to Dp),
an active LOW latch enable input (EL), an active LOW
ripple blanking input (BI), an active LOW lamp test input
(LT), and seven active HIGH n-p-n bipolar transistor
Segment outputs (O, to Oy).

2 I 2 6
Da  [bg |oc [Dp
SJEL LATCHES
e |
A8l DECODER
_ 0CO0EEERER|
3 DRIVERS :
Og |Of |Oe |04 [Oc |Op |0,

14 115 |9 [10 11 [12 |13
7273717.2

Fig.1 Functional diagram,

driver
logic

.
':-(1 VoH
I —
Vss 7279908

Fig.3 Schematic diagram of output stage.

January 1995

4_II-.--IlIIIIlII-Il--I-IIIII----.II.I--.-

When EL is LOW, the state of the segment outputs (O, to
Oy) is determined by the data on Dy to Dp,.

When EL goes HIGH, the last data present on Dj to

Dp are stored in the latches and the segment outputs
remain stable. When LT is LOW, all the segment outputs
are HIGH independent of all other input conditions. With
LT HIGH, a LOW on BI forces all segment outputs LOW.
The inputs LT and B do not affect the latch circuit,

6] [15] [ia] [13] [17] [i7] [io] [5]

VDD Of 0g Oa Ob OC Od Oe

HEF45118

Og Oc LT B EL Dp Dy Vs

W 2 BT e ST 6T T e

7Z73716.1

Fig.2 Pinning diagram.

E HEF4511BP(N):  16-lead DIL; piastic (SOT38-1)
HEF4511BD(F):  16-lead DIL; ceramic (cerdip) (SOT74)
HEF4511BT(D):  16-lead SO; plastic (SOT108-1)

(): Package Designator North America

PINNING :
."DatoDp address (data) inputs
EL latch enable input (active Low)
BI ripple blanking input (active Low)
T lamp test input (active Low)
O, to Oqg Segment outputs

Fig.4 Segment

designation, .
o

FAMILY DATA, Ipp LIMITS category MS|
See Family Specifications




Design a circuit and write a code for a stopwatch timer. The maximum time
‘that it is count 60s. The result should be display on a seven segment

SCHEMATIC DIAGRAM

(s

)

s

2]

£, wol = ' ]
© Yo c dp € & Ve o dp:

Figure 9 - Common Cathode & Common Anode

T VDD
(LSB) IéTT ' 470 o
~ = A %511 v z
e L B b A b
e =l
—— (MSB) f ——\N\/‘—el Ic
= g [y ¥y ymen | SR TR
sy 10kO LE A
' I each Gnd Cathode
L
£'iCommon Cathode ¢ Common Anode
5 o ; 'G'l_lld 5 o8 &




ex: ys,, — (01060 0101)gep

How can we ge'l' tHhis  using c:d)

weé need to count +Fhe number of los

W= Ys
Ys - X=1
\O0
35
)
[x=4 ] @os®Eiod
—
35 X = 2
lo _> 0000 olol
25
25 X = 3
lo —) 0100 cooo
15
W= § — 0000 olol
5 x=y
lo__ -
5

sa _Noldo olol 8co
5 |_I |__l 4 5
lo — ’__J |_,Lsg (-\_J 2 7—Se5nen’fs

L since 5 negative e add w=-5+10=5
a 16 back and save the value in wWREEZ




lo-Q0 I 0-9
b (20), = (0001 0\ 00),

(o

||
we use B¢D (20) = (9250-9 9_%:_0)8&

~_ e |

(59 = (0101 | 001)gep

RCD
Mmovwf  Bepl
CcLRF w
CcLRF Count
MoV (10)0
L1 Subwf BcDL,1 ; BCD1=g¢chl-w
BN L2 ; wil check negm‘h've bit s 1 ,:F s
INCF Count then bianch + L, (same aS goto)
goto 11

12 APbwf RBCDl,w i w=BcDLl + w
SWAPFE  cowt F
XORWF  count, F
MoV FF Ccuwl‘t'/ Pof"'@
retwin



Common Anode

Common cathode

Digit abededq abededg
o 600000 | LVYirttllo
l loo | L\ olloooo
2 oo | 0o lo0 1ol 1ol
3 oooo0l 1o It 1loo]
Y ltlool 100 6otloo|]
5 0lool 00 ol (ol
6 olooooo o T L O O
7 ooo !t 1) 1l oooo
g 0000000 (1)
q 0600 loo (11 (o1l
C we peed to C we need to

supply Vcc and

(Low) to turn

on the segment

9
I ;

5“PP‘:] gfouno( and

(High) tv turn
on the segment

L
| I




F'low C ka‘( 'l:S

O start o clop
D I/ oPefa"'iaws

O condition test

Plocecs

call gub

A/D.
In PICIgFXXZ nCY0 PlocesSsl, theve 1S a bu;“'.-l‘n

analog o digital module to convert an analoy input
Signal (ex: VoHqu) to a l0-bit Aigi+a| number.

X* Compu'f'efs Con onl_(g uno(e(S{’anoL c‘?y"}'oul Signo«'s.

— Resolution: number of discrete values produced over
the Yonge of analq_tj Values.



N-bit  Digital
o — value ANote:- AD code : the
o A/D ”"{)

Veef + d ou‘l‘pm‘(‘ of the

Veef- —>R_ A/D code A/D conveltor
Described by
number of output

ADcode = 2" 1 4 (Vin- Veet-) bit.

Vieps = Vrep-

[_Vref_ ) Vre,p+] = The '("omﬂe qﬁ aV\a|05 Value H*m‘i' ‘H'Q A/D
lowd  highD conver tof can detect

Vo”age resolution = The smallest C-han_ge m Vol/‘age an ADC can
detect

Voltage Vesolution = Vrefs - Vees-

@_/v Quantization |evels

£ out ADC has a 10-bit resolution so N= 6.

EXOLlee'- Full scale measurme it oo lov
ADC Resqlution is 12 bit = Ho9é

ADC VOH'QSQ fQSolld'l'O‘n = 10-0 /Yogg = ©.00244 V

Taternal (inside the PICY  Vieps — s5v
Vreg {

Vieg- — ov

External (must be provided by the user)



only For pICBFYUX2

CHS<2:0>

_____ LI,
111 ANT*
110 —
s AN5*
' 100 BTE
VAIN : : &
(Input Voltage) : 011 . ,_@ AN3
| 010
10-bit \3 AN2
Conve:ter ’E
A/D : \3 001 : & -
PCFG<3:0> . \3 —_— :
Al vee e e xANo
= VREF+ : OJ
| | oo
| Reference| ' '
Voltage ' o
| | VRer- 1~
&= =i ‘i . o—

¥ The Cesult of conversiom is stored m 3FRs ., ADRESH

T < ADRESL

# SFRs wused. s-

TRISA , TRISE ] Lo i tialization
ADCoNO , ADCaNi.

ADRESL

ADRESH

] store the Result  (stores the ADcoDE)

# we need to define port A and poftE  as input of autput
and as Analog of digital.



PIC18FXX2

17.0 COMPATIBLE 10-BIT SFRS The A/D module has four registers. These registers
ANALOG-TO-DIGITAL are: an‘f‘fol!es the
CONVERTER (A/D) MODULE ¢ A/D Result High Register (ADRESH) ype'(clf\on of

. ) ¢ A/D Result Low Register (ADRESL) +he A/D moAu\e

The Analog-to-Digital (A/D) converter module has five « A/D Control Register 0 (ADCONO)

inputs for the PIC18F2X2 devices and eight for the
PIC18F4X2 devices. This module has the ADCONO

* A/D Control Register 1 (ADCON1) %

and ADCONI1 register definitions that are compatible The ADCONO register, shown in Register 17-1, con-
with the mid-range A/D module. trols the operation of the A/D module. The ADCON1

The A/D allows conversion of an analog input signal to
a corresponding 10-bit digital number.
—

register, shown in Register 17-2, configures the
functions of the port pins.

REGISTER 17-1: /||ADCONO REGISTER |

bit vesoluTion

bit 7-6

bit 5-3

bit 2

bit 1
bit 0

RW-0 RW-0 RMW-0 RW-0 RW-O  RW- U0 RMW-0
| ADCs1 | ADCSo | CHS2 | CHs1 | CHso |GOMONE| — [ ADON ]
bit 7 bit 0

Don 't caxe

ADCS1:ADCSO0: A/D Conversion Clock Select bits (ADCONO bits in bold) 9 +
Just pw
ADCON1 ADCONO .
<ADCS2> | <ADCS1:ADCS0> Clock Conversion o
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 11 FRc (clock derived from the internal A/D RC oscillator)
i 00 Fosc/4
g 01 Fosc/16
i 10 Fosc/64
1 11 FRC (clock derived from the internal A/D RC oscillator)
CHS2:CHSO0: Analog Channel Select bits Table 1
000 = channel 0, (ANO)
001 =channel 1, (AN1) ‘\
010 = channel 2, (AN2) we choose  gnd
011 = channel 3, (AN3) 5
100 = channel 4, (AN4) bGCCé on it ;) W€
101 = channel 5, (AN5) eci +
110 = channel 6, (AN6) specity the channel

111 = channel 7, (AN7) select bits.
Note: The PIC18F2X2 devices do notimplement the full 8 A/D channels; the unimplemented
selections are reserved. Do not select any unimplemented channel.

GO/DONE: A/D Conversion Status bit

When ADON = 1:

1 = A/D conversion in progress (setting this bit starts the A/D conversion which is automatically
cleared by hardware when the A/D conversion is complete) —» (Convevsion Qe

0 = A/D conversion not in progress Ana‘{jﬂe +o D;s;-\-a\

Unimplemented: Read as '0'

ADON: A/D On bit

1 = A/D converter module is powered up

0 = A/D converter module is shut-off and consumes no operating current

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n =Value at POR 1’ = Bit is set ’0’ = Bitis cleared x = Bit is unknown

© 2006 Microchip Technology Inc. DS39564C-page 181



PIC18FXX2 g )

\

REGISTER 17-2: | ADCON1 REGISTER [
RW-0  RMW-0 U-0 U0 RW-0  RW-0  RW-0  RMW-0
| abFm | Abcs2 | — X[ — X] PcFG3 | PCFG2 | PCFG1 | PCFGO |
bit 7 bit 0

Do nﬂt— CO\(e; j\LS‘L P\L+ 0
72—/__

bit 7 ADFM: A/D Result Format Select bit
1 = Right justified. Six (6) Most Significant bits of ADRESH are read as '0’.
0 = Left justified. Six (6) Least Significant bits of ADRESL are read as '0’.

bit 6 ADCS2: A/D Conversion Clock Select bit (ADCONT1 bits in bold)

Tabled
ARGONT ARLI0 Clock Conversion
<ADCS2> | <ADCS1:ADCS0>
0 00 Fosc/2
0 01 Fosc/8
0 10 Fosc/32
0 1. FRC (clock derived from the internal A/D RC oscillator)
1 00 Fosc/4
1 01 Fosc/16
1 10 Fosc/64
1 11 FRc (clock derived from the internal A/D RC oscillator)
bit5-4  Unimplemented: Read as '0' £ +here (S no VRerF-
bit 3-0 PCFG3:PCFGO: A/D Port Configuration COW or VREF+ , it means | ts
internal
:g';f AN7 | AN6 | AN5 | AN4 AN3 AN2 AN1 ANO | VREF+ VREF- C/R
0000 A A A A A A A A VoD Vss 8/0
externa) VREF+ e« ooor | A | A | A | A |veers | A | A | A | AN3 | vss | 7/1
— o | D | D | D | A A A A | A | voo | vss | 5/0
ai' A‘Ng 0011 D D D A VREF+ A A A AN3 Vss 4/1
0100 D D D D A D A A Vbbp Vss 3/0
0101 D D D D VREF+ D A A AN3 Vss 2/1
011x D D D D D D D D — — 0/0
1000 A A A A VREF+ VREF- A A AN3 AN2 6/2
1001 D D A A A A A A VoD Vss 6/0
1010 D D A A VREF+ A A A AN3 Vss 5/1
1011 D D A A VREF+ VREF- A A AN3 AN2 4/2
1100 D D D A VREF+ VREF- A A AN3 AN2 3/2
1101 D D D D VREF+ VREF- A A AN3 AN2 2/2
1210 D D D D D D D A Vbb Vss 1/0
aBalata D D D D VREF+ VREF- D A AN3 AN2 1/2

A = Analog input D = Digital 1/O Table 2
C/R = # of analog input channels / # of A/D voltage references

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ’0’ = Bit is cleared x = Bit is unknown

Note:  On any device RESET, the port pins that are multiplexed with analog functions (ANXx) are
forced to be an analog input.

DS39564C-page 182 © 2006 Microchip Technology Inc.



FIGURE 17-4: A/D RESULT JUSTIFICATION

10-bit Result
ADFM =1
f—%
0 @

ADFM =0
f—‘/\ﬁ

7 2107 0765 0
0000 00 0000 00
~ . ~ v - N
ADRESH ADRESL ADRESH ADRESL
\ﬂ—l ﬂ—/
10-bit Result 10-bit Result
Right Justified Left Justified
# Twitialization proceduwre :
TRISA, TRISE Bits from
1. choose the analgj pins ‘J::,ADCONL (0:3) o to 3

2. cLoOSe Vref intevnal or external — ADConN1 (o:3)
3. choose A/D conversion clock —» ADcoNo (7Z6)
L> ADcoN1 (§)

TAD 7 .6 Mg * Tap is the +ime that +he A/D
convertor needs to Linish
ConVef‘Hﬂg Prom avm’cg to digital.
and i PICIBFXX2 it must be

AT LEAST 16 Mg,

X 1::54 7 L6 Ms



Example: Fog = y mhz

Lo Tap = X-Tose = X- i = X - 0.254% 71625
Ymuz

X 764

#oul of +he oP"’\'OV\S in Table 41 , we can chooSe X
to be 3, l6, 32, é4 which any od them wotr K¢
but the best thing is to choose #he smallest.

k=8 Fo;c/g
— wetake ADCSo , ADcS1 and ADPcS2 bits that

cotvespords to Fose/y and put them in bits gand Z
of ADCoNO and bit F of ADCoNL

Qs in the Arp pudule for 13FU52  what is the
maximum 'P/eguencg for the convefisn clock
(Fosc = YMHz)

maximum — Fose /9



A/D Example - a tempetature sensor LM35 is used to measuve the Room
temp. the sensar gain is lomv/c® and the temp. fange

is €om (o- looe) .

Tnput is temp
output is VaH’age

Ip)

which 1s the
input to +he

microcontvaller.

@ — Read  the amxlos Value

and Stote the temp in
o (egister called

| '_[n‘.‘,'n'alizdﬁcnl
s L

“tempevature®.
/ start Com/efs{on/

calculdte temy.




Imi’}ia“z:fhow Proceelu.fe:

@ we need 1o determine Vyep , do we want internal or

external.

Tuternal |Vief = Uolrage tesslution = 5/io2y = ©:6048 V' /ADcoDE
Y.8 mv /ADcope

= . temyp fesolution — Y.8 mv/ADCODE
lomv /¢

= 0.8 c/ApcoDE

Voltage = (we need to choose the Va'ue)
le{- Uref- = o omd Veel + =1

Ex“'efn a |

= 0.0009F V/ADCODE

Vo ltage veso lution = /102y
= 0.97% wmv /ADCODE

+€V'\|° esolution = 0.09% c.o/ﬁ’Ocoole

# So we will choose the External voltage since it

gives higher precision
@ Calcu’a"'e conversion Clock wheve ‘pos¢.= YMHz

X:-Ta 2 1.6Ms

X 2 6.4

X--l:'—/"‘:>/l-</“5

ADCS 2 ADCS 1 ADCSo

Lroer the
1

Dala sheet - 0 o



@ choose the analag pin that will be used
= we will choose qna\o3 pin ANo

= now we peed to choose a pcFé (Bom Table 2) +hat has
an _analog pin af ANo and an external Vyet+ of
AN3.  Awilable options . ooo|
oo\l e— T can choose
olol any .
lolo

® ADFm

- we want to sthve the conversion output using
Left Justilication , So ADFM= o

cs! ¢so cHS2 chHsl  cHso

[ol2o [o [0l  Aocons

—
Y 1 hn
AOFM cs2 PcFe3 PEFGS
lelofx]xJole [a]1] spcons
Y 3 h

x CHS2:cHSO ave analog chonvel select bit) which
we 9&+ EACQDI on ‘H1Q ana‘os pin we Choj‘e.

ANo — channel 0 = foo

Y

<h2 cHso



- Ca.|Cu.la+e +he relation between ADCoDE and *the yoom
+€mpefod'wf (4

Let’s say that the temp s looc  which means that
Vin= 1Volt = ADCoDE = (1IN, = (1023)10
bul how will we read the temp Prm +he ApcopEZ
we need a way thal converts ADCoDE to temp.
— The input LoMage to
Vin= Sensor gain # Room temp the plc which s the
Vin= lox16° ¢ T output yoltage of +he
+emp Sensox.
ADCODE = 2o * VU = 1023 # loxlo-?;r-T

Veeps - Vep- T = _ADCODE _— ADCODE ., ADC;::)DE
1023 x 10 %W 10-23

4 Note: TIn the ingtvuction set there is No divesion
so will use RR (RotaTe Right) = shift Right X by
one bit = X/,

now we need to find a way 4o do ADCODE /)

2 RR 3 time _— 5 +imes/, 6 hmes
X

X=X _ X 4
lo 8 32 &y
J J N
0-125 X 0-03126 X 0.015625X = 0.109 X

o

This is close +o o0.1X +hat were looking

Hv but we can be more accuvate.



Main
; Initializgtion
bsf TRISA, o
Moviw oxYyl
Mmovwf ADCoNo
MoViw  ox02
movwl ADcoNi
L, bsk ADcoNoO, 2
Ly btPsc ADcoNo, 2
50‘(;0 La
Mmov£l ADRES H, Value 1. = ADCoDE/y

RRNC  Value 1, F Both of these will
bl Value 1, 7 Ao o shift vight = ADCODE/8
MovfR  Value 1, Value2

bef value2, 7 = ADCODE/ 16

RRNC Valueg, L

bef Value2, 7 J = ADCoDE/32
Movff  Volue2, value3

RRNC  value3, 1 g

bef  Value3, 7 O = ADCoDE/6Y

Movf  Value2, w

Subw?f Valuel,w — w= Valuel - w
ADDWF Value3,w —> w= Valwue3 +w = Value3+ Valuel- Value2

Moy w ¥ Tempelad‘u(e = =X ADCoDE/)q

pin 0 of port A is set 4o
be an input.



Some code explanatisn s-
) Mov£L ADQESH, Value 1 = ADCoDE/y

when initializing , we chose Left justification which
woul:l look like :

—_— e e e— e e

ADRESH ADRESL

usally when we do a shift Right (Lorsdivisisn)
we lose that first bit.

when we took °—"’i the contents of ADRESH, its
like we lost the 2 Pvst Lits (shift right twice)
which means divided by 2 twice . ADcoDE/y.

RRNC  Value 1, F }
b Valuet, 7 = ADCODE/8

in the instrvuction set, ther is no shift right, but there

is a rofate ight.

£ everytiing shifts

o the right, but

the first bit goes +o

LI LT 1] the last bit so we
need to clear that last
bit to do a real shift.




Pu|$€ width modulation (Ppwm)

= Tow
DM"'\U CSCIQ REC

Duty Cycle Registers K CCP1CON<5:4>
CCPRI1L Py
« PWM B
{%— -—S Qr—
CCPR1H (Slave)
Comparator R Q
aln RC2/CCP1
TMR2 (Note 1)
v e
) + _| N
Comparator | TRISC<2> €« Built -in in
Clear Timer, plc 8F xx 2
4 CCP1 pin and




SFQS A X <3:0> - bits
3121,10

TRISC ,2
Rc2 — The on'g pin that can output the Pwme wavedorm.

prescale value <1:0>

T2CoN TMR20N <27
LSBS of Duty cycle <5:4y>
CCPJ.COMIPWM module < 3:0 >

CccpPRLL — MSB's of Dufs cgc/e
PR2 —» A period register in the +imer module.

Towm = [PR2+ 1] & Y ¥ Tose # P('QSCd|Q

Tonw = [x] % Tasc x prescale

bq by b, be
X [CcPRIL: ccplecoN<5:45] Ya 10 bit number.

Example: Fosc = 1MHz  Teun= 30ms  Duty cycle= 5oz
7 72
B0Ms = [PR2+1] x Y x L M5 ¢ prescale
Z.5=[PR2+1)x Prescale * we choose
PR2 = £.5 the prescale
Valwe § 1)
£ >255 we should think of Ei: Y
prescale value thal is larger than 1. 1016

we o\on{ have 0.5 so either PRA=F or 6



Puty cyele = 507

Top = [X] * Tose x epfescale
I5Mg = [x)x L Msx 1 -05= Ten
- 2h .'.—r0N= 15 M5
X=15 = 000000111)
L B S
CcPrR1L ccpicoN £5:4>
TMasN

Mains

2]

1T —_—
T2con |[X]o |0 |ofo |1 [o o]

bef Late, 2
postscale

bef TRISC, 2

Mov]w
Movwé
Mov L
movwf
Moy |w
Movlw
cIRF
bsf

Example: T,,, - 300 M

OX?
PR

oxo3
CcpPRLL . =
wm wmo
ox |

oX 3¢
ccPlcoN ccpdeon [XIXT LT[ L[X

| S, R )
T2CON 3 C

T2coN, 2
’L to 3e‘f cooocol6o and tuwn the tmer on.

‘eosc = "“MHZ Du'}:j cvc_le-‘- 597

3o0Ms= [PR2+1] % Y x L Mg x prescale
1

— if we choose prescale 1:1 then PR2= 299
which 1S > 255 so we need 1o chooSe anofher
prescale , (£ we chose 1:Y then PR2 = ZY

bul £ we chose 1:16 then pR2= 17.75
we will choose a 1:Y prescale since it results

in pR2 being an inlteger.



Tony ={X) # Tose ¥ Prescale
1SS =x3 x L Mg x Y
M

X= 156 = oo0toolo)lo
[ S T

25h
Tzeon  [(XJofo]ofo[1]o]t]
Main 3
&4 ceprcon XLV [0 [ 1 ]x°[x]]
bef LATC,2 &
bef TRISC,2
Movlw  oxYA
Movwf PR2

MoVlw ox2c
movwk cecplecoN
MoVLiw 0X25
movwf ecpRIL
moViw  o0x0S
movwf T2CoN



PIC18FXX2

12.0 TIMER2 MODULE

The Timer2 module timer has the following features:

* 8-bit timer (TMR2 register)

* 8-bit period register (PR2)

* Readable and writable (both registers)

* Software programmable prescaler (1:1, 1:4, 1:16)

* Software programmable postscaler (1:1 to 1:16)

¢ Interrupt on TMR2 match of PR2

* SSP module optional use of TMR2 output to
generate clock shift

Timer2 has a control register shown in Register 12-1.
Timer2 can be shut-off by clearing control bit TMR20N
(T2CON<2>) to minimize power consumption.
Figure 12-1 is a simplified block diagram of the Timer2
module. Register 12-1 shows the Timer2 control regis-
ter. The prescaler and postscaler selection of Timer2
are controlled by this register.

REGISTER 12-1:

12.1 Timer2 Operation

Timer2 can be used as the PWM time-base for the
PWM mode of the CCP module. The TMR2 register is
readable and writable, and is cleared on any device
RESET. The input clock (Fosc/4) has a prescale option
of 1:1, 1:4 or 1:16, selected by control bits
T2CKPS1:T2CKPS0 (T2CON<1:0>). The match out-
put of TMR2 goes through a 4-bit postscaler (which
gives a 1:1 to 1:16 scaling inclusive) to generate a
TMR2 interrupt (latched in flag bit TMR2IF, (PIR1<1>)).

The prescaler and postscaler counters are cleared
when any of the following occurs:
* a write to the TMR2 register
* a write to the T2CON register
¢ any device RESET (Power-on Reset, MCLR
Reset, Watchdog Timer Reset, or Brown-out
Reset)

TMR2 is not cleared when T2CON is written.

T2CON: TIMER2 CONTROL REGISTER

U0  RWO  RW-0  RWO0  RWO RWO0 RWO0  RW-0
[ —X[Toutps3 ] TOUTPS2 | TOUTPS1 [ TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO |
bit 7 \,; — \ bit 0
0 0000
bit 7 Unimplemented: Read as '0' presco“ Q

bit 6-3
0000 = 1:1 Postscale
0001 = 1:2 Postscale

1111 = 1:16 Postscale
bit 2 TMR20ON: Timer2 On bit
1 =Timer2is on
0 = Timer2 is off
bit 1-0
00 = Prescaler is 1
01 = Prescaleris 4
1x = Prescaleris 16

TOUTPS3:TOUTPSO: Timer2 Output Postscale Select bits
e net used i~ pwm
So just pul 0000

T2CKPS1:T2CKPSO0: Timer2 Clock Prescale Select bits

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared X = Bit is unknown

© 2006 Microchip Technology Inc.

DS39564C-page 111
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14.0 CAPTURE/COMPARE/PWM
(CCP) MODULES

Each CCP (Capture/Compare/PWM) module contains
a 16-bit register which can operate as a 16-bit Capture
register, as a 16-bit Compare register or as a PWM
Master/Slave Duty Cycle register. Table 14-1 shows
the timer resources of the CCP Module modes.

The operation of CCP1 is identical to that of CCP2, with
the exception of the special event trigger. Therefore,
operation of a CCP module in the following sections is
described with respect to CCP1.

Table 14-2 shows the interaction of the CCP modules.

REGISTER 14-1: (CCP1CON REGISTER/CCP2CON REGISTER

u-0 u-0 RW-0  RW-0 RW-0  RW-O RWO RMW-O
| —x ] — X[ pcxBt | DCxBO | CCPxM3 | CCPxM2 | CCPxM1 [ CCPxMO |
bit7 o o —_ bit 0

bit7-6  Unimplemented: Read as '0'

bit 5-4  DCxB1:DCxB0: PWM Duty Cycle bit1 and bit0

Capture mode:
Unused

Compare mode:
Unused

PWM mode:

R_ The LSBs of +he
Duly cycle

These bits are the two LSbs (bit1 and bit0) of the 10-bit PWM duty cycle. The upper eight bits
(DCx9:DCx2) of the duty cycle are found in CCPRxL.

bit 3-0  CCPxM3:CCPxMO0: CCPx Mode Select bits
0000 = Capture/Compare/PWM disabled (resets CCPx module)

0001 = Reserved

0010 = Compare mode, toggle output on match (CCPxIF bit is set)

0011 = Reserved

0100 = Capture mode, every falling edge
0101 = Capture mode, every rising edge
0110 = Capture mode, every 4th rising edge
0111 = Capture mode, every 16th rising edge

1000 = Compare mode,

Initialize CCP pin Low, on compare match force CCP pin High (CCPIF bit is set)

1001 = Compare mode,

Initialize CCP pin High, on compare match force CCP pin Low (CCPIF bit is set)

1010 = Compare mode,

Generate software interrupt on compare match (CCPIF bit is set, CCP pin is unaffected)

1011 = Compare mode,

Trigger special event (CCPIF bit is set)

11xx = PWM mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown

© 2006 Microchip Technology Inc.
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145 PWM Mode

In Pulse Width Modulation (PWM) mode, the CCP1 pin
produces up to a 10-bit resolution PWM output. Since
the CCP1 pin is multiplexed with the PORTC data latch,
the TRISC<2> bit must be cleared to make the CCP1
pin an output.

Note: Clearing the CCP1CON register will force
the CCP1 PWM output latch to the default
low level. This is not the PORTC /O data
latch.

Figure 14-3 shows a simplified block diagram of the
CCP module in PWM mode.

For a step-by-step procedure on how to set up the CCP
module for PWM operation, see Section 14.5.3.

FIGURE 14-3: SIMPLIFIED PWM BLOCK
DIAGRAM
Duty Cycle Registers  —— CCP1CON<5:4>
CCPRiL
L
CCPR1H (Slave):
Comparator R Q
RC2/CCP1
— S
TRISC<2>
Clear Timer,
4 CCP1 pin and
Note: 8-bit timer is concatenated with 2-bit internal Q clock or 2
bits of the prescaler to create 10-bit time-base.

A PWM output (Figure 14-4) has a time-base (period)
and a time that the output stays high (duty cycle). The
frequency of the PWM is the inverse of the period
(1/period).

FIGURE 14-4: PWM OUTPUT
Period
— \ | [
3 Duty Cycle : 5
: | TMR2=PR2
‘3 TN:IR2 = Duty Cycle
TMR2 = PR2

14.5.1 PWM PERIOD

The PWM period is specified by writing to the PR2
register. The PWM period can be calculated using the
following formula:
PWM period = (PR2)+ 1]+4 ¢ TosC *
(TMR2 prescale value)

PWM frequency is defined as 1/ [PWM period].

When TMR2 is equal to PR2, the following three events
occur on the next increment cycle:

TMR2 is cleared
The CCP1 pin is set (exception: if PWM duty
cycle = 0%, the CCP1 pin will not be set)

The PWM duty cycle is latched from CCPR1L into
CCPR1H

Note: (The Timer2 postscaler (see Section 12.0)
is not used in the determination of the
PWM frequency. The postscaler could be
used to have a servo update rate at a
different frequency than the PWM output.

145.2 PWM DUTY CYCLE

The PWM duty cycle is specified by writing to the
CCPRI1L register and to the CCP1CON<5:4> bits. Up
to 10-bit resolution is available. The CCPR1L contains
the eight MSbs and the CCP1CON<5:4> contains the
two LSbs. This 10-bit value is represented by
CCPR1L:CCP1CON<5:4>. The following equation is
used to calculate the PWM duty cycle in time:

PWM-dutyeycle = (CCPRIL:CCP1CON<5:4>) «
Ton = Tosc * (TMR2 prescale value)

CCPR1L and CCP1CON<5:4> can be written to at any
time, but the duty cycle value is not latched into
CCPR1H until after a match between PR2 and TMR2
occurs (i.e., the period is complete). In PWM mode,
CCPR1H is a read only register.
The CCPR1H register and a 2-bit internal latch are
used to double buffer the PWM duty cycle. This double
buffering is essential for glitchless PWM operation.
When the CCPR1H and 2-bit latch match TMR2 con-
catenated with an internal 2-bit Q clock or 2 bits of the
TMR2 prescaler, the CCP1 pin is cleared.
The maximum PWM resolution (bits) for a given PWM
frequency is given by the equation:

PWM Resolution (max) = ———— bits
log(2)

Note: If the PWM duty cycle value is longer than
the PWM period, the CCP1 pin will not be
cleared.

DS39564C-page 122
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In'l'ef(uPtS

— an interrupt is &  sub routine (Punction) that 3e'f“s called
automatically when a certam candition is met and when its
done ,the code vresumes From the line it was last on in

the main code.

Iw"‘eNup‘f’ name :
~
—~
A
A

ravd
retfie
Ps A}
e, “fetuln from nte wrupt

SFRs u.SeoL °r

RcoN
INTCoN
INTCoN2
INTCoN3
PIRL , PIR2
PIEL, pIE2
IPR1, IPR2



('-‘Sing
_j RB,: RB2 ‘_—{edge
fa“ing

External
TInterrupt J 1 on change RBY: RR7 edge

Iuternal — Time(, ccp , A/D ,

sefial comm wnicotion ...

e)("'ev’na’
infenal

n  exTernal in"‘effuP"', each bit is independent From bits
0 to 2. wheleas the onchange takes Y bits (Y - 7)
as o dafa , so if it was oo lo and be came oooo
it will trigger the intefrupt Lo example.

Lot example po(tB <Y:Z >

J/

becomes 0010 oooe

changel — So theve s an intevtupt

# | theve is af least one bit that changes from bits <u:7Z>
an intetrupt ]l occur



for each interrupt has:

2. Enable bit IE
2. Flag bit IF —-vAu"'oma'}-'ca”\\j set, manually feset
3. priority bit Te

# The enable bit is 4o tell the micfocontrsller which
'm'lef(‘upf (eQiSTor’S' we wont 1o uce

* ‘l") LN Ce{-’.ui” <-‘”"0“"""3’1 1S me‘f‘, the miclfocontholler
au‘fomafiCa"y Se‘fg ﬂle -Cla.s b:"’ ano( we hal/@ to manua”y
veset it (cleaf) before we veturn Frm the imterrupt
because if we didn? and we refurned Bom the interrupt,
the micto cantraller will see that the Plag bit is still set so
i+ will en+e( the in"?(/up‘l‘ agon'n.

—> To enable the priotity Leature : TPEN bit (RcoN<7>)

" sene(ad

1. 2 levels of
pliofrsty
Default <5 0: 1 level of

priority
rising nge _@_L
pling edge 1 (L




INTEDG o, 1,2 €= in INTCON2
~— Edge bits ot port Bo: B2
o — ﬁa\“r\g
1 — fiSb\S

—> Havdware decides the -pnlln'ns of ('-s}na

case 1: TPEN (set)

— GIEH Lt (INTCoN<ZE>) enable all Igt high pliority
- GIEL Yt (INTCoN<E>) o o 4 Low  »

case 2 : IPEN (clear)

- GIE bt (INTCoN<ZE>) enable oll interiupt source
—PEIE bt (INTCoN<E>) enable peripherals intervupt

X NoTES Thefe is no bit P pﬁ'ofn"}y selec’h'on of extetnal
INTo. Hs always ot high interruet level and can'
be cl\angeol to low



PIC18FXX2

FIGURE 4-1: PROGRAM MEMORY MAP FIGURE 4-2: PROGRAM MEMORY MAP
AND STACK FOR AND STACK FOR
PIC18F442/242 PIC18F452/252
PC<20:0> ] PC<20:0> |
CALL, RCALL, RETURN 21 CALL, RCALL, RETURN 21
RETFIE, RETLW RETFIE, RETLW
Stack Level 1 Stack Level 1
Stack Level 31 Stack Level 31
RESET Vector 0000h f RESET Vector 0000h f
High Priority Interrupt Vector |0008h High Priority Interrupt Vector |0008h
Low Priority Interrupt Vector [0018h Low Priority Interrupt Vector [0018h
On-Chip
Program Memory

3FFFh

4000h On-Chip
e Program Memory 2
© ©
Q Q
@ (7]
= e
D ()
= =
g 7FFFh |8

Read '0’ = 8000h =
Read '0'
1FFFFFh 1FFFFFh
200000h — 200000h—

DS39564C-page 36
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PIC18FXX2

8.0 INTERRUPTS

The PIC18FXX2 devices have multiple interrupt
sources and an interrupt priority feature that allows
each interrupt source to be assigned a high priority
level or a low priority level. The high priority interrupt
vector is at 000008h and the low priority interrupt vector
is at 000018h. High priority interrupt events will over-
ride any low priority interrupts that may be in progress.
There are ten registers which are used to control
interrupt operation. These registers are:

* RCON

* INTCON

¢ INTCON2

* INTCON3

* PIR1, PIR2

* PIE1, PIE2

* IPR1, IPR2

It is recommended that the Microchip header files sup-
plied with MPLAB® IDE be used for the symbolic bit
names in these registers. This allows the assembler/
compiler to automatically take care of the placement of
these bits within the specified register.

Each interrupt source, except INTO, has three bits to
control its operation. The functions of these bits are:

Flag bit to indicate that an interrupt event
occurred

Enable bit that allows program execution to
branch to the interrupt vector address when the
flag bit is set

Priority bit to select high priority or low priority

The interrupt priority feature is enabled by setting the
IPEN bit (RCON<7>). When interrupt priority is
enabled, there are two bits which enable interrupts glo-
bally. Setting the GIEH bit (INTCON<7>) enables all
interrupts that have the priority bit set. Setting the GIEL
bit (INTCON<6>) enables all interrupts that have the
priority bit cleared. When the interrupt flag, enable bit
and appropriate global interrupt enable bit are set, the
interrupt will vector immediately to address 000008h or
000018h, depending on the priority level. Individual
interrupts can be disabled through their corresponding
enable bits.

When the IPEN bit is cleared (default state), the inter-
rupt priority feature is disabled and interrupts are com-
patible with PICmicro® mid-range devices. In
Compatibility mode, the interrupt priority bits for each
source have no effect. INTCON<6> is the PEIE bit,
which enables/disables all peripheral interrupt sources.
INTCON<7> is the GIE bit, which enables/disables all
interrupt sources. All interrupts branch to address
000008h in Compatibility mode.

When an interrupt is responded to, the Global Interrupt
Enable bit is cleared to disable further interrupts. If the
IPEN bit is cleared, this is the GIE bit. If interrupt priority
levels are used, this will be either the GIEH or GIEL bit.
High priority interrupt sources can interrupt a low
priority interrupt.

The return address is pushed onto the stack and the
PC is loaded with the interrupt vector address
(000008h or 000018h). Once in the Interrupt Service
Routine, the source(s) of the interrupt can be deter-
mined by polling the interrupt flag bits. The interrupt
flag bits must be cleared in software before re-enabling
interrupts to avoid recursive interrupts.

The “return from interrupt” instruction, RETFIE, exits
the interrupt routine and sets the GIE bit (GIEH or GIEL
if priority levels are used), which re-enables interrupts.

For external interrupt events, such as the INT pins or
the PORTB input change interrupt, the interrupt latency
will be three to four instruction cycles. The exact
latency is the same for one or two-cycle instructions.
Individual interrupt flag bits are set, regardless of the
status of their corresponding enable bit or the GIE bit.

Note: Do not use the MOVFF instruction to modify
any of the Interrupt control registers while
any interrupt is enabled. Doing so may
cause erratic microcontroller behavior.

© 2006 Microchip Technology Inc.
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8.1 INTCON Registers Note: Interrupt flag bits are set when an interrupt

The INTCON Registers are readable and writable reg-
isters, which contain various enable, priority and flag

bits.

REGISTER 8-1:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

Ad‘oma"’ic"‘u-"

set,

ma_v\\l\olllj

teset

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit. User software should ensure
the appropriate interrupt flag bits are clear
prior to enabling an interrupt. This feature
allows for software polling.

INTCON REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
| GIE/GIEH | PEIE/GIEL ‘ TMROIE INTOIE RBIE TMROIF | INTOIF RBIF
bit 7 bit 0

GIE/GIEH: Global Interrupt Enable bit

When IPEN = 0:

1 = Enables all unmasked interrupts

0 = Disables all interrupts

When IPEN = 1:

1 = Enables all high priority interrupts

0 = Disables all interrupts

PEIE/GIEL: Peripheral Interrupt Enable bit

When IPEN = 0:

1 = Enables all unmasked peripheral interrupts

0 = Disables all peripheral interrupts

When IPEN = 1:

1 = Enables all low priority peripheral interrupts

0 = Disables all low priority peripheral interrupts

TMROIE: TMRO Overflow Interrupt Enable bit

1 = Enables the TMRO overflow interrupt

0 = Disables the TMRO overflow interrupt

INTOIE: INTO External Interrupt Enable bit

1 = Enables the INTO external interrupt

0 = Disables the INTO external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt

0 = Disables the RB port change interrupt

TMROIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

0 = TMRO register did not overflow Plag bit initially

INTOIF: INTO External Interrupt Flag bit §
g O; £ T’ke

1 = The INTO external interrupt occurred (must be cleared in software) g
0 = The INTO external interrupt did not occur —J Conal"('fﬂ"\ s m e'f‘/
RBIF: RB Port Change Interrupt Flag bit Automatian IIM

1 = At least one of the RB7:RB4 pins changed state (must be cleared in software) set, but beﬁ:fe

0 = None of the RB7:RB4 pins have changed state 54,-,,5 bak 5%

Note: Almismatch corll(liition will continue tlo set this bit. Reading PORTB will end the the maln
mismatch condition and allow the bit to be cleared.

Legend:

R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’

- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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REGISTER 8-2:

bit 7

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1
bit 0

INTCON2 REGISTER

R/W-1 R/W-1 R/W-1 R/W-1 u-0 R/W-1 U-0 R/W-1
RBPU INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP
bit 7 bit 0

RBPU: PORTB Pull-up Enable bit

1 = All PORTB pull-ups are disabled

0 = PORTB pull-ups are enabled by individual port latch values
INTEDGO:External Interrupt0 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG1: External Interrupt1 Edge Select bit
1 =Interrupt on rising edge

0 = Interrupt on falling edge

INTEDG2: External Interrupt2 Edge Select bit
1 = Interrupt on rising edge

0 = Interrupt on falling edge
Unimplemented: Read as '0'

TMROIP: TMRO Overflow Interrupt Priority bit
1 = High priority

0 = Low priority

Unimplemented: Read as '0'

RBIP: RB Port Change Interrupt Priority bit

1 = High priority

0 = Low priority

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ’0’ = Bit is cleared x = Bit is unknown

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows for software polling.
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REGISTER 8-3: INTCON3 REGISTER

R/W-1 R/W-1 U-0 R/W-0 R/W-0 U-0 R/W-0 R/W-0
INT2IP INT1IP — INT2IE INT1IE — INT2IF INT1IF
bit 7 bit 0
bit 7 INT2IP: INT2 External Interrupt Priority bit

1 =High priority
0 = Low priority
bit 6 INT1IP: INT1 External Interrupt Priority bit
1 =High priority
0 = Low priority
bit 5 Unimplemented: Read as '0'
bit 4 INT2IE: INT2 External Interrupt Enable bit

1 = Enables the INT2 external interrupt
0 = Disables the INT2 external interrupt

bit 3 INT1IE: INT1 External Interrupt Enable bit

1 = Enables the INT1 external interrupt
0 = Disables the INT1 external interrupt

bit 2 Unimplemented: Read as '0'

bit 1 INT2IF: INT2 External Interrupt Flag bit
1 =The INT2 external interrupt occurred (must be cleared in software)
0 =The INT2 external interrupt did not occur

bit 0 INT1IF: INT1 External Interrupt Flag bit

1 =The INT1 external interrupt occurred (must be cleared in software)
0 =The INT1 external interrupt did not occur

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown

Note: Interrupt flag bits are set when an interrupt condition occurs, regardless of the state
of its corresponding enable bit or the global enable bit. User software should ensure
the appropriate interrupt flag bits are clear prior to enabling an interrupt. This feature
allows for software polling.
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8.2  PIR Registers Note 1: Interrupt flag bits are set when an interrupt

The PIR registers contain the individual flag bits for the
peripheral interrupts. Due to the number of peripheral
interrupt sources, there are two Peripheral Interrupt

condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bit, GIE (INTCON<7>).

Flag Registers (PIR1, PIR2). 2: User software should ensure the appropriate

REGISTER 8-4:

bit 7

bit 6

bit 5

bit 4

bit 3

bit 2

bit 1

bit 0

interrupt flag bits are cleared prior to enabling
an interrupt, and after servicing that interrupt.

PIR1: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 1

RW-0  RW-0 R-0 R-0 RW-0  RW-0 RMW-0  RW-0
PsPIF) [ ADIF RCIF | TXIF [ sSPIF | CCP1IF | TMR2IF | TMRIIF
bit 7 bit 0

PSPIF("): Parallel Slave Port Read/Write Interrupt Flag bit

1 = A read or a write operation has taken place (must be cleared in software)
0 = No read or write has occurred

ADIF: A/D Converter Interrupt Flag bit

1 = An A/D conversion completed (must be cleared in software)

0 =The A/D conversion is not complete

RCIF: USART Receive Interrupt Flag bit

1 =The USART receive buffer, RCREG, is full (cleared when RCREG is read)
0 = The USART receive buffer is empty

TXIF: USART Transmit Interrupt Flag bit (see Section 16.0 for details on TXIF functionality)
1 =The USART transmit buffer, TXREG, is empty (cleared when TXREG is written)
0 = The USART transmit buffer is full

SSPIF: Master Synchronous Serial Port Interrupt Flag bit

1 =The transmission/reception is complete (must be cleared in software)

0 = Waiting to transmit/receive

CCP1IF: CCP1 Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)

0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 =No TMR1 register compare match occurred

PWM mode:

Unused in this mode

TMR2IF: TMR2 to PR2 Match Interrupt Flag bit

1 = TMR2 to PR2 match occurred (must be cleared in software)

0 =No TMR2 to PR2 match occurred

TMR1IF: TMR1 Overflow Interrupt Flag bit

1 =TMR1 register overflowed (must be cleared in software)

0 = MR1 register did not overflow

Note 1: This bit is reserved on PIC18F2X2 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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REGISTER 8-5:

bit 7-5
bit 4

bit 3

bit 2

bit 1

bit 0

PIR2: PERIPHERAL INTERRUPT REQUEST (FLAG) REGISTER 2

u-0 u-0 u-0 RW-0  RW-0  RW-0 RW-0  RW-0
— - — | EeF | BCLIF | LVDIF | TMR3IF [ CCP2IF
bit 7 bit 0

Unimplemented: Read as '0'

EEIF: Data EEPROM/FLASH Write Operation Interrupt Flag bit

1 = The Write operation is complete (must be cleared in software)
0 = The Write operation is not complete, or has not been started
BCLIF: Bus Collision Interrupt Flag bit

1 = A bus collision occurred (must be cleared in software)

0 = No bus collision occurred

LVDIF: Low Voltage Detect Interrupt Flag bit

1 = A low voltage condition occurred (must be cleared in software)
0 = The device voltage is above the Low Voltage Detect trip point
TMR3IF: TMR3 Overflow Interrupt Flag bit

1 = TMR3 register overflowed (must be cleared in software)

0 = TMR3 register did not overflow

CCP2IF: CCPx Interrupt Flag bit

Capture mode:

1 = A TMR1 register capture occurred (must be cleared in software)
0 = No TMR1 register capture occurred

Compare mode:

1 = A TMR1 register compare match occurred (must be cleared in software)
0 = No TMR1 register compare match occurred

PWM mode:

Unused in this mode

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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8.3 PIE Registers

The PIE registers contain the individual enable bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Inter-
rupt Enable Registers (PIE1, PIE2). When IPEN = 0,
the PEIE bit must be set to enable any of these
peripheral interrupts.

REGISTER 8-6: PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1

R/W-0 RW-0 RW-0  RMW-0 R/W-0 RW-0 RW-0 RMW-0
psPIE®) | ADIE RCIE TXE | SSPIE | CCP1IE | TMR2IE | TMR1IE
bit 7 bit 0
bit 7 PSPIE(): Parallel Slave Port Read/Write Interrupt Enable bit

1 = Enables the PSP read/write interrupt
0 = Disables the PSP read/write interrupt

bit 6 ADIE: A/D Converter Interrupt Enable bit
1 = Enables the A/D interrupt
0 = Disables the A/D interrupt
bit 5 RCIE: USART Receive Interrupt Enable bit
1 = Enables the USART receive interrupt
0 = Disables the USART receive interrupt
bit 4 TXIE: USART Transmit Interrupt Enable bit
1 = Enables the USART transmit interrupt
0 = Disables the USART transmit interrupt
bit 3 SSPIE: Master Synchronous Serial Port Interrupt Enable bit
1 = Enables the MSSP interrupt
0 = Disables the MSSP interrupt
bit 2 CCP1IE: CCP1 Interrupt Enable bit
1 = Enables the CCP1 interrupt
0 = Disables the CCP1 interrupt

bit 1 TMR2IE: TMR2 to PR2 Match Interrupt Enable bit
1 = Enables the TMR2 to PR2 match interrupt To compare 'H‘e Value
0 = Disables the TMR2 to PR2 match interrupt l’
° R2
bit 0 TMR1IE: TMR1 Overflow Interrupt Enable bit PR'Z omd ™

1 = Enables the TMR1 overflow interrupt
0 = Disables the TMR1 overflow interrupt

Note 1: This bit is reserved on PIC18F2X2 devices; always maintain this bit clear.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ’0’ = Bit is cleared X = Bit is unknown

DS39564C-page 80 © 2006 Microchip Technology Inc.



PIC18FXX2

REGISTER 8-7:

bit 7-5
bit 4

bit 3

bit 2

bit 1

bit 0

PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2

U-0 U-0 U-0 R/W-0 R/W-0 R/W-0

R/W-0 R/W-0

—_ — = EEIE | BCLE | LVDIE

TMRSIE | CCP2IE

bit 7

Unimplemented: Read as '0'

EEIE: Data EEPROM/FLASH Write Operation Interrupt Enable bit
1 = Enabled

0 = Disabled

BCLIE: Bus Collision Interrupt Enable bit

1 = Enabled

0 = Disabled

LVDIE: Low Voltage Detect Interrupt Enable bit
1 = Enabled

0 = Disabled

TMRSIE: TMR3 Overflow Interrupt Enable bit

1 = Enables the TMR3 overflow interrupt

0 = Disables the TMR3 overflow interrupt

CCP2IE: CCP2 Interrupt Enable bit
1 = Enables the CCP2 interrupt
0 = Disables the CCP2 interrupt

bit 0

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bit is set ‘0’ = Bit is cleared x = Bit is unknown
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8.4 IPR Registers

The IPR registers contain the individual priority bits for
the peripheral interrupts. Due to the number of periph-
eral interrupt sources, there are two Peripheral Inter-
rupt Priority Registers (IPR1, IPR2). The operation of
the priority bits requires that the Interrupt Priority
Enable (IPEN) bit be set.

REGISTER 8-8: IPR1: PERIPHERAL INTERRUPT PRIORITY REGISTER 1
R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1

psPPM ] apiP | RclP | TXIP | SSPIP | CCP1IP | TMR2IP | TMR1IP

bit 7 bit 0

bit 7 PSPIP"): Parallel Slave Port Read/Write Interrupt Priority bit
1 = High priority
0 = Low priority
bit 6 ADIP: A/D Converter Interrupt Priority bit
1 = High priority
0 = Low priority
bit 5 RCIP: USART Receive Interrupt Priority bit
1 = High priority
0 = Low priority
bit 4 TXIP: USART Transmit Interrupt Priority bit
1 = High priority
0 = Low priority
bit 3 SSPIP: Master Synchronous Serial Port Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 CCP1IP: CCP1 Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR2IP: TMR2 to PR2 Match Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 TMR1IP: TMR1 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority

Note 1: This bit is reserved on PIC18F2X2 devices; always maintain this bit set.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ’0’ = Bit is cleared X = Bit is unknown
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REGISTER 8-9: IPR2: PERIPHERAL INTERRUPT PRIORITY REGISTER 2

U-0 U-0 U-0 R/W-1 R/W-1 R/W-1 R/W-1 R/W-1
— — — EEIP BCLIP LVDIP TMR3IP | CCP2IP
bit 7 bit 0
bit 7-5 Unimplemented: Read as '0'
bit 4 EEIP: Data EEPROM/FLASH Write Operation Interrupt Priority bit

1 = High priority
0 = Low priority
bit 3 BCLIP: Bus Collision Interrupt Priority bit
1 = High priority
0 = Low priority
bit 2 LVDIP: Low Voltage Detect Interrupt Priority bit
1 = High priority
0 = Low priority
bit 1 TMR3IP: TMR3 Overflow Interrupt Priority bit
1 = High priority
0 = Low priority
bit 0 CCP2IP: CCP2 Interrupt Priority bit
1 = High priority
0 = Low priority

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
-n = Value at POR 1’ = Bit is set '0’ = Bit is cleared x = Bit is unknown
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8.5 RCON Register

The RCON register contains the bit which is used to
enable prioritized interrupts (IPEN).

REGISTER 8-10:

we of\l\j

nee d
wiZ

bit 7
bit 6-5
bit 4
bit 3
bit 2
bit 1

bit 0

RCON REGISTER

R/W-0 u-0 u-0 RW-1 R-1 R1_ RW-0  RW-0
IPEN — — Rl 70 | P0 | POoR | BOR
bit 7 bit 0

IPEN: Interrupt Priority Enable bit
1 = Enable priority levels on interrupts

0 = Disable priority levels on interrupts (16CXXX Compatibility mode)

Unimplemented: Read as '0'

RI: RESET Instruction Flag bit

For details of bit operation, see Register 4-3
TO: Watchdog Time-out Flag bit

For details of bit operation, see Register 4-3
PD: Power-down Detection Flag bit

For details of bit operation, see Register 4-3
POR: Power-on Reset Status bit

For details of bit operation, see Register 4-3
BOR: Brown-out Reset Status bit

For details of bit operation, see Register 4-3

4. The mc will look Ror

which interfupt has

a High priovdy and

which has a low one
0. mec will not loeK

for pfiorities

and will gene(od‘e
interyupts at the some
time w:ith no blas.

Legend:
R = Readable bit W = Writable bit
- n = Value at POR 1’ = Bit is set

U = Unimplemented bit, read as ‘0’
'0’ = Bit is cleared

x = Bit is unknown
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write laterrupt program to measure motor speed .

Example

op+iCal encodev looo pulse /vev | , resolution

s
EVef:j 1ig_ the progfam well

PLnd the speed
Fosc = 4 MHz

number of revolutions

Pulse CoMVI'I'

I

Motor speed

Yesolution T
= pulse count x Yev/s
\ocoo \x 10~

Motor Speeol = pulse count

— we want To count the number of pulses by counting each

rising edge.
- Ea.ck +ime Pe(ioo( we wanT Fo see how many pulSeS we courted.

we need 2 Iwtervupts to count cising edges

E)('l'éfnal ; To count +he .pulseS. RBlj
(since aw oplical sensor is not mside the
mic o controller itself).

Internal ; to access the tmer. TmR2



12, \°Y, 1:16 1:2 1216
TMR 2 s| Postscaler | | TMR2IF

Fosc. —| prescaler

PR2 l
we dont use it i

the pwm but we
do use it in the Tyterrupt.

T= [P92 +|3 * Y % Tosc # PfeS(’a'e * PO§+9Ca|e

# Note s IFf want Yo use the pwm as well as the Interrupt
first we peed to Lind pPR2 and initalize the
pwm and keep the prescale as is without adding the
post 5ca|6—3e'f. when we start in':"‘iah‘z;’ng the Intervupt
we Pind the new PR2 by taking the Same prescale and

o\ou.’ng -I_'he/___ postscale.

_2 —6 1 lO
110 = [PR2+1] x \x 10 x prescale x postscale

[P92+|] = loo
we chase 10

L PR2 = 99
but we con
efescale
o N —— also uge _E_o(__g
ROTeTe [T Tel o] e - wrh
Post scale ‘Ll'.l Y
¢It;t|)o —_ \::llf

1o = ‘00'



Tnitializations -
— Because we chose External

RsF INTcoN3 , INTIIE
BSF PTEL , TMR2ZTE ¢ and port BR1 we had
B¢F RcoN , ITPEN * to look Hfor the bit that
BsF INTcoN2, TNEDGL e_n__a_lolis the intecrupt fur
MoVLw 99 that bit in the doda ghect
MoOVWF PRQ- omal -pouno‘ that i+'S n

MoV L w oxX438 INTCoNS.

MoVWF  T2CoN

RSF INCoN, PEIE % *
BSF INCoN,GIE *

BSF T2coN, 2 ¥

we dont need priority so
we clear that bit, it%s
clear by default but just
T make Suve.

veturn

# Note thot these file registers
have named bits, so we can
access them using the bit number
of the name of the bit

To Start the +imer.
(TMR2)

X

* To Activate +imer and
po(‘fB (enable).

# To Enable TmR2



Int- Handler s

BTFsSc INT<ON3 , INTLIF
90+0 pulse count
MoV EF C_ouﬂ'f', SPQQOl ; count = No. of pulses
CLRF CounT
BCF PIRL, TMRLIF ¥
301‘0 LL
pwlse count TINCF Count, |
BeF INT<COoN3, INTIIF ¢
LL RETFIE

.)(—The,/e afe 2 ‘Hm'ngS that Will cause an interrupt, external
and the timef

+ we need to clear the flag bit of each interrupt,
otherwise the miclo contraller will go bacK into the nterrupt
because it saw that the Llag bit is set . (flag bit set =

trigger an interrupt).

% Ngte ——>  consider  that pwm is already initiolized




volts Motor

sived X
42(,@94 : eftol ; K

S _——-—

% Note that T = 10 Ms L—‘ constant

Xx prfescale

Ton = [cqulL I CCPLCONSS5, Y>] x L
Tose ]

Ton= €Mor X4 x _IL_ Ms x |
- ]

G

Because we saved the ertor anly n_ ccprIL
so it's like we did shift lePt twice

T:m: evfoy /“S
U= _erfel Ms  x 1o

lo Ms
W= elfoy



Main ¢
CALL Initialization
MoV w oo ; The desifed speed we want (decimal)

MoVWF  desifed - speed
mov F Speeo( , W

subwf desived -speed , w
MoVwF ccpR1iL

PID Hfor continuous Time

PID = K, e + KiSedt + Ky _i_i

Note that € is erfor

PID for Discrete Time

K
PID = Ko € + K. Z €k -Ts + Ky 8r -€x-:
1=\ -‘—s

Nete that K is Sampling instant
Note that Tg is Sampling time

eMori > €, + €2 +€34+€y -... 4+ €x
E(Tof % QK
erfer d = €y

ernrd = efrof - efrorp



Main ¢
CALL Iﬂl'f'ia”Za’ﬁon
L, MoViw 100 ; The desifed speed we want (decimal)
MoVWF  desired - speed
mov F Speeo( , W
subwf  desived -speed , w
MoV wf evvoy
Addwf  efrori, |

Movf erro(p ; w S reviass edtor
Subwf Yoy, w
Movf  erford e A

add wf evior, w
addwf  efrori, w
movwd  ccprRIL
MOVFE  effol, elfof ¢

go"‘o Ll



Sevial communication
USART = Universal Synchvonous ASgnchfonouS
Reciver Transmitter
1. Synchronous => Informatisn + clock
2. Asynchronous = Tust information

% Pafallel and sefial information

1. pavallel s |nfs¢mation appeal at once

B2 €.
Ex clRF TRISH DATA olol olol
MoVlw aXo 8
start
MoV wF Po('é 8 8o 82 By 8s stop

“:"—]T_. ja,l _.3![ Issl ]B?/

start — 8 bit — step bt

DATA l|ooo \ooo

'} 87 stoP

Fjswf . 8 sl- ]34 6 &

2. series®  Ipformation Bit bu B3+




used SFRs :

TXSTA RcSTA SPBRG  TxREG

used pins 3
RCcé [/Tx s Transmitter (outeut)
RC7? /Rc — Reciever Cinput)

odd parity » L if No of ones | is odd
parity Bit e{ in DATA
e

ven parity —» o if No. of ones’is even

E xample
X=1lololooo pacity Bit= | (odd)
X= __\_oio__l_o__lo parity Bit = o (even)



Baud Rate Genevater

— Asynchronous low speed (BRGH=0)

Baud Rq+€ = ._"P"L
64 (x+1)

- Asynchronous high speed (BRGH=1)

BauoL Ra+e = _ﬂ_

1€ (x+1)
Mov [w X
movwf  Spgré
L TXSTA, Sync
BsF RCSTA, SpgN
BSF TYCTA, TX4
BcF TXSTA, o —> The 9™ data is zero
moy lw Y

mov wf TXREG
BSF TXSTA , TXEN



PIC18FXX2

16.0 ADDRESSABLE UNIVERSAL
SYNCHRONOUS
ASYNCHRONOUS RECEIVER
TRANSMITTER (USART)

The Universal Synchronous Asynchronous Receiver
Transmitter (USART) module is one of the two serial
I/0 modules. (USART is also known as a Serial Com-
munications Interface or SCI.) The USART can be con-
figured as a full duplex asynchronous system that can
communicate with peripheral devices, such as CRT ter-
minals and personal computers, or it can be configured
as a half-duplex synchronous system that can commu-
nicate with peripheral devices, such as A/D or D/A
integrated circuits, serial EEPROMs, etc.

The USART can be configured in the following modes:
¢ Asynchronous (full-duplex)

* Synchronous - Master (half-duplex)

* Synchronous - Slave (half-duplex)

In order to configure pins RC6/TX/CK and RC7/RX/DT
as the Universal Synchronous Asynchronous Receiver
Transmitter:

¢ bit SPEN (RCSTA<7>) must be set (= 1),

* bit TRISC<6> must be cleared (= 0), and

¢ bit TRISC<7> must be set (=1).

Register 16-1 shows the Transmit Status and Control

Register (TXSTA) and Register 16-2 shows the
Receive Status and Control Register (RCSTA).

© 2006 Microchip Technology Inc.
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REGISTER 16-1:

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

Teansmitfer _RW-0__ RW-0 RW-0  RM-0 U0  RW-0 R R/W-0
[cshc | Tx9 [ TXEN | sYNc | — [ BRGH | TRMT | TX9D
bit7 X ) ) bit 0
bit 7 CSRC: Clock Source Select bit

bit 6

bit 5

bit 4

bit 3
bit 2

bit 1

bit 0

Asynchronous mode: —+ we will enly use
Don't care Asgnchfonoeus
Synchronous mode:

1 = Master mode (clock generated internally from BRG)

0 = Slave mode (clock from external source)

TX9: 9-bit Transmit Enable bt —> o choose i we
1 = Selects 9-bit transmission

0 = Selects 8-bit transmission

TXEN: Transmit Enable bit

1 = Transmit enabled

0 = Transmit disabled

Note: SREN/CREN overrides TXEN in SYNC mode.

SYNC: USART Mode Select bit

1 = Synchronous mode

0 = Asynchronous mode
Unimplemented: Read as '0'
BRGH: High Baud Rate Select bit
Asynchronous mode:

1 = High speed

0 = Low speed

Synchronous mode:

Unused in this mode

TRMT: Transmit Shift Register Status bit — A\ftc’"‘ﬂhc

want Q of 8§ bits

1 =TSR empty
0 =TSR full i

" . —> ¢ qgt DATA is selected
TX9D: 9th bit of Transmit Data ! + fhﬁ
Can be Address/Data bit or a parity bit. Hais s where we pu

a*th bt

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ’0’ = Bitis cleared x = Bit is unknown
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REGISTER 16-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER

Receiver RW-0  RW-0 RW-0  RW-0 RW-0 RO R-0 R-x
[ sPEN | Rxo | SREN | CREN | ADDEN | FERR | OERR | RX9D
bit 7 bit 0

bit 7 SPEN: Serial Port Enable bit
1 = Serial port enabled (configures RX/DT and TX/CK pins as serial port pins)
0 = Serial port disabled
bit 6 RX9: 9-bit Receive Enable bit
1 = Selects 9-bit reception
0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit

Asynchronous mode:
Don’t care

Synchronous mode - Master:
1 =Enables single receive
0 =Disables single receive
This bit is cleared after reception is complete.

Synchronous mode - Slave:

Don’t care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables receiver
o0 = Disables receiver
Synchronous mode:
1 = Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load of the receive buffer
when RSR<8> is set
0 = Disables address detection, all bytes are received, and ninth bit can be used as parity bit
bit 2 FERR: Framing Error bit
1 = Framing error (can be updated by reading RCREG register and receive next valid byte)
0 = No framing error
bit 1 OERR: Overrun Error bit
1 = Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: 9th bit of Received Data
This can be Address/Data bit or a parity bit, and must be calculated by user firmware.

Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
- n = Value at POR 1’ = Bitis set ’0’ = Bitis cleared x = Bit is unknown
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16.1 USART Baud Rate Generator
(BRG)

The BRG supports both the Asynchronous and Syn-
chronous modes of the USART. It is a dedicated 8-bit
baud rate generator. The SPBRG register controls the
period of a free running 8-bit timer. In Asynchronous
mode, bit BRGH (TXSTA<2>) also controls the baud
rate. In Synchronous mode, bit BRGH is ignored.
Table 16-1 shows the formula for computation of the
baud rate for different USART modes, which only apply
in Master mode (internal clock).

Given the desired baud rate and Fosc, the nearest inte-
ger value for the SPBRG register can be calculated
using the formula in Table 16-1. From this, the error in
baud rate can be determined.

EXAMPLE 16-1:

Example 16-1 shows the calculation of the baud rate
error for the following conditions:

e Fosc = 16 MHz

¢ Desired Baud Rate = 9600

* BRGH=0

* SYNC=0

It may be advantageous to use the high baud rate
(BRGH = 1) even for slower baud clocks. This is
because the Fosc/(16(X + 1)) equation can reduce the
baud rate error in some cases.

Writing a new value to the SPBRG register causes the
BRG timer to be reset (or cleared). This ensures the

BRG does not wait for a timer overflow before
outputting the new baud rate.

16.1.1 SAMPLING

The data on the RC7/RX/DT pin is sampled three times
by a majority detect circuit to determine if a high or a
low level is present at the RX pin.

CALCULATING BAUD RATE ERROR

Desired Baud Rate = Fosc/ (64 (X+1))
Solving for X:
X = ((Fosc/ Desired Baud Rate) / 64 ) — 1
X = ((16000000/9600) / 64) — 1
X = [25.042]=25
Calculated Baud Rate = 16000000 / (64 (25 + 1))
= 9615
Error = (Calculated Baud Rate — Desired Baud Rate
Desired Baud Rate
= (9615-9600) / 9600
= 0.16%
TABLE 16-1: BAUD RATE FORMULA
SYNC BRGH = 0 (Low Speed) BRGH = 1 (High Speed)
0 (Asynchronous) Baud Rate = FOsc/(64(X+1)) Baud Rate = Fosc/(16(X+1))
il (Synchronous) Baud Rate = FOSC/(4(X+1)) N/A

Legend: X = value in SPBRG (0 to 255)

TABLE 16-2: REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR
Value on Value on
Name Bit 7 Bit6 | Bit5 Bit 4 Bit 3 Bit 2 Bit1 | Bit0 PORu BOR All Other
’ RESETS
TXSTA CSRC | TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | 0000 -010 | 0000 -010
RCSTA SPEN | RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 -00x | 0000 -00x
SPBRG | Baud Rate Generator Register 0000 0000 | 0000 0000

Legend: x = unknown, - = unimplemented, read as '0". Shaded cells are not used by the BRG.
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TABLE 16-3: BAUD RATES FOR SYNCHRONOUS MODE
Baup | FOSC=40MHz  gpppg 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ErroOR (@ecimal) | «gaup ERROR (decimal) | kgayp ERROR  (decimal) | kgaup ERROR (decimal)
0.3 NA = = NA : : NA = : NA : :
12 NA - - NA - - NA - - NA - -
2.4 NA - - NA - - NA - - NA - -
9.6 NA - - NA - - NA - - NA - .
19.2 NA - - NA - - NA - - NA - -
768 | 7692  +0.16 129 7710 4039 106 7716 +0.47 80 7692 +0.16 64
9% | 9.5  +0.16 103 9593  -0.07 85 96.15  +0.16 64 96.15  +0.16 51
300 | 30303  +1.01 32 29464 179 27 20762 -0.79 20 20412 -1.96 16
500 500 0 19 48530  -2.94 16 48077  -3.85 12 500 0 9
HIGH | 10000 ; 0 8250 - 0 6250 - 0 5000 - 0
Low | 39.06 - 255 32.23 . 255 24.41 . 255 1953 . 255
BAUD | FOSC=16MHz  goooe 10 MHz SPBRG 7.15909 MHz SPBRG 5.0688 MHz SPERG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | kgayp ERROR (decimal) | ygayp ERROR  (de¢iMal) | kgaup ERROR (decimal)
03 NA - - NA - - NA - - NA : -
12 NA . . NA 5 - NA . , NA : :
2.4 NA . . NA . : NA : - NA : :
96 NA . . NA : . 962 4023 185 9.60 0 131
192 | 1923  +0.16 207 1923 40.16 129 1924 4023 92 19.20 0 65
768 | 7692  +0.16 51 7576  -1.36 32 7782 +1.32 22 7454 2.94 16
9% | 9524 079 41 9%6.15  +0.16 25 9420  -1.88 18 9748  +154 12
300 | 30770 4256 12 31250  +4.17 7 29835  -0.57 5 31680  +5.60 3
500 500 0 7 500 0 4 44744 1051 3 42240 -1552 2
HIGH | 4000 . 0 2500 @ 0 1789.80 : 0 126720 - 0
Low | 15.63 - 255 9.77 - 255 6.99 - 255 4.95 - 255
gauD | FOSC=8MHz  goooo | 3579545MHz  gppoo 1 MHz SPBRG 32.768 kHz SPBRG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (@ecimal) | kgayp ERROR (decimal) | ygayp ERROR  (decimal) | kgayp ERROR  (decimal)
03 NA - - NA - - NA - - 030  +1.14 26
12 NA - - NA - - 120 +0.16 207 147 248 6
24 NA - - NA - - 240 4016 103 273 +1378 2
26 962  +0.16 103 962 4023 92 962  +0.16 25 820  -14.67 0
192 | 1923 +0.16 51 1904  -0.83 46 1923 +0.16 12 NA - -
768 | 7692  +0.16 12 7457  2.90 1 8333 4851 2 NA . .
9% 1000 +4.17 9943 4357 8 8333 -13.19 2 NA . .
300 | 33333  +11.11 2 20830  -057 2 250  -16.67 0 NA - -
500 500 0 1 44744 1051 1 NA - . NA . :
HIGH | 1000 - 0 894.89 - 0 250 - 0 8.20 . 0
Low | 391 - 255 3.50 « 255 0.98 - 255 0.03 - 255
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TABLE 16-4: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 0)

Baup | FOSC=40MHz  gpgpg 33 MHz SPBRG s SPBRG 20 MHz SPBRG
RATE % va!ue % va!ue % val_ue % va!ue
s ?(Kbps) | kgaup  ERROR  (@e¢Mal | kgaup EmrOR  (@ecimal) | kgaup  ErroR  (9ecimal) | kgayp EmRoR  (decimal)
K to 03 NA - - NA - - NA 5 - NA - -
12 NA - . NA - . NA . - NA . -
byte 24 NA - . 2.40 -0.07 214 2.40 -0.15 162 240  +0.16 129
pe’ 96 | 962  +0.16 64 9.55 -0.54 53 9.53 -0.76 40 947 136 32
gecawml 192 | 1894  -136 32 1910 -0.54 26 1953 +1.73 19 1953 +1.73 15
768 | 7813  +1.73 7 7366  -4.09 6 7843 +1.73 4 7843 +1.73 3
96 | 8920  -6.99 6 10313 47.42 4 97.66  +1.73 3 10417 +8.51 2
300 | 31250  +4.17 1 25781  -14.06 1 NA 5 = 31250  +4.17 0
500 | 625  +25.00 0 NA : = NA 2 5 NA 5 :
HIGH | 625 : 0 515.63 - 0 390.63 5 ) 312,50 - 0
Low- | 244 : 255 2.01 : 255 1.53 g 255 122 . 255
gaup | FOSC=16MHz  gopoe 10 MHz SPERE 7.15909 MHz SPEAE 5.0688 MHz o
RATE % va!ue % va!ue % val_ue % val_ue
(Kbps) | kgaup  ERROR (decimal) | kgayp ERROR  (decimal) | kgayp  ErROR  (decimal) | kgayp ERROR  (decimal)
03 NA - - NA - - NA - - NA - -
12 | 120 4016 207 1.20 +0.16 129 1.20 +0.23 92 1.20 0 65
24 | 240  +0.16 103 2.40 +0.16 64 238 -0.83 46 2.40 0 32
96 | 962  +0.16 25 9.77 +1.73 15 932 -2.90 1 990  +3.13 7
192 | 1923  +0.16 12 1953 +1.73 7 1864 290 5 19.80  +3.13 3
768 | 8333 4851 2 7813 4173 1 1186 +45.65 0 7920 +3.13 0
9% | 8333  -13.19 2 7813 -18.62 1 NA - NA - -
300 | 250  -16.67 0 156.25  -47.92 0 NA . - NA . -
500 NA . . NA . . NA . . NA - :
HIGH | 250 - 0 156.25 - 0 111.86 . 0 79.20 . 0
Low | o9 - 255 0.61 - 255 044 . 255 031 . 255
BAUD | FOSC=4MHz  gpppc | 3579545MHz  gppga 1 MHz SPBRG 32.768 kHz SPORG
RATE % val_ue % val_ue % va!ue % va!ue
(Kbps) | kgaup ERROR (@ecimal| wgayp Error (decimal) | kpayp ERROR (decimal| kgaup ERROR (decimal)
03 | 030  -0.16 207 0.30 +0.23 185 0.30 +0.16 51 026 1467 1
12 | 120 4167 51 1.19 -0.83 46 1.20 +0.16 12 NA 3 3
24 | 240  +167 25 243 +1.32 22 223 -6.99 6 NA 3 3
96 | 893  -699 6 932 -2.90 5 7.81 -18.62 1 NA 5 .
192 | 2083 4851 2 1864  -2.90 2 1563 -18.62 0 NA 5 5
768 | 6250  -18.62 0 5593 -27.17 0 NA : . NA 3 5
9% NA : . NA : - NA - § NA 2 3
300 NA - - NA - - NA - - NA - -
500 NA - - NA - - NA - - NA - -
HIGH | 62.50 - 0 55.93 - 0 15.63 - 0 0.51 - 0
Low | o024 - 255 022 - 255 0.06 - 255 0.002 - 255
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TABLE 16-5: BAUD RATES FOR ASYNCHRONOUS MODE (BRGH = 1)
—
Adual BAUD Fosc = 40 MHz SPBRG 33 MHz SPBRG 25 MHz SPBRG 20 MHz SPBRG
Bau.t! RATE % va!ue % vaI_ue % va!ue % val_ue
(ate (Kbps) | wgaup ErroOR (decimal) | ygayp EmrRom (decimal) | kpayp ERROR (decimal) | kgayp ERROR (decimal)
03 NA . - NA - - NA B - NA - -
\ ol 1.2 NA - - NA - - NA - - NA - -
Desile 24 NA - - NA - . NA - : NA - -
Baud 96 NA - - 960  -0.07 214 959  -0.15 162 962  +0.16 129
(ate 192 | 1928  +0.16 129 1928 +0.39 106 1930 +0.47 80 1923 +0.16 64
768 | 7576  -1.36 32 7639 -054 26 7813 +1.73 19 7813 4173 15
9 96.15  +0.16 25 9821  +2.31 20 9766  +1.73 15 96.15  +0.16 12
300 | 31250  +4.17 7 20464 179 6 31250  +4.17 4 31250  +4.17 3
500 500 0 4 51563  +3.13 3 52083  +4.17 2 41667  -16.67 2
HIGH | 2500 . 0 2062.50 . 0 1562.50 - 0 1250 . 0
Low | 977 . 255 8,06 - 255 6.10 = 255 488 - 255
BAUD | FOSC=16MHz  gpppa 10 MHz SPERG 7.15909 MHz SHERG 5.0688 MHz ——
RATE % value % value % value % value
(Kbps) | kgaup ERROR (9ecimal) | kgaup ERROR (decimal) | kgaup ERROR (@ecimal) | kgaup ERROR (decimal)
03 NA : 5 NA : = NA : - NA : -
12 NA : 2 NA : = NA 3 2 NA 2 :
24 NA : s NA : 241 4023 185 2.40 0 131
26 962 +0.16 103 962  +0.16 64 952 -0.83 46 9.60 0 32
192 | 1923  +0.16 51 1894  -1.36 32 1945  +1.32 22 1864  -2.94 16
768 | 7692  +0.16 12 7813 4173 7 7457 290 5 7920  +3.13 3
96 100 +4.17 8920  -6.99 6 8949 678 4 10560  +10.00 2
300 | 33333  +11.11 2 31250  +4.17 1 44744 +49.15 0 316.80  +5.60 0
500 500 0 1 625  +25.00 0 447.44  -1051 0 NA -
HIGH | 1000 - 0 625 - ) 447.44 - 0 316.80 - 0
Low | 391 - 255 244 - 255 1.75 - 255 1.24 - 255
BAUD | FOSC=4MHz oo | 3579545MHz  gpppe 1 MHz PR 32.768 kHz SPERG
RATE % value % value % value % value
(Kbps) | kgaup ERROR (decimal) | kgayup ERROR  (decimal) | kpayp ERROR (@ecimal) | kgayp ERROR (decimal)
03 NA - - NA - - 030 +0.16 207 029 248 6
12 120 +0.16 207 120 +0.23 185 120 +0.16 51 102 -1467 1
24 240 4016 103 241 4023 92 240  +0.16 25 205  -14.67 0
96 962  +0.16 25 973 4132 22 893  6.99 6 NA . -
192 | 1923  +0.16 12 1864 290 1 2083  +851 2 NA : .
76.8 NA : . 7457  -2.90 2 6250  -18.62 0 NA :
9% NA - = 111.86  +16.52 1 NA . - NA : .
300 NA : . 20372 -25.43 0 NA . : NA . :
500 NA : . NA : E NA - - NA - -
HIGH | 250 : 0 55.93 = 0 62.50 - 0 205 - )
Low | o098 : 255 022 : 255 0.24 : 255 0.008 2 255
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16.2 USART Asynchronous Mode

In this mode, the USART uses standard non-return-to-
zero (NRZ) format (one START bit, eight or nine data
bits and one STOP bit). The most common data format
is 8-bits. An on-chip dedicated 8-bit baud rate genera-
tor can be used to derive standard baud rate frequen-
cies from the oscillator. The USART transmits and
receives the LSb first. The USART’s transmitter and
receiver are functionally independent, but use the
same data format and baud rate. The baud rate gener-
ator produces a clock, either x16 or x64 of the bit shift
rate, depending on bit BRGH (TXSTA<2>). Parity is not
supported by the hardware, but can be implemented in
software (and stored as the ninth data bit).
Asynchronous mode is stopped during SLEEP.

Asynchronous mode is selected by clearing bit SYNC
(TXSTA<4>).

The USART Asynchronous module consists of the
following important elements:

* Baud Rate Generator

¢ Sampling Circuit

¢ Asynchronous Transmitter
¢ Asynchronous Receiver

16.2.1 USART ASYNCHRONOUS

TRANSMITTER

The USART transmitter block diagram is shown in
Figure 16-1. The heart of the transmitter is the Transmit
(serial) Shift Register (TSR). The shift register obtains
its data from the read/write transmit buffer, TXREG. The
TXREG register is loaded with data in software. The
TSR register is not loaded until the STOP bit has been
transmitted from the previous load. As soon as the
STOP bit is transmitted, the TSR is loaded with new
data from the TXREG register (if available). Once the
TXREG register transfers the data to the TSR register
(occurs in one Tcy), the TXREG register is empty and

FIGURE 16-1:

USART TRANSMIT BLOCK DIAGRAM

flag bit TXIF (PIR1<4>) is set. This interrupt can be
enabled/disabled by setting/clearing enable bit TXIE
( PIE1<4>). Flag bit TXIF will be set, regardless of the
state of enable bit TXIE and cannot be cleared in soft-
ware. It will reset only when new data is loaded into the
TXREG register. While flag bit TXIF indicated the sta-
tus of the TXREG register, another bit, TRMT
(TXSTA<1>), shows the status of the TSR register. Sta-
tus bit TRMT is a read-only bit, which is set when the
TSR register is empty. No interrupt logic is tied to this
bit, so the user has to poll this bit in order to determine
if the TSR register is empty.

Note 1: The TSR register is not mapped in data
memory, so it is not available to the user.

2: Flag bit TXIF is set when enable bit TXEN
is set.

To set up an asynchronous transmission:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 16.1).

2. Enable the asynchronous serial port by clearing
bit SYNC and setting bit SPEN.

3. Ifinterrupts are desired, set enable bit TXIE.

4. If 9-bit transmission is desired, set transmit bit
TX9. Can be used as address/data bit.

5. Enable the transmission by setting bit TXEN,
which will also set bit TXIF.

6. If 9-bit transmission is selected, the ninth bit
should be loaded in bit TX9D.

7. Load data to the TXREG
transmission).

register (starts

Note: TXIF is not cleared immediately upon load-
ing data into the transmit buffer TXREG.
The flag bit becomes valid in the second
instruction cycle following the load

instruction.

m

TXREG Register

Pin Buffer
and Control

X

RC6/TX/CK pin
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FIGURE 16-2: ASYNCHRONOUS TRANSMISSION

Write to TXREG I {§
BRG Output Word 1
L 1T
(Shift Clock) — [— LT T S_I—I_l—l_l—l_l_
RC6/TX/CK (pin , © ' '
L START bit < bit 0 bit1 X X bit7B_/sToPbit
TXIF bit Word 1 !
(Transmit Buffer ' cc -
Reg. Empty Flag) U ) .
- Word1 — '
TRMT bit o '
(Transmit Shift Transmit Shift Reg !
Reg. Empty Flag) —|
C
=)
FIGURE 16-3: ASYNCHRONOUS TRANSMISSION (BACK TO BACK)
Write to TXREG I il 5(
Word 2
BRG Output Word 1 or
(Shift Clock) w
RC6/TX/CK (pin N . .
TXIF bit e ’\START bit C_bit 0 bti X § STOP bit \START bit < bit0
(Interrupt Reg. Flag) . Word 1 } Word 2
T U GE
2J
(TTHMT bi_: shit Word 1 ——» Word 2
ransmit Shi Transmit Shift Reg. o
Reg. Empty Flag) 9 Transmit Shift Reg.
C
JJ
Note: This timing diagram shows two consecutive transmissions.

TABLE 16-6: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

. . . . . . . . Value on Value on

Name Bit7 Bit 6 Bit5 Bit4 | Bit3 Bit 2 Bit 1 Bit0 POR. BOR All Other
’ RESETS

INTCON | GIE/GIEH | PEIE/GIEL | TMROIE | INTOIE | RBIE | TMROIF | INTOIF RBIF | 0000 000x {0000 000u
PIR1 PSPIF(M ADIF RCIF | TXIF | SSPIF |CCP1IF | TMR2IF | TMR1IF | 0000 0000 [0000 0000
PIE1 psPIE( ADIE RCIE | TXIE | SSPIE |CCP1IE | TMR2IE | TMR1IE [ 0000 0000 [0000 0000
IPR1 psPIP() ADIP RCIP | TXIP | SSPIP |CCP1IP [TMR2IP | TMR1IP | 0000 0000|0000 0000
RCSTA SPEN RX9 SREN | CREN |ADDEN| FERR | OERR | RX9D |0000 -00x |[0000 -00x
TXREG |USART Transmit Register 0000 0000 [0000 0000
TXSTA | CSRC TX9 | TXEN [SYNC| — [BRGH | TRMT | TX9D |0000 -010 0000 -010
SPBRG |Baud Rate Generator Register 0000 0000|0000 0000

Legend: x = unknown, - = unimplemented locations read as '0'.
Shaded cells are not used for Asynchronous Transmission.
Note 1: The PSPIF, PSPIE and PSPIP bits are reserved on the PIC18F2X2 devices; always maintain these bits clear.
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16.2.2 USART ASYNCHRONOUS
RECEIVER

The receiver block diagram is shown in Figure 16-4.
The data is received on the RC7/RX/DT pin and drives
the data recovery block. The data recovery block is
actually a high speed shifter operating at x16 times the
baud rate, whereas the main receive serial shifter oper-
ates at the bit rate or at Fosc. This mode would
typically be used in RS-232 systems.

To set up an Asynchronous Reception:

1. Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is desired,
set bit BRGH (Section 16.1).

Enable the asynchronous serial port by clearing

bit SYNC and setting bit SPEN.

If interrupts are desired, set enable bit RCIE.

If 9-bit reception is desired, set bit RX9.

Enable the reception by setting bit CREN.

Flag bit RCIF will be set when reception is com-

plete and an interrupt will be generated if enable

bit RCIE was set.

7. Read the RCSTA register to get the ninth bit (if
enabled) and determine if any error occurred
during reception.

8. Read the 8-bit received data by reading the
RCREG register.

9. If any error occurred, clear the error by clearing
enable bit CREN.

10. If using interrupts, ensure that the GIE and PEIE
bits in the INTCON register (INTCON<7:6>) are
set.

n

L

16.2.3  SETTING UP 9-BIT MODE WITH

ADDRESS DETECT

This mode would typically be used in RS-485 systems.
To set up an Asynchronous Reception with Address
Detect Enable:

1.

N o o s

10.
1.

FIGURE 16-4: USART RECEIVE BLOCK DIAGRAM

Initialize the SPBRG register for the appropriate
baud rate. If a high speed baud rate is required,
set the BRGH bit.

Enable the asynchronous serial port by clearing
the SYNC bit and setting the SPEN bit.

If interrupts are required, set the RCEN bit and
select the desired priority level with the RCIP bit.
Set the RX9 bit to enable 9-bit reception.

Set the ADDEN bit to enable address detect.
Enable reception by setting the CREN bit.

The RCIF bit will be set when reception is com-
plete. The interrupt will be acknowledged if the
RCIE and GIE bits are set.

Read the RCSTA register to determine if any
error occurred during reception, as well as read
bit 9 of data (if applicable).

Read RCREG to determine if the device is being
addressed.

If any error occurred, clear the CREN bit.

If the device has been addressed, clear the
ADDEN bit to allow all received data into the
receive buffer and interrupt the CPU.

Baud Rate Generator

RC7/RX/DT

CREN
x64 Baud Rate CLK

W Pin Buffer Data
'\ and Control Recovery

SPEN

Interrupt

RX9D RCREG Register
FIFO
8
RCIF Data Bus
RCIE
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Questions g-

Qli write a code that subtvact the value of the working
regis'haf Lrom o Bile (eais‘{'ef coalled WALUE and retuvns
the vesult +o the Lle vegister VALVE.

MoylwW 5 H

MOVWF  VALUE

MovILw 10H ; put (O# in the WREG as an example
SUBWF  VALUE, F

d2: write a code that divid +he Value of a Rle register
called count by 2, and returns the result 4o +he
working fegis‘f‘ev’-

MoVlw E4H —> \\(o606\10
MoVWF (COUNT
RRCF COUNT , w

Comt will have value of (o\\\oo\l)z which g
F3H (E6H = 2 = 73H)



Q3: write a code that compaves Countl and Count2 fle
registers and veturns +the 5rea.+ef vValue 4o the w Res.

Madin.
MoVF COUNTL , W ; WREG = CoUNTL
CPFSGT  cCcounT2 i skip if CoUNT2 > CouNTL
GoTo LAST
MoVF  CoUNTI, w
LAST end
skip if £>w

QU: write a code that Mulkidy the value of file veqister
called Regl and Lfile register called Reg2 and Store

the vesults in file registers called RegH and Regl
vespectively

MoYLw  SoH
MoVwE Re3 1
Moviw AsH

MULLWF  Regl
MOUFF PRODH) RZSH

MOVFF  PRODL, Regl



¥ For USART Jor AS‘ynchfonaug mode of the BRGH:=I,
what value should be stored in the SPFRG if the
baud vate is 9600

X=21Y (foom +he +ables)

@5: for A ofessure sensof +that is conmected 45 ANZ as
input  where the sutput voltage of +he sensor analog
Vo = Yo mV/p (p is the pressure in psi)

A) if +he pressure set psint iS 20 psi, writ a code thal
contlols the motor speed such that the duty cycle will be
67ual +o the effor Signal

Vo pressure x Sen si-HvH‘y

20p51 X Yo mv/esi
= 2mV

od _
Jg;‘ggd :-e((o( , K
speeol'[

\

]

Volts Motaov




@) wiite initialization code Jor Yhe A/D module. Assume
that vref is internal Fosc = YMHz

ADCoNo
Tap 2 -6 Ms — 7 Al ADoN
X- Tosc 2 1.6Ms lelv [rfu]vfef x|t
X2 HExY epercin >
X7z 6 Because ANZ
X - Fagc/z 8 9
| 1 ¢ )
Llolxfxlofslifo]
ADCaN1 J
pcfFc

# Assuming Vight jusfifred
Tnitiailizatcon ¢
Moav | w oKX 71
mov wf ADCoNo

movVlw ox 82
movud ADCo N |

(efurn



c) W(H'P inifialization code such that pPwm module il

opefa'/'e at 20KHz assuming  Foc = Y Mtz
v Fpvomn tﬁ Duty cycle = Sox

Towm =[PR2+(]% Y Tose # PreScale
_‘.xl¢5S =[pPR2+1J %Y qu“(S‘ﬁ- |

20
PR2 = Y19

Duty cyele = T
Ton = [)(J # Josc # prescle A
05 x|, Kco” = XL xw{ x(

20 v
=\ Th
X=10 = os00\l006lso
—
ccpril ccplConN s d>
Tnitializotion :
TM2N
bef late, 2 T2con (X1 o] o]o]o [V ]o [o]
bcr Trisc , 2 Post ccale pfescale
MoViw Y9 = 0 at Lirst = |
movwf pR2 and fo turm on = bit 2 set
mov|w o0X(9
movw € cepRIL ccplco N Ix [ x[ofo [t {1 |x]x]
moviw oXxoc = o 12
o < h

moV ! CCPﬂ-CﬂN

clRF T2coN
BSF T2Co N,2 ), + +uin  on the t+imesr

return



Q62 write intialization code Tm2 ivterrupt 4o read -the
analog inpul every Soo Mg and store the pressure

value  Fue = Y mHz

T= [PR2+1) ¥ Y x Tosc # prescale x postscale
Goo X16° = [PRL+ 1] * Y ’3,7’”"’76* I x5

pre Scale
e PR2 = 4‘] oN —m
[xloli [ofoJofo]o]
[ E——— e W
Ivﬁ‘l‘iu“ga"}gn‘; 0 o 1
BsF INTcoN3 , INTITE
BSF PTEL , TMR2ZTE
BcF RcoN , TPEN
BsSF INTcoN2, TNEDGL
MoVLw 99
MoOVwWF  PR2

MoVLWwW  0X 20
MoVWF  T2CoN

BSF INcoN , pEIE
BSF INCoN,GIE
BSF T2coN, 2

veturn



0 f(w)= 5+ 5w
(R

CQ° w(i‘lf a Coale 4o Solve ’HIQ pumc‘ﬁm

monw X

mull w g ; w= 5
mywf  Flw) f(w) = 5x
moV lw 5

addwl L), | 5 P = 54 5x

Q2 write o subvoutne that vead portB (BRo : 87) and
Stere the second. complement of por+8 in a Hle cegistel

called ” second -~ complement ,dont usce

(second. complement = Liyct complement + l)

Comp 4

mov lw ox FF /anec = Ly
L_/—"—J
mov w f ones £ F K

mov ¥ Poﬁ‘:B,w ; Yead contents of port @ and save

XoRWF  ones | w it in WREG
movwl  fiust- comp
moV |l w oxol

Addwf  First- Comp , w

movwf second - complement

eturn



