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Part Used PartType

Designators

] g

1 0.1UF C1

3 2.2K RS R6 R7
2 4.7K R2 R1

2 8PIN J3 J2

4 10K R9 R8 R4 R3
1 10PIN J1

1 10UF C2

2 16F84 U2 U1

2 3904 Q2 Q1

1 ADRR SW2

1 LM7805CT U6

1 PHONEPLUG P1
1 RESET SWi1

1 RL S2

1 RR S1

1T SW S3

1 ULNZ2003A Ubd
2 X-TAL U4 U3

1
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;This program use method of multiplexing two 7 segment LED

digits and a 3X4 keypad on a PIC16F84.

;The two digits will start as '00' and when a key is hit

itis displayed on the 7 segment leds as a decimal value 0 to 9. The last
digit hit is always displayed on the right most led with the rest of

the digits shifted to the left. The left most digit is deleted.

;The LEDs are updated every 20mS, the keypad is scanned at a rate of 20 mS.

;The RTCC timer is used in internal interrupt mode to generate the
;5 mS.

; Program: DISPSTEP.ASM

= Fe Fir e vir e v e vir e e v vie e Y vie e vie o v vie sl s o vl s vie e vl vie ol e e vie ol e ol e vl e v v ol e e e o e Y o e e o o o v e o e o o e ol o e i i i i i v i ol o e e e o ol ol vir i e o o ol i ol e ol e e o vl ol e ol e e e e

LIST P=16F84
ERRORLEVEL -302

include <p16F84.inc>
TempC equ Ox0c temp general purpose regs
TempD equ Ox0d
TempE equ  Ox0Oe
PABuf equ 0Ox20
PBBut equ  Ox21
Count equ OxOf :count
MsdTime equ 0x10 ;most significant Timer
LsdTime equ Ox11 Least significant Timer
KeyFlag equ 0x12 flags related to key pad
keyhit equ O ;bit 0 --> key-press on

DebnceOn equ 1
noentry equ 2
ServKey equ 3

;bit 1 --> debounce on
:no key entry =0
:bit 3 --> service key

Debnce equ 0x13 ;debounce counter
NewKey equ 0Ox14

WBuffer equ  Ox2f

StatBuffer equ 0xZe

OptionReg equ 1

PCL equ 2



Save_byte equ 30

RO equ 31 ; RAM Assignments
Save_temp equ 32 , temporary register
XmtReg equ 33
Xcount equ 34
Delaycnt equ 35 ; delay for 104 us
mcount equ 36
ncount equ 37
push macro
movwf WBuffer ;save w reqg in Buffer
swapf WBuffer, F swap it
swapf STATUS,W .get status
movwt StatBuffer .save it
endm
pop macro
swapf StatBuffer,W -restore status
movwf STATUS :
swapf WBuffer W restore W reg
endm
org O
goto Start ;skip over interrupt vector
org 4

It is always a good practice to save and restore the w reg,
;and the status reg during a interrupt.

Start

loop

push
call Servicelnterrupts

pop
retfie

call InitPorts
call InitTimers

btfsc KeyFlag,ServKey key service pending
call ServiceKey ;yes then service
btfsc PORTA,3

goto loop



call Send
goto loop

;ServiceKey, does the software service for a keyhit. After a key service,
;the ServKey flag is reset, to denote a completed operation.
serviceKey
movi NewKey,W .get key value
movwf TempkE ;save in TempE
swapf MsdTlime W :-move MSD out
andiw B'11110000' :clr lo nibble
movwf MsdTime ;save back
iorwf TempE,W -or with new lsd
movwf MsdTime
BCDtoB movf MsdTime W
movwf RO
clrf Save_byte
swapf ROW
andlw OF
movwf Save_byte
call mpy10a . result = 10a
moviw RO
andiw OF
adawf Save_byte,F
betf KeyFlag,ServKey ;reset service flag

retumn
mpy10a bef  STATUS,C : multiply by 2
df Save_byte W
movwf Save_temp Save_temp) = 2*N
bef STATUS,C ; multiply by 2

nf Save_byte, F

becf STATUS,C ; multiply by 2
nf Save_byte, F

bef STATUS,C ; multiply by 2
Af Save_byte, F
; (Save_byte) = 8*N

movf Save_temp,W
addwf Save_byte, F



rettw 0 ; (H_byte,L_byte) = 10*N

Send
bcef  INTCON,7
movf Save_byte W
movwf XmtReg
moviw .8
movwf Xcount 8 data bits
bef PORTA,2 Send Start bit
call Delay1

X_next bcf STATUS,C
df XmtReg,F ;Shift data bit
bttsc STATUS,C ,Test the bit to be transmitted
bst PORTA,Z2 ;Bit 1s one
btfss STATUS,C
bcf PORTA,2
call DelayX
decfsz Xcount,F , If count = 0, then transmit a stop bit
goto X_next ; NO shift next bit
bsf PORTA,Z2 :Send Stop Bit
call Delay1
bsf INTCON,7
retum

DelayX moviw .64
goto save

Delay1 moviw .65
goto  save

save movwf Delaycnt

redo_1 decfsz Delaycnt,F
goto redo_1
return

pause moviw Ox3E ‘M
movwf mcount to M counter
loadn moviw Ox3E ‘N
movwf ncount ;1o N counter
decn decfsz ncount,F .decrement N
goto decn .again
decfsz mcount,F -decrement M
goto loadn .again



retum ‘done

InitPorts
bsf STATUS,RPO .selectpg 1

moviw B'00001000°

movwf TRISA ;RA3 = input

clrf TRISB :make RBO-7 outputs
bcf  STATUS,RPO  ;select page 0

cif PORTB

moviw .6

movwf PORTA

retumn

.The clock speed is 4.096Mhz. Dividing intermal clk. by a 32 prescaler,
the rtcc will be incremented every 31.25uS. If rtce is preloaded
:with 96, it will take (256-96)*31.25uS to overflow i.e. 5mS. So the

.end result is that we get a ricc interrupt every bmS.

InitTimers
clrf MsdTime :clr timers
clf KeyFlag .clr all flags
bsf STATUS,RPQ select pg 1

moviw B'10000100’
movwf OptionReg
bct  STATUS,RPO
moviw B'00100000°
movwf INTCON
moviw 176

movwf TMRO
retfie

Servicelnterrupts

btfsc INTCON, TOIF

goto ServiceTMRO
clrf INTCON

bsf INTCON,TOIE
retum

;assign ps to ricc
ps = 32

selectpg 0

:enable ricc interrupt

;preload rtcc

‘start counter

rtcc interrupt?
;yes then service
else cir all int

11



ServiceTMRO
moviw .176 ;inthalize rtcc
movwf TMRO
bct  INTCON,TOIF  ;clrint flag
btfsc PORTA,0 ;if msb on then do
call ScanKeys ;do a quick key scan
call UpdateDisplay ;update display
retumn

X

,5canKeys, scans the 4X4 keypad matrix and retumns a key value in
:NewKey (0 - B} if a key is pressed, if not it clears the keyhit flag.

,Debounce for a given keyhit is also taken care of.
;The rate of key scan is 20mS with a 4.096Mhz clock.

ScanKeys

Scan1

ScanNext

btfss KeyFlag,DebnceOn ;debounce on?

goto Scant
decfsz Debnce, F
return

retum

call SavePorts
moviw B'11110111'
movwf TempD

movf PORTB,W
bct  INTCON,RBIF
mf  TempD, F
btfss STATUS,C
goto NoKey

movf TempD,W
movwf PORTB

nop

btfss INTCON,RBIF
goto ScanNext
btfsc KeyFlag,keyhit
goto SKretum

bsf KeyFlag keyhit
swapf PORTB,W
movwf TempE

call GetKeyValue
movwi NewKey
moviw 0x0a

.no then scan keypad
;else dec debounce time
;not over then retum

bct  KeyFlag,DebnceOn ;over, cir debounce flag

:and return

;Save port values
init TempD

.read to init port

;clr flag

get correct column
Jif carry set?

;no then end

.else output

low column scan line

flag set?
;no then next
Jlast key released?
;N0 then exit
;set new key hit
;read port
;8ave in TempkE
.get key value 0 - B

12



AorB

self

SKreturn

NoKey

subwf NewKey,w
btfsc STATUS,C
goto AorB

inct NewKey,f

goto self

btfss STATUS,2
moviw 0B

movwf NewKey

bst KeyFlag,ServKey
bsf KeyFlag,DebnceOn

moviw 2
movwf Debnce

call RestorePorts

retum

becf KeyFlag,keyhit

goto SKretumn

.save as New key
;set service flag
set flag

‘load debounce time

restore ports

.clr flag

GetKeyValue gets the key as per the following layout

;Row1(RB4) 0o 1 2
;Row2(RB5) 3 4 5
;Row?)( RB6) 6 7 8
2R0w4( RB7) 9 A B
éetKeyValue

cif TempC

RowValkEnd

Coll Col2 Col3
(RB2) (RB1)}) (RBO0)

btfss TempD,2

goto RowValeEnd

inct TempC, F
btfss TempD,1

goto RowValEnd

inct TempC,F

| first col.

‘second col.

{ast col

13



btfss TempkE,0 ;top row?
goto GetvValCom .yes then get 0,1,2
btfss TempE,1 :2nd row?
goto Get345 :yes the get 3,4,5,
btfss TempkE,2 :3rd row?
goto Get678 .yes then get 6,7,8
Get9ab
moviw 3
addwf TempC,F
Get678
moviw 6
addwf TempC,F
goto GetValCom :do common part
Get345
moviw 3
addwf TempC,F
GetValCom
movf TempC,W
addwf PCL, F
retiw
retiw
retiw
retiw
retlw
retiw
retlw
retiw
retlw
retlw
retlw
retiw

O X~ O AW NN = O

o O
o Q

L
L)

.SavePorts, saves the porta and portb condition during a key scan

;operation.

SavePorts
movf PORTAW ,(Get sink value
movwf PABuf :save in buffer
bcf PORTAO ;disable all sinks
bcf PORTA,1
movf PORTBW .getportb
movwf PBBuf :save in buffer
moviw (xff :make all high

movwf PORTB on portb



bsf STATUS,RP(
bct OptionReg,’

moviw B'11110000°

movwlf TRISB
bct STATUS,RPO
retumn

T

.select page 1

.enable pull ups

:port b hi nibble inputs
:lo nibble outputs
.page O

:RestorePorts, restores the condition of porta and portb after a

key scan operation.
RestorePorts
movf PBBuf,W
movwf PORTB
movf PABuf,W
movwf PORTA
bsf STATUS,RPO
bsf OptionRegq,”
cirf TRISA
bsf TRISA,3
cirf TRISB
bet  STATUS,RPO
return

¥

UpdateDisplay
movf PORTAW
bcf  PORTAQ
bct  PORTA,1

andlw 0x03
movwf TempC

bsf TempC,2

mf TempC, F

btfss STATUS,C

bct TempC.1

btfsc TempC,0

goto UpdateMsd
Updatelsd

movf MsdTime W

andlw 0Ox0f

goto DisplayOut
UpdateMsd

swapf MsdTime,W

andlw 0x0f

,get port n
,get port a value

,select page 1
.disable pull ups
:make port a outputs
exept RA3

:as well as PORTB
.page O

present sink value in w
.disable all digits sinks

.save sink value in tempC

preset for Isd sink
;determine next sink value
c=17?

;no then reset LSD sink
.else see if Msd

;yes then do Msd

getlLsdinw
: /

;get2nd Lsd inw
‘mask rest

15



DisplayOut

call LedTable .get digit output
movwf PORTB .drive leds
movf TempC,W ;get sink value inw
iowf PORTA
return

LedTable
addwf PCL, F ;add to PC low
retw B'00111111' led drive for 0
retiw B'00000110' led drive for 1
retw B'01011011° led drive for 2
rettw B'01001111° led drive for 3
retw B'01100110° Jled dnive for 4
retiw B'01101107° led drive for §
retiw B'01111101° led dnve for 6
retiw B'00000111’ led drive for 7
retw B'01111111° led dnve for 8
rettw B'01100111° led drive for 9
rettw B'01110111 led drive for A
retiw B'01111100 led drive for b

end
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‘This program is contained in U2 which using for receive the no of tum from U1 and also
-driving the stepper motor from portb through the stepper motor driver (ULN 2003A)

: PROGRAM: RSTEP.ASM

.****************************************t********************************************t********i*****t

LIST P=16F84
ERRORLEVEL -302

include <p16F84.inc>

Count equ 0Ox10 -counter for #of bits transmiteed

RcvReg equ 0x11 ;data received

Count1 equ Ox13 .counter for delay

MCOUNT equ OxOc :counter for delay30

NCOUNT equ Ox0d

__stepcount equ  0Ox20 #of step counts for left tum

__index equ Ox21 .current count for left turmn

__save equ  Ox22 ‘temporaly store of current count for left tumn

R_stepcount equ  0Ox23 .#of step counts for nght tum

R_index equ 0Ox24 :current count for nght tum

R_save equ 0Ox25 .temporaly store of current count for right tumm
org 0

Start call Delay4
call Delay4

call InitPorts
Again call Talk receive senal data
movf RcvRegW

C_left btfsc PORTA,1 key pressed?
goto C_nght :NO
goto L tumn left
C_right btfsc PORTA,2 key pressed?
goto C_left :No

goto R turn nght



L movf RcvReq,W ;store # of step count
movwf |L_stepcount
movf  L_save W

xoriw  Ox08

btfss STATUS,2 ;8 step tum?

goto L_here NO

clrf |_index :Yes,initialize current count

clrf | save
goto L_there

L_here movf L_save W -store current count
L_there call L_tum

goto Again
R movf RcvReg,W

movwf R_stepcount
movf  R_save W

xorlw  Ox08
btfss STATUS,?2 :8 step tum?
goto R_here ‘No
clirf R_index ;Yes,initialize current count
cirf R_save
goto R_there
R_here movf R_saveW :store current count

R_there call R_tum
goto Again

InitPorts *
bsf STATUS,RPO select pg 1
moviw 0Ox1B

movwf TRISA :make RAGJ-4 inputs
cif TRISB ;make RBO-7 outputs
bcf STATUS,RPQ .select page 0
cirf PORTB '‘make all outputs low
clf L_index

cirf R_index

cif L_save

cit  R_save

retumn

Talk cif RcvReg ;Clear all bits of RcvReg



Revr

Rv_next

Delay4

DelayY

User

redo_r1

save
redo_x1

L_turn
L _repeat

btfsc PORTA.0
goto User
call Delay4

moviw 0x08
movwf Count
bcf STATUS,C
f RcvReg,F
btfsc PORTA,0
bsf RcvRegq,0
call DelayY
decfsz Count,F
goto Rv_next
returmn

moviw .82
goto save

moviw .64
goto save

moviw .34
movwf Count1
decfsz Countl,F
goto redo_r1
goto Talk

movwf Count1
decfsz Count1,F

goto redo_x1
rettw O

bef  STATUS,2

call L_table
movwf PORTB
call Delay30
incf L_index,F

;check for start bit
.delay for 104/2 us
;delay for 104 + 104/4 us

: 8 data bits

.Clear camry bit

'to set for MSB first

s the bit a zero or one?
:bit is a one

reception done

- 104 us for 9600 baud

:104/2us delay

:send bit pattern to portb

pause

decf L_stepcountF

btfss STATUS,2
goto L_next

1s this last step?
NoO
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Comtral Librery
#rince of Songkhla Unik

movf L_index W ‘Yes,clear current count then exit
movwf L_save

goto L_exit
L_next btfss L_index,3 Is the current 87
goto L_skip No
cirf L_index :Yes,clear current count then repeat

L_skip movf L_index,W :save current count count then rermpeat
goto L_repeat
|_exit retum

Rtum bef STATUS,2

R_repeat call R_table .send bit pattemto portb
movwf PORTB
call Delay30 ;pause

incf R_index,F

decf R_stepcount,F

btfss STATUS,2 :Is this last step?

goto  R_next ;No

movf  R_index,W :Yes,clear current count then exit
movwf R_save

goto  R_exit
R_next btfss R_index,3

goto R_skip

clrf R_index

R_skip movf R_index,W
goto R_repeat
R_exit retumn

Delay30 moviw 0x20

movwf MCOUNT
M_dec moviw Oxff

movwf NCOUNT ;duration delay for each step
N_dec decfsz NCOUNT,F

goto N_dec

decfsz MCOUNT,F

goto M_dec

retum

L_table addwt PCLF

retw OxF4
rettw OxF6 ;bit pattern for half step left tumm



R_table

retlw
retlw

retlw
retiw

adawf PCL,F

retiw
retlw
retiw
retlw
retiw
retiw
retiw
retiw

end

OxF2
OxF3
OxF1
OxF9

OxF9
OxF1

OxF3
OxF2
OxF6
OxF4
OxFC
OxF8

.bit pattermn for half step right turn

21



22

o < o
A ldLATadNe
o . L .

1 Hanlnannumaeansiv 9 Taarilaedvideuuun JACK FiuaaiaTasile s

LAANNARTIULAAAT O0ABIVAN
g ‘J s L3 T 3 o

otlandnuauamUngiaan1T e e IuyUsIN umﬁﬂummﬁmﬂumﬂgmaummu

i 99
‘I:l* i ) ::"' ‘d

3 nenjs START ynjaianiaunafs RIGHT TURN %7 LEFT TURNuusiazAZaieg
o 9 =4
ABINTTUNWTEVTAU

e -
NISYIAAALLATENHNE

o Ad B, - £ e’
1 vwisaneuuaiaeRusaviietnnliauunssansudadr daiua o
T lls
. " ; ¥
2 aneuniwissmuguudatiaudnnusidiidiaanmpditiu 80
1 J ¥
3.nALjH START natju RIGHT TURN vi7a LEFT TURN Heuawmaflsiina 80
] et o o ¥ t— -i -I Q "
adiluasugn  huasaiu(bisieanmma START)ANARATY  ditaamnaiinIindumn
|-=i £, A J o 9 g ] &% =
e AIANLEAIINATEIATLIANN N ILGNAEN msznawaiuyuldAmsauAe 400 RIALINEA

HANITNAADL

¥ ; " " X y
winsmuainenddigndes  Anaiawanasziiotiulsl 0.45 s (ATeaL)

- d o - =
Tunsaiiiaiin) sUUNALINA

d91leia
J i} o B o |
LATAIAILIANTUANRINAZY WL AN TNAZAAN LN TATLIANA LMD LD

-, g, £ - @ L A S e 4 a:: R 28, gl ol )
UNTAnTlAae TLAD fAdetiudnannninazasthhlszgnelldiuvieslimni s mngg
] g a2 " o B 4 ) g ' 2 s 1 e
naasesitiudnsdinanuginsnlifiuduouasidoutaniueuls Resusidaulag

il ] A" 1 b 4 Ll
aueansfetmunzanfugUnsalles Lisesgunsniunuiae



23

LANMNSDI9DY

1. PIC16F84” 8-bit CMOS EEPROM Microcontroller ” (MICROCHIP data book)
2. AN529"Multtiplexing LED Drive and 4x4 Keypad Sampling"(MICROCHIP

application note 1997 Microchip Technology Inc.)
3. ANSSS "Software Implementation of Asynchronous Serial I/O(MICROCHIP
application note 1996 Microchip Technology inc.)
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