- e e s wwow

A ’ -
duninnemyanmy nazeemnamAnIR

m31¥ PIC16F84 aauguyjuaualaglys lama uvhisa

PIC16F84 [P Application to Infrared — Remote Controlled Robot

Tae
UNAIITUAT DUFIIE
UYL MYIUL

Qs QJ o
Weging oo1sziaiy

v
oy o ~ 1 é Qf Y Y L% oy
WayanidwustifudumiisvesmsdnamumdngasSyandanssusmansiuda
M nddnnseind

aotiuma TuTagwszssundudgunmsainnsziis

o T osfnun 2541
Cr 1
!
renny
o
faunTIyy..... ?..4..94‘...4...

i, wou, 1S NGAEH2




[

- e ™

nsld PIC16F84 AsuANyuauAlae 45 Lundurise

PIC16F84 [P Application to Infrared — Remote Controlled Robot

a8
UNAAIUAT BUSITT e ase’Ise 38014070
WILLAHNT NMEYauT  1agUszansa 38014089

wegAnd eelstiasy \R1sTAnma 38014128

oud 1
21196715 nE1

a =l o
2117U{ILAT ﬂ?1ﬂ?ﬁﬂﬁm$

U7 yryiinuSdniuds ey manssuananstindis
an1dmaennseiing
AL AINTINANART
annhunalula@inszanundidrannuisaianseily

dn1sAnm 2541



=\ -
nafAnssuUsEnA

lumsirlassnudes natsegndfldlalasevlnsanafafol dn3aganq
13 - Yar <& o -‘l’
sremnszldfunnutasimdaanuanediasei

- o - :’1 i f\n‘

1.4uduf nsuasWRuIMe3 Aangsn An12 $u3 gaa. Tngianziluguiiqae
saunslillsunsy uaz waf aetiuiin Tilsunsueas PIC16F84

2.MAT1AT BINA ABIEAAINISNANGRT gan. §rudulseid nenu Mt lunasinlass
RN

3.mAdmAeulngs Anzddnssuanans gea. SmsugLinsaliaied netlaunsating

4. madmaiinnseiind dmiu faeinlladn wssfumdemnadimane

5.m3.na Fnana Waninieden ngneyinlingulundni ilddesres Aue
UT NMIUAZRRIUINIA AINTTY

wananidell wiedined alpsnedpindnmdudd 4 el i) gy

H - o :" H ar J
e IEN weduna dafenad hAnmdudd 3 mMAfAEMNITNNFIaAY) AL
b 4 o ) g t e
dasnlunisinjuausiiieduses aav.

2/ o [ % a‘l <5 o af o rJ & 9

ANEURTAIATYNGAAD D1974ILAT AT IATANHILE B1RNZENLT N g uae

FiFuuwAnlulasinuduil

b 4
o

mangaintiiadn seveunszanatiregediniugnying seiinaafauaslaingraie

luseauariuil

UNAMAUAT BUSTY
WIEAEY YU
WegdAna aavlsziady

[ 4

AN

232



msld PIC16F84 Adugavjususingldslandunisn

UNERUAT DUFITY
WA NEYau

wiegAna aelsua?y

LENAT AT IMIANHOLL (919198F niwn)

nAanasAnE® 2 dnnsAne 2541

Qs []
HNAReR
lumanustivildunisdne lulaseaulnsainefdalusiuef  PIC16F84 F9i)
maan Adadae nisincnwua Mmiserausuuuunat (flash) 3eguisalysunss
4 :’/ o/ :’/ r's A‘:‘Id o o '
Tnaneass Aatiu 1uTﬂ?ﬂauTmaLamﬂ?zmmqqmmzmmnmsmuaumummmmq

Wlpremduiidvinndszgnililunisauanadveinefiidugnsaliuind e uueus

v e 2

lnafumdsann? lunreulnsauuudures  Feldudnnisnindtsis  waznensia 1e9

MC145026 uay MC145027if e liuaruan uffuaids 1aun und neavss aaadne

=

: J (=4 Q < T
WEHIIIN Uasuem ganussaunaguiaiuadnei



PIC16F84 ROBOT CONTROL BY INFRARED REMOTE
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ABSTRACT

This project, we applied the new microcontroller family PIC16XXX (PIC16F84).
Their advantages are RISC microprocessor, high speed and be convenient to develop .
Furthermore, It has a flash memory so the programmer can program many times, more
than 1,000 times. The application of the PIC16F84 shown here is to controll dc-motors,
ordered from Infrared remote controller using encoder MC145026 and decoder
MC145027. Then robot shows functions such as forward, backward, tum left, turn right,

and stop.
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list p=16f84

-

code protect off
- power up timer on
. watch dog timer off

: XT oscilator

" Byte define™**
option_equ  0x01
- tm0 equ  OxO1
status equ  0x03
jporta equ.  0x05
portb equ 0x06
mcountequ  OxOc
‘intcon equ  OxOb
ncount equ  0x0d
temp” equ OxOe
pcountequ  OxOf

= Bit define™™™™

o equ O
' 'm0 equ 5
w equ O
f equ 1
gie equ 7

toie equ 5
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toif equ 2
org 0x00
start bsf status,p0 ;select bank 1

main

moviw b'000000G1"

mowvwf portb ;portb = out put except b0 = in put

moviw b'00011111'

movwf porta ;porta = in put

bcf status,p0 ;bank 0
clrf portb

moviw 0x0f8

andwf status,f;reset z,DC,C

call delay
movf porta,w (porta)—>w
movwf temp w—>(temp)

moviw b'00001111"

andwf temp,f ;select ra0-ra3

movf temp,w ;(temp)—>w

subiw 0x01 ;0x01-w—>w

bifsc status,2 ;if w=0x01 then call forward else jump 1 statement
call fward

movf temp,w



sublw
btfsc

call

movf
sublw
btfsc

call

movf
sublw
btfsc

call

movf
sublw
btfsc

call

movf
sublw
btfsc

call

movf
sublw
btfsc

call

goto

0x02
status,2
tieft

temp,w
0x03
status,2

bward

temp,w
0x04
status,2

tright

temp,w
0x05
status,2

trightb

temp,w
0x06
status,2

tleftb

temp,w
0x00
status,2

stop

main

62



;t*mdelayxtm

" delay moviw 0x20

movwf mcount

, m_dec moviw Oxff

mowvwf ncount
n_dec decfsz ncount,f
goto n_dec
decfsz mcount,f
goto m_dec

retum

P*owm_delay™™™*
pdelay moviw Oxff
movwf pcount

dec  decfsz pcountf

goto dec
retum

;e forward™

fward Dbsf portb,7
bsf portb,6
bsf portb,5
bsf portb,4
call delay
bef portb,6
bcf portb,4
call pdelay

retum

63
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P *backward™*
bward bcf partb,7

} bsf portb,6
f bef  portd,5
. bsf portb,4

' call  delay
: bef  portb,6
- bef portb,4
' call  pdelay

retum

T m lefte

tleft  bsf portb,7

bsf portb,6
' bef portb,5
bcf portb,4
call  delay
bef portb,6
bcf portb,4

" call  pdelay

-t =

retum
3
]
S um ight™ ™
tight bcf porth,7
I bef portb,6
I bsf  portb,5
' bsf portb,4
call delay

X bef  portb,6

64



- m g e i e g

bef portb,4
call pdelay
retum

T tum left back*™**

) tefto bcf  portb,7

g bsf portb,6

‘ bef  portb,5
bcf portb,4
call delay

. bcf portb,6
bef  portb,4

call pdelay

! retum

P *turn right back™™*

trightb bcf portb,7

t bcf  portb,6

; bcf portb,5
bsf  portb,4

5 ’ call  delay

| bef  portb,6

| bcf portb,4

| call pdelay

retum

—

;*m*stopmn

stop  bcf portb,7

o

bef portb,6
bcf portb,5

65
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bef portb,4
call pdelay
retum

end
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3 swammatainsdednyeyns Wadfanlil 6.21 fa 6.26 1 Ch1 A 1 6 uas Ch2

A8 11 rb4 184 PIC16F84 AYNAAL

Tek BIIEE SkS/s 3 Acqs
——t s m— J
Lo g rdith
g : ; i : I : : ]  24.59ms
[ : : + : . Low signal
amplitude
i chi -width
d 25.4ms
1 : : : . Low signal
' i : : : I . : : . 1 amplitude
_;.L;:é;;;'g;:;:;::;;;::;;__;'r;;g';;:;:;:,‘;:;;;g;;;:J ch2 +width
' : : : : X : : : ; ] 24.59ms
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N At R NS { amplitude
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219 Acqs
H L I 1 !
e — LI d T
Lt s th
- 1 24.81ms
- Low signal
amplitude
i chi —width
4 25.38ms
. : . Low signal
: . 3 : amplitude
,*; : __:33:3‘;"“g""i;;;;i“‘:qCh2+Width
: I . 1 2o0ps
i I Low res
i i : 4 Chgo—gvidth
RN Y | . us
L - sl ad ‘:;“'*1 s Low res
S z
ff]‘i:l..‘b.-i.ii xLSVM]OmsChZJIL3_2V
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Tek BIHiR SkS/s 25 Acqs
I I 3
H L ¥ 3
Lo L idth
i I 1 24.59ms
T Low signal
1 amplitude
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I - amplitude
Cch2 +Width
24.39ms
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. amplitude
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amplitude
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Tek SXIENER SkS/s 4 Acgs
H L T 1
H L ‘ 3
bt D e e idth
I : ] 200us
5 R Low res
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: : X . amplitude
. 3 . { 24.6ims
1 Low signal
. amplitude
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3 Low signal
- amplitude
(o3 I— VRSV M ST v e v 2
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g1l 6.24 netad 3 (L) uaz 31 6.25 nadea 1+3(d19)
Tek SXIER SkS/s 62 Acgs
I T 3
L 1 P ]
Fo St e idth
ot 1 ] P
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Low signal
{ amplitude
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amplitude
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. 600ps
Low res
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14 Mar 1999
15:57:31

-l y
7" 6.26 nadeq 2+3
- al

aguauardsnsalanlusunsadi 1

anlsunsui 1 fudidr Flumuashlsunsuasinauadnagniias us annismaaes
] g i o N (] - :

wudn semefuyudrintdunnldannisulfeuands wu sonduwiwdudeade neld
- -l < 2 - - ¢ -d L4 % J al' t
uaszannd 5 T uazananFarasdallszunnd 10 Jundisie 1 2erey Jemldnaadeuil

4 ¢ [} J ™~ 3 o
saiiies anvmiazanamntEenunidygnuiaddanon uar gudivindy mfa 1o

© gud AAwnnnduaniian) 9l UFulsallsunsulel luds lsunsui 2

Tusungui2
list p=16f84

" code protect off

; power up timer on
; watch dog timer off

; XT oscilator

;*tt**Byte deﬁ ne'k'k'k**

option_equ  0x01
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! tmQ equ  OxO1
status equ  0x03
E porta equ 0Ox05
‘portb equ  Ox06
mcountequ  0xOc
intcon equ 0Ox0Ob
ncount equ  Ox0d
temp equ OxOe
pcountequ  OXOf

;o Bit define™™™
o] equ O
m0 equ 5
w equ O
f equ 1
gie equ 7
" toie equ 5
toif equ 2
P org 0x00
. ™set port™™

start bsf status,rp0 ;select bank 1
moviw b'00000001"
movwf portb ;portb = out put except b0 = in put
moviw b'00011111'

mowvwf porta ;porta = in put

bcf status,p0 ;bank 0
clrf portb
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moviw

andwf
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status,f;reset z,DC,C

call pdelay
movf porta,w
movwf temp
moviw b'00001111°
andwf temp.f
movf temp,w
sublw 0x01
btfsc  status,2
call  fward
movf temp,w
sublw 0x02
btfsc status,2
call  tleft

7 movf temp,w
sublw 0x03
btfsc  status,2
call  bward
movf temp,w
sublw 0x04
btfsc status,2
call  tright

;(porta)—>w

w—>(temp)

;select ra0-ra3

;(temp)-—>w

;0x01-w—>w

;if w=0x01 then call forward else jump 1 statement
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mov1.c temp,w
sublw 0x05
btfsc status,2
call trightb

movf temp,w
sublw 0x06
btfsc status,2
call  tleftb

movf temp,w
sublw 0x00
btfsc status,2

call stop
goto main
;ﬂmdelay*-m

delay moviw 0x20
movwf mcount

m_deé. mowviw  Oxff
movwf ncount

n_dec decfsz ncount,f
goto n_dec
decfsz mcount,f
goto m_dec

retum

Jr*pwm_delay™™™*
pdelay moviw Oxff



movwf pcount
dec  decfsz pcount,f
goto dec

retum

: *mfo rwa rg

fward bsf portb,7

" bsf  portb,6
bsf  portb,5
bsf portb,4
call  delay
call  delay
bcf portb,6
bcf  portb,4
call pdelay
retum

yP**backward™**
bward bcf portb,7

' bsf portb,6
bcf portb,5
bsf portb,4
call delay
call delay
bef portb,6
bcf portb,4
cali  pdelay

retuny
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v am e omowwn  wm w el

Jeerm leftt™

tleft  bsf portb,7

bsf portb,6
bef  portb,5
bef portb,4
call delay
bef portb,6
bef  portb,4
call pdelay
retum

tright  bcf portb,7

bcf portb,6
bsf portb,5
bsf portb,4
call  delay

bcf portb,6
bcf portb,4

call pdelay
retum

Jwetum left back™*
tleftb bcf portb,7

bsf portb,6
bef portb,5
bef  portb,4
call delay

bcf portb,6

bcf portb,4
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call pdelay

retum

7 tum right back™™

trightb bcf portb,7

bcf  portb,6
ocf portb,5
bsf portb,4
call  delay

bcf portb,6
bcf portb,4

call pdelay

retum

;tﬁﬂsto pﬂ-n*

stop  bcf portb,7

bef portb,6
bcf portb,5
bcf portb,4

call pdelay

retum

end
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Tek BT8R 5kS/s 13 Acgs

I : : ) : L . i : . {1 Ch2 Period
b . . . . ok . . . . g S] ms

Low signal
amplitude

Ch2 Freq
19.61 Hz
Low signal
amplitude

i . . . I . . . y
”‘.I:fE:Z;IE:{:I§.1..éx...“§::§§2§{Z§}i§§§:::Ig:fi:‘_ Cch2 +width
- . . . . i . . . . 4 49.38ms
[ ) ) ) ) ¥ ) ) ) ) ] Low signal
___ ..... SRR amplitude
1 Ch2 -Width

1.623ms
Low res

PN i; .. Sv M,]g,ms,ChZJ_x.,oo
14 Mar 1999
19:51:41
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MOTOROLA

DUAL TYPE D FLIP-FLOP

The MC140138 duat type O flip-flop is constructed with MOS

P-channel and N-channe! enhancement mode devices in a single
monolithic structure, Each flip-flop has independent Data,
Direct Set, (S), Direct Reset, (R), and Clock (C) inputs and compie-
mentary outputs {Q and Q). These devices may be used as shift regis-
ter elements or as type T flip-flops for counter and toggle applica-
tions,

(D},

Static Operation

Diode Protection on All Inputs

Supply Voltage Range = 3.0 Vdc to 18 Vdc

Logic Edge-Clocked Fiip-Flop Design

Logic state is retained indefinitely with clock level either high or
low; information is transferred to the output onty on the positive-
going edge of the clock pulse

Capable of Driving Two Low-power TTL Loads or One Low-power
Schottky TTL Load Over the Rated Temperature Range

Pin-for-Pin Replacement for CD40138

MAXIMUM RATINGS® (Voitages Referenced 1o Vss)

Symbot Parameter Value Unit
Voo |DC Supoly Voitage ~0Sto —-18.0 v
Vin. Vout | 1nout or Qutout Voitage (OC or Transient) -05tovpp 0.5 v
hae lout | tnout or Qutout Current {OC or Transient). oer Pin =10 mA
Pp Power Dissioation, oer Packaget 500 nw
TS!Q Storage Temoerature -850 —-150 *C
Ty Lead Temoaerature (8-Second Soldering) 260 'C

“Maxamum Ratings are those vaiues beyond whach damage 10 (e device may occur.
tTemperature Deratng: Plastic "P and D/DW™ Packages: — 7.0 mW/C From 65°C To 125°C

Ceramic “L" Packages: ~ 12 mW/C From 100°C To 125°C

TRAUTH TABLE

INPUTS QUTPUTS

crock! [para| Reser| ser Q a

- ()] ) ) o 1

- t 0 [*] 1 Q
N\ x ] 0 [2) [¢] g:""‘

X b3 1 0 0 1

X X 1] 1 1 Q

x X 1 1 1 |

X = Don't Care
t = Level Change
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MC14013B

TA

L SUFFIX
CERAMIC
CASE 632

P SUFFIX
PLASTIC
CASE 646

D SUFFIX
SQIC
CASE 751A

ORDERING INFORMATION

MC14XXXBCP Plastic
MC14XXXBCL Ceramc
MC14XXXBD SOIC

= -5510 125°C far ait packages.

BLOCK DIAGRAM

Vpp * Pin 14
Vgs = Pin 7




MC14013B

ELECTRICAL CHARACTERISTICS (Voltages Referenced to Vgg)

Voo -55°C 25°C 125°C
] Characteristic Symbol | yge Unit
Min Max Min Typ # Max Min Max
Quiput Voitage “0" Level 5.0 0.05 _ 0 0.05 - 0.05
E Min = Vppor 0 VoL 10 - 0.05 - 0 0.05 - 0.05 | Vdc
15 0.05 — 0 0.05 — 0.05
k 1" Level 5.0 4.95 — 4.95 5.0 - 495 —_
h Vin = 0orVpp VOH 10 9.95 -— 9.95 10 S - 9.95 _ vde
15 14,95 —_ 1495 1S = 14.95 —
input Voltage . “0" Level
(Vo = 4.5 or 0.5 Vdc) v 5.0 -_— 1.5 2.25 1.5 1.5 Vde
(VO = 9.0 or 1.0 Vdc} L 10| — | 30 - 450 | 30 | — | 30
5 (Vo = 13.5 or 1.5 Vdc) 15 4.0 — 6.75 4.0 4.0
b “1" Level
{Vo = 0.5 or 4.5 Vdc) ViH 5.0 3.5 - 35 275 - 3.5 Vde
(Vo = 1.0 or 9.0 Vac) 10 | 70 - 7.0 5.50 - 7.0 -
! (Vo = 1.5 0or 13.5 Vdc) 15 11 — 11 8.25 = 1
Output Orive Current
" (VOH = 2.5 Vde) Source 5.0 -3.0 —_ -24 ~-4.2 —_ -1.7 -
(VOH = 4.6 Vdc) IoH 50 | -0.64 —-_ ~0.51 -0.88 - -036| -— | mAde
F (VOH = 9.5 Vde) 10 -16 - -1.3 -225 - -09 —_
! (VOH = 13.5 Vdc) 15 -42 -— -3.4 -8.8 —_ -24 —
(VoL = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 - 0.36 -
t (VoL = 0.5 Vdc) oL 10 1.6 —_ 13 2.25 —_ 0.8 — | made
(VoL = 1.5 Vdc) 15 4.2 — 3.4 8.8 = 2.4 -
Input Curremt bin 15 - =0.1 - =0,00001] =0.1 — =1.0 | pAdc
JInput Capacitance Cin - - —_ - 5.0 7.5 — - pF
{Vin = 0)
‘Quiescont Current bo | 50 [ — 1.0 0002 | 10 | — 30 | pAde
E (Per Package) 10 - 20 - 0.004 2.0 - 60
E 15 _ 4.0 0.006 4.0 — . 120
Total Supply Current**+ IT 5.0 IT = (0.75 uAKkH2) t + Ipp wAdc
E (Dynamic plus Quiescent, 10 IT = (1.5 uAkHZ) t + Ipp
Per Package) 15 It = (2.3 gAKH2) t + Ipp
{CL = 50 pF on all outputs, all
| butlers switching)
#0ata labatled “Typ” is not to be used for design purposes but is
. intended as an indicaticn of the IC’s potential performance.
"'The formutas given are for the typical charactenstics only at 25°C.
"
1;To calculate total supply current at foads other than 50 pF:
ITC = 1150 pF) + (CL - 50) Vik
I - mCy =m0 “ ) PIN ASSIGNMENT
where: IT is in uA (per package), Ci_in pF. V = (Vgp - Vss) in voits,
fin kHz is input frequency, and k = 0.002. e
i . Tca, Vop = 14
. 23d,. Qg f— 13
This device contains proteqtlon circuitry to guard against camage due to high 3, Gg 312
* static voitages or eleciric lields. However, precautions must be taken to avoid
applications of any vottage higher than maximum rataa voltages o this high- L =178 Cg = 11
*iImpedance circuit. For proper ooeration. Vin ana Vo should be constrained to 5
the range Vgg < (Vin or Vou() < Vpp. °a Re =10
Unused inputs must aiways be tied to an appropnate logic voltage level (e.g.. s Sa Cs 9
either Vgg or Vpp). Unused outputs must be left open. ? Vss Sgf—8
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MC14013B

SWITCHING CHARACTERISTICS® (G = 50 oF, T = 259C)

Characteristic Symboil Voo Min Typ # Max Unit
Output Aise and Fail Time tTLH ns
ITLH. ITHL = (1.5 na/pF) C + 25 ns fTHL 5.0 - 100 200
1TLH. ITHL = (0.7S na/pF) C_ + 12.5 ns 10 - 50 100
tTLH tTHL = (0.55 n3/pF) C_ » 9.5 ns 15 - 40 80
Propagation Balay Time WPLH n
Clack to Q. @ PHL
tPLH. tPHL = (1.7 ns/pF) C_ + 90 ns 50 - 178 350
tPLH, tPHL = (0.86 ns/pF) C_ ~ 42 ns 10 - 79 150
PLH. tPyL = (0.5 ns/pF) Cy + 25 ns 15 - 50 100
Seti0 Q. @
PLH. tPHL = (1.7 ns/pF) C_ + 90 ns 5.0 - 175 350
PLH. tPHL = (0.66 ns/pF) C_ + 42 ns 10 - 78 150
1PLH. tPHL_= (0.5 na/pF) C - 25 ns 15 - 50 100
Reset 1o Q, Q
tPLM. tPHL = (1.7 ns/oF)} C_ - 265 ns 5.0 - 25 450
tPLH. tPHL = (0.66 ns/DF) C_ + 67 ns 10 - 100 200
tPLH. tPHL = (0.5 na/pF) C_ ~ 50 ns 15 - 75 150
Setup Times** oy s.0 40 20 - ns
10 20 10 -
15 15 75 -
Hold Times** th 5.0 40 20 - ns
10 20 10 -
15 15 75 -
Clock Pulse Width WL, 'WH 5.0 250 125 - ns
10 100 50 -
15 70 s -
Clock Puise Frequency fel 5.0 - 40 2.0 MHz
10 - 10 50
15 - 14 7.0
Clock Pulse Rise and Fall Time ITLH 5.0 - - 15 us
THL 10 - - 5.0
15 - - 40
Set and Resat Pylse Width WL, tWH 5.0 250 125 - ns
. 10 100 50 -
15 70 38 -
Aemovai Times trem ns
Set 5 80 0 —
10 45 s -
15 35 5 -
RAeset s 50 =35 —_—
10 30 -10 -
15 25 =5 -

*The formuias given are for the typrcal charactenstics onty at 25°C.

#0ata labeiled "Typ" s not to be used for design purposes but is
as an of the IC's

"*Oata must be valid for 250 ns with & § V supply, 100 ns with 10 V, and
70 na with 1S V.

LOGIC DIAGRAM
{1/2 of Device Shown)

¢ 1 {>—co

o
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MC140138B

FIGURE 2 — DYNAMIC SIGNAL WAVEFORMS

i FIGURE 1 ~ DYNAMIC SIGNAL WAVEFORMS
{Data, Clock, and Qutput} (Set. Aoset. Clock, and Output)
20 ns ——20 n4 20 ns 20 ns
| Voo ] *_voo
90% 90%
o 50% Set or 50%
10% ves Aeset 10% vss
(M) -— Lo tw -
—4 _____'::(L) —20n 20 o
sow% | Voo 90%
< 50% Clocx g
— 10% N‘—Vss L T
twh T Wi tPLH
1 tPHL
— fer -
PLH [y —i  —eHL Qo3 50%
| Vaou h{
a F0% oL
so%
£ 1o% vou
— - —
TLH TTHL
1nouts R and S low.
TYPICAL APPLICATIONS
n-STAGE SHIFT REGISTER
1 2 ath
o [+] Q =] Q p——r -——— ] qQqp——==q
r [ a r c a _]——- c a
Clock O d ¢ ——
BINARY RIPPLE UP-COUNTER (Divide-by-2™
1 2 ™
=] Q '——\ =] Q -——-l— o Qp———=~0aq
Clock c a c a - c a
e ——t——
T Filp-Flop
MODIFIED RING COUNTER {Divide-by-in + 1}
1 2 ath
o Q o - o] Q
[- c a r c a _r c a
Clock 4 ¢ —a o
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MOTOROLA MC14028B

BCD-TO-DECIMAL DECODER é:::;:é
BINARY-TO-OCTAL DECODER ! l CASE 620
» The MC 140288 decoder is constructed so that an 8421 BCD code w [UUET
g on the four inputs provides a decimal (one-of-ten) decoded output, !
“ while a 3-bit binary input provides a decoded octal {one-of-aight)

code output with D forced to a logic “’0”. Expanded decoding such
as binary-to-hexadecimai {one-of-16), etc., can be achieved by using
- other MC140288 devices. The part is useful for code conversion, ad-

; P SUFFI.
dress decoding, memory selection control, demuitiplexing, or read- PMSTICX
out decoding, CASE 648

¢ Diode Protection on All Inputs
® Supply Voltage Range = 3.0 Vdc to 18 Vdc

® Capable of Driving Two Low-power TTL Loads or One Low-power '
Schottky TTL Load Over the Rated Temperature Range

L. R N D SUFFIX
® Positive Logic Design SOIC
16
¢ Low Qutputs on All IHega! Input Combinations CASE 7518

® Similar to CD40288,

ORDERING INFORMATION

MC14XXXBCP Plastic
MAXIMUM RATINGS" (voltages Referanced to V
{ 9 ss) MC14XXXBCL Ceramic
Symbol Purameter Value Unit MC14XXXBD SOQIC
Voo |OC Suoply Voitage -0.51%0 ~18.0 \ Ta = -55to 125°C for all packages.
Vin. Yout| Input or Qutout Voitage (OC or Transwent) ~0.510 Vpp -0.5 v
lin: lout { tnout or Output Current (OC or Transient). per Pin =10 mA
Po Power Dissipation, per Packaget 500 mw
Tsig [Storage Temperature -65to -150 °C |
T Leada Temperature (8-Second Soldernng) 260 *C
“Maximum Ratings are those values beyond wiich damage 1o the device may occur. TAUTH TABLE
tTemperature Derating: Plastc "P and VOW™ Packages: - 7.0 mW/C From 65°C To 125°C
Ceramuc "L~ Packages: - 12 mW/"C From 100°C To 125°C INPUT QUTPUT
D C 8 A[09Q8Q7Q6Q5Q4Q3Q2Q1Q0
BLOCK DIAGRAM
0 0 0 0f0 0 0 O~0.0 0 O 0 1
0 00 1j000CO0CO0CO0CO0O0CT1TDQ
0 01t 0j000CO0COO0O0T®T OO
QO 0 1 1| 0 00O OC G ¥ 0 QO
( 10 O——dt A Qo—o3 01 00(0000O0CT1TO0CO0O00O0
010 1]00001 00000
—-= 14
as 01 10/0001000000
1.8it Q2b—o02 0 t 1 110 0 1t 0 0 0 0 0 0 O
Binary { 130—8 Q3}—o 18 | Octs A 1 000/d 1006000000
8421 | jnpuns Oecoded | pecimel 1 001/10000000O0GGC
aco Q401 | Outputs Y pecodea 1010|0000 0000QG00
Inputs as—osa Dutpurs 1 01 1/0 0 000000600
1100000000 O0UO0CO0O0
12 Ot p——0
2 ¢ as ? 1101/0000000000 )
T ~— - ~ Q704 t 1-1-0/0-0 00 0 00 0:0-0 T — -
as o9 Tt 1t 1 1/0 0 0 Q 0 0 G 0 0 Oy
\ 11 O0——t0 QMr—os

Voo = Pin 16
Vgg = Pin 8
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MC140288B

‘ELECTHICAL CHARACTERISTICS (Voltages Referenced to Vvss)

- .| VoD -55C 25°C 125°C Unit
Characteristic
7 vde “win | Max | Min | Typ# | Max | Min | Max
Output Voitage “0" Level 5.0 - 0.05 - 0 0.05 - 0.05
Vin = VOp o 0 VoL 10 — 0.05 -— 0 0.05 - 0.05 | vdc
i 15 — 0.05 — 0 0.05 - 0.05
"1" Level 5.0 4.95 - 4.95 5.0 —_ 4.95 —
Jd Vin =00rVpp YoH 10 9.95 - 9.95 10 - 9.95 — Vde
15 14,95 — 14.95 15 — 14.95 —_
input Volage "0" Level
(Vo = 4.5 0r 0.5 Vdc) 5.0 — 15 — 225 15 —_— 15 vde
(VO = 9.0 or 1.0 Vdc) viL 10 - 3.0 - 450 30 | — | 30
(Vo = 13,5 or 1.5 Vdc) 15 —_— 4.0 —_ 6.75 4.0 —_ 4.0
“1" Level
(VO = 0.5 or 4.5 Vdc) 5.0 3.5 - 3.5 2.75 - 35 -— vde
{(VQ = 1.0 or 9.0 Vdc) ViH 10 | 70 | — 7.0 5.50 — 170 —
(Vo = 1.5 or 13.5 Vdc) 15 1 — 1 8.25 —_ 1 —
Qutput Orive Current
(VOH = 2.5 Vdc} Source 5.0 -3.0 - -2.4 -42 —_ -1.7 -
(VOH = 4.6 Vdc) IOH 50 | -0.64 —_ -0.51 -0.88 - -036| — | mAdc
(VOH = 9.5 Vdo) 10 -1.6 —_ -13 -2.25 _ -08 —
(VoH = 13.5 Vdc) 15 -42 —_ -3.4 -8.8 —_ -24 =
(VoL = 0.4 Vdc) Sink 5.0 0.64 - 0.51 0.88 - 0.36 —_
(VoL = 0.5 Vdo) loL 10 16 - 1.3 225 - 0.8 — | mAde
(VoL = 1.5 Vdc) 15 42 - 3.4 8.8 - 24 -
Input Current lin 15 —_ =0.1 — =0.00001} =0.1 —_ =1.0 | nAdc
Inpwt Capacitance Cin - — — - 5.0 75 -— _ pF
(Vin_ = 0)
Quieacent Current oo 5.0 —_ 5.0 - 0.005 5.0 — 150 | wAdec
(Per Package) 10 — 10 - 0.010 10 — 300
15 —_ 20 - 0.015 20 — 600
Total Suppty Current”"t T 5.0 It = (0.3 pAKH2Z) | + 10D pAdc
(Dynamic plus Quiescent, 10 It = (0.6 pAKH2) | + IDD
Per Package) 15 T = (0.9 uAKHZ) | + lpD
(C_ = 50 pF on all outputs, all
buffers switching)
#0Cata labelled “Typ" Is not to be used for design purposes but is
intended as an indication of the IC’s potential performance. PIN ASSIGNMENT
./
**The formutas given are for the typical characteristics onty at 25°C. 1 Qe Voo 18
tTo calculate total supply current at loads other than 50 pF: 24 Q2 Q=18
ITCY = IT(50 pF) + (C - 50) Vik 3c Qo Qi34
where: IT is in uA (per package), CL in pF. V = (Vpp - Vss) in voits, 41 Q7 sfp313
f in kHz is input frequency, and k = 0.001. s as ek .
s as obaf
7 C3 Qe ApR10
Tnis device contains protection circuitry to guard against damage due to high’ sCl v a8 °
static voitages or electric fields. However, precautions must be taken to avold ss

P { ot any voltage higher than maximum rated voitages to this high-
impedance circuit. For proper operation; Vip and Vout should be constrained
to the range Vgs < (Vin of Vout) < VDD-

Unused inputs must atways be tied to an appropriate iogic voitage level (e.g..
sither Vgg or Vpp). Unused outputs must be left open.

- - - -
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MC140288B

SWITCHING CHARACTERISTICS® (C|_ = 50 pF, T4 = 25°C)

Charactaristic Symbol Vpo Typ® | Max Unit

Output Rise and Fail Time tTLH- ns
tTLH, tTHL, = (1.5 ne/pF) C_ + 25 ns THL 5.0 100 200
MM, T, = (0.75 na/pF) C + 12.5ns 10 50 100
YL, ITHL = (0.55 ne/pF) | + 9.5 ns 15 40 80

Propagation Delay Time tPLH, as
tPLNK, tPHL = (1.7 ns/pF) C + 215 ns tPHL 5.0 300 600
tPLH, tPHL = {0.68 na/oF) C +97 ns 10 130 280
LM, tPHL = (0.5 ns/pF) € +65 ns 15 90 180

“Tha formulas given are for the typical charscteristics only at 25°C.

#0ats labelled “Typ" I8 not to be usad for design purposes but is

i a8 an ot the iIC's
FIGURE 1 - DYNAMIC SIGNAL WAVEFORMS
20 ns 20 ns
Inputs 8. C, and O Voo
twitching in respect Ingut &
o » 9CD code. 10% N
Vss
"
'.- 20 ns j—20 ns
3 Voo
20%
input C " 50%
10%

p ’.— P
lnputs A, B, snd O low, LH L

Qe 10%

TLH —tTHL

All outputs connected
o respective C_ laads.
{ In respect m 2 sysem

clock.




























list p=16f84

X code protect off

; power up timer on
watch dog timer off

; XT oscilator

ey te defing™**
option_equ  0x01
tmf0 equ  OxO1
status equ  0x03
porta equ  Ox05
portb equ Ox06
mcountequ  0OxOc
intcon equ  OxOb
ncount equ  OxOd
temp equ OxQe

pcountequ  OxOf

:*****Bit deﬁneﬁ****

c equ O
m0 equ b5
w equ O
f equ 1
gie equ 7
toie equ 5
toif equ 2

org 0x00
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: ****tset p ort*tm

start

Nta ]
’

main

bsf status,rp0 ;select bank 1

moviw b'00000001

movwf portb ;portb = out put except b0 = in put

moviw b'00011111"

movwf porta ;porta = in put

bef status,rp0 ;bank 0

clrf portb

moviw 0x0f8

andwf status,f;reset z,DC,C
main*****

call pdelay

movi porta,w :(porta)—>w

movwf temp w—>(temp)

moviw b'00001111"

andwf temp,f ;select ra0-ra3

movf  temp,w (temp)-->w

sublw 0x01 ;0x01-w—->w

btfsc status,2 ;if w=0x01 then call forward else jump 1 statement
call fward

movf temp,w
sublw 0x02
btfsc status,2

call tleft
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movf
sublw
btfsc

call

movf
sublw
btfsc

call

movf
sublw
btfsc

call

movf

sublw
btfsc

call

movf
sublw
btfsc

call

goto

;*ﬁﬂ*de'ay*****

temp,w
0x03
status,2

bward

temp,w
0x04
status,2

tright

temp,w
0x05
status,2

trightb

temp,w
0x06
status,2

tleftb

temp,w
0Ox00
status,2

stop

main
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delay moviw 0x20
movwf mcount

m_dec moviw Oxff
movwf ncount

n_dec decfsz ncount,f
goto n_dec
decfsz mcount,f
goto m_dec
return

e owm_delay

pdelay moviw Oxff
movwf pcount

dec  decfsz pcount,f
goto dec

return

; 'k***'kfo rwa rd Lt 2204

fward Dbsf portb;7

bsf portb,6
bsf portb,5
bsf portb,4
call  delay

call delay

bef portb,6
bcf portb,4
call pdelay

return
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T *backward

bward bcf portb,7

bsf portb,6
bef portb,5
bsf portb,4
call  delay
call delay
bcf portb,6
bef portb.,4
call  pdelay
retum

(UM [eftrrres

tleft

bsf portb,7
bsf portb,6
bcf portb,5
bcf portb,4
call  delay
bef portb,6
bcf portb,4
call pdelay
retum

TMturn ighttte

tright

bcf portb,7
bcf portb,6
bsf portb,5

bsf portb,4
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call
bef
bcf
call

return

delay
portb,6
portb,4

pdelay

"™ tum left back*

tleftb  bcf
bsf

bef

bcf

call

bcf

! bef
call

retumn

portb,7
portb,6
portb,5
portb,4
delay

portb,6
portb,4
pdelay

Y *tumn right back*****

trightb bcf
bef
bcf
bsf
call
bef
bef
call

return

;*****stop*t*ﬂ

portb,7
portb,6
portb,5
portb,4
delay

portb,6
portb,4
pdelay



stop

bcf
bcf
bef
bcf
call
retumn

end

portb,7
portb,6
portb,5
portb,4

pdelay
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