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LOINOI PAU

BY vi xI Iy ngdy cang phat trién hodn thién va dugc st dung hau hét trong céc hé théng
diéu khién trong corg nghiép cling nhu trong céc thiét b dién td dén dung. Crih rhd vai trd, chic
nang cliavi xt Iy da demlai nhidu uu diém, nhidu tinh ning dic biét cho céc hé théng digu krién.

Céc rhd nghién citu khdrg nging nghién citu céc hé thdng didu khién va el dung vi xt Iy d&
thay thé rhiim rdng cao khd ning ty dong thay thé cho con ngudi, va ding chivh vi thé a3 thic
a8y Irh vye vi xt Iy ngdty cing phét trién khbng nging, thich nghi véi yéu cBu diéu knién. DE don gign
b6t sy phic tap clia phén aiing ki ding vi xd I nén c4c rd nghién atu 42 tich hap hé vi xi Iy, bd
thd, cAc ngoai vi thirh mdt vi mach duy rhdt goi 13 vi didu khién

N&i durg gido trinh ndty rghién cdu céc kién thic co bén clia vi diéu krién. Do ¢ rtiéu ho vi didu
khiéh khéc rhau, tiY hé & bit cho dén hé 32 bit, mitc @b tich hp tit don gign dén phitc tap, nhiéu
haing ché tao khéc nhau, nhidu ching loai khéic rhau 58 13m cho ngudi b4t ddu hoc hay rghién alu &
gp rhiéu bo' ngd knbng biét bt d2u T hé ndo cho phl hap, chirh VI thé gifo trinh ndy okl trinh
by ho vi digu khién & bit. clia hiing Microchip rhim gillp c4c ban sinh vign ngaih dién néi chung cb mbt
gio trivh dé hoc tp va nghién afu mdt cach dé ding,

Céc (ing dyung diing vi didu khién & riéu c8p dd khéc rhau tit don gin dén phic tap, gibo trinh
ndy chi trinh by céc Uing dung dom gign d& céc ban cb thé doc hiéu, tiy cac kin thitc co bén db
ban cb thé thyc hién chc ting dung diéu Krién phic tap hon, phén bai tap kém theo glp ban g
quyét che yéu cdu phifc tap. TiY chc kién thic co bén clia vi didu khién 8 bit c6 thé gilip che ban ty
nghién ciu céc vi diéu khién rriéu bit hon nhu 16 bit, 32 bit.

Gi4o trinh bién soan ctia thinh 10 chuong, o yéu trivh biy vi didu khién PIC 16F887:
Churong 1 Dc tinh, cAu triic, chifc ning c4c port.
Chuong 2. T8 cntc bd nhé, tharh g

Chuong 3. Lérh hap ngdt.

Churong 4. Ngbn ngit [Bp trirh C.

Chuong 5. Gizo ti€p LED, LCD, phim don, ma trén phim.
Chuong ©. Timer - Counter.

Chuong 7. Chuyén déi tin hidu tuong ty sang s6.
Chuong 8. Ngit.

Chuong 9. Truyén di léu UART.

Chuong 10. Biéu ché dd réng xung - PWM.

N&i dung churong 1 chii yéu gidi thigu dc tirh, cBu triic va cnifc niing céc port clia vi diéu krién,
ngudi doc cin phii biEt ddc tinh clia vi diu khién dang nghign cu. DE so sérh khé ning clia céc vi
diéu ki€ khéc rhau ta phii dya vio dgc tirh. Phéin cu triic bén trong cho ban biét dugc t6 chic,



mbi quan hé gilta cic knBi v8i thay, chic ning ciia ting khbi. Ban phii biEL tén, ky hiéu d4t tén cho
tiing port, chifc néng clia ting port d€ gip ban st dung port kEt nbi ding véi céc abi tugng diéu
khién.

N§i dung chuong 2 gidi trigu cBu triic t8 chic cc loai bd mhé tich hp bén trong vi didu krién
bao gé\m bd rhd chuorng trinh, bd rhd dit lidu RAM, bd rhd ngan xé’p, b rhd Eeprom, céc cach truy
XUET b rhd.

N&i dung chuomg 3 gidi thiéu vé tap Irh hop ngt ciia vi diu khién A€ viEt csc chuong trinh
béng hap ngdt riung do 18p trinh biing hap ngd rdt khé va ddi khi gisi quyEt céc yéu ciu tinh ton
phitc tap nén phén ndty chf gidi thigu chit khdng nghign atu séu

N@i durg chuong 4 gidi thiéu vé ngdn ngit 1Bp trinh C cho vi diéu khién PIC, ¢6 rhiéu trinh bién
dich ngdn ngt Bp trirh C cho vi diéu krién nhumg t3i iBu ndy trinh bay trivh bién dich CCS. Lap trirh
béing ngdn ngt C gilp cac ban viEt chuong trinh d& hon so vdi hap nglt, toin bd cac chuong trivh
trong tai léu ndly déu viEt biing ngdn ngit 1Bp trirh C. DE hiéu céc chuomg trinh trong gigo trinh v
Vit céc chuomg trinh theo yéu cAu thi ban cén phii ndm rd t8 chic clia moat chuong trivh C, c4o
kiéu dY liBu, cac toan tl, cac thu vién viét s3n va céc irh C co ban.

N@i dung chuong 5 khdo e4t chi tiEt chifc néing chc port, so' dd mach ciia céc port, e ding
che port A€ xut rhdp tin higu didu kg ri led don, led 7 doan tryc tiép, led 7 doan quét, LD,
niit rhin, ban phim ma tran. Trong ting yéu cBu 88 cho ban bt céch k&t néi phé\n cltng, nguyén ly
hoat ddng, viét uu db hay trinh ty diu khién v& chuong trich mu, cb gidi thich ting érh hosic c&
chuong trirh

NGi dung chirong 6 khdo 4t chi tiét chifc niing clia timer-counter tich hqp trong vi diéu khién,
céch e dyng timer — counter d€ dinh thoiva dém ey kién,

Noi dung chuong 7 kho s4t chi tiét chifc nding clia bd chuyén ddi tin hidu tuong tu thirh tin
héu &8 (ADC) tich hqp trong vi diéu khién, céch et dung ADC dé€ chuyén d6i c4c ti hiéu tuong Ty
mhur cBm bién rhigt d€ thyc hién céc (ding dung do rhigt 40, cérh bbo qué rhigt dd trong didu kién
va rhidu Ung ding khéc.

N&i dung chuong & khio s4t chi tiét chifc nang ngét chia vi diu khién, bigt dugc tinh ndng uu
viéc ciia ngét, chch e dung ngit A€ dp ting t8i wu chc yéu cBu didu krién rhém dép (g rharh c4c
alf kién xay ra.

N@i dung churong 9 khfio s4t chi tét chifc néing truyén AT 1éu ndi ti€p UART clia vi didu khién,
biét dugc trivh ty thyc hién gbi dit [éu va rhan A iy, thyc hién cac yéu ciu truyén di iéu gida vi
diu knién véi may tirh va gita céc vi diu krién véi rhau

N&i dung churomg 10 kho s4t chi tiét chic ning dibu ché db réng xung PWM clia vi diu khién,
biét duqc nguyén Iy hoat ddng, tinh todn chc thong o8 ciia xung diéu ché, biEt Bp trinh st dung



chic ning PWM @€ didu khién thay a8i d séng clia dén, thay d6i t8c db cha ddng co DC va rhidu
tng diing khac.

Ngo3i chc kién thic co bén md thc g 43 trivh bay thi con nhigu chic niing khic cha vi didu
khin ma téc gid chua trinh bay thi chc ban cb thé tham khdo thém & céc tailiéu rha ché tao cug
.

Trong qué trinh bign soan khbng thé trénh dugc céc sai sbt nén rét mong cic ban doc déng
gop X8y dyng va xin hdy gdi vé téc gid theo dia chl phu_nd@yahoo.com.

T4c g xin c&m on c4c ban bé dérg nghiép da dong gop rhiéu ¥ kién, xin cAm on ngudi than
trong gia dinh cho phép téc gid cb rriéu thoi gian thyc hién bign soan gido trinh ndy.
Nguyén Plrh Phi.


mailto:phu_nd@yahoo.com

MUC LUC

LOINOI PAU

CHUONG 1. PAC TINH, CAU TRUC, CHUC NANG CAC PORT

GIOI THIEU
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2. So dd cu trac vi diéu khién PIC 16F887

3. Khao sat so d6 chan vi diéu khién PIC 16F887
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4. Bai tap

CHUONG 2. TO CHUC BQ NHO, THANH GHI

<

GIOI THIEU
KIEN TRUC BO NHO
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M4 1énh 14 bit

Khao sat by nhé dir 1iéu va thanh ghi trang thai

B4 nh¢ dir liéu Eeprom
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Cau hdéi mé rong
Cau hoi tric nghiém
Bai tap
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CHUONG 3. LENH HOP NGU

GIOI THIEU

LENH HOP NGU CUA VI BIEU KHIEN PIC 16F887
1. Gidi thiéu

2. Khao sat tap lénh tom tat vi diéu khién PIC 16F887

3. Tap lénh chi tiét

CAU HOI ON TAP — TRAC NGHIEM — BAI TAP
Céau hoi 6n tap

Cau hoi mé rong

Cau hoi trac nghiém

Bai tap
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CHUONG 4. NGON NGU LAP TRINH C

GIOI THIEU
CAC THANH PHAN CO BAN CUA NGON NGU C

Céc kiéu dir liéu cua bién

Cac toan tr

Cac lénh C co ban

Céu tric cua chuong trinh C

Céc thanh phan co ban ctia chwong trinh C
Con tro dir liéu

Khai bdo mang
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HINH ANH

Céc thiét bi str dung vi xur 1y.

Heé thong vi xir Iy.

Céu hinh cta vi diéu khién.

CAu triic bén trong cua vi diéu khién.
So d6 chan cia PIC 16F887.

Kién tric Von Neumann va Harvard.

So dd bd nhé chuong trinh va ngan xép.

T chirc bd nhé theo byte.

T6 chirc bd nhé chira ca ma 1énh va dit ligu.
Thanh ghi trang thai.

Té chue File thanh ghi.

Cac dang ma Iénh.

So d6 két ndi port voi dbi tuong didu khién.

So d6 két ndi port: xuat nhap tin hiéu diéu khién.
PortA va thanh ghi dinh hudng port A.
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CAu hinh chan RA7.

PortB va thanh ghi dinh hudng port B.
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: Thanh ghi IOCB cho phép/cam ngat portB thay doi.
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Luu do diéu khién led don chdp tt.

Luu do diéu khién led don chép tat 10 1an.

So dd két ndi portB véi 1 led 7 doan.

Hinh led 7 doan

Luu do dém tir 0 dén 9.

- So dd két ndi portB, C diéu khién 2 led 7 doan.

Luu d0 diéu khién led don sang dan tat dan tir phai sang trai.
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VI BIEU KHIEN PICI6Fssy:
pic Tin, cAu TRbC, calie NANG cic PoRT

o GIOI THIEU
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Ngugén Dints Phi Dac hac su plham &g thadt

I. GIOI THIEU

Vi xir Iy ¢6 rt nhiéu loai bt dau tir 4 bit cho dén 32 bit, vi xir 1y 4 bit hi¢n nay khong con nhung
vi xur ly 8 bit van con mac du da cé vi xir ly 64 bit.

Ly do sy ton tai cua vi xtr 1y 8 bit 13 phu hop véi mot sb yéu cau diéu khién trong cong nghiép.
Céc vi xu ly 32 bit, 64 bit thuong s dung cho cac may tinh vi khéi luong dir liéu ciia may tinh rat 16n
nén can cac vi xtr Iy cang manh cang tot.

Céc hé thong diéu khién trong cong nghiép su dung cac vi xu ly 8 bit hay 16 bit nhu hé théng
dién cua xe hoi, hé thong didu hoa, hé thdng didu khién cac diy chuyén san xuat,.

Hinh 1-1: Cdc thiét bi sir dung vi xir Iy,

Khi str dung vi xir 1y thi phai thiét ké mot hé thong gom co: Vi xir 1y, c6 bd nhd, cac ngoai vi.

BO NHO PORT NHAP PORT XUAT

1771 1O 107

BUS DIA CHi

BUS DU LIEU

CPU

Hinh 1-2: Hé thong vi xir 1y.

Bd nh¢ dung dé luu chuong trinh cho vi xt Iy thyc hién va luu dir li€u can xu 1y, cac ngoai vi
dung dé xuat nhap dir li¢u tir bén ngoai vao xu 1y va di€u khién trd lai. Cac khoi nay lién két véi nhau
tao thanh mgt h¢ thong vi xur 1y.

Yéu ciu diéu khién cang cao thi hé théng cang phuc tap va néu yéu cau diéu khién don gian thi
h¢ thong vi xur Iy cling phdi c6 day du cac khoi trén.

g Clucsng 1. Dic tink, ciwu tric, chie ndng cdc port.




Ngugén Dints Phi Dac boe su plham &g thadt

Dé két ndi cac khdi trén tao thanh mot hé thong vi xir Iy doi hoi ngudi thiét ké phai rat hiéu biét
vé tat ca cac thanh phan vi xir 1y, bo nhd, cac thiét bi ngoai vi. Hé théng tao ra kha phuc tap, chiém
nhiéu khong gian, mach in, va van d& chinh 1 doi hoi nguoi thiét ké hiéu that rd vé hé thong Mot ly
do nita 1a vi xtr 1y thuong xtr 1y dir liéu theo byte hodc word trong khi d6 cac ddi twong didu khién
trong cong nghiép thuong diéu khién theo bit.

Chinh vi sy phtrc tap nén cac nha qhé tao da tich hop b nhd va mot s6 cac thiét bi ngoai vi cung
voi vi xtr 1y tao thanh mét IC goi 1a vi diéu khién — Microcontroller.

Khi vi diéu lghién ra doi da mang lai sy tién loi 1a dé dang §1"I dupg trong diéu khién cong nghiép,
viéc sir dung vi di€u khién khong doi hoi nguoi st dung phai hi€u biét mot lwong kién thirc qua nhiéu
nhu nguoi su dung vi xu ly.

Phan tiép theo chiing ta s& khao sat vi diéu khién dé thay rd su tién loi trong diéu khién.

C6 rét nhiéu hang ché tao dugc vi diéu khién, hang san xudt noi tiéng 1a T1, Microchip, ATMEL,

... tai liéu nay s€ trinh bay vi di€u khién tiéu biéu 1a PIC16F887 ciia MICROCHIP.
Il. KHAO SAT VI PIEU KHIEN MICROCHIP

~ Vidiéu khién hang Microchip c6 rt nhiéu chiing loai, tich hgp nhiéu chirc ning, nguoi dung ¢6
thé chon mét vi di€u khién phu hop véi yéu cau diéu khién. Tai liéu nay khao sat vi di€u khién
PIC16F887.

1. CAU HINH CUA VI PIEU KHIEN PIC16F887
Trong tai liéu nay trinh bay vi diéu khién PIC16F887, cac thong s6 cua vi diéu khién nhu sau:
Diic diém thue thi téc dé cao CPU RISC la:

C0 35 1énh don.

Thoi gian thuc hién tat ca cac 1énh 1a 1 chu ki mdy, ngoai trir 1énh r& nhanh 4 2.

Tbc d6 hoat dong:

= Ngd vao xung clock c6 tan sb 20MHz.
= Chu ki Iénh thuc hién Iénh 200ns.
e (C6 nhiéu ngudn ngit.
C6 3 kiéu dinh dia chi truc tiép, gian tiép va tirc thoi.

Cau tric dic biét ciia vi diéu khién
e B0 dao dong ndi chinh xac:
= Saisd+1%
» (6 thé Iya chon tan sd tir 31 kHz dén 8 Mhz béng ph'?ln mém.
= Cong huong bang phan mém.
»  Ché do bét dau 2 cap tdc do.
= Mach phéat hién hong dao dong thach anh cho céc ing dung quan trong.
= Co chuyén mach ngudn xung clock trong qua trinh hoat dong dé tiét kiém cong
suat.
e (o ché d6 ngi dé tiét kiém cong suat.
e Dy dién ap hoat dong rong tir 2V dén 5,5V.
e Tam nhiét do lam viéc theo chuin cong nghiép.
e (o6 mach reset khi co dién (Power On Reset — POR).
e (6 bd dinh thoi chd On dinh dién ap khi méi c6 dién (Power up Timer — PWRT) va bo
dinh thoi cho dao dong hoat dong 6n dinh khi méi cap dién (Oscillator Start-up Timer —
OST).

e Co6 mach ty dong reset khi phat hi¢n ngudn dién cap bi sut giam, cho phép ra chon bang
phan mém (Brown out Reset — BOR).

Clicong 2. Dic tink, cdu trde, chie ning cde port. 3
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e Co bo dinh thoi gidm sat (Watchdog Timer — WDT) ding dao dong trong chip cho phép
bang phan mém (c6 thé dinh thoi 1én dén 268 gidy).
e Da hop ngd vao reset voi ngd vao co dién trd kéo 1én.
e (o bdo v¢ code da 1ap trinh.
e B0 nhd Flash cho phép xo6a va lap trinh 100,000 lan.
e B0 nhé Eeprom cho phép x6a va lap trinh 1,000,000 1an va c6 thé ton tai trén 40 nim.
e Cho phép doc/ghi bd nhd chuong trinh khi mach hoat dong.
e C0 tich hgp mach g& rdi.
Ciu triic nguén cong sudt thip
e Ché d6 cho: dong tiéu tan khoang 50nA, sir dung ngudn 2V.
e Dong hoat dong:
*  11pA & tan sb hoat dong 32kHz, str dung ngudn 2V.
= 220pA 0 tan s6 hoat dong 4MHz, str dung ngudn 2V.
e B0 dinh thoi Watchdog Timer khi hoat dong tiéu thu 1,4pA, dién ap 2V.
Ciu triic ngogi vi
e (C0 35chan 1/0 cho phép lua chon hudng doc lap:
= MOdi ngd ra c6 thé nhan/cip dong 16n khoang 25mA nén c6 thé truc tiép diéu khién
led.
= (6 cac port bao ngat khi ¢ thay d6i muc logic.
= (6 cac port ¢ dién tré kéo 1én bén trong c6 thé lap trinh.
= C6 ngd vao bao thirc khoi ché d6 cong suét cuc thap.
e (C6 module so sanh tuong tu:
= (0 2 bd so sanh di¢n ap tuong tu
*  C6 module ngudn dién ap tham chiéu c6 thé 1ap trinh.
*  C6 ngudn dién ap tham chiéu cb dinh c6 gié trj bang 0,6V.
= (o cac ngd vao va cac ngod ra cua bd so sanh dién ap.
= C6 ché do chét SR. ,
e (06 bd chuyén doi tuwong tu sang so:
= (6 14 bd chuyén doi twong tu Vi do phan giai 10 bit. q
e (¢ timer0: 8 bit hoat dong dinh tho1/dém xung ngoai c6 bd chia trude c6 thé 1ap trinh.
e CoO timerl:
= 16 bit hoat dong dinh thoi/dém xung ngoai c¢6 bo chia trude co thé lap trinh.
= (o ngd vao cong cia timerl dé co6 thé diéu khién timer] dém tir tin hiéu bén ngoai.
= (o bd dao dong cong suét thip co tan sé 32kHz.
e Co timer2: 8 bit hoat dong dinh thoi vdi thanh ghi chu ky, ¢ bd chia trude va chia sau.
e C6 module capture, compare va diéu ché xung PWM+ nang cao
= (6 bo capture 16 bit c6 thé dém dugc xung v6i dd phan giai cao nhat 1a 12,5ns.
= GO bgf) didu Ché xung PWM voi s6 kénh ngo ra la 1, 2 hodc 4, co thé lap trinh v6i
tan sO 1on nhat la 20kHz.
*  C6ngdra PWM diéu khien lai.
e (C6 module capture, compare va diéu ché xung PWM
= (6 bo capture 16 bit co thé dém duge xung véi chu ky cao nhat 13 12,5ns.
= (6 bo so sanh 16 bit c6 thé so sanh xung dém vai chu ky 16n nhat 1a 200ns
= C6bd diéu ché xung PWM c6 thé lap trinh voi tan s6 16n nhat la 20kHz.
e (o thé lap trinh trén bo ISP thong qua 2 chan.

¢ Clicong 1. Dic tink, ciu trde, chie ning cde port.
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e (6 module truyén dit liéu nbi tiép déng bd MSSP hé trg chuin truyén 3 day SPI, chuén
12C ¢ 2 ché do chu va té.

Béng 1-1 trinh bay tom tét c4u trac cta 5 loai PIC16F88X.

Program
: Memory Data Memory 10-bit A/D | ECCP/ Timers
Device Flash SRAM | EEPROM o (ch) ccp EUSART | MSSP |Comparators 8/16-bit
(words) (bytes) (bytes)
PIC16F882 2048 128 128 28 1 171 1 1 2 2/
PIC16F883 4096 256 256 24 11 171 1 1 2 2/1
PIC16F884 4096 256 256 35 14 11 1 1 2 2/
PIC16F886 8192 368 256 24 11 171 1 1 2 2/1
PIC16F887 8192 368 256 35 14 171 1 1 2 2/1

CAu hinh dugc minh hoa nhu hinh sau:

Oscillator T0 T1 T2
0 - 20MHz

Internal

Oscillator Serial
Communication

Program
Memory 8K

CPU

A/D L (35 instructions)

Converter PWM

EEPROM (256)

| Interrupts WDT
Vet CCP/PWM

modules

Memory
=1

G}P ou;e'r 55 ; \[;plye

I/0 Ports (25mA)

Hinh 1-3: Céu hinh cia vi diéu khién.
2. SO PO CAU TRUC CUA VI PIEU KHIEN PIC 16F887

So d6 cau tric vi diéu khién duoc trinh bay ¢ hinh 1-4.

Céc khoi bén trong vi diéu khién bao gom:

- CO khdi thanh ghi dinh c4u hinh cho vi diéu khién.

- C6 khdi bd nhé chuong trinh ¢6 nhiéu dung hrong cho 5 loai khac nhau.

- C6 khéi bd nhé ngin xép 8 cap (8 level stack).

- Co kh(f)i bd nhé Ram cung v6i thanh ghi FSR dé tinh toan tao dia chi cho 2 cach truy xuét
gidn tiép va truc tiep.

- Co thanh ghi 1énh (Instruction register) dung dé lvu ma 1énh nhan vé tir bd nhé chuong trinh.

- C6 thanh ghi by dém chuong trinh (PC) dung dé quan 1y dia chi ciia by nhé chwong trinh.

Clisng 2. Dic tink, cdu trdc, chiie ning cdc port. S
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Note 1: PIC16F884 only.

Hinh 1-4: Cdu triic bén trong cia vi diéu khién.

C6 thanh ghi trang thai (status register) cho biét trang thai sau khi tinh toan cua khdi ALU.
C6 thanh ghi FSR.
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- C6 khdi ALU cung v6i thanh ghi working hay thanh ghi A dé xir 1y dir lidu.

- C6 khdi cac bd dinh thoi khi cAp dién PUT, c6 bd dinh thoi cho dao dong 6n dinh, c6 mach
reset khi c6 dién, c6 bo dinh thoi gidm sat watchdog, co6 mach reset khi phat hién sut giam
nguon.

- C6 khéi giai ma 1énh va didu khién (Instruction Decode and Control).

- €6 khdi dao dong ndi (Internal Oscillator Block).

- €6 khdi dao dong két ndi v6i 2 ngd vao OSCI va OSC2 dé tao dao dong.

- C6 khéi bo dao dong cho timerl c6 tan sé 32kHz két ndi véi 2 ngd vao T10SI va T10SO.
- C6 khéi CCP2 va ECCP.

- C6 khoi mach g& réi (In-Circuit Debugger IDC).

- €6 khdi timer0 véi ngd vao xung dém tir bén ngoai 1a TOCKI.

- €6 khdi truyén dir liéu dong bo/bat ddng bd nang cao.

- €6 khdi truyén dir liéu dong bd MSSP cho SPI va I12C.

- C6 khéi bd nhd Eeprom 256 byte va thanh ghi quan 1y dia chi EEADDR va thanh ghi dir liéu
EEDATA.

- €6 khodi chuyén d6i tin hiéu twong tu sang s ADC.
- C6 khéi 2 bd so sanh v&i nhiéu ngd vao ra va dién ap tham chiéu.
- €6 khdi cac port A, B, C, Eva D

3.  KHAO SAT SO PO CHAN VI PIEU KHIEN PIC16F887

So d6 chan cua vi diéu khién PIC16F887 loai 40 chin dugc trinh bay & hinh 1-5.

U 40 [ ] =— RB7/ICSPDAT

RE3/MCLR/Nep 1
RAO/ANO/ULPWU/C12INO- =—=[] 2 39[] RB6/ICSPCLK
RA1/AN1/C12IN1- ——[]3 38[] «— RB5/AN13/T1G
RA2/AN2/VREF-/CVREF/C2IN+ <= [] 4 37[] =— RB4/AN11
RA3/AN3/VREF+/C1IN+ =——=[] 5 36 ] RB3/AN9/PGM/C12IN2-
RA4/TOCKI/C10UT =[] 6 35[] = RB2/ANS
RA5/AN4/SS/C20UT =[] 7 34[] RB1/AN10/C12IN3-
REOD/AN5 - =[] 8 - 33[] = RBO/AN12/INT
RE1/ANE ——[] g ® 32[] VoD
RE2/AN7 «— []10 3 31 «~— Vss
VoD — [ 11 e 30[] =— RD7/P1D
Vss w12 g 29[] «—= RDB/P1C
RA7/OSC1/CLKIN ~——[113 = 28 [] —— = RD5/P1B
RA6/0OSC2/CLKOUT «— [] 14 27[] «——= RD4
RCO/T10SO/T1CKl =[] 15 26 [] <= RC7/RX/DT
RC1/T10SI/CCP2 ] 16 25[] == RCB/TX/CK
RC2/P1A/CCP1 = =[] 17 24 ] RC5/SDO
RC3/SCK/SCL - =[] 18 23] RC4/SDI/SDA
RDO - +[]1g 22[] «— = RD3
RD1 = »[]20 21[] «— = RD2

Hinh 1-5: So'd6 chdn ciia PIC 16F887.

Vi diéu khién PIC16F887 loai 40 chan, trong d6 cac chan déu tich hop nhiéu chirc ning, chirc
nang cua tung chin dugc khao sat theo port.

a.  Chuwrc nang cdc chdn cua portA
e Chan RAO/ANO/ULPWU/C12INO- (2): ¢c6 4 chirc nang:

Chluisng 2. Dic tink, cdu tric, chie ndng cdc port. 7
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RAO: xuat/ nhap sb - bit thir 0 ctia port A.
ANO: ngd vao tuong tu ctua kénh thi 0.

ULPWU (Ultra Low-power Wake up input): ngd vao danh thae CPU cong suat cuc
thap.

C12INO- (Comparator C1 or C2 negative input): ngd vao &m thir 0 ctia bd so sanh C1
hoac C2.

e Chan RA1/AN1/C12IN1- (3): c6 3 chirc nang:

RA1: xuat/nhap sb - bit thir 1 cta port A.
AN1: ngd vao tuong tu cia kénh tha 1.

C12IN1- (Comparator C1 or C2 negative input): ngd vao &m thir 1 ctia bd so sanh C1
hoac C2.

e Chan RA2/AN2/VREF-/CVREF/C2IN+ (4): ¢6 5 chirc nang:

RA2: xuit/nhap sb - bit thir 2 ctia port A.

ANZ2: ngd vao tuong ty ctuia kénh thir 2.

VREF-: ngd vao dién 4p chuan (thdp) ctiia by ADC.
CVREF: dién ap tham chiéu VREF ngd vao bo so sanh.

C2IN+: ngd vao duong cua bd so sanh C2.

e Chan RA3/AN3/VREF+/CLIN+ (5): c0 4 chirc nang:

RA3: xuit/nhap sb - bit thir 3 cta port A.
AN3: ngd vao tuong tu kénh thir 3.
VREF+: ngd vao dién ap chuin (cao) ctia bd A/D.

C1IN+: ngd vao duong cua bo so sanh Cl1.

e Chan RA4/TOCKI/CLOUT (6): c6 3 chirc ndng:

RA4: xuit/nhap sb — bit thir 4 cta port A.
TOCKI: ngd vao xung clock tir bén ngoai cho TimerO0.
C10UT: ngd ra b so sanh 1.

e Chan RA5/AN4/SS / C20UT (7): ¢6 4 chie nang:

RAS: xuét/nhap s — bit thir 5 ctia port A.

AN4: ngd vao tuong tu kénh thu 4.

SS: ngd vao chon Iya SPI t& (Slave SPI device).
C20UT: ngd ra bd so sanh 2.

e Chan RA6/0OSC2/CLKOUT (14): c6 3 chirc nang:

RAG: xuat/nhap s — bit thir 6 ctia port A.
OSC2: ngd ra dao dong thach anh. Két ndi dén thach anh hodc bd cong hudng.
CLKOUT: ¢ ché d6 RC, ngd ra cia OSC2, bang Y4 tan s6 ciia OSCI.

e Chan RA7/0OSC1/CLKIN (13): c0 3 churc nang:

RA7: xuét/nhap s — bit thir 7 ctia port A.
OSC1: ngd vao dao dong thach anh hodc ngd vao ngudn xung & bén ngoai.

CLKI: ngd vao ngudn xung bén ngoai.

Clicong 1. Dic tink, ciu trde, chie ning cde port.




Ngugén Dints Phi Dac boe su plham &g thadt

b.

C.

Chirc nang cdac chan cua portB
Chan RBO/AN12/INT (33): c6 3 chirc nang:

= RBO: xuét/nhap s — bit thir 0 cta port B.

= AN12: ngd vao tuong ty kénh thir 12.

= INT: ngd vao nhan tin hiéu ngat ngoai.
Chan RB1/AN10/C12IN3- (34): c6 3 chirc nang:

= RBI: xuit/nhap s6 — bit thir 1 cta port B.

= ANI10: ngd vao twong tu kénh thir 10.

= C12IN3-: ngd vao am tht 3 ctia bd so sanh C1 hoac C2.
Chan RB2/AN8 (35): 6 2 chirc nang:

=  RB2: xuit/nhap s6 — bit thir 2 ctia port B.

= ANS: ngd vao tuong tu kénh thar 8.
Chan RB3/AN9/PGM/C12IN2 (36): ¢ 4 chirc nang:

= RB3: xuit/nhap s6 — bit thir 3 cta port B.

= ANO9: ngd vao tuong tu kénh thur 9.

= PGM: Chan cho phép lap trinh dién ap thap ICSP.

=  C12IN1-: ngd vao am thir 2 ctia bd so sanh C1 hoac C2
Chéan RB4/AN11 (37): ¢6 2 chirc nang:

= RB4: xuit/nhap sb — bit thir 4 cta port B.

= ANO9: ngd vao tuong tu kénh thur 9.
Chan RB5/ AN13/T1G (38): c6 3 churc ning:

=  RBS5: xuit/nhap sb — bit thir 5 cta port B.

= KPI1: ngd vao phat sinh ngit khi thay doi trang thai — tha 1.

= T1G (Timerl gate input): ngd vao Gate cho phép timel dém ding dé dém do rong xung.
Chéan RB6/ICSPCLK (39): ¢6 2 chirc nang:

=  RB6: xuat/nhap sb.

= ICSPCLK: xung clock lap trinh ndi tiép.
Chéan RB7/ICSPDAT (40): c0 2 churc nang:

= RB7: xuét/nhap sb.

= ICSPDAT: ngd xuét nhap dir lidu lap trinh ndi tiép.

Chirc nang cdc chdn cua portC
Chén RCO/T10SO/T1CKI (15): ¢6 3 churc nang:

= RCO: xudt/nhap s — bit thir 0 cta port C.

= TIOSO: ngd ra cia by dao dong Timerl.

= TI1CKI: ngd vao xung clock tir bén ngoai Timerl.
Chéan RC1/T10SI/CCP2 (16): c6 3 chirc nang:

= RCI: xut/nhap s — bit thir 1 cta port C.

= TIOSI: ngd vao cua b dao dong Timerl.

Clicong 2. Dic tink, cdu trde, chie ning cde port. g
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= CCP2: ngd vao Capture2, ngd ra compare2, ngd ra PWM2.
e Chan RC2 /P1A/CCP1 (17): ¢ 3 churc nang:
= RC2: xuat/nhdp s6 — bit thir 2 cia port C.
= P1A:ngd ra PWM.
= CCP1: ngb vao Capturel, ngd ra comparel, ngd ra PWML.
e Chan RC3/SCK/SCL (18): c0 3 churc nang:
= RC3: xuat/nhap s6 — bit thir 3 cta port C.
= SCK: ngd vao xung clock ndi tiép dong bo/ngd ra cta ché do SPI.
* SCL: ngd vao xung clock ndi tiép ddng bd/ngd ra cua ché do I°C.
e Chan RC4/SDI/SDA (23): c6 3 chirc nang:
= RC4: xuat/nhap s6 — bit thir 4 cta port C.
= SDI: ngd vao dit liéu trong truyén dir liéu kiéu SPI.
= SDA: xuét/nhap dit lidu I°C.
e Chan RC5/SDO (24): c0 2 chirc nang:
= RC5: xuit/nhap sb — bit thir 5 cua port C.
= SDO: ngd xuét dit liéu trong truyén dir liéu kiéu SPI.
e Chan RC6/TX/CK (25): ¢6 3 chirc nang:
= RC6: xuat/nhap sb — bit thir 6 cta port C.
» TX: ngd ra phat dir liéu trong ché do truyén bat dong bo USART.
= CK: ngd ra cap xung clock trong ché do truyén déng bo USART.
e Chan RC7/RX/DT (26): ¢6 3 chirc nang:
= RC7: xuét/nhap sb — bit thir 7 cta port C.
»  RX:ngd vao nhin dit lidu trong ché do truyén bat dong bo EUSART.
* DT: ngd phat va nhan dit liéu ¢ ché d6 truyén dong bdo EUSART.
d.  Chikc nang cdc chin ciia portD
Ché&n RDO (19): ¢6 1 churc nang:
» RDO: xuét/nhdp sb — bit thir 0 cta port D.
Chén RD1 (20): ¢6 1 churc nang:
»  RDI: xuat/nhap sd — bit thir 1 caa port D.
e Chan RD2 (21): ¢6 1 churc nang:
= RD2: xuat/nhdp s6 — bit thir 2 ciia port D.
e Chan RD3 (22): ¢6 1 churc nang:
= RD3: xuat/nhap s6 — bit thir 3 ciia port D.
e Chan RD4 (27): ¢6 1 churc nang:
= RD4: xuat/nhap s6 — bit thir 4 ciia port D.
e Ché&n RD5/ P1B (28): ¢6 2 churc nang:
= RDS5: xuat/nhap s6 — bit thir 5 ciia port D.
= P1B: ngd ra PWM.

0 Ctucsng 1. Dic tink, ciu tric, chite ndng cic port.
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Chéan RD6/ P1C (29): c0 2 churc nang:
= RDG6: xuat/nhap s6 — bit thir 6 cia port D.
= P1C: ngd ra PWM.
Chéan RD7/P1D (30): ¢c0 2 churc nang:
= RD7: xuat/nhap s — bit thir 7 cua port D.
= PI1D: ngo ra tang cuong CPP1
Chan REO/ANS (8): ¢d 2 churc nang:
= REO: xuat/nhdp so.
= ANS: ngd vao tuong tu 5.
Chan RE1/ANG (9): ¢d 2 churc nang:
= RE1: xuat/nhép so.
= ANG6: ngd vao tuong ty kénh thu 6.
Chan RE2/ANT7 (10): c6 2 chtrc nang:
= RE2: xuit/nhdp sd.
= ANT7: ngd vao tuong tu kénh thu 7.
Chan RE3/ MCLR /Vpp (1): ¢6 3 chirc ning:
» RE3: xuat/nhdp sb - bit thir 3 cua port E.
= MCLR: Ia ngd vao reset tich cuc mirc thap.
= Vpp: ngod vao nhan di¢n ap khi ghi dir liéu vao bo nhd ndi flash.
Chéan VDD (11), (32):
=  Ngudn cung cip duong tir 2V dén 5V.
Chén VSS (12), (31):
=  Ngudn cung cép OV.
e. Chirc nang cdc chdn phén chia theo nhom chirc nang
Chtrc nang la port I/O:
= PortA gdm cic tin hiéu tir RAO dén RA7.
= PortB gom cac tin hiéu tir RBO dén RB7.
= PortC gom cac tin hiéu tir RCO dén RC7.
= PortD gdm cac tin hiéu tir RDO dén RD7.
= PortE gom cac tin hiéu tir REQ dén RE3.
Chirc nang tuong tu 1a cac ngd vao bd chuyén doi ADC: ¢6 14 kénh
= 14 kénh ngd vao tuong tu tir ANO dén AN13.
= Haingd vao nhan dién ap tham chiéu bén ngoai la Vreft va Vref-

Chirc nang tuong tu la cac ngd vao bd so sanh C1 va C2: ¢6 2 bo so sanh

= C6 4 ngd vao nhan dién 4p ngd vao am cua 2 bd so sanh la: CI12INO-, C12IN1-,

C12IN2-, C12IN3-.
= C0 2ng0 vao nhan dién ap tuong tu duong cho 2 bd so sanh la: C
= (6 2ngod ra cua 2 b so sanh la: C1OUT va C20UT.

1IN+ va C2IN+.

= (6 1 ngd vao nhan dién 4p tham chiéu chuan cap cho 2 bd so sanh la: Cygee.

Clicong 2. Dic tink, cdu trde, chie ning cde port.
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e Chirc ning dao dong cap xung cho CPU hoat dong:
= C6 2 ngd vao ndi véi tu thach anh dé tao dao dong 1a OSC1 va OSC2.

* (o 1 ngd vao nhén tin hiéu dao dong tir ngudn khac 13 CLKIN néu khong dung tu thach
anh, c6 1 ngd ra cap xung clock cho thiét bi khac 1a CLKOUT.

e Churc ndng nhan xung ngoai cua TO va T1:
= C6 1 ngb vao nhan xung ngoai cho timer/counter TO c6 tén 1a TOCKI.
= (6 1 ngd vao nhan xung ngoai cho timer/counter T1 cé tén 1a T1CKI.

= (6 2 ngd vao tao dao dong ri€ng cho Timerl hoat dong doc lap co tén 1a T1IOSO va
T10SI.

e Churc ning truyén dit liéu SPI:
»= C6 1 ngd vao nhan dit liéu la SDI.
= (o6 1 ngo ra phat dir li¢u 1a SDO.
= C0 1ng6 ra phat xung clock la SCK.
= C6 1 ngd vao chon chip khi hoat dong & ché do t6 1a SS.
e Chirc ning truyén dir lidu 12C:
= (C6 1 ngd truyén/nhan dir liéu 1a SDA.
= (C0 1 ngo ra phat xung clock la SCL.
e Churc ning truyén dit liu dong bd ESUART:
= (6 1 ngd truyén/nhan dir liéu 1a DT.
= (C0 1 ng0 ra phat xung clock la CK.
e Churc ning truyén dit liéu khong dong bdo ESUART:
=  (C6 1 ngd nhan dir li¢u 1a RX.
» (6 1 ngd phat dit liéu 1a RX.
e Chuc ning ngit:
= (6 1 ngd nhan tin hiéu ngat cimg 1a INT.
e Chuc nang CCP (capture, compare, pulse width modulation):
= (6 2 tin hiéu cho khéi CCP 1a CCP1 va CCP2.
= (6 4 tin hi¢u cho khéi PWM la P1A, P1B, P1C, PID.
e Chirc ndng nap chuong trinh vao b nhé flash:
= (6 1 tin higu dé truyén dir liéu 1a ICSPDAT.
= (6 1 tin higu dé nhan xung clock 1a ICSPCLK.
= (6 1 tin higu dé diéu khién nap 1a PGM.
= (6 1 tin higu dé nhan dién ap 1ap trinh 13 Vpp.
e (C0 1ng0 vao reset co tén la MCLR (master clear).

e (6 4 chan cip ngudn: VDD cip ngudn duong, VSS ndi véi OV.
I11. CAU HOI ON TAP — TRAC NGHIEM - BAI TAP
1. CAUHOI ON TAP
Cau sé 1-1:  Hay néu céu hinh cta vi diéu khién PIC16F887.

2 Ctucsng 1. Dic tink, ciu tric, chite ndng cic port.
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Cau so 1-2:  Hay cho biét cac loai bd nhd ma vi diéu khién PIC16F887 tich hop.
Cau s6 1-3:  Hay trinh bay tén va chirc ning portA cia vi diéu khién PIC16F887.
Cau so 1-4:  Hay trinh bay tén va chirc ning portB cua vi diéu khién PIC16F887.
Cau sé 1-5:  Hay trinh bay tén va chirc ning portC cua vi didu khién PIC16F887.
Cau sé 1-6:  Hay trinh bay tén va chiic ning portD cua vi diéu khién PIC16F887.
Cau sé 1-7:  Hay trinh bay tén va chirc ning portE ciia vi diéu khién PIC16F887.

2.  CAUHOI MO RONG

Cau sé 1-8:

Cau sé 1-9:

Cau sé 1-10:
Cau s 1-11:
Cau sé 1-12:
Cau sé 1-13:
Cau sé 1-14:

Cau sé 1-15:

Cau sé 1-16:

Hay néu c4u hinh cua vi diéu khién AT89S52.

Hay cho biét cac loai bd nhd ma vi diéu khién AT89S52 tich hop va md rong.

Hay trinh bay tén va chirc ning cac port ctia vi diéu khién AT89S52.

Hay tim hiéu qua trinh phat trién ctia ho vi diéu khién MCS51 va MCS52.

Hay tim hiéu cac port vi diéu khién AT89C52 va so sanh véi vi diéu khién AT89S52.
Hay tim hiéu cdu hinh vi diéu khién AT89S8252 va so sanh véi vi diéu khién AT89S52.
Hay tim hiéu céu hinh vi diéu khién AT89C51RD2 va so sanh véi vi diéu khién
AT89S52.

Hay tim hiéu cdu hinh vi diéu khién PIC16F877A va so sanh véi vi diéu khién
PIC16F887.

Hiy tim hiéu cdu hinh vi diéu khién PICI18F4550 va so sanh véi vi diéu khién
PIC16F887.

3. CAU HOI TRAC NGHIEM

Cau 1-1: PIC 16F887 c0 bao nhiéu port:
(a) 3 (b) 4
(©)5 (d) 6
Cau 1-2: Port nao cua PIC 16F887 c0 4 duong:
(a) A (b) B
(cC
Céu 1-3:  PIC 16F887 co6 tich hgp ADC bao nhiéu bit:
(@) 8 bit (b) 9 bit
(c) 10 bit. (d) 12 bit
Céu 1-4: PIC 16F887 co6 tich hop bao nhiéu kénh ADC:
(a) 8 kénh (b) 14 kénh

(c) 10 kénh
Céc tin hiéu truyén dit liéu I2C cua PIC 16F887 co tén Ia:

Cau 1-5:

(a) SDI, SCL
(c) SCL, SDA

Céc tin hiéu truyén dit liéu SPI ciia PIC 16F887 cd tén la:

Cau 1-6:

(a) SDI, SCL, SDO, SS
(c) SDI, SCK, SDO, SS

(d) 12 kénh

(b) SDI, SDO
(d) SDA, SDI

(b) SDI, SDO, SS
(d) SDA, SDI, SCK

Cau 1-7:  CAc tin hiéu truyén dir liéu UART cuia PIC 16F887 ¢4 tén la:
(@) TX, RX, CK (b) TX, DT, CK
(d) DT, CK

Clicong 2. Dic tink, cdu trde, chie ning cde port.
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Cau 1-8: Céc tin hiéu truyén dir liéu SART cua PIC 16F887 c6 tén Ia:

(a) TX, RX, CK (b) TX, DT, CK
(c) TX, RX (d) DT, CK
Cau 1-9: Cac tin hi¢u nao nhan xung CK cho timerO:
(a) TOSCK (b) TOSCL
I (d) TOCK
Cau 1-10: CAc tin hiéu nao thiét lap dién ap tham chiéu cho ADC:
(a) CVRer va VREF+ (b) CVRee va VREE-
V& Vger. (d) CVrer- Va Vrer-
4. BAITAP

¢ Clusng 1. Dic tink, ciwu tric, chie ndny cic port.
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Chuong 2

VI BIEY KHIEN PICI6ESST:

0 cHve BO NHEG, THANH GHI

GIOI THIEU
KIEN TRUC BO NHO
TO CHUC BQO NHO CUA VI PIEU KHIEN PIC16F887
=  TOCHUCBOQ NHO
» MALENH 14 BIT
*  KHAO SAT BO NHO DU LIEU VA THANH GHI TRANG THAI CUA PIC
CAU HOI ON TAP - TRAC NGHIEM - BAI TAP
=  CAUHOION TAP
=  CAUHOI MO RONG
=  CAUHOI TRAC NGHIEM
=  BAITAP



Dac thoe so pliam b thudt Nguyén Dint Phi

I. GIOI THIEU

O chuong nay khao sat to chirc bo nhé bén trong, cc thanh ghi cua vi diéu khién 8 bit. Sau khi
ket thiic chuong nay thi nguoi doc c6 thé bict to6 chuc by nhd bén trong, chirc ning cua tung loai bd
nhg, té€n va chirc nang cua cac thanh ghi déc biét.

I1. KIEN TRUC BQ NHO
C6 2 loai kién tric bo nhé co ban 1a kién trac Von Neumann va Harvard.

Hinh 2-1 trinh bay hai kién trac:

Von Neumann
Architecture

—
/

Harvard
Architecture

\

\
T

8-bit Data

4UBUS Memory

8-bit Program
Bus g pata

CPU Memory

% 14-bit

Bus

i

|

Program
Memory

Hinh 2-1: Kién triic Von Neumann va Harvard.

Kién triic Von Neumann: véi kién trac nay thi bd nhé giao tiép voi CPU thong qua 1 bus dit
liéu 8 bit, b0 nho c6 cac 6 nho chira dir li¢u 8 bit, bd nhd vura Iuu trit chuong trinh va dir ligu.

Uu diém: kién trac don gian.

Khuyét diém: do chi c¢6 1 bus nén tdc d6 truy suit cham, khé thay doi dung luong luu trix cia 6
nho.

Kién triic Harvard: véi kién tric ndy thi bo nhé duoc tach ra lam 2 loai by nhé doc Iap: bd nhd
luu chuong trinh yé bo nbé’ l}m dir li¢u, CPU giao ti€p vdi 2 bo nhéd doc 1ap nén~ can 2 bus doc lap. Vi
doc 1ap nén co thé thay do1 so bit luu trir cua tung bd nhd ma khong anh hudng 1an nhau.

Uu diém: do chi c6 2 bus nén tdc do truy suat nhanh, tity y thay doi s bit ciia 6 nhé.

Khuyét diém: kién trac phic tap.

I11. TO CHUC BQ NHO CUA VI PIEU KHIEN PIC 16F887

1. TO CHUC BQ NHO CHUONG TRINH

B6 nhé chuong trinh ctia PIC16F8xx c6 dung lugng 8K duge chia 1am 4 trang bo nhé, mdi trang
2K, xem hinh 2-2.

Thanh ghi bd &ém chuong trinh PC (Program Counter) s& quan 1y dia chi ctua bo nh¢ chuong
trinh, thanh ghi PC c¢6 d¢ dai 13 bit s€ quan 1y 8192 6 nhd tuong duong vdi 8K 6 nhd. Moi 6 nhd
chuong trinh luu 14 bit dir ligu.

Khi PIC bi reset thi thanh ghi PC c6 gié tri la 0000H va PIC s& bét dau thuc hién chuong trinh
tai dia chi 0000H.

Khi c6 bat ky ngét nao tac dong thi PIC s& thyc hi¢én chuong trinh phuc vu ngét tai dia chi
0004H.

Mbi trang cua bd nhd chuong trinh c6 dia chi x4c dinh nhu trong hinh 2-6, viéc phan chia theo
trang bd nhd chi co tac dung doi véi 1€nh nhdy va 1énh goi chuong trinh con. Khi noi nhay dén hodc
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khi goi chuong trinh con nam trong cung 1 trang thi 1énh s& viét ngan gon hon, ma 1énh it hon so voi
truong hop nam khac trang.

Trong cac ho vi diéu khién khac thi bd nhé ngan xép ding chung voi bd nhé dir liéu, uu diém la
ciu tric don gian, khuyét diém 1a viéc dung chung néu khong biét g101 han s& 14n chiém 1an nhau va
lam mét dir liéu luu trong bd nhé ngin xép va chuong trinh thyc thi sai.

O vi diéu khién PIC thi nha thiét ké tach bo nhé ngin xép doc 1ap v6i bo nhé dir lidu va chi dé
ding luu dia chi tré vé khi thyc hién 1énh goi chuong trinh con va khi thuc hién ngat. Dung luong bd
nhé bd nhé ngin xép chi ¢ 8 6 nhé tir stack level 1 dén stack level 8 - xem hinh 2-2. Do chi cé 8 6
nhé nén khi thwe hién cdc chwong trinh con long vao nhau téi da la 8 cdp. Do luu dia chi tro vé
trong thanh ghi PC, ma thanh ghi PC c6 chiéu dai 13 bit nén mdi 6 nhé ngin xép c6 so bit 1a 13.

Khi khong str dung ngat thi chuong trinh c6 thé viét bat dau va lién tuc tai dia chi 0000H, nhung
néu sir dung ngit thi nén dung 1énh nhay dé tranh ving nhd bat dau tai dia chi 0004H - vi viing nhé
nay dung dé viét chuong trinh con phuc vu ngat.

Bo nhé chwong trinh ¢6 chirc ning luu trir chuwong trinh. Chuong trinh sau khi viét xong trén
may tinh, dich ra s6 nhi phan s€ dugc nap vao bo nhd chuong trinh dé vi diéu khién thuc hién.

| PC <12:0> ﬂ

CALL, RETURN,
RETFIE, RETLW

STACK LEVEL 1
STACK LEVEL 2

STACK LEVEL 8

VECTOR RESET
0001H
0002H
0003H
VECTOR NGAT
TRANG 0 (PAGE 0)

TRANG 1 (PAGE 1)

TRANG 2 (PAGE 2)

TRANG 3 (PAGE 3)

Hinh 2-2: So d6 bé nhé chwong trinh va ngan xép.
2. MA LENH 14 BIT

V6i cac vi diéu khién 8 bit ciia cac hang khac thi bd nhé chuong trinh to chirc theo don vi la
byte, mdi 6 nhd luu trit dit liéu 1 byte — xem hinh 2-3. Néu mé 1énh 2 byte (gom 1 byte ma 1énh va 1
byte dit liéu hay dia chi) thi diung 2 6 nhd lién tiép dé luu va khi CPU doc ma 1énh dé thyc hién 1énh thi
CPU phai thyc hién 2 1an doc - mdi lan 1 byte.

V6i vi didu khién PIC thi mdi 6 nhé ctia b nhé chwong trinh ¢ thé hwu trit dit liéu nhiéu bit bao
gbém ca ma 1¢nh va dir li¢u — xem hinh 2-4. Khi CPU doc ma 1énh dé thyc hién thi CPU chi thyc hién 1
lan doc ca ma 1énh va dur lidu.

Vay voi to chirc bd nhé ciia PIC thi tiét kiem duoc 1 chu ky doc dit lidu vi thé PIC sé& ¢o tdc do
thuc hién chuong trinh nhanh hon.
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Tap lénh cua PIC 1a tap lér}h rut gon nén chi dung c6 6 bit nhi phan d€ ma hoa cac 1énh, cung voi
dir liu xur 1y 1a byte - 8 bit nén tong cong 1a 14 bit.

Hinh 2-3: 76 chirc bo nhé theo byte. Hinh 2-4: T6 chirc bo nhé chira ca md 1énh va dir liéu.
3. KHAO SAT BQ NHO DU LIEU VA THANH GHI TRANG THAI
a.  CAu triic bo nhé dit liéu
Bo nhé dit liéu dugc phan chia thanh 4 Bank, mdi bank c6 128byte bao gdm mdt sé thanh ghi
churc nang dac biét, con lai la cac 6 nhé thong dung cé chic nang luu trir dir li€u.
Toan bd cac 6 nhd cua bd nhd dir liéu duoc goi 1a File thanh ghi.

Cac thanh ghi ¢6 chirc nang dac biét nim ¢ ving dia chi thap, cac 6 nhé con lai khong co gi dac
biét nam ¢ cung dia chi bén trén cac thanh ghi chire ndng déc biét — xem nhu cac 6 nhé RAM dung dé
luru dir liu. Tat ca cac bank thanh ghi déu chira nhitng thanh ghi dac biét - xem hinh 2-4.

Theo hinh 2-4 thi b6 nh¢ dit liéu dugc chia lam 4 bank thanh ghi, mdi bank c6 128, téng cong la
512 6 nhd, nhung do c6 1 sb thanh ghi ¢ chirc nang ddc biét ¢ bank nao cing c6 nén lam giam s0
luong. Vi du thanh ghi trang thai (status) & 4 bank déu c6, thay vi 4 thanh ghi thi chi xem 13 1, tuong
tu cho cac thanh ghi khac. SH luong thuc chi con 368 6 nho.

C6 2 cach truy xudt bo nhé dir lidu: truy xudt truc tiép va truy xuét gian tiép.

Khi truy )‘Clu’l{t true tidp: thi cac Iénh chi dugc phép truy xuit 1 bank, muén truy ‘xuét cac 6 nhd
hay thanh ghi nam & bank khac thi phai do1 bank. C6 2 bit chon bank la RP1 va RPO nam trong thanh
ghi trang thai.

Khi truy xuit gian tié’g: thi qéc lénh truy xuét duoc phép truy Xuét 2 banlg: bank 0, 1 hoac bank
2, 3. Khi dang ¢ bank 0, 1 néu mpén truy xuat cac 6 nhd ¢ bank 2, 3 thi phai d61 bank. C6 1 bit chon
bank 0, 1 hodc bank 2, 3 1a IRP nam trong thanh ghi trang thai.

b.  Thanh ghi trang thdi — STATUS REGISTER DIA CHI 03H, 83H, 103H, 83H
TGTT chua trang thai cua khdi ALU, trang thai Reset va cac bit chon bank bd nhé dir li¢u.

IRP RP1 RPO TO PD 4 DC C

Bit 7 Bit 0
Hinh 2-5: Thanh ghi trang thdi.

Chure nang cia céc bit trong thanh ghi trang thai:
Bit 7 IRP: bit lira chon thanh ghi (dung dia chi gian tiép).
1 =bank 2, 3 (100h-1FFh)
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0 = bank 0, 1 (000h- OFFh)
FILE ADDRESS

FILE ADDRESS

FILE ADDRESS

FILE ADDRESS

Indirect addr(*) |} OOH Indirect addr(*) |} 80H Indirect addr(*) |} 100H Indirect addr(*) |} 180H
TMRO 01H OPTION_REG 81H TMRO 101H OPTION_REG 181H
PCL 02H PCL 82H PCL 102H PCL 182H
STATUS 03H STATUS 83H STATUS 103H STATUS 183H
FSR 04H FSR 84H FSR 104H FSR 184H
PORTA O5H TRISA 85H WDTCON 105H SRCON 185H
PORTB 06H TRISB 86H PORTB 106H TRISB 186H
PORTC 07H TRISC 87H CM1CONO 107H BAUDCTL 187H
PORTD 08H TRISD 88H CM2CONO 108H ANSEL 188H
PORTE 09H TRISE 89H CM2CON1 109H ANSELH 189H
PCLATH OAH PCLATH 8AH PCLATH 10AH PCLATH 18AH
INTCON OBH INTCON 8BH INTCON 10BH INTCON 18BH
PIR1 OCH PIE1 8CH EEDAT 10CH EECON1 18CH
PIR2 ODH PIE2 8DH EEADR 10DH EECON2 18DH
TMRI1L OEH PCON 8EH EEDATH 10EH RESERVED 18EH
TMR1H OFH OSCCON 8FH EEADRH 10FH RESERVED 18FH
T1CON 10H OSCTUNE 90H 110H 190H
TMR2 11H SSPCON2 91H 111H 191H
T2CON 12H PR2 92H 112H 192H
SSPBUF 13H SSPADD 93H 113H 193H
SSPCON 14H SSPSTAT 94H 114H 194H
CCPR1L 15H WPUB 95H 115H 195H
CCPR1H 16H 10CB 96H THANH GHI 116H THANH GHI 196H
CCP1CON 17H VRCON 97H THONG DUNG 117H THONG DUNG 197H
RCSTA 18H TXSTA 98H 16 BYTE 118H 16 BYTE 198H
TXREG 19H SPBRG 99H 119H 199H
RCREG 1AH SPBRGH 9AH 11AH 19AH
CCPR2L 1BH PWM1CON 9BH 11BH 19BH
CCPR2H 1CH ECCPAS 9CH 11CH 19CH
CCP2CON 1DH PSTRCON 9DH 11DH 19DH
ADRESH 1EH ADRESL 9EH 11EH 19EH
ADCONO 1FH ADCON1 9FH 11FH 19FH
20H AOH 120H 1A0H
THANH GHI THANH GHI THANH GHI
A THONG DUNG THONG DUNG
THANH GHI Uliobie Ll ;
N 80 BYTE 80 BYTE
THONG DUNG 80 BYTE
96 BYTE EFH 16FH 1EFH
FOH 170H 1FOH
ACCESSES ACCESSES ACCESSES
7FH 70H - 7FH FFH 70H - 7FH 17FH 70H - 7FH 1FFH
BANK 0 BANK 1 BANK 2 BANK 3
Hinh 2-6: T6 chitc File thanh ghi.
Quy woc: (1) Cac 6 nhé t6 mau xam 13 chua thiét ké néu doc s& co gia tri 13 0.
Quy udc: (2) Cac diu (*) khong phai 1 thanh ghi vét 1y.
Bit 6-5 RP1:RPO: c4c bit Ira chon thanh ghi (dung dia chi tryc tiép)
11 = bank 3 (180h-1FFh)
10 = bank 2 (100h- 17Fh)
01 = bank 1 (80h- FFh)
00 = bank 0 (00h- 7Fh)
Bit 4 TO : Time-out bit (Bit thoi gian chd)
1 = sau khi m¢ nguén, 1énh CLRWDT hoac SLEEP
0 = thoi gian cho cia WDT dugc thuc hién
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Bit 3 PD : Power-down bit (bit tit ngudn)
1= sau khi m& ngudn hoic bang 1énh CLRWDT
0= thuc thi 1énh SLEEP
Bit 2 Z: Zero bit (bit 0)
1 = khi két qua bang 0.
0 = khi két qua khéc 0.
Bit 1 DC: Digit carry/ borrow bit (cac 1énh ADDWF, ADDLW, SUBLW, SUBWF)
(bit tran / muon)
1 = khi cong 4 bit thap bi tran.
0 = khi cong 4 bit thap khong bi tran.
Bit 0 C: Carry/ borrow bit (c4c 1énh ADDWF, ADDLW, SUBLW, SUBWF)
1 = khi két qua phép toan co tran.
0 = khi két qua phép toan khong bi tran.

~Chay: Néu phép toan trur thi trang thai cua ¢& C nhu sau: néu phép trir 16n hon 0 thi co C bang
0, néu két qua trir nhé hon hay bang 0 thi co C bang 1.

Céc thanh ghi con lai s& duoc khao sat & cac phan c6 lién quan.
4. BONHO DU LIEU EEPROM

B6 nh¢ dir liéu Eeprom c6 dung lugng 256 byte dung dé luu dir liéu quan trong khi mét dién thi
dir li¢u nay van con. Céch thuc ghi dir li¢u vao bd nhd Eeprom sé dugc trinh bay ¢ phan by nhd
Eeprom.

IV. CAU HOI ON TAP — TRAC NGHIEM - BAI TAP
1. CAU HOI ON TAP
Cau sé 2-1:  Hay cho biét cac loai bo nhé ma vi diéu khién PIC16F887 tich hop.
Cau sé 2-2:  Hay trinh bay céu tric b nhd RAM ndi cua vi diéu khién PIC16F887.
Cau sé 2-3:  Hay cho biét cac thanh ghi ndo ma cac bank déu c6 cta vi diéu khién PIC16F887.
Cau sé 2-4:  Hay cho biét t6 chirc bd nhd chuong trinh ciia vi diéu khién PIC16F887.
2. CAUHOI MO RONG
Cau s6 2-5:  Hay tim hiéu to chirc bd nhé vi diéu khién PIC18F4550 va so sanh v&i PIC16F887.
Cau sé 2-6:  Hay tim hiéu t6 chtrc bd nhd vi diéu khién PIC18F4620 va so sanh voi PIC16F887.
3. CAUHOI TRAC NGHIEM

Céu 2-1: B¢ nh¢ chuong trinh cua PIC 16F887 c6 dung lugng la:

(a) 8BKxByte (b) 8Kx14bit

(c) 8Kx16bit (d) 368Byte
Cau 2-2: B0 nhd dir liéu cua PIC 16F887 c6 dung lugng la:

(a) 256Byte (b) 8Kx14bit

(c) 8Kx16bhit
Cau 2-3: B0 nhd dir liéu EEPROM cua PIC 16F887 c6 dung lugng la:
(a) 8KxWord (b) 8Kx14bit
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- (c)256Byte (d) 368Byte
Cau 2-4: Bo nhd ngin xép cua PIC 16F887 c6 dung lwong la:
(a) 8Byte (b) 8x14bit
(c) 256Byte (d) 8x13bit
Cau 2-5: B0 nhd chuong trinh ctia PIC 16F887 chia lam:
(a) 2 trang (b) 4 trang
(c) 2 bank (d) 4 bank
Cau 2-6: B0 nhd dir liéu cua PIC 16F887 chia lam:
(a) 2 trang (b) 4 trang
(c) 2 bank (d) 4 bank
Cau 2-7: Mabi trang bd nhé chuong trinh ctia PIC 16F887 c6 dung lugng:
(a) 256 byte (b) 1024 word
(c) 2048 word (d) 368 byte
Cau 2-8: Mbi bank bo nhé dit liéu cua PIC 16F887 c6 dung lugng:
(a) 256 byte (b) 128 byte
(c) 2048 byte (d) 368 byte
Cau 2-9: bia chi cua 6 nhd 1234H thudce trang bo nhd nao:
(a) Trang thtr 0 (b) Trang thur 1
(c) Trang thtr 2 (d) Trang thur 3
Cau 2-10: Thanh ghi PC cua PIC 16F887 c6 chiéu dai:
() 12bit (b) 13 bit
(c) 14 bit (d) 15 bit
Cau 2-11: Phan chia bd nhd theo trang ¢ wu diém:
(a) Lam vi diéu khién chay nhanh (b) Lam tang sé)’ luong ma code
(c) Lam giam dia chi bo nhd (d) Lam giam so lugng ma code

Cau 2-12: Céc chuong trinh con 1dng vao nhau cua PIC phu thudc vao dung luong:
(a) Bo nhd chuong trinh - (b) Bo nhd dir liéu (c) B6 nh6 ngan xép  (d) B6 nhé EEPROM
Cau 2-13: Truy xuét truc tiép bo nhé dit liéu cua PIC 16F887 thi:

(@) Cho phép tuy y ca 4 bank (b) Cho phép 2 bank
(c) Chi cho phép 1 bank (d) Cho phép 3 bank
Cau 2-14: Truy xuat gian tiép bo nhd dir liéu ctia PIC 16F887 thi:
() Cho phép tuy y ca 4 bank (b) Cho phép 2 bank
(c) Chi cho phép 1 bank (d) Cho phép 3 bank
Cau 2-15: Bit cho phép thay doi cac bank trong truy xuét tryc tiép bo nhé dir lidu ciia PIC 16F887 la:
(@) IRP1, IRP2 (b) RP1, RPO
(c) RP1, RP2 (d) RP, IRP
Cau 2-16: Bit cho phép thay doi cac bank trong truy xuat gian tiép bo nhé dir lidu ciia PIC 16F887 la:
(@) IRP1, IRP2 (b) RP1, RPO
(©) IRP (d) IRP, RP1, RPO
Cau 2-17: Thanh ghi nao déu co trong 4 bank bd nhé dir liéu ciia PIC 16F887:
(a) PORTB (b) TRISB
(c) PORTA

Cau 2-18: Thanh ghi nao déu co trong 4 bank bd nh¢ dit liéu cua PIC 16F887:
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(a) TRISB (b) PCL
(c) TRISA (d) TMRO

Céau 2-19: Khi ngét xay ra thi PIC 16F887 s¢€ thuc hi¢n chuong trinh con phuc vu ngét tai dia chi:
(a) 0004H (b) 0014H
(c) 0000H (d) 0024H

Cau 2-20: bia chi b nhd chuong trinh cia PIC 16F887:
(a) Tu 0000H dé:tn 1FFFH (b) T 0800H dé:n OFFFH
(c) Tu 0000H dén 07FFH (d) Tu 0000H dén 2FFFH

4. BAITAP
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I. GIOI THIEU

,(75 chuong nay khao sat tép 1énh hop ngir cua cac vi diéu khién. Sau khi ké} thic chuong nay ban
s€ bi€t ma 1€nh nhi phan, Iénh goi nhd, cac kiéu dinh dia chi bd nhd cia vi diéu khién, biét tap 1énh
hop ngtr cta vi dieu khién

Vi diéu khién hay vi xtr Iy 1a cac IC 1ap trinh, khi ban da thiét ké hé thong diéu khién co st dung
vi xtr Iy hay vi diéu khién vi du nhu hé thong diéu khién dén giao thong cho mét nga tu gdm co cac
dén Xanh, Vang, D6 va cic led 7 doan dé hién thi thoi gian thi d6 mdi chi la phan ctng, mubn hé
thor}g van hanh thi ban phai viét mot chuong trlnh’dleu }(hlen nap vao bd nhd ndi bén trong vi dle}l
khién hoac bd ’nh('r bén ngoai va gan vao trong h¢ thong dé hé‘thén‘g van hanh va di nhién ban phai viét
dung thi h¢ thong mdi van hanh ding. Chuong trinh goi la phan mém.

P7h§n’mém va phan cliing ¢6 quan hé vdi nhau, nguoi 1ap trinh phai hiéu 15 hoat dong cua pha‘:ln
cing dé viét chuong trinh. O phan nay s€ trinh bay chi tiét vé tap 1énh cta vi diéu khién giup ban hiéu
0 ting l€nh dé ban c6 thé 1ap trinh duoc.

Cac khai niém vé chuong trinh, 1énh, tap 1énh va ngdn ngit goi nhé da trinh bay & chuong 1, &
day chi tom tat lai.

Chuong trinh 1a mt tap hop cac 1énh duoc t0 chire theo mdt trinh tw hop 1i dé giai quyét ding
cac yéu cau cua nguoi lap trinh.

Nguoi 1ap trinh 1a nguoi biét giai thuat dé viét chuong trinh va sip xép dung céc 1énh theo giai
thuat. Nguoi lap trinh phai bi€t chirc nang cua tat ca cac 1€nh cua vi di€u khién dé vi€t chuong trinh.

Tt ca cac lénh co thé c6 cia mot ngdn ngit 1ap trinh con goi 1a tdp lénh.

~ Lénh cia vi diéu khién 1a mot s6 nhj phan 8 bit [con goi 1a ma may]. 256 byte tir 0000 0000b
dén 1111 1111b twong ung v6i 256 1énh khac nhau. Do ma Iénh dang s6 nhi phan qua dai va khé nh¢
nén cac nha 1ap trinh da xay duyng mot ngén ngir 1ap trinh Assembly cho dé nhé, diéu nay giap cho

viéc 1ap trinh duoc thuc hién mot cach d& dang va nhanh chéng ciing nhu doc hiéu va g& rdi chuong
trinh.

Khi viét chuwong trinh bang ngdn ngit 1ap trinh Assembly thi vi diéu khién’ s€ khong thuc hién
dugc ma phai dung chuong trinh bién dich Assembler dé chuyén doi cac Iénh viet bang Assembly ra
ma 1énh nhi phan tuong tng ré1 nap vao bo nhd — khi d6 vi di€u khién mai thuc hién dugc chuong
trinh.

Ngon ngir 1ap trinh Assembly do con ngudi tao ra, khi str dung ngoén ngtr Assembly dé viét thi
nguoi 1ap trinh vi diéu khién phai hoc hét tat ca cac 1énh va viét ding theo qui udc vé cu phap, trinh tu
sap xép dir liéu dé chuong trinh bién dich c6 thé bién dich dung.

Il. LENH HQP NGU CUA VI PIEU KHIEN PIC 16F887

1. GIOI THIEU

Tap 1énh cta PIC 16 duoc chia ra lam 3 nhom Iénh:
e Lénhxu ly bit
e Lénhxu ly byte
e Lénh xu ly hang s6 va diéu khién
Mbi 1énh cua PIC 1a mot tu dir liéu 14 bit duoc chia ra lam 2 nhom gém ma 1énh hoat dong
(opcode: operation code) va tac td (operand).

Ma 1énh Opcode cho biét loai 1énh ma CPU phai thuc hién. Cac dang ma I€nh nhu hinh 3-1:

13 8 7 6 0
PCODE | |d (FILE#)

13 109 8 7 6 0
PCODE | (BIT) (FILE#®)
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13 8 7 0
PCODE (literal)

13 11 10 0

|OﬁCﬁDﬁ E (Iiterél) I

Hinh 3-1: Cdc dang ma lénh.

Tac t6 operand 1a dir liéu ma 1énh sé& xr 1y.

Bdng 3-1: Cdc tdc t6:

TT | Tac | Méta
t6
1 f Register file address (0x00 to 0x7F): 1a dia chi 7 bit cua file thanh ghi 8 bit, ctia 1 bank.
2 W | Working register: Thanh ghi 1am viéc hay thanh ghi A.
3 b | Bit address within an 8-bit file register: 1a dia chi ctia 1 bit nam trong thanh ghi file 8 bit
4 Kk Literal field, constant data or label: La hﬁng s6 hodc dia chi ciia nhan.
5 d Destination select: Ira chon noi luu dir liéu: d=0 thi Ivu vao W, d=1 thi luu vao f, mac

nhién khong ghi d trong 1énh thi twong tng d=1.

6 PC | Program counter: bd dém chuong trinh.
7 TO | Time-out bit: bit bao thoi gian da hét.
8 PD | Power -down bit: bit bao CPU dang lam vi¢c & ché do ngu.

_ Vi lénh xu ly byte: thi 'f' dai dién cho file thanh ghi va 'd' dai dién cho huéng luu dir liu: néu
'd' bang 0 thi dit li¢u sau khi xtr Iy Iuvu vao thanh ghi '"W', néu 'd' bang 1 thi dir li¢u sau khi xtr 1y luu
vao thanh ghi 'f',

Véi Iénh xir Iy bit: thi 'b' dai dién cho bit nam trong file thanh ghi 'f".
Véi lénh xir Iy hang so hodc diéu khién: thi 'k' dai dién cho hang s6 8 bit hodc dia chi 11 bit.

Mot chu ky 1énh gdm 4 chu ky dao dong, néu sir dung thach anh c6 tan sé 4MHz thi thoi gian
thuc hién moi 1énh la 1us. Hau hét géc l1énh thyc hién mat 1 chu ky 1énh, ngoe;li trir Iénh kiém tra di€u
kién ding sai hoac 1énh lam thay doi gia tri ciia thanh ghi PC thi thuc hién mat 2 chu ky may.

2.  KHAO SAT TAP LENH TOM TAT VI PIEU KHIEN PIC 16F887
Bdng 3-2: Tém tdt tdp lénh ciia PIC:

Nhom Iénh xir ly byte giira thanh ghi W véi f

TT | Cu phép Chirc ning Chu Ma Iénh Co bi anh
ky hwéng
1 | ADDWF fd | (W)cong (f) 1 00 0111 dfff ffff | C,DC, Z
2 | ANDWF fd | (W)and (f) 1 00 0101 dfff ffff | Z
3 |CLRF f Xoa (f) 1 00 0001 1fff ffff | Z
4 |CLRW - X6a (W) 1 00 0001 Oxxx Z
XXXX
5 | COMF fd Bu () 1 00 1001 dfff ffff | Z
6 | DECF fd Giam f 1 00 0011 dfff ffff | Z
7 | DECEFSZF Giam f, bo 1énh ké néu f= | 1(2) 00 1011 dfff ffff
f.d 0
8 |INCF fd Ting f 1 00 1010 dfff ffff | Z
9 | INCEFSZF f.d | Tang f, bo 1énh ké néu f=0 | 1(2) 00 1111 dfff ffff
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10 [ IORWF fd | (W) or (f) 1 00 0100 dfff ffff | Z
11 | MOVF fd copy (f) 1 00 1000 dfff ffff | Z
12 [MOVWF f [ (W)> () 1 00 0000 1fff ffff
13 | NOP Khong lam gi 1 00 0000 0xx0
0000
14 | RLFfd Xoay trai f xuyén quaco C |1 00 1101 dfff ffff C
15 | RRF fd )Cioay phai fxuyén quaco |1 00 1100 dfff ffff C
16 | SUBWF fd | (F) trix () 1 00 0010 dfff ffff | C,DC, Z
17 | SWAPF fd | Hoan chuyén 4 bit ciia f 1 00 1110 dfff ffff
18 [ IORWF fd | (W) xor (f) 1 00 0110 dfff ffff | Z
Nhom Ié€nh xir ly bit

TT | Cu phéap Chirc nang Chu ky | Ma Iénh Co bi anh hwéng

1 |BCF fb | Lam bit b trong f xudng 0 1 01 00bb bfff ffff

2 |BSF fb Lam bit b trong f 1&n 1 1 01 01bb bfff ffff

3 |BTFSC fb | Néu bit b bang 0 thi bo 1énh ké | 1 01 10bb bfff ffff

4 | BTFSS fb | Néubit b bang 1 thi bo 1énh ké | 1 01 11bb bfff ffff

Nhém Iénh hing s6 va diéu khién

TT | Cu phap Chirc nang Chu ky | Ma Iénh Co bi anh huwéng

1 | ADDLW Kk | (W) cong k> (W) 1 11 111x kkkk kkkk | C, DC, Z

2 | ANDLW Kk [ (W) and k> (W) 1 11 1001 kkkk kkkk | Z

3 |CALL k | Goichuong trinh con 2 10 Okkk kkkk kkkk

4 | CLRWDT | Xoa bo dinh thoi 1 00 0000 0110 0100 | TO, PD

5 |GOTO k | Nhay dén dia chik 2 10 1kkk kkkk kkkk

6 |IORLW k | (W)ork 1 11 1000 kkkk kkkk | Z

7 | MOVLW k|K=> (W) 1 11 00xx kkkk kkkk

8 | RETFIE Tro vé tir ngat 2 00 0000 0000 1000

9 | RETLW Tré vé tir chuwong trinh con | 2 11 01xx kkkk kkkk

va nap hang s6 vao W

10 | RETURN Tré vé tir chuwong trinh con | 2 00 0000 0000 1000

11 | SLEEP Cpu vao ché do cho 1 00 0000 0110 0011 | TO, PD

12 [ SUBLW k | K—(W) > (W) 1 11 110x kkkk kkkk | C, DC, Z

13 | XORLW k | (W) xor k 1 11 1010 kkkk kkkk | Z

3. TAP LENH CHI TIET
1. Lénh: ADDLW Cong hing sb k vao W
e Cl phap: ADDLW k
e Tac t0: 0< k< 255
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Thyc thi: (W) + k 2> (W). Co anh huong: C, DC, Z. Chu ky thyc hién: 1.
Chirc ning: cong ndi dung thanh ghi W vé6i hiang sb k 8 bit va két qua luu vao W.

2. Lénh: ADDWF Cong W voi f

3. Lénh

4. Lénh

7. Lénh

8. Lénh

9. Lénh
[ ]
[ ]

Cu phép: ADDWF fd

Tac t6: 0 <f<127,d €[0,1]

Thuec thi: (W) + (f) = (dest). Co anh hudng: C, DC, Z. Chu ky thyc hién: 1.
Chirc nang: cong ndi dung thanh ghi W véi thanh ghi f. Néu d= 0 thi luu két qua vao
thanh ghi W, con d=1 thi luu vao thanh ghi f.

: ANDLW And hang s véi W

Ca phép:  ANDLW k

Tac to: 0 <k <255

Thuc thi: (W) AND (k)=>(W). Co anh huong: Z. Chu ky thuc hi¢n: 1.

Chirc nang: And ndi dung thanh ghi W véi hang s6 k 8 bit, két qua luu vao thanh ghi
W.

: ANDWF And W v6i1 F

CU phép: ANDWF f.d

Tac to: 0 <f<127,d €[0,1]

Thuyc thi: (W) AND (f) = (dest). Co anh hudng: Z. Chu ky thyc hi¢n: 1.
Chtre nang: And thanh ghi W véi thanh ghi f. Néu d = 0 thi két qua luu vao thanh ghi
W, néu d=1 thi két qua luu vao thanh ghi f.

: BCF x04 bit trong thanh ghi F - BIT CLEAR FILE

Cu phap: BCF f.b
Téc t6: 0 <f<127,0 <b<7
Thuc thi: 0 - (f<b>). Co anh huong: khong. Chu ky thuc hién: 1.

Chirc nang: x0a bit b trong thanh ghi f.

: BSF set bit trong thanh ghi F - BIT SET FILE

Cu phap: BSF fb

Téc t: 0 <f<127,0 <b<7

Thuc thi: 1 > (f<b>). Co anh huong: khong. Chu ky thuc hién: 1.
Chirc nang: set bit b trong thanh ghi f 1én 1.

: BTESS kiém tra 1 bit trong thanh ghi F va nhay néu bang 1

Cu phép: BTFSS f,b - BIT TEST FILE SKIP IF SET

Téc to: 0 <f<127,0 <b<7

Thuc thi: nhay néu f<b>=1. Co anh hudng: khong. Chu ky thue hién: 1(2).
Chirc ning: kiém tra bit b: néu bit b bang 1 thi 1énh ké bi bo qua va thay bang lénh
NOP, néu bit b bang 0 thi thyuc thi 1énh ké.

: BTFSC kiém tra 1 bit trong thanh ghi F va nhay néu bang 0

Cu phép: BTFSC f,b - BIT TEST FILE SKIP IF CLEAR

Téc t6: 0 <f<127,0 <b<7

Thuc thi: nhay néu f<b>=0. Co anh hudng: khong. Chu ky thue hién: 1(2).
Chirc nang: kiém tra bit b: néu bit b bang 0 thi 1énh ké bi bo qua va thay bang lénh
NOP, néu bit b bang 1 thi thyuc thi 1énh ké.

: CALL goi chuong trinh con

Cu phap: CALL k
Téc to: 0 <k<2047
Thuec thi: (PC +1)> TOS; k>PC - TOP OF STACK

Cliwsng 3. Lénk bigh ngic.
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10. Lénh

11. Lénh

12. Lénh

13. Lénh

14. Lénh

Co anh huong: khong. Chu ky thuc hién: 2.
Chirc ning: goi chuong trinh con. Pia chi trg vé (PC+1) dugc cat vao ngin xép. Thanh
ghi PC duoc nap dia chi cia chuong trinh con va chuong trinh con dugc thuc hién.

: CLRF xoa thanh ghi f

Cu phép: CLRF f - CLEAR FILE

Téc t0: 0 <f <127

Thuc thi: 00h =>(f); 1 > Z Trang thdi anh hudng: Z. Chu ky thuc hién: 1.
Chirc ning: x04 thanh ghi fva co Z bang 1.

: CLRW x0a thanh ghi W

Cu phép: CLRW - CLEAR WORKING

Tac t6: khong

Thuc thi: 00h 2>(W),1 > Z. C¢ anh huong: Z. Chu ky thyc hién: 1.
Chtre niang: xo thanh ghi W va ¢d Z bang 1.

: CLRWDT x0a WDT

Ca phép: CLRWDT - CLEAR WATCHDOG TIMER

Tac to: khong

Thuec thi: 00 > WDT; 0 = B6 dém chia truéc cia WDT; 1 > TO:1-> PD

C& anh huéng: TO, PD . Chu ky thuc hién: 1. ’

Chtrc nang: Iénh CLRWDT s¢ x04 bd dinh thoi WDT va bd dém chia trude cua WDT.
Cac bit PD,TO vé muc 1.

: COMF bu thanh ghi f

Ca phép: COMFf.d

Tac t0: 0 <f <127,d €[0,1]

Thuc thi: (f) > (dest). Co anh huong: Z. Chu ky thuc hién: 1.

Chute nang: bu 1 néi dung thanh ghi f. Néu d=0 thi két qua luu vao thanh ghi W. Néu
d=1 thi két qua Iuu vao thanh ghi f.

: DECF giam ndi dung thanh ghi f

Cu phap: DECF f.d

Téc to: 0 <f<127,d €[0,1]

Thuyc thi: () — 1 > (dest). Co anh huodng: Z. Chu ky thyc hi¢n: 1.

Chure nang: gidm ndi dung thanh ghi f di 1. Néu d= 0 thi két qua luu vao thanh ghi W.
Néu d= 1 thi két qua Iuu vao thanh ghi f.

15. Lénh: DECFSZ giam ndi dung thanh ghi f va nhay néu bing 0

Cu phap: DECFSzZ f.d

Tac t6: 0 <f<127,d €[0,1]

Thuyc thi: (f) — 1 > (dest); Co anh huong: khong. Chu ky thuc hién: 1(2).

Chirc ning: giam ndi dung thanh ghi fdi 1. Néu d = 0 thi két qua luu vao thanh ghi W.
Néu d = 1 thi két qua luu vao thanh ghi f. Néu két qua bang 0 thi bé qua Iénh ké va thay
bang lénh NOP.

16. Lénh: GOTO lénh r& nhanh khong diéu kién

Cu phap: GOTO k

Téc t: 0< k<2047

Thyc thi: k > PC. Co anh huong: khong. Chu ky thuc hién: 2.

Chure néng: nhday khong diéu kién dén dia chi k. Dia chi noi nhay dén nap vao PC va
CPU tiép tuc thyc hién Iénh tai noi nhay dén.
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17. Lénh:

18. Lénh:

19. Lénh:

20. Lénh:

21. Lénh:

22. Lénh:

23. Lénh:

24. Lénh:

INCF Iénh tang ndi dung thanh ghi f

Cu phép: INCF f,d

Tac t: 0 < f<127,d€[0,1]

Thyc thi: (f) +1 > (dest). Co anh huong: Z. Chu ky thuc hién: 1.

Chirc ndng: tang ni dung cta thanh ghi f'1én 1. Néu d = 0 thi két qua lru vao thanh ghi
W. Néu d = 1 thi két qua luu trd lai vao thanh ghi f.

INCFSZ 1énh tang noi dung thanh ghi f va nhay néu bang 0

CU phép: INCFSZ fd
Téac to: 0 <f<127,d €[0,1]
Thuec thi: (f) + 1> (dest). Co anh hudng: khong. Chu ky thyc hién: 1(2).

Chirc nang: tang ndi dung cua thanh ghi f 1én 1. ’Né'u’ d= 0 thi két qua luu vao thanh ghi
W. Néu d= 1 thi két qua luu vao thanh ghi f. Neu két qua la bang 0 thi bo qua lénh ké
va duoc thay bang 1énh NOP.

IORLW 1énh OR hang s6 v6i W

CU phép: IORLW k

Téc to: 0 <k <255

Thuyc thi: (W) OR k > W. Co anh huodng: Z. Chu ky thuc hi¢n: 1.
Chire nang: Or hang sb k 8 bit vdi W.

IORWF Iénh OR W voi f

CU phap: IORWF fd

Téc t6: 0<f<127

Thuc thi: (W) ORf - (dest). Co anh huong: Z. Chu ky thuc hién: 1.

Chtre nang: Or ndi dung thanh ghi W véi thanh ghi f. Néu d= 0 thi két qua luu vao
thanh ghi W. Néu d= 1 thi két qua Iuu vao thanh ghi f.

MOVLW 1énh nap dir liéu vao thanh ghi W
Cu phap: MOVLW k
Téc t6: 0<k<255
Thuc thi: k> W. Co anh huong: khong. Chu ky thuc hién: 1.
Chtrc nang: nap dir li¢u 8 bit k vao thanh ghi W.

MOVF 1énh copy dir li€u tir thanh ghi W sang

Cu phap: MOVF f.d
Téc to: 0<f<127,d €[0,1]
Thuyc thi: (f) > (noi dén). Co anh huodng: Z. Chu ky thyc hién: 1.

Chure nang: copy ndi dung thanh ghi ‘f” sang noi dén tuy thugc vao gia tri cua ‘d’. Néu
‘d” = 0 thi noi dén 1a thanh ghi W. Néu ‘d’=1 thi noi dén chinh la thanh ghi °f. Tmong
hop ‘d’=1 rat tién loi dé kiém tra thanh ghi file vi c& Z bi anh hudng: néu ndi dung
thanh ghi f bang 0 thi cd Z bang 1, néu khac 0 thi cd Z bang 0.

MOVWF 1énh copy dir licu

Cu phap: MOVWF f

Tac t6: 0<f<127,d €[0,1]

Thuec thi: (W) > . Trang thai anh hudng: khong. Chu ky thuc hién:
1.

Chure nang: copy ndi dung thanh ghi W sang thanh ghi ‘f".

NOP 1énh khong hoat dong
Cu phap: NOP
Tac t6: khéng c6
Thuec thi: khong lam gi ca. Trang thai anh huong: khong. Chu ky thuc hién: 1.

Cliwsng 3. Lénk bigh ngic.
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Chtrc nang: khong 1am gi ca

25. Lénh: RETFIE 1énh tré vé tir chuwong trinh con phuc vu ngit.

CU phap: RETFIE

Tac t: khéng co.
Thyc thi: TOS - PC, 1> GIE. Co anh huong: khong. Chu ky thyuc hién:
2.

Chtre nang: két thiic chuong trinh con phuc vu ngat, tre lai chuong trinh chinh. Dia
chi tro vé ¢ dinh ngan x&p tra lai cho PC, bit cho phép ngat toan cuc GIE =1 dé€ cho
phép ngat.

26. Lénh: RETLW 1énh trd vé tir chuwong trinh con

Cu phép: RETLW k

Téc to: 0 <k <255

Thyc thi: k > W, TOS - PC. Trang thai anh huong: khong. Chu ky thuc hién:
2.

Chue nang: két thiic chwong trinh con dé tro lai chuong trinh chinh, dong thoi nap hang
s0 k vao thanh ghi W, dia chi trd vé trong dinh ngan xép tra lai cho PC.

27. Lénh: RLF 1énh xoay trai qua co C

29. Lénh

30. Lénh

CU phap: RLF fd
Tac to: 0<f<127,d €[0,1]
Thuc thi:
MSB LSB

T AT

Trang thai anh huéng: C. Chu ky thuc hién: 1.
Chirc ndng: xoay n¢i dung cta thanh ghi f va co C sang trai mot bit. Néu d= 0 thi két
qua dugc luu vao thanh ghi W. Néu d= 1 thi két qua Iuu vao thanh ghi f.

:RRF Iénh xoay phai qua co C

Cu phap: RRF fd
Téc to: 0<f<127,d €[0,1]
Thuec thi:
MSB LSB

o

Trang thai 4nh hudng: C. Chu ky thuc hién: 1.
Chirc nang: Xoay ndi dung cua thanh ghi f va co C sang phai 1 bit. Néu d= 0 thi két qua
duogc luu vao thanh ghi W. Néu d= 1 thi két qua luu vao thanh ghi f.

: RETURN 1énh két thuc chwong trinh con

Cu phép: RETURN

Tac t: khong

Thuc thi: TOS - PC. Trang thai anh hudng: khong. Chu ky thuc hién: 2.

Chirc ning: 1énh két thiic chuong trinh con trd lai chwong trinh chinh, dia chi trg vé
trong dinh ngan xép tré lai cho PC.

: SLEEP Iénh ngu
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e CU phép: SLEEP

e Tac to: khong

e Thucthi:  00h > WDT;0-> bd dém chia truéc cia WDT; 1> TO; 0> PD

e Co&anhhuong: TO,PD.  Chu ky thyc hién: 1.

e Chirc ning: PD = 0 cho biét CPU dang & ché dd ngi, bo dao dong nging hoat dong.
Bit TO =1. Bo dinh thdi WDT va b chia trudc bi xoa.

31. Lénh: SUBLW 1énh trir hang s6 cho thanh ghi W
e CU phép: SUBLW k
Téc to: 0<k<255

[ ]

e Thuyc thi: k—(W)=> (W). Co anh huong: C, DC, Z. Chu ky thuc hién: 1.

e Chirc ning: hang s6 k 8 bit trir cho ndi dung thanh ghi W va két qua Iwu vao thanh ghi
W.

32. Lénh: SUBWF lénh trir thanh ghi £ cho thanh ghi W
e Cu phap: SUBLW fd
e Tac to: 0<f<127,d €[0,1]
e Thuyec thi: () — (W)-> (dest).  Co anh hudng: C, DC, Z. Chu ky thyc hién: 1.
e Chirc ning: ndi dung thanh ghi ftrir cho ndi dung thanh ghi W. Néu d= 0 thi két qua luu
vao thanh ghi W. Néu d= 1 thi két qua luu vio thanh ghi f.

33. Lénh: SWAPF 1énh hoan chuyén 4 bit cta thanh ghi f

Cu phap: SWAPF f.d

Tac to: 0<f<127,d €[0,1]

Thuc thi: (f<3:0>) > (dest<7:4>); (f<7:4>) -> (dest<3:0>)

Co anh huong: khong. Chu ky thuc hién: 1.

Chtrc ning: 4 bit cao va 4 bit thip cua thanh ghi f duoc dbi véi nhau. Néu d= 0 thi két
qua Iru vao thanh ghi W. Néu d= 1 thi két qua Iuu vao thanh ghi f.

34. Lénh: XORLW 1énh XOR hing s6 voi W
e Cu phéap: XORLW k
o Téc to: 0 <k <255
e Thuyc thi: (W) XOR k = (W)
e Co0 anh huong: Z. Chu ky thuc hién: 1.
e Chirc niang: XOR ndi dung thanh ghi W v&i hing sb k 8 bit, két qua Iwu vao thanh ghi
W.

35. Lénh: XORWF lénh XOR W voi f
e Cu phéap: XORLW fd
e Tac to: 0<f<127,d €[0,1]
e Thuyc thi: (W) XOR (f) > (dest). Co anh hudng: Z
e Chirc ning: XOR noi dung thanh ghi W voi ndi dung thanh ghi f. Néu d= 0 thi két qua
dugc luu vao thanh ghi W. Néu d= 1 thi két qua lwu vao thanh ghi f.

I11. CAU HOI ON TAP — TRAC NGHIEM - BAI TAP

1. CAUHOI ON TAP
Cau sé 3-1:  Hay cho biét cac kiéu dinh dia chi cta vi diéu khién PIC16F887.
Cau sé 3-2:  Hay cho biét cac nhom 1énh cua vi diéu khién PIC16F887.

2. CAUHOI MO RONG
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Cau s6 3-3:
Cau 56 3-4:  Hay tim cdu trac duong dng 1énh.
3. CAU HOI TRAC NGHIEM

Cau 3-1: Tap lénh cia PIC 16F877A gdm:

(a) Lénh xir Iy bit
(c) Lénh xir Iy byte

Hay tim hiéu 1énh so sanh cau trac CISC va RISC.

(b) Lénh xt Iy hing s6 va diéu khién
(d) Tat ca déu dang

CAu 3-2:  Ma l¢nh cua PIC 16F877A c6 chiéu dai:
(@ 12 hit (b) 13 bit
(c) 14 bit. (d) 15 bit
Cau 3-3: Ki hiéu ‘f* trong tap 1énh cua PIC 16F877A:
(2) La tén cua thanh ghi (b) La dia chi cta 1 thanh ghi
(c) La hang so (d) La dia chi cua 1 bit
Cau 3-4: Ki hiéu ‘b’ trong tap 1énh cuia PIC 16F877A:
(a) La tén cua thanh ghi (b) La dia chi cta 1 thanh ghi
(c) La hang so (d) La dia chi cta 1 bit
Cau 3-5:  Ki hiéu ‘d’ trong tap 1énh ctia PIC 16F877A:
(a) La tén cua thanh ghi (b) Cho biét noi nhan dit liéu
(c) La hang so (d) La dia chi cua 1 bit
Cau 3-6: Ki hiéu ‘b’ trong tap 1énh ctia PIC 16F877A co chiéu dai:
(@) 3bit (b) 1 bit
(c) 7hit (d) 14 bit
Cau 3-7: Ki hiéu ‘f* trong tap 1énh cuia PIC 16F877A c6 chiéu dai:
(@) 3bit (b) 1 bit
(c) 7hbit (d) 14 bit
Cau 3-8: Lénh “ADDLW Kk” ¢6 chirc nang:

(b) And W véi ha:“ing sf:) k
(d) And W véi hang so 1

(a) Cong W vai h%?mg sf:) k
(c) Cong W véi hang so |

Céu 3-9: Lénh “ADDWEF f, d” ¢6 churc nang:

(a) Cong W véi hang sb f
(c) Cong W vai 6 nho f

Céu 3-10: Lénh “BCF f, b” ¢6 churc nang:

(a) Xoa bit f trong thanh ghi b
(c) Lam bit f trong thanh ghi b Ién 1

Céu 3-11: Lénh “BSF f, b” c6 chirc nang:

(a) Xoa bit f trong thanh ghi b (b) Xba bit b trong thanh ghi f
(c) Lam bit f trong thanh ghi b Ién 1 (d) Lam bit b trong thanh ghi f 1én 1

Cau 3-12: Lénh “BTFSS f, b” ¢6 chic ning kiém tra:

(b) Cong W véi ‘héng §6 d
(d) Cong f voi hang so d

(b) Xba bit b trong thanh ghi f
(d) Lam bit b trong thanh ghi f 1én 1

(b) Bit ftrong thanh ghi b va nhay nef:u =1
(d) Bit ftrong thanh ghi b va nhay néu =0

(a) Bit b trong thanh ghi f va nhay né:u b:}ing 1
(c) Bit b trong thanh ghi f va nhay néu bang 0

Cau 3-13: Lénh “BTFSC f, b” ¢6 chuc ning kiém tra:

(b) Bit ftrong thanh ghi b va nhay néu =1
(d) Bit f'trong thanh ghi b va nhay néu = 0

(a) Bit b trong thanh ghi f va nhay néu b:}ing 1
(c) Bit b trong thanh ghi f va nhay néu bang 0
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Cau 3-14: Lénh “DECEF f, d” c6 churc nang:

(a) Giam ndi dung thanh ghi f
(c) Giam ndi dung thanh ghi d

Cau 3-15: Lénh “DECFSZ f, d” c6 chirc nang:

(2) Gidm thanh ghi f va nhay néu Z=1
(c) Giam thanh ghi f va nhay néu d=0

Cau 3-16: Lénh “INCFSZ f, d” c6 chirc nang:

(a) Tang thanh ghi f va nhay n€::u 7=1
(c) Tang thanh ghi f va nhay néu d=0

4. BAITAP

(b) Tang ndi dung thanh ghi f
(d) Tang ndi dung thanh ghi d

(b) Giam thanh ghi f va nhay néu Z=0
(d) Giam thanh ghi f va nhay néu d=1

(b) Tang thanh ghi f va nhay né:u 7=0
(d) Tang thanh ghi f va nhay néu d=1

Cliwsng 3. Lénk bigh ngic.
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|. GIOI THIEU

Ngon ngit 1ap trinh C 13 mot ngdn ngit 1ap trinh dugc sir dung phd bién, 13 ngdn ngit tao ma hiéu
qua, cac phan tir 14p trinh ¢6 cAu trac, va mot tdp hop phong phu cac toan ti.

Ngon ngit C mdt ngdn ngit 1ap trinh thuan tién va hiéu qua, nhidu tmg dung co thé duoc giai
quyét dé dang hon va hiéu qua hon bang ngdn ngit C S0 véi cac ngdn ngit chuyén biét khéc.

O chuong nay gi6i thiéu cac ngdn ngit 1ap trinh C cho cac loai vi diéu khién va céac 1énh C co
ban dé phuc vu lap trinh cho cac ing dung. Do c6 nhiéu ho vi diéu khién ctia nhiéu hang khac nhau
nén cac phan mém 1ap trinh C cho vi diéu khién ciing khac nhau, phan nay chi trinh bay nhing kién
thire 14p trinh C chung va co ban nhat va tiy thudc vao timg phdn mém bién dich ma cac ban tim hiéu
thém.

Sau khi két thic phan ndy s& gitp cac ban biét cdu tric mot chuong trinh, biét cac 1énh C co ban
dé lap trinh, biét khai bao cac kiéu dir liéu cho céac bién, biét viét chwong trinh.

II. CAC THANH PHAN CO BAN CUA NGONNGU C

1. CACKIEU DU LIEU CUA BIEN

Trong chuong trinh thuong khai bao bién dé lu’q dir ligu va xu 1y dir 1iéu, tuy thudc vao loai dir
liéu ma ta phai chon loai dir liéu cho phu hgp. Cac bién cua vi xtr Iy bao gom bit, byte, word va long
word tuong tng véi dit liéu 1 bit, 8 bit, 16 bit va 32 bit.

_ Céc kiéu dit liéu co ban tuy thuc vao phan mém sir dung, vi diéu khién PIC c6 rét nhiéu phan
meém bién dich nhu PIC-C, MIKRO-C, MPLAB, trong phan nay trinh bay phan mém PIC-C.

Bdng 4-1: Cac kiéu dit liéu ciia phan mém PIC-C:

TT Kiéu dir liéu S6 bit  Gi6i han

1 Intl 1 0+1

2 signed char 8 -128+127

3 unsigned char 8 0+255

4 signed int hay signed int8 8 -128+127

5 unsigned int hay unsigned int8 | 8 0+255

6 signed int16 16 -32768+32767

7 unsigned int16 16 0+65535

8 signed long long 32 -2147483648 to 2147483647

9 unsigned long long 32 0 to 4294967295

10 | float 32 +1.175494E-38 to +3.402823E+38
Vi du 4-1: Khai bdo cdc bién
Intl TT; //khai béo bién trang thai thugc kiéu dit liéu bit.

Unsigned char dem; //khai bao bién dém (dem) thudc kiéu ki tw khong dau 8 bit.
~ Chay: phan mém lap trinh PIC-C khong phan biét chit hoa hay chir thudng nhung cac phan
meém khac thi c6 phan biét.
2.  CACTOANTU
Céc toan tir 14 thanh phan quan trong trong lap trinh, dé 1ap trinh thi chiing ta can phai hiéu rd
rang churc nang cua cac loai toan tir.

Bdng 4-2: Céc toan tir phd bién trong ngon ngir C:

TT  Toan | Chirc ning Vi du
tur
1 + Toan tir cOng
2 += Toan tir cng va gan. x+=y tuong duong v&i x=x+y
3 &= Toén tur and va gan. X&=y tuong duong voi x=x&Yy
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4 @ Toan tir dia chi

5 & Toan tir and

6 A= Toan tir ex-0Or va gan. x"=y tuong duong vai x=x"y

7 A Toan tur ex-or

8 |= Toan tr or va gan. x|=y tuong duong voi x=X|y.

9 | Toan tir or nhiéu dai lugng voi nhau thanh | Vi du or nhiéu bit trong 1 byte véi
1. nhau

10 -- Giam

11 /= Toan tir chia va gan. x/=y twong duong voi x=x/y

12 / Toan tir chia

13 == To4n tir bang dung dé so sanh

14 > Toan tur 16n hon

15 >= Toan tir 16n hon hay bang

16 ++ Tang

17 * Todn tir truy xudt gidn tiép, di truéc con
tro

18 1= Toan tir khong bang

19 <<= Toan tr dich trai va gan X << =y tuong duong vdi x=x<<y

20 < Toan tr nhd hon

21 << Toan tir dich trai

22 <= To4n tir nho hon hay bang

23 && Toan tr and

24 ! Toan tur phu dinh (not)

25 | Toan tur or

26 %= Toan tir chia lay s6 du va gan X % =y tuong duong véi x=x%y

27 % Toan tir module

28 *= Toan tur nhan va gan X * = y twuong duong voi x=x*y

29 * Toan tir nhan

30 & Toan tir bu 1

31 >>= Toan tr dich phai va gan X >> =y tuong duong voi x=x>>y

32 >> Toan tur dich phai

33 -> To4n tir con tré ciu tric

34 -= Toan tir trir va gan X - =y tuong duong voi x=x-Yy

35 - Toan tu tru

36 sizeof | Xac dinh kich thudc theo byte cta toan tir

a. Todn tr gan (=)
Dung dé gan mot gi4 tri nao d6 cho mot bién
Vi du 4-2: A =5; Gan bién A bang 5
Vidu 4-3: A =2+ (B =5),
C6 chirc nang gan bién b bang 5 rdi cong voi 2 va gan cho bién A, két qua B=5va A=7.
b.  Todn tir s6 hoc (+, -, *, |, %)
C6 5 toan tur dé thuc hién cac phép toan cdng, trir, nhan, chia va chia léy phﬁn du.
Vi du 4-4: A=24; B=A%S5;
Gan A bang 24, B gan s6 du ciia A chia cho 5, két qua B bang 4
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Vidu 4-5.  A=123; X = A%10; /IX=3
A= A/10; /IA =12
Y = A%10; IY=2
Z = A/10; lz=1

Vi du nay c6 chirc nang tach tirng con s6 don vi, chyc, tram gén cho 3 bién x, y, z.
Céc lénh trén c6 the vict gon lai nhu sau:

X = A%10; IIX=3

Y = A/10%10; IY=2

Z = AJ100; 11Z=1
Vi du 4-6: A=1234, X = A%10; IIX=4

A= A/10; A =12

Y = A%10; IY=3

A= A/10; A =12

Z = A%10; 11Z=2

V = A/10; V=1

Vi du nay c6 chtic nang tach tirng con s6 don vi, chuc, tram, ngan gan cho 4 bién x, y, z, V.
Céc Iénh trén co the viét gon lai nhu sau:

X = A%10; 1/X=3

Y = A/10%10; 1Y=2

Z = A/100%10; 11Z=1

V = A/1000; V=1
Cc.  Todn tir gan phirc hop (+=, -=, *=, |=, %=, >>=, <<=, &=, =, |5)
Tong quét cho toan tir gan phirc hop: bién += gia_tri twong duong voi bién = bién + gia_tri.
Vidu 4-7: A+=5; tuong duong voi A = A +5;

A /= 5; tuong duong A=A/ 5;
B*=X+1; tuongduong B=B* (X+1);
d. Todn tir ting va giam (++, --)

Tong quét cho toan tir gan phirc hop: bién += gia_tri twong duong voi bién = bién + gia_tri.

Vi du 4-8: A++; tuong duong voi A = A +1 hay A+=1;
Vi du 4-9: B=3; gan B bang 3
A=++B,; két qua A bang 4, B bing 4
Vidu 4-10: B=3; gan B bang 3
A=B++; két qua A bang B va bang 3, B ting lén 1 bang 4
Su khac nhau 1 “++” dat trude thi tinh trude rdi méi gan, dat sau thi gan trudc rdi méi tinh.
e.  Todn tir quan hé (==, 1=, > | <, >= <=)

Céc toan tir quan hé diing dé so sanh cac biéu thirc, két qua so sanh 1 diing hodc sai.
- Cac toan tur trén twong Ung la bang, khac, 16n hon, nho hon, 16n hon hay bang, nhé hon hay
bang.
Vi du 4-11: if (X<100)  X+=1;
Lénh trén kiém tra néu X con nho hon 100 thi ting X 1én 1.
f. Toan tir logic (!, && ,||)
Cac toan tir trén tuong duong 1a NOT, AND va OR.
Vi du 4-12: Itrue  s& cho két qua 1a false
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((5==5) && (6>4)) and 2 diéu kién lai véi nhau va két qua 1a true.
0.  Todn tir xir I bit (&, |,*, ~, <<, >>)
Céc toan tir xur ly bit vdi bit, cac toan tir trén tuong duong 1a AND, OR, XOR, NOT, SHL (dich
trai), SHR (dich phai).
Vi du 4-13:
A=0X77; /lgan A = 0111 0111B
B=0XC9;  //gan B = 1100 1001B
X=A&B; // Xbing A and v6i B, két qua X = 0100 0001B = 0X41
Y=A|B; //YbangA orvéiB, kétquaY=11111111B = 0XFF
Z=AN"B; //Zbang A xor v6iB, két qua Z= 1011 1110B = 0XBE
W = ~A; // W bang not A, két qua W = 1000 1000B = 0X88
Vi du 4-14:
A=0x01; /lgan A = 0000 0001B
A= (A <<1); //dich A sang trai 1 bit, két qua A = 0000 0010B.
A= (A <<1); //dich A sang trai 1 bit, két qua A = 0000 0100B.
Khi dich trai thi bit bén trai mat, bit 0 thém vao bén phai.
Vi du 4-15:
A=0x81; /lgan A = 1000 0001B
A= (A>>1); //dich A sang phai 1 bit, két qua A = 0100 0000B.
Khi dich phai thi bit bén phai mat, bit 0 thém vao bén trai.
Vi du 4-16:
A=0x00 ; /lgan A = 0000 0000B
A= (A <<1) +0x01 ; //dich A sang trai 1 bit r6i cong véi 1, két qua A = 0000 0001B.
A= (A <<1) +0x01 ; //dich A sang trai 1 bit ri cong véi 1, két qua A = 0000 0011B.
Khi dich trai va cong vo6i 1 thi co chic nang day s6 1 thém vao bén phai, v6i dir liéu 8
bit thi sau 8 lan s& lap day 8 bit 1.
h.  Todn tir ldy kich thuwdc chudi theo bye ()
Vi du 4-17: A = sizeof (charac); két qua 1a A s& chira s byte ctia chudi charac

3. CACLENH C COBAN
Thanh phan quan trong thit 3 trong 1ap trinh C 14 cac Iénh cua ngdn ngit C, phan tiép theo s&
khao sat cac Iénh co ban.
a. Lénh ifva else:
Chirc nang: kiém tra diéu kién néu thoa thi lam.
Ca phéap:  if (diéu kién)

{ Lénh 1;
Lénh 2;
}
else
{ Lénh 3;
Lénh 4;
}
Vi du 4-18:
if (x==50)
x=1;
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else
X=X+1;
b.  Lénh lgp while:
Chtrc nang: 1ap lai mdt thao tac véi mot s6 1an nhit dinh hodc khi con théa 1 diéu kién nao do.
Ca phap:  while (diéu_kién)

{ Lénh 1;
Lénh 2;
¥
Vi du 4-19:
while (x > 0)
{x=x-1;}

c.  Lénh lgp do while:
Chtre nang: 1am céc 1énh trong déu ngodc va thoat néu diéu kién theo sau 1énh while khong dung.
Cla phéap: do
{ Lénh 1;
Lénh 2;

while (diéu_kién)
Vi du 4-20:
Do
{x=x+10;}
while (x < 100)
Thuc hién 1énh x bé‘mg x cong voi 10, 1am cho dén khi x nho hon 100.

d.  Lénh lap for:
Chtrc nang: lam cac 1énh trong dau ngoac mot s6 1an nhat dinh.
Cl phap: for (gia tri bat dau; diéu kién két thic; ting gia trj)

{ Lénh 1;
Lénh 2;
}
Vi du 4-21:
For (int n = 0; n <100; n++)
{x=x+10;}

Vong lap thuc hién véi bién n bang 0 cho dén khi n bang 100 thi nging.

€.  Lénh ré nhanh break:

Chirc nang: Lénh nay dung dé thoat khoi vong lap du cho diéu kién dé két thic chua thoa mén.
f.  Lénh continue:

Chirc nang: Lénh nay dung dé két thiic phan con lai ctia vong lap dé lam lan lip tiép theo.

9. Lénh ré nhanh goto:

Chirc ning: Lénh nay ding dé nhay dén nhay trong chuong trinh.

h.  Lénh switch case:

Chure nang: thuc hién 1 cong viée tuy thudc vao ham.

Cu phap:  switch (cmd)
{
Case constantl: Lénhal;
Lénh a2;
Break;
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Case constant2:  Lénh b1,

Lénh b2;
Break;
Default: Lénh cl;
Lénh c2;
Break;
}
Vi du 4-22:
switch (cmd)
{
Case 0: printf(“cmd 07);
Break;
Case 1: printf(“cmd 17);
Break;
Default: printf(‘“bad cmd *);
Break;
}

4. CAU TRUC CUA CHUONG TRINH C

Chuong trinh C don gian nhu sau

/* my first C program*/
#INCLUDE <16F887.H>
#FUSES NOWDT, PUT, HS, NOPROTECT, NOLVP

VOID MAIN()
{ SET_TRIS_B(0x00); //PORTB LA OUTPUT
OUTPUT_B(0x0F); //4 LED TAT 4 LED SANG
WHILE(1)
{}
}
_ “/*my first C program*/” 1a cha thich cho chuong trinh nam trong cip ddu “/* ... */” hodc
nam sau “//”.

Lénh “#include <16F887.H >” c6 chuc ndng béo cho trinh bién dich biét chwong trinh ding cac
thanh phan cua vi di€u khién c6 trong file “16F887.H”.

Tiép theo la khai bao cau hinh cua vi di€u khién. ’

“VOID MAIN ()” cho bi€t bat dau chuong trinh chinh va cac 1€nh tiép theo cua chuong trinh
chinh nam trong cdp dau {}.

5. CAC THANH PHAN CUA CHUONG TRINH C

Té:c ca cac chuong trinh viét bang ngon ngit C bao gdm cac chi dan, cac khai bao bién, cac dinh
nghia bién, céc biéu thuce, cac 1¢énh va ham.

a.  Chidan tién xi Iy

C6 2 chi dan 1a #define va #include.

Chi dan #define c6 chirc nang thay thé 1 doan chudi béng mot chi dinh dac biét nao do.

Chi dan # include c6 chirc ning chén vao mot doan Iénh tir 1 file khac vao trong chuwong trinh.

Vi du 4-23:

#define RW PIN_B1
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#include <16F887.H>

Chi dan thir nhat c6 chirc ning dinh nghia bién RW 1a bit thir 1 ciia portB.

Chi dén thir hai ¢6 chirc ning khai bao chuong trinh thu vién cta vi diéu khién 16F887.h

b.  Khai bao

. Khai bao bién bao gém tén va thugc tinh, khai bao ham, khai bao hﬁng. Khai bao bién toan cuc

nam bén ngoai ham, khai bdo bién cuc b thi nam bén trong ham.

C.  Dinh nghia gid tri cho bién

Dung dé thiét 1ap gia tri cho 1 bién hodc 1 ham.

d.  Biéu thirc

La sy két hop cua toan tir va tac t6 dé cho ra 1 két qua duy nhat.

e. Ham

Mot ham bao gém cac khai bao bién, dinh nghia gié tri, cac biéu thirc va cac 1énh dé thyuc hién 1
churc nang dac biét nao do.

6. CON TRO DU LIEU
Con tro dir liéu trong ngdn ngir C chinh la kiéu truy xuat gian tiép dung thanh ghi, dia chi cta 6
nhd can truy xuat luu trong thanh ghi.

Vi du 4-24: khai bdo con tro, gan dia chi con tro va luu dir liéu:

unsigned char *pointer0 ; /lkhai bao con tro
pointer0 = mem_address; //gan dia chi bit dau ctia ving nhé cho con tro
*pointer0 = OxFF; //luau gia tri OXFF vao 6 nho c6 dia chi luu trong con tré.

7.  KHAI BAO MANG
Vi du 4-25: khai bao mang:
unsigned char ma7doan[] = {0XC0,0XF9,0xA4,0XB0,0X99,0X92,0X82,0XF8,0X80,0X90} ;
char chuoi_hien_thi = {"HELLO ! "} ;

I11. TRINH BIEN DICH CCS-C

Trinh bién dich PIC-C dung dé bién dich tap tin ma ngudn C cho ho vi diéu khién PIC vé6i nhiéu
chung loai khac nhau, dé lap trinh C ch@ng ta c6 thé st dung phan mém bién‘dich EIC-C, cach cai dat,
1ap trinh, bién dich va stir dung ban c6 thé tham khao & tai li¢u thuc hanh vi diéu khién.

Khi lap trinh cho vi diéu khién PIC ding PIC-C thi cac thanh phan co ban ciing gidng nhu cac
loai vi diéu khién khac, su khac biét chu yéu 4] phﬁn cirng cua tung vi diéu khién. Cac 1énh lién quan
dén phan cing duoc trinh bay theo phin cing d6, khi khao sat port thi ¢6 cac 1énh PIC-C lién quan dén
port, khi khao sat timer/counter thi c¢6 cac 1énh PIC-C lién quan dén timer/counter.

Khi ding phan mém PIC-C lap trinh cho vi diéu khién PIC16F887 thi phai khai bao thu vién
<PIC16F887.h>. Trong file nay da dinh nghia tén cac thanh phan cua vi diéu khi€n, néu cac tén trong
file nay khong co thi ban c6 thé dinh nghia thém, trong phan mém PI1C-C c6 rat nhiéu thu vién ho trg
cho céc tmg dung gitip ban viét chuong trinh gon hon.

N1 dung cua file thu vién:

/1111111 Standard Header file for the PIC16F887 device /////1/11111111/

#device PIC16F887

#nolist

/111]] Program memory: 8192x14 Data RAM: 367 Stack: 8

M 10O: 36 Analog Pins: 14

/111/1l] Data EEPROM: 256

/1111111 C Scratch area: 77 1D Location: 2000

/1111111 Fuses: LP,XT,HS,EC_IO,INTRC_IO,INTRC,RC_IO,RC,NOWDT,WDT,NOPUT,PUT
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/111111 Fuses: NOMCLR ,MCLR,NOPROTECT,PROTECT,NOCPD,CPD,NOBROWNOUT,BROWNOUT
/111111 Fuses: BROWNOUT_NOSL,BROWNOUT_SW,NOIESO,IESO,NOFCMEN,FCMEN,NOLVP

1111111 Fuses: LVP,NODEBUG,DEBUG,WRT,NOWRT,BORV40,BORV21

i

e e
// Discrete 1/0 Functions: SET_TRIS_x(), OUTPUT_x(), INPUT_x(),

/I PORT_x_PULLUPS(), INPUTY(),
/I OUTPUT_LOW(), OUTPUT_HIGH(),
/I OUTPUT_FLOAT(), OUTPUT_BIT()

// Constants used to identify pins in the above are:

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define
#define
#define
#define
#define

#define
#define
#define
#define

M Usetul defines

PIN_AO
PIN_A1
PIN_A2
PIN_A3
PIN_A4
PIN_AS
PIN_AG6
PIN_A7

PIN_BO
PIN_BI1
PIN_B2
PIN_B3
PIN_B4
PIN_BS5
PIN_B6
PIN_B7

PIN_CO
PIN_C1
PIN_C2
PIN_C3
PIN_C4
PIN_C5
PIN_C6
PIN_C7

PIN_DO
PIN_D1
PIN_D2
PIN_D3
PIN_D4
PIN_D5
PIN_D6
PIN_D7

PIN_EO
PIN_E1
PIN_E2
PIN_E3

40
41
42
43
44
45
46
47

48
49
50
51
52
53
54
55

56
57
58
59
60
61
62
63

64
65
66
67
68
69
70
71

72

73

74
75
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#define FALSE 0
#define TRUE 1
#define BYTE int8
#define BOOLEAN intl
#define getc getch
#define fgetc getch
#define getchar getch
#define putc putchar
#define fputc putchar
#define fgets gets
#define fputs puts

T T Control
// Control Functions: RESET_CPU(), SLEEP(), RESTART_CAUSE()
// Constants returned from RESTART_CAUSE() are:

#define WDT_FROM_SLEEP 3
#define WDT_TIMEOUT
#define MCLR_FROM_SLEEP 19
#define MCLR_FROM_RUN 27
#define NORMAL_POWER_UP 25

11

#define BROWNOUT_RESTART 26

M Timer O

// Timer 0 (AKA RTCC)Functions: SETUP_COUNTERS() or SETUP_TIMER_0(),

/"
/"

// Constants used for SETUP_TIMER_O0() are:

SET_TIMERO() or SET_RTCC(),
GET_TIMERO() or GET_RTCC()

#define TO_INTERNAL 0

#define TO_EXT_L_TO_H 32

#define TO_EXT_H_TO_L 48

#define TO_DIV_1 8

#define TO_DIV_2 0

#define TO_DIV_4 1

#define TO_DIV_8 2

#define TO_DIV_16 3

#define TO_DIV_32 4

#define TO_DIV_64 5

#define TO_DIV_128 6

#define TO_DIV_256 7

#define TO_8_BIT 0

#define RTCC_INTERNAL 0  // The following are provided for compatibility
#define RTCC_EXT_L_TO_H 32 // with older compiler versions
#define RTCC_EXT_H_TO_L 48

#define RTCC_DIV_1 8

#define RTCC_DIV_2 0

#define RTCC_DIV_4 1

#define RTCC_DIV_8 2
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#define RTCC_DIV_16 3
#define RTCC_DIV_32 4
#define RTCC_DIV_64 5
#define RTCC_DIV_128 6
#define RTCC_DIV_256 7
#define RTCC_8_BIT 0

// Constants used for SETUP_COUNTERS() are the above

/l constants for the 1st param and the following for

// the 2nd param:

T il WopT

// Watch Dog Timer Functions: SETUP_WDT() or SETUP_COUNTERS() (see above)
I RESTART_WDT()

/I WDT base is 18ms

I

#define WDT_18MS 8
#define WDT_36MS 9
#define WDT_72MS 10
#define WDT_144MS 11
#define WDT_288MS 12
#define WDT_576MS 13
#define WDT_1152MS 14
#define WDT_2304MS 15

/I One of the following may be OR'ed in with the above:

#define WDT_ON 0x4100
#define WDT_OFF 0
#define WDT_DIV_16 0x100
#define WDT_DIV_8 0x300
#define WDT_DIV_4 0x500
#define WDT_DIV_2 0x700
#define WDT_TIMES_1 0x900 // Default
#define WDT_TIMES_2 0xB00
#define WDT_TIMES_4 0xD00
#define WDT_TIMES_8 0xF00
#define WDT_TIMES_16 0x1100
#define WDT_TIMES_32 0x1300
#define WDT_TIMES_64 0x1500
#define WDT_TIMES_128 0x1700

T T Timer 1

// Timer 1 Functions: SETUP_TIMER_1, GET_TIMERI1, SET_TIMERI1
// Constants used for SETUP_TIMER_1() are:

/I (or (via |) together constants from each group)

#define T1_DISABLED 0
#define T1_INTERNAL 5
#define T1_EXTERNAL 7
#define T1_EXTERNAL_SYNC 3
#define T1_CLK_OUT 8
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#define T1_DIV_BY_1 0

#define T1_DIV_BY_2 0x10
#define T1_DIV_BY_ 4 0x20
#define T1_DIV_BY_8 0x30
#define T1_GATE 0x40
#define T1_GATE_INVERTED 0xCO

M Timer 2

// Timer 2 Functions: SETUP_TIMER_2, GET_TIMER?2, SET_TIMER?2

// Constants used for SETUP_TIMER_2() are:

#define
#define
#define
#define

T2_DISABLED 0
T2_DIV_BY_1 4
T2_DIV_BY_4 5

6

T2_DIV_BY_16

M CCp

// CCP Functions: SETUP_CCPx, SET_PWMx_DUTY

// CCP Variables: CCP_x, CCP_x_LOW, CCP_x_HIGH
/I Constants used for SETUP_CCPx() are:

#define CCP_OFF 0

#define CCP_CAPTURE_FE 4

#define CCP_CAPTURE_RE 5

#define CCP_CAPTURE_DIV_4 6

#define CCP_CAPTURE_DIV_16 7

#define CCP_COMPARE_SET_ON_MATCH 8

#define CCP_COMPARE_CLR_ON_MATCH 9

#define CCP_COMPARE_INT 0xA

#define CCP_COMPARE_RESET_TIMER 0xB

#define CCP_PWM 0xC

#define CCP_PWM_PLUS_1 Ox1c

#define CCP_PWM_PLUS_2 0x2c

#define CCP_PWM_PLUS_3 0x3c

#word CCP_1 = getenv("SFR:CCPRIL")
#byte CCP_1_LOW= getenv("SFR:CCPRIL")
#byte CCP_1_HIGH= getenv("SFR:CCPR1H")
/I The following should be used with the ECCP unit only (or these in)

#define CCP_PWM_H _H 0x0c

#define CCP_PWM_H_L 0x0d

#define CCP_PWM_L H 0x0e

#define CCP_PWM_L_L 0x0f

#define CCP_PWM_FULL_BRIDGE 0x40

#define CCP_PWM_FULL_BRIDGE_REV 0xCO

#define CCP_PWM_HALF_BRIDGE 0x80

#define CCP_SHUTDOWN_ON_COMP1 0x100000

#define CCP_SHUTDOWN_ON_COMP2 0x200000

#define CCP_SHUTDOWN_ON_COMP 0x300000

#define CCP_SHUTDOWN_ON_INTO 0x400000

#define CCP_SHUTDOWN_ON_COMPI_INTO 0x500000

#define CCP_SHUTDOWN_ON_COMP2_INTO  0x600000

#define CCP_SHUTDOWN_ON_COMP_INTO 0x700000
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#define CCP_SHUTDOWN_AC_L 0x000000
#define CCP_SHUTDOWN_AC_H 0x040000
#define CCP_SHUTDOWN_AC_F 0x080000
#define CCP_SHUTDOWN_BD_L 0x000000
#define CCP_SHUTDOWN_BD_H 0x010000
#define CCP_SHUTDOWN_BD_F 0x020000
#define CCP_SHUTDOWN_RESTART 0x80000000
#define CCP_PULSE_STEERING_A 0x01000000
#define CCP_PULSE_STEERING_B 0x02000000
#define CCP_PULSE_STEERING_C 0x04000000
#define CCP_PULSE_STEERING_D 0x08000000
#define CCP_PULSE_STEERING_SYNC 0x10000000
#word CCp2 = getenv("SFR:CCPR2L")
#byte CCP_2_LOW= getenv("SFR:CCPR2L")
#byte CCP_2 HIGH= getenv("SFR:CCPR2H")
e 4

/I SPI Functions: SETUP_SPI, SPI_WRITE, SPI_READ, SPI_DATA_IN
// Constants used in SETUP_SPI() are:

#define SPI_MASTER 0x20

#define SPI_SLAVE 0x24

#define SPI L TO_H 0

#define SPI H TO_L 0x10

#define SPI_CLK _DIV_4 0

#define SPI_CLK_DIV_16 1

#define SPI_CLK_DIV_64 2

#define SPI_CLK_T2 3

#define SPI_SS_DISABLED 1

#define SPI_SAMPLE_AT_END 0x8000

#define SPI_XMIT_L_TO_H 0x4000
T i o il UART

/I Constants used in setup_uart() are:

/I FALSE - Turn UART off

// TRUE - Turn UART on

#define UART_ADDRESS 2

#define UART_DATA 4

#define UART_AUTODETECT 8

#define UART_AUTODETECT_NOWAIT 9

#define UART_WAKEUP_ON_RDA 10

#define UART_SEND_BREAK 13
M e COMPp

/I Comparator Variables: C1OUT, C20UT

/I Constants used in setup_comparator() are:

/"

#define NC_NC_NC_NC 0x00
#define NC_NC 0x00
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//Pick one constant for COMP1

#define CP1_AO0_A3 0x00090080
#define CP1_A1_A3 0x000A0081
#define CP1_B3_A3 0x00880082
#define CP1_B1_A3 0x00280083
#define CP1_AO_VREF 0x00010084
#define CP1_A1_VREF 0x00020085
#define CP1_B3_VREF 0x00800086
#define CP1_B1_VREF 0x00200087
//Optionally OR with one or both of the following

#define CP1_OUT_ON_A4 0x00000020
#define CP1_INVERT 0x00000010
#define CP1_ABSOLUTE_VREF 0x20000000
//OR with one constant for COMP2

#define CP2_A0_A2 0x00058000
#define CP2_Al1_A2 0x00068100
#define CP2_B3_A2 0x00848200
#define CP2_B1_A2 0x00248300
#define CP2_AO0_VREF 0x00018400
#define CP2_A1_VREF 0x00028500
#define CP2_B3_VREF 0x00808600
#define CP2_B1_VREF 0x00208700
/[Optionally OR with one or both of the following

#define CP2_OUT_ON_A5 0x00002000
#define CP2_INVERT 0x00001000
#define CP2_ABSOLUTE_VREF 0x10000000
/[Optionally OR with one or both of the following

#define CP2_T1_SYNC 0x01000000
#define CP2_T1_GATE 0x02000000
#bit C10UT = 0x107.6

#bit C20UT = 0x108.6

M i i |l VRER

/I Constants used in setup_vref() are:

/!

#define VREF_LOW 0xa0
#define VREF_HIGH 0x80
// Or (with |) the above with a number 0-15

i INTERNAL RC

/I Constants used in setup_oscillator() are:

#define 0SC_31KHZ 1
#define 0SC_125KHZ 0x11

#define 0SC_250KHZ 0x21

#define 0SC_500KHZ 0x31

#define 0SC_IMHZ 0x41

#define 0SC_2MHZ 0x51

#define 0SC_4MHZ 0x61

#define 0SC_8MHZ 0x71

#define OSC_INTRC 1

#define 0SC_NORMAL 0
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// Result may be (ignore all other bits)
#define OSC_STATE_STABLE 4
#define OSC_31KHZ_STABLE 2

T i i ADC
// ADC Functions: SETUP_ADC(), SETUP_ADC_PORTS() (aka SETUP_PORT_A),

/! SET_ADC_CHANNEL(), READ_ADC()

// Constants used for SETUP_ADC() are:

#define ADC_OFF 0 /I ADC Off
#define ADC_CLOCK_DIV_2 0x100

#define ADC_CLOCK_DIV_8 0x40

#define ADC_CLOCK_DIV_32 0x80

#define ADC_CLOCK_INTERNAL 0xc0 // Internal 2-6us

// Constants used in SETUP_ADC_PORTS() are:

#define SANO 1 /I AO
#define sANI1 2 /Al
#define SAN2 4 /A2
#define SAN3 8 /1 A3
#define sAN4 16 /I A5
#define SANS 32 /NEO
#define SANG6 64 //IE1
#define SAN7 128 //IE2
#define SANS8 0x10000 //1B2
#define SANO9 0x20000 //1 B3
#define SAN10 0x40000 /1 B1
#define sAN11 0x80000 /B4
#define sAN12 0x100000 //1 BO
#define SAN13 0x200000 //1B5
#define NO_ANALOGS 0 // None
#define ALL_ANALOG 0x1FOOFF // A0 A1 A2 A3 ASEOE1 E2 BOB1 B2 B3 B4 B5

/I One of the following may be OR'ed in with the above using |

#define VSS_VDD 0x0000 /I Range 0-Vdd
#define VSS_VREF 0x1000 /Il Range 0-Vref
#define VREF_VREF 0x3000 //l Range Vref-Vref
#define VREF_VDD 0x2000 /I Range Vref-Vdd

// Constants used in READ_ADC() are:

#define ADC_START_AND_READ 7 // This is the default if nothing is specified
#define DC_START_ONLY 1
#define ADC_READ_ONLY 6

e e
/l Interrupt Functions: ENABLE_INTERRUPTS(), DISABLE_INTERRUPTS(),

/! CLEAR_INTERRUPT(), INTERRUPT_ACTIVE(),
/! EXT_INT_EDGE()

/! Constants used in EXT_INT_EDGE() are:

#define L_TO_H 0x40

#define H_TO_L 0
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// Constants used in ENABLE/DISABLE_INTERRUPTS() are:

#define GLOBAL 0x0BCO
#define INT_RTCC 0x000B20
#define INT_RB 0x01FFOBO08
#define INT_EXT_L2H 0x50000B10
#define INT_EXT_H2L 0x60000B10
#define INT_EXT 0x000B10
#define INT_AD 0x008C40
#define INT_TBE 0x008C10
#define INT_RDA 0x008C20
#define INT_TIMER1 0x008C01
#define INT_TIMER2 0x008C02
#define INT_CCP1 0x008C04
#define INT_CCP2 0x008DO01
#define INT_SSP 0x008C08
#define INT_BUSCOL 0x008D08
#define INT_EEPROM 0x008D10
#define INT_TIMERO 0x000B20
#define INT_OSC_FAIL 0x008D80
#define INT_COMP 0x008D20
#define INT_COMP2 0x008D40
#define INT_ULPWU 0x008D04
#define INT_RBO 0x0010BO8
#define INT_RB1 0x0020B08
#define INT_RB2 0x0040B08
#define INT_RB3 0x0080B08
#define INT_RB4 0x0100B08
#define INT_RB5 0x0200B08
#define INT_RB6 0x0400B08
#define INT_RB7 0x0800B08
#list

IV. CAU HOI ON TAP — TRAC NGHIEM - BAI TAP
1. CAUHOI ON TAP
Cau sé 4-1:  Hay cho biét loai dit liéu trong ngdn ngit 1ap trinh C cho vi diéu khién.
Cau sé 4-2:  Hay cho biét cac toan tir trong trong ngdn ngit lap trinh C.
2. CAUHOI MO RONG
Cau sé 4-3:  Hay tim hiéu cac kiéu bd nhé trong ngdn ngit 1ap trinh C cua vi dieu ATMEGA128.
Cau sé 4-4:  Hay tim trinh bién dich Mikro-C.
3. CAUHOI TRAC NGHIEM

Cau 4-1:  Kiéu dir liéu “signed char” 1a kiéu:

(a) 8 hit (b) 16 bit
(c) 24 bit (d) 32 bit
Cau 4-2:  Giéi han cua kiéu dit lidu “signed char” la:
(a) Tir 0 dén 255 (b) Tr 0 dén 65535
(c) Tir-256 dén 255 (d) Tur-128 @én 127
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Cau 4-3: Kiéu dir liéu “unsigned char” 1a ki€u:
(a) 8 hit (b) 16 bit
(c) 24 bit (d) 32 bit
Cau 4-4:  Gibi han cua kiéu dit liéu “unsigned char” la:
(@) Tir 0 dén 255 (b) Tir 0 dén 65535
(c) Tur -256 dén 255 (d) Tu -128 @én 127
Cau 4-5:  Kiéu dit lidu “ unsigned int” 14 kiéu:
(a) 8 hit (b) 16 bit
(c) 24 bit (d) 32 bit
Cau 4-6:  Gibi han cua kiéu dir liéu “unsigned int” la:
(a) Tir 0 dén 255 (b) Tir 0 dén 65535
(c) Tur -256 dén 255 (d) T -128 @én 127
Cau 4-7:  Toan tir nao 1a toan tur gan:
(a) € (b) “%”
(C) GC/” (d) ‘G&”
Cau 4-8: Toan tir nao 1a chia lay sb du:
(a) GC:” (b) ‘G%”
(C) GC/” (d) ‘G&”
Cau 4-9: Toan tir no la chia lay két qua nguyén:
(a) ‘C:,’ (b) ‘G%”
(C) ‘C/” (d) ‘G&”
Cau 4-10: Toan tir nao 1a so sanh xem c6 bang hay khong:
(a) ‘C:,’ (b) ‘G!:’,
(C) ‘C::,’ (d) ‘G<:’,
Cau 4-11: Toan tir nao 1a so sanh khong bang:
(a) ‘L:” (b) 66!:”
(C ‘L::” (d) GG<:”
Cau 4-12: Toan tir ndo 1a so sanh nho hon hodc bang:
(a) “>:” (b) 64!27’
(C “::” (d) 6‘<:7’
Cau 4-13: Toan ti nao 1a AND 2 diéu kién v&i nhau:
(a) “!” (b) G‘&&”
(C) “&” (d) G‘ll”
Cau 4-14: Kiéu dit liéu nao 1a 32 bit:
(@) int (b) unsigned long
(c) unsigned int (d) signed int
Cau 4-15: Toan tir ndo 1a OR 2 diéu kién v&i nhau:
(a) “!” (b) cc&&?’
(C) “&” (d) 6‘”’5
Cau 4-16: Toan tu nao la pha dinh dir lidu:
(a) cc!” (b) @
(C) “&5’ (d) “l”
Cau 4-17: Toan tir ndo 1a phu dinh diéu kién:
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(a) CG!” (b) 66&&9’
(C) CG&” (d) 66”9’
Cau 4-18: Toan tu nao 1a AND 2 dir liéu:
(a) CG>>37 (b) 66/\/’7
(C) CG&” (d) GC|9’
Céau 4-19: Toan tir nao la dich trai dir liéu:
(a) 5$<<” (b) “N”
(C) 56&” (d) “>>”
Cau 4-20: Toan tir lay kich thudc theo byte:
(a) “size” (b) “sizeof”
(c) “sizeoff” (d) “sizeon”
Cau 4-21: Vong lap while(diéu_kién) s& lam khi diéu kién:
(@) Lon hon 1 (b) Nho hon 1
(c) Sai (d) Bung
Cau 4-22: Vong lap for(i=1;i<10;i++) s€ thyc hién cac Iénh trong vong lap:
(a) 10 lan (b) 100 lan
(c) 91an (d) 99 lan
Cau 4-23: Chi dan “#define” c6 chirc ning:
(a) Cheén 1 doan I¢nh tir 1 file khac vao (b) Khai bao thu vién cua vi diéu khién
(c) Binh nghia 1 doan chuoi (d) Khai bao thu vién ctia C
Cau 4-24: Chi dan “#include” c6 chirc ning:
(@) Chén 1 doan lénh tir 1 file khac vao (b) Khai bao thu vién cua vi diéu khién
(c) Khai bao thu vién (d) Tat ca déu dang
4. BAITAP
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Chuong 5
VI DIBU KHIEN PICTI6E887:

GIAD TIED LED, LED, PHIM BON, MA TRAN PHiM

GIOI THIEU ‘ _,
CHUC NANG CAC PORT CUA VI PIEU KHIEN

CAC PORT CUA PIC 16F887
. PORTA VA THANH GHI TRISA

PORTB VA THANH GHI TRISB
PORTC VA THANH GHI TRISC
PORTD VA THANH GHI TRISD
PORTE VA THANH GHI TRISE

NH TRUY XUAT PORT DUNG NGON NGU CCS-C
LENH SET_TRIS_X()
LENH OUTPUT _X()
LENH OUTPUT_HIGH(PIN)
LENH OUTPUT_LOW(PIN)
LENH OUTPUT_TOGGLE(PIN)
LENH OUTPUT _BIT(PIN,VALUE)
LENH VALUE=GET_TRIS_X()
LENH VALUE=INPUT(PIN)
LENH VALUE=INPUT_STATE(PIN)
LENH VALUE=INPUT_X()
LENH OUTPUT_DRIVE(PIN)
LENH OUTPUT_FLOAT(PIN)
LENH PORT_B_PULLUP()

CAC UNG DUNG DPIEU KHIEN LED PON '
CAC UNG DUNG PIEU KHIEN LED 7 DPOAN TRUC TIEP
CAC UNG DUNG PIEU KHIEN LED 7 DPOAN QUET

CAC UNG DUNG GIAO TIEP VOI NUT NHAN, BAN PHIM
»  HE THONG IT PHIM
»  HE THONG NHIEU PHIM
CAC UNG DUNG PIEU KHIEN LCD
GIOI THIEU LCD
SO PO CHAN LCD
SO PO MACH GIAO TIEP VI PIEU KHIEN VOl LCD
CAC LENH PIEU KHIEN LCD
PIA CHI CUA TUNG KY TU TREN LCD
CAC CHUONG TRINH HIEN THI TREN LCD
U HOI ON TAP — TRAC NGHIEM - BAI TAP
CAU HOI ON TAP
CAU HOI MO RONG
CAU HOI TRAC NGHIEM
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I. GIOI THIEU

O chuong nay khao sat cac port xudt nhap cua cac vi diéu khién, cac 1énh dé dinh ciu hinh cho
port va céac 1énh xuat nhap dir li¢u cho port.

Sau khi két thac chuong nay thi ngudi doc c6 thé sir dung dugc cac port dé diéu khién cac dbi
tugng nhu led don, led 7 doan, LCD, nhan tin hi¢u di€u khién tir nit nhan, ban phim ma tran, cac cam
bién.

II. CHUC NANG CAC PORT CUA VI PIEU KHIEN

Vi diéu khién c6 cac port dé xuét nhap dit lidu giao tiép v6i cac ddi twong didu khién. Tin hiéu
dicu khién tir CPU gdi ra port dé dieu khién, dong thoi co cac port nhan dir li¢u vé dé xu ly. Trong mot
hé thong luon c6 céc tin hi€u vao ra vi nhu hé thong di€u khién robo nhu hinh sau:

Temporary Data

ROM
(RAM memory ) e

Oscillator, timers, counters...

Hinh 5-1: So do két néi port véi déi twong diéu khién.

Céc port chi tao ra cac mic logic tuong thich véi chuan TLL, néu diéu khién cac ddi tugng cong
suat 16n thi phai thém mach giao tiép.

I1l. CAC PORT CUA PIC 16F887

Vi diéu khién PIC 16F887 c6 5 port 1a portA, B, C, D va E, kha ning cap va nhan dong 1a 25mA.
MICROCONTROLLER

5V
Hinh 5-2: So do két noi port: xudt nhdp tin hiéu diéu khién.

M&i port cta vi diéu khién PIC gém c6 thanh ghi port va thanh ghi dinh hudng cho port.
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Hinh 5-2 trinh bay PORTA va thanh ghi dinh huéng TRISA. Bit cta thanh ghi dinh huéng TRIS
bang 0 thi port c6 chitc nang xuat dit li¢u, néu bang 1 thi cd chirc ndng nhap dir ligu.

Cha y: '0' twong ung véi 'OUT', '1' tuong rng voi 'IN'.

Phan tiép s& khao sat chi tiét tig port.

1. PORTA VA THANH GHI TRISA

PortA la port hai chiéu 8 bit, thanh ghi dinh huéng 1a TRISA c6 chirc nang dinh céu hinh vio ra
cho cac bit xuat nhap cta portA, bit dinh hudng bang 0 thi port twong trng xuat, bit bang 1 thi bit twong
ung 1a nhap, portA va thanh ghi dinh huéng TRISA nhu hinh 5-3:

R/W(x)  R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x)

PORTA RA7 RA6 RAS RA4 RA3 RA2 RA1 RAO

Bit 7 R/W(x): 1a cho phép doc/ghi va khi reset thi khdng xac dinh Bit 0
R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

TRISA TRISA7 | TRISA6 | TRISA5 | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAO

Bit7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit 0

Hinh 5-3: PortA va thanh ghi dinh huong port A.

Khéo sat cau hinh mach cho tung tin hi¢u.

Chéan RAO/ANO/ULPWU/C12INO-: Chan RA1/AN1/C12IN1-:

C6 so do mach nhu hinh 5-4: Co so»dck) macb nhu hinh 5-5:

C6 thé dinh cdu hinh thuc hién 1 trong céac ’ Cf') thé dinh cau hinh thyc hign 1 trong céc
churc nang sau: chirc nang sau:

e Latin higu xuét nhap s 1/O. * Latin hicu xuat nhip 50 L/O.

e Langd vio kénh thir 0 cita khéi ADC, * Langd vao kénh thir 1 clia khoi ADC.

e L& ngs vao &m thr 0 cia bd so sanh C1, c2 | LaNg0 vao amthir 1 clia b so sanh C1, C2

e Langd vao tuong ty dé danh thire CPU khoi
che do ngu

Data Bus Voo

—fr Data Bus
{0 a ™ X
WR__,CK 3 f 1/0 Pin D Q A
PORTA | [~ WR _
poRTAT P & @
Vss
1/0 Pin
oD Q
VTRG WR
e @ TrisA TP E a9 vss
TRYgi——pQ‘f Q ] | Analog(™)
RD 9 Input Mode
RD_ﬁJ Analog!" TRISA™]
TRISA Ingﬂf&ade ULPV;'SISE /‘|
<t RD
PORP'}R PORTA
To Comparator
To Comparator To A/D Converter
To A/D Converter R
. Note 1: AI>ISEL determines Analog Input mode.
Hinh 5-4: Cau hinh chan RAOQ. Hinh 5-5: Cau hinh chan RAI.
Chan RA2/AN2/Vger-/ICVREF/C2IN+: Chan RA3/AN3/Vgrege+/ C1IN+
C6 so @6 mach nhu hinh 5-6: C6 so @6 mach nhu hinh 5-7:
Co thé dinh cau hinh thuc hi¢n 1 trong cac C6 thé dinh cau hinh thyc hién 1 trong cac
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Wyaén Dinke Phi

chtrc nang sau:
e La tin hiéu xuét nhap s 1/O.
e Langd vao kénh thir 2 ciia khdi ADC.
e Langd vao dién ap tham chiéu 4m cho ADC
e Langd vao dién 4p tham chiéu bd so sanh.
e [angd vao duong cta by so sanh C2

churc ning sau:
e La tin hiéu xuét nhap sé 1/O.
o Langd vao kénh tht 3 ciia khdi ADC.

e La ngd vao dién ap tham chiéu dwong cho
ADC

e [angd vao duong cua bd so sanh C1

Data Bus

VROE
— | CVREF

VDD

WR _| |
PORTA

1/0 Pin

WR K =

TRISA TP~ Q—*
RD ¢

TRISA |

Vss

Analogm
Input Mode f

To Comparator (positive input)

RD
PORTA

-

To Comparator (\VREF-)

-

To A/D Converter (VREF-)

%

To A/D Converter (analog channel)

-

Hinh 5-6: Cdu hinh chdn RA2.

Data Bus
D Q oo
WR CK =
PORTA| P~ @
I/O Pin
D Q
WR _
TRISA —CKK Qr—s Vss
Analogt!)
RD _1 Input Mode
TRISA
e
RD
PORTA

To Comparator (positive input)

To Comparator (VREF+)

To A/D Converter (VREF+)

To A/D Converter (analog channel)

A

Hinh 5-7: Cdu hinh chdn RA3.

Chan RA4/TOCLI/C10UT:

Chan RA5/AN4/SS / C20UT:

C6 so d6 mach nhu hinh 5-8:
C6 thé dinh cAu hinh thuc hién 1 trong cac
churc nang sau:
e La tin hiéu xuat nhap s6 1/O.
e [a ngd vao nhan xung ngoai cua timer TO.

e Langd racua b so sanh Cl1.

C6 so do mach nhu hinh 5-9:
Co thé dinh cau hinh thyc hién 1 trong cac
churc nang sau:

e La tin hiéu xuat nhap sb I/O.
e Langd vao kénh thir 4 ctia khdi ADC.
e L ngd vio chon t& cua truyén dir liéu SPI.

e [.angd ra cua bd so sanh C2.

Chan RA6/0SC2/CLKOUT:

Chén RA7/0OSC1/CLKIN:

C6 so d6 mach nhu hinh 5-10:
C6 thé dinh céu hinh thyuc hién 1 trong cac
chirc nang sau:
e La tin hiéu xuét nhap s 1/O.
e Landi voidao dong thach anh.

e L ngd ra cip xung clock.

C6 so d6 mach nhu hinh 5-11:
Co6 the dinh cau hinh thyuc hién 1 trong cac
churc ning sau:

e La tin hiéu xuét nhap sé 1/O.
e La ndi voi dao dong thach anh.
e [angd vao nhéan xung clock.

56

Cliwong 5. Giao tiép led, led, flim don, ma trdn plhim.




Ngugén Dints Phi Dac boe su plham &g thadt

Data Bus C10UT
Enable VDD
D Q Data B
ata Bus C20UT
WR CK =
VDD
PORTA| P~ @ '
WR | |
I/O Pin PORTA
‘7
D Q I/O Pin
WR 1y CK 3 '
TRISA TP~ @ - Vss WR
TRISA Vss
Analog!" *
RD 7 RD Input Mode 4
TRISA TRISA |
rRD * §
RD K PORTA
PORTA To SS Input
- To Timer0 - To A/D Converter
Hinh 5-8: Cau hinh chdan RAA. Hinh 5-9: Cau hinh chdn RAD.
Data Bus VoD
Oscillator | I
Data Bus OSCC Circuit %
D Q ™~
CLKOUT VoD i DJ .
Enable WR__)CK al 10 Pin
PORTA | [
D Q Vss
WR CK a 1/0 Pin
PORTA ~C Ving
(D Q
Vss WR _
oD Q Lok 5l
INTOSCIOf TRISATT
WR CK = EXTRCIO/EC!—* .
TRISA ™~ Q TRISA ] Analog Vss
CLKOUT Input Mode ULPWUE
RD ¢ Enable RDj]i
TRISA ] PORTA
1
RD
PORTA To Comparator
To A/D Converter
Hinh 5-10: Cau hinh chdn RAG. Hinh 5-11: Cau hinh chdn RA7.

2.  PORTB VA THANH GHI TRISB:

PortB 1a port hai chiéu 8 bit, thanh ghi dinh huéng Ia TRISB ¢6 chirc nang dinh cau hinh vao ra
cho céc bit xuat nhap cua portB, bit dinh hudng bang 0 thi port tuong g xuat, bit bang 1 thi bit tuong
ung la nhap, portB va thanh ghi dinh huéng TRISB nhu hinh 5-12:

R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x)

PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

Bit 7 R/W(x): 13 cho phép doc/ghi va khi reset thi khdng xac dinh Bit 0
R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

TRISB TRISB7 | TRISB6 | TRISB5 TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO

Bit 7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit 0
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Hinh 5-12: PortB va thanh ghi dinh hudng port B.
Cdc chirc nang tich hop cua portB

PortB c6 thém chirc ning bao ngit khi portB c¢6 sy thay ddi tin hiéu va c6 dién tré kéo 1én c6 thé
lap trinh.

Chirc nang twong ty: PortB c6 da hop voi cac ngd vao tuong tu cua khéi ADC va tiry chon tin
hiéu s6 hay twong tu phu thugc vao thanh ghi ANSELH, néu cho cac bit trong thanh ghi ANSELH
bang 1 thi khi d6 céc bit da hgp cac kénh tuong tu s€ dong vai tro 1a ngd vao tuong tu.

Thanh ghi ANSELH (analog select high register) c6 cau triic nhu hinh 5-13. Cac bit AN<13:8>
trong thanh ghi ANSELH néu bang 1 thi chon dinh cau hinh tuong tu, bang 0 thi dinh cau hinh so6 1/0.

u(o) u(o) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

- - ANS13 ANS12 ANS11 ANS10 ANS9 ANS8

Bit 7 Bit 0

Hinh 5-13: Thanh ghi ANSELH dinh cdu hinh sé tuwong tir cho portB.

Chikc ndng di¢n tré kéo lén: mdi bit ctia PortB déu c6 1 dién trd kéo 1én, 8 bit trong thanh ghi
WPUB s€ cho phep /cam dién tré kéo 1€n. Khi port dong vai tro la ngd ra thi mach tu dong tat ché do
dién trd kéo 1én. Sau khi reset thi cam dién tro kéo 1én do x6a bit RBPU trong thanh ghi OPTION.

Thanh ghi WPUB (Weak Pull Up-Port B register) co céu tric nhu hinh 5-14. Céc bit
WPUB<7:0> trong thanh ghi WPUB néu bang 1 thi cho phép dién trd kéo 1én, bang 0 thi khdng cho
phép kéo Ién.

R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

WPUB7 | WPUB6 | WPUB5 | WPUB4 | WPUB3 | WPUB2 | WPUB1 | WPUBO

Bit 7 Bit 0
Hinh 5-14: Thanh ghi WPUB thiét ldp cho phép/cam dién tré treo.

~ Chirc ndng»ngd't khi c6 thay doi: tit ca cac bit ciia PortB déu co thé dinh,céu hinh 1a ngd vao
ngat khi c6 thay doi trang thai logic. 8 bit trong thanh ghi IOCB s€ cho phép hay cam chuirc nang nay.

Nguyén ly thuc hién chirc nang nay nhu sau: gia tri hién tai ctia portB dugc so sanh véi gia tri
trude do da chot ¢ lan doc sau cung cua portB dé xac dinh bit nao da thay doéi va bao ngat néu co6 sy
thay doi.

Ngit nay co thé danh thirc CPU khoi ché d6 ngti. Ngudi lap trinh phai x6a ngit nay bang cach
thuc hién 2 yéu cau sau:
e Doc gia tri ciia portB thi diéu kién tuwong thich khong con xay ra.

e Xoba cd bao ngat RBIF. Do gia tri chdt trudc d6 khong bi anh hudng boi reset CPU nén
sau khi reset thi co bao ngat RBIF tiép tuc bang 1 néu van con su khong tuong thich néu
khong doc portB.

Thanh ghi IOCB (Interrupt On-Change Port B register) co ciu trac nhu hinh 5-15. Cac bit
I0OCB<7:0> trong thanh ghi IOCB néu bang 1 thi cho phép ngat, bang 0 thi cam.

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)

10CB7 10CB6 10CB5 10CB4 10CB3 10CB2 10CB1 10CBO

Bit 7 Bit0

Hinh 5-15: Thanh ghi 10CB cho phép/cdm ngit portB thay doi.

Khao sat cu hinh mach cho ting tin hiéu.
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Chéan RBO/AN12/INT:

Chan RB1/AN10/P1C/C12IN3-:

C6 so d6 mach nhu hinh 5-16:
C6 thé dinh cau hinh thyuc hién 1 trong cac
churc nang sau:
e La tin hiéu xuét nhap sb 1/0.
e Langd vao kénh thir 12 cua khdi ADC.

e La ngd vao ngit ngoai INT tac dong bang
canh.

Co sc)’_’d(‘ﬂ) mach nhu hinh 5-16:
Co6 the dinh cau hinh thyc hién 1 trong cac
churc ning sau:

e La tin hiéu xuét nhap sé 1/O.
e Langd vao kénh thir 10 cua khdi ADC.

e la ngd ra PWM (chi
PIC16F882/883/886).

e Langd vao am thir 3 cta bd so sanh C1, C2,

c6 ¢

Chéan RB2/ANS8/P1B:

Chén RB3/AN9/PGM/C12IN2-:

C6 so d6 mach nhu hinh 5-16:
C6 thé dinh céu hinh thuc hién 1 trong céac
churc nang sau:
e La tin hiéu xuat nhap s6 1/0.
e Langd vao kénh thir 10 cua khdi ADC.

e [a ngd ra PWM (chi
PIC16F882/883/886).

c6 ¢

C6 so d6 mach nhu hinh 5-16:
C¢ thé dinh cau hinh thyc hién 1 trong céc
churc nang sau:

e La tin hiéu xuat nhap s6 1/O.

e Langd vao kénh thi 9 cua khdi ADC.

e La ngd vao cho phép lap trinh nbi tiép dién
ap thap.

e [angd vao am thir 2 cia bo so sanh C1, C2.

Chan RB4/AN11/P1D:

Chan RB5/AN13/T1G:

C6 so d0 mach nhu hinh 5-17:
C6 thé dinh cau hinh thuc hién 1 trong cac
churc nang sau:
e La tin hiéu xuat nhap s6 1/O.
e Langd vao kénh tha 11 cua khdi ADC.

e la ngd ra PWM (chi
PIC16F882/883/886).

co o

Co so»dé mach nhu hinh 5-17:
C¢ thé dinh cau hinh thyc hién 1 trong céc
churc nang sau:

e La tin hiéu xuat nhap sb 1/O.
e Langd vao kénh thir 13 cua khdi ADC.

e Langd vao cong cua Timerl.

Chéan RB6/ICSPCLK:

Chén RB7/ ICSPDAT:

C6 so d6 mach nhu hinh 5-17:
C6 thé dinh cAu hinh thuc hién 1 trong céc
churc ndng sau:
e La tin hiéu xuét nhap s6 1/0.
e La ngd vao nhan xung clock lap trinh nbi
tiép cho bd nhd chuong trinh.

C6 so d6 mach nhu hinh 5-17:
C6 thé dinh cau hinh thyc hién 1 trong cac
churc ning sau:
e La tin hiéu xuét nhap s6 1/0.
e [a ngd dir licu 1ap trinh ndi tiép cho bo nhod
chuong trinh.

Clicong 5. Giao tiép led, led, pflim don, ma trdn fliim.
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Analog“)
Data Bus Input Mode
VDD
)
WPUB EODD—G‘ Weak
RD " fg RBPU
WPUB'|
CCP10UT Enable
VDD
CCP10UT|,
WR |
PORTB
0
I/O Pin
——
WR
TRISB| Vss
o +—< Analog?)
TRISB Input Mode
RD S
PORTB
WR _| —Q DI
|OCB
EN Q3
RD
|OCB Q D
‘_C EN
Interrupt-on-
Change
RD PORTB
RBO/INT
_ RB3/PGM
_ To A/D Converter )
_ To Comparator (RB1, RB3)

Hinh 5-16: Cdu hinh chdn RB<3:0>.
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Analog") Input Mode VDD
Data Bus }—o
SR D
WPUB ~ RBPU
RD ¢ 3/\ CCP10UT Enable
WPUB VDD
D Q CCP10OUT 1
WR CK =
1 Q
PORTB f ~ . /0 Pin
—D Q
WR ] CK —= o Vss
TRISB ~ @ ]
RD 'j L
TRISB ™| Analog!
Input Mode
RD _ ] ™~
PORTB
D Q /
Q D cspm(2
WR __| CK Q
locB f ™~
EN Q3 /
RD
I0CB Q D
EN
Interrupt-on- j
Change
RD PORTB —

To Timer1 T1G®!

To A/D Converter

To ICSPCLK (RB6) and ICSPDAT (RB7)

Hinh 5-17: Céu hinh chdn RB<7:4>.

Ba chén RBS/PGM, RB6/ ICSPCLK va RB7/ICSPDA dugc fia h0‘p véi mach dién go réi, bén
trong va manh 1ap trinh d€ nap chuong trinh vao b nhd ndi. So do két n6i mach nap va mach go roi:

., PIC16Fa8T

+5Y
+E5
\ \ ELK W
CLK

=== PIC16Fa87

Hinh 5-18: Cdc chdn PortB giao tiép véi mach nap, gé roi.

3.  PORTC VA THANH GHI TRISC:

PortC 14 port hai chiéu 8 bit, thanh ghi dinh huéng 1a TRISC c6 chirc nang dinh cau hinh vao ra
cho céc bit xuat nhép cua portC, bit dinh hudng bang 0 thi port tuong g xuat, bit bang 1 thi bit tuong

ung 1a nhap, portC va thanh ghi dinh huéng TRISC nhu hinh 5-19:

Clicong 5. Giao tiép led, led, pflim don, ma trdn fliim.
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R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x)
PORTC RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO
Bit 7 R/W(x): la cho phép doc/ghi va khi reset thi khong xac dinh Bit 0
R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO
Bit 7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit 0

Hinh 5-19: Port C va thanh ghi TRISC.

Khéo sat cau hinh mach cho tirng tin hi¢u.

Chén RCO/T10SO/T1CKI:

Chén RC1/T10SI/CCP2:

C6 so d6 mach nhu hinh 5-20:
C6 thé dinh céu hinh thuc hién 1 trong céac
churc nang sau:
e La tin hiéu xuat nhap s6 I/O.
e Langod ra cia by dao dong Timerl.

e [a ngd vao nhan xung ngoai cua Timerl.

C6 so d6 mach nhu hinh 5-21:
C¢ thé dinh cau hinh thyc hién 1 trong céc
churc nang sau:

e La tin hiéu xuat nhap sb I/O.
e Langd vao cua bo dao dong Timerl.

e La ngd vao cua Capture va ngd ra cua
Compare/PWM cua bd so sanh C2.

Data Bus

T1OSCEN —e Timer1 Oscillator | _

Circuit
D Q
WR |y CK
PORTC e

VoD

fs]

/O Pin
D Q
WR _
TRISC Q\K Q—» Vss
RD ;ﬂj
TRISC
7 <
RD N
PORTC

g

__To Timer1 clock input

Hinh 5-20: Céu hinh chdan RCO.

T10SCEN—Timer1 Oscillator
Circuit

Data Bus

T1OSI—T—

CCP2CON

Voo

WR ||
PORTC

I/0 Pin

WR
TRISC

R0 ﬂj

TRISC |

Vss

T10SCEN

\%

RD
PORTC

To CCP2

-

Hinh 5-21: Cdu hinh chdn RC1.

Chén RC2/P1A/CCP1:

Chén RC3/SCK/SCL:

C6 so d6 mach nhu hinh 5-22:
C6 thé dinh cau hinh thyuc hién 1 trong cac
churc ndng sau:
e Latin hiéu xuét nhap s 1/O.
e [angd racua PWM.

e [a ngd vao cua Capture va ngd ra cua
Compare cua by so sanh C1.

C so d6 mach nhu hinh 5-23:
Co6 the dinh cau hinh thyuc hién 1 trong céc
churc ning sau:

e La tin hiéu xuét nhap s6 1/0.
e Langd cap xung cho truyén dir liéu SPI.
e Langd cap xung cho truyén dir liéu 12C.
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Data bus

CCP1CON

VDD

WR
PORTC]

I/0 Pin

&

WR
TRISC|

Vss

RD {
TRISC

I

RD
PORTC

To Enhanced CCP1

4

Hinh 5-22: Céu hinh chdn RC2.

Dac boe su plham &g thadt
Data Bus
VDD
[ =
WR | |
PORTC
/0 Pin
[ =
WR | |
TRISC | [ ™ Vss
RD ‘j ‘J
TRISC | K/7
\
RD
PORTC
To SSPSR

Hinh 5-23: Cdu hinh chdn RC3.

Chan RC4/SDI/SDA:

Chén RC5/SDO:

C6 so d6 mach nhu hinh 5-24:
C6 thé dinh céu hinh thuc hién 1 trong céac
churc nang sau:
e La tin hiéu xuat nhap s 1/0.
e Langd vao di liéu cho truyén dir liéu SPI.
e Langd dir liéu cho truyén dir liéu 12C.

C6 so' 46 mach nhu hinh 5-25:
C¢ thé dinh cau hinh thyc hién 1 trong céc
churc nang sau:

e La tin hiéu xuat nhap sb 1/O.

e Langd ra dir liéu cho truyén dir liéu SPL

Data Bus

SSPEN y
DD
*1° 9 7 sorspa !
WR CK a
PORTC| T ~_
0
/0 Pin
D Q
WR CK =| o
TRISC | P~ @ I Vss
RD ‘ﬂ N7
TRISC| ¢
RD
PORTC

To SSPSR

-

Hinh 5-24: Céu hinh chdan RCA.

Port/SDO
Select

Data Bus

WR

il /0 Pin
PORTC

WR | |
TRISC

RD ¢
TRISC

RD
PORTC

Hinh 5-25: Cdu hinh chdn RC5.

Chéan RC6/TX/CK:

Chén RC7/RX/DT:

C6 so @6 mach nhu hinh 5-26:
C6 thé dinh cau hinh thyuc hién 1 trong cac
chuirc ndng sau:
e La tin hiéu xuét nhap s 1/O.

e La ngd ra phat dit liéu cho truyén dir liéu
noi ti€p bat dong bo.

e [.a ngd vao ra cho truyén dir li¢u ndi tiep

churc ning sau:

Co so do mach nhu hinh 5-27:
Co6 the dinh cau hinh thyc hién 1 trong cac

e La tin hiéu xuét nhap sé 1/O.
e L2 ngd vao nhan dir liu cho truyén dir liéu
noi tiép bat dong bo.

e Langd ra cap xung clock cho truyén dir liéu

Clicong 5. Giao tiép led, led, pflim don, ma trdn fliim.
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dong bg. noi tiép dong bd.
SPEN
TXEN H SPEN,
Data Bus SYNC |
SYNC
EUSACE’E;
Data B
aa e o0  Qa EUSART Voo
DT
WR _|LcK =
) Voo porRTET P~ @
WR | | /0 Pin
PORTC D
1/O Pin WR | LCK &
) TRISCT P~ @ Vss
WR [
i ; Y= %
TRISC ss D %
RD ¢ e
TRISC RD
PORTC
RD //Ij\ EUSART RX/DT
PORTC -
Hinh 5-26: Cau hinh chan RC6. Hinh 5-27: Cau hinh chdn RCT.

4.  PORTD VA THANH GHI TRISD:

PortD 14 port hai chiéu 8 bit, thanh ghi dinh huéng 1a TRISD c6 chirc niang dinh cau hinh vao ra
cho céc bit xuat nhap cua portD, bit dinh hudng bang 0 thi port twong ting xuat, bit bang 1 thi bit tuong
ung 1a nhap, portD va thanh ghi dinh huéng TRISD nhu hinh 5-28:

R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x) R/W(x)

PORTD RD7 RD6 RD5 RD4 RD3 RD2 RD1 RDO

Bit 7 R/W(x): 1a cho phép doc/ghi va khi reset thi khong xac dinh Bit 0
R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

TRISD TRISD7 | TRISD6 | TRISD5 | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO

Bit 7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit0
Hinh 5-28: Port D va thanh ghi TRISD.

Khéo sét cAu hinh mach cho tirng tin hi¢u.
Chén RD<4 :0>:
So d6 mach dién cua cac chan tir RCO nhu hinh 5-29: chi ¢6 chirc nang la Xuét nhap $0.
Chéan RD5/P1B:
So 6 mach dién cua cac chan tir RD5 nhu hinh 5-30:
Chan nay dugc céu hinh thyc hién 1 trong cac chirc ning sau:

e La tin hiéu xuét nhap s 1/O.

e Langd racia PWM.
Chéan RD6/P1C:
So d6 mach dién cua cac chan tir RD6 nhu hinh 5-30:
Chan nay duoc ciu hinh thyc hién 1 trong cac chuc ning sau:

e La tin hiéu xuét nhap s 1/O.
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e Langd racua PWM (chi cod 6 PIC16F884/887).
Chan RD7/P1D:
So dd mach dién cua cac chan tir RD7 nhu hinh 5-30:
Chan nay duoc ciu hinh thue hién 1 trong cac chirc ning sau:
e La tin hiéu xuat nhap s6 1/O.

e Langd racua PWM (chi c6 6 PIC16F884/887).

Data Bus Data Bus PSTRCON
VoD D Q Voo
D Q
WR CK =
WR Lok 5 porTOT L . @
PORTD [ ™\
/0 Pin
1/O Pin D Q
D Q
WR _
WR — __’ CK Q \/ss
tRiso TP & Qj Vss TRISDTT N J
4
RD 'j RD _2\/
RD < RD
PORTD PORTD
Hinh 5-29: Cdu hinh chdn RD<4:0>. Hinh 5-30: Cdu hinh chan RD<7:5>.

5. PORTE VA THANH GHI TRISE:

PortE 1a port hai chiéu 4 bit, thanh ghi dinh hudng la TRISE co chirc nang dinh cAu hinh vao ra
cho céc bit xuat nhap cua portE, bit dinh huéng bang 0 thi port tuong ing xuat, bit bang 1 thi bit tuong
ung la nhap, portE va thanh ghi dinh huéng TRISE nhu hinh 5-31.:

u(o0) u(0) u(0) u(0) R/W(x) R/W(x) R/W(x) R/W(x)
PORTE - - - - RE3 RE2 RE1 REO
Bit 7 R/W(x): 1a cho phép doc/ghi va khi reset thi khong xac dinh Bit 0
u(0) u(0) u(0) uU©) R/W(1) R/W(1) R/W(1) R/W(1)
TRISE - - - - TRISE3 | TRISE2 | TRISEL | TRISEO
Bit 7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit 0

Hinh 5-31: Port E va thanh ghi TRISE.

Khao sat cau hinh mach cho ting tin hiéu.

Chéan REO/ANS: Chéan RE1/ANG:

C6 so d6 mach nhu hinh 5-32: Co sold(“) mach nhu hinh 5-32:

C6 thé dinh ciu hinh thyc hién 1 trong cac , (26 th€ dinh céu hinh thyc hién 1 trong cac
chuirc ndng sau: chirc nang sau:

e La tin hicu xuét nhép 6 1/0. e La tin hi¢u xuat nhap so I/O.

e [angd vao kénh tuong tu thir 5 cua ADC.

e [angd vao kénh tuong tu thir 6 cia ADC.
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Chéan RE2/ANT:

Chén RE3/ MCLR /Vpp:

C6 so d6 mach nhu hinh 5-32;
C6 thé dinh cau hinh thyuc hién 1 trong cac
churc nang sau:
e La tin hiéu xuét nhap s 1/O.
e Langd vao kénh tuong tu thir 7 cua ADC.

C6 so d6 mach nhu hinh 5-33:
C6 thé dinh cau hinh thyc hién 1 trong cac
churc ning sau:

e La tin hiéu xut nhap sé I/O tuy thudc vao
bit chon reset trong thanh ghi dinh cau hinh.

e Langd vao reset CPU.
e [.a ngd nhan dién ap 1ap trinh Vpp.

Data Bus

\Vop

WR | }CK
PORTE| [

[=]|

1/0 Pin

&

WR || ek
TRISET P~

Vss
J Analog!)
RD ﬂ Input Mode %

[=]]

TRISE |

RD
PORTE

_To AID Converter

Hinh 5-32: Cédu hinh chdn RE<2:0>.

VoD

MCLRE —D—q [TWeak

Reset —@
RD 'ﬁj Vss

TRISE]

Data Bus

MCLRE

V/ss

RD
PORTE

Hinh 5-33: Cdu hinh chan RE<3>.

IV. LENH TRUY XUAT PORT DUNG NGON NGU CCS-C

Céc 1énh cua ngdn ngit 1ap trinh C lién quan dén cac port bao gom:
o Lénh OUTPUT_FLOAT(pin): c6 chirc nang tha noi chan cua port.

O 0O O OO0 OO OO0 O OO O0OOo

1. LENHSET _TRIS X()
Cu phép:
Thong sb:

set_tris_x(value);

Chtrc nang:

Lénh OUTPUT_LOW(pin): c6 chirc niang cho 1 chan cta port xudng murc 0.

Lénh OUTPUT_HIGH(pin): c6 chirc nang cho 1 chan cua port 1én mirc 1.

Lénh OUTPUT_TOGGLE(pin): c6 chirc nang dao trang thai 1 chan cua port.
Lénh OUTPUT _BIT(pin,value): c6 chirc ning xuat gia tri value ra 1 chan cta port.
Lénh OUTPUT _X(value): c6 chirc ning xuét di liéu 8 bit ra portX.

Lénh SET_TRIS_X(value): ¢6 chirc nang dinh cdu hinh cho portX.

Lénh GET_TRIS_X(): ¢6 chirc ning doc gia tri da dinh cdu hinh cho port gan cho bién.
Lénh INPUT_X(): ¢6 chirc ning doc gié tri ciia port gén cho bién.

Lénh INPUT (pin):cé chirc ning doc gia tri 1 chan cua port gan cho bién.

Lénh PORT_A_PULLUPS(value): c6 chirc nang treo dién trd ctia portA.

Lénh PORT_B_PULLUPS(value):cé chirc nang treo dién trd ctia portB.

Lénh INPUT_STATE(pin): ¢6 chirc nang doc trang thai 1 chan cua port.

Lénh OUTPUT_DRIVE(pin): ¢6 chirc nang dinh cau hinh cho 1 chan cua port.

xlaportA B,C D, E
value 14 1 s6 nguyén 8 bit twong tng vdi cac bit cia port I/O.
dinh huéng cho cac port I/O (TRI-State) la vao hay ra. Mdi bit twong tng 1 chan. Mirc

1 thi chan tuong ung la ngd vao, mirc 0 1a ngd ra.

Co hiéu luc:  cho tat ca cac vi diéu khién PIC.
Vidu5-1:  SET_TRIS_B (0XO0F);
2.  LENH OUTPUT X(VALUE)

// 0F=00001111: B7- B4 la ngd ra, B3-B0 la ngd vao.
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Cu phap: output_x (value)

Thong sb: value 14 hing sb 8 bit kiéu int

Chirc ning:  Xuét di lidu 1 byte ra portx.

C6 hiéu lyc:  Lénh nay ap dung cho tét ca cac port.

Vidu 5-2:  OUTPUT_B(0xF0); xuit dit liéu FO ra portB
3. LENH OUTPUT_HIGH(PIN)

Cu phap: output_high(pin); tuong duong 1énh BSF PORTX,B

Thong s6:  pin 1a chan xuét dit liéu - hiy xem file dinh nghia cta thiét bi "device.h" dé biét tén

chinh xac.

Chtrc nang:  1am 1 chan cua port 1€n murc cao.

C6 hiéu Iwc:  1énh nay ap dung cho tat ca cac thiét bi.

Vi du 5-3: OUTPUT_HIGH(PIN_AOQ); // lam cho chan RAO cta port A 1én 1
4.  LENH OUTPUT_LOW(PIN)

Cu phép: output_low(pin); tuong duong Iénh BCF PORTX,B
Thong s6:  pin 1a chan xuét dit liéu - hiy xem file dinh nghia cta thiét bi "device.h" dé biét tén
chinh xac.

Chtc nang:  1am 1 chan cta port xudng muc thap.

C6 hiéu Iuc:  1énh nay ap dung cho tat ca cac thiét bi.

Vidu 5-4:  output_low(pin_a0); // 1am cho chian RAO ctia PortA xudng mic 0
5.  LENH OUTPUT_TOGGLE(PIN)

Cu phép: output_toggle(pin);
Thong s6:  pin 1a chan xudt dit liéu - hiy xem file dinh nghia cta thiét bi "device.h" dé biét tén
chinh xac.
Chtrc nang:  lam dao trang thai 1 chan cua port.
Co hi€u lyc:  1énh nay ap dung cho tat ca cac thiét bi.
Vi du 5-5: OUTPUT_TOGGLE(PIN_BO); // dao trang thai chan RBO cua port B
6. LENH OUTPUT BIT(PIN,VALUE)

Cu phép: output_bit(pin,value);
Thong sd: pin 1 chan xuat dir liéu - hiy xem file dinh nghia cta thiét bi "device.h" dé biét tén
chinh xac.
Chtrc nang: xuét dit liéu 0 hodc 1 ra 1 chan cua port.
Co hiéu lyc:  1énh nay ap dung cho tat ca cac thiét bi.
Vidu 5-6:  output_bit(pin_b0,0); // xut dit liéu 0 ra RBO
7.  LENH value = GET_TRIS_X()

Cu phép: value = get_tris_x();
Théng s6: khong co thong sd
Két qua tra vé:1a byte dir liéu da dinh cdu hinh tir thanh ghi TRIS
Chirc ning:  két qua tra vé 1a gia tri ciia thanh ghi TRIS ctia cac port A, B, C or D.
C6 hiéu lyc:  1énh nay ap dung cho tit ca cac thiét bi.
8. LENH value = INPUT(pin)

Cu phép: value = input(pin);
Thong sb: pin 1a chan dé doc - hiy xem file dinh nghia cua thiét bi "device.h" dé biét tén chinh xac
Két qua tra vé:0 (or FALSE) néu chan & murc thap, 1 (or TRUE) néu chan & mirc cao.
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Chirc ning:  doc dit lidu 1 bit tir 1 chan cua port, chan nay phai & cau hinh 1a chan vao.
Co hi¢u lyc:  1énh nay ap dung cho tat ca cac thiét bi.
Vidu 5-7:  while (! Input (PIN_B1)); //doi cho dén khi chan Rbl 1én muc cao
If (input(PIN_AO0))
Printf(*“A0 is now high \r\n”);

Int16 i =PIN_B1
Whiel (1i); //d¢i chan RB1 1én mirc cao
9. LENHINPUT STATE()
Cu phap: value = input_state(pin);
Thong so: pin 1a chan dé doc - hily xem file dinh nghia cta thiét bi "device.h" dé biét tén chinh xac
Tra vé: ké:c qua doc b'flng 1 néu chan doc & muc cao, két qua doc béng 0 néu chan doc & murc
thap.

Chuc nang:  1énh doc mirc logic cua 1 chian nhung khong 1am thay d6i hudng cua chan.
C6 hiéu Iwc:  1énh nay ap dung cho tat ca cac thiét bi.
Vi du 5-8: level = input_state(pin_A3);

10. Value = INPUT_X()

Cu phép: value = input_x();
Thong so: khong co.
Két qua tra vé: 14 dit liéu 8 bit cua portx.
Chte nang:  1énh doc mirc logic cua 1 chian nhung khong lam thay d6i huéng cta chan.
Co hi€u lyc:  1énh nay ap dung cho tat ca cac thiét bi.
11. LENH OUTPUT_DRIVE(PIN)

Cu phép: output_drive(pin);
Thong sb: pin 1a chan dugc dinh nghia trong file "device.h".
Tra vé: khéng cé.
Chtc nang:  thiét 1ap chan (pin) 1a ché do xuét.
Co hi€u lyc:  1énh nay ap dung cho tat ca cac thiét bi.
Vidu 5-10: output (pin_AO0);
12. LENH OUTPUT_FLOAT(PIN)

Cu phép: output_float(pin);
Thong sd: pin la chan dugc dinh nghia trong file "device.h".
Tra vé: khéng cé.
Chirc nang:  thiét 1ap chan (pin) la ché d6 nhap va tha ndi chan tin hiéu nay dé thiét bi khac ¢ bén
ngoai toan quyén diéu khién chan nay dé dua dir lidu vao vi diéu khién.
C6 hiéu lyc:  1énh nay ap dung cho tat ca cac thiét bi.
Vidu 5-11: if ((data & 0x80) == 0)
Output_low (pin_A0);
else  output_float (pin_A0);

13. LENH PORT B _PULLUP()

Cu phép: port_b_pullup(value);

Thong s6: value c6 2 gia tri la true va false.

Tra vé: khéng co.

Chirc nang:  thiét lap port B treo 1én ngudn qua dién tré kéo 1én bén trong. Néu value 1 true thi treo
1én nguon, néu la false thi khong treo.
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C6 hiéu Iyc:  1énh nay ap dung cho tit ca cac thiét bi.
Vidu 5-12: port_b_pullup(false);

V. CAC UNG DUNG PIEU KHIEN LED PON

Bai 5-1: Dung vi diéu khién 16F887 diéu khién 8 led don sang tat.

. So d6 mach:

RBO/AN12/INT [22
RBUANAO/C12IN3- 24
-2 RAO/ANO/ULP/C12INO- RB2/ANg [23
3l RA1ANT/CI2INA- RBI/ANI/PGM/C12IN2- 38
A RA2/AN2VREF-/CVREF/C2IN+ RB4/ANT1 |22
Sl RA3/AN3VREF+C1IN+ RBS/AN1/TIG |22
XT1 —‘75 RA4/TOCKI/C1OUT _ RB6/ICSPCLK %
AL T4 RASAN4C20UTESS RB7/ICSPDAT (42
vee DI——13 RAB/OSC2/CLKOUT
RA7/OSC1/CLKIN RCO/T10SOIT1CKI
20MHz RC1/T10SI/CCP2
Lro —g REO/ANS RC2/T10SI/CCP1
S JP1 21 Rev/ANs RC3/SCK/SCL
100 RE2/ANT RC4/SDI/SDA
o ' RE3/VPPMCIR RC5/SDO
I OH>8 o RC6/TX/CK
e 03—?42 RC7/RX/DT
w O__R 7 Q
iy, O} RB6 o Y vss RDO
z|—ﬁ VsS RD1
o RD2
RD3
GND éé VDD RD4
Veo VDD RD5/P1B
RD6/P1C
RD7/P1D
PIC16F887 IC1

Hinh 5-34: So do diéu khién led don.
Mach dung portD két ndi v6i 8 led don. Mirc logic 0 1am led tat, mirc logic 1 1am led sang, dién
ap cua led 1a 2V, dong qua led chon 10mA, dién tré han dong cho led dugc tinh nhu sau:
Vee Vi V-2V

R= = = 3000
o 10mA

C6 thé dung dién tré 300Q hodc 330Q.

Mach st dung thach anh c6 tan s6 20MHz, c¢6 nit nhin reset, dién tré reset 10kQ va cé
pinheader 5 chan dung dé két ndi vdi mach nap ndi ti€p.

C BEGIN )
¢<

° Luu do:

N
8 LED sang, delay
8 LED tat, delay
( J

Hinh 5-35: Lueu do diéu khién led don chop tit.
o Chuong trinh:

#INCLUDE <16F887.H>
#FUSES NOWDT, PUT, HS, NOPROTECT, NOLVP
#USE DELAY(CLOCK=20M)
VOID MAIN()
{ SET_TRIS_D(0x00);
WHILE(TRUE)
{ OUTPUT_D(0xFF); DELAY_MS(1000);
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OUTPUT_D(0x00); DELAY_MS(1000);

o Giai thich chuwong trinh:

Hang tht nhat “#INCLUDE <16F887.H>" 1a khai bao thu vién dang sir dung 1a PIC 16F887.
Hang thir hai “#FUSES NOWDT, PUT, HS, NOPROTECT, NOLVP” 14 khai béo c4u hinh cho PIC.
Hang tht ba “#USE DELAY(CLOCK=20M)” khai b4o tan sd tu thach anh ma vi diéu khién sir
dung, v&i khai bao trén thi tan s6 sir dung 1a 20MHz.

Cac ham dinh thoi la:
o DELAY_MS(VALUE) - Thoi gian dinh thoi 1a mili gidy.
o DELAY_US(VALUE) - Thoi gian dinh thoi 1a pS.

Chuong trinh chinh gom: Lénh “SET_TRIS_D(0x00);” ¢6 chirc ning khai tao portD 14 port xuat.

Lénh “OUTPUT_D(0XFF);” ¢ chiic ning xuat dir liéu OXFF ra portD 1am 8 led sang, tién hanh
goi ham delay, sau d6 xuét dit liéu 0x00 ra portD lam 8 led tat, goi ham delay va lap lai.

Céc thong s cau hinh: “NOWDT” 1a khong sir dung bo dinh thoi giam sat (No watchdog timer),
“PUT” 1a sir dung bd dinh thodi khi c6 ngudn dé kéo dai them thoi gian reset vi diéu khién dé cho
ngudn dién 6n dinh, thoi gian kéo dai them 72ms (Power up timer), “HS” 1a sir dung bd dao dong tan
sO cao tir 4MHz dén 20MHz (High Speed), “NOPROTECT” 1a khong st dung bao vé ma code nap vao
bd nhd flash bén trong, “NOLVP” 1a khong sir dung ché d6 nap code ding ngudn dién ap thap 5V ma
ding ngudn 12,5V.

Bai 5-2: Dung vi diéu khién 16F887 diéu khién 8 led don sang tat 10 lan rdi tat ludn.

o So @ mach: gidng hinh 5-34.

G
]

THY'C HIEN VONG LAP 10 LAN:
TAT 8 LED, DELAY
SANG 8 LED, DELAY

v
C NGUNG )

Hinh 5-36: Luru do diéu khién led don chép tdt 10 lan.

° Luu do:

o Chuong trinh:

#INCLUDE <16F887.H>
#FUSES NOWDT,PUT,HS,NOPROTECT,NOLVP
#USE DELAY(CLOCK=20M)
UNSIGNED INTS I;
VOID MAIN()
{ SET_TRIS_D(0x00);
FOR(I=0;I<10;1++)
{ OUTPUT_D(0xFF); DELAY_MS(1000);
OUTPUT_D(0x00); DELAY_MS(1000);

}
WHILE(TRUE){}

}

J Giai thich chuong trinh: . i q )
Chuong trinh nay cho vong lap for thuc hién 10 lan di€u khién 8 led chdp tat, sau d6 thyc hién
1énh while(1) va khong c6 1énh nao trong vong lap nén xem nhu nhay tai cho.
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Bai 5-3: Dung vi diéu khién 16F887 diéu khién 8 led don sang dan tat dan tir phai sang tréi.

o So d6 mach: gidng hinh 5-34.
o Luu db:

G
1

THU'C HIEN VONG LAP 8 LAN:
DICH BIT 1 VAO LAM LED SANG DAN

v

THY'C HIEN VONG LAP 8 !.IZ\N:
DICH BIT 0 VAO LAM LED TAT DAN

\ J

Hinh 5-37: Luu do diéu khién led don sing dan tat dan tir phdi sang trdi.
o Chuong trinh:

#INCLUDE <16F887.H>
#FUSES NOWDT,PUT,HS,NOPROTECT,NOLVP
#USE DELAY(CLOCK=20M)
UNSIGNED INT8 |, X;
VOID MAIN()
{ SET_TRIS_D(0x00); X=0X00; OUTPUT_D(X); DELAY_MS(500);
WHILE(TRUE)
{ FOR (I=0;1<8;1++)
{ X=(X<<1)+0X01; OUTPUT_D(X); DELAY_MS(500);}
FOR (I=0;1<8;1++)
{ X=(X<<1); OUTPUT_D(X); DELAY_MS(500);}

. Giai thich chuong trinh:

Khoi tao portD la xuét dir liéu, gan bién X béng 0x00, xuét gié tri cia X ra portD lam 8 led tét,
delay.

Vong lap for thu nhét thuc hién 8 lan: tién hanh xoay trai dir liéu cua X va cong voi 0x01. Khi
xoay trai dir li¢u thi s6 0 duoc déy vao, cong voi 0x01 1a dé déy s6 1 vao X. Dit liéu bién X duogc xuit
ra portD diéu khién led sang dan, sau 8 1an thi X s& bang 1111 1111 — 8 led sang hét.

Vong lap for tht hai thyuc hién 8 lan: tién hanh xoay trai dir liu cua X. Khi xoay trai dir li¢u thi
s6 0 duge day vao. Dir liéu bién X dugc xuét ra portD diéu khién led tat dan, sau 8 lan thi X s& bang
0000_0000 — 8 led tét hét.

Sau d6 lap lai ctr thé 8 led sang dan xong rdi tat dan.

Bai #dp 5-1: Hay viét chuong trinh diéu khién 1 led don LOO ctia mach dién hinh 5-34 sang 1
gidy tat 1 gidy, cac led con lai khong anh hudng.

Bai tdp 5-2: Hiy viét chuong trinh diéu khién 8 led don ciia mach dién hinh 5-34 sang dan 1én
va tat dan tur phdi sang trdi, sau d6 sang dan va tat dan tur trai sang. Cac budce thuc hién gom viét luu do
va chuong trinh.
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Bai #dp 5-3: Hiy viét chuong trinh diéu khién 16 led don sang dan 1én va tit dan tir phai sang
trai dung 2 port B va D, thoi gian tré 1 giay. Cac bude thuc hién gdom v€ mach, viét luu d6 va chuong

trinh.

VI. CAC UNG DUNG PIEU KHIEN LED 7 POAN TRUC TIEP

Bai 5-4: Dung vi diéu khién 16F887 két ndi v6i 1 led 7 doan anode chung va viét chuong trinh

dém tir 0 dén 9 véi thoi gian tré tuy chon.

e So dd mach: dung portB két ndi vdi 1 led 7 doan anode chung. Muc logic 1 lam led tit,
muc logic 0 lam led sang, di€n tré han dong cho led 1a 330Q.

XT1

<
Q
O
I\) —
(=]
=
T
N
NS

T
= N Y P PN S

N

° Ma 7 doan:
Led 7 doan va tén cac doan nhu hinh 5-39:

GND

<

(@]
8 GND
o e

L7 1
RBO/AN12/INT gi RB1I—* fg RB6)
RB1/AN10/C12IN3- RBD I ' RB7|
RAQ/ANO/ULP/C12INO- RB2/ANS gg RB3|—C| yemmmy [~—RBS
RAT/AN1/C12IN1- RB3/ANQ/PGM/C12IN2- RB4 ‘ I A
RA2/AN2/VREF-/CVREF/C2IN+ RB4/AN11 g; RB5S—= >
RA3/AN3/VREF+C1IN+ RBSANTITIG (35 | >
RA4/TOCKI/C1OUT RBEICSPCLK (32 |
RA5/AN4/C20UT/SS RB7/ICSPDAT |
RAB/OSC2/CLKOUT
RA7/OSC1/CLKIN RcoT10soick 12
RciT10slicepz |8
REO/ANS Rc2T1osicept  HL
RE1/ANG RCa/SCK/sCL |18
RE2/AN? RC4/SDISDA |22
RE3/VPP/MCLR RC5/SDO %
RCO/TXCK |2
RC7TRXDT |28
VSS RDO %
VSS rRD1 (2
ro2 (2
RD3 |2
VDD RD4 [~
VDD RDS/P1B %
RD6/PIC |22
RD7/P1D [30
PIC16F887 IC1

Hinh 5-38: So dé két noi portB véi 1 led 7 doan.

u;

B

B
G X
$

|I-@

Hinh 5-39: Hinh led 7 doan.

Bdng 5-1: M 7 doan cho cac s thap phan:

TP SO NHI PHAN HEX | TP SO NHI PHAN HEX
7 16|!5[4[3[2|1]0 7 16|5[4[3[2/1]0
DP|G|F|E|D|C|B|A DP|G|F|E|D|C|B|A

‘.‘11000000(:0‘.1001001092

) =

L 4 4D

‘11111001F9‘.1000001082

’ (.

{ 4
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.‘10100100A4.‘11111000F8
C '
:10110000B0-1000000080
- o

4
‘.‘1001100199‘3‘1001000090
' -

( BEGIN )
LU'U 10 MA 7 POAN TU 0 DEN 9

THU'C HIEN VONG LAP 10 LAN:

GIAI MA 7 DPOAN VA HIEN TH| GIA TR
DEM CUA VONG LAP

\ J

Hinh 5-40: Luu do6 dém tir 0 dén 9.

o Chuong trinh:

#INCLUDE <16F887.H>
#FUSES NOWDT,PUT,HS,NOPROTECT,NOLVP

#USE DELAY(CLOCK=20M)

CONST UNSIGNED CHAR MA7DOAN [10]={0xC0,0xF9,0xA4,0xB0,0x99,0x92,0x82,0xF8,
0x80,0x90};

SIGNED INT DEM;

UNSIGNED INT MA_DEM;

VOID MAIN()

{ SET_TRIS_B(0x00);

WHILE(TRUE)
{ FOR (DEM=0;DEM<10;DEM++)
{

MA_DEM = MA7DOAN[DEM];
OUTPUT_B(MA_DEM);
DELAY_MS(300);

. Gidi thich chuong trinh:

Sau céac 1énh khai bao thu vién, cdu hinh va khai bao tan sd sit dung 1a khai bao mang chira ma 7
doan va cac bién dém, bién chira ma.

Chuong trinh chinh khéi tao cac portB 1a xuat, cho vong lap for véi bién “DEM” chay tir 0 dén
9, tién hanh giai ma va goi ma led 7 doan tuong ting v6i bién DEM ra port dé hién thi, delay va lap lai.

Chuong trinh trén co thé viét gon hon nhu sau:

#INCLUDE <16F887.H>
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#FUSES NOWDT,PUT,HS,NOPROTECT,NOLVP

#USE DELAY(CLOCK=16M)

CONST UNSIGNED CHAR MA7DOAN [10]={0xC0,0xF9,0xA4,0xB0,0x99,0x92,0x82,0xF8,
0x80,0x90};

SIGNED INT DEM;

VOID MAIN()
{ SET_TRIS_B(0x00);

WHILE(TRUE)
{ FOR (DEM=0;DEM<10;DEM++)
{
OUTPUT_B(MA7DOAN[DEM]);
DELAY_MS(300);
)
)

}

Trong chuong trinh xuit ma 7 doan cua bién DEM ra portB dé hién thi luon nén khong can sir
dung bién trung gian MA_ DEM.

Trong chuong trinh thi cac hang khai bao loai vi diéu khién, cau hinh, tan s clock va ma 7 doan
it thay do1 nén tao thanh 1 file thu vién < TV_16F887.C > luu cac khai bao nhu sau:

#INCLUDE <TV_16F887.H>
#FUSES NOWDT,PUT,HS,NOPROTECT,NOLVP

#USE DELAY(CLOCK=16M)

CONST UNSIGNED CHAR MA7DOAN [10]={0xC0,0xF9,0xA4,0xB0,0x99,0x92,0x82,0xF8,
0x80,0x90};

Khi d6 chuong trinh chinh duoc viét lai nhu sau:

#INCLUDE <TV_16F887.C>
SIGNED INT DEM;

VOID MAIN()
{ SET_TRIS_B(0x00);
WHILE(TRUE)
{ FOR (DEM=0; DEM<10; DEM++)
{
OUTPUT_B(MA7DOAN[DEM]);
DELAY_MS(300);

}

Tur day vé sau ta s€ sir dung thu vién nay va cé thé bo sung thém cac ndi dung mai.

Bai #dp 5-4: Hay viét chwong trinh thyc hién dém tir 9 xudng 0.
Hay v& mach bang Proteus va mo phong.

Bai 5-5: Dung vi diéu khiép 16F887 két nbi voi 2 led 7 doan anode chung va viét chuong trinh
deém tr 00 dén 99 vdi thoi gian tré tuy chon.

e So dd mach: dung portB va C két ndi véi 2 led 7 doan anode chung.
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L7 1
RBOAN12/INT  [23 RE1—2 L RB6
RBUAN10/C12IN3- [32 RB2}—2° ' ' S RB7|
-2 RAQ/ANO/ULP/C12INO- RB2/ANg |22 RB3|—| ey | RBE
—z RAT/AN1/C12IN1- RB3/ANQ/PGM/C12IN2- g? RB4}— " ' = o
2| RA2/AN2VREF-/CVREF/C2IN+ RB4/ANT1 [ RB5}—= o>
2 RAYJANIVREF+C1IN+ RBSANTITIG (35 | >
XT1 -2 Ragockic1OUT RBSICSPCLK (32 |
AEL 7o RASAN4C20UT/SS RB7/ICSPDAT |
vee I——13 RAB/OSC2/CLKOUT 5
RA7/OSC1/CLKIN RCOT10SOTICKI 1 B2
20MHz RciT10slicer2 |18 RB10}—2
Ro —g REO/ANS RC2/T10SI/CCP1 ]; RB11|—=
S P S RE1/ANS RC3/SCK/SCL RB17—
. 10f RE2/ANT RC4/SDI/SDA |22 RB13f—=
I dz BN Y RE3NVPP/MCIR RC5/SDO gg |
O1>8 RC6/TX/CK
o 3 = 26 |
b’[l Orﬁ# z RC7/RX/DT |
iy, O>1 RB6 o 3; VSS RDO %
z|—E VSS RD1 |22
o RD2 &L
GND 11 RD3 157
éE VDD RD4 |22
voe B4 vop RDS/P1B %
RD6/PIC |2
RD7/P1D [0
PIC16F887 IC1
Hinh 5-41: So do ket noi portB, C dieu khién 2 led 7 doan.
o Luu do:
( BEGIN )
LUU 10 MA 7 DPOAN TU' 0 PEN 9
{ . ‘
THY'C HIEN VONG LAP 100 LAN:
-TACH GIA TRI HANG PON V|, HANG
CHUC CUA BIEN DEM VONG LAP
~ 2 ~ ~ ~
-KET HOP GIAI MA VA HIEN THI
\
Hinh 5-42: Luru do dém tvr 00 dén 99.
o Chuong trinh:

#INCLUDE<TV_16F887.C>
SIGNED INT DEM;
VOID MAIN()

{ SET_TRIS_B(0x00); SET_TRIS_C(0x00);

WHILE(TRUE)

{ FOR (DEM=0;DEM<100;DEM++)

{

OUTPUT_C(MA7DOAN[DEM/10]); //CHUC
OUTPUT_B(MA7DOAN[DEM%10]); //DONVI
DELAY_MS(300);

Giai thich chuong trinh:
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Chuong trinh chinh khoi tao cac portB va C la x‘uét, cho vong lap for voi bién “DEM” chay tur 0
den 99, tién hanh chia tdch hang don vi, hang chuc roi gidi ma va géi ra port twong ung dé hién thi,
delay.

Bai tdp 5-5: Hiy viét chuong trinh thyc hién dém tir 000 dén‘999’hién thi trén 3 led 7 doan, thoi
gian tré tuy chon. Cac budc thyc hi¢n bao gom: v€ mach, viét luu do, viét chuong trinh va mo phong.

VIIl. CAC UNG DUNG PIEU KHIEN LED 7 POAN QUET

Khi 6 led 7 doan can nhiéu hon vi du 1a 8 led thi ta k}}éng thé ké:tt ndi truc tiép 1 port diéu khién
1 led vi khong du port. Co6 nhi€u phuong phap mé rong dé dicu khién dugc nhiéu led nhung ¢ day
trinh bay phuong phap quét 8 led dung 2 port.

Bai 5-6: Dung vi diég khién 16F887 ké't’ néi’ v6i 8 led 7 doan anode chung theo phuong phap
quét va viet chuong trinh hién thi 8 s6 tur s6 0 dén so 7 trén 8 led.

. So d6 mach:

RBO/AN12/INT %RBO
RB1/AN10/C12IN3- FRE”
RAO/ANO/ULP/C12INO- RB2/ANS TRBZ
RA1/AN1/C12IN1- RB3/AN9/PGIM/C12IN2- TRB3
RA2/AN2AVREF-/CVREF/C2IN+ RB4/ANT1 KRB“
RA/AN3AVREF+C1IN+ RB5/AN13/TTG ?R%
RA4/TOCKI/C10UT RB6/ICSPCLK WRBG
RAS5/AN4/C20UT/SS RB7/CSPDAT [ RB7
RA6/0SC2/CLKOUT 15
RA7/OSC1/CLKIN RCOT10SOITICKI {12
RC1/T10SICCP2 22
REO/ANS rRc2iosiicept |
RE1/ANG Rey/scriscL 18
RE2/AN7 RC4/SDISDA 23
RE3/VPP/MCLR RCs/SDO |22
RCETX/CK 22
RC7/RX/DT
VSS RDO %RDO
VSS rD1 E2RD1
GND 11 27 _RD4
VDD RD4
2l VDD RD5/P1B [22—RD5
VCC 29 RDS
RDE/P1C —R30
ro7/P1ID 2—RD7
PIC16F887 ICA1
AB,CDEFGP
L784 L783 L782 L781 L780
f pro—— ] o] [ee— |} pro— i pro— pro—— 1]
: ==\ [_IE I ]
- E TR N E T E R
TLS i} < G X2 AT = )
Q Q Q N Q I~ Q =3 Q
2 el S e el S g g E 8 g S
[RDT>——
RD6
W<:
RD4(
RD3(
RDZ:
RD1 *
[RO0S
O N o9 <H 0 ©] ] 0] O
g

RN

Hinh 5-43: So do két néi 2 port B va D diéu khién 8 led 7 doan quét.
Mach dung portB két ndi véi cac doan “a, b, ¢, d, e, f, g, dp” va portD két ndi diéu khién 8
transistor dong ngat.

Nguyén ly quét 8 led: do 8 led ndi song — song cac doan nén mdi mot thoi diém ban chi xuét 1
ma 7 doan cua led can hién thi ra portB dong thoi ban xuat ma di€u khién transistor ra portD dé cho
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phép transistor cua led can sang din, thuc hién delay mot khoang thdi gian ngan roi tat transistor da
md va thuc hién tuong tu cho led tha 2, cir thé cho dén led cudi cung roi 1ap lai.

Thoi gian cho led sang tuy thudc vao 50 luong led sao cho chu ky quet tat ca cac led nhanh hon
dap tng tan sd ciia mit ta quan sat thi ta s& nhin thdy cac led sang hét.

Vi 8 led 7 doan theo so (:IO o trén thi thoi gian sang la 1/8 va thoi gian tat 1a 7/8 thi ban chon
chu ky quét 8ms tuong tng véi tan so 125Hz 1a phu hop, ban c6 thé chon tan s6 cao hon.

Uu diém phuong phap quét led: hién thi duoc nhiéu thong tin, mach don gian.

Khuyét diém: chuong trinh phai quét lién tuc thi led méi sang, do thoi gian sang it, thoi gian tat
nhiéu nén led s& sang mo hon so véi phuorng phap két ndi truc tiép.

Giai phap dé ting d6 sang cua led: néu quét khoang 4 led thi led sang rd, néu nhiéu led hon thi
nén giam di¢n tré han dong tir 330Q xudng con khoang 220€2.

Cau héi: néu quét 16 led thi ban s& chon giai phap nio cho led sang?

Tra loi: co 2 giai phap: giai phap thu nhaflt 14 két ndi giéng nhu so dd & trén dung portB ndi song
song cac doan cua 16 led, dung 2 port diéu khién 16 transistor dé cho phép led sang.

Vi giai phap nay thi thoi gian tat cia led 1a 15/16 — thoi gian qua 16n led s& mo va co thé nhap
nhay.

Giai phap thir hai 1a tach 1am 2 nhom 8 led: ding port thir nhat diéu khién cac doan cia 8 led
nhéﬁm thur nhat, dfmg port vthlif hai diéu khién CNéC ‘doan cua 8 led nhom thir hai, dung port thir ba di€u
khién 8 transistor di€u khién chung 2 nhém, moéi lan m¢ 1 transistor dung chung cho ca 2 led.

Vi giai phap ndy thi thoi gian tit cua led 1a 7/8 — it hon giai phap 1 nén led sang rd hon.

( BaN )

° Luu do:

GO1 MA SO 0 RA PORT, CHO LED 0 SANG
DELAY1MS, TAT LED 0

y

GO1 MA SO 1 RA PORT, CHO PHEP LED 1 SANG
DELAY1MS, TAT LED 1

v

GO1 MA SO 7 RA PORT, CHO PHEP LED 7 SANG
DELAY1MS, TAT LED 7

\ J

Hinh 5-44: Lieu do diéu khién 8 led quét sang 8 so.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

VOID MAIN()

{ SET_TRIS_B(0x00); SET_TRIS_D(0x00);
WHILE(TRUE)
{
OUTPUT_B(0xC0); OUTPUT_LOW(PIN_DO); DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(0XF9); OUTPUT_LOW(PIN_D1); DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
OUTPUT_B(0XA4); OUTPUT_LOW(PIN_D2); DELAY_MS(1); OUTPUT_HIGH(PIN_D2);
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OUTPUT_B(0XBO0);
OUTPUT_B(0x99);
OUTPUT_B(0X92);
OUTPUT_B(0X82);
OUTPUT_B(0XF8);

}

OUTPUT_LOW/(PIN_D3);
OUTPUT_LOW(PIN_D4);
OUTPUT_LOW/(PIN_D5);
OUTPUT_LOW/(PIN_D6);
OUTPUT_LOW(PIN_D7);

DELAY_MS(1); OUTPUT_HIGH(PIN_D3);
DELAY_MS(1); OUTPUT_HIGH(PIN_D4);
DELAY_MS(1); OUTPUT_HIGH(PIN_D5);
DELAY_MS(1); OUTPUT_HIGH(PIN_D6);
DELAY_MS(1); OUTPUT_HIGH(PIN_D7);

o Giai thich chuong trinh:
Chuong trinh chinh khéi tao 2 port B va D xuat dir liu. Lénh xuat mi 7 doan ra portB va 1énh
lam 1 bit cua portD xudng mirc 0 dé cho transistor dan, goi ham delay 1ms sau d6 tat transistor va tién

hanh cho led tiép theo.

Bai 5-7: Dung vi diéu khién 16F887 két ndi v6i 2 led 7 doan anode chung theo phuong phap
quét va viét chuong trinh dém tir 00 dén 99 hién thi trén 2 led 7 doan quét, thoi gian tré tuy chon.

° So db mach: do dém 2 s6 nén két ndi 2 led.

AB,CDEFGP

RBO/AN12/INT  [55—
RB1/AN10/C12IN3-  [=——

RDO [—
RD1  [=—
RD2 [=—
RD3 [==—
RD4  [=—

2 RaoaNouLPIC12INO- RB2/ANS 22
2 RAvAN1/CI2INI- RB3/ANO/PGM/C12IN2- 22
4| RA2AN2VREF-/CVREF/C2IN+ RB4/ANT! (oL
S RA3/ANIVREF+C1IN+ RBEAN1TIG [22—
XT1 4 RagrTocKi/C1OUT RB6/ICSPCLK [32
1) RAS/AN4/C20UT/SS RB7/ICSPDAT 40
vee 1 Iu RAB/OSC2/CLKOUT
131 RA7/OSC1/CLKIN RCO/T10SO/T1CKI
20MHz RC1/T10SIICCP2
—R2 —g REO/ANS RC2/T10SIICCP1
S P 2 Rev/ANe RC3/SCK/SCL
19 RE2/AN7 RC4/SDI/SDA
o 1 RE3VPPVICIR RC5/SDO
l 21>8 o RCBITX/CK
' oi—?—|z RC7TRXDT [28
7] O__R 7 10
© 05| RB6 o & vss
zl—E2 VSS
o
<%\
vee RD&/PIC 22
rRD7PID [P
PIC16F887 IC1

Hinh 5-45: So dé két noi 2 port B va D diéu khién 2 led 7 doan queét.

° Luu do:

C

BEGIN

)

y

LU’U 10 MA 7 POAN TU 0 DEN 9

»L

THU'C HIEN VONG LAP 100 LAN:
-TACH HANG PON V|, HANG CHUC
cUA BIEN DEM VONG LAP

- GIAI MA

- HIEN THI NHIEU LAN (DELAY)

J

Hinh 5-46: Lueu do dém tir 00 dén 99 hién thi trén 2 led quét.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

UNSIGNED INT8 DEM, I,
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VOID HIENTHI_DELAY()

FOR (1=0;1<200;1++)
{ OUTPUT_B(MA7DOAN[DEM %10]); OUTPUT_LOW(PIN_DO);

DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MA7DOAN[DEM /10]); OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
}
}
VOID MAIN()
{ SET_TRIS_B(0x00); SET_TRIS_D(0x00); OUTPUT_D(0XFF);
WHILE(TRUE)
{
FOR(DEM=0;DEM<100;DEM++)
{
HIENTHI_DELAY();
}
}
}

o Gidi thich: vong lap for thuc hién 10071§n7 tir 00 dén 99, 14y gia tri dém chia tach hang don
vi, hang chuc, gidi ma va goi ra port dé hién thi.

~ Bai #dp 5-6: Hay viét chuong trinh thyc hién dém tir 000 dén 999 hién thi trén 3 led 7 doan két
noi theo phuong phap queét, thoi gian tré tuy chon. Cac budc thuc hién bao gom: v& mach, viét luu do,
viét chuong trinh va mo phong.

VIIl. CAC UNG DUNG GIAO TIEP VOI NUT NHAN, BAN PHIiM

Nt nhan, ban phim dung dé giao tiép giita con nguoi va mach dién tir dé didu khién, vi du: ban
phim may tinh, ban phim dién thoai, ban phim may ban xang dau dung nhap s6 tién can ban, s lit can
ban ... may giat tuy dong c6 ban phim dé chinh ché dd giat, chon muc nudc ...

C6 2 dang giao tiép vi diéu khién v&i ban phim, nat nhan:

e H¢ thong it phim: vi du diéu khién dong co bang 3 phim: start, stop, inv, dong hd c6 3
dén 4 phim dé chinh thoi gian.
e Hé thong nhiéu phim: ban phim may tinh, ban phim dién thoai, ...
1. HE THONG iT PHIM

Deé hiéu giao ti€p vi di€u khién vdi ban phim ta khdo sat cac bai ing dung theo sau.

Bai 5-8: Dung vi ’diéu khién 16F887 giao tiép vGi 8 led don va 2 nit nhdn ON, OFF. Khi cap
dién thi 8 led tat, khi nhan ON thi 8 led sdng, khi nhan OFF thi 8 led tat.

. So d6 mach:
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RBO/ANT2/INT %
o RBI/AN10IC12ING- (22
o RAO/ANO/ULP/C12INO- RB2/ANS 122
RA1/AN1/C12IN1- RBIANOPGMICT2IN2- 128
R1 RA2/AN2VREF-/CVREF/C2IN+ RB4/AN11 (2T
R3 RA3/AN3VREF+C1IN+ RBS/AN13TIG (22
ON RA4/TOCKI/C10UT _ RBEICSPCLK |22
5 RAS5/AN4/C20UT/SS RB7/ICSPDAT
RAG/OSC2/CLKOUT
OFF RA7/OSC1/CLKIN RCO/T10SO/T1CKI
RC1/T10SIICCP2
3 REO/ANS RC2/T10SI/CCP1
vee RE1/ANG RC3/SCK/SCL
RE2/AN7 RC4/SDI/SDA
GND RE3/VPP/NICLR RC5/SDO
RC6/TX/CK
§R2 RC7/RX/DT
VSs RDO
I VSS RD1
—rl RD2
0 RD3
oy, VDD RD4
VDD RD5/P1B
RD6/P1C

RD7/P1D

PIC16F887 IC1
Hinh 5-47: So do diéu khién led va niit nhan.

. Nguyén 1y hoat dong ctia phim nhén:

Hoat dong ciia 2 nat nhan: theo so d6 két néi trén thi binh thudng 2 nat nhan hé, 2 ngd vao cb 2
dién trd kéo 1én nguon nén muc logic 1a 1.

Khi c6 ta nhan phim thi ngdn mach ngd vao xudng mass lam ngd vao & muc logic 0, khi nha
phim thi ngd vao trd vé lai muc logic 1.

Khi lap trinh ta kiém tra xem c6 nhan phim hay khong bang cach kiém tra mirc logic néu bang 1

thi khong nhin, bang 0 thi c¢6 nhén.

° Luu do:

Hinh 5-48: Liru do diéu khién led don bang mit nhan ON-OFF.

J Chuong trinh:

C BE;IN )

Khé&i tao cac port

Y

TAT 8 LED

b

SANG 8 LED

L —

b

( e )

e —

#INCLUDE<TV_16F887.C>

#DEFINE ON PIN_EO

#DEFINE OFF PIN_E1

VOID MAIN()
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{ SET_TRIS_E(OXFF);
SET_TRIS_D(0x00); OUTPUT_D(0X00);
WHILE(TRUE)

{
WHILE (INPUT(ON));
OUTPUT_D(0XFF);
WHILE (INPUT(OFF));
OUTPUT_D(0X00);

}

o Giai thich chuong trinh:

Lénh “SET_TRIS_E(0FF)” c6 chirc ning khéi tao portE 1a port nhap vi ndi v6i 2 niit nhan.

Lénh “SET_TRIS_D(0x00);” c¢6 chic ning khoi tao portD 1a port xudt va Iénh
“OUTPUT_D(0x00);” ¢6 chirc ning tit 8 led.

Lénh “WHILE (INPUT(ON));” ¢6 chirc ning kiém tra nit nhdn ON: néu bang 1 1a khong nhin
phim ON thi tiép tuc kiém tra cho dén khi nhan phim ON thi vong lip while két thic va thuc hién 1énh
xudt dir liéu OXFF ra portD lam 8 led sang,.

Lénh “WHILE (INPUT(OFF));” ¢6 chirc nang kiém tra nat nhidn OFF: néu bang 1 14 khong nhin
phim OFF thi tiép tuc kiém tra cho dén khi nhan phim OFF thi vong ldp while két thuc va thyc hién
1énh xuét dit liéu 0x00 ra portD 1am 8 led tit.

~ Bai 5-9: Dung vi diéu khién 16F887 giao tiép v6i 8 led don va 3 nit nhan ON, OFF, INV. Khi
cap dién thi 8 led tat, khi nhan ON thi 4 led thap (D<3:0>) sang, khi nhan INV thi dao trang thai cua 8
led: 4 sang thanh tat, 4 tat thanh sang, khi nhan OFF thi 8 led tat.

° So db mach:

RBO/AN12/INT
RB1/AN10/C12IN3-

3 —g RAO/ANO/ULP/C12INO- RB2/ANS
> 2| RATAN1/C12INT- RB3/ANY/PGM/C12IN2-
R1 | RA2/AN2VREF-/CVREF/C2IN+ RB4/ANT1
4 —2f  RAJANIVREF+CIIN+ RB5/AN13/TIG
ON J XT1 & RagTOCKICIOUT RB6/CSPCLK
1) RAS/AN4/C20UT/SS RB7/ICSPDAT

S8 1 DIZ——14 RAG/OSC2/CLKOUT
OFF 131 RA7/OSC1/CLKIN RCO/T10SO/T1CKI
20MHz RC1/T10SICCP2
3 RC2/T10SI/CCP1

RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO

b, g REO/ANS
INV 3 RetANG
=, 9 RE2/ANT

RE3/VPP/MCLR

RCE/TX/CK |22
&b o P RC7/RXDT [28
o o4 3 yss RDO
/5
o2 8 2 vss RD1
L 33 RD2
vl w[! O4RBY RD3
iz G5 JRBEGND < J1f oo RDa
VCC VDD RD5/P1B
RD&/P1C
D RD7/P1D
PIC16F887 IC1
Hinh 5-49: So do diéu khién led va 3 nut nhan.
° Luu do:
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C BE;IN )

Khé&i tao cac port

| "

TAT 8 LED

SANG 4 LED

DAO 8 LED

Y

Hinh 5-50: Luu d6 diéu khién led bang 3 niit ON-OFF-INV.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

#DEFINE ON PIN_EO
#DEFINE OFF PIN_E1
#DEFINE INV PIN_E2
UNSIGNED INT8 X=0;

VOID MAIN()

{ SET_TRIS_E(OXFF); X=0;
SET_TRIS_D(0x00); OUTPUT_D(X);
WHILE(TRUE)

{
WHILE (INPUT(ON));
X= 0XO0F; OUTPUT_D(X);
DO
{
IF('INPUT(INV))
{ X=~X
OUTPUT_D(X);
}

YWHILE(INPUT(OFF));
OUTPUT_D(0X00);

. Giadi thich chuong trinh:

Trong vong lap while(true) thi 1énh while tiép theo kiém tra c¢6 nhin niit ON hay khong? Néu co

nhén thi cho 4 led sang, néu khong thi chd nhan.

Lénh do while tién hanh néu ¢6 nhan niit INV thi déo gié tri 8 led, vong lap chi thoat khi nhan

phim OFF.
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~ Bai 5-10: Dung vi diéu khién 16F887 giao tiép v6i 8 led don va 3 nat nhin ON, OFF, INV. Khi
cap dién thi 8 led tat, khi nhan ON thi 4 led thap (D<3:0>) sang, khi nhan INV thi ddo trang thai cua 8

led: 4 sang thanh tat, 4 tat thanh sang, khi nhan OFF thi 8 led tat. C6 chong doi nut nhin INV.,

_ Trong chuong trinh nay khi chay thyuc té thi do téc d6 cua vi diéu khién qua nhanh, khi nhén dao
chiéu thi do thoi gian nhan phim dai nén vi di€u khién thyc hién ddo led lién tuc, ta s€ nhin thay 8 led
sang luon cho dén khi ta buong phim, hodc ta nhan nhanh thi trang thai dao cua led khong thé xac dinh

rd rang.

Dé xé4c dinh 16 rang thi phai chdng doi bang cach kiém tra phim nhan, néu c6 thi delay, roi xir 1y

va kiém tra buéng phim.

Trong bai diéu khién chi c6 phim INV giy ra anh huéng nén hru d6 va chuong trinh xir Iy phan

chéng doi va cho budng phim INV nhu sau:

e  Luu dd: nhu hinh 5-50.

C CHONG DOI )

L —

b

DELAY 20MS

L

b

DPAO 8 LED
CHO' BUONG PHIiM

C

END )

Hinh 5-51: Luru do diéu khién led c6 chong doi phim INV.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

#DEFINE ON PIN_EO
#DEFINE OFF PIN_E1
#DEFINE INV PIN_E?

UNSIGNED INT8 X=0;

VOID CHONGDOI_INV ()

{
IF ("INPUT(INV))
{ DELAY_MS (20);
IF('INPUT(INV))
{ {X=~X; OUTPUT_D(X);}
DO {}
WHILE (INPUT(INV));
¥
k
k
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VOID MAIN()

{ SET_TRIS_E(OXFF); X=0;
SET_TRIS_D(0x00); OUTPUT_D(X);
WHILE(TRUE)

{

WHILE (INPUT(ON));
X= 0XOF; OUTPUT_D(X);
DO
{

CHONGDOI_INV ();
YWHILE(INPUT(OFF));
OUTPUT_D(0X00);

Bai tdp 5-7: Hay viét chuong trinh diéu khién 8 led don bang 2 nut nhidn SANG, TAT. Khi nhin
nut SANG thi 8 led sang dan tir phai sang trai, mdi 1an nhan thi 1 led sang, khi nhdn nat TAT thi 8 led
tat dan tur trai sang phai, moi lan 1 led. Cac budc thuc hién bao gém: v& mach, viét luu dd, viét chuong
trinh va mo phong.

Bai 5-11: Mach dém thoi gian tir 00 dén 99, dung vi diéu khién PIC 16F887 két ndi voi 2 led 7
doan anode chung va 2 nat nhan Start, Stop. Viét chuong trinh thuc hién chirc nang: khi cip dién thi
led hién thi 00, khi nhan Start thi mach dém tir 00 dén 99, néu nhan Stop thi nging tai gia tri dang
dém, nhan Start thi ¢ém tiép.

° So do mach:
L7 1
RBO/AN12/INT gz Re1—4 e
o ) RBIAN10/C12IN- 34 RB2 b’ Ig RB7
O 2| RraoANOULP/C12ING- RB2/ANS (35 RB3—] gy |=—RBS
> 3l RATAN1/C12INT- RBI/ANI/PGMIC12IN2- [ RB4 ' IA— o
2| RAZ/AN2VREF-ICVREF/C2IN+ RB4/ANTI [ RB5—] e o A>3
Al =] =] N 2| RAJ/ANIVREF+/C1IN+ RESAN13TTG 135 | >
START XT1 -4 RagmockiciouT RBGICSPCLK (32 I
5 AE 74| RASAN4IC20UT/SS RB7/ICSPDAT | 7
14 DI——13 RAB/OSC2/CLKOUT s
STOP RA7/OSC1/CLKIN RCO/T10SO/TICKI Bo—= 577
20MHz RC1/T10slccP2 8 AB10 b’ ’9 HB15
3 8 17 p e P
- 8 Rreoans Rezrmiosicept HT AB11 — HB16]
] 16| REVANS RC3/SCK/SCL  |o= HB12 d' 'A— o
19 Re2ian7 RC4/SDI/SDA ABT3—| et o A>3
RE3/VPP/MCLR RC5/SDO gg | >
RCOmX/CK (23 !
RC7/RX/DT
GND JP1 [
6%— 5 3; VSS RDO %
o——>0 VsS RD1 |F
N o rRD2 f&
—
4 | RB7 122
U)[I O RD3
vee oy 55| RBSGND ¢ 'Eﬁﬁ VDD RDa f2L
VCe 2l vDD RD5/P1B %
RD&P1C (2
&b rRD7/P1ID 22
PIC16F887 IC1
Hinh 5-52: So do ket noi 2 port dieu khién 2 led 7 dogn, 2 nut nhan.
° Luu do:
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( BEGIN )
LU’U 10 MA 7 POAN TU 0 DEN 9

p—
VONG LAP 100 LAN:

-TACH HANG PON VI, HANG CHUC
CUA BIEN DEM VONG LAP

- GIAI MA - HIEN TH| - DELAY

- KIEM TRA NHAN ON, OFF VA CHi
THOAT KHI BIEN CHO PHEP BANG 1

L J

Hinh 5-53: Luu d6 dém cé diéu khién bang niit nhan Start-Stop.

e Giai thich luu d6:

_ Bainay gidng bai dém da khao sat, chi thém phan kjém tra nut nhén, l?ié'n cho phép ban dﬁg gan
bang 0 khong cho phép dém, chuong trinh kiém tra c6 nhan nit Start lam bien cho phép bang 1 d€ cho
phép mach dém. Néu nhan nut Stop s€ lam bien cho phép bang 0, mach ngung tai gia tri dang dém.

o Chuong trinh:

#INCLUDE <TV_16F887.C>
#DEFINE START PIN_EO
#DEFINE STOP PIN_E1
SIGNED INT8 DEM;

INT1 CHOPHEP = 0;

VOID MAIN()
{  SET_TRIS_E(OXFF); SET_TRIS_C(0x00);  SET_TRIS_D(0x00);
CHOPHEP=0;
WHILE(TRUE)
{
FOR (DEM=0:DEM<100;DEM++)
{
OUTPUT_C(MA7DOAN[DEM %10]);
OUTPUT_D(MA7DOAN[DEM /10]):
DELAY_MS(500);
DO
{
IF (INPUT(START)) {CHOPHEP=1:}
ELSE IF (INPUT(STOP)) {CHOPHEP=0:}
YWHILE(CHOPHEP==0);
}

Bai #dp 5-8: Hay thém vao bai 5-11 mot nt nhin co tén la INV c6 chirc nang dao chiéu dém
1€n, dem xudng. Dang dém 1én néu nhan INV thi s& dém xudng tir gia tri dang dém, tuong tu khi dang
dém xudng ma nhan INV thi s& dém 1én. Cac budc thuc hién bao gom: v& mach, viét luu do, viét
chuong trinh va mé phong.
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2.  HE THONG NHIEU PHIM

Véicach 1 thi mdi phim sir dung 1 ngd vao dé ket ndi, 16 phim s& dung 16 ngd vao nhu vy s&
ding rat nhiéu duong tin hiéu dé giao tiép, cach két ndi dung it tin hiéu hon 1a kiéu ma tran phim.

Cach két ndi dang ma tran thi 16 phim chi dung 8 tin hiéu: 4 cho hang va 4 cho cot — goi 13 ma
tran 4x4 s& dugc 16 phim, ma tran 8x8 sé dugc 64 phim.

Tong quat ma tran ban phim mxn thi sé dudng tin hidu bang “m+n”, sb phim bang “mxn”
e Uu diém cua cach két ndi theo dang ma tran 1a tiét kiém dudng diéu khién.
e Khuyét diém: chwong trinh phrc tap.

Khao sat ban phim ma trdn 4x4 = 16 phim:

So @6 mach ban phim nhu hinh 5-54:

Vee=1
0""1/4""1/8""ﬁ"“
:-lubﬁnbﬁubﬁub :Eg
W ;/2“"1/6""L/A""L/E"" >l H2
' v3H'I/7H'£/BH'v = ) > H3
o [+ | Le<]cs
———={C2
L« C1
<« CO

Hinh 5-54: Ban phim ma trgn 4 x4.
Trong ma tran 4x4 thi 5:(’) 4 hang va 4 cot, hang duoc chon Ia tin hi¢u vao — cdt dugc chon 1a tin
hiéu ra, hang thi treo 1én nguon Vcc qua dién tré — nén mirc logic ctia hang luén la mic 1.
Céc phim nhin thuong hé nén 4 hang ludén & mic 1 hay HsH,HiHp =1111.
Cot 1a tin hiéu ra nén chung ta diéu khién xuit dit liéu ra cot tuy y.
Dé phan biét cac phim thi mbi phim ¢ 1 tén duoc danh theo sb thap luc phan tir <0° dén ‘F.
DPé xem c6 phim nao nhin hay khong ta tlen hanh quét ting cot bang cach cho 1 cot & mic 0, 3

ot con lai & mue 1 va kiém tra tat ca cac hang, néu tat ca cac hang van ¢ muc logic 1 tirc 1a khong c6
nhin phim, néu c6 1 hang xudng murc 0 thi d c6 nhan phim. Cu thé nhu sau:

Quét cot thur 0:
Xudt dit liéu ra cot 1a: C3C,C1Co =1110 nhu hinh 5-54, kiém tra hang nao bang khong?
e Néu bang HO = 0 thi da nhin phim s6 ‘0’
e Néu bang H1 = 0 thi da nhin phim s6 ‘1"
e Néu bang H2 = 0 thi da nhin phim s6 2.
e Néu bang H3 = 0 thi d& nhan phim s6 ‘3°.
e Néu khong c6 phim nhan nao & cot Co duge nhan thi phai quét cot tiép theo.
Quét cot thir 1:
Xuét dir lidu ra cot 1a: C3C,C1Co =1101 nhur hinh 5-55, kiém tra hang nio bang khong?
e Néu bang HO = 0 thi d& nhan phim s6 ‘4.
e Néu bang H1 = 0 thi d& nhan phim s6 5°.
e Néu bang H2 = 0 thi d& nhan phim s6 ‘6.
e Néu bang H3 = 0 thi d& nhan phim s6 “7°.
e Néu khong c6 phim nhan nao & ¢t Cy dugc nhan thi phai quét cot tiép theo.
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Vcc:l
_Oﬁ'ﬂ”’ﬁ”'_ﬁﬁ' > Lo
v I 10—0;{0—0;{0—0;{;0—0 ol H1
NS 2""2/6“"_A""L/E"" >l H2
I 3o-o£/7o-o£/Bo-0£/|:o-0 o H3
A N A P e
L« C2
L | CI
<« CO
Hinh 5-55: Ban phim ma trdn 4x4 véi c¢ét Cy bang 0.
Quét cot thur 2:

e Xuét dir liéu ra cot 1a: C3C2C1Co =1011 nhu hinh 5-56, kiém tra hang nao bang khong?
e Néu bang HO = 0 thi d nhin phim sd 8’.
e Néu bang H1 = 0 thi d nhin phim s 9”.
e Néu bang H2 = 0 thi da nhin phim s6 ‘A’.
e Néu bang H3 = 0 thi ¢4 nhn phim s6 ‘B’.
e Néu khong c6 phim nhdn ndo ¢ cot Cz duoc nhan thi phai quét cot tiép theo.

Quét cot thur 3:

V-O-o;{o-ug/so-ol/c-q -
vvlo-o;/g,o-ug/go-ol/Do-q q
g 2""2/6°"’£/A°"';/E"‘ q
'_A:A:At I 3o-o£/7o-0£/3o-0£/|:o-¢ o
1 1 0 L<_
L -

-

Hinh 5-56: Ban phim ma trdn 4 x4 véi c¢ét Co bang 0.

HO
H1
H2
H3
C3
C2
C1
CO

e Xuét dit lidu ra cot 1a: C3C2C1Co = 0111 nhu hinh 5-57, kiém tra hang nao bang khong?
e Néu bang HO = 0 thi d¢a nhin phim s6 ‘C’.
e Néu bang H1 = 0 thi 3 nhdn phim s ‘D’.
e Néu bang H2 = 0 thi da nhn phim sb ‘E’.
e Néu bang H3 = 0 thi 3 nhdn phim s} ‘F’.

e Néu khong c6 phim nhan nio & cot C3 dén day xem nhu két thuc.

VCC:l

Hinh 5-57: Ban phim ma trdn 4 x4 véi cét C3 bang 0.

et T
—— @lad cla i @ >
2""1/6""1/A""[/E""
W—e A & & -
—e -9 -9 —e
BeE £/7 L/B I o
1 1 1 0‘

_<_
-

HO
H1
H2
H3
C3
C2
C1l
CO
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Tén cac phim dé chung ta phan biét, con chuong trinh phan biét cac phim bang mi, mdi phim c6
1 ma phim do phan mém lép trinh xay dung, dé don gian moi phim dugc ddt ma nhu sau :

Phim s6 ‘0’ ¢6 mi 1a 00H, phim s ‘1> ¢6 mi 1a 01H, ... phim ‘F’ ¢c6 ma la OFH.
Hoat dong quét ban phim dugc thyc hién theo uu dd nhu hinh 5-58.

CQU ET_MT_PHIM)

MAQUETCOT={FE,FD,FB,F7}
CcOT=0, HANG=FF,
MAPHIM=FF

!

VONG LAP V&1 BIEN CHAY LA cOT
XUAT LAN LU'QOT 4 MAQUETCOT RA COT

HANG=0 —
HANG=1 —
HANG=2 —
HANG=3 —

J

MAPHIM=COT*4 + HANG

< J

CRETURN(MAPHIM))

Hinh 5-58: Lieu do quét ban phim ma trin 4x4.
Gidi thich luu do:
Ma quét cdt 1 4 bit thap bao gom céc trang thai: “1110B”, “1101B”, “1011B”, “0111B” két hop
V61 4 bit cao ciia hang ludn 1a “1111B” nén dir li¢u két hop theo byte viét dang so hex la “FEH”,
“FDH”’ “FBH”’ “F7H5’.
Gan cot bat dau tir 0, hang gan bang FFH, ma phim ban dau gan bang FFH.

Xuét lan lugt timg ma quét cot ra port quét ph1m tién hanh kiém tra timg hang xem hang nao
bang 0 thi phim twong tng dugc nhan. Khi d6 ta gan gia tri tvong ing cho timg hang.
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Cudi cung kiém tra hang xem c6 bang FFH hay khong, péu bang thi khong phim nao dugc nhé:ln
trong lic thyc hién chuong trinh quét, thoat voi ma phim bang FFH, néu khac FFH thi da c6 nhan
phim, tién hanh tinh todn ma phim va thoat véi ma phim la cua phim da nhan.

Néu quét cot thir 0 thi cot bang 0, theo cong thirc md phim s& c6 gid tri tir OH dén 3H.
Néu quét cot thir 1 thi cot bang 1, theo cong thirc méd phim s& ¢ gia tri tir 4H dén 7H.
Néu quét cot thir 2 thi cot bang 2, theo cong thirc ma phim s& c¢6 gia tri tir SH dén BH.
Néu quét cot thir 3 thi cot bang 3, theo cong thirc ma phim s& c¢6 gia tri tir CH dén FH.
Khi quét phim thi sinh ra hién tugng doi phim nén ta phai thyc hién thém phan chdng doi.

( kevaxa )
v

MP1= HAM QUET_MT_PHIM

D

S

MP2= HAM QUET_MT_PHIM

e G

S Y,

C RETURN(MP1) )

Hinh 5-59: Luu do quét ban phim ma trdn 4 x4 ¢6 chong déi.

Trong luu d6 nay goi ham quét phim ma tran 4x4, sau d6 gan ma phim cho bién MP1, kiém tra
néu MP1 bang FFH thi khong c6 nhan phim nén khéng can chéng doi va thoat.

Néu c6 nhan thi goi ham quét phim va gan ma phim cho bién MP2, so sanh 2 ma phim: néu 2 ma
phim bang nhau thi ¢6 nghia 13 ta chua budng phim da nhin nén quay lai kiém tra chd cho dén khi ta
bubng phim. Khi ta budng phim thi 2 ma phim s& khac nhau va chuong trinh s& thoat va tra vé ma
phim nhén 1an dau 1a MT1.

Dé hiéu chuong trinh quét ban phim ma tran ta khao sat bai ing dung theo sau.

Bai 5-12: Dung vi diéu khién PIC 16F887 giao tiép voi 1 led 7 doan va ma tran phim 4x4. Viét
chuong trinh quét ban phim ma tran, hién thi tén ctia phim trén led 7 doan.

. So d6 mach:

Clicong 5. Giao tiép led, led, pflim don, ma trdn fliim. §9




RBO/ANTZ/INT
) RB1/AN10/C12IN3-
5| RAG/ANO/ULP/C12IN- RB2/ANS
| RATUANT/CI2INI- RB3/ANO/PGM/C12IN2-
| RAZ/AN2VREF-/CVREF/C2IN+ RB4ANT 2
| RAJANIVREF+/CIIN+ RBS/AN13/TTG
XT1 & RagTocKIC1OUT RB6/ICSPCLK
Mk 75 RASAN4C20UTSS RB7/ICSPDAT
H RAG/0SC2/CLKOUT
RA7/OSC1/CLKIN RCOT10SO/TICKI
20MHz o RC1/T10SI/ICCP2
2 ReEoANs RC2/T10SI/CCP1
P 1ol RE1/ANG RC3/SCK/SCL
1 Rreziany RC4/SDI/SDA
@ S RE3/VPP/MCIR RC5/SDO
— ol 03—90 o) RCB/TX/CK
g[l o 04_?_'5 RC7TRXDT |2
) OS__EBZ 31
S s
VCC 0] RD2
RD3
GND éﬁ VDD RD4
VCe VDD RD5/P1B
RDB/P1C
RD7/P1D
PIC16F887 IC1

Hinh 5-60: Vi diéu khién giao tiép ban phim ma trdn.
Trong so d6 dung portB giao tiép voi ban phim ma tran 4x4 va portD diéu khién 1 led 7 doan.

( BGN )
Y

LU’U 10 MA 7 DPOAN TU 0 DEN 9,
KHO1 TAO PORT

——

QUET PHIM MA TRAN, CHONG DOI

L —

b

° Luu do:

GIAI MA HIEN THI

! J

Hinh 5-61: Luru do quét hién thi ma trdn phim.

o Chuong trinh chinh:

#INCLUDE<TV_16F887.C>

#INCLUDE<TV_KEY4X4.C>

SIGNED INT8 MP;

VOID MAIN()

{  SET_TRIS_D(0x00); OUTPUT D(OX7F);
SET_TRIS_B(0xF0); PORT_B_PULLUPS(0XFO);
WHILE(TRUE)

{
MP= KEY_4X4();
IF (MP!=0XFF)
{

¥

OUTPUT_D(MA7DOAN[MP]);
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o Chuong trinh con quét phim: “TV_KEY4X4.C”

CONST UNSIGNED CHAR MAQUETCOTI[4]= {OXFE,0XFD,0xFB,0XF7};
UNSIGNED INT QUET_MT_PHIM()
{ SIGNED INT8 MAPHIM,HANG,COT;

MAPHIM=HANG=0XFF;

FOR(COT=0;COT<4;COT++)

{
OUTPUT_B(MAQUETCOT[COT]);
IF (INPUT(PIN_B4)) {HANG=0; BREAK;}
ELSE IF (INPUT(PIN_B5)) {HANG=1; BREAK:}
ELSE IF (INPUT(PIN_B6)) {HANG=2; BREAK:}
ELSE IF (INPUT(PIN_B7)) {HANG=3; BREAK:}
}

IF (HANG!=0XFF) MAPHIM =COT*4+ HANG;
RETURN(MAPHIM);
}
UNSIGNED INT KEY_4X4()
{ UNSIGNED INT8 MPTL,MPT2;
MPT1=QUET_MT_PHIM();
IF (MPT11=0XFF)
{
DELAY_MS(10);
MPT1=QUET_MT_PHIM();
DO{MPT2=QUET_MT_PHIM();}
WHILE (MPT2==MPT1);

}
RETURN(MPT1);

}

o Giai thich chuwong trinh chinh:

Céc 1énh khoi tao portB, D va dién tré kéo I€n, theo so dd thi dung 4 dién tré bén ngoai thi
khong can nhung néu ta dung ban phim 4x4 c6 san chua c¢6 dién trd thi ta phai dung dién tré kéo 1én
bén trong.

Lénh “OUTPUT_D(0x7F);” ¢6 chirc ning lam dau chim cua led 7 doan sang dé bao hiéu chuong
trinh da hoat dong.

Lénh “MP=KEY_4X4();” c¢6 chirc ning goi chuong trinh con quét phim ma trdn c6 chdng doi.
Néu c6 nhén thi ti€n hanh giai ma 7 doan va goi ra portD d€ nhin thdy ma phim dang s6 hex. Cac ma 7
doan cua 16 s hex luu trong file thu vién.

Néu khong nhan phim nao thi quay trd lai chd nhan phim.

o Gidi thich chuong trinh con:

Chuong trinh con KEY 4x4 c6 chtc ning goi chuong trinh con quét phim va chéng doi.

Hai chuong trinh con nay giéng nhu luu d6 da viét va da giai thich.

Bai 5-13: Dung vi diéu khién PIC 16F887 giao tiép voi 2 led 7 doan va ma tran phim 4x4. Viét
chwong trinh quét ban phim ma tran, hién thi ma phim nhén va dich. Bat dau thi hién thi ddu cham &
led 7 doan thr 0, khi nhan phim bét ky vi du 1a 3 thi diu chim s& dich sang led 7 doan thir 1, s6 3 s&
hién thi ¢ led thir 0, néu nhan tiép phim s 5 thi s6 3 cua led thir 0 s& chuyén sang led thu 1, s6 5 s&
hién thi ¢ led th 0.

. So d6 mach:
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RBoANT2INT (22 CO
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Hinh 5-62: Vi diéu khién giao tiép ban phim ma trdn va 2 led 7 doan.
Trong so d6 dung portB giao tiép v4i ban phim ma tran 4x4, portC va D diéu khién 2 led 7 doan.

( BN )
Y

LU’U 10 MA 7 DOAN TU 0 DEN 9,
KHO1 TAO PORT

——

QUET PHIM MA TRAN, CHONG DOI

L —

b

° Luu do:

GIAI MA HIEN THI

! J

Hinh 5-63: Luu do quét ma trdn phim va hién thi ma phim.

o Chuong trinh chinh:

#INCLUDE<TV_16F887.C>
#INCLUDE<TV_KEY4X4.C>
SIGNED INT8 MP, SOTHU1, SOTHUQ;

VOID MAIN()

{  SET_TRIS_D(0X00); SET_TRIS_C(0x00);
SET_TRIS_B(OXFO); PORT_B_PULLUPS(0XFO);
SOTHUO=0X7F; SOTHU1=0XFF;

OUTPUT_D(SOTHUQ);  OUTPUT_C(SOTHUL);
WHILE(TRUE)
{
MP= KEY_4X4();
IF (MP!=0XFF)
{
SOTHU1=SOTHUO;
SOTHUO=MA7DOAN[MP];
OUTPUT_D(SOTHUQ); OUTPUT_C(SOTHUL);
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J Gidi thich chuong trinh chinh:

Cac Ignh khdi tao portB, C, D va dién tré kéo 1én. Géan 2 bién s6 thir 1 bang FFH, s6 thi 0 bang
7FH khi géi ra portC va D thi led th 1 tat, led thi 0 sing dau cham thap phan dé cho biét chuong
trinh da chay.

Goi chuong trinh quét phim c6 chong doi va kiém tra ma phim néu c6 nhén thi tién hanh chuyén
ma hién thi cua led thir 0 sang cho led thur 1, gidi ma 7 doan cua phim mdi nhan, tién hanh géi 2 ma ra
2 led.

Quay lai lam tuwong tu khi ta nhan cac phim khac.

Bai 7gp 5-9: Hay hiéu chinh bai 5-13 sau cho chuong trinh chi cho phép nhin cic phim sb thap
phan tir 0 dén 9. Céc budce thuc hién bao gom: viét uu do, viét chuong trinh va mo6 phong.

Bai #dp 5-10: T bai tap 5-9 thém yéu cau khi nhan phim C thi c6 chirc ning xo04 cac so dang
hién thi va hién thi lai dau cham thép phan. Céac budc thuc hién bao gom: viét luu do, viét chuong trinh
va mo phong.

Bai #gp 5-11: Tu bai tap 5-10 thém yéu cau khi nhan phim D thi ¢6 chirc ning x04 bd phim nhép
sau ang yé hién thi trd lai 2 gid tri cua 2 led da hién thi trude do. Cac bude thuc hién bao gom: viet
luu do, viét chuong trinh va mé phong.

Chu ¥: 1an dau khi méi cap dién thi khong c6 hiéu luc cho phim D.

Bai tdp 5-12: Hay hiéu chinh bai 5-13 sau cho chuong trinh khi nhin cic phim s thip phan tir 0
dén 9 thi hién thi trén & led thtr 0, khi nhin cac phim tir A dén F thi hién thi gia tri thip phan & 2 led, vi
du ta nhin phim F thi khong hién thi F ma hién thi 15. Cac budc thuc hién bao gém: viét luu do, viét
chuong trinh va moé phong.

IX. CAC UNG DUNG PIEU KHIEN LCD
1. GIOI THIEU LCD

Giao vtié'p VO"iq led 7 doan ¢6 han ché vi chi hién thi dugc céac sd tir 0 dén 97 hoiac sf) hex tir 0 dén F
— khong thé nao hién thi dugc cac thong tin ki tu khac, nhung chiing s€ dugc hién thi day da trén LCD.

LCD c6 rat nhiéu dang phan biét theo kich thuc'zc tir vai ki tu dén hang chuc ki tu, tir 1 hang dén
vai chyc hang. LCD 16x2 c6 nghia la c6 2 hang, moi hang c¢6 16 ki tu. LCD 20%4 ¢6 nghia 1a c¢6 4
hang, moi hang c6 20 ki tu.

LCD 16x2 c6 hinh dang nhu hinh 5-64:

H|nh 5-64. Hinh dnh cua LCD.

2. SO DO CHAN CUA LCD

LCD c6 nhiéu loai va sb chan cua chiing ciing khac nhau nhung c6 2 loai pho bién 1a loai 14
chan va loai 16 chan, sy khac nhau 1a cac chian ngudn cung cip, con cic chan diéu khién thi khong
thay d6i, khi str dung loai LCD nao thi phai tra datasheet ctia chiing dé biét 15 cac chan.
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Bang 5-2: Cac chan cia LCD:

Thir tw Tén tin hi¢u
1 Vss
2 Vb
3 Vo
4 RS
) R/W
6 E

7 DO
8 D1
9 D2
10 D3
11 D4
12 D5
13 D6
14 D7
15 A
16 K

1/0
Ngu@)n
Ngu@)n
bién 4p
INPUT
INPUT
INPUT
1/0

I/0

I/0

I/0

I/0

I/0

I/0

I/0

I

I

+5V

biéu khién anh sang nén

Register Select

Read/Write

Enable

(strobe)

DATALSB

DATA

DATA

DATA

DATA

DATA

DATA

DATA MSB

Ngudn
GND

duong +5V

Trong 16 chan cua LCD duoc chia ra lam 3 dang tin hi¢u nhu sau:

Cdc chén cdp nguén: Chan sb 1 1a chan nbi mass (0V), chan thir 2 13 Vdd nbi v6i ngudn +5V.

Chan tht 3 dung dé chinh contrast thudng ndi v6i bién tro.

Cic chén diéu khién: Chan sb 4 1a chan RS dung d¢ diéu khién lya chon thanh ghi. Chan R/'W
dung d¢€ dicéu khién qua trinh doc va ghi. Chan E 1a chan cho phép dang xung chot.

Cic chin dii ligu D7+D0: Chan s6 7 dén chan sb 14 1a 8 chan dung dé trao doi dit liéu giira thiét

bi diéu khién va LCD.

3. SO PO MACH GIAO TIEP VI PIEU KHIEN VOI LCD
Trong phan nay sé& trinh bay phan giao tiép vi diéu khién PIC 16F887 v&i LCD nhu hinh 5-65:

RBO/AN12/INT %
) RBUANTOIC12ING- |32
- RAGANOWULPIC12IND- RB2/ANS (30
= RATAN1/CI2INI- RBI/ANO/PGMICT2ING- (22
[ RA2/AN2IVREF-/CVREF/CZIN+ RB4ANTT |3
2 RAJANSIVREF+/C1IN+ RBSANISTTG |22
XT1 -8 Rra¢rmockictouT RBO/CSPCLK |23
AF 71 RASIAN4/C20UT/SS RB7/ICSPDAT |22
I:II*13 RAG/OSC2/CLKOUT s
RA7/OSC1/CLKIN RCO/T10SO/TICKI 2
20MHz o RC1/T10SICCP2 %
RE0—9| REO/ANS Rezmiosiicept (1T
P EE;T RE1/ANG ReaiscwscL {19
— o rezan7 RcaisDisDA |22
N o1 5 RE3VPP/MCLR Resispo |24
- 03—90 o RCO/TX/CK 2
w[l O] =4 RC7TRX/DT |28
el rol-| |32 TR87 10
“ O%{RB6 2l vss roo HE__RDO
Vet z|—E vss rD1 |29 RD1
o} RD2 —2 EB%
GND 1 vop Ro4 [ZL_RD4
2l VDD rDsP1B [ RDS
VCC 29 RD6
rRogP1C [23—RDO
RD7/P1D (30—
PIC16F887 IC1

RD1

RD2

RD3

RD4

RD5

RD6

RD7

[RET p
REQ

=3 ] ) i 2

<lwlo ~looloy | =[]

o M T WO~
&%m 80883848858 8 3

> < 0

o4
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Hinh 5-65. Giao tiép vi diéu khién PIC16F887 véi LCD.
chinh bién tr& sao cho céc ki tu hién thi trén LCD thi dung lai.
4. CAC LENH PIEU KHIEN LCD:

~ Deé diéu khién LCD thi ¢6 céc IC chuyén ding dugc tich hgp bén dudi LCD ¢6 ma s 447801
dén cac IC 447809. Trong IC nay c6 bd nhd RAM dung d¢€ luu trit dir liéu can hién thi va thyc hi¢n
viéc diéu khién LCD hién thi.

Bdng 5-3: Cac 1énh diéu khién LCD:
LENH RS RW D7 /| D6 | D5 | D4 | D3 D2 D1 | DO | Mo ta clock
NOP 0 0 0 0 0 0 0 0 0 0 No operation 0

Clear display 0 0 0 0 0 0 0 0 0 1 Clear display & sets address | 165
counter to zero

Cursor home 0 0 0 0 0 0 0 0 1 0 Sets address counter to zero, | 3
returns shifted display to
original position. DDRAM
contens remain unchanged.

Entry mode set | 0 0 0 0 0 0 0 1 IID | S Sets cursor move direction, | 3
and specifies automatic
shift.

Display control | 0 0 0 0 0 0 1 D C B Turns display (D), cursor | 3
on/off (C) or cursor blinking

B).
Cursor/display | 0 0 0 0 0 1 SIC| RIL| O 0 Move cursor and shift | 3
shift display. DDRAM contents

remain unchanged.

Function set 0 0 0 0 1 DL | N M G 0 Sets interface data width | 3
(DL), number of display
lines (N,M) and voltage
generator control (G).

Set CGRAM | 0 0 0 1 Character Generator RAM Sets CGRAM addres 3

addr

Set DDRAM | 0 0 1 Display data ram address Sets DDRAM addres 3

addr

Buzy flag & | O 0 BF Address counter Reads buzy flag & address | 0

Addr counter

Read data 1 0 Read data Reads data from CCGRAM | 3
or DDRAM

Read data 1 1 Write data Write data to CCGRAM or | 3
DDRAM

Lénh xoé man hinh “Clear Display”: khi thyc hi¢n 1énh nay thi LCD s€ bi x04 va bd dém dia
chi duoc xoa ve 0.

Lénh di chuyén con tré vé dau man hinh “Cursor Home”: khi thuc hién 1énh nay thi bg dém
dia chi dugc xo04 vé 0, phan hién thi tr¢ ve vi tri goc da bi dich trude do. Noi dung bo nhd RAM hién
thi DDRAM khong bi thay doi.

Lénh thiét Igp 16i vao “Entry mode set”: 1énh nay dung dé thiét 1ap 16i vao cho céc ki tu hién
thi, bit ID = 1 thi con trd tu dong tdng 1én 1 moi khi c6 1 byte dir li¢u ghi vao bd hién thi, khi ID = 0
thi con tré s& khong tang: dit liéu méi s& ghi d¢ 1én dir liéu cii. Bit S = 1 thi cho phép dich chuyén di
liéu mdi khi nhan 1 byte hién thi.
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Lénh diéu khién con tré hién thi “Display Control”: 1énh nay dung dé diéu khién con tro (cho
hién thi thi bit D= 1, tat hién thi thi bit D = 0), tat m¢ con tré (md con trd thi bit C = 1, tat con tro thi
bit C = 0), va nhap nhay con tr6 (cho nhap nhay thi bit B = 1, tat thi bit B = 0).

Lénh di chuyen con tré “Cursor /Display Shift”: 1¢nh nay dung dé diéu khién di chuyén con tro
hién thi dich chuyén (SC = 1 cho phép dich chuyén, SC = 0 thi khong cho phép), hudng dich chuyén
(RL = 1 thi dich phai, RL = 0 thi dich trai). Noi dung bd nhé DDRAM van khong doi.

Lénh thiét lap dia chi cho by nhé RAM phat ki tw “Set CGRAM Addr”: 1énh nay dung dé thiét
lap dia chi cho by nhé RAM phat ki tu.

Lénh thiét lap dia chi cho b nhé RAM hién thi “Set DDRAM Addr”: 1énh nay dung dé thiét
lap dia chi cho by nhd RAM luu trir cac dir li¢u hién thi.

Hai Iénh cubi cliing 14 1énh doc va 1énh ghi dir liéu LCD.
Dang song cac tin hi¢u khi thyc hién ghi dir li¢u vao LCD nhu hinh 5-66:

RS
tﬂS
RW
Enable
— II..
Data Valid Data
te

Hinh 5-66. Dang séng diéu khién ciia LCD.
Nhin vao dang song ta c6 thé thdy duoc trinh tu diéu khién nhu sau:
- Diéu khién tin hiéu RS.
- Diéu khién tin hiéu R/W xubng murc thap.
- Diéu khién tin hiéu E 1én mirc cao dé cho phép.
- Xuit dit lieu D7+DO.
- Diéu khién tin hiéu E vé muc thap.
- Piéu khién tin hiéu R/W 1én mirc cao tré lai.
5. PIA CHI CUA TUNG Ki TU TREN LCD
LCD16x2 c6 2 hang mdi hang 16 ki tu.
Hang 1: ki ty tan ciing bén trai co dia chi 1a 0x80, ki tu ké 1a 0x81, ki ty cudi cung 1a Ox8F.
Hang 2: ki ty tan cling bén trai c6 dia chi 1a 0xCO, ki tu ké 1a 0xC1, ki tu cudi cing 1a 0xCF.
Bang 5-4: Pia chi cta tung ki tu:

Dia chi 80 |81 |82 |83 |84 |85 |86 |87 88|89 |8A 8B |8C |8D |8E |8F
Ki tu hang 1 D |H S |P K1Y T |H U A |T
Ki tu hang 2 T |P H | O C |H |I M |1 N |H
Dia chi CO|C1|C2|C3|C4|C5|C6|C7|C8B|C9|CA|CB|CC|CD|CE|CF

6. CAC CHUONG TRINH HIEN THI TREN LCD

Bai 5-14: Sir dung mach giao tiép vi diéu khién PIC16F887 v6i LCD 16x2 & hinh 5-65, hiy viét
chuong trinh hién thi 2 hang thong tin nhu trong bang 5-4.

e S0 d0 mach: gibng nhu hinh 5-65.
. Luu d6:
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( BeaN )
Y

KHO1 TAO LCD

Y

HIEN THI HANG THU' NHAT

Y

HIEN THI HANG THU HAI

Y
C END )

Hinh 5-67: Luru d6 hién thi thong tin trén 2 hang.

o Chuong trinh chinh:

#INCLUDE<TV_16F887.C>

#INCLUDE<TV_LCD.C>

UNSIGNED INT I;

const unsigned char HANG1[16]={" DH SP KY THUAT "},
const unsigned char HANG2[16]={" TP HO CHI MINH "};

VOID MAIN()

{
SET TRIS_E(0x00);  SET_TRIS_D(0x00);
LCD_SETUP();

LCD_COMMAND(ADDR_LINE1); DELAY_US(10);
FOR (I=0;I<16;1++)  {LCD_DATA(HANGL1[I]);}

LCD_COMMAND(ADDR_LINE2); DELAY_US(10);
FOR (I=0;I<16;1++)  {LCD_DATA(HANG2[I]);}
while(TRUE) {3}

o Giai thich chuwong trinh chinh:

Khai bao 2 thu vién: “TV_16F887.C” da viét, “TV_LCD.C” viét bén dudi.

Khoi tao cac port, khdi tao LCD.

Khoi tao dia chi hang 1 va tién hanh vong lap for cho hién thij lan luot 16 ky tu ctia hang 1.

Khoi tao dia chi hang 2 va tién hanh vong ldp for cho hién thi lan lugt 16 ky tu ctuia hang 2.

Thuc hién vong 1ap while.
o Chuong trinh thu vién “TV_LCD.C”:

#IFNDEF LCD_RS
#DEFINE LCD_RS PIN_EO
#ENDIF

#IFNDEF LCD_RW
#DEFINE LCD_RW PIN_E1
#ENDIF

#IFNDEF LCD_E
#DEFINE LCD_E PIN_E?2
#ENDIF
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#IFNDEF OUTPUT_LCD
#define OUTPUT_LCD OUTPUT_D

#ENDIF

#DEFINE FUNCTION_SET 0X38

#DEFINE DISPLAY_CONTROL O0XOF

#DEFINE CLEAR_DISPLAY 0X01

#DEFINE ENTRY_MODE 0X06

#DEFINE SHIFT_LEFT 0X18

#DEFINE SHIFT_RIGHT 0X1C

#DEFINE ADDR_LINE1 0X80

#DEFINE ADDR_LINE2 0XCO0

void LCD_COMMAND(UNSIGNED CHAR MDK)

{

OUTPUT_LOW(LCD_RS); OUTPUT_LCD(MDK);
OUTPUT_HIGH(LCD_E); DELAY_US(20);
OUTPUT_LOW(LCD_E); DELAY_US(20);

k

void LCD_DATA(UNSIGNED CHAR MHT)

{ OUTPUT_HIGH(LCD_RS); OUTPUT_LCD(MHT);
OUTPUT_HIGH(LCD_E); DELAY_US(20);
OUTPUT_LOW(LCD_E); DELAY_US(20);

k

VOID LCD_SETUP()

{ OUTPUT_LOW(LCD_E);
OUTPUT_LOW(LCD_RS);
OUTPUT_LOW(LCD_RW);
LCD_COMMAND(FUNCTION_SET); DELAY_MS(1);
LCD_COMMAND(DISPLAY_CONTROL);
LCD_COMMAND(CLEAR_DISPLAY);  DELAY_MS(2):
LCD_COMMAND(ENTRY_MODE);

. Giai thich chuong trinh thu vién LCD:
~ Balénh dau tién co chire nang kiém tra xem bién LCD_RS chua dinh nghia (IFNDEF dugc viét
tat ctua cac tu if not define: néu chua dinh nghia) thi tién hanh dinh nghia. Néu da dinh nghia roi thi
khong dinh nghia nira.

Vi cach thire nay c6 chirc ndng: véi cac bai LCD nay thi ta da dung portD va céc bit cua portE
nhung sang cac ung dung khac, ta dung port khac voi portD va E, vi du khong dung portD ma dung
portC thi ta chi can dinh nghia portC trong chuong trinh chinh, khong can thay d6i cac dinh nghia
trong chuong trinh con LCD da viét.

Tuong tu cho cac dinh nghia khac.

Chuong trinh con “LCD_COMMAND” thuc hién chirc nang goi 1énh ra LCD.

Chuong trinh con “LCD_DATA” thyc hién chtic ning géi dit lidu ra LCD dé hién thi.

Chuong trinh con “LCD_SETUP” thuc hién chirc nang khaoi tao LCD.

Bai 5-15: Sir dung mach giao tiép vi diéu khién PIC16F887 véi LCD 16x2 & hinh 5-65, hay viét
chuong trinh hién thi 2 hang thong tin nhu trong bang 5-7. Trong d6 2 6 cudi cua hang 1 s€ hién thi
thoi gian dém gidy chua can chinh xéc.

Bdng 5-7: Thong tin hién thi 2 hang ki tu:
Dia chi 80 81 [82[83[84[85 86|87 |88 |89 |8A [8B |8C |[8D |S8E |8F
Kityhang1 [D |O [N |G H o |: S |s
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Kitghang2 |[* [T |P H |O C |[H |I M |1 N |H | *
Dia chi COjC1|C2|C3|C4|C5|Ch|CT|C8B|C9|CACB|CC|CD|CE]|CF

J So d6 mach: gidng nhu hinh 5-65.

( BaN )
Y

KHO1 TAO LCD

v

HIEN THI HANG 1, HANG 2

° Luu db:

<
Y

PEM GIAY, GIAI MA HIEN THI TREN LCD, DELAY

L

Hinh 5-68: Luru do hién thi thong tin va dém gidy.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

#INCLUDE<TV_LCD.C>

UNSIGNED CHAR I, GIAY;

const unsigned char HANG1[16]={"DONG HO: "4
const unsigned char HANG2[16]={"*TP HO CHI MINH*"};

VOID LCD_HIENTHI()

{ LCD_COMMAND(OX8E); DELAY_US(10);
LCD_DATA((GIAY/10)+0X30);
LCD_DATA((GIAY%10)+0X30);

¥

VOID MAIN()

{ SET_TRIS_E(0x00);  SET_TRIS_D(0X00);
LCD_SETUP();
LCD_COMMAND(ADDR_LINE1);  DELAY_US(10):

FOR (1=0;1<16;1++) { LCD_DATA(HANG1[I]);}
LCD_COMMAND(ADDR_LINE2);  DELAY_US(10);
FOR (1=0;1<16;1++) { LCD_DATA(HANG2[1]);}
while(TRUE)
{
FOR(GIAY=0;GIAY<60;GIAY++)
{
LCD_HIENTHI();
DELAY_MS(1000);
}

¥
¥

Céc thong tin hién thi trén LCD 1a ma ASCII, gia tri cua gidy dugc tach ra thanh s6 BCD va
cong thém vdi 0x30 s€ thanh ma ASCII, khi d6 méi hién thi trén LCD.
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Bai tdp 5-13: Hay viét chuong trinh dém phit gidy hién thi trén LCD. Phut hién thi cing hang

véi giay, cach 1 6.

Bai #dp 5-14: Hiy viét chuong trinh dém gid phut gidy hién thj trén LCD.

X. CAU HOI ON TAP - TRAC NGHIEM - BAI TAP

1. CAUHOI ON TAP

Cau s6 5-1:  Hay néu cac chirc ning portA, B, C, D va E cua vi diéu khién PIC16F887.
Cau s6 5-2:  Hay so sanh port0 cua vi diéu khién AT89S52 va portA cua PIC16F887.
Cau s6 5-3:  Hay so sanh portl cta vi diéu khién AT89S52 va portB ctia PIC16F887.

2. CAUHOI MO RONG

Cau sé 5-4:  Hay tim hiéu cac port ctia vi diéu khién PIC18F4550 va so sanh v&i PIC16F887.

3. CAU HOI TRAC NGHIEM

Cau 5-1: Vi diéu khién PIC 16F887 c6 may port:

(@ 3 (b) 4

@5 (d) 6
Cau 5-2:  Port nao cua PIC 16F887 co6 dién trd kéo 1én bén trong:

(@) PortA (b) PortB

(c) PortC (d) PortD
Cau 5-3:  Port nao cua PIC 16F887 c6 ngd vao ngit ngoai INT:

(@) PortA (b) PortB.

(c) PortC (d) PortD
Cau 5-4: Thanh ghi TRISX cua PIC 16F887 c6 chirc nang:

(a) Binh hudéng cho ADC (b) Luu dir li¢u cho céc port

| (d) Luu dia chi cta cac port

Cau 5-5: Khai bao bién “INT x” thi bién x la:

(@) 1bit (b) 8 bit

(c) 16 bit (d) 32 bit
Cau 5-6: Khai bao bién “INT16 y” thi bién y la:

(@) 1 hbit (b) 8 bit

(c) 16 bit. (d) 32 bit
Cau 5-7:  Khai béo bién “unsigned int y” thi bién y 1a s6 nguyén duong:

(a) CO gia tri tir 0 dén 255 (b) C6 gia tri tir 0 dén 25

(c) C6 gié tritir -128 dén 127 (d) C6 gia tri tir -128 dén 255
Cau 5-8: Khai béo bién “signed int y” thi bién y 1 s6 nguyén dwong;

(a) Co gia tritir 0 dén 255 (b) C6 gia tri tir 0 dén 256

(c) Co gia tri tir -128 dén 127 (d) C6 gia tri tir -128 dén 255
Cau 5-9: Ki hiéu “x = y/z” 1a 1énh c6 chirc ndng:

(@) X bangy chia z lay s6 du (b) X bang y chia z lay két qua
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(c) X bing z chia y lay s6 du (d) X bang z chia y 1y két qua
Cau 5-10: Ki hiéu “x = y%z” 1a 1é€nh c6 chlrc nang:
(a) Xbangy chiaz lay s6 du (b) X bang y chia z lay két qua
(c) X bing z chia y lay s6 du (d) X bang z chia y lay két qua
Céau 5-11: Khai bao nao la khai bao ki tu:
(@) INT (b) Char
(c) FLoat (d) Long
Cau 5-12: Lénh ndo dinh cau hinh cho portB:
(a) Output_b(value) (b) Output_X(value)
(c) Set_tris_b(value) (d) Input_X(value)
Cau 5-13: Lénh ndo xuat gia tri 8 bit ra portB:
(a) Output_b(value) (b) Output_high(value)
(c) Set_tris_b(value) (d) Input_b(value)
Cau 5-14: Lénh ndo lam 1 tin hiéu cta port xuéng mirc thap:
(a) Output_low(pin) (b) Output_high(pin)
(c) Output_toggle(pin) (d) Output_pull(pin)
Cau 5-15: Vi diéu khién PIC thi c4c port:
(a) Chi truy xut bit (b) Truy xuat bit va byte
(c) Truy xuét byte (d) Truy xuat 16 bit
Cau 5-16: Trong mach quét 8 led thi transistor c6 chirc nang:
(@) Khuéch dai dong (b) Khuéch dai ap
(c) Khuéch dai dong, 4p (d) Diéu khién led
Cau 5-17: Trong mach quét 8 led thi mdi thoi diém co:
(@) 2 led séng (b) 1 led séng
(c) 3 led séng (d) 8 led sang
Cau 5-18: Trong mach quét 8 led néu chuong trinh khong quét thi:
(a) 8 led van sang (b) 8 led sang mo
() 8 led tat (d) 1 led séng
Cau 5-19: Néu mé rong mach quét 8 led thanh 16 led thi dung tong cong:
(a) 16 duong I/0 (b) 32 dwong I/0
(c) 8 duong 1/0 (d) 24 duong 1/0
Cau 5-20: Trong mach quét 8 led thi thoi gian led sang mdi led 1a:
(@) 1/8 chu ky (b) 7/8 chu ky
(c) 1/4 chu ky (d) 8/7 chu ky
Cau 5-21: Trong mach quét 8 led thi thoi gian led tat mdi led la:
(a) 1/8 chu ky (b) 7/8 chu ky
(c) 1/4 chu ky (d) 8/7 chu ky
Cau 5-22: Mai 7 doan s6 9 cua led anode chung 1a:
(@) OxF9 (b) 0x90
(c) Ox80 (d) OxFO
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Dac thoe so pliam b thudt Nguyén Dint Phi

Cau 5-23: Ma 7 doan sb hex F cua led anode chung la:

(a) OXBE (b) OXES

(c) OxF8 (d) OXFE

loz Cliwong 5. Giao tiép led, led, flim don, ma trdn plhim.
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Chuong 6
VI DIBU KHIEN PIC16ESST:

TIMER - COUNTER

GIOI THIEU
KHAO SAT TIMERO CUA PIC 16F887

NGAT CUA TIMERO
TIMERO DEM XUNG NGOAI
BO CHIA TRUGC

KHAO SAT TIMER1 CUA PIC 16F887

TIMER1 O CHE PO BINH THOI

TIMER1 O CHE PO BEM XUNG NGOAI

HOAT PONG CUA TIMER1 O CHE PO COUNTER BONG BO
HOAT PONG CUA TIMER1 O CHE PO COUNTER BAT DONG BO
POC VA GHI TIMER1 TRONG CHE PO BEM KHONG BONG BO
BO DAO BPONG CUA TIMER1

RESET TIMER1 SU DUNG NGO RA CCP TRIGGER

RESET CAP THANH GHI TMR1H, TMR1L CUA TIMER1

KHAO SAT TIMER2 CUA PIC 16F887

BO CHIA TRUGC VA CHIA SAU CUA TIMER2
NGO RA CUA TMR2

CAC LENH CUA TIMER - COUNTER TRONG NGON NGU CCS-C

LENH SETUP_TIMER_O(MODE)
LENH SETUP_TIMER_1(MODE)
LENH SETUP_TIMER_2(MODE)
LENH SET_TIMERX(VALUE)
LENH GET_TIMERX()

LENH SETUP_WDT(MODE)
LENH RESTART_WDT()

CAC UNG DUNG DINH THOI DUNG TIMER
CAC UNG DUN PEM XUNG NGOAI DUNG COUNTER
CAU HOI ON TAP - TRAC NGHIEM - BAI TAP

CAU HOI ON TAP

CAU HOI MO RONG
CAU HOI TRAC NGHIEM
BAI TAP



Dac hac ou plham &g thudt

dém

GIOI THIEU

O chuong nay khao sat cac timer/counter cua cac vi diéu khién, cac timer/counter c6 chirc ning
xung ndi cd chu ky da biét dé dinh thoi dieu khién thiét bi theo thoi gian, c6 thé dém xung ngoai

deé dém sy kién nhu dém s6 vong ddy quan, dém san pham, dém tién, ...

Timer c6 nhi€u ti€n ich trong di€u khién nén hau hét cac vi di€u khién déu tich hop, ¢ chuong

nay ching ta s€ khado sat timer/counter va cac rng dung.

Vi diéu khién PIC ho 16F887 c6 3 timer TO, T1 va T2. TO la timer/counter 8 bit, T1 I
timer/counter 16 bit, ca 2 déu c6 bd chia trudc. T2 1a timer 8§ bit c6 bd chia trude va chia sau phuc vu

cho cac ung dung dac biét.

Sau khi két thiic chwong nay ban c6 thé sir dung duogc timer/counter ciia cac vi diéu khién.
KHAO SAT TIMERO CUA PIC 16F887

Bo timer0/counter0 c¢6 nhitng dic diém sau:
o La timer/counter 8 bit.
o C6 thé doc va ghi gia tri dém cua timer/counter.
o C6 b chia trude 8 bit cho phép lap trinh Iira chon hé sé chia bang phin mém.
o Cho phép lra chon ngudn xung clock bén trong hodc bén ngoai.
o  Phat sinh ngit khi bj tran tir FFH vé 00H.
o) Cho phép lya chon tac dong xung CK canh 1én hodc canh xuéng.

So dd khdi cua timer0 va bd chia trude véi WDT nhu hinh 6-1;

i Prescaler assignment:
Mode selection Proccaier st lg

;:;ﬁ:::ter PSA E 44— (- assigned to timer or counter

Edge selection | _ !
1 = raising edge I |'_ ﬁ ————
L

0 = falling edge v Watch-dog timer |

f
TOCS B : '
8 g

[ 1
an Cwro )
B -mmm —
Counter (timer) Interrupt flag
8-bit register

Bits fmI prescaler rate selection

L |
f
E | —

Pin RA4/TOCK
Signal external source

Hinh 6-1: So do khéi cia timer0 ciia PIC16F887.

Dé sir dung timer0 thi phai khao sat chirc ning ciia thanh ghi diéu khién timer 1a OPTION_REG.

Céu hinh thanh ghi v chirc ning céac bit nhu sau:
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Ngugén Dints Phi Dac boe su plham &g thadt

R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1) R/W(1)

OPTION_REG RBPU | INTEDG | TOCS TOSE PSA PS2 PS1 PSO
Bit 7 R/W(1): 1a cho phép doc/ghi va khi reset thi bang 1 Bit 0
Hinh 6-2: Thanh ghi OPTION_REG.
Bit 7 RBPU : bit diéu khién dién tré treo cua portb.
Bit 6 INTEDG

Bit5 TOCS: bit lya chon ngudn xung cho TMRO - TMRO Clock Source Select bit.
1= s& dém xung ngoai dua dén chan TOCKI.
0= s& dém xung clock ndi bén trong.
Bit 4 TOSE: bit Iva chon canh tich cuc TOSE - TMRO Source Edge Select bit.
0= tich cuc canh Ién & chan TOCKI.
1= tich cuc canh xudng & chan TOCKI.
Bit 3 PSA: bit gan bd chia trude - prescaler assigment.
1= gan bo chia cho WDT.
0= gan bo chia TimerO.
Bit2-0  PS2:PS0: cac bit Ira chon ti 1€ bo chia trudc - prescaler rate select bits:

Bang 6-1. Lua chon hé s6 chia cua Timer0.
Bit lya chon Tilé TMRO Tilée WDT

000 1:2 1:1
001 1:4 1:2
010 1:8 1:4
011 1:16 1:8
100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
111 1:256 1:128

Néu bit TOCS ]Jﬁng 1 thi chon ché do dém xung ngoai Counter. Trong ché do dém xung ngodi
thi xung dém dua dén chan RA4/TOCKI. Bit TOSE = 0 thi chon canh lén, nguge lai thi chon canh
xuong.

B9 chia trudc khong thé doc/ghi c6 mbi quan hé véi Timer0 va Watchdog Timer.
1. NGAT CUA TIMERO

Khi gia tri Qém trong thanh ghi TMRO tran tr FFh vé 00h thi phat sinh ngét, co bao ngit
TMROIF Ién 1. Ngat c6 thé ngdn bang bit cho phép ngat TMROIE.

Trong chuong trinh con phuc vu ngit TimerO phai x6a c& bdo ngit TMROIF. Ngit ciia TMRO
khong thé kich CPU thoat khdi ché d§ ngu vi bo dinh thoi s€ ngirng khi CPU & ché do ngu.

Trong datasheet thi bit cho phép ngit c6 tén la TOIE va co bao ngat 1a TOIF. Hai bit nay nim
trong thanh ghi INTCON ¢ vi tri thir 5 va thur 2.

Thanh ghi INTCON nim trong viing nhd RAM c¢6 dia chi 1a 0xBO0.
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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 PEIE TOIE INTE RBIE TOIF INTF RBIF

Hinh 6-3: Thanh ghi INTCON.

2. TIMERO PEM XUNG NGOAI

Mudn d&ém xung ngoai thi xung dugc dua dén ngd vao TOCKI, viéc dong b tin hiéu xung ngd
vao TOCKI véi xung clock bén trong duge thuc hién bang cach ldy mau ngd ra bo chia & nhitng chu ki
Q2 va Q4 cua xung clock bén trong. Piéu nay rat can thiét cho TOCKI ¢ trang thai muc cao it nhat 2
Tosc va & trang thai mirc thp it nhat 2 Tosc.

3.  BQ CHIA TRUOC

B¢ chia trudce co thé gan cho Timer0 hoic gan cho Watchdog Timer. Céc bit PSA va PS2:PS0
chon doi tugng gan va ti I¢ chia.

Khi duoc gan cho TimerO thi tat ca cac 1énh ghi cho thanh ghi TMRO (vi du CLRF 1, MOVWF
1, BSF 1, ...) s€ x04 b chia trudc.

Khi dugc gan cho WDT thi I¢énh CLRWDT s€ xo4a b chia trude cung vdi Watchdog Timer.

PSA H

Pin RA4/TOCK

Prescaler
|

PS2, PS1, PSO

D

TMROIF '

Pin RA4/TOCK

TOCS a .
: UL Prescaler

PS2, PS1, PSO

TMROIF '

Hinh 6-5: B¢ chia trudc dwoc gan cho WDT.
11l. KHAO SAT TIMER1 CUA PIC 16F887
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Timerl 1a b dinh thoi/dém 16 bit gom 2 thanh ghi 8 bit (TMR1H va TMRIL) — c6 thé doc va
ghi. Hai thanh ghi nay tang tir 0000h dén FFFFh va quay trd lai 0000h.

Khi bj tran thi Timerl s& phat sinh ngit, c& bao ngét TMRIIF (PIR1<0>) Ién mirc 1. Timerl c6
bit cho phép/cam ngat la TMR1IE (PIE1<0>).

Thanh ghi TMR1H Thanh ghi TMR1L

N

Bit 15 Bit8 Bit7 Bit 0
Hinh 6-6: Thanh ghi lwu két qua ciia T1.

Cau truc cua Timerl:

T10SCEN E TMR1CS E T1S¥YNC TMRA1ON E
: i i i
: i

58 ;
F !
Prescaler -
z 1,2,4,8 5
=] Synchronization
ek
ag TICKPSD -
o TICKPS1 Clock S
= | I
i
w
=
4
TMR1IF

TMR1GE E

Pin
TIG

Hinh 6-7: Céu triic timer T1.
Khao sat thanh ghi diéu khién Timerl:

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)

T1CON T1GINV | TMR1GE | TICKPS1 | TICKPSO | TIOSCEN [ T1SYNC | TMR1CS TMRION'

Bit 7 R/W(0): 1a cho phép doc/ghi va khi reset thi biang 0 Bit 0

Hinh 6-8: Thanh ghi TLCON.
Bit 7 T1GINV: bit dao cong ciia Timer1 - Timerl Gate Invert bit
1= cong Timerl tich cyc mirc 1 (Timerl dém khi cong & muc 1).
0= cong Timer] tich cyc mirc 0 (Timerl dém khi cong ¢ mirc 0).
Bit 6 TMRIGE: bit cho phép cong ciia Timer] - Timerl Gate Enable bit
Néu TMRI1ON = 0: bit nay s& khong co tac dung.
Néu TMRION = 1:
1= Timerl mé néu cong ciia Timer1 khong tich cuc.

0= Timerl mo.
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Bit5-4  T1CKPS1:T1CKPSO: céc bit Ira chon bo chia - Timerl input Clock Prescale Select
bits

11=1:8 gia tri chia.
10=1:4 gia tri chia.
01=1:2 gia tri chia.
00=1:1 gia tri chia.

Bit 3 T1OSCEN: bit BK cho phép bo dao dong Timer1 - Timerl Oscillator Enable Control
bit

1= b0 dao dong duoc phép.
0= Tit bo dao dong.
Bit 2 T1SYNC: bit DK dong bd ngd vao xung clock bén ngoai cua timerl
Khi TMR1CS =1:
1= khong thé dong bd ngd vao clock & tir bén ngoai.
0= dong bd ngd vao clock & tir bén ngoai.
Khi TMR1CS =0:
Bit nay bi bo qua. Timerl dung xung clock bén trong khi TMR1CS = 0.
Bit 1 TMRI1CS: bit Iyra chon ngudn xung clock cua timerl
1= Chon ngudn xung clock tir bén ngoai & chan RCO/T10SO/T1CKI (canh 1én).
0= Chon xung ndi bén trong (Fosc/4).
Bit 0 TMRION: bit diéu khién Timer14
1= Cho phép Timer] dém.
0= Timer! ngirng dém.
1. TIMER1 O CHE PQ PINH THOI

Néu bit TMRI1CS bang 0 thi T1 hoat dong dinh thoi dém xung ndi ¢ tan sb bang Fosc/4. Bit
diéu khién dong b TISYNC khong bi anh hudng do xung clock bén trong luén dong b.

TMRICS a TMR1ON a
' Pulses to count > :
i T+
o Prescaler [ —
[ - 1,2, 4, 8 d I—@—Pﬂ TMR1H | TMRAL l
E A i ~ TMR1® |
VIR T1CKPS0 .
Ya_| T1CKPS1 GATE E
Osc. TE E
TMRA1IF

Hinh 6-9: Timer! hoat dong dinh thoi.

2. TIMERI1 O CHE PQ PEM XUNG NGOAI

Néu bit TMRICS bing 1 thi T1 hoat dong dém xung ngoai. Xung ngoai c6 2 ngudn xung phu
thudc vao bit TLOSCEN:
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N@;u bit TIOSCEN beflng 1thiT1 dém xung ngoai tir mach dao dong cua T1 - xem hinh 6-10.
Néu bit TIOSCEN bang 0 thi T1 dém xung ngoai dua dén ngd vao T1CKI - xem hinh 6-11.

T10SCEN ' TMRICS ' T15YNCE

cd panmassinnay : :

i e a—— | g
& 3B Prescaler :

= E ! I h 1:2: 4'!E =

!:5-’ = t...]..iT10SC SHEEARE

£ TICKPSO

o L T1CKPS1 0

h

Hinh 6-10: T1 hoat déng dém xung ngoai tir mach dao déng T1.

TMRICS
TI10SCEN T1SYNC TMRAOMN
: i
Ho o i

Pulses to count

[ —— | > |
| Y : : "+
| e ' Prescaler -
= et o 1,2,4,8 o ; I—@—TMMH
2 : onizatio
<E g TMR1
a2 J TICKPS0 ;
8 =
z TICKPS1 0 GATE e
[+ 4
i
=
=
TMRAIF

Hinh 6-11: T/ hoat déng dém xung ngoai dwa dén ngé vao T1CKI.

Timer] tang gia tri khi c6 xung canh 1én. Counter chi ting gia tri dém sau khi nhan 1 xung canh
xuong dugc minh hoa hinh 6-12.

T1CKI E— |
(Default High)

T1CKI
(Default Low) ——————— S

} } } }

Hinh 6-12: Gidn do thoi gian xung dém ciia Counterl.

Hinh trén thi ngd vao dang & murc 1, counter sé dém khi c6 xung canh 1én.

Hinh duéi thi ngd vao dang & muc thap, xung canh 1én thir nhat thi mach van chwa dém, xung
xudng muc thap va khi c6 canh 1én thir 2 thi counter bat dau dém.

3.  HOAT DPONG CUA TIMER1 G CHE PQ COUNTER PONG BQ
Khi bit TMR1CS bang 1 thi T1 hoat dong & ché do Counter:
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[J  Néu bit TIOSCEN béng 1 thi dém xung tir mach dao dong cuia T1.
) Néu bit TIOSCEN béng 1 thi dém xung canh 1én dua dén ngd vao RCO/T10SO/T1CKI.

‘ Néu bit TISYNC jbéng 0 thi ngd vao xung ngoai dugc dong b v6i xung bén trong. O ché do
dong bd, néu CPU ¢ ché do ngu thi Timerl s€ khong dém vi mach dong bd ngung hoat dong.

4.  HOAT PONG CUA TIMER1 O CHE PO COUNTER BAT PONG BQ

Néu bit TISYNC béng 1 thi xung ngd vao tir bén ngoai khong dugc dong bo. B dém tiép tuc
tang bat dong by v6i xung bén trong. Bo dém van deém khi CPU & trong che d6 ngu va khi tran s€ phat
sinh ngat va danh thirc CPU. Ngat T1 c6 thé ngan dugc.

5.  POQC VA GHI TIMER1 TRONG CHE PQ PEM KHONG PONG BQ

_ Timer T1 cho phep doc gia tri cac thanh ghi TMR1H hogc TMRIL khi timer dang dém xung bt
dong bd bén ngoai.

Khi ghi thi nén ngirng timer lai rdi mé&i ghi gia tri mong mudén vao cac thanh ghi. Néu ghi ma
timer dang dém van dugc nhung c6 thé tao ra mot gia tri dém khong du doan dwoc hay khéng chinh
Xac.

6. BOQO DAOPDPONG CUA TIMER1

Mach dao dong dugc tich hop bén trong va tu thach anh ndi giita 2 chan T10SI va T10SO dé
tao dao dong - xem hinh 6-13. B6 dao dong dugc phép hoat dong khi bit TLOSCEN bang 1.

! ACIBFAET |
1 |
| |
| \
|

II T1050 T1051 /
| E—

32.768 kHz

_ﬂu

c1 c2
—

15 - 33pF 15 - 33pF
IGND

Hinh 6-13: Két noi thach anh tao dao dong.

B0 dao dong la dao dong cong suat thap, toc d6 200 kHz. B dao dong van tiép tuc chay khi
CPU 6 ché d6 ngu. Bo dao dong chi dung véi tu thach anh 32 kHz. Bang sau trinh bay céach lya chon
tu cho bd dao dong Timerl.

Bdng 6-2. Lwa chon tan sé va tu twong g ciia Timerl.

Loai dao dong Tansé6 TuCl TuC2
LP 32kHz | 33pF | 33pF
100kHz | 15pF 15pF
200kHz | 15pF 15pF

7.  RESET TIMER1 SU DUNG NGO RA CCP TRIGGER

Néu khdi CCP1 va CCP2 dugc dinh cdu hinh ¢ ché d6 so sanh dé tao ra “xung kich”
(CCP1M3:CCP1IMO = 1011), tin hi€u nay s€ reset Timerl.

Cha y: “xung kich” tir khdi CCP1 va CCP2 s& khong lam c& ngat TMRI1IF (PIR1<0>) bang 1.
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Timerl phai dinh cu hinh & ché d dinh thoi hodc bo dém dong bo dé tao tién ich cho ciu triic
nay. Néu Timerl dang hoat dong & ché d6 dém bat dong bd thi hoat dong Reset khong thé thuc hi¢n
duoc.

8. RESET CAP THANH GHI TMR1H, TMRIL CUA TIMER1

Hoat dong reset lic cap ngudn POR (Power On Reset) hodc bat ki reset nao khac khong anh
huong dén hai thanh ghi TMRIH va TMRIL, ngoai trir khi xay ra “xung kich” ciia CCP1 va CCP2 thi
x0a hai thanh ghi vé 00H.

Thanh ghi TICON dugc reset vé 00h

Reset luc cip ngudn POR hodc khi Brown-out Reset s& x0a thanh ghi TLCON va timer T1 &
trang thai ngirng (OFF) va hé so chia trudc 1a 1:1. Cac reset khac thi thanh ghi khong bi anh hudng.
IV. KHAO SAT TIMER2 CUA PIC16F887

Timer2 1a timer 8 bit c6 bo chia trude (prescaler) va c6 bd chia sau (postscaler).

Timer2 duoc st dung diéu ché xung khi khdi CCP hoat dong & ché do PWM (pulse width
modulation). Thanh ghi TMR2 c6 thé doc/ghi va xo4 khi bi reset.

~ Xung ndi (FO§C/4) qua bd chia trudc co hé sb chia: “1:1”, “1:4” hodc “1:16” duoc lwa chon
bang cac bit dieu khién T2CKPS1:T2CKPS0 (T2CON<1:0>).

PR2 la thanh ghi chu ky 8 bit dung dé so sanh. Timer2 ting gid tri tir 00h cho dén khi bing gia
tri Iuu trong thanh ghi PR2 thi reset vé 00h roi lap lai.

PR2 14 thanh ghi c¢6 thé doc/ghi, khi hé thong bi reset thi thanh ghi PR dugc khdi tao gia tri FFH.

Ng6 ra cia TMR2 di qua bg chia sau (postscaler) 4 bit trude khi phat sinh yéu cau ngit lam co
TMR2IF (PIR1<1>) Ién 1. Khi bit TMR20ON béng 0 thi tit Timer2 dé giam cong suét tiéu thu.

Synchronous
serial port
A
TMR2

S Prescaler |gmg

E 1:1,1:4,1:16
!
T2CKPS1 £ Postscaler LiGlll:l
T2CKPS0 Comparator F————» 4 a. TMR2IF
E"Q - & TMR2=PR2 1:1-1:16

+
Osc.|= T20UTPS0
o - T20UTPSA
T20UTPS2

T20UTPS3

Hinh 6-14: So d6 khoi ciia Timer?2.
Thanh ghi diéu khién timer2:
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u(o) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
T2CON = TOUTPS3 | TOUTPS2 | TOUTPS1 | TOUTPSO | TMR20ON | T2CKPS1 | T2CKPSO '
Bit 7 U(0): chwa dung Bit 0
Hinh 6-15: Thanh ghi T2CON.
Bit 7 Chua sir dung néu doc s& c6 gia tri <0’
Bit6-3  TOUTPS3:TOUTPSO: cac bit lya chon ngd ra bo chia sau (Postscaler) ctiia Timer2
0000=1:1 0001=1:2 0010-=1:3 0011=1:4
0100=1:5 0101=1:6 0110=1:7 0111=1:8
1000=1:9 1001=1:10 1010=1:11 1011=1:12
1100=1:13 1101=1:14 1110=1:15 1111=1:16

Bit 2 TMR20N: Bit diéu khién cho phép/cam Timer2
1= cho phép timer2 dém.
0= Timer2 nging dém.

Bit 1-0 T2CKPS1:T2CKPSO: bit Iya chon hé sb chia trude cho nguff)n xung clock cua timer2
00=hé s6 chia 1a 1.
01=hé s6 chia 1a 4.
1x=hé sb chia 1 16.

1.  BO CHIA TRUOC VA CHIA SAU CUA TIMER2

Bo dém chia trude va bo chia sau s& bj xo6a khi xay ra mot trong cac sy kién sau:

O Thyc hién ghi dit 1iéu vao thanh ghi TMR2.
O Thuc hién ghi dir liéu vao thanh ghi T2CON.
O Bit ki Reset nao tac dong.

TMR2 khong bi xo6a khi ghi dir li¢u vao thanh ghi T2CON.

2. NGO RA CUA TMR2
Ngd ra ciia TMR2 dugc ndi t6i khdi SSP — khdi nay c6 thé tity chon dé tao ra xung nhip.

V. CAC LENH CUA TIMER - COUNTER TRONG NGON NGU PIC-C

Céc Iénh ciia ngdn ngit 1ap trinh C lién quan dén timer/counter bao gdm:
o Lénh SETUP_TIMER_X()

Lénh SET_TIMER_X()

Lénh SETUP_COUNTERS()

Lénh SETUP_WDT()

Lénh RESTART_WDT()

Lénh GET_TIMER_X()

1. LENH SETUP_TIMER 0(MODE)

O O O O O

Cu phap: setup_timer_0(mode)
Thong s6: mode co thé 1a 1 hodc 2 hing sé dinh nghia trong file device.h. Cac thong sé gom
RTCC INTERNAL, RTCC_EXT L TO H hodc RTCC_EXT H_TO L

RTCC_DIV_2, RTCC DIV _4, RTCC DIV_8, RTCC_ DIV 16, RTCC_ DIV 32,
RTCC_DIV_64, RTCC_DIV_128, RTCC_DIV_256.
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Céc hang sb tir nhiéu nhom khac nhau thi c6 thé or véi nhau.
Chirc ning:  Dinh cu hinh cho TIMERO.
C6 hiéu luc:  cho tat ca cac vi diéu khién PIC.
2.  LENH SETUP_TIMER_1(MODE)

Cu phap: setup_timer_1(mode)

Thong sb: mode co thé 14 1 hodc 2 hang s6 dinh nghia trong file device.h. Cac thong s6 gdm
T1 DISABLED, T1 INTERNAL, T1_EXTERNAL, T1 EXTERNAL_SYNC
TC CLK OUT, T1 DIV_BY_1,T1 DIV_BY_2,T1 DIV_BY_4,T1 DIV_BY_8.
Céc hang sd tir nhiéu nhom khac nhau thi c6 thé or voi nhau.

Chtrc ndng:  Khéi tao cho TIMERI.

Véi tan sd thach anh 1a 20MHz va khai tao T1_DIV_BY_8 thi timer s& ting gi tri sau
moi khoang thoi gian 1.6pus. Timer s€ tran sau 104.8576 ms.

Co hiéu luc:  Cho tat ca céc vi diéu khién PIC c6 timer 1.

3.  LENH SETUP_TIMER 2(MODE)

Cu phép: setup_timer_2(mode, period, postscale)
Thong s6:  mode c6 thé 1a 1 trong cac thong s6: T2 DISABLED, T2 DIV _BY 1, T2 DIV_BY 4,
T2_DIV_BY_16

Period 1a s6 nguyén co gia tri tur 0 dén 255 dung dé xac dinh khi nao timer2 bi reset hay
gia nay tri dung d€ nap cho thanh ghi PR2.

postscale 1a s6 nguyén c6 gia tri tir 1 d&én 16 dung dé xac dinh timer tran bao nhiéu lan
trude khi phat sinh tin hi€u ngat — chon ti 1€ chia cua bo chia sau.

Chtrc nang:  khoi tao cho TIMER2.
Mode chi dinh kiéu bd chia cua timer tir tin s6 ctia mach dao dong.
Gia tri cua timer c6 thé doc hodc ghi dung 1énh GET TIMER2() va SET TIMER2().
TIMER2 Ia timer 8 bit.
Co hiéu luc:  cho tat ca cac vi diéu khién PIC c6 timer 2.
4. LENH SET_TIMERx(value)

Cu phép: set_timerX(value) ;x1a0,1,2
Thong sd: value 1a hang s nguyén 8 hodc 16 bit dung dé thiét lap gid tri méi cho timer.
Chirc nang:  thiét 1ap gid tri bat dau cho TIMER.
Coé hiéu luc: cho tat ca cac vi diéu khién PIC c6 timer.
5.  LENH GET_TIMERXx()

CU phéap: value = get_timerX() :x 130, 1,2

Théng s6: khéng co.

Chtc nang:  doc gia tri cuia TIMER/COUNTER.

C6 hiéu lyc:  cho tat ca cac vi diéu khién PIC c6 timer.
6. LENH SETUP_WDT()

Cu phép: setup_wdt (mode)
Théng sb: For PCB/PCM parts: WDT_18MS, WDT_36MS, WDT_72MS,
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Chure nang:

Cé hiéu luc:
Yéu cau:

7.
Cu phép:
Thong so:
Chtrc nang:

Co hiéu luc:
Yéu cau:

WDT_144MS,WDT_288MS, WDT_576MS, WDT_1152MS, WDT_2304MS
For PIC®18 parts: WDT_ON, WDT_OFF

Thiét 1ap cho bg dinh thoi watchdog.

B6 dinh thoi watchdog duoc st dung dé reset phin ctirng néu phan mém lap trinh bj sa
lﬁy ¢ nhing vong ldp v0 tan hodc mot su kién nao d6 cho chung xdy ra nhung ching
lai khong bao gio xay ra, dé chdm dat viée cho doi nay thi ta phai sir dung bo dinh thoi
watchdog.

Trude khi tién hanh vao vong lap thi ta phai cho phép bd dinh thoi watchdog dém vai
khoang thoi gian 1ap trinh trudc va néu sy kién d6 khong xay ra thi bd dinh thoi
watchdog s& hét thoi gian 1ap trinh s& reset phan cting thoat khoi vong lap.

PCB/PCM PCH
Enable/Dis ble #fuses setup_wadt()
Ti eo ttime setup_wd () #f ses
Restart restart_wdt() restart_wdt()

Cho tét cd céc thiét b
#fuses, hang s6 duoc dinh nghia trong file devices.h

LENH RESTART WDT()

restart_wdt()

Khoéng co

Khoi tao lai b dinh thoi watchdog. Néu })C) dinh thoi watchdog dugc cho phép thi
1€nh nay s€ khoi tao lai gid tri dinh thoi dé ngan chan khong cho b dinh thoi reset
CPU vi su kién cho doi da xay ra.

PCB/PCM PCH
Enable/Di able #fuses setup_wdt()
Tim outtime setup_ dt() fuses
restart restart_wdt()  restart_wdt()

Cho tat ca cac thiét b
#fuses, hing s6 duoc dinh nghia trong file devices .h

VI. CAC UNG DUNG PINH THOI DUNG TIMER

Bai 6-1: Dung vi diéu khién PIC 16F887 diéu khién 8 led don sang tat dung timer T1 vé6i chu ky

delay la 210ms.

So d6 mach:

RBO/AN12/INT
RBUANAO/C12IN3- 24
-2 RAG/ANO/ULP/CA2INO- RB2/ANS
3l RA1ANT/CI2INA- RB3/ANY/PGM/C12IN2-
A RA2/AN2VREF-/CVREF/C2IN+ RB4/AN11
Sl RAIANIVREF+CIIN+ RBS/AN13/TTG
XT1 —3 RA4/TOCKIC10UT RB6/ICSPCLK
AL T4 RASAN4C20UTESS RB7/ICSPDAT
vee DI——13 RAB/OSC2/CLKOUT
RA7/OSC1/CLKIN RCO/T10SOIT1CKI
20MHz RC1/T10SI/CCP2
Lro —g REO/ANS RC2/T10SI/CCP1
S JP1 21 Rev/ANs RC3/SCK/SCL
100 RE2/ANT RC4/SDI/SDA
o ' RE3/VPPMCIR RC5/SDO
I OH>8 o RC6/TX/CK
e 03—?42 RC7/RX/DT
iy, O} RB6 Ao, BH vss RDO
z|—E VsS RD1
o RD2
RD3
GND éé VDD RD4
Veo VDD RD5/P1B
RD6/P1C
RD7/P1D
PIC16F887 IC1

Hinh 6-15: PIC diéu khién 8 led sang tt.
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St dung portD dé diéu khién 8 led don, thach anh sir dung 1a 20Mhz.

° Luu db:
( BEGIN )

KHO1 TAO TIMER1 DEM XUNG NOI
HE SO CHIA BANG 8, PORTD XUAT

l«
*‘ |

TIMER1=0

L ——

b

DAO TRANG THAI 8 LED, XOA CO' TRAN
L J

Hinh 6-16: Luu do diéu khién 8 led sang tdit— dinh thoi 210ms.

o Chuong trinh:

#INCLUDE <TV_16F887.C>

#BIT TMR1IF = 0x0C.0

UNSIGNED INT8 X;

VOID MAIN()

{  SET_TRIS_D(0x00); X=0X00; OUTPUT_D(X);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(0);

WHILE(TRUE)
{
IF (TMR1IF==1)
{
X=~X;  OUTPUT_D(X); TMR1IF=0;
}

o Giai thich chuong trinh va tinh toan thoi gian delay:

Khoi tao timerl dém xung ndi qé tan S(A)‘ZOMHZ qua b chia 4 con SMHz. Sur dung l?(f) chia trudc
voi ti 1€ chia 1a 8 nén xung vao by dém vai tan so con lai 1a 5SMHz/8 = 0,625MHz hay bang 625kHz,
chu ky 1a 1,6ps.

Khoi tao bién X bang 00 va gdi bién dém ra portD s& lam cac led tit.

i Lénh if kiém tra ¢ tran TMRIIF cua timerl: néu chua tran thi chd cho dép khi tran thi TMRIIF
bang 1, Iénh ddo bién X, gid tri nay goi ra port s€ lam cac led sang, x6a co tran dé bao hi¢u tran cho lan
sau.

Néu tran lan tiép theo thi 1énh X = ~ X s& nghich dao bién X bang 0x00, gia tri nady goi ra port s&
lam cac led tat, ...

Timer T1 dém 65536, thoi gian dém bang s6 xung dém nhan voi chu ky rn‘(:)i xung: XungxTxung
= 65536%1,6us = 104857,6 ps = 105ms nén thoi gian sang va tat cua 8 led déu bang 105ms hay chu ky
bang 210ms.

Trong chuong trinh nay st dung bit TMRIIF dé kiém tra nhung thu vi¢n <16F887.H > khong
dinh nghia bit nay, nén c6 thém hang 1énh “#bit tmrlif = 0x0C.0” dé dinh nghia bit co tran.

Co tran nam & bit thir 0, trong thanh ghi PIR1 ¢6 dia chi 0x0C.

Th(‘;i gian dinh thoi lon r}hét c6 thé b cua Timerl 1a 105ms v&i tan sb thach anh la 2OMHZ, ban
chi c6 thé dinh thoi nhé hon néu chi dung timer, muon dinh thoi 16n hon thi phai dung thém bién.
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Bai 6-2: Dung vi diéu khién PIC 16F887 diéu khién 8 led don sang tit dung timer T1 véi chu ky
delay la 200ms.

o So d6 mach: gidng bai 6-1.

( BaN )
y

KHO1 TAO TIMER1 DEM XUNG NOI
HE SO CHIA BANG 8, PORTD XUAT

° Luu db:

# \
TIMER1=3036
w S
15)
DAO TRANG THAI 8 LED, XOA CO' TRAN
C y

Hinh 6-17: Luu do diéu khién 8 led sang tdt ding ngat — dinh thoi 200ms.

° Chuong trinh:

#INCLUDE<TV_16F887.C>

#BIT TMR1IF = 0x0C.0

UNSIGNED INTS  X;

VOID MAIN()

{  SET_TRIS_D(0x00); X=0X00; OUTPUT_D(X);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(3036);

WHILE(TRUE)
{
IF (TMR1IF==1)
{
X=~X;  OUTPUT_D(X); SET_TIMER1(3036);
TMR1IF=0;
}

o Giai thich chuong trinh:

Chuong trinh nay khoi tao gia tri bat dau dém cho timer T1 1a 3036, timer dém thém 62500 xung
nita thi tran, s6 lurong xung dém la 62500 xung, moi xung 1a 1,6ps nén thoi gian sang bang thoi gian
tat bang 62500x1,6us = 1.000.000us = 100ms, chu ky bang 200ms.

Ban c6 thé tinh nhu sau: thoi gian delay 1a 100ms hay 100,000 ps, mdi chu ky xung 1a 1,6ps. Khi
d6 s6 xung dém bang thoi gian chia cho chu ky xung s& dugc 62500 xung phi hop vai gia tri 16 bit
ctua Timerl.

Néu s6 lugng xung tinh 16n hon sb bit ciia timer thi giam thoi gian dém.

Bai 6-3: Dung vi diéu khién PIC 16F887 diéu khién 8 led don séng tét dung timer T1 v6i chu ky
delay la 2s, 1 giay sang, 1 giay tat.

o So d6 mach: gidng bai 6-1.
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° Luu db:

( BeGN )
Y

KHO1 TAO TIMER1 DEM XUNG NOI
HE SO CHIA BANG 8, PORTD XUAT

1«
BIEN DEM TRAN BDT=0

l<
+‘ ‘

TIMER1=3036

w

) S

BDT = BDT +1, XOA CO' TRAN

PAO TRANG THAI 8 LED

L

Hinh 6-18: Luu do diéu khién 8 led sang tdt — dinh thoi 1s.

. Chuong trinh:

#INCLUDE <TV_16F887.C>

#BIT TMR1IF = 0x0C.0
UNSIGNED INT8 X, BDT;
VOID MAIN()

{

SET_TRIS_D(0x00); X=0; BDT=0; OUTPUT_D(X);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(3036);

WHILE(TRUE)
{
IF (TMR1IF==1)
{
TMR1IF=0; SET_TIMER1(3036); BDT++;
IF (BDT ==10)
{
OUTPUT_D(X); X=~X; BDT=0;
}
}

. Giadi thich chuong trinh:

Chuong trinh chinh kiém tra co tran, néu tran thi khoi tao lai va tang bién dém tran BDT Ién 1,
kiém tra bién dém tran BDT bang 10 hay chua, néu chua bang thi thoat chd bdo tran tiép theo, néu
bang thi dao trang thai cta led va x6a bién tran.

Cliong 6. Timer — coxnter.
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Thoi gian sang bang thoi gian tit va bang 100msx10=1000ms = Is.

Bai tdp 6-1: Hay viét chuong trinh diéu khién 8 led don ndi véi portD sang 2 gidy, tat 1 giy,
dung Timerl dinh thoi.

Bai tdp 6-2: Hay viét chuong trinh dém gidy chinh xac hién thi trén 2 led 7 doan két ndi tryc tiép
dung portB va C, dung Timerl dinh thoi.

Bai 6-4: Dung vi diéu khién 16F887 dicu khién 8 led don sang tit dung timer TO voi chu ky
delay la 26ms, 13ms sang, 13ms tat.

o So @ mach: gidng bai 6-1.
o Luu d6:

( BEGIN )

KHO1 TAO TIMERO DEM XUNG NOI
HE SO CHIA BANG 256, PORTD XUAT

DAO TRANG THAI 8 LED, XOA CO' TRAN
L )

Hinh 6-19: Luu do diéu khién 8 led séng tdt, dinh thoi 13,107ms ding TO.

. Chuong trinh:

#INCLUDE <TV_16F887.C>

#BIT TMROIF = 0x0B.2

UNSIGNED INT8 X;

VOID MAIN()

{
SET_TRIS_D(0x00);
X=0; OUTPUT_D(X);
SETUP_TIMER_O(TO_INTERNAL | TO_DIV_256);
SET_TIMERO(0);

WHILE(TRUE)
{
IF (TMROIF==1)
{
TMROIF=0;  SET_TIMERO(0);
X=~X; OUTPUT_D(X);
}

. Giadi thich chuong trinh:

Khéi tao timerO dém xung ndi co tan s6 20MHz qua b chia 4 con SMHz. Sir dung bd chia trude
voi ti 18 chia 13 256 nén xung vao bo dém vai tan sb con lai 1a 5SMHz/256 = 0,01953125MHz hay bang
19,53125kHz, chu ky la 51,2ps.
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Timer TO dém 256 xung, thdi gian dém bang sb xung dém nhin v&i chu ky mdi xung:

xungxTxung = 256x51,2us = 13107,2us, thoi gian sang va tit cia 8 led déu bang 13,107 ms hay chu
ky bang 26,214ms.

Trong chwong trinh nay sir dung bit TMROIF dé kiém tra nhung thu vién <16F887.H > khdng
dinh nghia bit nay, nén c6 thém hang 1&nh “#bit tmrOif = 0X0B.2” dé dinh nghia bit co tran.

Co tran nam 6 bit thir 2, trong thanh ghi INTCON c6 dia chi 0x0B.

Thoi gian dinh thoi 16n nhit c6 thé c6 ctua Timer0 1 13,107ms véi tan sb thach anh 1a 20MHz,

ban chi c6 thé dinh thoi nhd hon néu chi dung timer, mudn dinh thdi 16n hon thi phai dung thém bién.

delay 1a 2s, 1s sang, Is tit.

Bai 6-5: Dung vi dicu khién 16F887 diéu khién 8 led don sang tat dung timer TO véi chu ky

o So @ mach: gidng bai 6-1.
o Luu d6:

( BeGN )
Y

KHO1 TAO TIMERO DEM XUNG NOI
HE SO CHIA BANG 256, PORTD XUAT

i:

BIEN DEM TRAN BDT=0

l<

F

TIMERO=61

TIMERO TRAN

BDT = BDT +1, XOA CO TRAN

PAO TRANG THAI 8 LED

L

w,

Hinh 6-20: Lieu do diéu khién 8 led sang tat, dinh thoi 1s dung TO.

o Chuong trinh:

#INCLUDE<TV_16F887.C>
#BIT TMROIF = 0x0B.2
UNSIGNED INT8 X, BDT;
VOID MAIN()

{

SET_TRIS_D(0x00);

X=0; BDT=0; OUTPUT_D(X);
SETUP_TIMER_O(TO_INTERNAL | TO_DIV_256);
SET_TIMERO(61);

WHILE(TRUE)

{
IF (TMROIF==1)

Cliong 6. Timer — coxnter.
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{
TMROIF=0;  SET_TIMERO(61);  BDT++;
if (BDT==100)
{
BDT=0; X=~X; OUTPUT_D(X);
)
)

o Giai thich chuong trinh:
Timer TO dém 195 xung, thoi gian dém bang s6 xung dém nhdn véi chu ky moi xung:
xungxTxung = 195x51,2us = 9984us ~ 10ms.
_ Sau 100 lan ngat thi tién hanh déo bién X va gdi ra port nén thoi gian sang va tat cta 8 led déu
bang 1s.
Trong chwong trinh nay c6 sai sd: thiéu 16 ps cho khoang thoi gian 10ms, thiéu 1600 ps cho
khoang thoi gian 1s.

Bai 6-6: Dung vi diéu khién 16F887 dicu khién 8 led don sang tit dung timer T2 voi chu ky
delay la 26ms, 13ms sang, 13ms tat.

o So @ mach: gidng bai 6-1.

C BEGIN )
Y

° Luu do:

KHO1 TAO TIMER2: HE SO CHIA TRU'GC 16, HE SO CHU KY
255, HE SO CHIA SAU 16, PORTD XUAT

~

DAO TRANG THAI 8 LED, XOA CO TRAN

| J

Hinh 6-21: Lieu do diéu khién 8 led sang tat, dinh thoi 13,107ms ding T2.

o Chuong trinh:

#INCLUDE<TV_16F887.C>
#BIT TMR2IF = 0x0C.1
UNSIGNED INT8  X;

VOID MAIN()

{
SET_TRIS_D(0x00); X=0; OUTPUT_D(X);
SETUP_TIMER_2(T2_DIV_BY_16, 255,16);
WHILE(TRUE)
{
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IF (TMR2IF==1)
{

}

TMR2IF=0;

X=~X; OUTPUT_D(X);

o Giai thich chuong trinh

Khai tao Timer2 dém xung nodi co tﬁp s6 ZOMH; qua bd chia 4 con SMHz. Str dung bo chia
trude voi ti 1€ chia 12 16 nén xung vao b dém vai tan s6 con lai 1a SMHz/16 = 0,3125MHz hay bang

312,5kHz, chu ky 1a 3,2ps.

~ Timer T2 dém 256 xung vi so sanh v6i gid tri cta thanh ghi PR2 bang 255, thoi gian dém béng
sO xung dém nhan véi chu ky moi xung: xungxTxung = 256x3,2js = 819,2ps.

B¢ chia sau 1a 16 nén sau 16 lan thi béo ngdt, thoi gian sang va tit ciia 8 led déu bing 819,2p1s
x16 ms = 13107,2 ps hay chu ky bang 26,214ms.

Trong chuong trinh nay st dung bit TMR2IF dé kiém tra nhung thu vi¢n <16F887.H > khdng
dinh nghia bit nay, nén c6 thém hang 1énh “#bit tmr2if = 0x0C.1” dé dinh nghia bit co tran.

Co tran nam & bit tha 1, trong thanh ghi PIR1 ¢6 dia chi 0x0C.

Bai tdp 6-3: Hiy viét chuong trinh dém gidy hién thi trén 2 led 7 doan két ndi truc tiép dung

portB va C, dung Timer2 dinh thoi.

VII. CAC UNG DUNG PEM XUNG NGOAI DUNG COUNTER

~ Bai 6-7: Dung vi diéu khién 16F887 dém xung ngoai dung TO, két qua dém hién thi trén 3 led
két nd1i truc ti€p voi 3 port, gidi han dém tur 000 dén 255, khi bang 255 thi quay vé 0.

° So dd mach:

VCC VCC
RG L7 1
100 10 RBOANIZINT [ RB1]—2 -—RBG
THUPHAT R7 ) RB1/AN10/C12IN3- 5 RB2 CI lp RB7
o, r 2| RAoANOULP/C12IN- RB2/ANS  f35 RBG|—°| yemmmy [—RBS
N 3l RAT/AN1/CI2INI- RB3/AN9/PGM/C12IN2- RB4| " I A
. EZ&K_ 5 2| RA2/AN2/VREF-/CVREF/C2IN+ RB4/ANTT 3L RB5— >3
ul 2 RAJ/ANIVREF+/C1IN+ RBSAN1STTG (38 | >
XT1 RA4/TOCKI/C1OUT RB6/ICSPCLK
GNDSFH9030 GND ) X % RAS/AN4/C20UT/SS RB7/ICSPDAT |40 I | 7
vee I:II——13 RAG/OSC2/CLKOUT 5 - f
RA7/OSC1/CLKIN RCO/T10SO/T1CKI B9 B14
20MHz . RC1/T10SIICCP2 13 AB10—2 I I %
Lro -5l reomns Rezrmiosicept (1T HB11[—=| oy [F—HB16
JP1 o REVANS ReaiscrscL |18 RB12] , I - o
— 18 Re2an7 RC4/SDISDA |22 RB13—= >3
o1 5 RE3/VPP/MCLR RC5/SDO 24 | >
“‘l o120 o RC6/TX/CK  f£32 |
— 04—?—|Z RC7/RX/DT | e
u)u O__R 7 10
@ O>—|RB6 2t vss rRDO 2 AB17—2 —HB22
© o b2 20 b o o
z|—E vss RD1 22 RB18 ’ ’ B3
© RD2 A 19| Yammm? E—RB541
i ros 22—poo—] | B
GND <3 Vo0 RD4 f21 AB2 T e o > 8
VCC vDD RD5/P1B 59 | >
rRDg/P1C (23 I
RD7/P1D |
PIC16F887 IC1

Hinh 6-22: Pém xung ngoai ding counter TO.

o Gidi thich nguyén ly hoat dong ctia mach:

Mach tao xung dung led thu va led phat, khi khong c6 vat che giira led thu va led phat thi
transistor dugc phan cuc dan bao hoa, ngd ra cyc C 6 murc 0. Khi c6 san pham che gitta led phat va
transistor ‘thi transistor khong duoc Rhﬁn cuc, tat nén ngd ra cuc C & muc 1. Khi sdn pham di qua thi
tin hi€u vé lai muic 0, vdy moi sdn pham di qua s& tao ra 1 xung.

Xung dugc dua dén ngd vao RA4/TOCKI, 3 port B, C va D dé diéu khién 3 led 7 doan.
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e  Luu do: hinh 6-23.

Luu d6 khéi tao 10 ma 7 doan, timer hoat dépg dém xung ngoai, xung dém tich cuc canh 1én, ti
1€ chia 1a 1:1 ¢6 nghia 12 khong chia, cho gia tri dém bat dau tir 0. Vong 1ap thuc hién cong viéc doc
gia tri cia counter d€m dugc dem chuyén thanh so6 BCD, giai ma va gdi ra port dé hién thi ra led.

o Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT8 TO;
VOID MAIN()

{
SET_TRIS_B(0x00); SET_TRIS_C(0x00); SET_TRIS_D(0x00);
SETUP_TIMER_O(TO_EXT_L_TO_H | TO_DIV_1);
SET_TIMERO(0);

WHILE(TRUE)

{
TO=GET_TIMERO();
OUTPUT_B(MA7DOAN[T0%10]);
OUTPUT_C(MA7DOAN[T0/10%10]);
OUTPUT_D(MA7DOAN[T0,/100]);

( BaN )
Y

KHO1 TAO COUNTER T0: DEM XUNG NGOAI,
CHON CANH, TiLECHIALA 1
GIA TRI BAT DAU DEM TIMER0=0

v \

DOC GIA TRI TIMERO
GIAI MA HIEN THI RA LED

L v

Hinh 6-23: Liru do dém xung ngoai ding counter TO.

o Gidi thich chuong trinh:
i Chuong trinh !(h("yi tao ‘3 port xuét dit liéu, timer hoat dong ché 36 dém xung ngoai, hé s6 chia
bang 1, cho gia tri dém ban dau bang 0.
Vong lap while tién hanh doc gia tri ciia timer0 gan cho bién “T0”, tién hanh chia dé tach ting s6
don vi, chuyc, tram, gidi ma 7 doan va gdi ra port diéu khién led sang.
Do counter TO chi dém 8 bit nén gidi han dém tir 0 dén 255, mudn dém gi4 tri 16n hon thi phai
xu Iy hodc dung counter T1 dém 16 bit.
~ Trong chuong trinh trén thi méi bat dau hién thi ca 3 s6 0, chwong trinh sau s& ¢ chirc ning tit 2
s0 0 vO nghia cta hang trdm va hang chyc.

#INCLUDE<TV_16F887.C>
UNSIGNED INT8 TO0, MATRAM, MACHUC;
VOID MAIN()

{
SET_TRIS_B(0x00); SET_TRIS_C(0x00); SET_TRIS_D(0x00);
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SETUP_TIMER_O(TO_EXT_L_TO_H | TO_DIV_1);
SET_TIMERO(0);
WHILE(TRUE)
{
TO=GET_TIMERO();
MATRAM=MA7DOAN[T0/100];  MACHUC=MA7DOAN[T0/10%10];
IF (MATRAM==0XC0)
{
MATRAM=0XFF;
IF (MACHUC==0XC0) MACHUC=0XFF;
)
OUTPUT_B(MA7DOAN[T0%10]);
OUTPUT_C(MACHUC);
OUTPUT_D(MATRAM);

J Giai thich chuong trinh:

Tach hang tram, hang chuc rdi tién hanh giai ma 7 doan, sau d6 so sanh hang trim c6 bang 0 hay
khong, néu bang 0 thi tién hanh gan ma FFH cho mi hang trim, khi gdi ra port diéu khién led 7 doan
thi 1am led 7 doan tét. Tiép theo kiém tra hang chuc cling thuc hi¢n tuong tu.

Trong chuong trinh ta kiém tra hang trim trudc roi méi kiém tra hang chuc, tai sao ta khong
kiém tra hang chuc rdi dén hang tram?

Bai #dp 6-4: Hay viét chuong trinh dém xung ngoai dung TO hién thi két qua dém tir 0 dén 999
trén 3 led 7 doan két noi truc ticp.

Bai #dp 6-5: Hay viét chuong trinh dém xung ngoai dung TO hién thi két qua dém tir 0 dén 999
trén LCD.

~ Bai 6-8: Dung vi diéu khién 16F887 dém xung ngoai ding T1, két qua dém hién thj trén 2 led
két ndi truc ti€p voi 2 port, gidi han dém tur 00 dén 99, khi bang 100 thi quay ve 0.

° So dd mach:

VCC VCC
L7 1
R6
100 10 RBO/AN12/INT gi RB1]— -—RBG
THUPHAT R7 ) RB1/AN10/C12IN3- 5 RB2 CI lp RB7
o, r 2| RAOANOLP/C12INO- RB2/ANS |22 RB3I—| gemmmy [*—RBE
3l RAT/AN1/CI2INI- RB3/AN9/PGM/C12IN2- RB4| , I A
1§Z{1K: 5 —g RA2/AN2/VREF-/CVREF/C2IN+ RB4/AN11 g; RB5—= >
s ul 2 RAJ/ANSVREF+/C1IN+ RBSAN1STTG (38 | >
XT1 5f Ra4/TOCKICIOUT RB6/ICSPCLK
GNDSFH9030 GND ) X % RAS/AN4/C20UT/SS RB7/ICSPDAT |40 | |
I—— RAG/OSC2/CLKOUT
vee D 13 RA7/OSC1/CLKIN RCOT10s0TICK 15—
20MHz . RC1/T10SI/CCP2 %
ro -5l reomns rRezrmiosicept T
S JP1 o REVANS ReaiscrscL |18
— 18 Re2an7 RC4/SDISDA |22
o1 5 RE3/VPP/MCLR Rcsispo 24
l 03—90 a RCE/TX/CK {22
el 04—@—% RC7/RX/DT |2
2 O} RB6 3 yss Roo 2 HBT7—2 L HB20
© D| 2 20 =) ’ ’g £
b4 VsSs RD1 B18 B23|
l © rRo2 |21 ABTo—| ey —HB24I
g ros B2—so—] |-
GND > VDD RD4 8 "% £ n—QA O
VCC vDD RD5/P1B 59 | >
rRD6/P1C (23 I
RD7/P1D |
PIC16F887 IC1

Hinh 6-24: Pém xung ngoai dung counter TO.
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. Giadi thich mach:

Mach tao xung gibng nhu trén. Xung bay 810 dua dén chan TICKI/RCO nén portC khong the
dung dé didu khién led 7 doan va chi con 2 port ddy da 13 B va D nén chi két ndi 2 led 7 doan tryc tiép.

o Luu d6: hinh 6-25.

Luu d6 khéi tao 10 ma 7 doan, timer hoat dépg dé;rn xung ngoai, xung dém tich cuc canh 1én, ti
1€ chia la 1:1 co nghja la khong chia, qho gia tri ’dém bat dau tur 0. Vong lap thl,;c I}ién cong viéc doc
gia tri cia counter d€m dugc dem chuyén thanh so BCD, giai ma va gdi ra port dé hién thi ra led.

o Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT16 T1;
VOID MAIN()
{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);
SETUP_TIMER_1(T1_EXTERNAL | T1_DIV_BY_1);
SET_TIMER1(0);
WHILE(TRUE)
{
T1=GET_TIMER1();
OUTPUT_B(MA7DOAN[T1%10]);
IF (T1/10==0) OUTPUT_D(0XFF);
ELSE  OUTPUT_D(MA7DOAN[T1/10]);
IF(T1==100) SET_TIMER1(0);

( BaN )
Y

KHO1 TAO COUNTER T1: DEM XUNG NGOAI,
TiLECHIALA1
GIA TRI BAT DAU DEM TIMER1=0

*4 ,

DOC GIA TRI TIMER1
GIAI MA HIEN THI RA LED,
SO SANH GIO1 HAN DE LAP LAI

L v

Hinh 6-25: Liru do dém xung ngoai diing counter T1.

o Gidi thich chuong trinh:
i Chuong trinh }{h("yi tao ‘3 port xuét dit liéu, timer hoat dong ché do dém xung ngoai, hé s6 chia
bang 1, cho gia tri dém ban dau bang 0.
Vong lap while tién hanh doc gia tri cua timerl gan cho bién “T1”, tién hanh chia dé tach ting s6
don vi, chuc, gidi ma 7 doan va goi ra port di€u khién led sang.

Bai 6-9: Dung vi diéu khién 16F887 dém xung ngoai dung T1, két qua dém hién thi trén 3 led
quét noi voi 2 port, gigi han dém tir 0 dén 999, khi bang 1000 thi quay vé 0.

. So d6 mach:
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AB,CDEFGP
RBO/AN12/INT gi L7-2 \ L7 \ L7:0 \
RB1/AN10/C12IN3- R3 — — S—
—g RAO/ANO/ULP/CA2INO- RB2/ANS gg 1 ’ I g ’ I g ’ ’ g
=] RATAN1/CI2INT- RB3I/ANO/PGM/IC12IN2- 123 — P — P — P
5| RA2AN2IVREF-ICVREF/C2IN+ RB4/ANTT |2 7 I ' = ’ ' = ’ ’ ==
—o RAS/ANIVREF+/CIIN+ RBS/ANTHTTG [=5 — o |2 N — o |2
XT1 -2 Ra4TOCKICIOUT RB6/ICSPCLK (33 9
—1  RA5/AN4/C20UT/SS RB7/ICSPDAT 10 » »
vee 1 H RA6/0OSC2/CLKOUT s il ) il o X 10
RA7/OSC1/CLKIN RCOT1OSO/TICKI 112
20MHz . RctT108ICCP2 (18 o o o
B Rreoans rRc2miosycep1 PL o o O
=[R2 P 2 RE1/ANG RC3/sCK/sCL (18 RD2 > > >
= 19 RE2/ANT RC4/SDUSDA 23 RD1
dz 5 1 RE3VPPMCLR RC5/SDO % RDO
“‘l X120 |2 RCGTX/CK (52 vce vCC
— O ?—” =—Z RC7RX/DT [28
@[! Qs [res_ a1 19 RDO
O RB6,, g3 vss rRDo 7 i—RDC R5 10
z|—E vss rD1 R 100
) rD2 [21_RD2 R11
RD3 |22_RD3 N THUPHAT
GND 1 Rpa [2Z_RD4 2 Ey
<% VBB 28 _RD5 P
VCC RD5/P1B ¥4
RO6PIC [22RD6 1 3
RD7/P1D 130 RD7 J_— 1
GNDSFH9030 GND
PIC16F887 IC1

Hinh 6-26: Bém xung ngoai dung counter T1 hién thi trén 3 led quét.

° Giai thich nguyén 1y hoat dong cia mach:

Mach tao xung gibng nhu bai da trinh bay, xung ng6 ra cua mach dua dén ngd vao T1CKI & port
RCO, dung port B va 3 bit ctua portD d¢ diéu khién 3 led 7 doan.

e  Luu dd: hinh 6-22.

Luu d6 khoi tao 10 ma 7 doan, timer 1 hoat dong dém xung ngoai, ti 1€ chia 1a 1 c6 nghia la
khong chia, cho gia tri dém bat dau tur 0. Vong 13p thuc hién cong viéc doc gia tri cua counter dém
duogc dem chuyén thanh s6 BCD, gidi ma va quét led hién thi.

BEGIN

C )
Y

KHO1 TAO COUNTER T1: DEM XUNG NGOAI,
Ti LE CHIA LA 1:1, KHO1 TAO PORTB, D XUAT
TIMER1=0

*4

POC GIA TRI TIMER1
GIAI MA HIEN THI RA LED,
SO SANH GIO1 HAN BE LAP LAI

(

Hinh 6-22: Luu d6 chwong trinh dém ding counter T1 ciia PIC 16F887.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

UNSIGNED INT16 T1;

UNSIGNED CHAR MADONVL,MACHUC,MATRAM;

VOID GIAIMA ()
{

MATRAM = MA7DOAN([T1 /100];
MACHUC = MA7DOAN[T1,/10 % 10];
MADONVI= MA7DOAN[T1 % 10];

IF (MATRAM == 0XC0)

Cliong 6. Timer — coxnter.
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{

MATRAM=0XFF;
IF (MACHUC == 0XC0)
{
MACHUC=0XFF;
)
)
)
VOID HIENTHI()
{
OUTPUT_B(MADONVI);  OUTPUT_LOW(PIN_DO);
DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MACHUC);  OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
OUTPUT_B(MATRAM);  OUTPUT_LOW(PIN_D2);
DELAY_MS(1); OUTPUT_HIGH(PIN_D2);
)
VOID MAIN()
{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);
SETUP_TIMER_1(T1_EXTERNAL | T1_DIV_BY_1);
SET_TIMER1(0);
WHILE(TRUE)
{
T1=GET_TIMER1();
GIAIMA();
HIENTHI();
IF (T1==1000) SET_TIMER1(0);
}
}

. Giai thich chuong trinh:
i Chuong trinh lghéi tao 2 port xuét dit liéu, timer 1 hoat dong ché do dém xung ngoai, hé s6 chia
bang 1, cho gia tri dém ban dau bang 0.
Vong lap while tién hanh doc gia tri ciia timerl gan cho bi,én “T1”, goi chuong trinh chia dé tach
tirng sO don vi, chuc, tram, gidi ma 7 doan va quét led hién thi két qua dém.
Chuong trinh nay khi thuc hién chuong trinh con quét hién thi 3 led thi thoi gian delay cho mdi

led 1a 1ms, 3 led mét 3ms, néu xung dém c6 chu ky nho hon 3ms thi khong hién thi theo ding gia tri
dém.

Bai #dp 6-6: Hiy viét chuong trinh dém xung ngoai dung T1 hién thi két qua dém tir 0 dén 9999
trén LCD.

Bai tdp 6-7: Hay viét chuong trinh dém xung ngoai 2 kénh dung TO va Tl hién thi két qua dém
tor 0 dén 9999 trén LCD. TO hién thi & hang 1, T1 hién thi & hang 2.

VIIl. CAU HOI ON TAP - TRAC NGHIEM
1. CAUHOI ON TAP

Cau s6 6-1:  Hay cho biét tén cac thanh ghi lién quan dén timer TO cia vi diéu khién PIC16F887.
Cau 56 6-2:  Hay cho biét chirc ning céc bit trong thanh ghi OPTION_REG cua PIC16F887.
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Cau s6 6-3:  Hay cho biét tén cac thanh ghi lién quan dén timer T1 cta vi diéu khién PIC16F887.

Cau sé 6-4:  Hay cho biét chirc ning cac bit trong thanh ghi TICON cua vi diéu khién PIC16F887.
Cau sé 6-5:  Hay cho biét tén cac co bao ngit va cac bit cho phép ngit ciia TO va T1 ciia PIC16F887.
Cau sé 6-6:  Hay cho biét chirc ning cic bit trong thanh ghi T2CON cua vi diéu khién PIC16F887.

Cau sé 6-7:  Hay cho biét tén cd bao ngit va bit cho phép ngat timer T2 ctuia PIC16F887.
2.  CAUHOI MO RONG

Cau sé 6-8:  Hay tim hiéu cac timer cua vi diéu khién PIC18F4550 va so sanh véi PIC16F887.
3. CAUHOI TRAC NGHIEM

Cau 6-1: Vi diéu khién PIC 16F887 c6 may timer:

@B (b) 4 ()5 (d) 6
Cau 6-2: Vi diéu khién PIC 16F887 c6 may Counter:

(a) 3 (b) 4 (©)2 (d)5
Cau 6-3: Timer TO cua PIC 16F887 la:

(2)10 bit (b) 12 bit (c) 16 bit (a8t
Cau 6-4: Timer T1 cua PIC 16F887 la:

(@) 10 bit (b) 12 bit (c) 16 bit (d) 8 bit
Céau 6-5: Timer nao cua PIC 16F887 c6 bd chia trudc vao bo chia sau:

(a) TO, T1, T2 (b) T2 (c) TO, T1 (d) TO, T2
Céau 6-6: Timer nao cua PIC 16F887 chi c6 bo chia trudce:

(a) TO, T1, T2 (b) T2 (©)TO, TL (d) TO, T2
Cau 6-7: Timer0 ctia PIC 16F887 phat sinh yéu cau ngat khi:

(a) Gié tri dém tir FFH sang 00H (b) Gié tri dém tir FFFFH sang 0000H

(c) Gia tri dém tir OOH sang FFH (d) Gia tri timer bang voi gia tri PR2
Cau 6-8: Timerl ctia PIC 16F887 phat sinh yéu cau ngat khi:

(a) Gia tri dém tr FFH sang 00H _—

(c) Gia tri dém tur 00H sang FFH (d) Gia tri timer bang voi gia tri PR2
Cau 6-9: Timer2 cia PIC 16F887 phét sinh yéu cau ngat khi:

(a) Gia tri dém tir FFH sang 00H (b) Gia tri dém tir FFFFH sang 0000H

(c) Gia tri dém tir 00H sang FFH (d) Gia t
Cau 6-10: Timer nao ctia PIC 16F887 cho phép dém xung ngoai:

(a) TO, T1, T2 (b) T2 (¢)TO, TL (d) TO, T2
Cau 6-11: Timer nao ctia PIC 16F887 co ché d hoat dong ON /OFF:

(@ TO0, T1, T2 (b) T2, T1 (c)TO, T1 (d)T1
Céu 6-12: Timer0 ctua PIC 16F887 thi bit nao gan b chia trudc cho timer0 hay watchdog timer:

@JIPsA (b) PS<2 :0> (c) TOSE (d) TOSE

Céu 6-13: Timer0 cua PIC 16F887 thi bit nao Iya chon xung ndi hay xung ngoai:
(a) PSA (b) PS<2 :0> (c) TOSE (d) TOSE

Cliong 6. Timer — coxnter.
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Chuong 7

I

VI BIEU KHIEN PICI6F887:
CHUYEN BOITYONG 1Y $ANG 6

GIOI THIEU
ADC CUA VI PIEU KHIEN PIC 16F887
=  KHAO SAT ADC CUA PIC 16F887
=  KHAO SAT CAC THANH GHI CUA PIC 16F887
=  TRINH TU THUC HIEN CHUYEN POl ADC
=  LUACHON NGUON XUNG CHO CHUYEN bOI ADC
CAC LENH CUA ADC TRONG NGON NGU CCS-C
=  LENH SETUP_ADC(MODE)
=  LENH SETUP_ADC_PORT(VALUE)
=  LENH SET_ADC_CHANNEL(CHAN)
=  LENH VALUE = READ_ ADC(MODE)

CAC UNG DUNG ADC CUA PIC 16F887

CAU HOI ON TAP - TRAC NGHIEM - BAI TAP
CAU HOI ON TAP

CAU HOI MO RONG

CAU HOI TRAC NGHIEM

BAI TAP
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I. GIOI THIEU

O chuong nay khao sat vi diéu khién giao tiép voi vi mach chuyén d6i tuong tu sang s6 (ADC)
va vi diéu khién c6 tich hop ADC dé thyc hién cac U:ng dung trong do lwdng va diéu khién.

Sau khi két thic chuong nay ban c6 thé kgt ndi vi diéu khién khong co tich hop bo chuyén dbi
ADC voi cac vi mach ADC, su dung dugc vi di€u khién cc')7tich hop ADC, biét tr:lnh tu thuc hién qua
trinh chuyén d6i ADC, biét tinh toan d¢ phan giai, chuyén doi va tinh trung binh két qua.

II. ADC CUA VI DIEU KHIEN PIC 16F887

Vi diéu khién PIC 16F877A c6 bd chuyén dbi tin hiéu twong tu sang tin hiéu s6 ADC 10 bit da
hop 8 kénh va PIC 16F887 c6 14 kénh. Mach ADC dung cho céc (g dung giao tiép vai tin hi¢u tuong
tyr ¢6 thé nhan tir cac cam bién nhu cam bién nhiét do LM35, cam bién ap suat, cam bién do 4m, cam
bién khoang cach, ...

Phan nay sé& khao sat chi tiét khdi ADC ciia PIC, cac thanh ghi ctia khéi ADC, trinh ty thyc hién
chuyén doi, tap 1énh lap trinh C cho ADC va tng dung ADC dé do nhiét do.

1. KHAO SAT ADC CUA PIC 16F887

ADC cuia PIC16F887 ¢6 so d6 khdi nhu hinh 7-1:

Avss VCFG1=0
VREF- ~ VCFG1=1
AVDD
Lvereo=o,
VREF+ VCFGO=T1 ]

ANO h

AN1 0001

AN2 —® 0010

AN3 —e—— 0011

AN4 0100

AN5 0101

AN6 0110

AN7 0111 ADC > |

AN8 1000 | GO/DONE — ﬂm

AN9 1001 .
o { i,
ANT1 1011 ADON—{ [ .
AN12 1100
AN13 1101 vss _L | ADRESH | ADRESL |
CVREF — 1110

Fixed Ref ——— 1111

CHS<3:0>j/

Hinh 7-1: So d6 khéi ciia ADC PIC 16F887.
Chirc ning céc thanh phan:
= ANO dén AN13 (analog) 14 14 ngd vao cua 14 kénh tuong tu dugc dua dén mach da hop.
= CHS<3:0> la cac ngd vao chon kénh cua bd da hop tuong tu.

= Tin hiéu kénh tuong tu da chon s& dugc dua dén bo chuyén ddi ADC.
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* Dién ap tham chiéu duong Vreft c6 thé 1ap trinh ndi voi ngudn cung cap duong AVpp

hodc dién 4p tham chiéu bén ngoai ndi v6i ngd vao Vref+ ctia chan AN3, bit Iya chon 1a
VCFGO.

= DPién 4p tham chiéu 4m Vref- c¢6 thé lap trinh ndi v6i ngudn cung cap AVss hodc dién ap
tham chi€u bén ngoai n6i voi ngd vao Vref- ctia chan AN2, bit Iya chon 1a VCFGI.

= Hai ngd vao Vref+ va Vref- co chirc ning thiét 1ap do phan giai cho ADC.

* Bit ADON c6 chirc nang cho phép ADC hoat dong hodc tét‘ bd ADC khi khong hoat
dong d¢ giam cong suat tiéu tdn, ADON bang 1 thi cho phép, bang 0 tat.

= Két qua chuyén dbi 1a s6 nhi phan 10 bit s€ luu vao cép thanh ghi 16 bit c6 tén la
ADRESH va ADRESL, 10 bit két qua luu vao thanh ghi 16 bit nén c6 dang luu la canh
1€ trai va canh I€ phai tuy thudc vao bit lyra chon c6 tén ADFM.

ADC c6 14 kénh nhung mdi thdi diém chi chuyén doi 1 kénh va chuyén d6i kénh nao thi phy
thudc vao 4 bit chon kénh CHS4:CHS0. Hai ngé vao dién ap tham chiéu duong va am c6 the 1ap trinh
ndi voi ngudn VDD va VSS hodc nhan di¢n ap tham chi€u tir bén ngoai qua 2 chan RA3 va RA2.

Khéi’ADC doc lap voi CPU nén c6 thé hoat dong khi CPU dang & ché do ngii do xung cung cip
cho ADC lay tur dao dong RC bén trong cua khoi ADC.

2.  KHAO SAT CAC THANH GHI CUA PIC 16F887
Khéi ADC c6 4 thanh ghi:
[] Thanh ghi luu két qua byte cao: ADRESH (A/D Result High Register)
[] Thanh ghi luu két qua byte thap: ADRESL (A/D Result Low Register)
[J Thanh ghi diéu khién ADC thi 0: ADCONO (A/D Control Register 0)
[J Thanh ghi diéu khién ADC thi 1: ADCON1 (A/D Control Register 1)

a. Thanh ghi ADCONO (ADC Control register)chita cdc bit diéu khién khoi ADC nhw sau
R/W(0) R/W(0) R/W(0) R/W(0)  R/W(0) R/W(0)  R/W(0) R/W(0)

ADCS1 ADCSO CHS3 CHS2 CHS1 CHSO GO/DONE ADON

Bit 7 R/W(0): 1a cho phép doc/ghi va khi reset thi bang 0 Bit 0
Hinh 7-2: Thanh ghi ADCONO.
Bit 7-6 ADCS<1:0>: C4c bit Iira chon xung chuyén d6i AD (AD Conversion Clock Select bits)
00 = Fosc/2
01 = Fosc/8
10 = Fosc/32
11 = Fre (xung clock 1y tir bo dao dong ndi bén trong c6 tan sd 16n nhét 1a 500 kHz)
Bit 5-3 CHS<3:0>: Cac bit Iya chon kénh tuong tu (Analog Channel Select bits) nhu sau:

CHS<3:0>  Kénh | CHS<3:0> Kénh CHS<3:0> Kénh CHS<3:0> Kénh
0000 0 0100 4 1000 8 1100 12
0001 1 0101 5 1001 9 1101 13
0010 2 0110 6 1010 10 1110 Cvrer
0011 3 0111 7 1011 11 1111 Dién 4p tham chiéu

¢b dinh bang 0,6V

Bit 2 GO/ DONE: bit bao trang thai chuyén d6i ADC (A/D Conversion status bit)
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Khi cho GO/DONE =1dé bat diu thuc hién qué trinh chuyén dbi.
Sau khi chuyén ddi xong thi mach chuyén déi 1am bit GO/ DONE xudng mirc 0.
Bit0  ADON: bit md ngudn cho ADC hoat dong (AD ON bit):
ADON = 1 ¢6 chtrc ning mé ngudn cho khéi chuyén d6i ADC hoat dong.
ADON = 0 sé tat ngudn khdi chuyén d6i ADC dé giam cong suét tiéu thy.
b. Thanh ghi ADCONI thiét lgp cdc chén ciia port la twong tw hodc xudt nhdp sé 10.

R/W(0) uU(0) R/W(0) R/W(0) uU(0) uU(0) uU(0) uU(0)
ADFM - VCFG1 | VCFGO - - - -
Bit 7 U(0): chwa dung Bit 0

Hinh 7-3: Thanh ghi ADCONL1.
Bit7  ADFM: bit lya chon dinh dang két qua ADC (AD Result Format Select bit):
ADFM = 1: ¢6 chirc ning canh 1 phai, 6 bit MSB ciia ADRESH c6 gia tri 1a “0°.
ADFM = 0: ¢6 chirc ning canh 18 tréi, 6 bit LSB ctia ADRESL c6 gia tri 1a “0°.
Bit5  VCFGI: bit Iya chon dién ap tham chiéu (Voltage reference bit)
VCFG1 = 1: ¢6 chirc ning ndi dién ap tham chiéu Vref- v6i ngd vao AN3.
VCFG1 = 0: ¢6 chirc ning ndi dién ap tham chiéu Vref- vdi Vss.
Bit4  VCFGO: bit Iya chon dién ap tham chiéu (Voltage reference bit)
VCFGO = 1: ¢6 chirc ning ndi dién ap tham chiéu Vreft v6i ngd vao AN3.
VCFGO = 0: c6 chtic nang noi dién ap tham chiéu Vreft v&i Vpp.
Bit 6, 3-0: chua dung néu doc sé& co gia tri 1 <0’
c. Thanh ghi ADRESH va ADRESL

Cip thanh ghi 16 bit ADRESH: ADRESL diing dé luu két qua chuyén doi 10 bit cia ADC sau
khi chuyén do6i xong. Do két qua chi c6 10 bit nhung luu trong cdp thanh ghi 16 bit nén c6 2 kiéu dinh
dang tuy thudc vao bit ADFM (ADC Format).

Hinh sau trinh bay 2 kiéu dinh dang cua cip thanh ghi két qua:

ADRESH ADRESL
ojo0o|o0(0|O0]|O '
7 6 5 4 3 2 1 0 7 6 5 4 3 2 1 0

KET QUA 10 BIT, CANH LE PHAI ADFM = 1

ADRESH ADRESL
' ojo0|0|]0(O0/|O
7 6 5 4 3 2 1 0 7 6|5 4 3 2 1 0

KET QUA 10 BIT, CANH LE TRAI ADFM = 0
Hinh 7-4: Pinh dang cdp thanh ghi leu két qua.

Chtre nang cua canh 1& phuc vu cho 2 kha nang xu ly két qué:’néu lay ké:[ qua 10 bit dé xu ly thi
nén chon ché d6 canh 1& phai, con néu lay két qua 8 bit thi chon ché dg canh 1€ trai va chi lay két qua
cua thanh ghi byte cao ADRESH, bo di 2 bit c6 trong so thap nhat cua thanh ghi ADRESL va chi y
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dén tinh toan gia tri, trong chuong trinh C néu khong khai bao thudc tinh ADC 10 bit thi phan mém ty
dong lay gia tri 8 bit cao.

2

4.

TRINH TU THU'C HIEN CHUYEN POI ADC
Dé thyc hién chuyén d6i ADC thi phai thyc hién cac budc sau:
Buwée 1: Cau hinh cho port:
[ Cau hinh cho cac port ¢ ché d ngd vao tuong tu.

[J Khéng dugc dinh cau hinh cho cac port & ché do xuat dir lidu.
Buwée 2: Cau hinh cho module ADC:
Chon xung clock cho chuyén d6i ADC.

Dinh cdu hinh cho dién 4p chuan.

Chon kénh ngd vao tuong tu can chuyén doi.
Chon dinh dang cho 2 thanh ghi luu két qua.
M& nguén cho ADC.

Buoc 3: Thict 1ap cau hinh ngat ADC néu sur dung:

Xoba co bao ngat ADIF cua ADC.

Cho bit ADIE bang 1 dé cho phép ADC ngit.
Cho bit PEIE bang 1 dé cho phép ngat ngoai vi.

O O o o O

O O O O

Cho bit GIE bang 1 dé cho phép ngit toan cuc.
Buée 4: Cho hét thoi gian 6n dinh theo yéu cau.
Buée 5: Bit dau chuyén dbi bang cach cho bit GO/ DONE Ién 1
Buwée 6: Kiém tra chuyén ddi ADC két thuc bang cach:
[ Kiém tra lién tuc bit GO/ DONE néu vé 0 thi qua trinh chuyén doi két thic.
[J Néu dung ngit thi cho ngit ADC xay ra.
Buge T: Doc cap thanh ghi két qua (ADRESH: ADRESL), x6a bit ADIF néu dung ngat.
Buwoe 8: Thuc hi¢n chuyén doi ké tiep.
LUA CHON NGUON XUNG CHO CHUYEN POI ADC

Tan sd xung clock cho b chuyén ddi ADC duoc lua chon bﬁng ph'?ln mém boi cac bit ADCS

nam trong thanh ghi ADCONO. C6 4 lya chon cho ngudn xung clock nhu sau:

[ Foscl2
(1 Fosc/8
[ Foscl32
[ Fre lay tir bo dao dong bén trong.
Bang 7-1: Tan s xung clock tiy chon phu thudc vao tan s bo dao dong:
Chu ky xung clock cia ADC (Tap) Tan s6 thiét bi (Fosc)
Xung clock cho ADC | ADCS<1:0>  20MHz 8MHz 4MHz 1MHz

Fosc/2 00 100ns | 250ns | 500ns 2us
Fosc/8 01 400ns 1us 2us 8us
Fosc/32 10 1.6pus 4ps 8us 32us
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Frc 11 2-6ys | 2-6us | 2-6pus | 2-6us

Thoi gian chuyén d6i ADC cho mdi bit dwgc xac dinh boi chu ky Tap. P& chuyén doi hoan tt
10 bit s& dung toi thi€u 11 chu ky Tap nhu hinh 7-5.

Tcy to TADTAD1  TAD2  TAD3 TaD4  TAD5 A TAD6 TAD7 TAD8  TAD9 Tap10 TAD11,
T b9 b8 b7 b6 bS5 b4 b3 b2 b1 b0

Conversion Starts

Holding Capacitor is Disconnected from Analog Input (typically 100 ns)

Set GO/DONE bit ADRESH and ADRESL registers are loaded,

GO bit is cleared,
ADIF bit is set,
Holding capacitor is connected to analog input

Hinh 7-5: Thoi gian chuyén déi 10 bit.
I11. CAC LENH CUA ADC TRONG NGON NGU CCS-C

Céc 1énh cta ngdn ngit 1ap trinh C lién quan dén ADC bao gdm:
Lénh SETUP_ADC(MODE)

Lénh SETUP_ADC_PORT(VALUE)

Lénh SET_ADC_CHANNEL(CHAN)

Lénh VALUE=READ_ADC(MODE)

1. LENH SETUP_ADC(MODE) - LENH PINH CAU HINH CHO ADC
Cu phép: setup_adc (mode);
Thong sb: mode- Analog to digital mode. Xem trong file device.
Chtc nang:  dinh cdu hinh cho ADC
Co hi€u lyc:  Cho cac PIC c6 tich hop ADC.

Vidu7-1:  setup_adc(ADC_CLOCK_INTERNAL );
2.  LENH SETUP _ADC _PORT(VALUE) - LENH PINH CAU HINH CHO PORT

Cu phép: setup_adc_ports (value)

Hing sb: value - 1a hang s6 dinh nghia trong file devices .h

Chtrc nang: Thiét lap chan cia ADC la tuong tu, s6 hoic td hop ca 2.

Hiéu luc: Cho cac PIC c6 ADC.

Vi du 7-2: setup_adc_ports( ALL_ANALOG ); // sir dung tat ca cac kénh twong tu

3. LENH SET _ADC_CHANNEL(chan) - LENH CHON KENH ADC

Cuphap:  Set_adc_channel (chan) - chon kénh can chuyén d6i khi do nhiéu hon 1 kénh, néu chi
do 1 kénh thi khong can.
Thong s6:  Chan la thir tw kénh can chuyén d6i. Kénh bat dau tir s6 0.

Chuc Chon kénh can chuyén d6i ADC ’ q
nang: Phai cho 1 khodng thoi gian ngan khi chuyén kénh, thuong thi thoi gian cho khoang
10ps.

Vidu7-3: SET_ADC_CHANNEL(2);
DELAY_US(10);
VALUE = READ_ADC();

4.  LENH value=READ_ADC(mode) - LENH PQC KET QUA CHUYEN DPOI ADC
Clphap:  value = read_adc ([mode]) - doc két qua sau khi chuyén déi xong
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Hang so:

Tra vé:
Chtrc nang:

Vi dy 7-4:

mode 13 1 trong cac hang sb sau:

e ADC START AND READ (thuc hién doc lién tuc, mdc nhién la mode nay)

e ADC_START ONLY (bit dau chuyén dbi)

e ADC READ ONLY (doc két qua cua 1an chuyén di sau cing)
Két qua 8 bit hay 16 bit tiy thudc va khai bao #DEVICE ADC= directive.
Lénh nay s& doc gia tri sb sau khi chuyén doi xong
Khai bao #DEVICE ADC= directive nhu sau:

#DEVICE 8 bit 10 bit 11 bit 16 bit
setup_adc( ADC_CLOCK_INTERNAL );

setup_adc_ports( ALL_ANALOG );

set_adc_channel(1);

read_adc(ADC_START_ONLY);

sleep();
value=read_adc(ADC_READ_ONLY);

IV. UNG DUNG ADC CUA PIC 16F887

Bai 7-1: Dung ADC cua vi diéu khién PIC 16F887 va cam bién LM35 d¢ do nhiét do hién thi
trén 3 leq 7 doan al}ode chung glﬁng 3 port, chi hi@n thi doq Vi, chuq va tram. St dung nguon di¢n ap
tham chiéu Vger+ n61 v61 Vpp bang 5V va Vgeg. n61 voi ngudn Vss bang OV.

. So d6 mach:
8 ANO
o S L7 1
e RBO/AN12/NT (33 RET—| = [—RE8
w RB1/AN10/C12IN3- RB2 I I RB7
I RAO/ANO/ULP/C12INO- RB2/ANS [22 RB3}—] gemmmy [ RBE
Z RAT/AN1/C12IN1- RB3/ANO/PGM/C12IN2- |2 real— ] I - o
Z RA2/AN2/VREF-/CVREF/C2IN+ RB4ANTI [T RB5—= >3
@ RAJ/AN3/VREF+/C1IN+ RBSANTITTG (35 | >
s RA4/TOCKI/C10UT RBEICSPCLK (32 |
< RAS/AN4/C20UT/SS RB7/ICSPDAT | e
Oyt RAG/0SC2/CLKOUT 5 —
RA7/OSC1/CLKIN RCOT1080T1CK {12 RB9— —HE14
RC1/T10SICCP2 {19 AB10l—= ' ’ ~—HB15
L REO/ANS RcTiosicept {L RB11[—] gy [F—RB16I
S RE1/ANG RC3/sCriscL |12 RB12] ” I - o
RE2/AN7 RC4/SDISDA (23 RB13—= >0
RE3/VPP/VICLR RCs/SDO 24 | >
”I RCOTX/CK 23 |
,_[l RC7/RX/DT l -
]
o 19 o | e | )
” vss S er— -y ]
RD2 f2] RB1O—| gy [E—HB24I-
22 o R A
RD3 RB20 A
GN 27 Jes e ” I A \O
> VDD RD4 HB21 amm— ¢ O
VDD RDS/P1B >

N
[v5]

RD6/P1C
RD7/P1D

PIC16F887 IC1

Hinh 7-6: So' d6 mach do nhiét @ ding PIC16F887 hién thi trén 3 led truc tiép.

Tinh toan d§ phan giai

Theo yéu cau thi cac ngd vao dién ap tham chiéu 13 Ve =0V V oer =Vpp =5V

Nén do phan gidi (step size) la SS =

Vegr, —Vege. _ 5000mV

- — 4,887mV
201 1023

Thong s6 2*°1a do ADC 10 bit.
Dién 4p toan giai full scale = FS: FS =SS x1023 =4,887mV x1023 =5,000mV =5V

Do phan giai ADC la 4,887mV khong tuong thich véi d6 phan giai ctia cam bién LM35 bang
10mV, ti 1€ chénh 1éch la:

10mV

—————=2,046
4,887mV

Dé ¢6 két qua hién thi dung thi lay két qua chuyén dbi chia cho ti 1& chénh léch.
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° Luu do:
( BEGIN )

Y

LU'U 10 MA VAO BN, KHO1 TAO ADC: CHON XUNG
CLOCK, CHON KENH, KHO1 TAO PORT, KHO1 TAO
CAC BIEN

r \
THU'C HIEN CHUYEN DOI 200 LAN
CHIA LAY TRUNG BINH.

XU LY DUNG HE SO CHUYEN POI.
GIAI MA, HIEN THI

( )

Hinh 7-7: Lueu d@6 chuyén doi ADC do nhiét d kénh thir 0.

o Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT16 KQADC;
UNSIGNED INT ] MATRAM;

VOID HIEN_THI()
{
MATRAM = MA7DOAN[KQADC/100];
IF (MATRAM == 0XC0) ~ MATRAM=0XFF;
OUTPUT_B(MA7DOAN[KQADC%10]);
OUTPUT_C(MA7DOAN[KQADC/10%10]);
OUTPUT_D(MA_TRAM);

}
VOID MAIN()

{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);
SET_TRIS_C(0x00); SET_TRIS_A(OXFF);
SETUP_ADC(ADC_CLOCK_DIV_2);
SETUP_ADC_PORTS(SANO);
SET_ADC_CHANNEL(0);
WHILE(TRUE)
{
KQADC=0;
FOR (J=0; ]<200; J++)
{
KQADC=KQADC+READ_ADC();
DELAY_MS(1);
}
KQADC= KQADC /2.046;
KQADC=KQADC,/200;
HIEN_THI();

. Giadi thich chuong trinh:
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Trong vong lap while ta cho bién KQADC bang 0, vong lip for thuc hién 200 lan do, két qua
cong don vao bien KQADC.

Két qua dang cua 200 lﬁp do s€ chia cho 200 lér; dé duoc két qua do trung binh va chia cho h¢ sd
2.046 de co ket qua dung hé so do phan gidi, sau do tién hanh gidi ma hién thi va xoa s6 0 vo nghia.

Bai 7-2: Thém vao bai 7-1 yéu cau: khi nhi¢t do tang nhung nho hon 40 do thi relay dong, khi
16n hon 40 d¢ thi relay ngat, khi nhiét d¢ gidm thap hon 35 d9 thi relay dong tré lai.

. So d6 mach:

220V AC
CTD
BUZZER
56
TRIAC AN 2 2y~ OTR2-2
P T5
W 10R908 yxﬂz . RO LI
T1 1
GNDMOC3020 D—OTR2-1
: g g
RELAYS >
- - =
W R901 R9033|S
100 4.7k0F 5
OPTO1 ago1 DN 'ﬂ.ii._) —ORL1-2
N L c1815 N RL1-1
FZ 4 o % aL;wI_r-)—O
2 3 B ‘D LO
_I _I
b o o

GND GND
Hinh 7-8: So' d6 mach giao tiép diéu khién relay, triac, buzzer.

e  Gidi thich so d6 mach:

So d6 mach gdm 3 d6i twong diéu khién:

Buzzer dé tao Am thanh bip dung 1 buzzer va mach khuéch dai dung transistor,’ transistor voi
dong lam viéc 16n hon dong ctia buzzer khoang 120mA. Mtc 1 lam buzzer kéu, murc 0 tat buzzer.

Mach diéu khién tai ac ding triac va opto cach ly. Mtrc 1 1am triac dan, mirc 0 lam triac tit.

Mach diéu khién tai cong suét dung relay va opto cach ly. Mirc 1 lam opto dan, transistor dan,
relay dan, mirc 0 lam opto tat, transistor tat, relay tit.

Khi sir dung dbi twong nao thi ta chi can két nbi 1 port cta vi diéu khién voi 1 trong cic mach
trén.

J Luu do:
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( BeaN )
v

LU'U 10 MA VAO BN, KHOT TAO ADC: CHON XUNG
CLOCK, CHON KENH, KHO1 TAO PORT, KHO1 TAO

CAC BIEN

r

THU'C HIEN CHUYEN DOI VA HIEN THI 200 LAN
CHIA LAY TRUNG BINH,
XU LY DUNG HE SO CHUYEN DO,
CHIA TACH TUNG SO GIAI MA, HIEN THI
SO SANH NHIET DIEU KHIEN TAT MO RELAY

Hinh 7-9: Lueu d6 chuyén doi ADC do nhiét d6 kénh thir 0.

l

o Chuong trinh:

#DEFINE RELAY PIN_A3
IF (KQADC>40) OUTPUT_LOW(RELAY);
ELSE (KQADC<35) OUTPUT_HIGH(RELAY);
. Giai thich chuong trinh:

Chuong trinh ndy gidng nhu bai 7-1, chi thém phan khai bao dinh nghia bit diéu khién RELAY
a2 RA3 (chon port nao chua dung la duoc). Trong chuong trinh chinh thi thém hang 1énh trén c6 chirc

ning so sanh néu nhiét do 16n hon 40 thi relay tit, nhé hon 35 thi mé.

Bai 7-3: DUng ADC cua vi diéu khién PIC 16F887 va cam bién LM35 dé do nhiét d¢ hién thj
trén 3 led 7 doan anode chung két n01 thep phuong phap quét, s dung ngudn dién ap tham chiéu
Vrers 161 v&i Vpp bang 5V va Vger. ndi v6i nguon Vss bang oV.

So dd mach:

ABCDEFGP
RBO/AN12/INT gi L7-2
) RBIAN10/CI2ING (2R3 —
2 RAD/ANOIULP/C12INO- RB2/ANS 22 1 ,
-2 RATANT/C12INI- RBIANO/PGMIC12IN2- (32 5 —
-4 RA2/AN2VREF-/CVREF/C2IN+ Re4/ANt1 (2 I
2 RAJANIVREF+/C1IN+ RBSANTITTG 32 S
XT1 & RaAgTOCKIC1OUT RBOICSPCLK [22 9
1 RAS/AN4/C20UT/SS RB7/ICSPDAT 10
GND o DF 14l RAG/OSC2/CLKOUT
131 RA7/OSC1/CLKIN RCOT10sOTICK [2
20MHz Rc1/T10sliccP2 HE i
LR —g REO/ANS RC2/T10SI/CCP1 % RD2
S =1 ReEvANG ReaiscrscL (18 RD:
19 RE2/AN7 RC4/SDISDA {22
o 1 RE3VPP/MICIR RcsisDo |24 RDO
[ O—1>8 o RCEITX/CK  [22
' o3—?—|z RCTRXDT |28
1) O4__R 7 10
o 3 Re6 31l s rpo [12_RDO
zI—E vss RD1 [22RD1
0] RD2 121 _RD2
&b 1 RD3 | RDe
eE VDD RD4 |21
vce B4 vbD RDS/P1B %Egg
RDsPIC |22
rRD7/P1D [22RD7
PIC16F887 IC1
Hinh 7-10: So do mach do nhiét do dung PIC16F887, hién thi 3 led quét.
. Giai thich so @6 mach:
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Mach dung 3 led 7 doan d& hién thi két qua nhiét do két ndi theo phuong phap quét sir dung port

B va 3 bit cua port D dé diéu khién 3 transistor.
Cam bién LM35 nbi véi ngd vao kénh twong ty thir 0 (SANO).
Mach reset va cac chan dé két néi mach nap, tu thach anh 20MHz.

( BeGIN )
v

LU'U 10 MA VAO BN, KHOT TAO ADC: CHON XUNG
CLOCK, CHON KENH, KHO1 TAO PORT, KHO1 TAO
CAC BIEN

THU'C HIEN CHUYEN DOI VA HIEN THI 100 LAN
CHIA LAY NHIET DO TRUNG BINH.

XU LY DUNG HE SO CHUYEN POI.
GIAI MA.

( )

Hinh 7-11: Luu do chuyén déi ADC do nhiét @6 hién thi led quét.

o Luu db:

. Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT16 KQADC;

UNSIGNED INT ], MADONVI, MACHUC, MATRAM;
VOID GIAIMA ()

{
MATRAM = MA7DOAN[KQADC /100];
MACHUC = MA7DOAN[KQADC /10 % 10];
MADONVI= MA7DOAN[KQADC % 10];
IF (MATRAM == 0XC0) MATRAM=0XFF;

}

VOID HIENTHI ()

{
OUTPUT_B(MADONVI);  OUTPUT_LOW(PIN_DO);
DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MACHUC);  OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
OUTPUT_B(MATRAM);  OUTPUT_LOW(PIN_D2);
DELAY_MS(1); OUTPUT_HIGH(PIN_D2);

}
VOID MAIN()
{

SET_TRIS_B(0x00); SET_TRIS_D(0x00);  SET_TRIS_A(0x01);
SETUP_ADC(ADC_CLOCK_DIV_2);

SETUP_ADC_PORTS(SANO);

SET_ADC_CHANNEL(0);

WHILE(TRUE)

{
KQADC=0;
FOR (J=0;J<100; J++)
{
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KQADC=KQADC+READ_ADC();
HIENTHI();
}
KQADC= KQADC /2.046;
KQADC=KQADC,/100;
GIAIMA();

o Giai thich chuong trinh:
Trong vong 1dp while ta cho bién KQADC béng 0, vong dp for thuc hién 100 lan do, két qua
cong don vao bien KQADC.

Chuong trinh niy gidng nhu cac bai trudc, sy khac nhau 1a trong qua trinh chuyén dbi thi thyc
hién hién thi d€ 3 led 7 doan sang lién tuc va vi thoi gian quét 3 led dai nén ta giam bdt so lan do trung
binh xudng con 100 dé tang nhanh dap ing thoi gian.

O céc bai nay thi cong viéc chinh 1a chuyén doi ADC va hién thi, néu cac chuong trinh (ing dung
16n thuc hién nhiéu cong viéc thi ta phai gidm so lan do trung binh xudng cho phu hop véi dép ung
thot gian.

V. CAUHOI ON TAP - TRAC NGHIEM - BAI TAP
1. CAUHOI ON TAP
Cau 7-1: Hay trinh bay cau trdc khi ADC cua PIC16F887.
Cau 7-2: Hay cho biét chirc ning cua cac tin hiéu Vrers VA Vger.-.

Cau 7-3: Hay cho biét trinh tu chuyén d6i ADC cua IC16F887.
Cau 7-4: Hay so sanh ADC cua IC16F887 va PIC 16F877A.

2.  CAUHOI MO RONG
Cau 7-6: Hay khao sat ciu tric ADC cua PIC18F4550 va PIC16F887.
3. CAU HOI TRAC NGHIEM

Céu 7-1:  Cong thuc tinh d¢ phan giai ADC cua PIC16F887 la:

(a) SS=\% (b) 55 = Vi ~Veer s
27 -1 V, Ve
() 8 = Ve (u0_y) (d) 5 = Ve (o)
REF+  VREF-— REF+ ~ VYREF-

Cau 7-2:  PIC 16F877A c6 bd ADC bao nhiéu bit:

(@) 8 (b) 10 (c) 12 (d) 16
Cau 7-3:  PIC 16F877A c6 bd ADC bao nhiéu kénh:

@@ 8 (b) 10 (c) 12 (d) 14
Cau 7-4:  PIC 16F887 c6 bd ADC bao nhiéu kénh:

(a) 8 (b) 10 (c) 12 (d) 14
Céu 7-5:  ADC cua PIC 16F887 c6 bao nhiéu thanh ghi:

(@ 2 (b) 3 (c) 4 (d)5
Cau 7-6:  Cac thanh ghi luu két qua ADC ciia PIC 16F887 c6 tén la:

(a) ADCON1 va ADCONO (b) ADRES1 va ADRESO

I (d) ADCONH va ADCONL
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Cau 7-7:  Céac thanh ghi diéu khién ADC ctia PIC 16F887 c6 tén li:

(a) ADCON1 va ADCONO (b) ADRES1 va ADRESO

(c) ADRESH va ADRESL (d) ADCONH va ADCONL
Céau 7-8: Caéc bit Ira chon kénh ADC cua PIC 16F887 c6 tén la:

(a) ADCS2: ADCS0 (b) CHS2: CHS0 (c) PCFG2: PCFGO (d) CHS3: CHSO
Céu 7-9:  Cd bao nhiéu bit hra chon kénh ADC cua PIC 16F887:

(a) 2 (b) 4 ()3 (d)8
Cau 7-10: C6 bao nhiéu bit Iya chon cau hinh port cho ADC cua PIC 16F887:

(@2 (b) 4 ()3 (d) 8

Cau 7-11: Céc bit lya chon cdu hinh cho ADC cuia PIC 16F887 c6 tén 1a:

(a) ADCS2: ADCS0 (b) PCFG3: PCFGO (c) PCFG2: PCFGO (d) CHS3: CHSO0
Cau 7-12: C6 bao nhiéu bit Ira chon ngudn xung clock cho ADC cua PIC 16F887:

@2 (b) 4 (c)3 (d) 8
Cau 7-13: Cac bit Ira chon xung clock cho ADC cua PIC 16F887 ¢6 tén la:

(a) ADCS2: ADCS0 (b) PCFG3: PCFGO (c) PCFG2: PCFGO (d) CHS3: CHSO0
Cau 7-14: Lénh “SETUP_ADC(MODE)” ctua PIC 16F887 c6 chirc nang la:

(a) Chon kénh (b) Chon d¢ phan giai (c) Poc gia tri (d) Pinh cdu hinh
Cau 7-15: Bit ra 1énh chuyén d6i ADC cta PIC 16F887 ¢6 tén la:
(a) ADCS2: ADCS0 (b) GO/DONE (c) ADON (d) ADFM
Cau 7-16: Bit chon dinh dang Kkét qua ADC canh trai hodc phai cua PIC16F887 c¢ tén la:
(a) ADCS2: ADCS0 (b) GO/DONE (c) ADON (N ADEM|
Cau 7-17: Lénh “SETUP_ADC_PORT(VALUE)” cua PIC 16F887 c6 chirc nang la:
@) TREHEPEREAR  (b) Chon do phan giai (c) bBoc gia tri (d) Chon tbc do
Cau 7-18:  Lénh “SET_ADC_CHANNEL(CHAN)” cua PIC 16F887 c6 chirc ning la:
(a) Thiét 1ap cac kénh  (b) Chon do phan giai () Poc gia tri (d) Chon kénh
Cau 7-19: Lénh “VALUE=READ_ADC(MODE)” ciia PIC 16F887 c6 chirc ning la:
(a) Thiét lap cac kénh (b) Chon do phan giai  (G)iDOCICIaNEN (d) Chon tdc do
Cau 7-20: Cong thirc tinh gié tri s6 nhi phan sau khi chuyén d6i ADC ciia PIC16F887 la:
Veer, —Veer V, —Veer .,
(a) N — REF210 _fEF (b) N — | SSREF
V, —Veer V, ~Vage /o1
ON=""%" (d) N == = (2)
4. BAITAP
Bai tdp 7-1: Mach do nhiét do 2 kénh dung cam bién LM35, vi diéu khién PIC16F887 va 3 led 7
doan.

Hay v& mach, viét lru d6 va chuong trinh do nhiét d 2 kénh lan luot hién thi trén 3 led,

moi kénh do trong khoang thoi gian 1s, dinh thoi 1 gidy chuyén kénh dung Timer T1.
Bai tgp 7-2:  Mach do nhiét d6 8 kénh ding cam bién LM35, vi diéu khién PIC16F887 va 3 led 7

doan.

Hay v& mach, viét lru d6 va chuong trinh do nhiét d6 8 kénh lan luot hién thi trén 3 led,

moi kénh do trong khodng thoi gian 1s, dinh thoi 1 gidy chuyén kénh dung Timer T1.
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Dac thoe so pliam b thudt Nguyén Dint Phi

Bai tap 7-3: Mach do nhiét 46 dung cam bién LM35, vi diéu khién PIC16F887 va LCD 16x2.
Hay v& mach, viét luu dd va chuong trinh do nhiét d6 nbi véi kénh ANO va hién thi két
qua trén LCD.

Bai tgp 7-4:  Mach do nhiét do 2 kénh ding 2 cam bién LM35 va vi diéu khién PIC16F887 hién thi
ket qua do kénh 1 ¢ hang 1, kénh 2 & hang 2 ciia LCD 16x2.
Hay v& mach, viét luu d6 va chuong trinh.

Bai tdp 7-5: Mach do nhiét d6 1 kénh dung cam bién LM35 va dém san pham dung vi diéu khién

PIC16F887 hién thi két qua do hang 1 va két qua dém & hang 2 ctia LCD 16X2.
Hay v& mach, viét lvu d6 va chuong trinh.
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GIOI THIEU
TONG QUAN VE NGAT
NGAT CUA VI PIEU KHIEN PIC16F887
=  CAC NGUON NGAT CUA PIC16F887
=  CAC THANH GHI NGAT CUA PIC16F887
o Thanh ghi INTCON (Interrupt CONTROL)
o Thanh ghi PIE1 (Peripheral Interrupt Enable) va PIR1 (Peripheral Interrupt Request)
o Thanh ghi PIE2 (Peripheral Interrupt Enable) va PIR2 (Peripheral Interrupt Request)

CAC LENH NGAT CUA PIC16F887 TRONG NGON NGU CCS-C
= LENH ENABLE_INTERRUPT(LEVEL)
. LENH DISABLE_I!\ITERRUPT(LEVEL)
CAC UNG DUNG NGAT CUA PIC 16F887
CAU HOI ON TAP - TRAC NGHIEM
= CAUHOIONTAP
=  CAUHOI MO RONG
=  CAUHOI TRAC NGHIEM
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I. GIOI THIEU

Ngit c6 nhiéu tién ich trong diéu khién nén hau hét cac vi diéu khién déu tich hop, & chuong nay
ching ta s& khao sat nguyén 1y hoat dong ciia ngit, cic ngudn ngit, vector dia chi ngat, viét chuong
trinh con phuc vu ngit cho cac ting dung.

Sau khi két thiic chwong nay ban c6 thé sir dung dugc ngit cua cac vi diéu khién.

II. TONG QUAN VE NGAT

Ngit str dung trong vi xtr 1y hay vi diéu khién hoat dong nhu sau: vi xt Iy hay vi diéu khién ludn
thuc hién mot chuong trinh thudng goi 1a chwong trinh chinh, khi ¢ tac dong tir bén ngoai bang phan
cting hay tac dong bén trong 1am cho vi xtr Iy ngimg thuc hién chuong trinh chinh dé thyc hién mot
chuong trinh khac (con goi 1a chuong trinh phuc vu ngat ISR) va sau khi thuc hién xong vi xtr 1y tro lai
thuc hién tiép chuong trinh chinh. Qua trinh lam gian doan vi xur 1y thuc hi¢n chuong trinh chinh xem
nhu 13 ngit.

C6 nhiéu tac dong lam nging chwong trinh chinh goi 1a cac ngudn ngat, vi du khi timer/counter
dém tran s& phat sinh yéu cau ngat.

Ngit dong mot vai trd quan trong trong lap trinh diéu khién, vi xtr Iy hay vi diéu khién sir dung
ngat dé dap tng nhiéu sy kién quan trong Khac trong ma van dam bao thyuc hién duoc chuong trinh
chinh.

Vi du trong khi vi diéu khién dang thyc hién chuong trinh chinh thi c6 dir liéu tir hé théng khac
gb1 dén, khi d6 vi diéu khién ngung chuong trinh chinh dé thuc hién chuong trinh phuc vu ngét nhan
dir liéu xong 101 tré lai tiép tuc thuc hién chuong trinh chinh, hodc c6 mdt tin hi¢u bao ngét tir bén
ngoai thi vi diéu khién s& nging thuc hién chuwong trinh chinh dé thuc hién chuong trinh ngit roi tiép
tuc thuc hién chuong trinh chinh.

C6 thé sir dung ngit dé yéu cau vi diéu khién thuc hién nhiéu chuong trinh cing mét lic c6
nghia la cac chuong trinh dugc thuc hi¢n xoay vong.

CPU thyc hién chwong trinh trong trudng hop c6 ngit va khong c6 ngit nhu hinh 8-1.

Time

»

| CHUONG TRINH CHiNH (MP: MAIN PROGRAM) '

(a) Chuwong trinh chinh dwgc thye hién lién tuc, khong bi gian doan.
Time

v

ISP ISP ISP

J
“‘ MP MP MP l

(b) Chwong trinh chinh bj gidn doan dé thwc hién chwong trinh con phuc vu ngat.

Hinh 8-1: Vi diéu khién thuc hién chiong trinh chinh trong 2 trwong hop khéng va cé ngdt.
I1l. NGAT CUA VI PIEU KHIEN PIC16F887

1. CAC NGUON NGAT CUA PIC16F887
Vi diéu khién PIC 16F887 c6 nhiéu ngudn ngit:
e Ngit ngoai RBO/INT.
e Ngit cua timer TO khi dém tran.
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e Ngit cua timer T1 khi dém tran.

e Ngit cta timer T2 khi gi4 tri dém bang gia tri cta thanh ghi PR2.
e Ngit portB thay dbi.

Ngit ctia 2 bd so sanh dién ap tuong tu.

Ngit ctia bd chuyén d6i ADC.

Ngit khi ghi dit liéu vao Eeprom.

Ngit khi bo giam sat phat hién nguon xung clock bi hong.
Ngit cua khdi CCP tang cuong.

Ngit truyén va nhan dir lieu EUSART.

Ngat danh thirc CPU v6i ngudn cong suat cuc thap.

e Ngit ctia khdi truyén dir liu dong bo MSSP.

2.  CAC THANH GHI NGAT CUA PIC16F887

Trong vi diéu khién PIC16F887 ¢6 5 thanh ghi phuc vu cho ngat 1a INTCON, PIE1, PIE2, PIRL,
PIR2. T6 chiic cua tung thanh ghi nhu sau:

a.  Thanh ghi INTCON (Interrupt CONTROL)
T4 chirc ciia thanh ghi nhu hinh sau:

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 PEIE TOIE INTE RBIE TOIF INTF RBIF

Hinh 8-2: Thanh ghi INTCON.
Bdng 8-1: Toém tit chirc ndng céc bit trong thanh ghi cho phép ngat INTCON c6 dia chi 0x0B:
Bit Ki hiéu Chirc niing (cho phép = 1; cAm = 0)
INTCON.7 | GIE Bit cho phép/cam toan b cac ngudn ngit.
INTCON.6 | PEIE Bit cho phép ngit ngoai vi
INTCON.5 = TOIE Bit cho phép ngit timer TO.
INTCON.4 | INTE Bit cho phép ngat ngoai.
INTCON.3 | RBIE | Bit cho phép ngit portB thay doi.
INTCON.2 = TOIF Co bao ngat clia timer TO.
INTCON.1 | INTF | Co bao ngit clia ngit ngoai.
INTCON.0 | RBIF | Co bao ngit portB thay di.
Trong thanh ghi trén thi bit GIE la bit cho phép/cAm ngit toan bd cac ngudn ngit, bit PEIE cho
phép/cam cac ngudn ngdt ngoai vi.
Céc bit con lai 1a bit cho phép/cam ngat va cd bao ngat ciia ngit cing INT, ngit portB thay doi
va ngat cua timer0.
Vi du 8-1: Mubn cho phép timer0 ngit thi lap trinh cho céc bit nhu sau: GIE = 1, TOIE = 1.
b.  Thanh ghi PIEL (Peripheral Interrupt Enable) va PIR1 (Peripheral Interrupt Request)
T6 chirc cua thanh ghi nhu hinh sau:
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R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)

- ADIE RCIE TXIE SSPIE CCP1IE | TMR2IE | TMRI1IE

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)

- ADIF RCIF TXIF SSPIF CCP1lIF | TMR2IF | TMR1IF

Hinh 8-3: Thanh ghi PIE1 va PIR1.
Bdng 8-2: Toém tat chirc ning cac bit trong thanh ghi cho phép ngat PIE1 c6 dia chi 0x8C:
Bit | Kihiéu Chirc ning (cho phép = 1; cim = 0)
PIEL7 @ - Bit chua co chirc nang.
PIE1.6 | ADIE Bit cho phép ADC ngit.
PIELS5 | RCIE Bit cho phép ngat nhan dir licu.
PIE1.4 | TXIE Bit cho phép ngit phat di licu.
PIE1.3 | SSPIE Bit cho phép ngat truyén dit liéu dong bo.
PIE1.2 | CCP1IE | Bit cho phép ngit khdi CCP1.
PIEL1.1 | TMR2IE Bit cho phép ngit cua timer T2.
PIE1.0 | TMRL1IE | Bit cho phép ngit ctia timer T1.

Bdng 8-3: Tém tit chirc ning cac bit trong thanh ghi cho phép ngit PIR1 c6 dia chi 0x0C:
Bit Kihiéu Chitrc ning (ngit xay ra = 1; chwa xay ra = 0)
PIR1.7 | - Bit chua c6 chic nang.
PIR1.6 | ADIF Co bao ngat cia ADC.
PIR1.5 RCIF Co bao ngit nhan dir licu.
PIR1.4 | TXIF Co bao ngat phat dit licu.
PIR1.3  SSPIF | Co bao ngit truyén dir liéu dong bo.
PIR1.2 CCP1IF | Co bao ngat khi CCPI.
PIR1.1 TMR2IF | Co bao ngit ctia timer T2.
PIR1.0 | TMRI1IF | Co& bao ngit caa timer T1.

Hai thanh ghi chira cac bit cho phép ngit va cd bao ngit twong g ctia 7 ngat ngoai vi.

Vi du 8-2: Muén cho phép timer2 ngit thi lap trinh cho cac bit nhu sau: GIE = 1, TMR2IE = 1
va bit cho phép ngat ngoai vi PEIE = 1.

c.  Thanh ghi PIE2 (Peripheral Interrupt Enable) va PIR2 (Peripheral Interrupt Request)

T6 chirc cua thanh ghi nhu hinh sau:

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
OSFIE C2IE C1IE EEIE BCLIE | ULPWUIE - CCP2IE

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0)
OSFIF C2IF ClIF EEIF BCLIF | ULPWUIF - CCP2IF

Hinh 8-4: Thanh ghi PIE2 va PIR2.
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Bang 8-4: Toém tat chirc nang cac bit trong thanh ghi cho phép ngat PIE2 c6 dia chi 0x8D:
Bit Ki hiéu Chikc ning (cho phép = 1; cAm = 0)
PIE2.7 | OSFIE Bit cho phép ngat ctia bo dao dong hong.

PIE2.6 | C2IE Bit cho phép ngat ciia khdi so sanh 2.
PIE2.5 | Cl1IE Bit cho phép ngit cta khdi so sanh 1.
PIE2.4 | EEIE Bit cho phép ngit ctia bd nhd eeprom.

PIE2.3 | BCLIE Bit cho phép ngat xung dot truyén dit liéu 12C.

PIE2.2 | ULWUIE | Bit cho phép ngit ctia bd danh thirc CPU véi cong suat cuc thap.
PIE2.1 @ - Bit chua c6 chirc nang.

PIE2.0 | CCP2IE | Bit cho phép ngit ciia CCP2.

Bdng 8-5: Tom tit chirc ning cac bit trong thanh ghi cho phép ngit PIR2 ¢6 dia chi 0x0D:

Bit = Kihiéu  Chirc ning (cho phép = 1; cim = 0)
PIR2.7 | OSFIF Co bao ngit cta bd dao dong hong.

PIR2.6 | C2IF Co bao ngit cta khoi so sanh 2.
PIR2.5 | C1IF Co bao ngit cta khéi so sanh 1.
PIR2.4 | EEIF Co bao ngit cta bd nhd eeprom.

PIR2.3 | BCLIF Co bao ngit xung dot truyeén dir liéu 12C.

PIR2.2 | ULWUIF | C& bao ngit cta bd danh thirc CPU v&i cong suat cuc thap.
PIR2.1 - Bit chua c6 chuc nang.

PIR2.0 | CCP2IF | Co bao ngit cia CCP2.

CAu trac mach dién ngit caa PIC16F877 nhu hinh 8-5:

_ Trong mach dién chung ta co thé nhin thay dé CPU thyc hién ngit cia timer0 thi phai hoi du cac
dieu kién sau: bit cho phep ngat TOIE = 1, timer0 dém va tran lam co bao ngat TOIF = 1 va bit cho
phép ngat toan cuc GIE = 1.

Khi mét ngat dugc dap Ung thi bit GIE bi x6a dé khong cho phép bit ki ngit nao khac xay ra
nira, dja chi tré vé duoc cit vao trong ngin xép va thanh ghi PC duoc nap dia chi 0004h.

Do chi c¢6 1 vector dia chi ngit 1a 0004H thi lam sao dé biét ngat nao dang thuc hién?

Néu trong chuong trinh chi str dung c6 1 ngit thi khi ngat xay ra thi chuong trinh con phuc ngét
do6 sé dugc thuc hién.

Néu trong chuwong trinh str dung nhleu nguon ngat thi chuong trinh ngat Vlet tai dia chi 0004H s&
kiém tra xem cO bao ngit nao 1én 1, néu bang 0 thi kiém tra tiép co khac, néu bang 1 thi thyc hién
chuong trinh ngit tuong tmg.

Qua trinh kiém tra cd bdo ngit nao bang 1 va thyc hién chuong trinh phuc vu ngét tuong tng
trudc cling xac dinh luon thtr ty vu tién ngat.

Thir ty ngat va wu tién ngat cia PIC16F887 khac véi vi didu khién AT89S52.
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Wyaén Dinke Phi

IOC-RBO
10CBO

I0C-RE1
I0CB1

I0C-RB2

IOC-RB3

I0C-RB4

IOC-RBS
I0CBS

IOC-RB6
10CB6

IOC-RB7
I0CB7

LRI

S

O—
D
D—

CCP1IF
CCP1IE

CCP2IF
CCP2IE

ULPWUIF
ULPWUIE

TOIF

Wake-up (If in Sleep mode)(1)

Interrupt to CPU

1)—
:137
10—
O—
10—

GIE

Note 1:

Some peripherals depend upon the
system clock for operation. Since the
system clock is suspended during
Sleep, these peripherals will not wake
the part from Sleep. See Section 14.6.1
“Wake-up from Sleep”.

Hinh 8-5: Mach dién ngat ciia PIC16F887.

IV. CAC LENH NGAT CUA PIC16F887 TRONG NGON NGU PIC-C

Céc Iénh ciia ngdn ngit 1ap trinh C lién quan dén ngat bao gdm:
1. LENH ENABLE INTERRUPTS(LEVEL): ¢6 chirc ning cho phép ngit.

2. LENH

V. CAC UNG DUNG NGAT CUA PIC 16F887

Phan nay trinh bay cac ing dung ngit don gian cua PIC16F887, qua cac (mg dung nay giip ban
biét viét luu d6 cho nhiing ung dung c6 ding ngat, biét viét chuong trinh c6 sur dung ngat va dac biét la
biét thém cach tinh toan thoi gian delay cho cac timer. Tir cac kién thirc co ban nay s& gitip ban hiéu va

DISABLE INTERRUPTS(LEVEL): ¢6 chirc ning cAm ngjt.

viét duoc cac timg dung khac.
Bai 8-1: Dung vi diéu khién PIC16F887 diéu khién 8 led don sang tat sir dung ngét timer T1
v6i chu ky delay 1a 262ms.
. So d6 mach:
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RBO/AN12/INT %
RB1/AN10/C12IN3-

-2 RAO/ANO/ULP/C12INO- RB2/ANg [22
3l RA1/AN1/C12IN1- RB3/ANO/PGM/C12IN2- |28
A RA2/AN2VREF-/CVREF/C2IN+ RB4/ANT1 |22
Sl RA3/AN3VREF+CTIN+ RBS/AN1TIG |22
XT1 —? RA4/TOCKI/C1OUT _ RB6/ICSPCLK %
AL T4 RASAN4IC20UTESS RB7/ICSPDAT [0
vee DI——13 RAB/OSC2/CLKOUT
RA7/OSC1/CLKIN RCO/T10SOIT1CKI
20MHz RC1/T10SI/CCP2
Lro —g REO/ANS RC2/T10SI/CCP1
S JP1 21 Rev/ANS RC3/SCK/SCL
101 RE2/ANT RC4/SDI/SDA
o ' RE3/VPPMCIR RC5/SDO
I OH>8 o RC6/TX/CK
e oz—?—|z RC7/RX/DT
w O__R 7 QO
iy, O RB6 o Y vss RDO
z|—E VSS RD1
O RD2
RD3
GND éé VDD RD4
Veo VDD RD5/P1B
RD6/P1C
RD7/P1D
PIC16F887 IC1

Hinh 8-6: Piéu khién 8 led sing tdt.
Str dung portB dé diéu khién 8 led don, thach anh st dung 1a 20Mhz.
° Luu do:
( BEj'N ) ( NGAT T1 )
KHO1 TAO TIMER1 DEM XUNG NOI

HE SG CHIA BANG 8, PORTB XUAT, T1 = 0, CHO RAQURANCHLAICUACACLED
PHEP T1 NGAT *

Y QUAY VE
( e=mo ) C )

Hinh 8-7: Luru d6 diéu khién 8 led sang tdt— dinh thoi 262ms dung ngdt.

° Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT8 X;
#int_timerl

void interrupt_timer1()

{

X=~X;
OUTPUT_D(X);

}

VOID MAIN()

{ SET_TRIS_D(0x00); X=0X00; OUTPUT_D(X);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(0);
ENABLE_INTERRUPTS(GLOBAL); ENABLE_INTERRUPTS(INT_TIMER1);
WHILE(TRUE)
{ 3}

}

J Gidi thich chuong trinh va tinh toén thoi gian delay:

Chuong trinh nay vé co ban giéng chuong trinh da viét & chuong 6 phan timer. Bai nay sir dung
ngit khi timer dém bi tran, chwong trinh chinh thyc hién cho phép ngat toan cuc va cho phép Timerl
ngit. Sau khi Timerl dém va tran thi chuong trinh chinh s& ngimng va thuc hién chwong trinh phuc vu
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ngit cua Timerl bao gom 2 1énh: dao gia tri ciia bién X va xut dit liéu ra portD va két thac dé tré lai
chuong trinh chinh cho dén khi tran lan tiép theo.

Thoi gian tinh toan gibng nhu bai 6-1, thoi gian sang bang thoi gian tat 1a 105ms, chu ky 210ms.

Chuwong trinh chinh sau khi thyc hién khoi tao xong thi khong lam gi ca nén ta chwa thiy 16 uu
diém cua ngat.

Khai bao nhdn cta chuong trinh ngét ciing nhu céc tén cho trong file thu vién cta vi diéu khién,
khong dugc dat tén khac trir khi ban dinh nghia lai.

Chuong trinh dém gidy chinh xac hién thi trén 2 led 7 doan quét dung vi diéu khién PIC
16F887 dung Timer va ngat.

Bai 8-2:

. So d6 mach:

AB,C,DEFGP
RBO/AN12/INT
RB1/AN10/C12IN3-  [22—
2| RaoANoULPIC12INO- RB2/ANS 22
=31 RATAN1/C12INI- RB3/ANO/PGM/C12IN2- 22
4| RA2/AN2VREF-/CVREF/C2IN+ RB4ANT! (oL
S RA3/ANIVREF+C1IN+ RBE/AN1TIG [22—
XT1 4 RagrTocKIC1OUT RB6/ICSPCLK [22
1) RAS/AN4/C20UT/SS RB7/ICSPDAT 40
vee 1 DH RAB/OSC2/CLKOUT
RA7/OSC1/CLKIN RCO/T10SO/T1CKI
20MHz RC1/T10SIICCP2
—R2 —Sl REO/ANS RC2/T10SIICCP1
S P 2 RevaNe RC3/SCK/SCL
19 RE2/AN7 RC4/SDI/SDA
o | RE3VPPVICIR RC5/SDO
l 21>8 a RCBITX/CK
' Oi—?—|z RC7/RX/DT
%) O__R 7 10
& OS5 {RB6 o & vss RDO
zl—E VsSs RD1 |20
o RD2
RD3 |22
GND 6[1; VDD RD4 [2L]
VDD RD5P1B |28
vee RD&/PIC 22
rRD7PID [P
PIC16F887 IC1

Hinh 8-8: Mach giao tiép 2 led 7 doan quét hién thi dém gidy.

° Luu do:

( BEaN ) ( NGATTIMER1 )
Y v

A . TANG BIEN DEM NGAT BDT
RUCITEOIMERD I I KHO1 TAO LAI TIMER1 DEM TIEP

100MS, BAO NGAT ¢
v G
GIAY=0

B 1

GIAI MA GIAY, HIEN THI

BDN = 10 (15)

XU’ LY TANG GIAY
| § J

Hinh 8-9: Luu do dém gidy ding Timer dinh thoi bdo ngat.
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o Chuong trinh:

#INCLUDE<TV_16F887.C>
UNSIGNED INT8 GIAY, BDT;
#int_timerl

void interrupt_timer1()

{
SET_TIMER1(3036);
BDT++;
}
VOID HIENTHI()
{
OUTPUT_B(MA7DOAN[GIAY %10]); OUTPUT_LOW(PIN_DO);
DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MA7DOAN|[GIAY/10]); OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
}
VOID MAIN()
{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(3036);
ENABLE_INTERRUPTS(GLOBAL); ENABLE_INTERRUPTS(INT_TIMER1);
GIAY =0; BDT=0;
WHILE(TRUE)
{
IF (BDT >=10)
{
BDT = 0;
IF (GIAY == 59) GIAY = 0;
ELSE GIAY++;
}
ELSE HIENTHI();
}
}

o Gidi thich chuong trinh:

Chuong trinh ‘Chl'nh thyc hién khoi tao Timerl dinh thoi dém 100ms (xem lai bai 6-2 va 6-3).
Gé}n gi’é tri GIAY bNéng 0, bién dém tran BDT bang 0, cho phép Timerl ngat khi tran con dugc goi la
bién dém ngat vi moi lan tran thi phét sinh ngat.

Vong lap while thyc hién kiém tra xem néu bién dém tran nhé hon 10 thi tién hanh goi ham hién
thi, thoi gian thuc hién chuong trinh con hién thi 16n hon 2ms va nho hon nhiéu so véi thoi gian dinh
thoi 100ms cua Timer.

Khi bién dém tran BDT bang 10 hodc 16n hon 10 thi twong dwong 1 gidy nén reset lai bién dém
tran, kiém tra va ting gié tri ctia giy.

O bai nay thi chuong trinh luén thyc hién cong viée thuong xuyén la quet 2 led hién thi, trong
khi d¢6 Timerl van dém: ca 2 hoat dong song — song cho dén khi Timer tran thi ngimg chuong trinh
chinh dé di thyc hién chuong trinh con phuc vu ngit 1a ting gia tri bién dém tran va khoi tao lai gia tri
bat dau chu ky méi cho Timer, sau khi lam xong thi tro lai chuong trinh chinh thyc hién tiép cong viéc
bi gian doan lic ngat.

Trong chwong trinh nay mach dém thoi gian chinh xac vi timer dém chinh xac va khi ngét xay ra
thi chi thyc hién hién 2 1énh c6 dinh nén thoi gian [udn 1a hang s6.
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Bai tdp 8-1:  HAy v& mach, viét lvu d6 va chuwong trinh mach dém phut gidy hién thi trén 4 led 7

doan két ndi theo phuwong phap quét.

Bai tdp 8-2:  Hiy v& mach, viét luru d6 va chuong trinh mach dém gio phut gidy hién thi trén 6 led 7

doan két ndi theo phwong phap quét.

Bai 8-3: Chuong trinh dp nhiét do dﬁqg cam bién LM35, dl‘lpg ADC cua vi diéu khiér} PIC
16F887 bao ngat sau khi chuyén doi xong, hién thi két qua do trén 3 led doan ket ndi
theo phuong phap quét, str dung dién ap tham chi€u Vpp va Vss.

o So d6 mach: giong nhu mach da trinh bay & chuwong 7.

ABCDEFGP
RBO/AN12/INT gi L7:-2
) RBUANTOCI2ING (2R3 L
2 RAD/ANOIULP/C12INO- RB2/ANS 33 1 ' I 2
-2 RATANT/C12INI- RBIANO/PGMIC12IN2- (32 5 —
4 RA2/AN2/VREF-ICVREF/C2IN+ RB4/AN11 I I
—g RA3/ANS/VREF+/C1IN+ RB5/AN13/TTG gg —
XT1 & RAgTOCKIC1OUT RBOICSPCLK [22 9
JAFL 75 RASAN4C20UTSS RB7/ICSPDAT 10 P
I*13 RAB/OSC2/CLKOUT s TL2
RA7/OSC1/CLKIN RCOT10sOTICK [2
20MHz RC1/T10sliccP2 HE i o
Lro —g REO/ANS RC2/T10SI/CCP1 % RD2 o
S = RevANG ReaiscriscL (18 RD: >
19 RE2/AN7 RC4/SDISDA {22
o 1 RE3VPP/MCIR RcsisDo |24 RDO
[ o—1>8 o RCEITX/CK 22
i oi—?—|z RCTRX/DT |28
1) O__R 7 10
e Q5 RB6 3 vss roo (19 _RDO
z|—@ vss RD1 [29RD1
GND ét; VDD RD4 (21 Egg
VCC VDD RD5/P1B —29 RD6
RDPIC (22
rRD7/P1D [22RD7
PIC16F887 IC1

Hinh 8-10: Mach do nhiét do ding cam bién LM35.

( BN ) ( neAtaDC )

v

KHO1 TAO ADC CHON KENH, TANG BIEN DEM SOLANDO
CHO PHEP ADC NGAT DOC KET QUA PO

v

CONG DON KET QUA PO

Y

SOLANDO=0, KQADC=0 (

RETI )

3 1

HIEN THI NHIET DO PO, RA LENH CHUYEN DOI ADC

SOLANDO =100

XU’ LY KET QUA PO KQADC, GIAI MA
[ 4 J
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Hinh 8-11: Liru do chuyén doi ADC ¢6 bdo ngit.

o Chuong trinh:

#INCLUDE<TV_16F887.C>

UNSIGNED INT16 KQADC=0;

UNSIGNED INT SOLANDO, MADONVI, MACHUC, MATRAM,;

#INT_AD

void interrupt_ADC()

{
SOLANDO++;
KQADC=KQADC+READ_ADC(ADC_READ_ONLY);

)
VOID GIAIMA()

{
MATRAM = MA7DOAN[KQADC/100];
MACHUC = MA7DOAN[KQADC/10 % 10];
MADONVI= MA7DOAN[KQADC % 10];

IF (MATRAM == 0XC0) MATRAM=0XFF;

)
VOID HIENTHI ()

{
OUTPUT_B(MADONVI); OUTPUT_LOW(PIN_DO);
DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MACHUC); OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
OUTPUT_B(MATRAM); OUTPUT_LOW(PIN_D2);
DELAY_MS(1); OUTPUT_HIGH(PIN_D2);

}

VOID MAIN()

{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);  SET_TRIS_A(0x01);
SETUP_ADC(ADC_CLOCK_DIV_2);

SETUP_ADC_PORTS(SANO);

SET_ADC_CHANNEL(0); SOLANDO=0;
ENABLE_INTERRUPTS(GLOBAL); ENABLE_INTERRUPTS(INT_AD);
WHILE(TRUE)

{
IF (SOLANDO<100)

{
HIENTHI();
READ_ADC(ADC_START_ONLY);

)
ELSE

{
SOLANDO=0;
KQADC= KQADC /2.046;
KQADC=KQADC,/100;
GIAIMA();
KQADC=0;

. Giadi thich chuong trinh:
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Chuong trinh chinh thyc hién khoi tao ADC (xem lai cac cua chuong 7). Khoi tao cho phep
ADC ngat.

Vong 1ap while thuc hi¢n kiém tra xem néu bién dém sb 14n do néu nhé hon ’1 00 thi chi thuc hién
chu:orng trinh con,hién thi nhiét do do lan truge va ra,lénh‘chuxén doi ADC. Khi so lan do bang 100 thi
tién hanh xtr 1y két qua do, giai ma va xoa két qua dém veé 0 dé thyc hién chu ky do trung binh lan ti€p
theo.

Lénh “READ_ADC(ADC_START_ONLY);” c6 chirc ning 14 ra Iénh chuyén doi.

Khi ra 1énh chuyén dbi thi cho ADC chuyén d6i xong s& béo ngat, chuong trinh con phuc vu
ngat cua ADC s€ tién hanh tang bién so6 lan do va cong don két qua do.

Lénh “READ_ADC(ADC_READ_ONLY);” ¢6 chirc ning 1a doc két qua chuyén doi.

Bai 8-4: Chuong trinh do nhiét do va dém gidy. Pém gidy ding timer dinh thdi bao ngit hién
thi gidy trén led 7 doan quét, do nhiét d6 dung cam bién LM35, dung ADC cua vi diéu
khién PIC 16F887 béo ngat sau khi chuyén d6i xong, hién thi két qua do trén 3 led
doan két ndi theo phuong phap quét, st dung dién ap tham chiéu Vpp Va Vss.

e S0 ddmach: 2 led hién thi gidy va 3 led hién thi nhiét 4o nén tong s6 led 1a 5.

ABCDEFGP
RBO/AN1ZINT [22 L7-2
RBUAN10/C12IN3- (22— R3 —
2l RAO/ANO/ULP/G12INO- RB2/ANS [22 4 ' Ig
—3 RA1/AN1/C12IN1- RB3/ANO/PGM/C12IN2- g‘; 5 —r [P
-4 RA2/AN2VREF-/CVREF/C2IN+ RB4ANT (3] 7 I I
2| RAIIANSVREF+/CIING RBS/ANTITTG 22 8 S
XT1 & RAgTOCKIC1OUT RBOICSPCLK [22 9 N
AFL 75 RASAN4IC20UT/SS RB7/ICSPDAT 10 ;
DI——13 RAG/OSC2/CLKOUT 5 TL2 h
RA7/OSC1/CLKIN RCOT10SOTICK H3
20MHz Rc1T10sIiccP2 HE s o B
LRo —g REO/ANS RC2/T10SI/CCP1 % RD2 o 5
3™ Jpq | ReEvANG ReaiscriscL (18 RD: > >
19 RE2/AN7 RC4/SDISDA {22
o 1 RE3/VPP/MCIR Rcsispo |24 RDO
N[ 05—98 a RCB/TX/CK %
,_[l orﬁ—% RCTRXDT |28
%] Ot
i, |05 RB6, Bl vss roo 1 RDO
zl—E vss rD1 |20 RD1
o RD2 121 RD2
VCC VDD RD5/P1B 9 RD6
RD/PIC (22
rRD7/P1D [22—RD7 4
PIC16F887 IC1

Hinh 8-12: Do nhiét d6 ding cam bién LM35 va dém gidy.

° Luu do:
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( BGN ) ( neATADC )
Y Y

KHO1 TAO TIMER, ADC CHON
KENH, CHO PHEP ADC, TIMER POC KET QUA PO

NGAT CONG DON KET QUA PO

v —

TANG BIEN DEM SOLANDO

SOLANDO=0, KQADC=0, BDT=0 ( — )

HIEN THI GIAY, NHIET 0 PO. C NGAT TIMER )
RA LENH CHUYEN DOI ADC +
A KHO1 TAO LAI TIMER.
SOLANDO = 100 XU LY GIAY
)
P —— ( rem )
XU LY KET QUA PO KQADC, GIAI MA
4 J

Hinh 8-13: Luu do chuyén déi ADC c6 bdo ngdt va dém gidy diing timer bdo ngit.

e Giai thich luu d6:
Hé théng thyuc hién 2 chirc ning dém gidy va do nhiét do. Ca 2 déu xur dung ngit, bai nay téng
hop ctia bai 8-2 va 8-3 dé cho thiy c6 thé mot tmg dung c6 thé sir dung nhiéu ngat.

Khi timer dém tran thi tién hanh xur Iy ngat cta timer thuc hién viée xur 1y gidy.
Khi ADC chuyén d6i xong thi tién hanh cong don két qua ADC.
. Chuong trinh:

#INCLUDE<TV_16F887.C>

UNSIGNED INT16 KQADC=0;

UNSIGNED INT GIAY,BDT,SOLANDO, MADONVI, MACHUC, MATRAM;
#int_timerl

void interrupt_timer1()

{
SET_TIMER1(3036);
BDT++;
IF(BDT>=10)
{
BDT = 0;
IF (GIAY == 59) GIAY = 0;
ELSE  GIAY++;
}
}
#INT_AD
void interrupt_ADC()
{
SOLANDO++;
KQADC=KQADC+READ_ADC(ADC_READ_ONLY);
}
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VOID GIAIMA()

{
MATRAM = MA7DOAN[KQADC/100];
MACHUC = MA7DOAN[KQADC/10 % 10];
MADONVI= MA7DOAN[KQADC % 10];
IF (MATRAM == 0XC0) MATRAM=0XFF;
}
VOID HIENTHI ()
{
OUTPUT_B(MADONVI);  OUTPUT_LOW(PIN_DO);
DELAY_MS(1); OUTPUT_HIGH(PIN_DO);
OUTPUT_B(MACHUC); OUTPUT_LOW(PIN_D1);
DELAY_MS(1); OUTPUT_HIGH(PIN_D1);
OUTPUT_B(MATRAM); OUTPUT_LOW(PIN_D2);
DELAY_MS(1); OUTPUT_HIGH(PIN_D2);
OUTPUT_B(MA7DOAN[GIAY %10]); OUTPUT_LOW(PIN_D3);
DELAY_MS(1); OUTPUT_HIGH(PIN_D3);
OUTPUT_B(MA7DOAN[GIAY/10]); OUTPUT_LOW(PIN_D4);
DELAY_MS(1); OUTPUT_HIGH(PIN_D4);
}
VOID MAIN()
{
SET_TRIS_B(0x00); SET_TRIS_D(0x00);  SET_TRIS_A(0x01);
SETUP_ADC(ADC_CLOCK_DIV_2);
SETUP_ADC_PORTS(SANO);
SET_ADC_CHANNEL(0); SOLANDO=0; GIAY=0; BDT=0;
ENABLE_INTERRUPTS(GLOBAL); ENABLE_INTERRUPTS(INT_AD);
SETUP_TIMER_1(T1_INTERNAL | T1_DIV_BY_8);
SET_TIMER1(0);
ENABLE_INTERRUPTS(INT_TIMER1);
WHILE(TRUE)
{
IF (SOLANDO<100)
{
HIENTHI();
READ_ADC(ADC_START_ONLY);
}
ELSE
{
SOLANDO=0;
KQADC= KQADC /2.046;
KQADC=KQADC/100;
GIAIMA();
KQADC=0;
}
}
}
. Giadi thich chuong trinh:
Chuong trinh chinh thyc hién khai tao ADC gidng nhu bai 8-3 va khéi tao Timerl gidng nhu bai
8-2.

Vong lap while thyc hién cac 1énh giéng bai 8-3.
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Chuong trinh con hién thi c6 churc niang hién thj nhiét d6 va gidy.

Khi timer dém tran thi phat sinh ngét va chuong trinh phuc vu ngét thuc hi¢n tang bién dém tran,
kiém tra néu dung 1 gidy thi tién hanh xu 1y giay.
Phan ADC gidng nhu da giai thich ¢ bai 8-3.

Trong

chwong trinh phuc vu ngit khong phai 1a hing s ¢6 dinh vi cac 1énh kiém tra bién dém

tran s& co 2 truong hop: khong thoa thi thoat — thoi gian thuc hién ngan hon, khi thoa diéu kién thi
thuc hién nhiéu 1énh hon va thoi gian dai hon, hién tugng nay trong 1 s6 chuong trinh s& gy ra sai s6
nhung ¢ bai nay do timer dém ddc 1ap va bao ngit nén khong gy anh hudng vi ta khai tao lai timer
ngay tir lic bat dau chuong trinh phuc vu ngit nén timer sé& ty dong dém chu ky tiép theo va khong phu
thudc vao cac 1énh con lai ctia chuong trinh con phuc vu ngit.

Bai #ip 8-3:  Hay v€ mach, viét luu d6 va chuong trinh mach dém gio phat gidy hién thi trén 6 led 7
doan két noi theo phuong phap quét va do nhi€t do hién thi trén 3 led 7 doan. Ca 2 déu
dung ngat.

Bai tdp 8-4:  Gibng bai 8-3 nhung ADC khong ding ngit.

Bai tdp 8-5:

Mot vi diéu khiél‘} PIC16F887 giao tiép voi 3 led 7 doan loai anode chung, 2 cam bién
nhiét d6 LM35 noi voi kénh ANO, AN1.

Hay viét luu d0 va chuong trinh chuyén d6i nhiét do dung ngat cia ADC dé biét qua
trinh chuyén doi xong, moi kénh chuyén doi trong thoi gian 5 gidy, dung timerl dém
thot gian va bao ngat dé chuyén kénh.

Bai tip 8-6:

Mot vi diéu khién PIC16F887 giao tiép v6i 4 led 7 doan loai anode chung, 1 led hién
thi so thir tu képh, 3 led con lai hién’ thi nhiét do, 4 cé’m bién nhiét do LM35 noi voi 4
kénh tr ANO dén AN3, ¢6 3 nit nhan: 1 nit chon che do tw dong hay bang tay, 2 nit
con lai la UP va DW, nhan UP la tang 1én dé chon kénh ADC cao hon, DW thi giam.
Hay Vié:E luu dd va chuong trinh 9chuyén déi nhiét do ¢ ghé do tu dong dung ngit cua
ADC d€ bi€t qua trinh chuyén doi xong, moi kénh chuyén doi trong thoi gian 5 giay,
dung timerl dém thoi gian va bao ngat d€ chuyén kénh.

O ché d6 bang tay thi chuyén kénh khi nhan UP hoic DW.

VI. CAU HOI ON TAP — TRAC NGHIEM

1. CAUHOI ON TAP

Cau 8-1: Hay cho biét tén cac thanh ghi lién quan dén ngat cua vi diéu khién PIC16F887.
Cau 8-2: Hay cho biét chirc ning cac bit trong cac thanh ghi ngit cua vi diéu khién PIC16F887.
Cau 8-3:  Hay cho biét vector dia chi ngét ciia vi diéu khién PIC16F887.
Cau 8-4: Hay cho biét cach xir Iy wu tién ngit cua vi didu khién PIC16F887.

2. CAUHOI MO RONG
Cau 8-5: Hay so sanh ngat cia vi diéu khién AT89S52 véi PIC16F887.
Cau 8-6: Hay so sanh ngat clia vi diéu khién PIC18F4550 v&i PIC16F887.

3. CAU HOI TRAC NGHIEM
Cau 8-1: Vi diéu khién PIC 16F887 c6 miy ngudn ngit:

(a) 17 (b) 14 (c) 15 (d) 16

Cau 8-2: Vi diéu khién PIC 16F887 c6 miy thanh ghi lién quan dén ngit:
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(@3 (b) 4 (€)5 (d) 6
Cau 8-3: Thanh ghi OPTION_REG chita miy ngudn ngit:

(@ 3 (b) 4 (€)5 (d) 6
Cau 8-4: Ngit nao cuia PIC 16F887 duoc xem la ngit trong:

(a) Timer0 (b) Timerl (c) Timer2 (d) ADC
Cau 8-5: Ngit nio cia PIC 16F887 dugc xem la ngat trong:

(a) RCIE (b) Timerl (c) Timer2 (d) INT
Cau 8-16: Bit nao ctia PIC 16F887 la bit cho phép ngat ngoai vi:

(a)IPEIE (b) GIE (c) TOIE (d) ADIE
Cau 8-7: Ngit nao ctia PIC 16F887 c6 mirc wu tién cao nhat:

(a) ADC (b) Timer0 (c) INT (d) Khéng co
Cau 8-8: Bit nao ctia PIC 16F887 1a bit cho phép/cAm ngit toan bd:

(a) PEIE (b) GIE (c) TOIE (d) ADIE
Cau 8-9: Mach dién xur Iy ngit cua PIC16F887 gdom cac cong:

(a) AND, NOR (b) AND (c) AND, OR (d) AND, OR, NOT
Cau 8-10: Vector dia ngét cua PIC16F887 la:

(a) 0000H (b) 0003H (c) 000BH (@e8osH
Cau 8-11: Ngit ngoai thir 1 cia AT89S52 ¢6 sb thir tu trong lap trinh C 1a:

(a) Thir 0 (b) Thu 1 (c) Thir 2 (d) Thu 3
Cau 8-12: Ngit truyén dir liéu cia AT89S52 ¢6 s thir tu trong lap trinh C 1a:

(a) Tha 5 (b) Thu 6 (c) Thir 4 (d) Thu 3
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Chuong 9

VI DIBU KHIEN PIC16F887:

TRUYEN DU LIBU UART

GIOI THIEU
TONG QUAN VE CAC KIEU TRUYEN DU LIEU
TRUYEN DU LIEU NOI TIEP PONG BQ VA KHONG PONG BO

TRUYEN DU LIEU CUA VI PIEU KHIEN PIC 16F887
=  TRUYEN DU LIEU EUSART
=  CAC THANH GHI PHUC VU CHO KHOI ESUART CUA PIC16F887
o Thanh ghi diéu khién va trang thai cia khdi phat TXSTA
o Thanh ghi diéu khién va trang thai cia khdi nhdn RCSTA
o Thanh ghi diéu khién téc dé truyén - BAUDCTL
CAC LENH TRUYEN DU LIEU EUSART
= LENH SETUP_UART(BAUD,STREAM)
=  LENH PUTS(STRING)
*  LENH VALUE = GETC(), VALUE = FGETC(STREAM), VALUE = GETCH()
*  LENH VALUE = KBHIT()
UNG DUNG TRUYEN DU LIEU EUSART

CAU HOI ON TAP —- TRAC NGHIEM
CAU HOI ON TAP
=  CAUHOI MORONG
»  CAUHOI TRAC NGHIEM



Dac thoe so pliam b thudt Nguyén Dint Phi

I. GIOI THIEU

Truyén dir liéu ndi tiép c6 nhiu tién ich trong diéu khién nén hdu hét cac vi diéu khién déu tich
hop, 6 chwong nay ching ta s¢ khao sat nguyén ly hoat dong truyén dir liéu dong b va khong dong bo,
cach viét chuong trinh truyén di liéu cho cac ung dung.

~ Sau khi két thic chuong ndy ban c6 thé sir dung dugc truyén dit liéu ndi tiép cua cac vi didu
Khién.
II. TONG QUAN VE CAC KIEU TRUYEN DU LIEU
C6 nhiéu kiéu truyén dir liéu pho bién tich hop trong cac ho vi diéu khién bao gom:

e Truyén dir liéu ndi tiép dong bd va bat dong bd (UART synchronous asynchronous
receiver and transmitter).

e Truyén dir lidu giita cac vi diéu khién véi cac thiét bi ngoai vi (SPI serial peripheral
interface).

e Truyén dir lidu 2 day (I2C: inter-integrated circuit).

O kiéu truyén ndi tiép dong bo thi c6 1 duong dir liéu va 1 dudng xung clock, thiét bi nao cip
xung clock thi thiét b1 d(,’)ng vai tro la cha, thiét bi nhan xung clock dong vai tro la to, toc do truyén dir
liéu phu thudc vao tan s6 xung clock.

O kiéu truyén ndi tiép bat déng bo thi ¢6 1 duong phat dir liéu va 1 duong nhan dir liéu, khong
con tin hiéu xung clock nén goi la bat dong bo. Dé truyen dugc dir liéu thi ca bén phat va bén nhén
phai tu tao xung clock ¢ cing tan sb va thuong goi la tdc do truyén dit liéu (baud), vi du 2400baud,
4800baud, ..., 2400baud c6 nghia 1a truyén 2400 bit trén 1 giay.

Hai kiéu truyén SPI va I2C s& duoc trinh bay & chuong tiép theo.
I1l. TRUYEN DU LIEU NOI TIEP PONG BO VA KHONG PONG BQ

Truyén dir ligu dong bg gdm cac dudng truyén dit liéu (DT) va tin hiéu xung clock (CK) — chirc
ning cuia CK dung dé dich chuyén dit liéu, méi 1 xung ck la 1 bit dit ligu dwoc truyén di.

Trong hé thong truyén dit liéu dong bo, hé thong nao cung cip xung CK thi déng vai tro 13
master (cht) — nhirng hé théng con lai nhan xung ck dong vai tro 1a slave (t6).

Tbc d6 truyén dit liéu chinh 13 tbc do cua xung ck — chinh 1a tan sé xung ck.

Vi du tan s6 xung ck 1a 1MHz thi téc d6 truyén dit liéu 1a 1IMBPS — 1M baud.

TD » TD XD > RXxD
RxD TxD
CK » CK CK CK
GND GND GND GND
HT1 HT2
MASTER SLAVE HTL HTZ
Hinh 9-1: H¢ thong truyén dong bé. Hinh 9-2: H¢ théng truyén bdt dong bé.

Truyén dir liéu khong dong by giong nhu hé thong truyén dir lidu ddng bd nhung khong c6 xung
CK. Khong con phan biét chu va t& — cac hé thong 1a ngang cip.

/60 Cliwong 9. Truyén di liéw aart.




Ngugén Dints Phi Dac boe su plham &g thadt

Moi 1 xung ck la 1 bit di¥ liéu dwoc truyén di — by gio khéng con xung Ck thi lam sao dé
truyén div ligu?

bé truyén dit liéu thi mdi hé théng phai c6 1 mach dao dong tao xung CK — hai h¢ théng s€ co 2
mach dao dong doc lap nhung phai cung tan sb hay cung tdc do.

IV. TRUYEN DU LIEU CUA VI PIEU KHIEN PIC 16F887

1. TRUYEN DU LIEU EUSART

Vi diéu khién PIC16F887 c6 khdi truyén dir liéu dong bg, bat dong bo da ning cai tién. Khoi
truyén dir liéu ndi tiép da ning bao gdm bd phat xung clock tao tdc do truyén, cac thanh ghi dich va bd
dém dir liéu rat can thiét dé thuc hién truyén hodc nhan dir liéu ndi tiép mot cach doc lap. Khdi
EUSART ciing c6 thé xem la giao tiép truyén dir liéu ndi tiép SCI (Serial Communication Interface),
c6 thé dinh cdu hinh cho truyén dir liéu bat dong b song cong hoic dong bd ban song cong.

Truyén dit liéu song cong duoc sir dung dé truyén dir liu giira cac hé thong ngoai vi nhu thiét bi
dau cudi CRT va may tinh.

Truyén dir liéu dong bd ban song cong dugc sir dung dé truyér} dir liéu gitra cac hé thong ngoai
vi nhu cac bo ‘ADC, DAC, bo nhé noi tiép Eeprpm hodc cac bd yi dieéu khién. Cac thi‘ét bi nay thuong
khong c6 nguon xung clock bén trong dé tao toc dd baud nén can phai st dung ngudn xung clock tur
bén ngoai.
Khéi truyén dit liéu ciia PIC16F887 c6 kha ning:
e Hoat dong truyén va dir liéu song cong bat dong bo.
e B0 dém nhan chira duoc 2 ki tu.
e B0 dém phat chira 1 ki ty.
e (C6 thé lap trinh chiéu dai dit liéu 8 bit hoic 9 bit.
e (C6 khdi phat hién dia chi 9 bit
e (C6 khdi phat hién bd dém nhan bi tran
e (C6 khdi phat hién 161 khung cta ki ty nhan vé.
e (C6 thé hoat dong ché do chu ¢ kiéu truyén dir liéu dong bd ban song cong.
e (C6 thé hoat dong ché do t& ¢ kiéu truyén dir liéu dong bd ban song cong.
o Cbthé lap trinh chon cuc cho xung clock & ché do truyén déng bo.

K’hfr)i’EUSART dugc str dung cho céc cAu trac mé rong theo sau, thich hgp cho hé théng bus
mang két ndi cuc bg (LIN: Local Interconnect Network):

e Ty dong phat hién va thiét lap tdc do baud.
e (o khbi danh thirc PIC khoi ché do ngi.
e Phat ki ty ngimg 13 bit.
2.  CAC THANH GHI PHUC VU CHO KHOI ESUART CUA PIC16F887
Hoat dong ctia khdi ESUART duoc diéu khién théng qua 3 thanh ghi nhu sau:
e Thanh ghi diéu khién va trang thai ctia khdi phat (TXSTA — transmit Status and Control).

e Thanh ghi diéu khién va trang thai cia khdi nhan (RCSTA — transmit Status and
Control).

e Thanh ghi diéu khién téc d6 baud (BAUDCTL — Baud Rate Control)

a.  Thanh ghi diéu khién va trang thdi ciia khoi phdt TXSTA
T4 chirc cua thanh ghi nhu hinh sau:
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R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R(1) R/W(0)

CSRS TX9 TXEN SYNC SENDB BRGH TRMT TX9D

Hinh 9-3: Thanh ghi TXSTA.
Bdng 9-1: Tém tat chirc ning cac bit trong thanh ghi TXSTA:
Bit Kihigu Chirc niing (cho phép = 1; cAm = 0)
TXSTA.7 | CSRS Clock Source Select bit:
O ché d¢ bat dong b thi khong c6 tac dung.
O che do bat dong bo thi c6 chire ndng:
CSRS = 1: Hoat dong ¢ ché d6 chu - phéat xung clock.
CSRS = 0: Hoat dong ¢ che d6 té - nhan xung clock.
TXSTA.6 | TX9 9 bit Transmit Enable bit.
TX9 = 1: thi truyén dit li¢u 9 bit.
TX9 = 0: thi truyén dir liéu 8 bit.
TXSTA5 | TXEN | Transmit Enable bit:
TXEN = 1: cho phép phat dir liu.
TXEN = 0: cam phat dir li¢u.
TXSTA.4 | SYNC | EUSART mode select bit:
SYNC =1: Cho phép truyen dong bo.
SYNC = 0: Cho phép truyén bat dong bo.
TXSTA.3  SENDB | Send Break Character bit
O che do khong dong bo: . )
SENDB = I: goi ngat dong b cho truyén dir liéu tiep theo
SENDB = 0: bao hi¢u truyén ngat dong bo da hoan tat.
O ché do dong bd: khong cd tac dung.
TXSTA.2  BRGH | High Baud Rate Select bit:
BRGH=1: ch@ do t@c do cao.
BRGH=0: ché d¢ toc do thap.
O ché do dong bd: khong cd tac dung.
TXSTA1  TRMT | Bit xdc dinh trang thai cua thanh ghi TSR.
TRMT xu6ng mirc 0 khi dang truyén dir licu.
TRMT Ién 1 khi da truyén xong.
TXSTA.0 | TX9D Bit uu dir li¢u phat thir 9.

So dd khdi ctia khdi phat nhu hinh sau:
Thiét lgp truyén dit ligu bit dong bé

e Thiét lap gi4 tri cho cfip thanh ghi SPBRGH va SPBRG va BRGH va bit BRG16 dé c6
toc do baud mong muon.

e Cho phép truyén dir liéu bat dong bod bing cach x6a bit SYNC lam bit SPEN 1én 1.
e Néu truyén dir liéu 9 bit thi thiét 1ap bit cho phép TX9 Ién 1.
e Lam bit TXEN 1én 1 dé cho phép truyén dir liéu.

e Néu mudn sir dung ngit thi cho bit TXIE lén 1, cho phép ngit ngoai vi va cho phép ngit
toan cuc.

e Néu truyén dir liéu 9 bit thi phai gan gia tri bit thir 9 cho bit TX9D

J T,ién hanh nap gia tri can truyén vao thanh ghi TXREG, khi d6 qua trinh truyén dit ligu s&
bat dau.

62 Cliwong 9. Truyén di liéw aart.




5 Dind D Dac boe su plham &g thadt
Data Bus
1!17 TXIE
Interrupt
TXREG Register }—*‘ TXIF
78
———————————————————————— 136 7] TX/CK pin
! Pin Buffer -
LI I 0 , and Control

”””””””””””””” TRMT
Baud Rate Generator
rost o).

: Fosc ! .

| ; I X9
' BRG16 ;

! Multiplier | x4 | x16 |x64|'

! ! TX9D

! | SYNC |1|x|o|o| o |!

: SPBRGH | SPBRG BRGH (x|1|1|0]| 0O :

: BRG16 |x|1|0|1| 0 ||

_________________________________

SPEN

Hinh 9-4: So do khoi ciia khoi phat div liéu ciia PIC16F887.

Dang song truyén dit lidu bat dong b nhu hinh sau:

Write to TXREG [ ((
BRG Output Word 1 2 ) —
utpu '
(Shift Clock) — L ' ) S—‘ . ‘
RC4/C20UT/TX/CK L : 1
pin N Startbit < bit0 X bit ><j VX bit78  stophit
TXIF bit T Word 1 : i
(Transmit Buffer - «1Tcy (( !
Reg. Empty Flag) U ) ) !
:
. Word1 —» !
(Tmnlm"ghﬁg Transmit Shift Reg :
Reg. Empty Flag) —[ ( (
) )

Hinh 9-5: Dang séng truyén di liéu.

Gidi thich dang song:

Dang song tin hi€u thir hai la BRG: 1a tin hi¢u tao xung clock dé dich dir liéu duoc phat lién tuc.

Dang song tin hi¢u thir nhét: 1a khi thuc hién 1énh ghi dir liéu can tmyén byte thir nhét vao thanh

ghi TXREG.

Dang song thir tu cho biét trang thai ctia cd bao ngat TXIF: tin hiéu tir 1 xudng 0 rdi 1én 1 tro lai
cho biét trang thai thanh ghi b dém con rong, thoi gian xuong mirc 0 chi ton tai 1 chu ky.

Dang song thir nim cho biét trang thai ctia bit TRMT: tin hiéu tir 1 xudng 0 dé cho biét qua trinh

dich dit liéu bat dau va tro lai mirc 0 khi di dich xong dit liéu.

Dang song thir ba 1a ngd xuat dit liéu ndi tiép ra ngoai: bit dau tién dugc phat 1a bit Start, tiép
theo 1a bit dir liéu thwr 0, 1, ..., dén bit dir li€u cudi cung la bit thir 7 néu truyén 8 bit, 1a bit thir 8 néu

truyén 9 bit, bit cudi cung 1 bit Stop.
Dang truyén thir 2 nhu hinh sau, ¢ kiéu nay thi truyén 2 byte:
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Write to TXREG I 1
BRG Output

((
))
(Shift Clock) L - L L SS_A \ \ |

RC4/C20UT/TX/CK

| I
pin C NSttt L bito X bit 1 )(j D bit7/8 Stopbit NStartbit < pito
TXIF bit 1TCY > - e Word 1 ~——\Word 2
(Interrupt Reg. Flag) L L ((
T - = 1Tcy ) )
TRMT bit Word 1. — Word2 ——
Reéﬁé‘ﬁp@%ﬂ‘g)‘ Transmit Shift Reg. Transmit Shift Reg.

((

) )

Hinh 9-6: Dang séng truyén 2 byte dir liéu.
Gidi thich dang song:

Dang song tin hiéu thi nhét: 1a khi thyc hién 1énh ghi dit liéu can truyén byte thir nhat vao thanh
ghi TXREG, sau d6 thuc hién ti€p byte thir 2. B dém c6 thé chira 2 byte d¢€ truyén di.

Dang song thir tu cho biét trang thai ciia co bao ngat TXIF: tin hiéu tir 1 xudng 0 16i 1én 1 tro lai
cho biét trang thai thanh ghi bo dém con rdng 1 byte, sau d6 nhan tiép byte thir 2 thi tin hiéu nay xudng
lai mic 0 va ¢ luén mirc 0 vi bd dém day. Sau khi truyén xong 1 byte thi by dém rdng nén tin hidu nay
1én 1 tro lai, ta c6 thé ghi dit liéu dé phat tiép.

Dang song thir ba 1a ngd xuat dit liéu ndi tiép ra ngoai: s& phat lan luot timg byte.
b.  Thanh ghi diéu khién va trang thdi ciia khoi nhidn RCSTA
T4 chirc ciia thanh ghi nhu hinh sau:

R/W(0) R/W(0) R/W(0) R/W(0) R/W(0) R(0) R(0) R(x)

SPEN RX9 SREN CREN ADDEN FERR OERR RX9D

Hinh 9-7: Thanh ghi RCSTA.
Bdng 9-2: Tém tat chirc ning cac bit trong thanh ghi RCSTA:

Bit Ki hiéu | Chirc ning (cho phép = 1; cAm = 0)

RCSTA.7 | SPEN Serial Port Enable bit:
SPEN = 1: cho phép port ndi tiép (cdu hinh cic chan RX/TD va TX/CK la cac
chan cho truyén dir liéu ndi tiép).
SPEN = 0: thi cAm.

RCSTA.6 | RX9 9 bit Receive Enable bit.
RX9 = 1: thi cho phép nhan dir liéu 9 bit.
RX9 = 0: thi cho phép nhan dir liéu 8 bit.

RCSTA.5 | SREN Single Receive Enable bit:
O ché d6 khong dong bo: khong cé tac dung.
O ché do dong bo - chu
SREN = 1: cho phép nhan don.
SREN = 0: cAm nhan don. Bit SREN bi x6a sau khi qué trinh nhan hoan tt.
O ché @6 dong bo - t6: khong c6 tac dung.

RCSTA.4 CREN Continuous Receive Enable bit:
O ché d6 khong dong bo:
CREN =1: Cho phép nhan.
CREN = 0: Cim nhan.
O ché do déng bo:
CREN = 1: Cho phép nhan lién tuc cho dén khi bit CREN bi x0a.
CREN = 0: Cam nhan lién tuc.
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RCSTA.3 | ADDEN Addrgss Detect Er]able bit
O ché d6 khong dong bo 9 bit: ,
ADDEN = 1: Cho phép phat hi¢én dia chi, cho phép ngat va nap bd dém nhan
khi bit RSR<8>’ Ién 1.
ADD!EN = 0: cam bo phét hiénNdia chi, tat ca cac byte dugc nhan va bit thir 9
c6 thé dung lam bit kiém tra chan 1¢.
O ché d6 khong dong bo 8 bit: khong c6 tac dung.
RCSTA.2 | FERR Framing Error bit:
FERR =1: xay ra 1oi khung dir li¢u.
FERR =0: khong c6 16i khung xay ra.
RCSTA.1 | OERR Overrun Error bit
OERR = I: xdy ra 16i tran.
OERR = 0: khong xdy ra 16i tran.
RCSTA.0 | RX9D Ninth bit of Regeive Data. ‘ 7 7
Bit nay dung dé luu dir li€u nhan ve cua bit thor 9 hoac c6 thé 1a bit kiém tra
chan 1é.

Khéi nhgn div liéu EUASRT

So dd khdi nhan ctua khéi EUASRT nhu hinh 9-6.

Dt ligu nhan vao ¢ chan RX/DT va qiéq khién khéi khoi phuc dir liéu. Khdi khoi phuc dit liéu 1a
khoi dich toc d§ cao hoat dong gap 16 lan toéc do baud,’ trong khi d6 thanh ghi nhan dir liéu (RSR:
Receive Shift Register) hoat dong dich dir liéu cung véi toc d6 baud.

Khi tat ca 8 bit hogc 9 bit di liéu dugc dich vao thi ngay 1ap tirc s& dugc truyén cho b dém chira
duoc g ki tu dang FIFQ, néu co th@m mot ky tu nita ma phan mém chua doc 2 byte da nhan thi s€ phat
sin}l 101 tran. Phan mém khong thé truy xuat b0 dém FIFO va thanh ghi RSR ma chi dugc phép truy
xuat thanh ghi RCREG.

Khoi tao qua trinh nhan dir li¢u:

. Ihiét lap gia tri cho cap thanh ghi SPBRGH va SPBRG va BRGH va bit BRG16 dé co
toc d6 baud mong mudn.

e Cho phép truyén dir liéu bt dong bd biang cach xéa bit SYNC lam bit SPEN 1én 1.
e Néu nhan dir liéu 9 bit thi thiét 1ap bit cho phép RX9 1én 1.
e Lam bit CREN Ién 1 dé cho phép nhan dit liéu.

e Néu mudn sir dung ngat thi cho bit RCIE 1én 1, cho phép ngit ngoai vi va cho phép ngat
toan cuc.

e Cobao ngit RCIF s& 1én 1 khi mot ki ty chuyén tir RSR sang bo dém, ngat s& phét sinh
néu duogc phép.

e Doc thanh ghi trang thdi nhan RCSTA dé kiém tra cac c& bao 15i.
e Nhan dir li¢u 8 bit tir thanh ghi RCREG.
e Néu c6 16i tran xdy ra thi x6a bit cho phép nhan CREN

Khéi tao qué‘trinh nhan glfr liéu & ché do phat hién 9 bit dia chi: ché do nay thuong dugc dung
trong h¢ thong truyén theo chuan RS-485.

o Thiét lap gia tri cho ca@p thanh ghi SPBRGH va SPBRG va BRGH va bit BRG16 dé co
toc do baud mong mudn.

e Cho phép truyén dir liéu bat dong bd bing cach x6a bit SYNC lam bit SPEN 1én 1.

e Néu mudn sir dung ngat thi cho bit RCIE 1én 1, cho phép ngit ngoai vi va cho phép ngat
toan cuc.
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_______

SPEN CREN OERR RCIDL

RX/DT pin ‘ ' msb RSR Register  LSb |
Pin Buffer Data

™ and Control Recovery | Stop | (8)) 7 see |10 st |

,,,,,,,,,,,,

' BRG16 !
:ﬁD—‘o Multiplier | x4 | x16 |x64}—" ;
! | SYNC |1|x|o|c| o ; \ \ \ :
, | SPBRGH | SPBRG BRGH |Xx|1]1|0]0 | FERR J RX9D| RCREG Register J FIFo
: BRG16 [x|1|0|1| 0 !
_______________________________________ g
Data Bus
RCIF
Hinh 9-8: So dé khoi ciia khoi nhén dit liéu ciia PIC16F887.
e Néu nhan dir liéu 9 bit thi thiét 1ap bit cho phép RX9 1én 1.
e Cho phép phat hién dia chi 9 bit bang cach cho bit ADDEN lén 1.
e Lam bit CREN Ién 1 dé cho phép nhén dit liéu.
e (0 bao ngat RCIF s& 1én 1 khi mot ki tu chuyén tir RSR sang bd dém, ngét s& phat sinh
néu dugc phép.
e Doc thanh ghi trang thai nhan RCSTA dé kiém tra cac co bao 16i. Bit ther 9 luon 1a 1.
e Nhan dir liéu 8 bit tir thanh ghi RCREG, phan mém s& tién hanh kiém tra dia chi cua thiét
bi.
e Néu c6 13i tran xay ra thi x6a bit cho phép nhan CREN.
e Néu ding dia chi cua thiét bi thi tién hanh x6a bit ADDEN dé cho phép nhan di liéu vao

bd dém va phat sinh ngit.

Dang séng nhan dir li¢u nhu hinh 9-7:

Start

Start
RX/DT pin \Ei 778 stop \ VT Y CYit 78/ st0p \ b A3 Xt 7ie/ stop
bit bit " it

Rev Shift

(( M (( M (( !
eg — 1
Rev Buffer Reg )) :T Word 1 J)) EVSQEZG T )) !
| RCREG |
RelbL T (¢ 1
Read R l !
) 3 )5 ””)
(( (( :
RCIF (( L
(Interrupt Flag) )) )) ))
OERR bit 5 S S S S S 1
CREN (( (( (( 3
)) )) )) Ea

Hinh 9-9: Dang song nhdn dir liéu.

Dang song tin hiéu thi nhét: 1a dix liéu nhan vé & chan RX/DT, ¢6 3 ki tu duoc nhan lién tuc.

Dang song tin hiéu thir hai: cho biét sau khi nhin xong 1 ki ty (nhan xong bit stop) thi nap luu
vao thanh ghi by dém.
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Dang song tin hiu thir ba: cho biét tin hiéu RCIDL xudng mirc 0 khi phat hién bit start va 1én 1
khi phat hi¢n bit stop.

Dang song tin hi¢u thit ndm: cho biét c& nhan RCIF 1én mirc 1 khi nhan duoc 1 ki tu va xuéng
muc 0 khi da tién hanh doc xong cac ki ty da nhan.

Dang song tin hiu thir su: cho biét bit bao 161 tran OERR 1én mirc 1 khi nhan téi 3 ki tu.
Dang song tin hidu thir bay: cho biét khi x6a bit CREN thi x6a ludn bit bao 18i tran OERR.

Dang song tin hi¢u thir tu: cho biét tién hanh doc 2 byte dit liéu (dd mat 1 byte), khi doc xong thi
x0a ludn co bao ngat.

c.  Thanh ghi diéu khién téc dé truyén - BAUDCTL
T4 chirc clia thanh ghi nhu hinh 9-8:

R(0) R(1) R/W(0) R/W(0) R/W(0) R/W(0)

ABDOVF RCIDL - SCKP BRG16 - WUE ABDEN

Hinh 9-10: Thanh ghi RCSTA.
Bdng 9-3: Toém tit chirc ning céc bit trong thanh ghi BAUDCTL:

Bit Ki hiéu Chikc niing (cho phép = 1; cAm = 0)
BAUDCTL.7 | ABDOVF | Auto — Baud detect Overflow bit: bit tw ddng phat hién tran toc d6 baud
O ché d6 khong dong bo:
ABDOVF = 1: cho biét timer tao toc do baud tu dong bi tran.
ABDOVF = 1: cho biét timer tao toc do baud tu dong khong bi tran.
O ché d6 dong bo: khong c6 tac dung.
BAUDCTL.6 | RCIDL Receive Idle Flag bit: bit co ngirng nhan
O ché d6 khong dong bo:
RCIDL = 1: cho biét bo nhin dang nging — 1én 1 khi phat hién bit stop.
RCIDL = 0: cho biét bt dau nhan bit start cho dén bit dit liéu cudi cung.
O ché d6 dong bo: khong c6 tac dung.
BAUDCTL.4 SCKP Synchronous Clock Polarity bit:
O ché d6 khong dong bo:
SCKP = 1: phat dir liéu dao dén chan TX/CK.
SCKP = 0: phat dir liéu khong dao dén chan TX/CK.
O ché do déng bo:
SCKP = 1: dir liéu dugc dich khi c6 canh 1én cia xung clock.
SCKP =0: dir liéu dugc dich khi ¢6 canh Xuéng cua xung clock.
BAUDCTL.3 BRG16 16 bit Baud Rate generator bit
BRG16 = 1: st dung b tao toc do baud 16 bit.
BRG16 = 0: sir dung bo tao tdc do baud 8 bit.
BAUDCTL.1 WUE Wake — up Enable bit: bit cho phép danh thirc CPU
O ché d6 khong dong bo:
WUE = 1: cho phép b nhan chd cho dén khi ¢ xung canh xudng. S&
khong c6 ki tw nao duwoc nhan néu bit RCIF thiét 1ap & mirc 1. WUE s&
tu dong xda sau khi bit RCIF 1én 1.
WUE = 0: B nhén hoat dong binh thuong.
O ché d6 dong bo: khong co chirc ning.
BAUDCTL.0 | ABDEN Auto-Baud Detect Enable bit: bit cho phép phat hién téc do baud tu
dong.
ABDEN = 1: cho phép hoat dong toc d6 baud ty dong.
ABDEN = 0: khong cho phép hoat dong téc do baud tu dong
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‘ B0 phat tdc do baud ‘(Baud RaterGenerator) 1a timer § bit hodc 16 bit dé tao toc dd cho hoat dong
truyén dir lifu ESUART dong bd va bat dong bd.

Mic nhién thi khoi tao toc do baud BRG hoat dong ché do 8 bit, néu cho bit BRG16 bang 1 thi
hoat dong ché do 16 bit.

Cip thanh ghi SPBRGH va SPBRG xéc dinh chu ky tao tbc d6 baud cua timer.

Trong ché d6 truyén dong bd thi bo nhan chu ky tdc d6 baud duoc xac dinh bdi ca 2 bit BRGH
trong thanh ghi TXSTA va bit BRG16 trong thanh ghi BAUDCTL.

Trong ché d6 truyén bat dong bo thi bo nhan chu ky tdc do baud chi duoc xac dinh boi bit
BRGH.

Bdng 9-4: Tém tit cac cong thic tinh toc do baud:

Configuration Bits
BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH

] 0 0 8-hit/Asynchronous Fosc/[64 (n+1)]
0 0 1 8-bit/Asynchronous

Fosc/[16 (n+1)]
0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous
1 0 X 8-bit/Synchronous Fosc/[4 (n+1)]
1 1 x 16-bit/Synchronous

Ung v6i timg trang thai cia 3 bit SYNC, BRG16 va BRGH ma c6 cac cong thirc tinh toc do
baud tuong tng. Trong cong thirc tinh toc d§ baud thi n 1a gia tri cia cap thanh ghi SPBRGH va
SPBRG.

Vi du 9-1: Hay tinh gid tri n cua cip thanh ghi dé téc do truyén 1a 9600BAUD, sir dung thach anh
c6 tan sb 16MHz, hoat dong bat dong bo, bo phat toc d6 BRG 8 bit.

Cong thirc tinh tbc d6 baud: TDTDL=TDBAUD = Fosc = Fosc
64(n+1) 64([SPBGRH : SPBRG]+1)

Fosc _,_ 16000000
64xTDBAUD 64 x 9600
Gia tri dé nap cho cip thanh ghi 1a 25, khi d6 tc do thuc la:

Fosc ~ 16000000
64([SPBGRH : SPBRG]+1) 64(25+1)

TDBAUD,,, ~-TDBAUD _ 9615—9600
TDBAUD 9600

Tinh gia tri cua c@p thanh ghi: SPBGRH : SPBRG = -1=25,041

TDBAUD, ,, = 615

=0,16%

Sai s6 so véi tde dd 9600 la: SAISO =

V. CAC LENH TRUYEN DU LIEU EUSART CUA PIC16F887
Céc Iénh ciia ngdn ngit 1ap trinh C lién quan dén ngit bao gom:
1. LENH SETUP_UART(BAUD, STREAM)

Cu phép: setup_uart(baud, stream), setup_uart(baud), set_uart_speed(baud,[stream])

Théng s6: baud, _stream co the la 1 hogc 2 hang s6: hang s thir nhat 14 toc do, hang sO thir 2 1 tén
clia cong giao tlep néu hé thong c¢6 nhiéu cong giao tiép EUART dé phan biét. Néu chi
c6 1 thi khong can thong so thar 2.

Chirc nang:  thiét 1ap téc d6 baud cho EUART.
C6 hiéu Iyc:  cho tét ca cac vi diéu khién PIC.
Vidu9-2:  thiét lap téc d6 9600 baud: setup_uart(9600);
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2. LENH PUTS(STRING)

Cu phap: puts(string)
Thong sb: string 1a chudi ky tu goi di.

Chirc ning:  ¢6 chirc nidng goi timg ki tu ra port ndi tiép, sau khi goi xong chudi ki ty thi ty dong goi
thém ki ty RETURN (c6 ma la 13) va ki ty xuong hang (LINE-FEED c6 md Ia 10).

Co hiéu luc:  cho tat ca cac vi diéu khién PIC.
Viduy 9-3: puts(“ | HELLOJ| );

3. LENH Value = Getc(),Value = Fgetc(Stream), Value = Getch(), Value = Getchar()

Cu phap: value = getc(),value = fgetc(stream), value = getch(), value = getchar()
Thong sb: stream 13 tén ctia cong EUART néu c6.
Chuc nang:  ¢6 chirc ning cho cho dén khi c¢6 ki ty goi dén thi nhan.
C6 higu lyc: cho tat ca cac vi diéu khién PIC.
Vi du 9-4: Kitu = getch();
4. LENH value = KBHIT()

Cu phap: value = KBHIT()
Thong so: khong co

Chtrc ndng:  c6 chuc nang tra ve két qua dang néu c6 ki ty da nhan va tra vé két qua sai néu khong
co ki tu.

Co hiéu luc:  cho tat ca cac vi diéu khién PIC.
Vidu9-5:  if (KBHIT) kitu = getch();  // néu c6 ki tu thi nhan
UNG DUNG TRUYEN DU LIEU EUSART CUA PIC16F887

Phan nay trinh bay cac ung dung truyén dir liéu don gian cua PIC16F887, qua cac (mg dung nay
gitip ban biét sir dung chirc ning truyén dit liéu cua PIC16F887.

Bai 9-1: Mot hé thong truyen dir liéu gitra may tinh va diéu khién PIC 16F887: may tinh s€ goi
dir liéu xubng vi diéu khién, vi diéu khién s& nhan dir liéu va goi ra portD ndi véi 8
led. May tinh sir dung phin mém Terminal.

Téc do truyén 1a 9600 baud.

° So d6 mach:

Trong so d6 mach ¢ dung IC2 c6 tén la MAX232 dung de cpuyén d6i tin hiéu RS232 cta cong
COM ctia may tinh thanh chuan TTL dé tuong thich véi vi diéu khién.

IC MAX232 ¢6 tich hop 2 bo chuyen doi, trong mach nay chi dung 1 bg chuyén d6i. Cac tu dién
trong mach theo s tay ciia IC do nha ché tao cung cap.

Truyén dir liéu UART thuong ding cong giao tiép 1a 9 chan co tén la COMLI (trude dung cong
25 chan nhung da bo). Cha y khi v& mach in (PCB) thi ban phai chon cong COM 9 chén loai han vao
mach in va khi chpn linh kién ban phai chon ding loai cai. Cac day cap két ndi sir dung dau jack duc
nén s€ giup ban két noi ding.

St dung portD dé diéu khién 8 led don, thach anh sir dung 13 20Mhz.
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VCC GND
47UF C4
C2 C5 | 47UF|
A2 e,
V+ 2
47UF 3f o,
33 C3 |4 v P
RBOAN12/INT |32 c2+
RBUAN10/C12IN3- |22
—g RAO/ANO/ULP/C12INO- RB2/ANS % 47UF 8] ;.
= RATAN1/CI2IN- RBIANOPGMIC12IN2- 122 x “ "
- RA2AN2IVREF-/CVREF/C2IN+ Re4/aNt1 T 4 v T1ouT B
2| RAY/AN3IVREF+/C1IN+ RES/ANIITTG |22 A on Tour &
XT1 -8 Ra¢rTockiCtoUT RBE/CSPCLK (33 4 RIOUT  RIN
AL i RAsiAN4c20UTSS RB7/CSPDAT 42 RX 2 ROUT R2IN
I—— RAB/OSC2/CLKOUT
vee 13] RA7/OSC1/CLKIN RCO/T10SO/T1CKI % MAX232
20MHz . RC1T10SICCP2 |12 RHOO ) Loo
—IR2 ~| REOANS RC2/T10SVCCPT |2 —— AN
S P 70| REVANG RCISCKISCL |2 R|1-01 , N o
= 4| REZANT RC4/SDISDA = ——AANSP——
o RE3PPVICLR Ros/spo 24 RLO2 Nt
=2 [3) 2 1 2 L02
d 195120 o ROB/TX/CK  [2o— Wé\/\/\l—ﬂ——'
= O Z RC7/RX/DT N
wu O4}RB7 10 1 2 3 |
(3 o g o |2 AR
= Vss RD1 f20 AN
© RD2 1o R 22 105
GND ' vop RD4 |2 RLO6 ~
2| VBB 28 1 2 LO6
vce RDS5/P1B MNP
29 [ RLO7
RDe/P1C (22 L o N o7
PIC16F887 IC1 b GND

Hinh 9-11: Hé thong truyén dir liéu giita mdy tinh va vi diéu khién.

° Luu do:

( BEGIN-Pc )
Y

KHO1 TAO PHAN MEM
TERMINAL
CHON CONG, CHON TOC PO

( BEGIN-vEK )
v

KHO1 TAO TRUYEN DU LIEU,
PORT

/L

NHAN DU LIEU GO RA PORTO

L J

Hinh 9-12: Luru d6 diéu khién truyén dir liéu.

° Chuong trinh: cho vi diéu khién nhan dix liéu

#INCLUDE <TV_16F887.C>

#USE

UNSIGNED INT8 RDATA=0;

VOID MAIN()
{

SET_TRIS_D(0x00);

WHILE(TRUE)
{

IF(KBHIT())

{

OUTPUT_D(RDATA);

RDATA = GETCH();
OUTPUT_D(RDATA);

rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)

/70

Cliwong 9. Truyén di liéw aart.




Ngugén Dints Phi Dac boe su plham &g thadt

J Giai thich chuong trinh:
Hang tht 1 13 khai bao thu vién sir dung gidng cac bai da viét.
Hang thtr 2 khai bao thiét 1ap truyén dir liéu gdm 3 thong sd: chon téc do truyén 1a 9600 baud,
chon port phat dit li¢u 1a chan thi 6 ctua portC, chon port nhan dir li€u la chan thir 7 cua portC.
~ Theo so dd chan thi 2 chan RC6 va RC7 1a TD va RD nhung ban ciing c6 thé chon chan khac dé
ket noi ciing dugc, khi d6 ban phai hiéu chinh mach dié€n va ca chuong trinh.

Trong vong lip while thi tién hanh kiém tra xem néu c6 dit liéu thi tién hanh nhan va xuit ra
portD.

o Giao dién phan mém Terminal:

: Baud rate [rata bitg ) —Farity Stop bits) Handshaking
" 600 " 14400 57600 "5 ¢ none || 5 1 (+ none
" 1200 19200 ¢ M5200 f o~ ¢ " odd " RTS/CTS
(" 2400 (" 28300 ¢ 126000 § - - " even || {15 " WOMAOFF
(" 4800 " 38400 256000 " mark = RTS/CTS+0M/<0FF
Duit = 9600 (" 56000 " custom J| * 8 " space|| ¢ 2 " RTS on T

Settingz
s [ Auto Dig/Connect [ Time [ Stream log custom BF - Fix Clear ASClitable | Scripting
et Fant . =
[ AutoStart Script [ CR=LF [~ StaponTop |95|:”:| |2? ﬂ Graph Femaote

Receive

CLEAR |  FesetCounter | |13 %] Counter= 0 ;Egéﬂ ": E:E [ Bin StartLog

Tranzmit

CLEAR | SendFile | [~ CR=CR+LF
bl acros
SetMacrns| b1 | b2 | b3 | Ma | W5 | ME | M7 | M3 | M3 | MI10] M1 M12|

Connected

[

Hinh 9-13: Giao dién phan mém Terminal dé goi dir liéu.

_Ban phai xem trong “Device Manager” dé xem cong COM dang sir dung la COM thtr bao nhiéu
va tién hanh chon cho ding cong COM port, trong tai liéu nay may tinh str dung cong COMS.

Tbc d6 mic nhién cua phﬁn mém 13 9600 baud.

Ban tién hanh chon muc “Connect”, sau khi két noi thanh cong thi tén ciia nit nhan trd thanh
“Disconnect”.

Hang tring bén dudi ban danh ky tu can goi va nhan enter thi phan mém s& gdi xuéng may tinh.
Trong hinh thi da gaoi ky tu so 2.
) Phan mém Terminal go1 ky tu ¢ dang ma ASCII. Khi goi s0 2 thi may tinh s& goi ma ASCII ciia
s0 2 1a 0x32, dir li¢u dieu khién portD sé& 1a 00110010.
Muc dich ciia bai nay cho cac ban thay cach viét chuwong trinh truyén dir liéu kha don gian, cac
bai tiep theo s& hi€n thi dugc nhi€u ky tw va rd rang hon vi du ban goi so 2 trén may tinh thi ban c6 the
nhin thay dugc s6 2 hién thi trén LCD bén vi di€u khién, ban c6 thé gdi 1 chuoi nhicu ky tu.
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Bai 9-2: Mot hé thong truyen dir li¢u gitra may tinh va diéu khién PIC 16F887: mdy tinh s goi
dir liéu xuong vi dieéu khién, vi diéu khién s€ nhan dir liéu va hién thi trén LCD. May
tinh sir dung phan mém Terminal.

Tdc do truyen la 9600 baud.
. So d6 mach:
VCC GND
RBO/AN12/INT 47UF c4
RB1/AN10/C12IN3-
—g RAQ/ANO/ULP/C12INO- RB2/AN8 7] |_1 c2 < 47UF
—4 RA1/AN1/C12IN1- RB3/AN9/PGM/C12IN2- J_ C1+ b
—] RA2/AN2/VREF-/CVREF/C2IN+ RB4/AN11 V+
—2 RA3/AN3/VREF+/C1IN+ RBS5/AN13/T1G M—B C1- s
XT1 —1 RA4/TOCKI/C10UT RB6/ICSPCLK 3 4 V-
1 D 5 % RAS5/AN4/C20UT/SS RB7/ICSPDAT — C2+
RAB/OSC2/CLKOUT
vee | 131 RA7/OSG1/CLKIN RCO/T10SO/T1CKI Tarur g co-
20MHz . RC1/T10SIICCP2 “ "
R2 REQ 8 REO/ANS RC2/T10SI/CCP1 T1IN T10UT
é REL 9 RE1/AN6 RC3/SCK/SCL 19 T2IN T20UT 7
= Pt RE219 Reo/an7 RC4/SDI/SDA 12} Riout RIN P2
l O% BN 1 RE3VPPMCLR RC5/SDO 24 RX A RooUT  R2IN
o ( )—3 O e} RC6/TX/CK MAXD3D
- 04—3?—% RC7/RX/DT
& O>—RB6 2 vss roo 12 RDO
“ %I—E Vss rRD1 20 RD1
o rD2 |2 RD2
GND 11 Ro3 |22 T
GEZ VDD RD4 28 RD5
vCe VDD ROSP'E 2o RDG 5 GND
RD7PID |22 RD7 >
PIC16F887 Ic1 S VRGO
REO >—‘ A
<|wlo v\oggle“:ggg Ll o I8
[ig |§ [agayayaNaNaNaNa) g 2 %
Hinh 9-14: Hé thong truyen dir liéu giita mdy tinh va vi diéu khién, hién thi LCD.
So d6 mach dung LCD dé hién thi dugc ma ASCII dé tuong thich véi may tinh.
° Luu do:
( BEGIN - PC ) ( BEGIN - VDK )
KHO1 TAO PHAN MEM KHO1 TAO TRUYEN DU LIEU,
TERMINAL KHO'1 TAO PORT, LCD
CHON CONG, CHON TOC O
GO1 DU LIEV B
l NHAN DU LIEU HIEN THI TREN LCD
Hinh 9-15: Luwu do dieu khién truyen dir liéu, hién thi trén LCD.
° Chuong trinh: cho vi di€u khién nhan dit liu

#INCLUDE <TV_16F887.C>
#INCLUDE <TV_LCD.C>

#USE

rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)

UNSIGNED INT8 RDATA=0,];
const unsigned char HANG1[16]={"GIAO TIEP MAY TINH"};

VOID MAI

NO

7z
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{
SET_TRIS_E(0x00);

LCD_SETUP();

SET_TRIS_D(0x00);

LCD_COMMAND(ADDR_LINE1); DELAY_US(10);

FOR (I=0;1<16;1++)

{ LCD_DATA(HANG1[I]);}

LCD_COMMAND(ADDR_LINE2); DELAY_US(10);

WHILE(TRUE)

{
IF(KBHIT())

{

RDATA = GETCH();

}

LCD_DATA(RDATA);

J Giai thich chuong trinh:

V& co ban thi chuong trinh ndy chi khéc 1 dung LCD dé hién thi duoc cac ky ty tir may tinh goi
xudng vi LCD hién thi ky ty mi ASCII.

Do LCD sir dung 1a 16x2 ¢6 thé hién thj dugc 16 ky tw nén ban ¢6 thé goi duge 16 ky tu hién thi
trén LCD cung 1 luc, néu gdi nhi€u hon thi cac ky tu thtr 17 s€ khong nhin thay.

O bai minh hoa nay ta da goi dir liéu tir may tinh xudng hién thi trén LCD nhung chua thyc hién
gd1 dir ligu tur vi dieu khién 1€n may tinh. Bai ti€p theo ta s€ minh hoa cho ca 2 chicu.

Bai 9-3:

Mot hé thong truyén dit liéu gitta may tinh va diéu khién PIC 16F887: may tinh s& goi

dir liéu xudng vi diéu khién, vi diéu khién s& nhan dir liéu va hién thj trén LCD. Khi
nhan 1 phim bat ky cua ban phim ma tran 4x4 thi ma phim d6 hién thi trén LCD &
hang 1, dong thoi goi vé may tinh.

May tinh str dung phdn mém Terminal.
Téc d6 truyén 1a 9600 baud.

° So dd mach:

VCC GND
RBO/AN12/INT %8? 47UF CI
RB1/AN1O/C12INS- 23— k
—g RAO/ANO/ULP/C12INO- RB2/ANS %Cz = 1102 S5 | 47UF
= RATAN1/C12NI- RBIANOPGMC12IN2. (22—C3 L ci+ ,
-4 RA2/AN2VREF-/CVREF/C2IN+ rReantt EL_HO 4 7UF 3 Vi
S| RAIIANSVREF+/C1IN+ RB5/AN13/TTG F:; A
XT1 -8 Ra4TOCKIC10UT RB6/ICSPCLK |22 V-
| ) % RAS/AN4/C20UT/SS RB7/CSPDAT (42 H3 J_CTL“ co+
I—— RA6/OSC2/CLKOUT
vee 13 RA7/OSCI/CLKIN RCO/T10SO/TICKI % 47UF 5
20MHz . RciTioSlCCP? (12 “ "
LR RF—O—Q REO/ANS RczioslicePt (1L o MR
S py REIE RE1/ANG ReaisciscL |2 A 2N 00T E-
! REZ—1 RE2/AN7 Rea/spyspa (22 2l riouT  RIN
@ BN RE3VPP/MCLR Resispo 24 RX —| R20UT  R2IN IB—
21>8 RCBITX/CK
= Nl Oa—?—|z RC7TRX/DT |2 MAX232
Y O TREE @ 5 19
e, |O2}RB6 Vss RDO RDO
z|—ﬁ VSs RD1 (22 RD1
) 21 RD2
RD2
RD3 (22 Bh3
veo VDD RDsP1B (28 b2 0 GND
RD6PIC (22 0
RD7/P1D _RD7 >
REZ
PIC16F887 IC1 RE aVRLCR 1
> — 4
O ||| w
<|wo|o mlololeleclel] clal ol o[-
DCE [ajayaNalaNaNala] [a]
1 [ —1 3 1 [ —} 3 4 8 < 9]
= = W IERRRRANRNNNNEEE
1 db | g b s
= : 1 1 IRRRRRNERRRNEEEN]
N —EIRE B 1 RKY
=g =3 1= =
1 2RK4
N —EIRE B
r'7'—_‘ I—l3l—_‘ [S)
o
s

Hinh 9-16: Hé thong truyén dir liéu gitka mdy tinh va vi diéu khién, ¢6 LCD, ban phim.
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So d6 mach them phﬁn giao tiép ban phim ma tran 4x4 dé thuc hién chirc ning khi nhan phim
nao thi ma phim do6 s€ hién thi trén LCD dong thoi gdi vé may tinh.

o Luu do:
( BEGIN-PC ) BEGIN - VDK

\ KHO' TAO TRUYEN DU

M& PHAN MEM TERMINAL LIEU, KHO1 TAO PORT,

CHON CONG CHON TOC LCD
€6 DU LIEV w
S S
V D B
GO1 DU LIEU " - n -

l NHAN DU LIEU HIEN THI TREN LCD XU LY, HIEN THI TREN LCD, GO1 DI

Hinh 9-17: Luu do diéu khién truyén dir liéu, c6 thém LCD va ban phim.

o Chuong trinh:

#INCLUDE <TV_16F887.C>

#INCLUDE <TV_LCD.C>

#INCLUDE <TV_KEY4X4.C>

#USE rs232(baud=9600,xmit=pin_c6,rcv=pin_c7)

UNSIGNED INT8 RDATA=0, MP, I, TDATA, VITRI_H1=0, VITRI_H2=0;

const unsigned char HANG1[16]={"GIAO TIEP MAY TINH"};

VOID MAIN()

{
SET_TRIS_E(0x00); SET_TRIS_D(0x00);
SET_TRIS_B(0xF0); PORT_B_PULLUPS(0XFO0);
LCD_SETUP();

LCD_COMMAND(ADDR_LINE1); DELAY_US(10);
FOR (I=0;I<16;1++) { LCD_DATA(HANG1[I]);}

WHILE(TRUE)

{
IF(KBHIT())
{

LCD_COMMAND(ADDR_LINE2+VITRI_H2); DELAY_US(10);
RDATA = GETCH();
LCD_DATA(RDATA);
IF (VITRI_H2==16) VITRI_H2=0;
ELSE VITRI_H2++;
}
MP= KEY_4X4();
IF (MP!=0XFF)

{
LCD_COMMAND(ADDR_LINE1+VITRI_H1); DELAY_US(10);
IF (MP<10)  TDATA = MP+0X30;
ELSE TDATA = MP+0X37;
PUTC(TDATA);
LCD_DATA(TDATA);
IF (VITRI_.H1==16) VITRI_H1=0;
ELSE VITRI_H1++;
}

. Giadi thich chuong trinh:
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Chuong trinh chinh thyc hién 2 yéu cau:

Yéu cau thir 1: Kiém tra néu c6 dir lidu tir may tinh gdi xudng thi tién hanh hién thi ¢ hang 2.

Yéu cau thir 2: Goi chuong trinh con quét ma tran phim, néu c6 phim nhén thi tién hanh kiém tra
néu cac phim s6 ¢6 ma tir 0 dén 9 thi chuyén sang ma ASCII bang cach cong them 0x30 r61 hién thi va
g0 v€ mdy tinh, néu la cac phim c6 ma tir 0x0A deén OxOF thi cong thém 0x37 d€ chuyén thanh cac ky
tu tuong Gng tir A dén F d¢€ hién thi trén LCD va gdi vé may tinh.

Do mdi hang chi hién thi dugc 16 ky tu va 2 hang doc lap vé dia chi nén phai thiét 1ap dia chi
trude khi goi dir liéu, khi goi 1 ky tu ra LCD thi dia chi tang 1én 1, khi bang 16 thi cho dia chi v€ 0 d€
ve lai dau hang.

Bai tdp 9-1:  Hay hiéu chinh chuong trinh bai 9-3 dung ngat dé nhan dir licu.

Bai 1dp 9-2: Mot hé thong diéu khién dung 2 vi diéu khién PIC 16F887: vi dicu khién A ¢6 portD
ndi v6i 8 led don, vi diéu khién B cling ¢6 portD ndi véi 8 led. Dir ligu 8 bit tir vi dicu
khién A di€u khién portD dong thoi goi sang vi diéu khién B dé hién thi ra 8 led.

Hai vi diéu khién giao tiép bat dong bd téc do 9600 baud.
Hay v& so d6 mach, viét luu d6 va chuong trinh.

Bai tdp 9-3: Mot hé thong diéu khién dung 2 vi diéu khién PIC 16F887: vi diéu khién A két ndi voi
2 nat nhdn ON va OFF, vi diéu khién B ndi vé6i 8 led. Khi nhan ON thi vi diéu khién A
goi dir liéu sang vi diéu khién B lam 8 led don sang, khi nhan OFF thi goi ma lam 8
led tét.
Hai vi diéu khién giao tiép bat ddng bd téc d6 9600 baud.
Hay vé& so d6 mach, viét luu dd va chuong trinh.

VII. CAU HOI ON TAP - TRAC NGHIEM

1. CAU HOI ON TAP
Cau 9-1: Hay cho biét tén cac thanh ghi lién quan dén truyén dit liéu cta vi diéu khién PIC16F887.
Cau 9-2: Hay cho biét chirc ning cua cac bit trong thanh ghi TXSTA cua vi diéu khién PIC16F887.

Cau 9-3: Hay cho biét chic ning cua cac bit trong thanh ghi RCSTA cua vi diéu khién PIC16F887.

Cau 9-4:  Hay cho biét chirc ning clia cac bit trong thanh ghi BAUDCTL ciia vi diéu khién
PIC16F887.

2. CAUHOI MO RONG
Cau 9-5:  Hay tim hiéu truyén dit liéu cta vi diéu khién PIC18F4550 va so sanh véi PIC16F887.
3. CAUHOI TRAC NGHIEM

Cau 9-1: Vi diéu khién PIC 16F887 c6 miy ché do truyén dir liéu ESUART:

(a) 2 (b) 3 (c) 4 (d)5
Cau 9-2: Vi diéu khién PIC 16F887 khi truyén dong bd thi cc tin hiéu c6 tén la:

(a) RxD, TxD (b) RxD, CK (c) TD, CK (d) TD, TK
Cau 9-3: Vi diéu khién PIC 16F887 khi truyén bat dong bo thi cac tin hiéu co tén la:

(a) RxD, TxD (b) RxD, CK (c) TD, CK (d) TD, TK
Cau 9-4: Vi diéu khién PIC 16F887 thi thanh ghi nao thiét 1ap toc do truyén dit liéu:

(a) TXSTA (b) RCSTA (c) BAUDCTL (d) TMOD
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Cau 9-5: Trong cong thirc tinh toc d6 ctia PIC16F887 thi bién “Fosc” la:

() Tan s6 dao dong cia timer T1 (b) Tan s6 dao dong cua ty thach anh
(c) Tan sb dao dong cua timer TO (d) Tan sé dao dong cua ADC
Cau 9-21: Cap thanh ghi nao ciia PIC16F887 luu gia tri dé tao téc do baud:
(@) TXSTA, RCSTA (b) BAUDCTL, RCSTA
(c) TSPBGRH, SPBRGL (d) TSPBGRH, SPBRG
Cau 9-22: Vi diéu khién PIC 16F887 sir dung timer nao dé thiét 1ap toc do truyén dir liéu:
(a) TO (b) T1
(c) T2 (d) Khong dung timer
Cau 9-23: Bit cho phép ngit va co ngit nhan dir liéu cua PIC 16F887:
(a) RCIF, TXIF (b) TXIE, TXIF
(c) RCIE, RCIF (d) TXIE, RCIE
Cau 9-24: Bit cho phép ngit va co ngét phat dir liéu cia PIC 16F887:
(a) RCIF, TXIF (b) TXIE, TXIF
(c) RCIE, RCIF (d) TXIE, RCIE
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Chuong 10
S N4

VI ﬁE’i@ K..,._;H'I'E‘N PICT6E887:3

G XUNG - PR

GIOI THIEU

KHAO SAT PWM

» NGUYEN LY PIEU CHE DO RONG XUNG PWM

» CAU TRUC KHOI BIEU CHE PO RONG XUNG PWM
* TINH CHU KY XUNG PWM

» TINH HE SO CHU KY PWM

CAC LENH DIEU KHIEN PWM
= LENH DPINH CAU HiNH KHOI CCP SETUP_CCP(MODE)

» LENH THIET LAP HE SO CHU KY SET_PMWX_DUTY (VALUE)
= LENH DINH CAU HINH CHO TIMER_2 SETUP_TIMER_2 (MODE,PERIOD,PASTSCALE)
= LENH THIET LAP GIA TRI BAT PAU CHO TIMER SET_TIMERXx(value)

CAC CHUONG TRINH UNG DUNG PWM
CAC CAU HOI ON TAP - TRAC NGHIEM
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I. GIOI THIEU
Vi diéu khién PIC ho 16F887 c6 2 bd PWM (Pulse Width Modulation) co ban dung dé diéu khién
toc do dong co DC.
Phan nay s€ khao sat chi tiét khdi PWM cua PIC va tap 1énh 1ap trinh C cho PWM, céac ting dung
diing PWM.

II. KHAO SAT PWM

1. NGUYEN LY PIEU CHE PQ RONG XUNG PWM

Nguyén ly diéu ché do rong xung 1a mach tao ra xung vudng c6 chu ky 1a hﬁng s6 nhung hé sd cong
tac (con goi 1a hé so chu ky - duty cycle) co6 the thay d6i1 dugc. Sy thay d6i cia hé so chu ky lam thay doi
dién ap trung binh hodc dong dién trung binh.

Sy thay di dién ap hodc dong trung binh dung dé diéu khién céc tai nhu dong co DC thi lam thay
do6i tbe do dong co, diéu khién bong dén thi lam thay d6i cuong do sang cua bong den, .

Céc dang song diéu ché do rong xung véi cac hé s6 chu ky khac nhau nhu hinh 10-1.
| | | | | | | | | | | | |

o JJ S N N S NN S N S SO SO S B
| | | | | | | | | | | | |
[ [ [ [ [ [ [ [ [
1 ! | | | | | | | !
| | | | | | | | | | | | |
. [ [ [ [ [ [ [ .
2 : [ [ [ [ [ [ [ : [
—— —
3 1 1 1 1 1 1
‘ : : | [ [ [ [ [ : :
P I S O ) BB
[ [ [ [ [ [ [ [ [ [ [ [ [
| | | | | | | | | |
5 I I I I I I I I I I
- 1 | | | | T T T T | |
: : : : [ [ [ : :
: I == Su SN
| | | | | | | | | |
7 | | | | | | : : | |
| : : : : : : | | | | : :
| | | | | | | | | | | | |
s oL

10ms

-t .
-

Hinh 10-1: Dang séng diéu ché d réng xung.

Cho chu ky 10ms, ¢ cap tdc do 0 thi tin hiéu bang 0. Dién ap hay dong trung binh s& bang 0, néu tin
hiéu nay diéu khién dén led thi dén led s¢ tat.

0 cép tdc do 1 thi tin hiéu diéu khién & muc 1 chi ¢6 1ms, & mirc 0 1a 9ms. Gia st dong taorala 10
mA khi & mutrc 1, khi d6 dong trung binh 1a (10*1)/10 = ImA. Led sdng m¢ véi dong 1a ImA.

0 cép tdc do 2 thi tin hidu didu khién & muc 1 chi ¢6 2ms, & muc 0 1a 8ms. Gia st dong taorala 10
mA khi & mutc 1, khi d6 dong trung binh 1a (10*2)/10 = 2mA. Led sdng hon v&i dong la 2mA.

O cép tdc do 5 thi tin hidu diéu khién ¢ mirc 1 chi c6 Sms, & mirc 0 1a 5ms. Gia sir dong tao ra la 10
mA khi & mutc 1, khi d6 dong trung binh la (10*5)/10 = SmA.

O cép tdc do 10 thi tin hiéu diéu khién & mutrc 1 1a 10ms, & mirc 0 14 Oms. Gia sir dong tao ra 1a 10
mA khi & mutc 1, khi d6 dong trung binh la (10*10)/10 = 10mA. Led sang cuc dai voi dong 1a 10mA.

Khi thay d6i hé s chu ky thi chi thay d6i thoi gian xung & mirc 1, con chu ky thi khong ddi.
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Qua phan gi6i thidu nay di cho chiing ta biét rd khai niém diéu ché d6 rong xung, phan tiép theo
chung ta s€ khao sat mach di¢n c6 chirc niang tao ra dang song PWM va cac phuong trinh tinh toan dé tao
ra chu ky tin hi€u va h¢ so chu ky.

2. CAU TRUC KHOI PIEU CHE PQ RONG XUNG PWM
PWM ciia PIC16F887 c6 so @6 khdi nhu hinh 10-2:

Duty Cycle Registers/-’" CCP1CON<5:4>
CCPRIL |
CCPR1H (Slave):
{} | RC2/CCP1
Comparator R Q
TMR2 (Note 1)
Vv =
Comparator l TRISC<2>
Clear Timer,

4 CCP1 pin and
PR2 latch D.C.

Hinh 10-2: So do khéi ciia PWM PIC 16F887.

Khdi PW‘M gém ¢6 2 mach so sanh: mach so sanh 2 dit liéu 8 bit ndm bén dudi va mach so sanh 2
dir liéu 10 bit nam bén trén.

Mach so sanh 8 bit s& so sanh gia tri dém cua Timer2 voi gid tri cua thanh ghi PR2 (Period
Register), gia tri trong Timer2 tang tur gia tri dat trudc cho dén khi bang gia tri cua PR2 thi mach so sanh
s€ kich flip flop RS lam ngd ra RC2/CCP1 1én murc 1. Dong thoi nap gia tri 10 bit tir thanh ghi CCPR1L
sang thanh ghi CCPR1H.

Timer2 bi reset va bat dau dém lai cho dén khi giél‘ tri cua Timer2 béng gia tri cia CCPR2H thi
mach so sanh sé reset flip flop RS lam ngd ra RC2/CCP1 vé mic 0.

Qua trinh nay 1dp lai lien tuc dé tao ra dang song PWM lien tuc.

Dang song diéu ché PWM nhu hinh 10-3:

Period
- >
_-— :
Duty Cycle . |

TMR2 = PR2

! TMR2 = Duty Cycle

TMR2 = PR2
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Hinh 10-3: Dang séng PWM.

Chu ky khong thay d6i, mudn thay doi thoi gian xung & mirc 1 thi ta thay doi h¢ sd chu ky (Duty
Cycle). Khi hé so chu ky thay doi thi dién ap hay dong trung binh thay doi.

Heé s6 chu ky cang 16n thi dong trung binh cang 16n, néu diéu khién dong co s& lam thay ddi toc do.
Cha y 1: Dé xuit tin hiéu Q cua flip flop ra chan RC2/CCP1 thi phai khoi tao RC2 13 port xuét.

Chuy 2: PIC 16F887 c6 2 khdi PWM nén cac tén nhu CCPx, thanh ghi CCPRXL, CCPRxH vdi x
c6 the la 1 hoac 2.

3. TINH CHU KY XUNG PWM

Chu ky PWM cua PIC16F887 dugc tinh theo cong thurc:

PERIOD,,,,, =[(PR2) +1]*4*Tosc * PViygo (10-1)

Trong d6: Ty la chu ky cua tu thach anh tao dao dong

PV;ro (Prescale Value) gia tri chia trudc cua timer2
Khi gia tri ctia timer 2 (TMR2) bang gia tri ctia thanh ghi PR2 thi 3 sy kién theo sau sé& xay ra:
e Thanh ghi TMR2 bi x0a
e Tin hiéu ngd ra CCPx Ién mirc 1, ngoai trir hé sé chu ky bang 0% thi CCPx van & mic 0.
e Heé sb chu ky PWM dugc chuyén tir thanh ghi CCPRXxL sang thanh ghi CCPRxH.

4. TINH HE SO CHU KY XUNG PWM

Hé s6 chu ky duoc thiét 1ap boi gia tri luu trong thanh ghi 10 bit gdm thanh ghi 8 bit CCPRxL va 2
bit con lai 1a bit thir 4 va thir 5 luu ¢ trong thanh ghi CCPxCON — ki hi¢u la CCPXCON<5:4>.

~ Gia trj ctia hé s6 chu ky 1a 10 bit nén c6 thé thay doi tir 0 dén 1023 tao ra 1024 cap gia tri diéu
khién.

Gia tri 10 bit thi 8 bit c6 trong sd 16n luu trong thanh ghi CCPRxXL va 2 bit con lai ¢6 trong s thip
thi @ CCPxCON<5:4>,

Hé s6 chu ky ctia PIC16F887 duoc tinh theo cong thirc:
DUTY _CYCLE,,,, =(CCPRXL : CCPXCON <5:4 >)*T . *PViyr,

Chay: ky hiéu <5:4> cho biét vi tri bit thir 5 va thir 4.
I1l. CAC LENH PIEU KHIEN

1.  LENH PINH CAU HINH KHOI CCP

Cu phép: setup_ccpl (mode) or setup_ccpl (mode, pwm)

Thong s6:  mode la hing s6. Gia tri ciia mode xem trong file thiét bi, mot vai thong so:
Disable the CCP: CCP_OFF
Set CCP to PWM mode: CCP_PWM Enable Pulse Width Modulator

Chirc ning: Khoi tao khdi CCP.
Hiéu luc: Cho tat ca céc vi diéu khién PIC tich hgp phan ctirg CCP
Vidu 10-1: setup ccpl(CCP_PWM); khai tao khdi CCP1 ¢6 chirc ning PWM

2. LENH THIET LAP HE SO CHU KY

Cu phép: set_pwml_duty (value)
Thong s6:  value c6 thé 1a hang sb 8 bit hodc 16 bit.
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Chirc nang: ~ Ghi gid tri 10 bit vao PWM d¢ thiét Iap hé s6 chu ky.
Gia tri 10 bit duwgc dung dé xac dinh lugng thoi gian cua tin hicu PWM ¢ muac 1 trong mot
chu ky nhu sau

3. LENH SETUP_TIMER 2 - LENH PINH CAU HINH CHO TIMER 2

Cu phap: Setup_timer_2(mode, period, postscale)
Thong s6:  mode co thé 1a 1 trong cac thong sd: T2 DISABLED, T2_DIV_BY_1, T2 _DIV_BY 4,
T2_DIV_BY_16

Period 1a s6 nguyén co gia tri tir 0 dén 255 dung dé xac dinh khi ndo gi trj timer bi reset.

postscale 14 s6 nguyén co gia tri tir 1 dén 16 dung dé xac dinh timer tran bao nhiéu lan
trude khi phat sinh tin hi€u ngat.

Chtc nang:  Khoi tao cho TIMER2.
Mode chi dinh kiéu bd chia cua timer tir tan s6 ctia mach dao dong.
Gia tri ctia timer c6 thé doc hodc ghi dung 1énh GET TIMER2() va SET TIMER2().
TIMER?2 la timer 8 bit.

C6 hidu lyc:  Cho tat ca céc vi diéu khién PIC c6 timer 2.

4. LENH SET_TIMERx(value) - LENH THIET LAP GIA TRI BAT PAU CHO TIMER

Cu phép: set_timerX(value) ;xlao,1,2

Thong sb: value 1a hing s nguyén 8 hoic 16 bit dung dé thiét 1ap gia tri méi cho timer.

Chuc nang:  thiét lap gia tri bat dau cho TIMER.

Co hiéu luc:  cho tat ca cac vi diéu khién PIC c6 timer.

Vidu 10-2: SET_TIMERZ2 (0); //reset timer2

IV. CAC CHUONG TRINH UNG DUNG PWM - BAI TAP

Bai 10-1: Str dung PWM cuia PIC 16F887 dé diéu khién 1 dén led. Cho tan sé tu thach anh 1a
20MHz. Cho chu ky PWM la 0,8ms.
Hay tinh toan cac thong sO va viét chuong trinh dé diéu khién led sang véi cap do 1 bang
1 phan 10 d6 sang cuc dai.

e Tinh toan:
A A A NP l 1
Tén s6 thach anh: fo;. =20MHz nén chu ky la: Tosc = = =0,0545 =50ns
Fosc  20MHz
Chu ky PWM: PERIOD,,,, =[(PR2) +1]*4* T, * PV., -, =0,8mS =800,000ns
Chi biét duoc Tose =50ns con cac thong s6 PR2, PV;, ., thi chua biét.

Phai chon 1 thong sd va tinh thong sb con lai: chi ¥ PR2 co gia tri 8 bit tir 0 dén 255, con
PV s, €0 3 gid tri 1a chia 1, chia 4 va chia 16.

Chon hé sb chia 16n nhat 1a 16 hay PV;,,., =16

Khi @6 tim gié tri con lai PR2:
PERIOD,,,,  800,000ns

[(PR2) +1] = = =
4%Tosc *PViyr,  47*50Ns*16
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Vay PR2 =249.
Lénh khaoi tao cho timer2 la: setup_timer_2(T2_DIV_BY_16, 249, 1)
Tinh hé s6 chu ky:

Hé s6 chu ky thay di s& 1am gié trj trung binh cia tin hi¢u thay doi, hé s6 chu ky nho nhat I bing 0
khi @6 tin hiéq ra ‘CCPx o muc 0, h¢ s chu ky tang 1am tin hi¢u xuat hi¢n va gia tri trung binh tang, hé so
chu ky 16n nhat bang chu ky cia PWM.

Cho hé s6 chu ky bang chu ky dé tinh toan gidi han hé sé chu ky:

DUTY _CYCLE,,,, = PERIODgy wax
Ta c6 cong thuc: DUTY _CYCLE,,,, =(CCPRXL : CCPXCON <5:4 >)*T . *PViyr,

Ta tim gié tri 16n nhat cia CCPRXL : CCPXCON <5:4 >.

DUTY _CYCLE
Suyra:  (CCPRXL:CCPXCON <5:4>)= = e _ PERLODPWM
Tosc * PVrvgre Tosc * PViyre
(CCPRXL : CCPXCON <5:45) = - 11000y _ 800,000 _ 5
TOSC * PVTMRZ 50nS *16

Gia tri diéu khién theo yéu cau la 100.
Cap d6 014 0, cap do 11a 100, cap do 2 13 200, ... cap do cuc dai la 1000.
e Mach diéu khién:

RBO/ANAZ/INT |22
) RB1/AN10/C12IN3- %
= RAO/ANO/ULP/C12INO- RB2/ANS 22
2 RATANT/C12INT- RBI/ANIPGM/C12IN2- (30
4 RA2/AN2VREF-ICVREF/C2IN+ RB4/AN11 (ST
Sl RA3ANVREF+CIN+ RBS/AN1/TIG  [22
XT1 Sl Ra4rToCKIC1OUT RB6ICSPCLK |22
1 RAS/AN4/C20UT/SS RB7ICSPDAT |42
Vee 1 IZ_—E RA6/0SC2/CLKOUT 15
RA7/OSC1/CLKIN RCOT10SOT1CK H3
20MHz RC1/T108KCCcP2 M8 RLOO
8 17 1 2 LOO
Lro | REOANS RczT1osycept
S JP1 < REVANS Rca/scriscL 2 W
101 Re2iany RC4/SDISDA |22
od 1 RE3VPPMCLR RC5/SDO |24 GND
I o=P>8 a RCB/TX/CK |22
- O3—?—|Z RC7RXDT 28
) O4__R 7 10
@ O RB6 21 vss roo (2
o) o b2 20
z|—£ VSS RD1 22
o RD2 [~
11 RD3 %
GND é@ VDD RD4 2
VCC VDD RD5/P1B ==
20
RDePIC 22
RD7/P1D 22
PIC16F887 IC1
Hinh 10-4: Mach diéu khién thay doi cuwong do sang cua den dung PWM.
e Luu do:

sz
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( seaN )
v

/ KHO1 TAO PWM, PORT /

THIET LAP TOC DO CAP 1 CHO PWM
PIEU KHIEN LED SANG

!
( e )

Hinh 10-5: Luu d6 diéu khién den sang ding PWM.

e Chuong trinh:

#INCLUDE <TV_16F887.C>
UNSIGNED INT16 BIEN_TOC_DO;
VOID MAIN()

{
SET_TRIS_C(0X00);
SETUP_CCP1(CCP_PWM);
SETUP_TIMER_2(T2_DIV_BY_16,249,1);
BIEN_TOC_D0=100;
SET_PWM1_DUTY(BIEN_TOC_DO);
WHILE(TRUE){}

e Giai thich chuong trinh:
Chuong trinh chinh thyc hién cac yéu cau:
) Khéi tao portC 1a xuit, chon ché do PWM, khf)i tao Timer2 hoat dong dém xung ndi vdi cac thong
sO da tinh bao gom: chon bo chia trudce 1a 16, hang so6 nap cho thanh ghi PR2 1a 249, chon bd chia sau la 1.
Gan bién téc do bang 100, twong tng cap toc do 1a 1. Khoi tao hé sb cong tac dé tao xung cip toc do
1, thuc hién while.

Bai 10-2: Str dung PWM cutia PIC 16F887 dé diéu khién 1 dén led. Cho tan sé tu thach anh 1a
20MHz. Cho chu ky PWM 1a 0,8ms.

Hay tinh toan cac thong sO va viét chuong trinh diéu khién led thay d6i do sang 10 cap
bang 2 nat nhan UP va DW. Khong tinh cap do 0.

Hién thi cép do dang s6 nhi phan & cac led don ndi véi portD.

Gia tri thay d6i cho 1 cép 1a 10.

e Tinh toan: gidng bai 10-1
Theo tinh toan thi thong s6 thay doi hé s6 chu ky tir 0 dén 1000.
Theo, yéu cau cua bai thi gia tri thay ddi mSi cép la 10, khi do: cép d601ao0, cép do 11a10, cép do 2
1 20, ... cap do 10 la 100. Céc gia tri tir 100 dén 1000 thi khong st dung. Ly do khi chay thuc nghiém thi
tir 0 dén 100 ta nhin thay cudong do sang cua led thay d6i, con tir 110 dén 1000 thi khong con quan sat
dugc bang mat thuong nira.

e Mach diéu khién:
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%)
S
RBO/AN12/INT %
R1 R3 R RBIANTO/C12ING- (32
UP 2 RAOANOULP/C12INO- RB2/ANS 122
s 2| RAvANTCI2INI- RBYANOPGMCI2IN2- 128 R'—002 Loo
2| RAZ/ANZIVREF-/CVREF/C2IN+ ReAN1t
DW 2 RAJ/ANSVREF+/C1IN+ RBSAN13TTG |38 W
+1 RA4/TOCKI/C10UT RBB/ICSPCLK |22
AT
3 — M % RA5/AN4/C20UT/SS RB7/CSPDAT |42 GND
vee I:"713 RAG/OSC2/CLKOUT ;
RA7/OSC1/CLKIN RCOT1OSOTICKI |12
s RC1T10SICCP2 |12 RL107 , Lo8
GND R2 —5| REO/AN5 RC2/T10SI/CCP1 T_I—JVW_”__
S JP1 10| REVANS RC3/SCK/SCL -2 R|T01 , o
o | RE2AN7 RO4SDISDA (22 | ———— L AN PI——1
I O% N3 RE3/VPP/MCLR Resispo |24 RITOZ S 0
o120 2 RCETXCK =2 — MWW/
o 3 126 RLO3
5[!' Orﬁ—l% RC7/RX/DT 1 ) N o3 _
14 5 | RB6 31 19| RLO4
O o bl vss rRoo [13 - 2N Lo |
=4 Vss RD1 ANNP———
(G} 1 RLO5
RD2 W
Ro3 (22 AN
GND éﬁ VDD RD4 [ | RLO6 ™~
vce 23 vbD RD5/P1B |22 LANNPH2—4
rosPic 22— [ RLO8 ™~
rRD7/PID 22 AN
PIC16F887 ic1 W 5w

Hinh 10-6: Mach thay déi cuong d¢ sdang ciia dén dung PWM Va 2 miit nhdn.

e Luu do:

(

BEGIN

)

v

/

KHO1 TAO PWM, PORT

/

THIET LAP TOC DO CAP 0 CHO PWM
DIEU KHIEN LED

KIEM TRA GIO1 HAN BE CHO PHEP
TANG 1 CAP PO (CU'C DAI BANG 10)

KIEM TRA GIO1 HAN BE CHO PHEP
GIAM 1 CAP PO (CU’C TIEU BANG 0)

l

Y

Hinh 10-7: Lueu do diéu khién dén sang dimg PWM va 2 niit nhan.

e Chuong trinh:

#INCLUDE

#DEFINE Up
#DEFINE DW
UNSIGNED INT

VOID PHIM_UP ()

{
IF (INPUT(UP))

{

DELAY_MS (20);

<TV_16F887.C>

PIN_A3
PIN_A4
CAPDO=0;
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}

IF('INPUT(UP))
{
IF (CAPD0<10)

{
CAPDO++; SET_PWM1_DUTY(CAPDO*10); OUTPUT_D(CAPDO);

DO {} WHILE (INPUT(UP));

}

VOID PHIM_DW ()

{

}

IF (INPUT(DW))
{
DELAY_MS (20);
IF(INPUT(DW))
{
IF (CAPDO>0)
{
CAPDO--; SET_PWM1_DUTY(CAPDO*10); OUTPUT_D(CAPDO);
DO {} WHILE (INPUT(DW));

}

VOID MAIN()

{

SET_TRIS_C(0X00); SET_TRIS_A(OxFF); SET_TRIS_D(0X00); OUTPUT_D(CAPDO);
SETUP_CCP1(CCP_PWM);
SETUP_TIMER_2(T2_DIV_BY_16,249,1);
SET_PWM1_DUTY(CAPD0*10);
WHILE(TRUE)
{
PHIM_UP();
PHIM_DW();

Gidi thich chuong trinh:

Chuong trinh chinh thyc hién cac yéu cau:

Khoi tao cac port, PWM, Timer2 va tdc do theo ) cép ban dau 14 0.

Vong lap while thyc hién kiém tra nhan phim UP va DW.

Chuong trinh con phim UP kiém tra néu ¢6 nhan thi tién hanh Chéng doi va kiém tra néu chua bang

cép 10 thi tang cép do én 1, cap nhat tbc d0 méi, xuit ra port dé biét cép toc do dang thuc hién.

Chuong trinh con phim DW kiém tra néu c6 nhan thi tién hanh chong doi va kiém tra néu chua bang

cép 0 thi giam bot 1 cép do, cap nhat tbc do méi, xut ra port dé biét cép tdc do dang thyc hién.

Bai #dp 10-1: Hay thiét ké mach va viét chwong trinh gidng bai 10-2 nhung khong hién thi cap toc do &

led don ma hién thi ¢ 2 led 7 doan va c6 thém 1 nat Stop khi nhan thi tat led.
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Bai 10-3: Str dung PWM ciia PIC 16F887 d¢ diéu khién thay doi toc do dong co DC. Cho tan s6 tu
thach anh 1a 20MHz. Cho chu ky PWM la 0,8ms. Bong co dung nguon 24V DC, dong
3A.

Hay tinh toén cac thong s6 va viét chuong trinh diéu khién led thay doi d sing 10 cap
bang 2 nat nhan UP va DW. Nut Stop khi nhan thi ddng co ngirng, khong tinh cap d¢ 0.
Hién thi cap do trén LCD.

Gia tri thay doi cho 1 cap 1a 100.

e Tinh toan: gibng bai 10-1
e Mach diéu khién:

0 32 o
Q 8.2 Z
reoanizinT [2RBO, > I°
) RB1AN10/C12IN3- [24—RB1 1C801
-3 RAD/ANO/ULP/C12INO- RB2/ANS 36 55 _RB2 - L 348 a
3 RAvANT/CI2NT- RBIANOPGWCI2IN- (30 1vce Vs S0y O
—| RA2/AN2/VREF-/CVREF/C2IN+ RBA/ANTT |2 41K ;7 NN
=i RAJIANIVREF+/C1IN+ RESANTITTG (38 f] ENMBLEA SENA |3 o
XT1 3 RA¢TOCKICIOUT RBECSPCLK (33 » ENABLE B SEN_B 3—|Z Pd04 TN R2 | LRe
ML 74 RASAN4/C20UTSS RB7/ICSPDAT |40 s , © 06
vee I——13 RAG/OSC2/CLKOUT 5 S meuTH outt 2 o 4
RAT/OSC1/CLKIN RCO/T10SOT1CKI EN INPUT2 ouT2 s o |#¥
20MHz 16 ___ccp2| [0 13 al a g 8 - -
. RCi/T10SICCP2 (12 1o NeuT3 outs 12
R2 EO & Reoans RC2/T10SI/ICCP1 CCP1 INPUT4 ouT4 Vi -
S REL 9 Req/ans RC3/SCK/SCL 18 o 1K 1K
= JP1 RE210 23 8 |
— 7] RE2AN7 RG4/SDI/SDA |52 GND — L R3 RS
‘. 5 RE3VPP/VCIR Resispo (24 GNDGND - d o
l >3 o RC6TXICK (2 GNDL298
e O—?—|Z RCTRXDT |28
» O4_R 7 10
4 5 31 19
9 [OZ{RBE 4, B vss roo |12 R0a
zl—E vss RD1
& 21 RD2
RD2
RD3 gg RD3
11 RDA
GND o <5 o RD4 (21 RD4
O ace VDD RD5/P1B o GND
S 29 RDG 3ND
rRospic |2 o
R RD7/P1D RD7 >
7 \VRLCD1
up PIC16F887 IC1 3 A/ 1
<l S P Y = o O PO P S =~
DW
o RA4 "’5“ 85883885 “8 3 gx
STOP
= Ras INRRRRRRRRRENNNED

D INNRNNNNNNNNENEND

Hinh 10-8: Mach diéu khién thay doi toc dé dong co dimg PWM.
Dé bai yéu cau dleu khién dong co DC dung nguon 24V DC va dong 1a 3A thi ta phai dung them
mach giao tiép cong suit moi du dong va ap diéu khién dong co.

Co rat nhiéu IC giao tlep nhung trong tai liéu nay chon 1 IC kha pho bién 12 L298 c6 thé diéu khién
ap 1én dén 48V DC va dong tong 1én dén 4A — theo datasheet.

Bén trong L298 c6 2 mach diéu khién nén c6 thé diéu khién duoc 2 dong co, mdi dong co 2A.

Trong so dd mach & trén thi 2 mach diéu khién mic song song nén méi c6 kha niang cap dong 3A
cho dong co.

C6 5 tin hiéu diéu khién nhung do mic song song 2 mach cong sudt nén chi con 3.

Tin hiéu cho phép ENA: khi & mtrc 0 thi khong cho phép bét chip 2 tin hiéu con lai, muc 1 thi cho
phép dong co quay tuy thudc vao 2 tin hi€u con lai.

Bang 10-1: Céc trang thai diéu khién dong co DC:

TT | ENA | CCP1 | CCP2 | TRANG THAI BPONG CO
1 |0 X X NGUNG

2 |1 0 0 NGUNG

3 |1 1 1 NGUNG

4 |1 1 0 QUAY THUAN

5 |1 0 1 QUAY NGHICH

C6 2 led méc song song v&i dong co dé bao hiéu chiéu quay cua dong co.
Hai tin hi¢u CCP1 va CCP2 diéu khién 2 tin hiéu IN ctia IC L298 v6i muc dich ¢6 thé diéu khién
dong co quay thudn, quay nguoc va co6 the thay doi dugc toc do ¢ ca 2 ché do quay thuan va ngugc.
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e Luu do:
KHO1 TAO PWM, PORT,
LCD

v

THIET LAP TOC DO CAP 0 CHO PWM
PIEU KHIEN PONG CO'
HIEN THI LCD HANG 1

T ——

b ) )
KIEM TRA GIG1 HAN BE CHO PHEP KIEM TRA GIG1 HAN BE CHO PHEP o et R R
TANG 1 CAP DO (CU'C DAI BANG 10) GIAM 1 CAP PO (CU'C TIEU BANG 0) CA:égigf’Tégfgyfﬁﬁ c'\l')G_U(')\'G
HIEN THI TGC O TREN LCD HIEN THI TGC O TREN LCD : ; -

Hinh 10-9: Luu do diéu khién thay déi toc do dong co diing PWM.
e Chuong trinh:

#INCLUDE <TV_16F887.C>
#INCLUDE <TV_LCD.C>

#DEFINE UP PIN_A3
#DEFINE DW PIN_A4
#DEFINE STOP PIN_AS5

#DEFINE MOTOR_ENA PIN_CO

const unsigned char HANG1[16]={"DK TOC DO DONGCO"};
SIGNED INT CAPDO=0,;

VOID HIENTHI_CAP_TOCDO ()

{
LCD_COMMAND(ADDR_LINE2+14); DELAY_US(10);
LCD_DATA(CAPDO/10+0X30);
LCD_DATA(CAPDO%10+0X30);
}
VOID PHIM_UP()
{
IF (INPUT(UP))
{
DELAY_MS (20);
IF('INPUT(UP))
{
IF (CAPD0<10)
{
CAPDO++; SET_PWM1_DUTY(CAPDO*10);
HIENTHI_CAP_TOCDO ();
DO {} WHILE (INPUT(UP));
}
}
}
}
VOID PHIM_DW()
{
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IF (INPUT(DW))
{
DELAY_MS (20);
IF('INPUT(DW))
{
IF (CAPDO>0)
{
CAPDO--; SET_PWM1_DUTY(CAPDO*10);
HIENTHI_CAP_TOCDO ();
DO {} WHILE (INPUT(DW));

}

VOID PHIM_STOP()

{
IF ({INPUT(STOP))

{
CAPDO=0;
SET_PWM1_DUTY(CAPDO*10);
HIENTHI_CAP_TOCDO ();
}
}
VOID MAIN()
{
SET_TRIS_C(0X00);  SET_TRIS_D(0X00); SET_TRIS_E(0X00);
SETUP_CCP1(CCP_PWM);
SETUP_TIMER_2(T2_DIV_BY_16,249,1);
SET_PWM1_DUTY(CAPDO*10);
LCD_SETUP();
LCD_COMMAND(ADDR_LINE1); DELAY_US(10);
FOR (I=0;I<16;1++)  {LCD_DATA(HANG1[I]);}
OUTPUT_HIGH(MOTOR_ENA);
HIENTHI_CAP_TOCDO ();
WHILE(TRUE)
{
PHIM_UP();
PHIM_DW();
PHIM_STOP();

e @Giai thich chuong trinh:
Chuong trinh chinh thyc hién cac yéu cau:
Khoi tao cac port, PWM, Timer2 va tdc d0 theo $6 cép ban dau 12 0.
Khoi tao LCD, hién thi thong tin cho hang 1.
Cho phép motor san sang hoat dong va hién thi cdp do ban dau 14 0.
Vong lap while thyc hién kiém tra nhan phim UP, DW va STOP.

~ Chuong trinh con phim UP kiém tra néu ¢ nhén thi tién hanh chéng doi va kiém tra néu chua bang
cap 10 thi tdng cap do 1én 1, cap nhat toc do mdi, hién thi ra LCD cap toc d¢ dang thuc hién.
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Chuong trinh con phim DW kiém tra néu c6 nhén thi tién hanh chong doi va kiém tra néu chua bang
cap 0 thi giam bét 1 cap dg, cap nhat toc d§ mai, hién thi ra LCD cap toc do dang thuc hi¢n.

Chuong trinh con phim STOP kiém tra néu c6 nhén thi tién hanh cho cap téc do bang 0, cho dong
co ngung, hién thi LCD cap toc do bang 0.

Bai tdp 10-2:

Hay hiéu chinh bai 10-3 sao cho khi nhin nGt STOP thi dong co ngirng dong thoi dao
chiéu dong co.

Khi dong co quay thuan thi hién thi “FOR” trén LCD & 3 ky tu ddu hang 2.

Khi dong co quay ngugc thi hién thi “REV” trén LCD & 3 ky tu dau hang 2.

Bai t#ip 10-3:

Hay hiéu chinh bai 10-3 v&i 2 niit nhan UP, DW bay gio c6 tén 1a START, INV.

Khi nhin START thi dong co quay toc do tu dong tang dan ting cap sau mdi gidy cho
dén khi dat cap 10. Chi€u quay mac nhién ban dau la quay thuan.

Khi nhin INV thi dong co ngirng ngay va dao chiéu quay.

Nut thir 3 1a STOP chi khi nhan thi dong co giam tdc cho dén khi ngirng, mdi 1an giam 1
cap cho dén khi bang 0.

Khi dong co quay thuan thi hién thi “FOR” trén LCD ¢ 3 ky ty ddu hang 2.

Khi dong co quay ngugc thi hién thi “REV” trén LCD & 3 ky tu dau hang 2.

Bai tdp 10-4: Hay hiéu chinh bai 10-3 thay vi dung 3 nut nhan thi ding ban phim ma tran 4x4 ni véi
portB.
Khi dong co quay thuan thi hién thi “FOR” trén LCD & 3 k¥ tu dau hang 2.
Khi dong co quay ngugc thi hién thi “REV” trén LCD & 3 ky tu dau hang 2.

Bai tdp 10-5: Hay hiéu chinh bai 10-3 thay vi dung 3 nut nhan thi ding ban phim ma tran 4x4 ndi véi
portB.
11 phim s6 c6 ma tir 0x0 dén 0xA dung dé diéu khién 11 cép twong ung, khi nhan sé 0 thi
dong co ngung, khi nhan phim sb 1 thi dong co chay cap tdc do 1, khi nhan phim sé 2 thi
dong co chay cap 5, ... tuong tu cho cac phim con lai. Chi chay 1 chleu

Bai tdp 10-6: Hay thém vao bai tap 10-5 cac yéu ciu sau:

Khi nhan phim c6 ma 1a 0x0B thi dao chiéu dong co, hién thi FOR va Rev tuong g trén
LCD.

Khi nhan phim c6 mi 1a 0x0d ma dong co dang chay thi khong c6 tac dung, néu dong co
dang ngumng thi tu dong quay theo chiéu da chon va ting tdc cho dén khi dat cuc dai, thoi
gia ting moi cap 1a 1 gidy.

Khi nhin phim c6 ma la 0x0e ma dong co dang ngung thi khong co6 tac dung, néu dong co
dang chay thi tu dong giam tdc cho dén khi ngirng, thoi gia giam mdi cap 1a 1 gidy.

Bai tdp 10-T:

Hay thiét he :[héng Qiéu khién 2 motor dé kéo 2 banh xe ciia 1 chiéc xe 3 banh bang 4 n(t
nhan TOL LUL PHAI, TRAL

Khi nhan nat TOI thi xe chay tdi, néu tlep tuc nhan va giir thi xe chay tang tdc, khi khong
con nhan thi xe ngirg. Néu mudn chay tlep thi nhan lai.

Khi nhan nat LUI thi xe chay 1ui, neu tiép tuc nhan va gilr thi xe chay lui tang tbc, khi
khong con nhén thi xe ngirng. Néu mudn chay tiép thi nhan lai.
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Khi nhdn nat PHAT thi xe vura chay t61 vira queo phai: dong co bén phai chay clp do 1,
d6ng co bén trai chay cip do tang dan néu tiép tuc nhin va giit, sy chénh 1éch nay lam xe
queo phai.

Khi nhin nat TRAT thi xe vira chay to1 vira queo trai: dong co bén trai chay cap do 1,
d6ng co bén phai chay cip do ting dan néu tiép tuc nhan va giir, sy chénh léch nay lam xe
queo trai.

Thiét ké mach dung 2 PWM cta vi diéu khién PIC16F887 dung transistor va relay, mdi
PWM diéu khién 1 dong co. Relay c6 chirc nang ddo chiéu. PWM c6 chiic nang thay doi
tdc do.

V. CAUHOI ON TAP - TRAC NGHIEM

1. CAUHOI ON TAP
Cau 10-1: Hay cho biét tén cac thanh ghi lién quan dén khdi CCP cua vi diéu khién PIC16F887.
Cau 10-2: Hay cho biét tng dung cia PWM trong diéu khién dong co.

2. CAUHOI MO RONG

Cau 10-3: Hay so sanh vi diéu khién khong tich hop chirc ning PWM va ¢4 tich hop PWM trong diéu
khién thay do1 toc do dong co DC.

3. CAUHOI TRAC NGHIEM
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