Chuong 3

CHUGNG TRINH BIEN DICH VA NAP CHO

VI DIEU KHIEN PIC16F877A
]

CHUONG TRINH BIEN DICH
CHUONG TRINH BIEN DICH MPLAB IDE

CHJONG TRINHBIEN DICH CCS C
CHUONG TRiNI:I NAP CHO PIC
CHJUONG TRNH NAP WINAIC&00
CHJONG TRINH NAP ICPRO
NGON NGU LAP TRINH ASM CUA MPLAB

cAC QuY UBC CUA NGONNGT MPLAB

[nhan]

Lénh va cac tham sé

Quy uUdc ki hiéu trong MPLAB
DENTA CAC LENH

Lénh: ADDLW

Lénh: ADDWF

Lénh: AND LW

Lénh: ANDWF

Lénh: BCF

Lénh: BSF

Lénh: BTFSS

Lénh: BTFSC

Lénh: CALL

Lénh: CLRF

Lénh: CLRW

Lénh: CLRWDT

Lénh: COMF

Lénh: DECF

Lénh: DECESZ

Lénh: GOTO

Lénh: INCF

Lénh: INCFSZ
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Lénh: IORLW
Lénh: IORWF
Lénh: MOVLW
Lénh: MOVF
Lénh: MOVWF
Lénh: RETFIE
Lénh: RETLW
Lénh: RLF
Lénh: RETURN
Lénh: RRL
Lénh: SLEEP
Lénh: SUBLW
Lénh: SUBWF
Lénh: SWAPF
Lénh: XORLW
Lénh: XORWF

NGON NGU LAP TRINH C CUA CCS C

GlbITHEU ccs ¢

NGON NG LAP TRINH C TREN CC5 C
KHAIBAO VA S DUNG BIEN, HANG, MANG
Khai bao bién, héing, mang
Cach s dung bién
cAc CAU TROC LENH
CHl TH TIEN X LY
#ASM va #ENDASM
#INCLUDE
#BIT, #BYTE, #LOCATE va #DIFINE
#DEVICE
#ORG
#USE
Mot s6 chi thi tién xU ly khac
CACHAM XU LY S8, X0 LY BIT. DELAY
Cac ham xu Iy s6
Cac ham xu ly bit va cac phép toan
Cac ham xu ly bit va cac phép toan
XU LY ADC VA CAC HAMIO TRONG C
Cac ham xU ly ADC
SETUP_ADC port (value)
SETUP_ADC channel (channel)
Read ADC (mode)

Cac ham 10 trong C
KHAI BAO NGAT VA CAC HAM THET LAP HOAT DONG NGAT
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Khai bao ngat

Cac ham thiét lap hoat dong ngat

Cac ham giao tiép véi may tinh qua cdng COM

CAC CHUGNG TRINH Vi DU

CHUONG TRINH BIEUKHIEN & LED DON CHOP TAT
CHUONG TRINH PIEUKHIEN 1 DIEM SANG D CHUYEN TU TRAI SANG PHA
CHUONG TRINH BIEUKHIEN & LED SANG DON
CHUONG TRINH BIEUKHIEN DEM TU 0 DEN 9999 TREN LED 7 POAN
CHJONG TRINH BIEUKHIEN LED MA TRANHEN TH CHUDI “SPKT”

Hinh va bdng

Hinh 3-1. Cla sé khéi dong.

Hinh 3-2. CUia s lam viéc cha MPLAB.
Hinh 3-3. Man hinh khéi déng cua CCS C.
Hinh 3-4. Luu file.

Hinh 3-5. Tao Project m&i.

Hinh 3-6. Clia sé lam viéc cba CCSC.
Hinh 3-7. Thong bao sau khi bién dich.
Hinh 3-8. Clia s6 cha WINPIC800.
Hinh 3-9. CUia sé Hardware Setting.
Hinh 3-10. Man hinh cba IC-Pro.

Hinh 3-11. Cla sé Hardware Setting.
Hinh 3-12. CUa sd Setting.

Hinh 3-13. CUa sé lya chon.

Hinh 3-14. CUa sé lya chon.

Hinh 3-15. Cai dat Driver.

Hinh 3-16. Chon PIC cdn nap.

Hinh 3-17. Binh dang chung cho mat s6 Iénh cla PIC 16F877A.

Bang 3-1. Ki hiéu cac thanh ghi trong MPLAB.
Bang 3-2. Tom tdt tap lénh.

Bang 3-3. Tap kénh ngdén ngi C.

Bang 3-4. Két qua doc ADC.
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CHUGNG TRINH BIEN DICH:

Hién nay c6 rat nhiéu chuong trinh bién dich cho PIC vi€'t trén nhiéu ngdn ngit khiac nhau nhu

ASM, BASIC, C.... hai phaAn mém MPLAB ciia hing Microchip va phan mém CCS C. Ngoaira con
c6 cac phan mém bién dich khac nhu: Mikro BASIC, Mikro C, HI-TECH, ...

1

CHJONG TRINHBIEN DICH MPLAB DE

Chuong trinh bién dich MPLAB IDE cta hing Microchip cho mién phi tai website

http://www.microchip.com.

Phin mém MPLAB IDE tuong thich véihé diéu hanh:
[]  Windows 98 SE
[] Windows ME
D Windows NT 4.0 SP6a Workstations (NOT Servers)
[1  Windows 2000 SP2
[] Windows XP Home and Professional

Sau khi caidit xong thi click vao biéu trgng Sk

Hinh 3-1. CUa s khéi dong.

Sau d6 ¢6 man hinh soan thdo nhu sau:
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# MPLAB IDE v7.50

File Edit \“iew Project Debugger Programmer Tools Configure  Window Help

DEL (B SA®T
Checksum: DxOfcf Egk.?

..i- 50| B E:\ANH HOC [EIEE M ne trinhichuongtrinh.asm

L LY

; Buid || Version Eontrolll Find in Files: |

|£

PIC1GFE774 T zdcc bark0 Lni, Coll INS W

Hinh 3-2. CUa sé lam viéc cha MPLAB.

Khi mudn bién dich tir file .ASM sang file .HEX vao menu Project rdi chon Build all hodc
QuickBuild dé€ bién dich.

Né&u chuong trinh vi€tbi 181 thi tai clra s6 Output s& xudt hién mdt thong bao 1a bién dich tha't
bai (BUILD FAILED) va s& 13i cla chuong trinh véi vi trf clia titng 16i nim trong chuong trinh.

Khi diing MPASM, cac s6 c6 thé dugc bién dich mot trong cac hé thong s cd ban. Mic dinh
cho file ngudn c6 thé dugc thi€t 1ap biang chi din Radix:

Radix dec

Bén trong file ngudn, gid tri ma c6 thé nhap vao cic cd sO khic nhau st dung ciu tric sau:
D123° .123 ; thap phan

H*1AF Ox1F ; thap luc phan

o777’ ; bat phan

B ‘00111001° ; nhi phan

0B00111001 ; nhi phdan

‘A’ ‘C ; 7-bit ASCII

dt ‘This is a string’ ; day ASCII
CAu triic mdt chuong trinh ASM trong MPLAB nhu sau:

Title “tén goi clia chuong trinh”
Include <p16f877a.inc>; Tén PIC cin viét chuong trinh

_CONFIG CP_OFF &...... ; khaibdo cho PIC
;-------- Khai bao bi€n------------me e
temp EQU 0x20 ; dit bi€n c6 tén temp c6 dia chila 6 nhé 0x20
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ORG 0x0000 ;vector reset

GOTO START

R Chuong trinh ngd t---------

ORG 0x0004 ;vector interrupt
;..mangitdday.

RETFIE ; thodt khoi chuong trinh ngdt

o= mmmm e K&t thic chuong trinh ngét-----

;========—==Chuong trinh chinh=====—====

Start

ma chuong trinh chinh § day

END ;k&t thic chuong trinh chinh

)

Cong cu MPLAB SIM trong MPLAB IDE (cong cu md phdong cho chuong trinh):

Chon Debugger = Select Tool @& chon cong cu, sau &6 chon MPLAB SIM. Piy la cong cu
mo phdng diing d€ gia 1ap tin hiéu dién chia cic chan va trang thdi cdc thanh ghi ciia con chip dugc
dung. C6 hai loai: dong bd va khong ddong bo.

DPoéng bd: tin hiéu dudc gid 1ap dong bo véinhitng vong 1énh clia chip.

Khong Pong bd: tin hiéu dugc dp dit bdi ngudi dung trong thdi gian thyuc (real time) khi
MPLAB SIM dang chay.

2. CHJONG TRINHBIEN DICH CC5 C:

Chuong trinh bién dich CCS C dudc cung cip tai dia chi:
http://www.ccsinfo.com/download.shtml.
Vi l1a trinh bién dich c6 thu phi nén phién ban demo c6 mdt s6 han ch€ so v6i phién ban ¢
thu phi.

CCS Ia trinh bién dich 14p trinh ngon ngit C cho Vi diéu khién PIC clia hing Microchip.
Chuong trinh 1a sy tich hgp cia 3 trinh bién dich riéng biét cho 3 dong PIC khdc nhau d6 la:

e PCB cho dong PIC 12bit opcodes

e PCM cho dong PIC 14bit opcodes

e PCH cho dong PIC 16 va 18bit

TAt c4 3 trinh bién dich ndy dudc tich hop lai vao trong mdt chuong trinh bao gdm ca trinh
soan thao va bién dich Ia CCS.

Giong nhu nhiéu trinh bién dich C khéc cho PIC, CCS gitip cho ngudi st dung nim bat nhanh
dugc vi diéu khién PIC va sit dung PIC trong cdc du 4n. Cac chuong trinh diéu khién s& dudc thyc
hién nhanh chéng va dat hiéu qua cao thdng qua viéc sit dung ngdn ngit 1ap trinh cip cao — ngdn
ngit C.

Khi kh3i ddng chuong trinh CCS thi cilra s chrong hinh nhu hinh dudi:
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i PCW C Compiler [DE

Fic Pwojoct Edit Options Compile Miew Tcols Dchug —clp
hE HEEF &cd :

[iziocoin 14 bt

v|§

Hinh 3-3. Man hinh khéi dong cia CCS C.

Huéng dian tao mdt Project méi trong CCS:

D€ tao mdt Project trong CCS c¢6 nhiéu cich; co thé dung Project Wizard, Manual Create,
hay 12 tao mdt Files m&i va thém viao d6 cic khai bdo ban dau can thi€t. Vao Project ©chon PIC
Wizard sau khi chon mot cra sd hién ra yéu cau nhip tén file can tao nhu hinh sau:

i Save As @
Savein [0 CCSC v| 5 [~

Y PIT = banphimled? fex ) chuengtrinhidermBCO.E

i ADC.BAK banphimled?.lst [Z] chuongtrinhdemBD.c

My Fecent Igj a0C,C hanphimlad?.PJT chuongtrinhdemBCD.c
Documents ADC.CDF _":Jbanphimled?.sta chuongtrinhdemBCD.E
= ADC.err banphimled?.s‘ym chuongtrinhdemBCD.l’

L nDC.hex banphimled?.tre chuongtrinhdemBCD.Ie
Desklop P.DC.Ist choptatportB.BAK chuongtrinhdemBCD.F
P.DC.F'JT |W=j] choptatporB.c _{JchuongtrinhdemBCD.s

. _»":JADC.sta choptatportB.cof chuongtrinhdemBCD.s
,/' ADC.sym -:hoptatportB.err chuongtrinhdemBCD.t
ADC.tre choptatportB.hex chuongtrinhngatTimer

Wy Documents | = ) — = . )

banphimled? Bk choptatporte st m chuongtrinbingat Tirmer

) E] banphimledz.c EI choptatpart.PIT chuongtrinbrgat Timer
:jl)-g banphimled?.cof choptatportB. svym chuongtrinbingat Timer

- banphimled? . err choptatportE. tre chuongtrinbingat Tirmer

My Camputer
< b3
‘_“] File name: || M | [ Save l
-
P M etuacirk. Save as type: | ~ | ’ Cancel ]

Hinh 3-4. Luu file.

Chon Save mdt ctra s& mdi hién ra nhu hinh sau:
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Mew project
General
Project Name: E:\choptatportB.c

Device:

Function Generatian
(%) Opening brace on the Folloving line

() Dpering brace on the zame ine

Fuses

Oszcilator Frequency: 20,000,000 HZ

[] Enable Intearated Chip D ebugaing (ICD)
[]Uze 16 bit pointers for Full FaM use
[JRestart WDT during calls to DELAY

Ore fuse per line with comments

X
o 0K

Wiew Code

Generated

frarn this kab
LTt

ﬂl\Genera ;{\Communications;{\s Pl and LCD,-{\Timers,n{\F'CH Timers;{.Analog;{ Othes ,n{\lntenupls,-{\Drivers ,-{\ 1/0 Pinz ;{\Higha’Low \u"ollage,:J (=l

Hinh 3-5. Tao Project méi.

Sau @6 nhap OK 13 di tao dugc mot Project mdi va ¢ cilra s6 1am vié c m&i nhu hinh sau:

i PCW C Compiler IDL

Filz= =oject Cdit Opticns Zowpile View Toolz Debug | elp

i HRdd & o =

Microcup 1< bk Al
dhopkatporis .C ]

] B ok 7Y b

tinclude “E:‘\choptatport®.h"
void main{}

selup_dade_purls(HD_AHALOGS) 5
sekup_adc{ADC_OIT);
cetup_psp{FSP_DISABLED);
spFnp_spi{FAlI SF):

sekup_tiner_1{T1_DISADLLD};
setup_tiner_2{T2_DISABLED,8,1);
spbnp_eonparatnr (NE_HE_HE_KNE) ;
setup_wref (FALSE];

setup_tiner_@{RTCC_[HTERNAL |[RTCC_DIV_11:

1:1 E:'choptatportB.c

“FoptatporE

choptatpcr

Hinh 3-6. Clia sé lam viéc cOa CCSC.

Nhu vay, chiing ta di tao dudc mot Project méi va tién hanh viét chuong trinh cho PIC.
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Khi mu6n bién dich tir file *.c sang file *.Hex thi vao Compile = chon Compile hoic bAim F9
thi CCS sé ti€n hanh bién dich file *.c sang file *.Hex d& nap cho PIC. Khi bién dich thi trinh bién
dich s& xuat hién cira sd nhu hinh sau l1a chuong trinh bién dich thanh cong (chuong trinh khong c6
16i vé cdu tric lénh).

CCS PCM C Compiler, Version 3.249

'.- Registered ko e
@
m" ‘ictonics Ltda. Ricardo Gonzalez Cepeda 7]

L | |ijecl: E:\&MH HOC Kl 9%Chuong trinhiCCS C\chnptatpurtE.cI

Files: 3, Statements! 7, Time: 1 Sec. Lines: 668

Qutput files: ERAR HEX 3YM LST COF PJT TRE 3TA
0 Errors, 0Warnings., Time:- 1 Seconds

] ROM:I 1%

1 > |

Hinh 3-7. Thong bao sau khi bién dich.

Néu chuong trinh vi€t ¢6 16i thi khi bién dich s& bao 16i tai vi tri con trd & trong chuong trinh.
Il. CHUONG TRINH NAP CHO PIC:

Hién nay c6 rit nhiéu phan mémnap khdc nhau cho PIC nhu phan mém nap Winpic800 va
IC-Pro @& gidi thiéu vi hai phidn mém nay dugc st dung nhidu va dudc cong ddng st dung PIC
danh gid tot.

1 CHJONG TRINHNAP WNPICBOO:

Hu6ng din cai dit Winpic800: chay file WinPic800_V3_59.exe d€ cai diat Winpic800, sau d6
chon nextdé ti€n hanh cai dit.

Khi cai dat xong thi trén man hinh desktop xudt hién bi€u twgng Winpic800, click vao biéu
ttong Winpic800 d€ chay chuong trinh nap, cira s6 cia Winpic800 nhu hinh sau:

_ < WinPicB0O - v3.59 E@

W File Edit Device Utlikies Settings Language Help
= - HE EBER S % % % | prcasr Qo] @
B . R A o B & % | 1erevm = @

G Code ?‘ﬂ Data o Jetting

il [0x0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0008: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
| 0x0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
§ [0x0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
§l [0x0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
W 0x0048: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0050: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0x0058: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
Ml l0x0060: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

M Har=JD M Proarammer - COR1

Hinh 3-8. CUa s cUa WINPIC800.

B R I R U U TR VR VI ]
B I
D A R T
W b W bbb
I
W W w w  www
e Y
T
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Sau d6 vao Settings = chon Hardware d€ ti€n hanh cai dit phin cting cho chuong trinh nap,
man hinh hardware settings xuat hién nhu sau:

Selection of hardware I/0 Bits to port

3DIP8 -~ E‘ Blockade configuration v
ART2003 r =
ETT-HIGH WPP ICEP e ™
ETT-LOW VPP ICSP 000 | ~ —
GTE-04
GTP-07
GTEF-244 O DTR r I r
GTP-Lite
GTP-USB [Plus] o cTs r
a s ] = O o
PFabklin W
Q THD — r -
:DMSdrFEi_ CoML - ') - W o r
Q [ =] r r |r
] - =l ¥ r

X EE3 @ @R
J JJ J |_ Cancel Apply edits |

Hinh 3-9. Clia sé Hardware Setting.

Chon hardware 1a JMD Programmer, chon Apply Edits @& chap nhén.

Sau d6 chon ho PIC va tn PIC mudn nap chuong ‘frinh. Vi du nhy mudn nap cho
PIC16F877A thichon ho 16F tén PIC la 16F877A.

Huéng din nap chudng trinh cho PIC16F877A bing Winpic800:
Chon File = Open hoic chon = d€ chon file * Hex can nap. Sau d6 chon Device =
Program All (Ctrl+P) hodc chon ~ dé nap chuong trinh.
2. CHJONG TRINHNAP IC-PRO;

Hudng dan caidit IC-Pro: gidi nén file IC-pro vao thuw muc bat ki nhu IC-Pro sau d6 chay file
ICProg.exe bd qua tit ci cac 16i 3 md chuong trinh ra. Sau d6 chon Settings >> Clear Settings nhu
hinh sau:

IZ-Prng 1050 - Prodakyne Progrommen ['—_"ﬁlﬁ_l

Fia kde Bofsr BEEGGEN Lormard  loos  wiew Hslp

. Mr~ir Fr o,
- Ve B E [ETCT A - 1%

Adchens PO Hardware F3 CInlraton
UL EEEE Herileare & ek FEFE PEEE BEEE v
oop0; IFIT Cplions ITFE [ITT LFIT iy

0010: FFFF|  Swnactcard iPoeriz) FFEE FFFF FFFE  Yy¥yyesy
ITCE [IIT IFLT &5¥uivii
FFEE FEFF FFFE Yyttt
0023: EFFF FEEY FEYF FFFF FEFF FFEE FEEF EFFE  &W¥uiddi
0030: EFFF FEEF FEFE FFFF EEFF FFFE FEEF EFFE  §y§iiidii
USS: EFEE PEEF FEFE FEEE FEFE FEEE PEEE EFEE  YYYYEYTY

Croe (um
froon
v
B ifier 1 | EutterZ ] Suier 3 ] Bufig: & ] Buf‘c: § I
JSM Peactar iz o Comd Lrervioe: oK01 1 (3]

Hinh 3-10. Man hinh cda IC-Pro.

Sau khinhan Yes lién tuc, mot man hinh Hardware settings s& hién ra nhu sau:
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Interface
Programmer: .
" Direct 10
|JDM Programrmer j
Parts Communication
o [ Invert Data Out
(¢ Com2 [ Inwert Data In
{ Com3 [ Inwert Clock
' [ Inwert MCLR
IO Delay (10) [ Invert Voo
| ) I
(8]L4 |

Hinh 3-11. Cla sd Hardware Setting.

Do chiing ta chon diing bd nap PG1A 14 mdt bo nap dugc phat trién clia JDM, cho nén phan
Programmer chiing ta s& chon JDM Programmer. Phin c6ng, ching ta s& chon COM 1, COM2 hoic
COM3 tiy theo may tinh. Phan Interface, cic ban chon Windows' API va phian Communication
khong ddnh diu gi ca, sau d6 chon OK. Khi sit dung Windows API, khong can quan tim dén phan
I/0 Delay.

Man hinh ban ddu sau khi khdi dong lai IC-Prog hién ra nhu hinh dudi. Chtng ta s& chon
Settings = Options d€ ti€p tuc cai dit cho IC-Prog.

IC-P'rog 1.05C - Prototypa Programimer,

File Edit BuFfer BElE&iy=M Command Tools  Yiew Help

~ Device *or

= - n \ Recent Devices 4 e @’ @’

Address - Progral Hardwiare F3 Configuration
0000: 00FF | Hardware Check 00FF DOFF 0OOFF

oooa: oofF TS 0O0FF 0OO0FF

0010: 0OFF Srarkcard (Phoeni) 00FF 00FF 00FF

001&: OOFF OO0OFF OOFF OOFF

0020: poFF | lEar Settings O0FF OOFF OOFF

0028: OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF OOFF
0030: OOFF OOFF OOFF OOFF OOFF OOFF OOFF OOFF
0038: OOFF O0FF 0OFF OOFF OOFF OOFF OOFF OOFF
0040: OOFF 0OFF OOFF OO0OFF O00OFF OOFF OOFF OOFF
0043 : OOFF O0FF 0O0FF OOFF O0OFF OOFF OOFF OOFF
0050: 0OFF 0O0FF OOFF OOFF O0OFF OOFF OOFF 0OFF
0058: OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF OOFF
0060: OOFF OO0FF OOFF OOFF 0O0FF 0OFF OO0FF 00FF
0068: OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF OOFF
0070: OOFF OO0FF OOFF OOFF 0O0FF 0OFF OO0FF 00FF
0078: OOFF OO0FF 0OFF OOFF OOFF OOFF OOFF OOFF
0080: ODFF 0OFF 00OFF 0OFF OOFF 0OFF 0OO0FF 00OFF
00&&: OOFF O0FF 0O0FF OOFF O0OFF OOFF OOFF OOFF
0090: OOFF OO0FF 0OOFF OOFF O0OFF OOFF OOFF OOFF
0098: OOFF OOFF 0OOFF OOFF OOFF OOFF OOFF OOFF
00AD: OOFF OO0FF 0OFF OOFF OOFF OOFF OOFF OOFF

nNas. NNPRF ONFF NNFF NOO0FE ONFF O0FF NOFF Onee

[~ CheckBoxg
Checksum

FEDD

Buffer 1 | Butfer 2 | Buffer 3 | Butfer 4 | Buffer 5 |

JDM Programimer on Comz2

Hinh 3-12. Cla sd Setting.

Device: SDAJSLE (58)

Man hinh Options s& hién ra. Chi quan tAm t&i phan Misc, con cic phan khac khong can quan
taim. Ct d€ mic dinh nhu chuong trinh ban du da co.
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Options [z|
I

Drag & Drop ] Smartcard ] Language ] Shell ] Mige
] Matification ] [FC ] Prograrmiming ] Shorteuts ]

Ask my confirmation when :

v Programming & dewice [ Owerwriting a file
[ Erasing a device

[ Codeprotecting a critical device

038 | Cancel ‘

Hinh 3-13. CUia sé lya chon.

Chon Enable Vcc control for JDM, sau d6 mdi chon ti€p Enable NT/2000/XP Driver. Khi
chon Enable Driver xong, ngay lap tic s&€ c6 mot man hinh Confirm hién 1én nhu trong hinh bén
dudi nhan Yes dé cai dat.

Luu y ring, driver da ndm sin trong thw muc ICProg. Do vay, [CProg s& tw ddong nhéan ra va
khdi dong lai ICProg.

=-EJ EE % % L | G E SDAZ54E = @2

Address - Program C Configuration

0000: OOFF 00)

0008 : DOFF OO
0010: OOFF 0O Confirmation ] Maotificartion ] FC ] Programeming ] Shortcuts

0018 : OOFF 0O Drag & Drop ] Smartcard ] Language ] Shell Mise
0020 : DOFF OO

0028 : OOFF OO Options
0030: 0OOFF OO

0038 : OOFF OO Process Priority .
0040: OOFF 00 = ol | Enable NT/2000/-P Driver
0048 : OOFF 0O W Enahle Yoo cortrol for JOM

0050 : OOFF OO
0058 : OO0FF OO
0060 : OOFF OO " Realtime [T Select device from file
0068 : OOFF OO
0070 : OOFF OO
0078: 0OO0FF OO
0080 : OOFF OO

" High [~ Make all outputs high (Combi)

0088 : OOFF OO J [ checkBoxd
00950: OOFF OO P Before this driver will work, you must restart IC-Prog, Checksum
0098 : OOFF OO . |——
00AD : OOFF ODOFF 0O Do you want ko restart IC-Prog mow? FEOD
nnae - NNWPRE NORR 0 !
Buffer 1 | Buffer 2 | Buffer 3 it
DU | =191 4) (S g TEwiie: SDAZS4E (55)

Hinh 3-14. CUia sé lya chon.

Mot man hinh Confirm khdc sé hién ra d€ yéu ciu x4c nhin viéc cai dit driver cho Windows
NT/2000/XP,chon Yes.
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Confinm ﬁl

P IC-Prog driver is not installed. Do you want to inskall this driver now?

.

Hinh 3-15. Cai dat Driver.

Nhu vay cong viéc cai dat da hoan tat.
Huéng dén nap cho PIC16F877A bing mach nap PGIA:
Khéi dong chuong trinh nap IC-Pro sau d6 chon tén PIC cAn nap nhu hinh sau:

-2 IC-Prog 1.05D - Prototype Programmer.
File Edit Buffer Settings Command  Tools  Wiew  Help

G -H TE S%G | B@H| [oem o] | B

PIC 16FE76 Al
Address - Program Code PIC 1EFS764 ration
0000: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF i PIC 16F 577 a7
0008: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF myw
0010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF if Elglggggg j'
0018: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF W] FIC 18F242 BN
0020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ] FIC 18F243 v
0028: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3EEF [T OFF 22
0030: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0038: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3EFF
0040: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF
0048: 3IFFF 3FFF 3FFEF 3FFF 3EFF | 3FFF 3FFF 3EFF sy
0030; 3JIFFF 3EFF 3FFE 3FFF 3FFF 3FFF 3JEEFF 3EFF v WOT
00538: 3FFF 3EFF 3FFE 3FFF 3FFF 3FFF 3FFF 3EFF ht I~ PART

Aderaas - EzpromData [v BODEMN

oooo: FF FF FF FF FF FF FF FF -~ [v LwP
0008: FF FF FF FF FF FF FF FF [~ CPD
0010: FF FF FF FF FF FF FF FF [~ P
0018: FF FF FF FF FF FF FF FF [~ DEBUGGER

0020: FF FF FF FF FF FF FF FF
0028: FF FF FF FF FF FF FF FF
0030: FF FF FF FF FF FF FF FF
0038: FF FF EF FF FF FF FF FF

Checksum D Value

¥ || Configg weord ; 3FFFh

Buffer 1 | Buffer 2 ] Butfer 3 I Buffer 4 ] Buffer 5 ]

JOh Programmer on Comd Device: PIC 16FE7TA (99)

Hinh 3-16. Chon PIC can nap.

Vi du nhu chon PIC16F877A, sau d6 vao File -> chon Open file hodc chon = ¢ chon file

HEX cin nap. Sau d6 chon Command ->Program All (F5) ho#c chon % dé nap chuong trinh cho
PIC16F877A.

. NGON NGU LAP TRINH ASM CUA MPLAB:
1 CAC QUY UGC A NGON NG MPLAB:

[nhdn] LENH tham s& 1, tham sé 2

Mot dong nhu trén goi 1a mot dong 1€nh. Chuong trinh MPLAB dugc chia lam 4 c¢ot 1o rang:
e (Cot th nha't d€ vi€t nhan.
e (ot thtt hai @€ viét tén lénh mudn thuc hién.
e (Cottht 3 12 tham s6 th¥ nhatcla Iénh.
e Cottht tw1a tham s6 thd hai ciia 1énh.
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Giita tham sd thif nhat va tham s& thit 2 ludn cdch nhau mdt ddu phiy (,). Cac cot dudc cich
nhau biing it nhat mot ky tw TAB (kho4ng tring rong) hay mot ki tu tring.

a. [nhan]:

[nhdn] 14 modt chudi ky ty &€ danh dAu modt diém nao d6 trong chuong trinh, thay vi phai ghi
dia chi b0 nhg thi ching ta thay dia chi d6 bing mot cai [nhan]. [nhdn] nady thudng dudc goi lai
bang lénh GOTO hoic CALL.

M®di cau 1énh, c6 thé c6 hoac khong c6 [nhan]. Tuy nhién, nén vi€t sao cho s6 [mhan] 1a it
nha't d€ trdnh sy 14m 14n va r&i mat khi 14p trinh.

[nhdn] dudc Vi€t trong cot thit nhat cda dong l1énh. [nhan] khong dugc bit dau bing cdc ky
tu dic biet nhu: *,&, khodng tring, cac con s6 (0,1,2..)... Giita cdc ky tf cha nhin cling khong dudc
co cacky ty dicbiet ™ A,..

Do dai ciia mot [nhan] khong gidi han, tuy nhién, ching ta phdi vi€t sao cho [nhin] ludn
nam trong cot thi nha't cia dong 1énh, @6 dainhian vira phii d€ dé quan sit, dd thong tin gdi nhd va
thudn ti€n khi 13p trinh.

Chiing ta hoan toan c6 thé€ ky hiéu cdc [nhiin] 1a NHAN_1, NHAN_2.. nhung ndi dung thong

tin clia nhin khong di dé thé hién cong viec s& dudc thychién, nhu vay sé rit khé nhé khi 1ap
trinh, nhit 13 khi chuong trinh vi€t daiva c6 d€n hang chuc hing trim nhin trong chuong trinh.

Vidu:

Nhéan ding:
Good_bye
Exit
KHOIDONG
Lap_1

Nhan sai:
1Exit
Good”bye
Khoi dong

b. Lénh va cac tham sé:

LENH 1 tén cia cdc 1énh gdi nhé dugc liet ké theo bang bén dudi. LENH dudc vié't vao cot
tht hai, mdi dong I1énh phai c6 tén LENH, néu khong ¢6 thi s& khong biét dong 1énh d6 lam viéc
gl. LENH thé hién cong viéc phdi lam ctia dong 1énh.

Tiy theo LENH ma c6 thé ¢6 tham s 1 va tham s 2, hodc chi c¢6 tham s6 1, hodc khong ¢
tham s& nao hét. Trong mot dong 1énh, phdi vi€t di tham s6 ctia LENH d6.

¢. Quy uéc ki hiéu trong MPLAB:

Bang 3-1: Ki hiéu quy u6c ciu tric 1énh

Kihiéu Chiic nang
f Pia chi cda file thanh ghi tir 0x00 d&n 0x7F
w Thanh ghi W - Working register (accumulator)
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b La dia chi nim trong file thanh ghi 8 bit
k Hiing s6 hoic nhin
X Khong quan tim 1a 0 hay 1
d Luc chon ndi nhan dir li€éu
d =0 Ivu k&t qué vao thanh ghi W
d =1 luu k€t qua vao trong thanh ghi f
Micdinhd=1
PC Bd d€m chuong trinh
TO Bit Time-out
PD Bit Power-down

Bang 3-1. Ki hiéu cac thanh ghi trong MPLAB.

Byte-oriented file register operations
13 8 7 6 0

| OPCODE | d f (FILE #)
d = o for destination W

d = 1 for destination f
f = 7-hit file register address

Bit-oriented file register operations
13 10 9 76 0

OPCODE b (BIT #) f(FILE #)

b = 3-bit bit address
f = 7-hit file register address

Literal and control operations
General
13 & 7 0
OPCODE k (literal)

k = 8-bit immediate value

caLL and coTo instructions only
13 11 10 Q
| OPCODE K (literal) |

k = 11-bit immediate value

Hinh 3-17. Khudn khd chung cho mét s6 Iénh cba PIC 16F877A.
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Bang 3-2: Tap Iénh ciia PIC16F877A:

Mnemonic, L 14-Bit Opcode Status
Description Cycles Notes
Operands MSh LSh Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS
ADDWF f.d Add W and f 1 00 0111 dfff ffff| CDCZ 1.2
ANDWFE f, d AND W with £ 1 00 0101 dfff fEff Z 1,2
CLRF f Clearf 1 00 0001 1fff ffff Z 2
CLRW - Clear W 1 00 0001 OxHxX XXX Z
COMF f.d Complement f 1 00 1001 dfff fEff zZ 1,2
DECF fd Decrement f 1 00 0011 dfff fEff Z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 Adfff ffff 12,3
INCF f.d Increment f 1 00 1010 dfff fEff Z 1,2
INCFSZ fd Increment f, Skip if 0 12) 00 1111 dfff fEff 1,23
IORWF f d Inclusive OR W with f 1 00 0100 dfff fEff Z 1,2
MOVF f.d Move f 1 00 1000 Afff fEff Z 1.2
MOVWEF f Move Wto f 1 00 0000 1fff fEff
NOP - No Operation 1 00 0000 OxxO 0000
RLF f.d Rotate Left f through Carry 1 00 1101 dfff fEff C 1,2
RRF f, d Rotate Right f through Carry 1 oo 1100 dfff fEff C 1,2
SUBWF fd Subtract W from f 1 oo oolo dfff ffff| CDCZ 1,2
SWAPF f.d Swap nibbles in f 1 00 1110 dfff fEff 1,2
XORWF f.d Exclusive OR W with f 1 00 0110 dfff fEff Z 1.2
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear f 1 01 00bb bLfff ffff 1,2
BSF fb Bit Set f 1 01 01bb bfff fEff 12
BTFSC f.b Bit Test f, Skip if Clear 1(2) 01 10bb bfff fEff 3
BTFSS f.b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add Literal and W 1 11  111x kkkk kkkk| CDCZ
ANDLW k AND Literal with W 1 11 1001 kkkk kkkk z
CALL k Call Subroutine 2 10  Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 oao00| TOPD
GOTO [ Go to Address 2 10 1kkk kkkk kkkk
IORLW K Inclusive OR Literal with W 1 11 1000 kkkk kkkk Z
MOVLW k Move Literal o W 1 11  00xx kkkk kkkk
RETFIE - Return from Interrupt 2 00 0000 0000 1001
RETLW [ Return with Literal in W 2 11 01xx kkkk kkkk
RETURN Return from Subroutine 2 00 0000 000D 1000|
SLEEP - Go into Standby mode 1 oo o0ooo 0110 oo1l | TOPD
SUBLW k Subtract W from Literal 1 11 110x kkkk kkkk| CDCZ
XORLW K Exclusive OR Literal with W 1 11 1010 kkkk kkkk zZ

Bang 3-2. Tom tat tap lénh.
Chii $ (1): khi thanh ghi IO bi thay d8i (vi du nhu 1énh MOVF PORT, 1) thi gia tri ding trong

1énh 14 gid tri xud't hién & ngd ra. Vi du thanh ghi chd't dit liéu 1a ‘1’ d€ dinh c4u hinh 12 ngd ra va
dugc diéu khi€n xudng mic thip bdi thi€t bi bén ngoai thi dit liéu doc vao I3 mifc.
Chii § (2): n€u 1&énh nay dudc thuc hién cho thanh ghi TMRO thi bd chia trudc sé& bi xod néu

gan cho khdi Timer0.
Chii y (3): néu thanh ghi PC bi thay d&i thi can 2 chu k¥, chu ky thi 2 thuc hién 1énh NOP.

2. DENTA CAC LENH

a. Lénh: ADDLW

Cong hiing s6 k vio W

e Cu phép: ADDLW k

o Tacto:

0< k< 255
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e Thuc thi: W) +k 2 (W)
e (C0éanh hudng: C,DC,Z

e Chic ning: cong ndidung thanh ghi W véi hing so k 8 bit va k&t qua luu vao W.

e Chuky thyc hi€n: 1.

b. Lénh: ADDWF Cong W véi f
e Cu phap: ADDWF f,d
e Tac to: 0 <f <127,d €][0,1]
e Thuc thi: (W) + () = (dest)
e Cd4anh hudng: C,DC,Z

e Chifc ning: cong nodi dung thanh ghi W v§i thanh ghi f. Néu d= 0 thi luu két qué vao

thanh ghi W, con d=1 thi luu vao thanh ghi f.
e Chu ky thuc hién: 1.

c. Lénh: ANDLW Anal hiing s6 v6i W

e Cuphip: ADDLW k
e Tac t0: 0 <k <255

o Thycthi: (W) AND (K)> (W)
e C0Oénhhudng: Z

e Chifc ning: ndi dung thanh ghii W dudc AND véi hiing s8 k 8 bit, k€t qud Iuu vao

thanh ghi W
e Chu ky thuc hién: 1.

d. Lénh: ANDWF Anal W v6i F
e Cu phap: ANDWF f,d
e Tac to: 0 <f <127,d €[0,1]
e Thuc thi: (W) AND (f) = (dest)
e C0Oédnh hudng: Z

e Chifc ning: AND thanh ghi W vdi thanh ghi f. N€u d = 0 thi k&t qua Iuu vao thanh

ghi W, néu d=1 thi k&t qua Iuu vao thanh ghi f.
e Chu ky thuc hién: 1.

e. Lénh: BCF x04 bit trong thanh ghi F

e Cu phap: BCF f,d
e Tacto: 0 <f<127,0 <b<7

e Thuc thi: 0 -2 (f<b>)

e (0 dnh hudng: khong

e Chdc ndng: bit b trong thanh ghi f bi x6a
e Chuky thyc hi€n: 1.

f. Lénh: BSF set bit trong thanh ghi F
e Cu phdp: BSF f.d
e Tic (d: 0 <f<127,0 <b <7
e Thyc thi: 1 = (f<b>)
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e (0 édnh hudng: khong
e Chuc ndng: bit b trong thanh ghi f dugc set1én 1.
e Chuky thyc hién: 1.

g. Lénh: BTFSS ki€m tra 1 bit trong thanh ghi F va nhdy n€u bing 1

e Cu phdp: BTFSS f,d
o Tacto: 0 <f<127,0 <b<7

e Thuyc thi: nhdy néu f<b>=1

e (0 anh hudng: khdng

e Chitc ning: néu bit b trong thanh ghi fbing 1 thilénh k& bibd qua va thay biing Iénh
NOP.

e Chuky thyc hién: 1(2).

h. Lénh: BTFSC ki€m tra 1 bit trong thanh ghi F va nhdy néu biing 0

e Cu phép: BTFSC f,d
o Tacto: 0 <f<127,0 <b<7

e Thuc thi: nhdy néu f<b>=0

e (0 anh hudng: khdng

e Chic ning: n€u bit b trong thanh ghi f=0 thi 1énh k&€ bi bd qua va thay bing Iénh
NOP.

e Chuky thyc hién: 1(2):

i. Lénh: CALL goi chudng trinh con

e Cu phdp: CALL k

e Tactd: 0 <k<2047

e Thuc thi: (PC) + 1> TOS; k=>PC<10:0>; (PCLATH<4:3>)> (PC<12:11>)

e (0 anh hudng: khdng

e Chifc ning: goi chuong trinh con. 13 bit dia chi tr§ vé (PC+1) dugc cat vao ngin xé&p.
Ti€p Theo 11bit dia chi <10:0> dugc tdi vao PC. Hai bit cao cia PC dugc nap tir
PCLATH<4:3>.

e Chu ky thuc hién: 2.

j- Lénh: CLRF x04 thanh ghi f
e Cu phap: CLRF f
e Tic t0: 0 <f <127
e Thuc thi: 00h > (f);1 > Z
e Trang thai dnh hudng: Z
e Chic ndng: Xod thanh ghi fva bit Z dugc set.
e Chu ky thuc hién: 1.

k. Lénh: CLRW xod thanh ghi W
e Cu phdp: CLRW
e Tac to: khong
e Thuc thi: 00h >(W), 1 > Z
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Cd anh hudng: Z
Chitc ndng: xod thanh ghi W va bit Z lén 1.
Chu ky thyc hién: 1.

l. Lénh: CLRWDT xod WDT

Cu phép: CLRWDT

Tac 0: khong

Thyc thi: 00 > WDT; 0 = B d&€m chia trudc chia WDT; 1 > TO;1-> PD

C& 4nh hudng: TO , PD

Chtc ning: 1énh CLRWDT sé& x04 bd dinh thi WDT va xo4 luén bd dé€m chia trudc
clia WDT. Céc bit PD,TO dudgc set 1én 1.

Chu ky thuc hién: 1.

m. Lénh: COMF bu thanh ghi f

Ciphip:  COMFf.d

Tac t6: 0 <f<127,d €[0,1]

Thuc thi: (f) = (dest)

C6 anh hudng: Z

Chifc nidng: bu 1 ndi dung thanh ghi f.N&u d=0 thi k&t qué Iuu vao thanh ghi W. Néu
d=1 thi k€t qud luu vao thanh ghi f.

Chu ky thyc hién: 1.

n. Lénh: DECF giam ndidung thanh ghi f

Ca phép: DECF f,d

Tac t6: 0 <f<127,d €[0,1]

Thue thi:  (f)— 1 - (dest)

C6 anh hudng: Z

Chifc nidng: gidm ndi dung thanh ghi fdi 1. N&u d= 0 thi k€t quéa lvu vao thanh ghi W.
Né&u d= 1 thi k€t qua luu vao thanh ghi f.

Chu ky thyc hién: 1.

o. Lénh: DECFSZ gidm noi dung thanh ghif vd nhdy néu bing 0

Cu phép: DECFSZ f,d

Téc 16 0 <f <127,d €[0,1]

Thuc thi: (f) — 1 > (dest); Nhdy néu kétqua =0

C6 anh hudng: khong

Chitc ning: noi dung thanh ghi f gidm di 1. N&u d = 0 thi k€t qué luu vao thanh ghi f.
Néu d = 1 thi k€t qué luu vao thanh ghi W. N&u k€t qud biing 0 thibd qua lénh k€& va
thay biing 1énh NOP (do ma d6n vé trong lic Iénh dang thuc hién).

Chu ky thuc hién: 1(2).

p. Lénh: GOTO 1énh ré nhdnh khong di€u kién

Ciphip:  GOTO k
Tac to: 0< k<2047
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e Thuc thi: k 2 PC<10:0>; PCLATH<4:3> > PC<12:11>

e CJ anh hudng: khdng

e Chifc ning: GOTO la 1énh nhay khong diéu kién. Gid tri cia 11bit <10:0> dugc tai
vao PC. Céc bit cao ciia PC dugc tai tt PCLATH<4:3>.

e Chu ky thyc hi€n: 2.

q. Lénh: INCF 1énh ting ndidung thanh ghi f

r.

e Cu phép: INCF f,d

o Tic(5: 0<f<127,d[0,1]

e Thuc thi: () + 1 > (dest)

e CJanh hudng: Z

e Chic ning: ndi dung clia thanh ghi f ting 1én 1. N€u d = 0 thi k€t qua lvu vao thanh
ghi W. Néu d = 1 thi k&€t qua lvu trd lai vao thanh ghif.

e Chu ky thuc hién: 1.

Lénh: INCFSZ 1énh ting ndi dung thanh ghi f va nhdy n&u biing 0

e Cu phép: INCFSZ f,d

e Tic (d: 0 <f <127,d €[0,1]

e Thuc thi: (f) + 1> (dest)

e (0 4nh hudng: khong.

e Chifc ning: ndoi dung c¢ta thanh ghif tang. Néu d= 0 thi k€t qua lwu vao thanh ghi W.
Né&u d= 1thi k€t qua luu vao thanh ghi f. N€u k&€t qua 1a bing 0 thi bd qua 1&énh k& va
dugc thay bing 1&énh NOP.

e Chuky thyc hi€én: 1(2).

Vi du: HERE INCFSZ CNT,1
GOTO LOOP
CONTI

Trudng hop 1: TruGce khi thye hién 1énh thi PC=dia chi HERE, CNT = 0xFF.

Sau khi thuc hién 1énh thi PC=dia chi CONTI, CNT =0x00. B4 qua 1énh GOTO

Truong hop 2: TruGe khi thyc hién 1énh thi PC=dia chi HERE, CNT = 0x00.

Sau khi thue hién 1énh thi PC=dia chi HERE+1, CNT = 0x01. Lénh GOTO dugc thuc hién.

S.

Lénh: IORLW 1énh OR hing s6 véi W
e Ciaphip: IORLW Kk
o Tictd: 0<k<255
e Thuc thi: (W)ORk > W
e C0¢énh hudng: Z
e Chifc ning: OR hing s8 k 8 bit véi W. Né&u d= 0 thi két qud dugc luu vao thanh ghi
W. N€u d= 1 thi k€t qua luu vao thanh ghi f.
e Chu ky thuc hién: 1.
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t. Lénh: IORWF lénh OR W véif

e Cu phép: IORWF f,d
e Tic t0: 0<f<127

e Thuc thi: (W) OR k - (dest)

e C&anhhudng: Z

e Chic ning: ndi dung thanh ghi W dugc OR v6i ndi dung thanh ghi W. Néu d= 0 thi
k&t qud luu vao thanh ghi W. N&u d= 1 thi k€t qua luu vao thanh ghi f.

e Chu ky thuc hién: 1.

Vidu: IORWF RESULT,0
TruGce khi thyc hién lénh thi W=0x91 va RESULT =0x13.
Sau khi thuc hién I€nh tht W=0x93 va RESULT =0x13 va Z=0.

u. Lénh: MOVLW 1&nh copy di¥ liéu
e Cu phdp: MOVLW k
e Tac t3: 0<k<255
e Thuc thi: k=>W
e (0 4anh hudng: khong.
e Chidc ndng: dit lieu 8 bitk nap vao thanh ghi W.
e Chuky thyc hién: 1.

Vidul: MOVLW ' 0x5A

Sau khi thuc hién 1énh thi W=0x5A

Vidu2: MOVLW MYREG

Trudc khi thyc hién 1énh thi W=0x01.

Ki hiéu MYREG la dir liéu ctia 6 nhg la 0x37.

Sau khi thyc hién 1énh thi W=0x37.

Vidu3: MOVLW HIGH(LU TABLE)
Trudc khi thuc hién Iénh thi W=0x01.

LU_TABLE la nhidn cia 6 nhd ¢6 dia chi la 0x9375.
Sau khi thuc hi€n 1€nh thi W=0x93.

v. Lénh: MOVF lénh copy dir lieu

e Cu phép: MOVF f,d
o Tictd: 0<f<127,d €[0,1]

e Thuc thi: H>W

e (0 énh hudng: Z.

e Chifc ning: ndi dung thanh ghi ‘f* dudc copy sang noi dé€n tuy thudc vao gia tri clia
‘d’. N&u ‘d’ =0 thi noi d&€n Ia thanh ghi W. N&u ‘d’=1 thi ndi d&€n chinh la thanh ghi
‘f>. Trudng hop ‘d’=1 rat tién Igi d€ ki€m tra thanh ghi file vi trang thdi clia cd Z bi
anh hudng.

e Chu ky thuc hién: 1.
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Vidul: MOVF FSR,0

TruGce khi thuc hién 1&€nh thi: W=0x01, FSR=0xC2.

Sau khi thuc hién 1€nh thi W=0xC2 va c§ Z=0.

Vidu2: MOVLW FSR,1

Truong hop 1: Trudc khi thyc hi€én 1€nh thi FSR=0xC?2.
Sau khi thuc hién 1€nh thi FSR=0xC2 va Z =0.

Truong hop 2: Trudc khi thyc hién I€nh thi FSR=0x00.
Sau khi thuc hién I€nh thi FSR=0x00 va Z =1.

w. Lénh: MOVWF 1énh copy dir li¢u

e Cu phép: MOVWF f
e Tactd: 0<f<127,d €[0,1]

e Thuc thi: W)>f

e Trang thai 4nh hudng: khong.

e Chidc ndng: ndi dung thanh ghi W dugc copy sang thanh ghi ‘f’.
e Chuky thyc hi€n: 1.

Vidul: MOVWF OPTION_REG

Trudc khi thyc hién 1énh thi: OPTION_REG=0xFF, W=0x4F.
Sau khi thuc hién 1&€nh thi OPTION_REG=0x4F, W=0x4F.
Vidu2: MOVLW INDF

Trudc khi thuc hién 1&€nh thi W=0x17, FSR=0xC2 va ndi dung ctia dia chi (FSR)=0x00.
Sau khi thuc hién 1énh thi W=0x17, FSR=0xC2 va ndidung cla dia chi (FSR)=0x17.

x. Lénh: RETFIE 1&nh tr§ vé tir chuong trinh con phuc vu ngat.
e Cu phap: RETFIE
e Tac t0: khong c6.
e Thuc thi: TOS - PC, 1 2 GIE.
e (0 dnh hudng: khong.

e Chiic ning: trd vé tir chuong trinh phuc vu ngit. 13 bit dia chi & dinh ngin x&p (TOS)
dugc nap cho thanh ghi PC. Bit cho phép ngit toan cuc tu dong dugc set 1én mic 1

dé€ cho phé p ngit.
e Chu ky thyc hi€n: 2.

y. Lénh: RETLW 1énh tr§ vé tir chuong trinh con phuc vu ngit.
e Cu phép: RETLW k
o Tic (d: 0<k<255
e Thuc thi: k > W, TOS - PC.
e Trang thai dnh hudng: khong.
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e Chic ning: thanh ghi W dugc nap gid tri 8 bit ‘k’. 13 bitdia chi § dinh ngin x&p (dia
chi tr§ vé) dugc nap cho thanh ghi PC.
e Chuky thyc hién: 2.

z. Lénh: RLF I€nh xoay trdiqua c6 C
e Cu phdp: RLF f.d
e Tactd: 0<f<127,d €[0,1]

e Thuyc thi:
F—{C\q—| Register f \-._‘

e Trang thai dnh huéng: C

e Chifc ning: ndi dung clia thanh ghi f dugc xoay sang trai mot bit qua c¢d C. Néu d= 0
thi k€t qué dugc luu vao thanh ghi W. N€u d= 1 thi k€t qud lwu vao thanh ghi f.

e Chu ky thyc hién: 1.

Vidul: RLF REG1,0

Trudc khi thyc hién lénh thi: REG1=1110 0110 va C =0.

Sau khi thuc hién 1énh thi REG1=1110 0110, W=1100 1100 va C =1.
Vidu2: RLF INDF, 1

Truong hop 1: Trudc khithuc hién 1é€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011
1010 va C = 1.

Sau khi thuc hién 1&€nh thi: FSR=0xC2, ndi dung cta dia chi (FSR) =0111 0101 va C =0.

Truong hop 2: TruGc khi thuc hién 1€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 1011
1001vaC=0

Sau khi thuc hién 1&énh thi: FSR=0xC2, n6i dung ctia dia chi (FSR)=0111 0010 va C =1.

aa. Lénh: RRL 1énh xoay phai qua ¢ C
e Cu phép: RRF f.d
e Tic (5: 0<f<127,d €[0,1]

e Thuc thi:
’—-.\C|_-| Register f }—»I

e Trang thai dnh huéng: C

e Chifc ning: ndi dung clia thanh ghi f dugc xoay sang phai mot bit qua ¢ C. Néu d= 0
thi k€t qué dugc luu vao thanh ghi W. N&u d= 1 thi k€t qud lwu vao thanh ghi f.

e Chuky thyc hién: 1.

Vidul: RRF REG1,0
Truéce khi thyc hién 1énh thi: REG1=1110 0110, W=xxxx xxxx va C =0.
Sau khi thuc hién 1énh thi REG1=11100110, W=0111 0011 va C =0.
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1010va C=1.

1001 vaC=0

Vidu2:

RRF INDF,1

Truong hop 1: TruGc khi thuc hién 1é€nh thi: FSR=0xC2, ndi dung cia dia chi (FSR) = 0011

Sau khi thuc hién 1é€nh thi: FSR=0xC2, ndi dung cta dia chi (FSR) = 1001 1101 va C =0.
Truong hop 2: TruGc khi thuc hién 1€nh thi: FSR=0xC2, ndi dung cla dia chi (FSR) = 0011

Sau khi thyc hién 1&€nh thi: FSR=0xC2, ni dung cta dia chi (FSR) =0011 1100 va C =1.

bb. Lénh: RETURN lénh k€'t thiic chuong trinh con

Ca phép: RETURN

Tac 3: khong

Thuc thi: TOS - PC

Trang thai dnh hudng: khong

Chitc ning: 1énh trd vé tir chuong trinh con. Noi dung dinh ngin x&p trd cho PC.
Lénh nay thyc hi€n trong 2 chu ki 1€nh.

Chu ky thyc hién: 2.

cc. Lénh: SLEEP 1énh nga

Cu phép: SLEEP

Tac t0: khong

Thyc thi: ~ ~00h & WDT; 0 - bd d&€m chia trudc cia WDT; 1 > TO; 0> PD
C& 4nh hudng: TO , PD

Chifc ning: bit trang thai gidm ngudn PD (Power Down Status bit) bi x6a. Bit trang
thai tam nghi TO (Time-Out) dugc set. B dinh thdi WDT va bd chia truc bi x6a.
Vixtt li budc vao ché do ngii (SLEEP) va bo dao dong ngitng hoat dong.

Chu ky thyc hién: 1.

dd. Lénh: SUBLW 1€nh trir hdng s6 cho thanh ghi W

Ciphdip:  SUBLW &k

Téac 0: 0<k<255

Thuc thi: k- (W) (W)

C8 anh hudng: C, DC, Z

Chtc ning: hing so k 8 bit trir cho ndi dung thanh ghi W va k&t qua dugc Iuu vao
thanh ghi W.

Chu ky thuc hién: 1.

Vidul:

SUBLW  0x02

Truong hop 1: Trudc khi thyc hién l€nh thi: W=0x01, cd C=xva Z = x.
Sau khi thurc hién 1&énh thi: W=0x01, c¢d C = 1 (k€t qua duong) va Z = 0.

Truong hop 2: Trudc khi thyc hién I€nh thi: W=0x02, cd C=x va Z = x.
Sau khi thurc hién 1&énh thi: W=0x00, ¢ C = 1 (k€tqua bing 0) va Z=1.
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Truong hop 3: Trudc khi thyc hién 1€nh thi: W=0x03, cd C=xva Z = x.

Sau khi thuc hién 1énh thi: W=0xFF, cd C =1 (k€tqua 4m) va Z = 0.

Vidu2: SUBLW MYREG

Trudc khi thyc hién 1énh thi: W=0x10, ki hi¢u MYREG la ndi dung 6 nhé c6 gid tri 0x37.
Sau khi thurc hién 1&énh thi: W=0x27, c¢d C = 1 (k€t qua duong) va Z = 0.

ee. Lénh: SUBWF Iénh trir thanh ghi f cho thanh ghi W
e Cu phép: SUBLW f,d
o Tic (5: 0<f<127,d [0,1]
o Thucthi:  (f)— (W)= (dest)
e C0&4éanh hudng: C,DC, Z
e Chic ning: ndi dung thanh ghi f trir cho ndi dung thanh ghi W. N&u d= 0 thi k€t qud
luu vao thanh ghi W. N€&u d= 1 thi k€t quéi Ivu vao thanh ghi f.
e Chuky thyc hién: 1.

Vidul: SUBWF REG11

Truong hop 1: Trudc khi thyc hién 1€nh thi: REG1=0x03, W =0x02, c6 C =x va Z = x.
Sau khi thuc hién 1&énh thi: REG1=0x01, W=0x02, ¢ C = 1 (k&t qud duong) va Z =0.
Truong hop 2: Trudc khi thyc hién l€nhthi: REG1=0x02, W =0x02, c6 C =x va Z = x.
Sau khi thyre hién 1énh thi; REG1=0x00, W=0x02, ¢ C = 1 (k€t qud zero) va Z = 1.
Truong hop 3: Trudc khi thyc hi€én 1€nh thi: REG1=0x01, W =0x02,c6 C =x va Z = x.
Sau khi thurc hién 1énh thi: REG1=0xFF, W=0x02, ¢ C = 1 (k€t qua am) va Z =0.

ff. Lénh: SWAPF 1énh hoan chuyén 4 bit clia thanh ghi f
e Ciphip: SWAPF  fd
o Tic (5: 0<f<127,d e[0,1]
e Thuc thi: (f<3:0>) 2 (dest<7:4>); (f<7:4>) 2> (dest<3:0>)
e C0 dnh hudng: khong
e Chifc ning: 4 bit cao va 4 bit thip clia thanh ghi f dugc d8i véi nhau. Néu d= 0 thi ket
qud luu vao thanh ghi W. N€u d= 1 thi k&t qué Iwu vao thanh ghi f.
e Chu ky thuc hién: 1.

Vidul: SWAPF REGL0

Trudc khi thuc hién 1énh thi: REG1=0xAS5.

Sau khi thuc hién 1é€nh thi: REG1=0xA5, W=0x5A.

Vidu2: MOVLW FSR,1

Trudc khi thuc hién 1&€nh thi FSR=0xC2, ndi dung ctia dia chi (FSR) = 0x20.
Sau khi thuc hién Iénh thi FSR=0xC2 va ndi dung cta dia chi (FSR) = 0x02.

gg. Lénh: XORLW lénh XOR hing s6 v6i W
e (Cu phép: XORLW k
e Tac t0: 0 <k <255
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o Thucthi: (W) XOR k > (W)

e CUanh hudng: Z

e Chic ning: ndi dung thanh ghi W dugc XOR véi hiing so k 8 bit va k€t qua Iwu vao
thanh ghi W.

e Chuky thyc hién: 1.

Vidu: XORLW 0xAF
Trudc khi thuc hién 1énh thi: W=0xB5.
Sau khi thuc hién 1é€nh thi: W=0x1A, Z=0.

hh. Lénh: XORWF 1&énh XOR W véi f
e Cu phép: XORLW f,d
e Tictd: 0<f<127,d €[0,1]
e Thyc thi: (W) XOR (f) 2> (dest)
e CUanhhudng: Z
e Chifc ning: ndi dung thanh ghi W dugc XOR vdindi dung thanh ghi f. N&u d= 0 thi
k€t qud dugc luu vao thanh ghi W. Néu d=1 thi k€t qud Iuvu vao thanh ghi f.

IV. NGON NGU LAP TRINH C COA CCSs C:
1 Gl THEUCCS G

CCS C 1a trinh bién dich diing ngén ngit C cho vi diéu khién PIC diy 14 ngdn ngit cip cao
gilip vi€t chuong trinh d& dang hon ngon ngit Assembly.

M3 1énh dudc t61 wu khi bién dich.

CCS chita nhie¢u ham phuc vu cho moi muc dich va ¢6 nhiéu cach 1ap trinh cho mot van dé
din dé&n khdc nhau vé toc d thyc thi ma va bd nhS chuong trinh, sy t3i wu clia chuong trinh 1a do
ngudilap trinh quyét dinh.

2. NGONNGU LAP TRINH CTREN CCS C:

Dé€ vi€t mot chuong trinh C mdi chay CCS vao New tao mdt Project mdi.

Trén thanh toolbar: Chon “Microchip 12 bit” @€ viét chuong trinh cho PIC 12 bit. “Microchip
14 bit” dé vi€'t chuong trinh cho PIC 14 bit. “Microchip PIC18” dé vi€t chudng trinh cho PICIS.
Chon “Compiler” dé bién dich chuong trinh.

CAu triic mdt chuong trinh C viét trong CCS:

#include <1 6F877A.h> // khai bdo PIC st dung ctia chuong trinh

#device RS232 // Khai bio thi€tbi can st dung
#use delay (clock=20000000) // khai bdo ham delay

Intl6 a,b; // khai bdo bién

Void xu_ly_ADC () //chuong trinh con

...
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#INT_TIMERI1 // khaibdongit
Void xu_ly_ngat_timer () //chuong trinh x 1i ngdt

Main () /I chuong trinh chinh

3. KHAIBAO VA 57 DUNGBIEN, HANG, MANG:

a. Khai bao bién, hdng, mang:

Cé4cloai bi€n sau dugc hd trg:
intl  :s6 1 bit = true hay false (0 hayl)
int8  :s6 nguyén 1 byte (8 bit)
intl6 :s6 nguyén 16 bit
int32 :s6 nguyén 32 bit
char :ky tu 8 bit
float :so thuc 32 bit
short :mic dinh nhu ki€u intl
byte :mic dinh nhu'ki€u int8
int : micdinh nhu ki€u int8
long :mic dinh nhu ki€u int16
Thém signed hoic unsigned phia truéc dé& chi d6 1a s& c6 dau hay khong dau.
e Khaibdo hiing:
Vidu: int8 const a=12;// a 1a hiing s c6 gia trila 12
e Khaibdo 1 mdng hing s6:
Vi du: int8 consta[2]={1,2,0};// mang c6 3 phan t&¥ va chi s ming dau tién 12 0 v6i a[0]=1
va do 16n cia mot phan it 1a 1byte (hay 8bit).
P3&i v6i vi diéu khién PICI6F877A thi chi s6 mang c6 kich thudc t8i da Ia 256 byte.
b. Céch sU dung bién:
Khi st dung cac phép toin cin lvu y: tran sO, tinh todn vSi s& Am, ddi ki€u va ép kiéu.
Giong nhu C trong 1ap trinh C cho may tinh. Bién c6 thé dugc khai bio nhu toan cuc hay cuc
bd. Bi€n khai bdo trong ham s& Ia cuc bd va chi dung dugc trong ham do, ké ca trong ham main().
Ngoaira con c6 thé khai bao ngay trong 1 khdi 1énh, va ciing chi ton tai trong khoi 1énh dé.

4. CcAc CAUTRIC LENH:

GOm cac 1énh nhu while . . do, case, . . .
e while (expr) stmt: xét di€u kién trugc rdi thuc thi bifu thitc sau.
e do stmt while (expr): thuc thi biéu thic roi m&i xét diéu kién sau.
e Return: ding cho ham c¢6 trd vé tri, hoidc khong trd vé tri cling dugc, khi d6 chi can
dung: return (nghia 1a thodt khoi ham tai d6).
e Break: ngit ngang (thoat khdi) vong lip while. Continue: quay tré vé dau vong lip
while.
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Bang 3-3: Tap Iénh ctia ngdn ngit C

STATEMENT EXAMPLE
if (expr) stmt; [else stmt;] if (x==25)
x=1;
else
X=x+1;
while (expr) stmt; while (get_rtcc()!=0)
pute(‘n’);
do stmt while (expr); do {

for (expr1;expr2;expr3) stmt;

switch (expr) { switch (cmd) {

case cexpr: stmt; /fone or more case case0:printf(“cmd 07);

[default:stmt] break;

.} case 1; printf(“cmd 17);
break;
default: printf(“bad cmd”);
break; }

return [expr]; return (5);

goto label; goto loop;

label: stmt; loop: 1++;

break; break;

continue; continue;

expr; i=1;

5 ;

{[stmt]} {a=1;

Zero or more

putc(c=getc();
} while (c!=0);

for (i=1;i<=10;++1)
printf(“%u\r\n”,1);

b=1;}

Bang 3-3. Tap lénh ngdén ngu C.
Céacmuc trong [ ]1a ¢6 thé c6 hoic khong.

5. CcHTHTENXILY:

a. #ASM va #ENDASM:

Cho phép dit 1 doan ma ASM giira 2 chi thi nay, chi dat trong ham. CCS dinh nghia san 1
bi€n 8 bit RETURN d€ gan gid tri trd v& cho ham tir doan ma Assembly.

Khi st dung cac bi€n khong & bank hién tai, CCS sinh thém ma chuyén bank ty dong cho
cac bién d6. N&u st dung #ASM ASIS thi CCS khong sinh thém mi chuyén bank ty dong. Ma
assembly diing theo mi tip 1énh clia vi diu khi€n, khong phaila ma lénh ctia MPLAB.
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Vidu:
int find_parity (int data) {
int count;
#asm
movlw 0x8
movwf count
movlw 0
loop:
xorwf data,w
rrf data,f
decfsz count,f
goto loop
movwf _return_
#endasm

}

b. #INCLUDE:

Cu phap: #include <filename> hay #include “ filename”

Filename: tén file cho thi€t bi c6 thé *.h hay *.c. Néu chi dinh file § dudng din khic thi
thém dudng din vao va ludn c6 d& khai bdo chuong trinh vi€t cho vi diéu khi€n nao va ditd dong
diu tién.

Vi du: #include <P16F877A.h> //khai bdo chuong trinh vi€t cho PIC16F877A
#include <lcd.c> //khaibdo cac ham hay chuong trinh con cho LCD

c. #BIT, #BYTE, #LOCATE va #DIFINE:
#BIT id = x.y v6iid la t&n bi€n, x la bién (8,16,32bit,...) hay hiing s§ dia chi thanh ghi, y 1a vi
tri clia bit trong bié€n x.

Vi du: #bit TMR 1Flag = Oxb.2 //bit ¢ ngit timerl & dia chi Oxb.2 (PIC16F877A)
Khi @6 TMR1Flag = 0 // x04 ¢3 ngdt Timerl
#BYTE id = x. Trong d6 id 1a tén bi€n, x: dia chi thanh ghi.

Vidu: #BYTE portB=0xC6; // Thanh ghi PortB c6 gia tri la 0xC6
Khi mu6n xuitra PortB gia tri 120 thi ta dung 1énh portB=120;

# LOCATE id = x giong nhu #byte id=x nhung c¢6 thém chifc ning bdo vé khong cho CCS st
dung dia chi d6 vao muc dich khac.
# DEFINE id text v6i text 1a chudi hay s6 id 1a t&n bién.

d. #DEVICE:

Cu phap # DEVICE chip option
chip: t&n vi diéu khié€n st dung, khong dung tham s& niy néu di khai bdo tén chip & #
include.
Option: todn t&t tiéu chuin theo titng chip:
* = 5 diing pointer 5 bit (t4t cd PIC)
* =8 dung pointer 8 bit (PIC14 va PIC18)
* =16 dung pointer 16 bit (PIC14, PIC 18)
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X bit.

dung.

ADC=x sit dung ADC x bit (8, 10, . .. bit tuy chip), khi duing ham read_adc(), s& trd v& gia tri

e. #ORG:

# org start, end

# org segment

#org start,end { }

Start, end: bit diu va k€t thiic ving ROM danh riéng cho ham theo sau, hoic dé riéng khong

Vidu:

Org 0x30, Ox1F

Void xu_ly()

{

} //ham nay bitdau § dia chi 0x30

Org 0x30, Ox1F { }
// khdng c6 gi ca dit trong ving ROM nay
-Thudng thi khong ding ORG.

f. #USE:

#USE delay(clock=speed)//khai bdo ham delay cho vi diéu khié€n
V6i speed 1a t0¢c d6 dao dong dang dung.

Vi du: nhu dung thach anh 20M Hz thi khai bao 1a: #USE delay(clock=20000000)
Khi st dung chi thi #USE delay(clock=20000000) thi goi ham delay nhu sau:
Delay_ms(100); //1€nh nay dé thuc hién delay 100ms.

#USE fast_io(port)
Port: 1a tén port: tif A-E (d6i v6i PIC16F877A)
Khi dung chi thi nay thi trong chuong trinh n€u diing cic 1&nh I/O nhu output_low(), . . . thi n6

sé set chi vGi 1 1&€nh, nhanh hon so v6i khi khong ding chi thi nay.

Trong ham main( ) phdi diing ham set_tris_x( ) dé chi rd chan vio ra thi chi thi trén méi c6

hiéu luc, khong thi chuong trinh s€ chay sai.

Vidu: #use fast_io(A)

#USE I2C (options)
Thi&t 1ap giao ti€p I2C.
Option bao gdbm céc thdng s6 sau, cach nhau bdi ddu phay:
e Master: chip & ch&€ do6 master
e Slave: chip & ch€ do slave
e SCL=pin :chidinh chin SCL
e SDA=pin : chidinh chin SDA
e ADDRESS=x : chi dinh dia chi ch& do slave
e FAST: chi dinh FAST 12C
e SLOW: chi dinh SLOW 12C
e RESTART_WDT:restart WDT trong khi ché [2C_READ()
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Vidu:

#use [2C(master, sda=pin_BO0, scl =pin_B1)
#use 12C (slave, sda=pin_C4, scl= pin_C3, address = 0xa00, FORCE_HW)

#USE RS232 (options )
Thi€'t 1ap giao ti€p RS232 cho chip (¢6 hiéu lyc sau khi nap chuong trinh cho chip, khong phdi
giao ti€p RS232 dang st dung dé€ nap chip).
Option bao gém:
e BAUD=x: thi€t lap tdc do baud rate: 19200, 38400, 9600, . . .
e PARITY=x: x= N,E hay O, v4i N: khong duing bit chdn 1.
e XMIT=pin: set chan transmit (chuyén data)
e RCV=pin : set chan receive (nhan data)
e Céicthong s6 trén hay diung nhat, cac tham s6 khdc s& b3 sung sau.

Vidu:
#use rs232(baud=19200,parity=n,xmit=pin_C6,rcv=pin_C7)

g. Mot sb chi thi tién xU ly khac:
#CASE: cho phép phan biét chit hoa/thudng clia tén bi€n, danh cho ngudi quen lap trinh C.
#OPT n: v6i n=0-9: chi dinh cip do t0i vu ma.

#PRIORITY ints: v4i ints 12 danh sich cdc ngit theo thit ty vu tién thyc hién khi c6 nhiéu
ngdt xdy ra dong thdi, ngdt ding dau s& 1a ngét vu tién nhat

6. CACHAMXJ LY SO, XU LY BT, DELAY:

a. Cac ham xU Iy sé:

Bao gdm cdc ham:
e Sin(), cos(), tan(), asin(), acos(), atan()

e Asin(), acos(), atan(): 1a cac ham arcsin, arccos, arctan
e Abs() : 14y gia tri tuyét doi

e Exp() :1a ham mi ex

e Log() : ham logarit

e Logl0(): ham logarit cd s6 10

e Pow(): ham tinh liy thira

e Sqgrt() : ham tinh cin thitc

Cdc ham nay c6 thé 1am cho chuong trinh chay chim vi trén vi diéu khi€n khong c¢6 bo nhan
va chia phin citng, do d6 n&éu khong ddi hdi toc do thi dung cdc ham nay cho don gidn.

b. Cac ham xU ly bit va cac phép toan:

Bao gdm cdc ham sau:
e Shift_right()

e Shift_left()

e Bit_clear()
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e Bit_set()

e Bit_test()

e Swap()

e MakeS8()
e Makel6()
e Make32()

Ham Shift_right(address,byte,value)
Ham Shift_left(address,byte,value)
e Dich phdi (trdi) 1 bit vao m6t mang hay mdt ciu tric.
e Dia chicé thé 1 dia chi mang hay dia chi trd t&i ciu triic.
Ham Bit_clear(var,bit)
Ham Bit_set(var,bit)
e  Bit_clear diung dé x6a bit dudc dinh bdi vi tri bit trong bi€n var.
e  Bit_setdiing d€ set =1 bit dugc dinh bdi vi tri trong bién var.
e  Var: bi€n 8,16,32 bitbatki.
e Bit: vitri clear (set): tir 0-7 (bi€n 8 bit), tir 0-16.(bi€n 16bit), tir 0-32 (bi&n 32bit).

Vidu:
Int8 x;
x=9; //x=0b1001
bit_clear(x,0); /x=0b1000

Ham Bit_test(var,bit)
e Ding d€ ki€m tra vi tri bit trong bi€n var, hAm trd v& 0 hay 1 Ia gi4 tri bit trong bi€n
var.
e varla bi€n 8, 16 hay 32 bit
e bit Ia vi tri bit trong bi€n var

Vidu: né€u mudn kiém tra x=256 chua thi cé thé sit dung
If (x >=256) thi mat gan Sus
If (bit_test(x,9)) thi chi mat 0.4us (ddi v&i thach anh 20MHz)

Ham Swap(var)
e Varla bi€n mot byte
e Ham nay ddo vi tri chia 4 bit cao cho 4 bit thdp trong mdt byte. Him nay khong tra vé

gid tri.
Vidu:
Int8 x;
X=0b00000101; /Ix=0b00000101
Swap(x); //x=0b01010000

Ham Make8(var,offset)
e  Ham nay trich 1 byte tir bi€n var
e Varlabién 8,16,32 bit
° Offset 1a vi tri cia byte can trich (0,1,2,3)

Vidu:
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X=0x12A4;
Y=Make8(x,2); // y=02h

Ham Makel 6(varhigh,varlow)
e Tra vé gid tri 16 bit k&t hdp tir hai bi€n 8bit 1a varhigh va varlow, byte cao 1a varhigh
byte thip 13 varlow.

Vidu:

X=0x02;

Y=0xAF;
Z=makel6(x,y); // z=0x02AF

Ham Make32(varl,var2,var3,var4)
e Ham trd vé gia tri 32 bit k&t hgp gia tri 8 bit hay 16 bit tif varl dén var4 trong d6 tir
var2 d&n var4 c6 thé c6 hoic khong. Gid tri varl s& 1a MSB, k€ ti€p 1a var2,.. N&u
tong s bit k€t hgp nhd hon 32 bit thi 0 dugc thém vao MSB dé di 32 bit.

Vidu:
Int a=0x01, b=0x02, c=0x03, d=0x04; // cac gid tri hex
Int32 € ;
e =make32 (a,b,c,d); /e =0x01020304
e =make32 (ab,c,5) ; // e =0x01020305
e =make32 (a,b,8); //e =0x00010208
e =make32 (a,0x1237) ; /1 e =0x00011237

c. Cac ham xU ly bit va cac phép toan:

Dé€ stt dung cic ham delay thi cAn phai c6 khaibdo tién xit 11 § dau file.
Nhu thach anh 20MHz thi khai bdo 1a #USE delay(clock=20000000)
C6 ba ham phuc vu delay:
Ham delay_cycles(count):
e Count: 13 hiing s0 tir 0-255 12 s8 chu kilénh, 1 chukilénh bing 4 chu ki may.

Vidu: delay_cycles(10);/delay 10 chu ki Iénh

Ham delay_us(time) : ham delay micro giay
e Time: la bi€n so thi co6 gid tri tir 0-255, 1a hiing s& thi ¢6 gid tri tir 0-65355
e Hamnay khong trd vé gid tri.

Vidu: delay_us(1); / delay 1 micro gidy

Ham delay_ms(time) : ham delay mili gidy
e Time: c6 gi tri 0-255 né€u la bi€n, c6 gid tri tir 0-65355 né&u la hiing s6.
e Ham khdng tra vé gia tri.

Vidu: delay_ms(1000); / ham delay 1 giay

XU LY ADC VA CAC HAMIO TRONG C:

a. Cac ham xU ly ADC:

Ham Setup_ADC (mode)
Ham khong trd vé gid tri, ding xac dinh cdch thitc hoat ddong bd bién ddi ADC. Tham s&

mode tuy thudc file thi€t bi *.h c6 tén twong Ung tén chip dang ding, nim trong thy muc DEVICES
clia CCS. Muén biét c6 bao nhiéu tham s6 c6 thé diing cho chip d6.

Ham ADC_OFF: tit hoat dong ADC (ti€t ki€m dién, danh chin cho hoat dong khic).
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Ham ADC_CLOCK_INTERNAL: thdi gian 14y miu bing xung clock IC (m4't 2-6 us) thudng
1a chung cho céc chip.

Ham ADC_CLOCK_DIV_2: thdi gian 14y mau bing xung clock /2 (m&t0.4 us trén thach anh
20MHz)

Ham ADC_CLOCK_DIV_8: thoi gian 14y miu bing xung clock /8 (1.6 us)

Ham ADC_CLOCK_DIV_32: thsi gian 18y miu bang xung clock / 32 (6.4 us)

b. SETUP ADC port (value):

Xdc dinh chan 14y tin hi¢u analog va dién th& chuin st dung. Tuy thudc bd tri chan trén chip,
s6 chan va chan nio ding cho ADC va s6 chirc ning ADC mdi chip ma value c6 thé c6 nhitng gid
tri khac nhau, v4i Vref: dp chuéin, Vdd: ap ngu6n

Sau diyla cicham khaibdo ADC clia 16F877A:

Ham ALL_ANALOGS: diung tat ca chin sau lam analog : AO Al A2 A3 A5 EO El E2
(Vref=Vdd)

Ham NO_ANALOG: khong dung analog, cic chan dé s€ 1a chanI /O.

Ham ANO_ANI_AN3: A0 A1 A3, Vref = Vdd

Ham ANO_ANI_VSS_VREF: A0 Al VRefh = A3

Ham ANO_ANI_AN4_ANS_AN6_AN7_VREF_VREF: A0 A1.°A5 ' EO El E2 VRefh=A3,
VRefl=A2.

Ham ANO_ANI_AN2 AN4_ANS5_VSS_VREE: A0 A1 A2 A5 EO VRefh=A3

Ham ANO_ANI_AN4 ANS5_VREE_VREF: A0 A1 A5 EO VRefh=A3 VRefl=A2

Ham ANO_ANI_AN4 VREF_VREEF: A0 Al A5 VReth=A3 VRefl=A2

Ham ANO_VREF_VREEF: A0 VRefth=A3 VRefl=A2

Vi du: setup_adc_ports (ANO_AN1_AN3) ; // A0, Al, A3 nhan analog, ap ngu6n +5V cﬁfp cho
IC sé& 1a dién 4p chuin

c. SETUP ADC channel (channel):

Chon chin d€ doc tin higéu analog biing 1énh Read_ADC( ). Gi4 tri channel tuy s& chan chifc
nang ADC mdi chip. Vi 16F877A, channel ¢6 gid tri tir 0 -7: O-chan A0, 1-chan A1, 2-chan A2, 3-
chan A3, 4-chin A5, 5-chian EO, 6-chan E1, 7-chan E2.

Ham khong tra vé tri. Nén delay 10 ps sau ham nay rdi méi ding ham read_ADC () dé€ bio
dam k&t qui ding. Him chihoat dong v6i A/D phan ciing trén chip.

d. Read ADC(mode):

Dung doc gi4 tri ADC tir thanh ghi chira két qua bién ddi ADC.

Né&u gi4 tri ADC 1a 8 bit nhu khai bdo trong chi thi #DEVICE, gi4 tri trd vé clia ham Ia 8 bit,
ngudc laila 16 bit n€u khaibdo #DEVICE st dung ADC 10 bit tr§ 1én.

Khi diung ham nay thi s& chuyén d8i ADC cta ngd vao di chon trong ham
Set_ADC_channel( ) truéc d6. Nghia 1a mdi 1dn chi doc 1 kénh mudn d6i sang doc chan nao, dung
ham set_ADC_channel( ) cho chian d6. Néu khong c6 d6i chan, ding read_ADC( ) bao nhiéu 1an
cling dugc.

Mode c6 thé c6 hoic khong, gdm co:
e ADC_START_AND_READ : gia tri mac dinh.
e ADC_START ONLY :bit diu chuyén ddiva tr3 vé.
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e ADC_READ_ONLY : doc k&t qui chuyén déi 1an cudi.

#DEVCE 8 bit
ADC=8 0-255
ADC=10 X
ADC=11 X
ADC=16 0-65280

10 bit

0-255

0-1023

X

0-65472

11 bit

00-255

X

0-2047

0-65504

Bang 3-4. Két qua doc ADC.
PIC16F877A chihd trg ADC 8 va 10 bit.

e. Cac ham 10 trong C:

Bao gdm cac ham sau:
e QOutput_low()
e OQOutput_high()
e QOutput_bit()
e Input()
e  Ouput-X()
e Input X()
e port_b_pullups()
o Set_tris_X()

Ham Output_low (pin), Output_high (pin)

16 bit

00-255

X

0-65535

e Dung thi€t1ap mic 0 (low, OV) hay mtc 1 (high,5V) cho chan IC, pin chi vi tri chan.

N N ~ - . N ~ ~ R A R
e Ham nay s€ dat pin lam ngd ra, xem ma asm d€ bi€t cy thé.

e Ham nay thyc hién mat 2-4 chu ky mdy. Ciing c¢6 thé xud't xung dung set_tris_X() va

#use fast_io.

Vidu : chuong trinh sau xuat xung vudng chu ky 500ms, duty =50% ra chan B0, ndi BO vdi 1 led sé

lam nhap nhay led.

#include <16F877A.h>

#use delay( clock=20000000)
Main()

{
while(1)

output_high(pin_BO) ;
Delay_ms(250) ; // delay 250ms
Output_low (pin_BO0);
Delay_ms (250 );
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}

Ham Output_bit (pin,value)
e pin: tén chan value: gid tri O hay 1
e Ham nay ciing xud't gi4 tri 0 / 1 trén pin, tuong ty 2 ham trén. Thudng ding né khi gid
tri ra tuy thudc gia tri bi€n 1 bit ndo d6, hay mudn xufit ddo cha gid tri ngd ra trudc do.

Vi du:
Khai bao intl x; //x mac dinh =0
Trong ham main:
Main()
{
while (1)

output_bit( pin_BO, !x );
Delay_ms(250 );

}

}

Chuong trinh trén ciing xudt xung vudng chu ky 500ms,duty =50%
Ham Input_bit (pin)

e Hamnay trd vé gia tri 0 hay I 1a trang thdiclia chan IC. Gi4 tri la 1 bit
Ham Output_X(value)

e Xla tén portcé trén chip. Value la gid tri 1 byte.
e Hamnay xudtgid tri 1 byte ra port. TAtcd chan clia port d6 déu la ngo ra.

Vidu :
Output_B ( 255); // xuat gia tri 11111111 ra port B

Ham Input_X()

e X:la tén port (A,B,C,D,E).
e Hamnay trd vé gi4 tri 8 bit [ gia tri dang hién hitu clia port dé.

Vi du: m=input_E();
Ham Port_B_pullups(value)

e Hamnay thi€t1ap ngd vao port B pullup (dién trd kéo 1&én). Value =1 s& kich hoat tinh
ning nay va value =0 s€ ngling.
e Chi cdc chip c6 port B c6 tinh nang nay mdi dung ham nay.

Ham Set_tris_X(value)

e Ham nay dinh nghia chan IO cho 1 port 1a ngd vao hay ngd ra. Chi dugc dung véi
#use fast_IO. St dung #byte d€ tao bi€n chi d€n port va thao tic trén bi€n nay chinh
la thao tadc trén port.

e Value la gi4 tri 8 bit. Mdi bit dai dién 1 chan va bit=0 s& set chan d6 12 ngd vao, bit=
1 set chdn do6 la ngo ra.

Vi du: chuong trinh thao tic rén portB
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#include < 16F877A.h > //chip st dung la PIC16F877A
#use delay(clock=20000000) // dung thach anh 20MHz
#use Fast_1O(B)
#byte portB =0x6 // 16F877 c6 portb & dia chi 6h
#bit BO = portB. 0 // bi€n BO chi d&n chan B0
#bit Bl=portB.1 //bi€n B1 chi d€n chanB1
#bit B2=portB.2 // bi€n B2 chi d&n chan B2
#bit B3=portB.3 // bi€n B3 chi d€n chan B3
#bit B4=portB.4 // bi€n B4 chi d&€n chan B4
#bit B5=portB.5 // bién B5 chi d&€n chan B5
#bit B6=portB.6 // bién B6 chi d&€n chin B6
#bit B7=portB.7 // bi€n B7 chi d€n chan B7
Main()
{
set_tris_B (80) ; /B0O-B6 ngd ra, B7 ngd vao
if (B7) //m€u ngd vao chan B7 13 1 thi xudtra BO-B6 gid tri a 1

Bl=1;
B2=1;
B3=1;
B4=1;
B5=1;
B6=1;

Else B1=B2=B3=B4=B5=B6=0;
}

. KHAIBAO NGAT VA CAC HAM THET LAP HOAT PONG NGAT :

a. Khai bao ngét:
M5bi ho PIC c6 s lugng ngudn ngit khic nhau: PIC 14 ¢6 14 ngit, PIC 18 ¢6 35 ngit.

Danh sach cdc ngét v6i chitc ndng tuong ¥ng:
#INT_GLOBAL: ngit toan cuc
#INT_AD: ngit khi chuyén d6i A /D di hoan tat
#INT_CCP1: ngat khi c6 Capture hay compare trén CCP1
#INT_CCP2: ngit khi c6 Capture hay compare trén CCP2
#INT_COMP: ki€ém tra bing nhau trén Comparator
#INT_EEPROM: hoan thanh ghi EEPROM
#INT_EXT: ngdt ngoai
#INT_EXT1: ngat ngoai 1
#INT_EXT2: ngit ngoai?2
#INT_I2C: c6 hoat dong 12C
#INT_LOWVOLT: phathién dp thdp
#INT_PSP: c6 data vao céng Parallel slave
#INT_RB: bat ky thay d6i ndo trén chan B4 dé€n B7
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#INT_RDA: data nhan tir RS 232 sin sang
#INT _RTCC: tran Timer O

#INT_SSP: c6 hoat dong SPI hay 12C
#INT_TBE: bd dém chuyén RS 232 trong
#INT_TIMERO: mdt tén khac cia #INT_RTCC
#INT _TIMERI: tran Timer 1

#INT_TIMER?2 : tran Timer 2

#INT TIMER3: tran Timer 3

#INT_TIMERS : tran Timer 5

#INT_OSCF: 16i OSC

b. Cac ham thiét lap hoat dong ngat:

Ham enable_interrupts(level)

e level 12 tén cac ngitdd cho & trén hay 1A GLOBAL d€ cho phép ngit & cAp toan cuc.

e Moingit clia vi diéu khi€n déu c6 1 bit co ngit, 1 bit cho phép ngit. Khi c6 ngit thi
bit cd ngdtlén mtc 1, nhung ngét c6 hoat ddng dugc hay khong wy thudc bit cho phép
ngit. Him enable_interrupts (int_xxx) s& cho phép ngit. Nhung tit ci cac ngit déu
khong thé thuc thi néu bit cho phép ngit toan cuc bang 0, ham
enable_interrupts(global) s& cho phép ngit toan cuc.

Vidu: @€ cho phép ngit timer0 va timerl hoat ddng:

enable_interrupts (int_timer0);
enable_interrupts (int_timer1);
enable_interrupts (global);

Ham disable_interrupts (level)

e level gidng nhu trén.

e Hamnay v6 hiéu 1 ngit bing cach set bit cho phép ngit =0.
disable_interrupts(global) set bit cho phép ngit toan cuc =0, cim tit cd cic ngit.
Khong dung ham nay trong ham phuc vu ngdt vi khong c6 tdc dung, c& ngit ludn bi

xo04 tu dong.
Ham clear_interupt(level)
e level khong c6 GLOBAL.
e Hamnay xod cd ngdt clia ngdt dugc chidinh bdi level
Ham ext_int_edge (source, edge)
e Ham nay thi€tlap ngudn ngit ngoai EXTx 12 canh 1én hay canh xudng.
e source:ngudn ngét. Trén PIC 18 ¢6 3 ngudn ngdt wén 3 chan EXTO, EXT1, EXT2 ting
v@i source = 0,1, 2. C4c PIC khac chico 1 ngu6n EXT nén source = 0.
e edge: chon canh kich ngit, edge = L_TO_H né&u chon canh 1&n (tir mérc thap chuyén
1én mtc cao) hay H_TO_L né€u chon canh xudng.

c. Cac ham gido tiép véi may tinh qua céng COM:
Dé€ st dung chirc ning nay cin phai c6 hai khai bdo: khai bdo st dung RS232 va khai bdo

dao dong cda chip.

Vidu:
#use rs232 (baud=9600, parity=n, xmit=pin_C6, rev=pin_C7)//t¢ d0 baud 1a 9600. khong

chin 18, chan truyén C6, chin nhan C7
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#use delay (clock = 20000000 ) // n€u chip dang duing OSC 20Mhz

Ham x 1i lién quan:
Ham printf (string)
Ham Printf (cstring,values .. .)
e Dung xuit chudi theo chuan RS232 ra PC.
e string 1a 1 chudi hing hay 1 mang ky tu (k&t thic bdiky tr null).
e value 1a danh sich cac bi€n, cdch nhau bdidau phay.

Luu d chép tit PORTB (led don)
V. CAC CHUGNG TRINH Vi DU:
1 CHJONG TRINHPEUKHEN 8 LED BON GHOP TAT:

K&t ndi portB véi 8 led don.

Luu do cla chuong trinh .

Khdi tao
PORTB la
ngdra

Tit 8 led

Delay

Sang 8 led

End

Chuong trinh diéu khién 8 led chép tat viét bang ASM:

title "choptat_Port_B.asm"

processor pl6f877a

include <P16f877a.inc>

__ CONFIG _CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC &_LVP_OFF

9

; Chuong trinh chinh

9

count_1 equ 0x20
count_2 equ 0x21
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org 0x000
GOTO start
:khoi tao Port B
start org 0x0005
banksel TRISB
clrf TRISB
banksel PORTB
; vong lap chuong trinh chinh
loop clrf PORTB
call delay
moviw h'ff'
movwf PORTB
call delay
goto loop
; CHUONG TRINH CON
; chuong trinh delay
delay clrf count_1
d2 clref count_2
dl decfsz count_2
goto d1
decfsz count_1
GOTO d2
return
end
Chudng trinh diéu khién 8 led chép tat viét bang C:
/>k = — =
* Title : Chuong trinh chop tat PortB
* Writer :
* Hardware : PIC16F877A
* Compiler :CCSC
*= — >k/
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#include<16F877A.h>

#include<def_16f877a.h>

#fuses NOWDT,PUT , HS,NOPROTECT,NOLVP
#use delay(clock=20000000)

#use fast_io(b)

main()
{
trisb=0;
while (true)
{
portb=0xff
delay_ms(500);
portb=0;

delay_ms(500);
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Lutu d6 chuong trinh Led sang 1 diém tir trai qua phai

2 CHJONG TRINHBPIEUKHIEN 1DEM SANG DI CHUYEN TU TRAI SANG PHAL

K&t ndi portB véi 8 led don.

Luu do diéu khién:

Khdéi tao
PORTB la

ngéra

PORTB=01

Xoay trai
PORTB

X1 —>

Delay

o
D

Chuong trinh 1 diém sang di chuyén tU trai sang phai viét bang ASM:
title “chuongtrinhdich_led.asm”
processor pl6f877a
include <pl6f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _HS_OSC &
_LVP_OFF & _CPD_OFF

countl EQU 0x20 ; cac bien dung cho doan chuong trinh delay
count2 EQU 0x21

; CHUONG TRINH CHINH

9
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ORG 0x000
GOTO start
start
: khoi tao PORT B
BCF STATUS,RP1
BSF STATUS,RPO
CLRF TRISB
BCF STATUS,RPO
; vong lap chuong trinh chinh
main MOVLW  b'00000001"
MOVWEF PORTB
clrc
loop CALL delay
RLF PORTB,1
BTFSS STATUS,0
GOTO loop
GOTO main
; CHUONG TRINH CON
delay clrf count_1
d2 clrf count_2
dl decfsz count_2
goto dl
decfsz count_1
GOTO d2
return
END

Chuong trinh 1 diém sang di chuyén tU trai sang phai viét béng C:

#include<16F877A.h>

#include<def 16f877a.h>

#fuses NOWDT,PUT, HS,NOPROTECT,NOLVP

#use delay(clock=20000000)

#use fast_io(b)
int8 a;
main()
{
trisb=0;
while(true)
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{
a=a<<l; //dich traia 1bit
if(a=256)
{
a=1;
}
portb=~a;
delay_ms(100);

3, CHJONG TRINHPEUKHIEN 8 LED SANG DON

K&t ndi portB v4i 8 led don.

Luu d6 diéu khién: ben dudi
Chuong frinh viét bdng ngdon ngi ASM:

title "sang don_Port_B.asm"

processor pl6f877a

include  <P16f877a.inc>

__CONFIG _CPoOFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON & _XT_OSC
& _WRT_OFF & _LVP_OFF & _CPD_OFF

cblock 0x020
countl
counta
countb

banksel TRISB
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clrf TRISB
banksel PORTB
main?2 clrf PORTB

call delay
clrf m
movlw dsg'
movwf  sck

x21 movf sck,0
MOVWEF six
movlw h'00’
movwf  btg
setc

x11 rlf btg
clrc
movf btg,0
iorwf m,0
movwf  PORTB
call delay
decfsz slx
goto x11
movt PORTB,0
movwf m
decfsz sck
goto x21
goto main2

;chuong trinh con delay

delay movlw  d'255'
movwf  countl

dl
movlw 0xC7
movlw counta
moviw 0x01
movlw countb

delay_0  decfsz counta, 1
goto $+2
decfsz countb, 1
goto delay_0
decfsz countl,1
goto di
return
end
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Chuong trinh viét bang ngon ngd C:

[r= — —=

* Title : Chuong trinh sang don portB
* Writer

* Processer : PIC16F877A

* Compiler :CCSC

% - J— —

#include<1 6F877A.h>

#include<def 16f877a.h>

#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)

#use fast_io(b)

int8 sck,slx,bienxoay,bienluu,giatri;

*/

main()
{
trisb=0;
while(true)
{
sck=8;
bienluu=0;
portb=0;
delay_ms(100);
while (sck>0)
{
bienxoay=1;
slx=sck;
while(slx>0)
{
giatri=bienluulbienxoay;
portb=giatri;
delay_ms(100);
bienxoay=bienxoay<<l;
slx--;
}
bienluu=giatri;
sck--;
}
}
}
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Khai tao
PORTB langd
ra

X2 —

Xl —»

Xoay trai btg

PORTB:=btg
OR m

l

Delay

!

Skx=slx-1

sz

b
m=PORTB
sck=sck -1

<>
o
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4. CHJONG TRINHPIEUKHIEN PEM TU 0 DEN 9999 TREN LED 7 DOAN

K&t ndi portB v6i 7 doan va ddu cham thap phan cha led 7 doan.
K&t ndi portD véi 8 transistor diéu khién quét 8 led 7 doan.

Luu d6 diéu khién:

Khoi tao PORTB,
PORTD la cac ngd
ra

v

Nghin=0

v

X4

Tram=0

v

X3

Chuc=0

v

X2

Ponvi=0

v

X1

BCD- ma 7 doan

Hién thi

Pon vi= don vi +1

b

Chuc =chuc +1

'

X1

b

Tram = tram + 1

b

Nghin = nghin + 1

S ,x2
S ,X3
S x4
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Chuong trinh viét bang ngén ngll ASM:

title "dem BCD 0-9999 hien tren led 7 thanh.asm"
processor pl6f877a
include <P16f877a.inc>

__CONFIG _CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC &_LVP_OFF

; Chuong trinh chinh

R cac bien --——-———- e
cblock 0x020
countl
count2
count3
nghin
tram
chuc
dvi
bien1
bien2
bien3
bien4
endc

goto start

;khoi tao Port B

start org 0x005

BCF STATUS,RP1
BSF STATUS,RPO ;chon BANK1
CLRF TRISB ;PORTB <- outputs
CLRF TRISD
BCF STATUS,RPO ;chon BANKO

x5 movlw 0x00
movwf  nghin
x4 movlw 0x00
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x3
x1

x2

bcd_7doan

delayhthi

movlw
movwf
moviw
movwf
call
call
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
incf
movf
xorlw
btfss
goto
goto

movf
call
movwf
movf
call
movwf
movf
call
movwf
movf
call
movwf
return

movlw
movwf

0x00

chuc

0x00

dvi
bed_7doan
delayhthi
dvi

dvi,0

d'10’
STATUS,Z
x2

chuc

chuc,0

d'10'
STATUS,Z
x1

tram

tram,0

d'1o’
STATUS,Z
x3

nghin
nghin,0
d'10’
STATUS,Z
x4

x5

dvi,0
table
bienl
chuc,0
table
bien?2
tram,0
table
bien3
nghin,0
table
bien4

0x04
countl
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dell movlw
movwif

del2 call
decfsz
goto
decfsz
goto
return

hienthi

movf
movwf
movlw
movwf
call
movf
movwf
movlw
movwf
call
movf
movwf
moviw
movwf
call
movf
movwf
movlw
movwf
call
return

delay moviw
movwf

delal decfsz
goto
return

table addwf

0x100
count2
hienthi
count2
del2
countl
dell

bienl,0
PORTB
Oxfe
PORTD
delay
bien2,0
PORTB
Oxfd
PORTD
delay
bien3,0
PORTB
Oxtb
PORTD
delay
bien4,0
PORTB
0xf7
PORTD
delay

Oxff
count3

count3
delal

PCL,1

DT 0x¢0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0x{8,0x80,0x90

End

Chuong trinh viét bang ngon ngi C:

-Chuong trinh d&€m 1én tir 0 d€n 9999 trén led 7 doan vi€tbing C:

[*=
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* Title : Chuong trinh dem BCD 0-999999
* Writer

* Hardware  : PIC16F877A

* Compiler : CCS C

k= —_ */

#include<16F877A.h>
#include<def 16f877a.h>
#fuses NOWDT,PUT ,HS,NOPROTECT,NOLVP
#use delay(clock=20000000)
#use fast_io(b)
#use fast_io(d)
int8 i,chuck,nghin,tram,chuc,dvi;
int32 a,bien;
const unsigned char dig[]={0xc0,0xf9,0xa4,0xb0,0x99,0x92,0x82,0xf8,0x80,0x90 } ;
void hex_bcd()
{

chuck=a/10000;

a=a% 10000;

nghin=a/1000;

a=a% 1000;

tram=a/100;

a=a%100;

chuc=a/10;

dvi=a%10;

}
void hienthi()
{

i=0;

while (i<200)

{
portb=dig[dvi];
portd=0xfe;
delay_us(100);
portb=dig[ chuc];
portd=0xfd;
delay_us(100);
portb=dig[tram];
portd=0xtb;
delay_us(100);
portb=dig[nghin];
portd=0xf7;
delay_us(100);
portb=dig[ chuck];
portd=0xef;
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delay_us(100);
portb=dig[tramk];
portd=0xdf;
delay_us(100);
i++;

}

void main()
{

trisb=0x0;

trisd=0x0;

bien=0;

while(1)

{
bien=bien+1;
if(bien==100000)
{

bien=0;

}
a=bien;
hex_bcd();
hienthi();

5. CHJONG TRINHBPIEUKHIEN LED MA TRANHEN TH cHUBI “ePKT™

K&t ndi portB v6i hang chia led ma tran.
K&t ndi portD véi 8 transistor diéu khién cot.

Luu d6 diéu khién:

175

Vixd [y




Chuong 3. Churory trivh bign dich va nap cho Vi diBu krign PICIGF877A. SPKT — Nguyén Pirh PHi

@ Count2:= count-1

Pém =0
S loop3
loop Pém = dém + 1
b
Countl: =countl-1
Countl =5
loopl Count2 := 30 S loop1
loop Bién xoay: =01 b
Pém: = dém + 1
Count = dém
PRI S Lloond
Poc gia tri tir bang 00p
loop2» voi vi tri 1a count
xut ra PORTB b
PORTD:= bién xoay @

Count:=count+1

Count= 44 S Xoay trai bién xoay

Goto loop2

Chuong trinh viét bang ASM:
title “chuongtrinhhienthi SPKT.asm”
processor p16f877a
include <p16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _BODEN_OFF & _PWRTE_ON &_XT_OSC &
_WRT_OFF & _LVP_OFF & _CPD_OFF

countl EQU 0x20
Bxoay EQU 0x21
count?2 EQU 0x22
count EQU 0x23
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a EQU 0x24
dem equ 0x25
:CHUONG TRINH CHINH
ORG 0x000
GOTO start
start
: Khoi tao PortB
BCF STATUS,RP1
BSF STATUS,RPO
CLRF TRISB
CLRF TRISD
BCF STATUS,RPO

Loopl movlw

loop3 movlw

Loop2 MOVF

0x30
count2
0x01
bxoay
dem,0
count
count, 0
table
PORTB
bxoay,0
PORTD
delay
0x00
PORTD
count, 0
d'44'
STATUS,Z
loop11
count, 1
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rlf bxoay
GOTO Loop2
loop11 decfsz count2
goto loop3
decfsz countl
goto Loopl
movf dem,0
xorlw d'43'
BTFSC STATUS,Z
goto main
goto loop4

; Cac chuong trinh con

ADDWF PCL,1
DT 0xff,0xff,0xff,0xff,0xff, 0xff,0xftf,0x ff

DT 0xff,0xff,0xcd,0xb6,0xb6,0xd9 S
DT 0xff,0xff,0x80,0xb7,0xb7,0xcf ;

DT 0xff,0xff,0x80,0xeb,0xdd,0xbe ;K
DT Oxff,0xbf,0xbf,0x80,0xbf,0xbf ;T

DT Oxff,0xff,0xff,0xff,0xff,0x ff,0x ff,0x ff, 0x ff,0xff,0xff,0x ff

delay moviw Oxff

movwf a
dell decfsz a

goto dell

return

END

Chuong trinh viét bang C:
[F=
* Title : Chuong trinh hien thi chu SPKT
* Writer
* Hardware :PICI6F877A
* Compiler :CCSC

& - —_— —_— —_— */

#include<1 6F877A.h>
#include<def 16f877a.h>
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#fuses NOWDT,PUT,HS,NOPROTECT,NOLVP

#use delay (clock=20000000)

#use fast_io(b)

#use fast_io(d)

int8 dem,a,i,j;

intl6 b;

const unsigned char dig[]={0xff,0xff,0xff,0xff, Ox ff,0xft,0xff,0x ff,0xff, Ox ff,\
0xcd,0xb6,0xb6,0xd9,0xff,0x80,0xb7,0xb7,0xcf,0xff,0x80,0xeb,0xdd,0xbe,\
0xff,0xbf,0xbf,0x80,0x bf,0xbf, 0xff,0x ff,0xff,0x ff, Ox ff, Oxff,0xff,0x ff } ;

void main()

{
trisb=0;
trisd=0;
while(1)
{
dem=0;
while(dem<38)
{
i=dem;
for(b=0;b<10000;b++)
{
a=a<<l;
if(a==256)
{
a=01;
i=dem;
}
portb=dig|[i];
portd=a;
delay_us(100);
i++;
}
dem++;
}
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6. CHJONG TRINHPIEUKHIEN LCD:

K&t ndi portB v6i 8 dudng dit liéu clia LCD.
K&t ndi portD vé6i 3 bit diéu khién ctia LCD.

Luu d6 diéu khién:

Khéi tao PortB, PortD i
I e
. 1ra con tro ve dau
Khéitao LCD dong thir hai
Pua con trd vé dau - l
dong thii nhét So ki tw:=0
$6 ki ty:=0 gdong2 —»Giri 1 ki tu ra mén hinh
gdongl —»{Gri 1 ki tu ra man hinh delay
v v
delay Sékitu=sd kitu+1
v

Sékitw=sdkitu+1

@ —» gtdongl

b

Chuong trinh viét bang ASM:
title “hienthichu Truong DHSPKT TP Ho Chi Minh.asm”
processor p16f877a
include <pl16f877a.inc>
__CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON &_HS_OSC

b

: Khoi tao cac bien

b

countl EQU 0x20

count2 EQU 0x21

count3 EQU 0x22

count EQU 0x23

a EQU 0x24
;CHUONG TRINH CHINH
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khoitaolcd

ORG
clrf
moviw

movwf
GOTO

0x000
STATUS
0x00
PCLATH
start

STATUS,RP1
STATUS,RPO ;
TRISB ;
TRISD
STATUS,RPO ;

khoitaolcd
delay40ms
dongl
dong?2
delay40ms
$

0x01

a
ghimadkhien
delay40ms
0x38

a
ghimadkhien
delay40ms

a
ghimadkhien
delay40ms
0x0C

a
ghimadkhien
delay40ms
0x01

a
ghimadkhien
delay40ms
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ghimadkhien

delay40ms
dell

del2

dongl

loop2

exit

dong2

loop4

return

movf
movwf
bef

bef
BSF
BCF
Return

movlw
movlw
movlw
movwf
decfsz
goto
decfsz
goto
return

movlw
movwf
call
call
clrf
movf
call
movwf
call
call
incf
xorlw
btfsc
goto
incf
goto
return

movlw
movwf
call
call
clrf
movf

a0
PORTB
PORTD,0
PORTD,1
PORTD,2
PORTD,2

d'255'
countl
Oxff
count2
count2
del2
countl
dell

0x80

a
ghimadkhien
delay

count
count,0
table

a

ghidata
delay
count,0
d'1s'
STATUS,Z
exit

count, 1
loop2

0Oxcl

a
ghimadkhien
delay

count
count,0
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call tablel
movwf a
call ghidata
call delay
incf count,0
xorlw di14
btfsc STATUS,Z
goto exitl
incf count, 1
goto loop4
exitl return
ghidata movf a,0
movwf PORTB
bsf PORTD,0
bef PORTD,1
bsf PORTD,2
bef PORTD,2
return
table addwf PCL,1
DT " Truong DHSPKT"
tablel addwf PCL,1
DT "TP Ho Chi Minh"
delay movlw d255'
movwf count3
delal decfsz count3
goto delal
return
end

o

;Ket thuc chuong trinh

b

Chuong trinh viét bang C:

/* == = =

* Title : Hien chuoi truong DHSPKT TP Ho Chi Minh len LCD
* Writer

* Hardware  : PIC16F877A

* Compiler :CCSC

*—

*/

#include <16F877A.h>
#include <DEF_16F877A.h>
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#fuses HS,NOW DT ,NOPROTECT,NOLVP
#use delay(clock=20000000)

#define RS RDO

#define RW RDI1

#define E RD2

#define LCD PORTB

/*Ham yeu cau goi lenh dieu khien LCD*/
void comnwrt()
{
RS = 0;
RW =0;
E =1;
E =0;
delay_ms(1);
}
/*Ham yeu cau goi du lieu hien thi len LCD*/
void datawrt()
{
RS=1;
RW =0;
E =1;
E =0;
delay_ms(1);
}
/*Ham main*/
void main()
{
trisb=0;
trisd=0;
delay_ms(100);
LCD = 0x01;
comnwrt();
LCD = 0x01;
comnwrt();
LCD = 0x38;
comnwrt();
LCD = 0x0C;
comnwrt();
LCD = 0x81;
comnwrt();

LCD ="T" // Xuat dong chu "Truong DHSPKT" ra dong 1 LCD

datawrt();
LCD="r"
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datawrt();
LCD ="u"
datawrt();
LCD ="o"
datawrt();
LCD ="n";
datawrt();
LCD ="¢g}
datawrt();
LCD=""
datawrt();
LCD ='D';
datawrt();
LCD ="'H';
datawrt();
LCD ="'S’
datawrt();
LCD ="P}
datawrt();
LCD ="K
datawrt();
LCD ="T"
datawrt();
LCD = 0xCO0;
comnwrt();
LCD ="T"
datawrt();
LCD ="'P}
datawrt();
LCD=""
datawrt();
LCD ="'H;
datawrt();
LCD ='0
datawrt();
LCD=""
datawrt();
LCD ="'C
datawrt();
LCD ="h
datawrt();
LCD ="
datawrt();
LCD=""

/IVitrihang 2,cot?2

//Xuat dong chu "TP Ho Chi Minh" ra dong 2 LCD
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datawrt();
LCD ="M
datawrt();
LCD="1;
datawrt();
LCD ="n";
datawrt();
LCD ='h"
datawrt();

}

7. CHJONG TRINHPIEUKHIEN ADC:

K&t ndi portB v6i 8 dudng dit liéu clia LCD.
K&t nGi portD vé6i 3 bit diéu khién chia LCD.
St dung kénh ANO va hién thi k&t qud nhi phin trén 8 led hién thi & portB

Luu db diéu khién:
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Khéi tao PORTB, khdi tao ADC

Lwa chon

kénh ANO

Chuyén déi ADC clia kénh ANO

Chuyén két qua chuyén dbi
ADC ra PORTB
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Chuong trinh viét bang ASM:
title "Chuyen doi ADC kenh ANO.asm"
processor pl6f877a
include <P16f877a.inc>
__CONFIG _CP_OFF & _PWRTE_ON & _WDT_OFF & _HS_OSC &_LVP_OFF

b

; Chuong trinh chinh
count_1 equ 0x20
count_?2 equ 0x21
DLY12 equ 0x22
jmmmmmm e dat bien ADC-—----———c e -
ORG 0x030
REGAD1 RES 1
org 0x000
goto start
;khoi tao Port B
start org 0x0005
banksel  TRISB
clrf TRISB

banksel PORTB

ADC movlw  B'00000000' ;Tat ca portA la ngo vao ADC
movwf  ADCON1 :chon Vref = VDD

; Doc ADC
; Su dung bit GO/DONE

b

main movlw B'00000001"
call docADC
movwf  REGADI
movf REGADI1,0
movwf  PORTB
goto main
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; CHUONG TRINH CON

docADC  movwf  ADCONO

DELAY12 decfsz DLY12,F
goto DELAY12
bsf ADCONO,2

GODONE btfsc ADCONO,?2
goto GODONE
movf ADRESL,W
return

end

;Cho den khi convert xong

Chuang trinh viét bang C:
#include <16F877.h>
#include <def_16f877a.h>
#fuses HS,NOW DT ,NOPROTECT,NOLVP
#device 16F877%*=16 ADC=8
#use delay(clock=20000000)
Int8 adc;
main()
{
setup_adc(adc_clock_internal);
setup_adc_ports(ANO);
set_adc_channel(0);
delay_ms(10);
while (true)
{
adc=read_adc();
output_B(adc);

the end

return
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Chip AVR rit da dang & day chi trinh bay chip AT90S8535.
1. Cic chiic ning cta chip AVR AT90S8535 duge tém tit nhu sau:

C6 cdu triic RISC cong sudt tiéu thu thdp va thuc hién cao.

C6 118 1&énh — thdi gian thuc hién mdi 1énh 12 1 chuky may.
C6 32 thanh ghi da ndng 8 bit.
C6 thé thyc hién 8 tri¢u Iénh trén 1 gidy néu hoat ddng vdi tn s thach anh 12 SMHz.

Dit liéu va chuong trinh dugc lwu trong bd nhé khong bay hdi (khong mit dit liéu khi mat
dién).

C6 8Kbyte bdo nhé chuong trinh cho phép nap ndi ti€p trén hé thong dang hoat dong ISP
(In — System Programmable Flash) va cho phép nap xo4 chuong trinh 1000 lan.

C6 512 byte EEPROM va didm bio cho phép nap xéa 100000 1an.
C6 512 byte SRAM ndi bén trong.

C6 chitc nang 1ap trinh bao mat chuong trinh.

Cdu triic ngoqi vi:

C6 8 kénh ADC 10 bit.
Cho phép lap trinh UART.
C6 2 timer/ counter 8 bit c6 bo chia trudc va c6 mode hoatddng so sanh.

C6 1 timer/counter 16 bit ¢c6 bo chia trude, ¢6 so sanh va ¢6 chitc ning bitkip va c6 chic
ning diéu ch€ do rong xung.

C6 mdt watchdog timer v6i tan s6 hoat dong trén chip.

C6 mach so sdnh di€én dp tuong ty trén chip.

4 A , o A . A R
Cdc cdu triic ddc biét cia vi diéeu khién:

C6 mach dién reset khi cap dién.

C6 xung ddng hd thyc — Real Time Clock (RTC) v6i mach dao dong chia sin va mode
hoat dong counter.

C6 nhiéu tin hiéu bdo ngit bén ngoai va ci bén trong.
C6 3 ché& d6 hoat giam cdng suit: mode nghi (idle), mode ti€t kiem cong sudt (power
save) va mode gidm cong suit (power down).

Cong sudt tiéu tdn ciia chip AVR AT90S8535 dugc do tai tan s6 hoat ddng 4MHz, ngudn cung cdp
3V va nhié¢t do moi truong la 20 C:

Ch€& do hoat dong 1a 6,4 mA.
Ch€& do nghi (idle) 1a 1,9A.
Ch€& do power down la < 1pA.

Tan s6 lam viéc la:
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* T 0 d€n 8 MHz ddi v6i AT90S8535.
* T 0 dén 4 MHz d6i v6i AT90LS8535.
2. CAutric chan cia AT90S8535: hinh 1 trinh bay sd d6 chan clia AVR AT90S8535.

/
(TC) PBO O 1 40 P pao (ADCO)
(T1)PR1 1] 2 39 11 pAat1 (ADC1)
(AINC) PB2 1] 3 38| | pA2 (ADC2)
(AIN1) PB3 ] 4 37 B pa3 (ADC3)
(SS) PB4 O 5 38 O pad (ADCY)
(MOSI) PB5S ] 6 35 H pA5 (ADCS)
(MISD) PB6 ] 7 34 0 pag (ADCH)
(SCK) PBT [] 8 33 B pat (ADC?)
RESET || 9 32| 1 AREF '
vece O 10 313 AGND
GND O 11 30 | AVCC
XTAL2 ] 12 28 O PC7 (TOSC2)
XTAL1 O 13 28 [0 PCE (TOSCH1)

(R}{D} PDO O 14 27 O PCH

(TXD) PD1 ] 15 26 [0 PC4

(INTO) PD2 || 16 25 [0 PC3

(INT1) PD3 L] 17 24 || pe2

(OC1B) PD4 ] 18 23 [0 PC1

(OC1A) PD5 O 19 22 @ pPco
(ICP) PD6 ] 20 21 O PD7 (OC2)

Hinh 1. So dé chdn chip AVR AT90S8535.

Chip AVR AT90S8535 ¢6'40 chan gidng nhu ho 89 nhung chi khdc 12 chan cfp ngudn khdc vi
tri. Tin hiéu reset tich cuc mic thap. C6 4 port nhung vdi tén thay d6i 1a portA, portB, portC va portD.

Chiic ndng cdc chan tin hi¢u:
* Vcc : chancip ngudn.
* GND: chan ndimass OV.
=  Port A: (PA7.. PAO)

Port A 13 port xuiit nhap (I0) 8 bit 2 chiéu. Cac chin ciia port A c6 thé tao ra cic dién rd kéo
1én bén trong (dudc lwa chon cho tirng bit). BO dém cua portA c6 thé nhan dong khdang 20mA va cé
thé didu khién thiic truc ti€p cic led hién thi. Khi cic chin tir PAO dé€n PA7 dugc ding nhu 13 cac ngd
vao va kéo xudng mifc thap & bén ngoai thi ching s& cung cip dong ra néu cic dién trd kéo 1én bén
trong dudc tic dong.

Port A con déng vai trd 1a cdcngd vao clia cdc bo chuyén ddi ADC.

Céc chan clia port A sé & trang thdi t6ng trd cao khi reset bi tdic dong va ngay ca khi mach dao
dong khong hoat ddng.

Port B: (PB7.. PB0)

Port B 1a port xudtnhap (I0) 8 bit 2 chi¢u v6i cic dién trd kéo 1én bén trong. B dém ctlia portB
c6 thé nhan dong khéang 20mA. Khi dudc diing nhu 12 cic ngd vio va kéo xudng mic thap & bén
ngoai thi chiing s& cung cap dong ra né€u cdc dién tré ké o 1én bén trong dugc tdc dong.

Port B con phuc vu nhiéu chifc ning vdi nhiéu ciu tric dic biét khdc nhau dudc trinh bay &
phan sau.
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Cdc chan clia port B sé § trang thdi tdng trd cao khi reset bi tdc ddong va ngay ci khi mach dao
dong khong hoat dong.

Port C: (PC7.. PCO)

Port C 1a port xudt nhap (I0) 8 bit 2 chiéu v6i cdc dién tr§ kéo 1én bén trong. B6 dém cha port
C c6 thé nhan dong khdang 20mA. Khi dugc diing nhu 1a cdc ngd vao va kéo xudng mirc thip & bén
ngoai thi chiing s& cung cap dong ra né€u cdc dién trd ké o 1én bén trong dugc tdc dong.

Hai chan clia Port C c6 thé dugc st dung nhu 1a ngd vao clia timer/counter?.

Cidc chan clia port C sé& § trang thdi tdng trd cao khi reset bi tdc ddng va ngay ci khi mach dao
dong khong hoat dong.

Port D: (PD7.. PD0)

Port D 13 port xudt nhap (I0) 8 bit 2 chiéu véi cédc dién trd kéo 1én bén trong. B6O dém cha port
D c6 thé nhan dong khdang 20mA. Khi dugc dung nhu 13 cic ngd vio va kéo xuéng mic thdp & bén
ngoai thi chiing s& cung cap dong ra néu cic dién tré ké o 1én bén trong dudc tic dong.

Port D con phuc vu nhiéu chifc ning v6i nhiéu ciu triic dac biét khd¢ nhau dudc trinh bay &
phan sau.

Céc chan clia port D sé& & trang thdi tng tr§ cao khi reset bi tic dong va ngay ca khi mach dao
dong khong hoat dong.

RESET:

La ngd vao tdc ddong mic thip. Xung reset dai hon 50ns s& reset AVR ngay cd khi mach dao
dong khong hoat dong.

XTALI:

La ngd vao cda mach khuéch dai dao dong ddo va ngd vao clia mach dién tao dao dong bén
trong.

XTAL2:
La ngd ra clia mach khué&ch dai dao dong dio.
AVCC:

La chan cung cAp ngudn dién 4p cho bd chuyén ddi AD. Chan AVCC nay sé& dugc két nSi v6i
Vce thdng qua mdt mach loc thong thap. Phian sau sé trinh bay hoat ddng clia mach.

AREF:

La channgd vao cung cip dién 4p tham chi€u (dién 4p chuin) cho bo chuyén d6i AD. Pdi v6i
hoat dong ctia ADC thi phai cung cAp motdién 4p nam trong khodng tir AGND dé&n Avce dén ngd vao
chan AREF.

AGND:

La chan ndi mass cla tin hiéu tuong tw. Néu bo mach c6 mass analog thi k€t n6i chan nay dén
mass analog, con néu khong c6 thindi chung véi GND.

St dung dao dong thach anh:
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XTALI1 va XTAL2 theo th ty 12 ngd vao va ngd ra clia mach khué&ch dai ddo dugc thi€t k€ st
dung nhu mach dao ddng ndi dudc trinh bay & hinh 2. Thach anh hoic mach cdng hudng ceramic déu
c6 thé st dung dé tao dao dong.

MAX 1 HC BUFFER

-
~ el
= eemtHOEmmm e -

i {XTAL2
=
ST A

GND

Hinh 3. K&t ndi thach anh v&i 2 ngd vao XTALI va XTAL2.
3. CAutric phan citng:
Cau triic phan ciing chia AVR AT90S8535 dugc trinh bay & hinh 3.

C4c khdibén trong bao gdm:

- Kh&i khuéch dai thiic cho cic port'A, B, C, D (port driver), khdi thanh ghi dit liéu port (Data
Register Port- DRP) va khdidiéukhi€n huéng cho cic port (Data Direction Register port - DDRP).

- Kh&i chuyén ddi tin hiéu twong t sang s& (ADC) va khdi da hdp chon kénh ngd vao (analog
mul).

- Khdi dao dong ndi v6i tu thach anh bén ngoai (oscillator) va khdi dao dong nhan tin hiéu dao
dong tr bén ngoai.

- Khdi thdi gian va diéu khién (timing and control).

- Khéi diéu khi€n 1ap trinh (programming control): ddy la kh&i quan trong nhit clia toan bd hé
thong.

- Khdi thanh ghi con trd ngidn x€p Stack pointer (Sp): c6 chic ning quin ly bd nhé ngan x€p
(dung b6 SRAM bén trong ) d€ luu trit cac dit liéu tam thdi trong qud trinh x& ly d liéu.

- Bd nhéd SRAM dung dé Iuu trit cdc dit liéu phuc vu cho chuong trinh va dung 1am bd nhd ngin
x&p dé€ luu trit cdc dit liéu tam thdi va luu trit dia chi khi thuc hién cac chuong trinh con hay cic
chuong trinh con phuc vu ngit.

- Khdi thanh ghi b d€m chuong trinh Program Counter (PC): c¢6 chiic ning quin ly bd nhd
chuong trinh hay chinh xdc hon 1a quéan Iy Iénh. Khi thanh ghi PC tré d€n I&nh nao thi 1énh d6 dugc
thuc hién.

-Khdi bd nhé chuong trinh Program Flash: diing d€ luu trit ma lénh ctia chuong trinh. Thanh ghi
PC s€ quan 1y bd nhé nay.
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Hinh 3. So do cau tric bén trong cba AVR AT9058535.
- Thanh ghi I€nh (Instruction Register) c¢6 chitc ndng luu trif ma 1€nh.

- Khdi gidi ma lénh (Instruction Decoder) c6 chiic nang giai ma lénh dé cho khéi diéu khién
chuong trinh bi€t 1énh yéu ciu thuc hién cong viéc xit 1y gi. Sau khi gidi ma xong cic yéu cau thyc
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hién clia 1énh s& chuyén sang cho khdi diéu khién chuong trinh thuc hién. Rbi ti€p tuc thuc hién viéc
gidi ma Iénh ti€p theo.

- Khdi thanh ghi da nang va cdc thanh ghix, y, z: ¢6 chiic ning phuc vu cho viéc luu it dit liéu
dé€ chuong trinh xit 1y.

- Khoi ALU c¢6 chifc ning thuc hién céc 1énh xit 1y dit liéu nhu cong, trlr, nhan, chia, ting, gidm,
and, or, exor, so sdnh, ... Kh&i nay sé thuc hién cac phép toan véi cic dit liéu chita trong cdc thanh ghi
trén.

- Thanh ghi trang thai — Status Register c¢6 chitc ning cho biét trang thai cha dit liéu sau khi xi
ly dit liéu bdikhoi ALU.

- Khéi dao dong bén trong dé tao ra nhiéu cAp tin s& khdc nhau d€ phuc vu cho cic tng dung
khdc nhu truyén dit liéu.

- Khdi Watch Dog timer dugc tich hdp dé phuc vu cho viéc dinh thdi thoatkhdi cic vong lip vo
han.

- Khéi timer/counter diing d€ phuc vu cho cac bo dinh thdi cho cic trng dung diéu khién va céc
tng dung nhan xung d€m tir bén ngoai.

- Khéi diéu khién ngit (interrupt): bao gdm cdc chifc'nang nhan tin hiéu yéu ciu ngit tir bén
ngoai, xt Iy ngit, vu tién ngit, diéu khi€n cho phép hay khdng cho phép ngit.

- Kh&i bd nh6 EEPROM cho phép luu trit cac dif liéu ma khi matdién thi dif lidu vin con, s6 1an
cho phép ghi x0d 1én dé&n 1001000 Ian.

- Kh&i truyén dir liéu bAt dong bd UART: cho phép AVR truyén dit liéu vdi cdc ddi tugng khac.
- Bus dit liéu bén trong diing d€ k€t ndi tit cd cic khdi vdi nhau d€ trao d6i dit liéu.

4. Tong quan vé ciu tric AVR

Khai niém file thanh ghi truy xui't nhanh chita 32 thanh ghi 8 bit hoat dong da ning tong quit
vdi thdi gian truy xua't trong mot chu ky xung clock duy nhit. Piéu nay c6 nghia Ia trong mdi 1 chu ky
xung clock — mdt phép todn trong khdi ALU dugc thuc hién. Hai todn tif dugc xuitra tir file thanh ghi,
phép todn dudc thuc hién va két qud dude Iuu trd lai trong file thanh ghi chi trong 1 chu ky xung clock.

S4du trong 32 thanh ghi c6 thé dugc diing nhu 1 céc con trd thanh ghi dia chi gidn ti€p 16 bit &€
dinh dia chi ving nhé dir li¢u (Data Space ) — cho phép tinh todn dia chi mdt cach hiéu qua. Mot trong
3 con trd dia chi ciing dugc sit dung nhu Ia con trd dia chi cho chiic nang tim ki€m hiing s6 bang (for
the constanr table look up function). Cdc thanh ghi chifc ning nay 1a X register, Y regiester va Z
register.

Kh&i ALU thyc hién cdc phép todn dai s6 va cac phép todn logic giita cdc thanh ghi hoic gitta
hing s6 va thanh ghi. Cdc phép todn chi x3y ra trén 1 thanh ghi ciing dugc thyc hién bdi khéi ALU.
Hinh 4 trinh bay c4u triic RISC ciia vi diéu khi€n AVR AT90S8535.

Thém vio cédc hoat dong clia thanh ghi thi cac ki€u dinh dia chi bo nhé theo qui uSc ciing c¢6 thé
dugc st dung trén file thanh ghi. Piéu nay dugc cho phép bdi file thanh ghi dugc gdn bdi 32 dia chi
ving nhé dit lidu thdp nha't ($00 — $1F) cho phép chiing dugc truy xuat nhu 12 nhitng 6 nhd binh
thudng.

7 Visily




| Chuong 4. i didukhith AVR. SPKT — NguyBn Dirh PH

_{ Data Bus 8-bit
¥
2K X 16 [ :":'Q’f"":' " "31-31”5_ ol | [iEmupt
Program Counte: and Contro Uit
Mermaory
5P
L - W2xE a Unit
nsiruchion Gensra .
Register Pupose |1
* Registrers . Serial
¥ T LUART
nistruction
Cecoder r ¥
&=kt
En ? g [T TimerCounter
E ﬁ_i ALL
Cornitred Lines :T-t: ﬁ ToE
g P TimerCounter
E » > with PV
b-oit
® TimerCounter
256512 x 8 with PYWM
Data
*  SRAM | Watchdog
Tirmer
206512 x 8 Analog to Digital
serRoM [T Converter
32 _ Analog
[FC Lines | Comparator

\/

Hinh 4. C&u troc RISC cOa AVR AT90S8535.

Viing nhé 10 c¢6 64 dia chi phuc vu cho khdi ngoai vi ctia CPU nhu cdc thanh ghi diéu khién
(control registers), timer/counters, A/D converters va cdc chifc ning 10 khac. Vung nhé 10 ¢6 thé truy
xud't tryc ti€p hodc duge xem nhu 1a mot ving nhd dit liéu t€p theo sau file thanh ghi tr $20 d€n $5F.

AVR dung y twdng ciu triic Harvard — vdi viéc chia cdc ving nhd va bus cho bd nhd chuong
trinh vd bd nhS dir lieu. Bo nhé chuong trinh dugc thyc hién véi 2 tAing dudng ng (two stage
pipeline). Trong khi 1 Iénh dugc thyc hién thi 1énh ti€p theo s& dudc dén tir bd nhé chuong trinh. Y
twdng nay cho phép cdc lénh dugc thuc hién trong mdi chu ky xung clock. B6 nhé chwong trinh dugc
tich hgp trong hé thdng bd nhé Flash.

Véi cdc 1énh nhay va 1énh goi tuong ddi trong pham vi 4k khdng gian bd nhé thi dugc truy xuat
trivc ti€p. Hau hét cdc l1énh clia AVR déu c6 tir ma 1énh 16 bit. M&i mot dia chi 6 nhé chuong trinh
chira 1€nh 16 bit hoac 32 bit.
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Khi thuc hién ngit va lénh goi cdc chuong trinh con thi dia chi tr& vé chuong trinh chinh Iuu
thanh ghi PC dudc luu trong ngin x€p. BO nhé ngin x&p dugc cap phat trong ving nhé SRAM da dung
va do d6 kich thu§c bd nhd ngan x€p sé bi gidi han bdi kich thudc toan bdo bd nhé SRAM va viéc st
dung bd nhé SRAM. Tat ca cac chuong trinh clia ngudi dung phdi dudc khdi tao v6i SP trong thi tuc
reset (tru6c khi chuong trinh con hodc ngét duge thuc hién). Con trd SP quin Iy bd nhé ngin x€p cé
chiéu dai 10 bit c6 thé dugc truy xui't doc/ghi trong viing nhé I10.

Ving nhé dir liéu SRAM 512 byte c6 thé d& dang dugc truy xuat thong qua 5 kiéu dinh dia chi
khdc nhau dugc xay dung trong ciu tric ciia AVR.

Céc ving nhé trong cau tric clia AVR Ia cic bang dd nhé tuyén tinh va quy tic. Cau tric bd nhd
bén trong cia AVR nhu hinh 5:

Program Memiory Data Memory Data Memaory
5000 32 Gen. Purpose 30000 5000
Working Registers (gpp1F
30020
B4 1/0 Registers EEPROM
Program Flash s
(2KI4K x 16) — {256/512 x 8)
S00E0
/,/——//”:;j Enataa

S015F/5025F

STFFISFFF

Hinh 5. Bang do cba cac bd nhé.
Trong bdng dd nhé & trén ching ta thay c6 3 loai bd nhd khéc nhau tich hgp trong AVR gdm bé
nhd chuong trinh (Program Memory) va hai loai bd nhé dir liéu (Data Memory): gdm bd nhé SRAM
va b0 nh6 EEPROM.

Bo6 nh6 chuong trinh ctia AT90S8535 c6 dung lugng 1a 8Kbyte, mdi mdt 6 nhé 1a 16 bit, con cac
loai bd nhé dit liéu thi mdi mot & nhd 1a 8 bit. Bing d6 nhé & trén c6 2 thong sd thi thong s ding
trude 1a clia AT90S4434, con thdong sd dirng sau la cia AT90S8535.

Bo6 nhé dit liéu bén trong gdm c6 3 thanh phin: thi nhi't 13 32 thanh ghi hoat dong da nang cé
dia chi tir $000 d€n $01fh, thanh phan thit 2 12 64 6 nhd cda cdc thi€t bi ngoai vi 10 va 512 byte
SRAM.

B0 nhé dir li€u EEPROM c¢6 512 6 nhé dung dé luvu trir dit liéu va khong c6 gi dic biét.
File thanh ghi hoat dong da ndng:
Hinh 6 trinh bay cau tric cia 32 thanh ghi hoatddng da nang trong CPU.
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T 0 Addr.
R 300
R1 3
R2 §02
R12 =00
General R14 20E
Purposs =15 30F
Working R16 310
Regsters =17 31
R26 1A X-regester low byte
R2T 2B X-regisier high byts
26 BiC Yregister low byte
=20 1D Y-register high byte
R30 B1E Z-register low byte
R31 S1F Z-register high byte

Hinh 6. Cac thanh ghi hoat dong da nang cia CPU AVR.

T4t ca cic 1énh xi¥ Iy trong tip 1énh déu co6 thé truy xuit truc ti€p trén cdc thanh ghi nay va chi
thuc hién trong khoang thdi gian 1 chu k¥ mdy - ngoai trir 5 1énh thuc hién cdc phép todn dai s6 va
logic: SBCI, SUBI, CPI, ANDI, ORI x4y ra giita hiing sd va thanh ghi va 1énh LDI — nap dit liéu hing
s0 truc ti€p. Cdc Iénh nay chi ap dung cho phin nita ¢ac thanh ghi con lai trong file thanh ghi tr R16
dén R31. Cdc lénh t5ng quat SBC, SUB, CP,’AND va tit ca cic lénh khéc xy ra giita 2 thanh ghi va
trén 1 thanh ghi déu c6 thé 4p dung cho toan bd file thanh ghi.

Nhu d3 trinh bay trong hinh 6, mdi thanh ghi ciing c6 thé dugc gan mot dia chi bd nhé dir ligu,
dinh vi ching truc ti€p trong 32 6 nhé diu tién clia ving nhé dir liéu cla ngudi st dung. Mic du
khong st dung dia chi vat Iy nhu cdc 6 nhd cia SRAM nhung viing nhé nay dugc t8 chifc cung cAp
mot su linh hoat rit 16n trong viéc truy xudt clia cac thanh ghi nhu thanh ghi X, Y va Z c6 thé dugc
thi€t 1ap dé chi t6i bat ky thanh ghinio trong file thanh ghi.

Thanh ghi X, Y va Z:

Cdc thanh ghi tir R26 d&én R31 dudgc k&€t hgp lai tao ra 3 thanh ghi X, Y va Z dé st dung cho cac
muc dich da ning khdc. C4c thanh ghi nay 1a cac con trd dia chi d€ dinh dia chi gian ti€p cdc 6 nhd
trong vung nhd dir li€u.

Hinh 7. Trinh bay cdc thanh ghi X, Y va Z.

15 0
X, - register K . olv _ 0]
R27 ($1B) R2E (314)
13 0
¥ - register 7 ol7 _ [l |
R28 (§1D] R28 (31C)
15 0
Z - regster II-' - - 0 | 7 - - 0 I
R31 (B1F) R30 (31E)
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Hinh 7. Trinh bay cac thanh ghi X, Y va Z.

Cha y thit oy cac thanh ghi khi k&t hop.

Trong céc ki€u dinh dia chi khdc nhau, cic thanh ghi nay c6 chitc ning luu trit dia chi c6 dinh,
dia chi ting 1én d€ truy xuiit d€n 6 nhd ti€p theo sau khi thuc hién xong 1énh, dia chi gidm xudng dé
truy xuat 6 nhé k& sau khi thyc hién xong 1énh.

Khoi ALU:

Khdi ALU trong AVR thyc hién k&t ndi truc ti€p v6i ta't ca 32 thanh ghihoat dong da ning tSng
quit. Trong mot chu ky duy nhat cia xung clock, cac phép toan clia khdi ALU x3y ra giita cac thanh
ghi trong file thanh ghi dudc thuc hién. Cdc phép todn clia khdi ALU dugc chia ra 1am 3 loai: phép
toan s6 hoc, phép todn logic va cdc phép todan xit 1y bit.

B6 nhé chuong trinh flash cé thé lgp trinh trong hé thong:

AT90S8535 c6 8K byte bo nhé chudng trinh flash c6 thé lap trinh trong hé thong dé huru tri
chuong trinh. Do ti't cA cdc 1énh déu c6 chiu dai 1a 16 bit nén bd nhd FLASH t3 chic theo 4K x 16.
Bo nhé flash c6 thé ddm bao dugc cho 1000 chu ky nap x6a. Thanh ghi PC cia AT90S8535 c6 chiéu
dai 12 bitdo d6 c6 thé truy xuat 4096 dia chi clia bd nhé chuong trinh.

B nho ditlieu SRAM:

Hinh 8 s& trinh bay céch thic t8 chic clia bo nh6 ' SRAM clia AT90S8535:
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Register File Data Address Space
T $0000
21 50001
R2 50002
B29 .
F_ESI] 001E
rR3t 49 F001F
1O Registers ______________
$00 50020
$01 $0021
502 s0022
530 H006D0
ﬁF ——————————————— ¢
Internal SRAM
0060
006 1
S015E/50265E
I VN =1 ) —

Hinh 8. Trinh bay cau tric bd nhé SRAM.

Viing nhé dit liéu thap c6 608 dia chi dung dé€ dinh chi cho: file thanh ghi, cho by nhé 10 va cho
bd nhé SRAM. 96 6 nh§ dau tién 1a dia chi clia file thanh ghi va clia viing nhé 10. 512 6 nh§ tiép theo
12 dia chi cia viing nhé d@ li€éu SRAM bén trong.

Niam ki€u dinh dia chi khdc nhau cho viing nhé dit liéu bao gdm: dinh dia tryc ti€p (direct), dinh
dia chi gidn ti€p (indirect with displacement) va gidn ti€p vdi tang dia chi. Trong file thanh ghi, thanh
ghi tir R26 d&€n R31 t§ chifc thanh thanh ghi con trd dia chi c6 thé dinh dia chi gidn ti€p.

Pia chihda truc ti€p toan bd vung dir lieu.

Trong dia chi héa gian ti€p v6i cAu tric ki€u thi 63 d nhd cb thé truy xudt tir dia chi nén dugc
cho bdi thanh ghi Y hodc thanh ghi Z.

Khi diing cic kiéu dinh dia chi gian ti€p dung thanh ghi véi dia chi o dong ting hoic gidm,
thanh ghi dia chi X, Y va Z tang hodc giam.

32 thanh ghi hoat dong da ning tong quat, 64 thanh ghi IO va 512 byte ctia bd nhé dir liéu
SRAM bén trong AT90S8535 c6 thé dudc truy xuit thdong qua tit ca cac kiu dinh dia chi nay.

Hay xem phin ti€p theo sé trinh bay chi ti€t cdc kiéu dinh dia chikhac nhau.

Cdc kiéu truy xudt by nhé dit liéu va by nhdé chuong trinh:

Vi diéu khi€én AVR AT90S8535 cung cap nhiéu kiéu dinh dia chi manh va hiéu qui dé truy xuit
bd nhé chuong trinh (flash) va bd nhg dir liéu (SRAM, file thanh ghi va ving nhé 10). Vai o cia
nhiéu ki€u dinh dia chi khac nhau dugc cung cip bdi ciu triic cia AVR. Trong cic hinh ki hiéu OP
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(operation code) c6 nghia Ia phdn mi tic td clia tir lénh. P& don gian, khong phai hinh nio ciing trinh
bay vi tri chinh xdc¢ clia cac bit dinh dia chi.

a. Ki€u dinh dia chi truc ti€p, thanh ghi don Rd:
Kiéu dinh dia chi tryc ti€p dung thanh ghi va 2 thanh ghi nhu hinh 9.

REGISTER FILE

oP d

3

Hinh 9. Kiéu dinh dia chi tructiép dung thanh ghi va 2 thanh ghi.
Téc t6 dugc chita trong thanh ghid (Rd).

b. Ki€u dinh dia chi truc ti€p, ding 2 thanh ghi Rd va Rr:
Kiéu dinh dia chi tryc ti€p diing thanh ghi va 2 thanh ghi nhu hinh 10.

REGISTER FILE

ar i d

W

d

Hinh 10. Kiéu dinh dia chi truc tiép ding thanh ghiva 2 thanh ghi.
Céctic t6 dudc chita trong thanh ghir (Rr) va d (Rd). K&t qua dudc Iuu trong thanh ghi d (Rd).

c. Kiéu dinh dia chi tryc ti€p 10:
Kiéu dinh dia chi tryc ti€p 10 nhu hinh 11.
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VG MEMORY

aP n F

b4

B3

Hinh 11. Kiéu dinh dia chi truc tiép 10.

Pia chi cha tic 0 dugc chita trong 6 bit clia tif ma lénh: n 1a dia chi clia thanh ghi dén
(destination) hodc thanh ghi ngudn (suorce).

d. Ki€u dinh dia chi truc ti€p dif liéu:

Kiéu dinh dia chi truc ti€p dit liéu nhu hinh 12.

Data Space

Bl o1 $0000

op R

1

16 LSBs

Sy

F01aFS
S025F

Hinh 12. Kiéu dinh dia chi truc tiép dit liéu.

Dia chi 16 bit cia dit liéu trong tir ma 1&nh thi 2 cha tir ma 1&€nh 2 word. Rd/Rr chi dinh thanh ghi
dén hoic thanh ghi ngudn.

e. Ki€u dinh dia chi gidn ti€p dir lieu vdi displacement:
Kiéu dinh dia chi gian ti€p dit liéu vSi displacement nhu hinh 13.

Dala Space

0000

¥ OR Z-REGIZTER

D25F

Hinh 13. Kiéu dinh dia chi gidn tiép dit liéu vdi displacement.
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Pia chicia tdc t0 1a k€t qua clia ndi dung Iuu trong thanh ghi Y hoidc Z cong vdi dia chi 6 bit a
c0 trong tir ma lénh.

f. Ki€u dinh dia chi gidn ti€p dit liéu:

Ki€u dinh dia chi gian ti€p dir liéu nhu hinh 14.

Data Space

S0000

15 ]

XY OR Z-REGISTER |

W

S013F
S025F

Hinh 14. Kiéu dinh dia chi gidn tiép dit liéu.

Pia chictia tdc td luu trong thanh ghi X hodc Y hodc Z.

g. Ki€u dinh dia chi gi4n ti€p dir lieu vdi pre - displacement:
Ki€u dinh dia chi gidn ti€p dir liéu vdi pre'~ displacement nhu hinh 15.

Cata Space

S0000

¥ ¥ ORZ- RECISTER

Hinh 15. Kiéu dinh dia chi gidn tiép dit liéu vdi pre - displacement.

Noi dung ctia thanh ghi X, Y hoiic Z gidm di 1 truSc khi thyc hién 1énh. Dia chi clia tdc 6 luu
trong thanh ghi X, Y ho#ac Z sau khi da giam di 1.

Nhin vao hinh 15 cho chiing ta thdy dugc ndi dung ctia X, Y hodc Z cong v6i sd -1 va tao ra dia
chi méi dugc cap nhat trd lai thanh ghi X, Y hoic Z va d6 ciing chinh 1a dia chi clia 6 nhé can truy
xuat dir licu.

h. Kiéu dinh dia chi gian ti€p dir liéu vdi Post - Increment:
Kiéu dinh dia chi gidn ti€p dit liéu véi Post — Increment nhu hinh 16.
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Data Space

S0000
i5 0

H'| XM OR Z-REGIZTER ’—

=)

Hinh 16. Kiéu dinh dia chi gidn tiép dit liéu vdi Post - Increment.

S015FY
S025F

Pia chi clia tdc 8 lvu trong thanh ghi X, Y ho#ic Z . Sau khi thuc hién xong viéc truy xuat dit liéu
thindidung thanh ghi X, Y hodc Z ting Ién 1.

Nhin vio hinh 16 cho chiing ta thdy dugc ndi dung cha X, Y hoac Z 1a dia chi can try xud't di
liéu sau d6 ndi dung thanh ghi X, Y hodc Ztiang 1€n 1 va cip nhat trd lai thanh ghi X, Y hodcZ .

i. Ki€u dinh dia chi dinglénh LPM:
Kiéu dinh dia chi duing 1énh LPM nhu hinh 17.

PROGRAM MEMORY

$000

Z-REGIETER

S7FFI
SFFF

Hinh 17. Kiéu dinh dia chi ding lénh LPM.

bia chi ctia byte dit liéu dugc chi dinh bdi ndi dung thanh ghi Z. 15 bit cao lyva chon dia chi
(trong pham vi 0 — 2K/4K), bit thap nh4t trong thanh ghi Z né&u bing 0 thi 1&énh s& truy xui't byte dif
licu thap, n€u bang 1 thi s& truy xuit byte cao trong viing nhs 2 byte.

j.  Kiéu dinh dia chi gian ti€p bd nhé chuong trinh, IJIMP va ICALL:
Kiéu dinh dia chi gidn ti€p bd nhd chuong trinh nhu hinh 18.
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PROGRAM MEMORY

3000

Z-REGI|STER

$7FFI
SFFF

Hinh 18. Kiéu dinh dia chi gidn tiép b nhé chuong trinh.

Viéc thuc hién chuong trinh tiép tuc tai dia chi lvu trong thanh ghi Z.

k. Ki€u dinh dia chi twong d8i bd nhé chuong trinh, RIMP va RCALL:
Kiéu dinh dia chi gidn ti€p bd nhé chuong trinh nhu hinh 19.

PROGRAM MEMORY

2000
15 a
PC F—
B
<+}—>
Fi
15 12 1 1]
l s ‘ T I §TFF/
SFFF

Hinh 19. Kiéu dinh dia chi gidn tiép b nhé chuong trinh.

Vié ¢ thuc hién chuong trinh ti€p tuc tai dia chilvu méibing PC + k + 1. Pia chi twong d6i k ndm
trong pham vi tr -2048 dén 2047.
Bo nhd 10:

Vung dia chi khong gian bd nhé 10 cia At90S8535 dugc trinh bay § bang 1:
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I'Dr Address (SRAM Address) Name Function
53F (35F) SREG Status REGister
F3E (35E) SFH Stack Fointer High
53D {350) SPL Stack Pointer Low
$3B (35B) GIMSK General Interrupt MaSK register
$3A (354) GIFR General Interrupt Flag Register
539 (359) TIMSK Timer/Counter Interrupt MaSK register
538 (358) TIFR Timer/Counter Interrupt Flag register
535 (555) MCUCR MCU general Control Register
534 (545) MCUSR MCU general Status Register
£33 (553) TCCRO Timer/Counterd Control Register
§32 (852) CNTD Timer/Countar0 (8-hit)
S2F (34F) TCCR1A Timer/Counter! Conirol Reqgister &
$2E (34E) TGCR1B Timer/Counter1 Gontrol Register B
52D (54D) TCNT1H Timer/Counter! High Byte
82C (34C) TCNTIL Timer/Counter! Low Byte
$2B (34B) OCR1AH Timer/Countar! Qutput Compare Register A High Byt
52A (344A) OCR1AL Timer/Counter! Output Compare Register A Low Byte
520 (349) QCR1IBH Timer/Counter! Quiput Compare Register B High Byie
528 (548) OCR1BL TimerCountar1 Gutput Compare Reqister B Low Byte
527 {347) ICR1H TIC 1 Input Capture Register High Byte
526 (546) ICRIL TAC 1 Input Capture Register Low Byte
525 (545) TCCRZ Timer/Counter2 Control Register
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IO Aiddress [SRAM Address) Name Funstion
F24 344 TCNT2 TimerfCounter2 (B-bit}
FIT(343) OCR2 TimeriCounter2 Oulput Compare Register
B2 1542) ASSR Asynchronous Mode Status Register
3211541 WODTCR Watchdog Timer Comirol Register
1F [33E) EEARH EEFR.OM Address Register High Byte
FIEIS3E) EEARL EEFROM Address Regisier Low Byte
S0 830} EEDR EEPROM Dala Regisier
S1C(530) EECR EEFPROM Control Register
FB53E) PORTA Data Repister. Fort A
F1A554) DORA Data Direction Register, Port &
F12i330) PIMA Input Fins, Fort &
FrE 83 FORTE Data Regisier, Fori 8
F1T1$37T) DORB Data Direction Register, Port B
T8 (536) FINE Input Pins, Part B
F151538) FORTC Data Register, Pori C
F140334) DORC Data Direction Register, Port &
F12 (353 FING Input Pins, Part C
F121532) PORTD Diata Register, Port D
FU14531) DORD Data Direction Register, Port D
FI0(330) FIMD Input Fins, Fort D
SOF (32F) SPDR ZPI1 VO Data Regrster
HE (32E) SPER 5Pl Status Register
500 520) SPCR 5P Control Register
S0C (52C) UDR UART VO Data Ragister
0B (32E) LEER UART Status Regisier
FOA 324) UcH UART Comirol Register
FloE20) UBRR UART Baud Ratz Register
F3528) ACSR Anzlog Comparator Contral and Status Register
TOTISIT) ADMIX ADC Muliplaxer Select Repister
304 526) ADCER ADC Control and Status Register
5 (526) ADCH ADC Data Register High
T4 524 ADCL ADC Data Register Low

Bdng 1. Bo nhé 10.

T4t ca 10 va cac ngoai vi clia AT90S8535 dudgc dat trong ving nhd 10. Cac 6 nhé 10 dudc truy
xudt bdi 1énh IN va OUT dé truyén dif liéu giita 32 thanh ghi hoat dong da chitc ning va viing nhé 10.
Céc thanh ghi IO nam trong ving dia chi tir $00 d&€n $1F cho phép truy xui't bit ding cac 1énh SBI va
CBI. Trong cic thanh ghi nay, gi4 tri cda cdc bit don c6 thé dudc kiém tra bing cach ding cic lénh
SBIS va SBIC. Hiy tham khdo tap 1énh dé c6 thém chi ti€'.

Khi st dung cac 1énh IN, OUT d€ dinh dia cac IO thi cac dia chi truy xud't cdc 10 nim trong
khdéang tir $00 d&n $3F. Khi xem cdc thanh ghi IO nhu 12 mot phan clia bo nhé SRAM thi dia chi clia
chiing phai dugc cong thém $20 (hdy xem trong bang dd nhd SRAM). Tat cd dia chi clia thanh ghi IO
dugc trinh bay trong sudt tai ligu nay dugc trinh bay v6i dia chi SRAM néim trong dd'u ngodc don.

Pé wrong thich véi cdc thi€t bi sé dugc xay dung trong tuong lai thi cic bit chua s dung sé dugc
ghi s6 0 n€u ching ta truy xudt. Cac dia chi cia ving nhé 10 chua st dung sé khong bao gid dugc ghi
dir liéu.

Nhiéu c& trang thai dugc x6a bing _ Chi y rang
cac lenh CBI va SBI s& hoat dong trén tit cd cdc bit trong thanh ghi IO. C4c 1énh CBI va SBI sé hoat
dong véi cdc thanh ghi chi nim trong khoang tir $00 dén $1F.
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Cédc thanh ghi IO va cic thanh ghi diéu khién ngoai vi dugc gidithich & phan ti€p theo sau.

Thanh ghi trang thdi — status register - SREG:

Thanh ghi trang thdi SREG clia AVR ¢6 dia chi trong vung nhé 10 la $3F ($5F) dugc xac dinh
nhu sau:

Bit T G 5 4 3 2 1 0

$3F (35F) 1 ] | T | H | S | v | N | Z | C | SREG
Read/\\rite R RAW R RV R RMW R RW

Initial value 0 0 0 0 [t 0 0 0

Chic nang cla cdc bit:
Bit 7: Global Interrupt Enable - bit I: bit cho phép ngit toan cuc:

Bit I phai dudc thi€t lap & mic logic 1 d& cho phép ngit.
Sau d6 tirng bit di€u khién ngit doc 1ap dudc thuc hién trong thanh ghi diéu khién riéng. N&u
Bit I & miic 0 thi khong cho bit ky ngit ndo x4y ra cho du tirng bit diéu khi€n ngit & trang thdi cho

phép.
Bit I s& bi x6a bdi phin citng sau khi ngit xdy ra va sé& trd lai mifc 1 d€ cho phép ngit sau khi
thurc hién 1&nh trd vé tir chuong trinh con phuc vu ngit RETI

Bit 6: Bit Copy Storage - bit T: bit copy va luu trii':

Cédc Iénh copy bit BLD (Bit Load) va BST (Bit Store) dung bit T nhu la bit source va bit
destination cho cic hoat ddng bit. Mot bit tir 1 thanh ghi trong file thanh ghi c6 thé copy vao bit T
bang Iénh BST va bit T c¢6 thé dudc copy vao mot bit trong thanh ghi nim trong file thanh ghi bang
1é€nh BLD.

Bit 5: Half Carry flag - bit H: bitcd tran phu:
Bit ¢& tran phu lvu trang thdi tran phu trong 1 s& cic phép toan. Hiy xem chi ti€t & phan 1&nh.
Bit 4: Sign bit - bit S —S =N (+) V: bit ddu :

Bit ddu S thudng 1a k&t qué clia phép todn ex-or giita bit N (bit Negative) va bit V (over flow).
Hay xem chi ti€t§ phan 1énh.

Bit 3: Bit Two’s Complement Overflow Flag — bit V:

Cd tran bu 2 V dugc xay dung dé thuc hién céc phép todn bl hai.
Bit 2: Bit Negative Flag — bit N:

C& s6 am N xac dinh k€t qda phép todn 1a s6 am.

Bit 1: Zero Flag — bit Z:

Co zero xac dinh k€t qlia phép todn bing 0 hay khac 0.

Bit 0: Carry flag — bit C:

Cd tran x4c dinh k€t qlia phép todn c6 bi tran hay khong.

Chii y: thanh ghi trang thai s& khong tu ddng luu trit khi thuc hi€én chugng trinh con phuc vu ngit
va s& khong khdi phuc lai khi tr§ vé chuong trinh chinh. Chiing ta phai tu luu trit bing phan mém néu
can.
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Thanh ghi con tré ngdn xép — stack pointer register - SP:

Thanh ghi con trd ngin x&p clia AT90S8535 dudc thi€t k& nhu 1a 2 thanh ghi 8 bit nam tai dia
chi $3E ($5E) va $3D ($5D) trong ving nhd I0. Do vung nhG dit liéu chi ¢6 $25F 6 nhd nén thanh ghi
SP chic6 10 bit dugc st dung.

CAu tric clia thanh ghi Sp nhu hinh sau:

Bi 15 4 13 12 1 10 9 8
$3E (35E) - y y - - y P9 5P SPH
$3D (55D) SPT P& SP5 SP4 SP3 SP2 SP1 SPO SPL
7 3 5 4 3 7 1 0
Read'Wrie R R R R R R RV R
RIW RIW RIW RIW R RIW RV RAN
Initial value L] 0 0 Li] Li] i} 0 Ll
0 0 0 0 0 0 D D

Thanh ghi con trd quan 1y viing nhd dit liéu ngan x&p ctia bd nhd SRAM, tai viing nhé ngan xé&p
dung d€ luu cic dit liéu cla chudng trinh con va chuong trinh con phuc vu ngit. Ving nhé ngan x&p
trong viing nh6 SRAM phdi dudc x4c dinh bdi chuong trinh tritéc khi c6 bat ky chuong trinh con nao
dugc thyc hién hoidc cdc ngit dugc phép.

Con trd ngan x&p phai dugc thi€'t lap taidia chi trén $60.

Con trd ngan x€p gidm di 1 khi dit liéu dugc cat vio bd nhd ngin x€p bdi lénh PUSH, con trd
ngin x€p gidm di 2 khi dia chi dugc cat vao ngin x&p khi thyc hién 1énh goi chuong trinh con hoic khi
chuong trinh con phuc vu ngit dugc thuc hién.

Con trd ngan x€p ting 1&én 1 khi dir liéu dugc 14y ra @ ngdn x&p bang 1énh POP, va con trd sé
ting l&én 2 khi dia chi dugc 1ay ra khdi ngan x€p khi thuc hién 1&nh két thiic chuong trinh con RET trd
vé chuong trinh chinh hoic 1énh k€t thic chuong trinh con phuc vu ngit RETI @& tr& vé chuong trinh
chinh.

Pié¢u khi€n RESET va ngit:

AT90S8535 cung cip 16 ngudn tin hi¢u ngit khdc nhau. Cdc ngitnay va cac vector ngit déu c6
1 vector chuong trinh riéng trong viing nhé chuong trinh. TAt cd céc ngat dudc gén vSi cac bit cho
phép ngit doc lap — bit cho phép ngdt phai dugc thi€t 1ap & mic 1 cung vdi bit I nim trong thanh ghi
trang thai dé€ cho phép ngit x4y ra.

Ciéc dia chi thip trong ving nhé chuong trinh duge x4dc dinh khi reset va cac vector ngét hoan
toan tf ddng. Danh sdch liét ké day dd cic vector dudc trinh bay & bang 2. Danh sach nay ciing xdc
dinh cdc mitc dd wu tién cha nhi€u ngit khac nhau. Pia chi cang thdp thi mic do wu tién ngit cang
cao. RESET ¢6 mifc d§ wu tién ngit cao nha', ti€p theo la INTO — External interrupt request 0.
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Vector No. Program Address Source Interrupt Definition
1 $000 RESET Hardware Pin, Power-On Reset and Watchdog Reset
2 $001 INTO External Interrupt Request 0
3 $002 INT1 External Interrupt Request 1
4 $003 TIMER2 COMP Timer/Counter2 Compare Match
5 $004 TIMERZ OVF Timer/Counter2 Overflow
g 5005 TIMER1 CAPT Timer/Counter1 Capture Event
7 $008 TIMER1 COMPA Timer/Counter! Compare Match A
8 5007 TIMER1 COMPB Timer/Counter1 Compare Match B
9 $008 TIMER1 OVF Timer/Counter! Overflow
10 5009 TIMERO OVF Timer/Counterd Overflow
1 $00A SPI, §STC SPI Serial Transfer Complete
12 300B UART, RX UART, Rx Complete
13 sooc UART, UDRE UART Data Register Empty
14 $00D UART, TX UART, Tx Complete
Vector No. Program Address Source Interrupt Definition
15 $00E ADC ADC Conversion Complete
16 $00F EE_RDY EEPROM Ready
17 $010 ANA_COMP Analog Comparator

Bding 2. Reset va bdng vector ngdt.

Tir bing vector ngit nén mot chuong trinh thudng dugc bit ddu nhu sau dé trdnh cic ving dia

chi ngd t nhu chuong trinh sau:
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Address Labels Code Commants

000 rimp RESET ; Reser Handlar

5001 rimp  EXT INTO ; IEQO Handler

s002 rimp EXT_INT1 i IRl Handler

e T rimp TIMZ_COMP  ; TimerZ Compare Handler

004 g |11} TIM2Z OVF ; Timerz2 Owverflew Handler

5008 rimp TIM1 CAPT ; Timerl Capture Handler

F00e rimg TIM1_COMPA ; Timerl Compar<d Handler

007 rimp TIM1 COMPE ; Timerl Compar<sB Handler

Fooe g |11} TIM1_OVF ; Timerl Owverflew Handler

S008 rimp TIMO OVE 7 Timerd Overflew Handler

soda rimgp EPI_&TC; ; 8PI Tranasfer Complete Handler

00b rimp  TUART RXC ; URRT RE Complata Handlar

Snde by | (i 8] TART DRE ; UDRE Empty Handler

s00d rimp UART TXC ; URRT TX Complets Handler

S00e rimp ADC ; BADC Conversion Complets Interrupt Handlsr

E00E rimp EE RLY : EEPRCM Eeady Handler

010 riwp ANA COMP ; ABnaleog Comparator Handler

s011 MATH: 1di rlé, high(RAMEND); Maln program gtart

s0l2 out SDH,rle

20132 ldi rlé, low(RAMEND);

S0l4 ot SPEL, r1&

S015 zlnatrs o

S

Nguon RESET:

AT90S 8535 ¢6 3 ngudn reset:
* Reset khi cap dién: MCU s& bi reset khi ¢6 dién 4p cung cap thap hon dién ap ngudng reset khi
md dién (power — on reset threshold Vpot).
* Ngit ngoai: MCU bj reset khi ¢6 mic thdp dugc xuat hién & ngd vao chan RESET\ ké o dai hon
50ns.
»  Watchdog reset: MCU bi reset khi chu ki thdi gian watchdog hét hi¢u Iuc va watchdog dugc phép.
Trong qud trinh reset tit ca cdc thanh ghi 10 dugc khdi tao céc gid tri bit ddu va chuong trinh dugc bit
dau tai dia chi $000. Lénh dit tai dia chi $000 phai 12 1énh RIMP — I1&énh nhay tuong ddi — d& nhdy d€n mot noi
khdc trainh viing nhd clia cic vector ngit. N€u chudng trinh khong bao git sir dung ngit, cic vector ngit khdng
dudc st dung thi ma 1&énh cla chuong trinh ¢6 thé viét bit diu tai dia chi $000 ma khong cin phdi nhdy. Mach
dién & hinh 20 trinh bay mach reset. BAng 3 xdc dinh thdi gian va cdc thong s6 dién clia mach dién reset.
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Powar{n Reset POR
vee Circuit
100-500K
RESET o Reset circuit =T s aQ
-/ E
]
w
o
Watchdog ﬁ
Timer = FSTRT
s |
i 3 L
oy
F‘.CO-rD‘Fsi!]Iis[nr — 14-Stage Ripple Counter — R Q}— INTERNAL RESET
' 20 s Q13
[TTTTTTT]TTTd
Hinh 20. Mach dién reset.
Symbol | Parameter Min Typ Max Units
" Power-On Reset Threshold (rising) 10 1.4 1.8 V
\JI.’S ...’
°r Power-On Reset Threshold (falling) 04 0.6 08 v
Veer | RESET Pin Threshold Voltage 0.6V0c v
, Reset Delay Time-Out Period " 6 ” e
TOUT | FSTRT Unprogrammed
Reset Delay Time-Qut Period )
trout FSTRT Programmed - 11 12 ms

Bang 3. Cac thong so reset vai ngudn Vce = 5V.

Chii y: reset khi cip ngudn s& khong hoat dong trir khi ngudn cung cip c6 dién dp dudi Vpot.

FSTRT Time-out at Vg = 5V Number of WDT cycles
Programmed 1.1ms 1K
Unprogrammed 16.0ms 16K

Bang 4. S6 chu ky dao dong cGa Watchdog timer.

5. Taplénh cia AVR:

Thudt ngi¥ ciia tdp lénh:

SREG: status register — thanh ghi trang thai.

: Carry flag in status register

Zero flag in status register

Negative flagin status register

Two’s complement overflow indicator

N (+) V for signed test

Half carry flag in status register

Transfer bit used by BLD and BSt instructions.
Global interrupt enable/ disable flag.

Thanh ghi va tic to
Rd: Destination (and source) register trong file thanh ghi.
Rr: Source register trong file thanh ghi.
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R Result after instruction is executed — k&t qua sau khi 1énh thyc hién xong
K constant data — thong s§ dit liu

k: constant address — thong so dia chi

b Bit trong file thanh ghi hoac thanh ghi IO (3bit)

S bit trong thanh ghi trang thai (3 bit)

X

Y, Z: thanh ghi dia chi gian tép.
(X=R26:R27,Y =R29:R28, Z=R31:R30).
A: IO location address — dia chi ciia IO
q: displacement for direct addressing (6 bit)
10 REGISTER:

RAMPX, RAMPY, RAMPZ

Céc thanh ghi dugc k&t ndi v6i X, Y va Z cho phép dinh dia chi gidn ti€p clia toan bd khong gian bd nhé dit licu
trong MCU v§i dung lugng bd nhé hon 64k byte va don dit li€u trong MCU vé&i dung lugng b nhd chuong
trinh hon 64K byte.

RAMPD

Thanh ghi dugc k&t ndi v6i thanh ghi Z cho phép dinh dia chi trurc ti€p toan bd khdng gian bd nhd dif lidu trong
MCU véi dung lugng 16n hon 64K byte.

EIND

Thanh ghi dugc két ndi v6i tir ma 1énh cho phép nhay gian ti€p va goi bit k¥ noi ndo trong bd nhd chuong trinh
tren MCU véi dung lugng khong gian bd nhé 16n hon 64K byte.

STACK
Stack: dung d€ luu cic dia chi tr& vé va ndi dung cic thanh ghi cAt tam thdi.
SP: con trd quan 1y bd nhé ngan x&p.
FLAG
Ki hiéu cho biét su 4nh hudng ctia Iénh d&n cic bit trang thii trong thanh ghi trang thai.
Flags
e Flag affected by instruction
(1] Flag cleared by instruction
1 Flag set by instruction
- Flag not affected by instruction

Tap lénh dugc tom tit & bang 5:
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Chuong 4. Vi didu khign AVR.

SPKT — Nguyén Birh PHi

Mremonics | Operanids | Description | Operation Flags L lock Nate
Arithmetic and Logic Instructions

ADD Fd, Rr Add without Camy Fid — Fd < Rr ZCMVSH

ADC Rd, Rr Agd with Carry Rd+Rr=C ZCMNWVEH

ADIW Fid, K A Immediate fo Word ?1941—'{1 Fd — Rd+1Rd+ K ZOMNS |2

SUB Rd, Rr Subfract withaut Carry R+ Rd-Rr ZEMVSH

SUBI Rd, K Subtract Immediats Rd «Rd-K ZCOMYSH

SAC Rd, Rr Subiract with Cammry Rd = Rd-Rr-C ZCNVEH

S8C Rd, K Subtract Immediats with Carry Rd+—Rd-K-C ZCMMEH

38w Rd, K Juipiract Immediats from "Wors Rd+1:Rd + Rd+1:Rd - K LOMNTG |2

AND Rd, Rr Logical AND R« Rd +Rr ZNWS

ANDI Rd, K Logcal AND with Immediate Fid &« Rd =K ZMYS

OR Rd, Rr Logical OR Rid+ RdwRr ZNNS

ORI R, K Logecal OR with Immediate R Rdwk ZNVS

EOR Rd, Rr Exclusive OR R+ Rd & Rr ZNYS

COM Rd One’s Complement Rd « SFF - Rd ZCMVS

NEG Rd Two's Complemant Rl + 500 - Rd Z NS H

S8R Rd K Zat Bi(s) in Register R+ RdwK ZNNS

CBR Rd K Clear Biis) in Register Rl &= Rd & (3FFh - K) ZNVS

ING Rd Increment Rd&=Rd=+1 ZNVS

DEC Rd Decrement Rd & Rd=1 ZHNNS

T=T Fd Test for Zero or Wnus Fd + Rd+Rd NS

CLR Rd Clear Register Rl « Rd&Ra ZNNYS

SER Rd Set Repister Fd « SFF Mone

MUL Rd,Rr Multiply Unsigned R1:R0 « Rd = Rr {UU) il 2

MULS Rd.Rr Multiply Signed R1:R0 « Rd = Rr (55) ZC 2

MULSU Rd.Rr Mulbiply Signed with Unisigned R1:R0 « Rd = Rr (3U] ZE 2

FRLIL Fd, Rr Fracfional Multply Unsigned F1-R0 « (Rd = Rrie=t (U} 20 2

FMULS Rd,Rr Fractional Mulboly Sgned R1:RD « (Rd « Rrje<1 {35) 2C 2

FMULEU Rd,Rr Eracr.ic-nal Multiply Signed with R1:R0 « (Rd = Rri==<1 (5L} ZC 2
nsagmedd

Bang 5. Tom tat tap lenh.
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lnsmonics | Operands ‘ Dezcription Operation Flage EClock Nota
Branch Instructions
RJMP K Reladve Jump CPC+E+1 Yone 2
LR Indirect Jumgp fa (iZ) FC190) 2, FC[21116) 0 Hone 2
ElIMP Extznded Indlrect Jumg to (2] PC[15:0) «— 2, PC{21:18} — EIND Yone 2
IR K Jump FC=¥ None 3
RCALL K FizlaZve Call Subrouiine PCoPCsi+1 None 34
ICALL Irdireet Call fai2) PC1SD — 2 PC21:1E) 0 “one 34
EICALL Extended Indirect Call i (2) FC15:0) 2, FC[21:16) — EIND Hone 4
CALL k Call Subroutine PC =k Yone 4/
RET Subroutine Reum PC — STACK Yone 415
RETI IrefTupt Retum FC « STACK 413
CPSE RoAr Cormpare, 2kl il Equal ff({Rd=RryPC—FC+ 2003 Naone 11213
cp Fd,Rr Compars Rd -Rr ZoHVEH | 1
CRC Fed, A Compare win Cary Rd-Rr-C ZENVEH |1
CP| Fid. ¥ Cornpars win immediate Rd -K ZEHVEH |1
SBRC Rr o ZKip 1 BIt In Register Caared i [Rnb}=0) PG —PC+ 2ar 2 Hone 1123
ZERS RLo Zalp I St In Reglster 2=t (A1) P& —PC ¢ Zand Maone 1123
JBIC & D Falp 81t "D Regiser Cleared | MDA DD FC— FC+ 2003 None 11243
o813 A D E&lp 1 BIt In I3 Register Sat AiiADE1) PC—PE+2ard Yane 11213
BRES 5 Branch I Status/Flag Set T {SREG]s) = 1) then L —PC+E+1 | Mone 112
BREC 0 o Braneh [ Status Flag Cleansd [T {SREG[s) = 0] then PC—PFC+i+ 1 | Mone 112
BREQ K Branech if Equd MEZ=1)menPC—PC+E+1 Yone 112
BRME 1 Eraneh [ kot Sgual ME=OMenPC = PCHE+HT None 112
BRCS i Branen If Canny Saf MC=1)thenPC —PC+E4+1 None 112
BRCC K Eranch ¥ Camy Clearsd fiC=0) fien Pl B+ +1 Yone ik
BR:3H K Branch F Same or Higher [1{C =0} hen PC—FC+ R+ 1 Hone 112
BRLD K Braneh F Lower TS =1)then F&G —PC+R+1 Yone 112
BRMI K Eraneh | kinus [T{W =) then FE—~FPC+R+1 Yone 112
BRFL. i Eraneh I Flus MW =0} MENFE —PT+E+1 None 112
BRGE i Eraneh If Greateror Equal, ff(WEymd)iren P —PC+i+1 | Mone 112
Signed
BRLT i Branch If Less Than, Sgneg (W &= 1)IenPC = PG+ +1 | Home 112
BRHS K Eranich ¥ Hall Cary Flaig Set MH=1) fien PC — PO+ 41 Hone 112
BRHC K Eraneh I Haif Carry Flag Cleared | T {H = D) fien PC—PC+ K +1 Yone 112
BRTS 4 Braneh T Flag Set MT=9)menPC PO+ Mone 112
BRI 4 Braneh ¥ T Flag Cleared MT=0pMenPC—PC U+ Mone 112

Bang 5. Tom 1t tap Iénh (tiép theo).
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SPKT — Nguyén Birh PHi

Mnamonics | Operands | Dascripiion Operation Flaga #C10ck Nota

BRVE k Branch It Overllow Flag 15 52t Fiy=1then PC—PC =k =1 Hone 142

BRWC [ Braneh If Overow Flag 16 IV =0yihen PC—~PC 2k +1 *one 142
Cleared

BRIE k Braneh I Intzrrupt Enabizd 1= Ajthen PO~ PC 2k +1 one 182

BRID k Branih I [mizrrupt Cisabled IF{l=0pthen PO —PC+E+1 Hone ¥

Data Transfar Instructions

Mo Rd, Rr Copy Register Rd < Fr None

Mo Rd, R Copy Regser Far Ro=1Rd— Rr+1:Rr “one

Lo Fd, K Load Immeslate Fd —K “one

LD= Ri & Loz Cirert from dats Epace Ra — k] Hane 2

LD R, X Load Indinact R «— (¥) one 2

Lo Rd, &+ Load Ingired: and Posi-ncrement | Rd — (X, K <X +1 None 2

Lo Fd, -¥ Laad Indirzct and Fre- K X-1 Rd— (X} Hone 2
Dzcrement

Lo Fd, ¥ Load Indinest Fd =) *one

LD Fd, ¥+ Load Indires and Post-Increment | Rd — Y =% + 1 Hone 2

LD Fa, - Laoad Indiract and Pre- ¥ ¥-1,R1 =¥} None 2
Cizcrement

LoD R, 4 Load Indlrect with Cisglacement | 'R =Y 40 None 2

LD R, Z Load Indirest s None Z

Lo Rd, Z+ Load indinect and Fosl-increment | Rd — (Z), Z « Z+1 one 2

Lo Rd, -2 Load Indirect and Pre- Za=Z-1, Rl =(Z} *one
Dezcrement

LoD Fa, Z+q | Load Indiractwith Displacement | Rd — (2 =0) “one 2

aTS k, Rr E2ore Clrect 1o data space R = (k) ane 2

2T X Fr Store mgiract {X)—Fr Mone 2

3T X+ Ar Store Ingirect and Fost- [X)s=RArKe=X+1 None Z
Incremant

3T =X, Fr Store Ingirect and Fre- Ke=X-1Ei=Fr None Z
Dzcrement

a7 Y, Rr Store Ingirect [7)=FRr None Z

a7 W+ A Stors Indirect and Post- (M—FRr¥—¥+i 4one 2
Increment

a7 =¥, Ar Stores Ingirect and Pre- ¥ == 1, (¥ = Fr “one 2
Decrement

STD ¥+g,Rr Stors Indlrect with Displacamant | (¥ + g} Rr 4one 2

aT 2, Br Store mglrect £} = Fr “one 2

a7 2+ Rr Siore miirect and Poel- iZ)=RrZ~2+1 Hone 2
Imcremant

Bang 5. Tom tat tap lénh (tiép theo).
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Mnsmonics | Operands | Descripflon Dperation Flaga BClock Nota
aT -Z, Rr Share Ingiredt and Pre- Ze=2-1 [Z)=Fr Hone 2
Decrement
27D Z+,Fr Stors Inglrect Wit Displacement | (Z+35— Rr Nang 2
L Load Program Memary Rl (2] Mang 3
LFK Rd, Z Load Frogram lasmary Rl (2] Nang 3
P Fd, Z+ Load Program Memary and Poss- | Rd—(2), 22+ 1 Ming 3
Inerement
ELPK Extended Load Program Memary | BRI — (RAMPZ-Z) Hone 3
ELPM Rd, £ Extznded Load Program Memary | Rl — (RAMPZZ) Hong 3
ELPK Fd, Z+ Extended Load Program Memory | Rd — (RAMPZZ), 2= Z+1 Nang 3
ang Post-ineremert
SPK Store Program Memory (Z)— R1RD Hone .
EZ2M Exfended Store Program [RAMPZZ) — R1:RD Hone -
lzmary
¢} Rd, & In Fnom 1°C Lecation Rl «— VOiA) Hone 1
ouT A Rr Ot To 1nD Location [WMA) — R Hone 1
FUZH Rr Fush Regleter on SkEcK STACK —Ar Hone 2
Fo= Rd Fop Aeg/ster from Stack Rl . STACK wone 2
Blt and Bit-tast Instructions
LEL Rd Logical Shitt Left Fedin+1 k—Rain) RED)D.CRa{7y | ZCHVH 1
LR Fd Loglcal Shitt Rignt Rdinj«—Rdin=1),Re7}-0.C-Ra{0) | ZCMY 1
ROL Fd Rotate Left Through Camy FdiD)~C Fa(n+1)—Rdin) C+-Rd(7) | ZCHVH 1
ROR R Rotalz Right Through Camy RdiT )~ Rdinjs-Rains1)C-Raid) | ZoHY 1
AZR Rd Arfthmetiz Shilt Right Rdin) — Ra{m-1j, n=0_E ZOHWY i
SWap Fd Zwan Mibbies Fdi3.1) == RAF.2) Hone 1
BEET b Flag Se! EREGE) — 1 SREGIS) i
BCLA B Flag Clear SREG[E] 0O SREG(S) 1
2B A D Zet Blt In 10 Registar (S84, B 1 Hong 2
CAI A D Clear BR In 10 Register (W24, B} =0 Hone 2
BET Rr, b Elt Store from Registerto T T+« Rrib) T i
BLD Rd, b Bit load fram T o Register RaiD) =T Nang 1
2EC Set Camy Ce1 - i
CLC Clear Camy Ce0 i 1
SEN Set Megathve Flag M 4 1
CLM Clear Megathe Flag W0 o 1
2EZ Zet Zem Flag 21 Z 1
CLZ Clear Zem Flag 20 £ 1

Bang 5. Tom tat tap lénh (tiép theo).
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Mnamonlcs | Operande | Dascription Operation Flaga #C10ck Hota
3E Global Imtemupt Enable =1
ClL Glooal Imtemupt Disakls | =1
BES Zet Signed Test Flag B 5
CLS Clzar Signed Test Flag S0 5
SEV Set Twa's Complement Overlow | V-1 W
LY Clzar Two's Complement Vel W
Crverfion
ZET 38l TIn SREG Te1 T
CLT Clear TInSREG T«0 T
SEH Set Half Camy Flag In SREG He—1 H
CLH Claar Halt Camry Flag In SREG H—0 H
HaP K Coeratlon Mone
SLEEP Zlezp isee speciic desor for Sleep) Hone
WD Walthoing Reset {588 BpeETE descr. far WOR) Nane

Bang 5. Tom tat tép lénh (tiép theo).

6. Thiét k& phan cing hé thong:

Sau khi nim bit dudc ciu tric, t6' chirc va kha ning tng dung clia chip AVR tdc gid phai thuc hién

cdc cdng viéc nhu sau:

- Phai thiét k&€ mach nap chip AVR dang ndi ti€p va giao ti€p vdi may tinh bing c6ng COM hoac cdng

LPT.

- Chip AVR thi nghiém phai dwa ra diy di cc chian diéu khién d€ giao ti€p véi cac thi€t bi ngoai vi.

- Lwa chon cdcting dung phd bi&n nhu giao ti€p vdi led don, giao tiép véi led 7 doan, giao ti&p vdi led
ma trin, giao ti€p véi LCD va giao ti€p v6i ma tran ban phim. Cic giao ti€p phai c6 ddy dl tén cic

~ N 2. A <R N A A LN ~ e A 2 X N
ngd vao ra, trang thai di€u khién va thuan ti€én cho viéc k€t ndi mot cdch de dang.

- Thi€t k& ngudn cung cap cho hé thong.

Sd dd két ndi cdc hé thong nhu hinh 21:

Khdi vi dieu
khién 89S thuc
hi€én qua trinh
nap (master)

11
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Khdi giao ti€p
Chuorg4. id ng COM SPKT — Nguyén Birh PHI

Hodc LPT

Khdi ngudn Khdi giao ti€p
cung cip cho véi led don
ta't ca cdc khdi

Khdi giao ti€p Khdi giao ti€p
v6i led ma v6i dong co
tran budc.

Hinh 21. So dé khéi' ciia hé thong.

Trong so dd khdi & trén trir 3 khoi ddu tién lién k&t v6i nhau, con cic khdi con lai khong lién k&t véi
nhau nhung trong cdc itng dung thi chiing s& lién k€t v6i nhau biing cac day bus gin thé m vao.

Chip AVR thyc hién cdc thi nghiém giao ti€p s& k€t ndi v6i cdc khdi ngoai vi bing day bus. Khi thuc
hién thi nghié m giao ti€p véi khdi nao thi ngudi st dung s& k&t ndi vdi khdi do.

Sd @6 nguyén 1y clia cdc khdi nhu sau:
a. S¢ dd nguyén ly giao ti€p giita may tinh va chip AVR AT90S8535:

Chip AVR ngoai chitc ning cho phép nap chuong trinh dang song song con c¢d chirc ning cho phép
nap chuong trinh dang noi ti€p.

Khi nap ndi ti€p mach giao ti€p giita thiét bit nap véi AVR AT90S8535 chi cin dung 3 dudng dicu
khién cda port 1 d6 12 PB.5, PB.6,PB.7.

Chan PB.5 c6 tén 12 MOSI: 13 dung nhap dif ligu vao ndi ti€p ciia vi diéu khién nap.
Chan PB.6 c6 tén 1a MISO: dudng xuit dit liéu vao ndi ti€p cia vi diéu khién nap.
Chan PB.7 ¢6 tén la SCK: dudng cung cap xung ddong hd d€ ddng bd dit liéu ndi tié&p.

Ngoai 3 chan diéu khién trén thi phai thém mot dudng tin hiéu diéu khién chan reset: khi nap thi chan
reset § mirc thaip va sau khi nap xong thi phdi cho chan reset 1én mic cao dé chip AVR c6 thé thuc hién
chuong trinh sau khi nap xong.

Hiy xem s db trinh bay cdc dudng tin hiéu diéu khi€n nap nhu hinh 22.

ATI0E4434/8535 T 6.0V

WOT J

DaTH OUT «— FEEMISO)
INSTR. IN — PE5MOGEI)

CLOCK IN —{ PBT{SCK) s
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Hinh 22. So do giao tiép mach nap.

C6 rit nhiéu ddi tugng giao ti€p véi vi diéu khién nap, theo tdc gia chon mot vi diéu khi€n thyc hién
qué trinh nap va giao ti€p vdi may tinh d& nhan 1énh va dit liéu nap. Nhung trong qud trinh thyc hién thi k&'t
qua 13 chua thanh cong nén tac gid sif dung mach nap ding c6ng LPT ctia hing ATMEL va chuong trinh nap
va bién dich ctia chinh hang ATMEL.

So d6 k&t ndi may tinh dung c6ng LPT va giao ti€p v6i chip AVR nap nhu hinh 23.

Trong hé thdng nay c6 ludn ci hé thdng mach ngudn 6n dp 5 V'va 12V cung cip cho toan bd mach
dién nap va ciac mach giao tiép.

Do bo mach vira nap va thuc hién cdc thi trén bo nén cic port clia vi diéu khién thi nghiém phai st
dung dién tr§ kéo 1én.

1
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ot 9
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4 12 E:
(A0 P iy
IADCOPA) 0
1
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0
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3
=0
0
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B 5 N s
+ 5— o 5— "‘f—'r E— 1
none 3| 2 g 2 [z |]E 2] )2
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L4 —~ B ol -
L3 B I I I I T T
Poz E:}
A il I B e B
PCO _iJ o pag '1|_:’5“|_:"> Ll_—%
i
e of pag 9l porel ey ol e
ne
0 Bl e Lezrlen Mnes
i c
5 By Py oo = -
- HTOFD B I L M e I
MADEDH g’ o
iR B I e e
GND

ATHISES3E
Hinh 23 So dd giao ti&p mach nap AVR dung cdng LPT.

Pé nap dit liéu cho vi di€u khién thi phai thuc hién theo ding trinh ty yéu ciu ciia nha ché tao. Cac
qud trinh thyc hién duge cho & bang 6:
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Instruction Format

Instruction Byte 1 Byte 2 Byte 3 Byted Operation

=roramming Enabl 1410 1100 0101 0011 VLT ENEE soum: sous | (Enabls Serial Programming
rramming En=bE wihile FESET s low.

Hhip Erase 1910 1100 100x oo MO IOUEK KUK MR Chiperase Flach and

EEPROM rremaory arrays.

0a10 Ea0o oo Asas bkl bbbl wown sown | Fead H vgh orlow) data o

Read Program Memeory from Program memary at word
address alh.
0130 HOaD OO Anas kbbb bbbl didd 4ddd Write H I:high or low) data i to
‘Write Frogram Memaory Frogram memery at word
address ah.

1010 0000 00X 100A bbbb bbb QOO0 Qo000 Read data o from EEPROM

Read EEFROM Memary memary 3t address ah

1100 0000 000 1000 bbbl bbbb iidd 4444 | Write datai to EEPRCM

Write EEPROM Memory memory at address ah.

0101 1400 oo R oo o 128z wexP | Read Lock and Fuse bits,
Read Lock and Fuse Bits I = programmed.,
1" = unprogrammad.

1910 1100 1111 1211 OO0 IO 2N FOMICK ‘Write Lock bas, Setbits 1,2=

Write Lock Bis 07 tof program Lock bits.

0011 0600 WO O o sodhb oops eows | Read Signaiure Sytz o at

Binad
Read Signature Byte address b1

1610 1100 1011 111F oine | Touo rouoc oo | Write FETRT fuse. Setbit
Write FSTRT Fuse F =0 o program,
1" to unprogram.

Note: = address hagh bits
b = address low bits
H=0-Lowbyte, 1- High Bye
o = data out
i=da@in
£ =don't care
f = Lock Bit 1
2= Lodk Bit 2
F = F5TRT Fuse
§ = SPIEN Fuse
Mote: 1. The signature bytes are not reatabie in Lock mode 3, L. both Lodk bits programimed.

Bang 6. Cac qua trinh nap bd nhé flash cba AVR AT9058535.

Trinh ty thu'c hién dang séng clia 3 dudng tin hiéu diéu khién nhu hinh 24.

Senal Programming Waveforms

e e XXX XN

SERIAL DATA QUTPUT /’ - ;)( X }( X X X X L= \\
PEEMISO) T

-

Hinh 24. Gian do thdi gian cba cac dudng tin hiéu nap ca AVR AT9058535.

7. Huéng din sit dung phan mém:
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] Céach sit dung chuong trinh trén méy tinh d€ soan thdo va bién dich chu'gng trinh:

Nhu di trinh bay & trén do nghién citu chwa thanh cong mach nap diing vi diéu khién nén tic gia si
dung mach nap va chuong trinh bién dich ctia hing ATMEL. Chuong trinh bién dich ¢6 tén1a AVRStudio
¢6 chitc nang soan thdo chuwong trinh va mo phong.

Cdch thiic sit dung chuong trinh nhu sau:

Sau khi cai dit xong chwong trinh ta ti€n hanh khéi dong chuong trinh — khi dé6 man hinh soan thao
xuAt hié n nhu hinh 33:

AYRStudic £ Merophons 1 Tool: B

File  Project ‘Yiew Tools Debug  Hep
DFddd sE2RE 2= BEE il +B BT @re BLNE »00FF0 = N
El E & ITl':ceDisabI:c "I L G R R [ IR ]

‘Warkspacz

Welcome Lo AVR Studio 4

% Craats Hew Frojast @ Cpan ‘

Fiecen: projects | odfied

’: Loaded plugin 5TK50D

g [# Ehow tais diddog on ozen Help | copocl| oo | Frin | Coned | verd123%

B
« 1 v B Buld \Messages £ FindinFles / T4l | 3
|Clizks here ta begin] [ ] CEP MM SR

Hinh 33. Man hinh soan thdo cia chuong trinh AVRStudio.
Mot clia s menu nhd xuat hién cho phép ban chon project mdi hay m& mot project c6 sin.
Chon xay dung mdt project md&i thi man hinh ti€p theo nhu hinh 34 s& xuit hién.

Ngudi 1ap trinh hdy danh tén cho project s& soan thdo va m6 phdng vao 6 project name va chon thu muc
luu trr project nay — hay xem hinh 35. Trong hinh nay tén project méi la “choptat32led”. Sau khi nhap t€n va
luu chon thu muc xong ta nhiin nit “next” dé chuyén sang Iya chon IC nhu hinh 36.
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Welcome to AVR Studio 4

Create new Project
Froject Type; Project hame:
% Atmel AVR Assembler |

W Create initial File [ Create Folder
Initial File
| &M

Lacation:

‘D:'\Dncuments and Settings\phu_nguyen dinh J

Help | << Back| | | Cancel | vera10.256

Hinh 34. Man hinh soan thao project m&i cia chuong trinh AVRStudio.

Welcome to AYR Studio 4

Cieate new Poject
Praoject Tyme: Prajgct Marme:

® Abmel AR Assembler |EHEIF'T¢LT32LED|

v CreateiniialFile | Create Folder

Imitial File

CHOPTATZZLED asm

Location:

[BrAev J

Help ‘ e Eack| Mext>> | Finish | Cancell Ver 410 356

Hinh 35. Man hinh nhap tén va thu muc cOa project méi.

Chon muc AVR Simulator nhu trong hinh 36 va chon loai vi diéu khi€én AT90S8535 nhu hinh 37 rdi nhan
nit 1€nh ¢6 tén 1a “Finish”.
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Welcome to AVR Studio 4

Select debug platform and device

Debug Plattarm: Device:
JTAGICE rmkll ATEERFA07 -
ICE40 ATA0CANT 26 T
CERD TS 200
JTAG ICE ATI0S2313 W
AV Simulator ATANS2323
[CE200 ATI052343

ATI054414

ATA05 4433

aTa054434

ATI058515

-

Help | <<Eack| | Finish | Cahcel| Vier 410,356

£

Wealcome to AVR Studio 4

Hinh 36. Man hinh chon mé phéng cOa project méi.

Select debug platform and device

Debug Flatform; Drevice:
JTAGICE mkll ATANS2313 A~
ICE40 ATA0S 2322 N
ICESD ATANS2343
JTaG ICE aTas 4414 E
AR Sirnulator ATA0S54433
ICE200 ATAN54434
ATa058515
AT9058535
ATmegalll3
BTrmegalls
ATmegalk 2 =
[ -
Help | << Rack | ikl | Cancel | Wer 410,356

K&t qua ta dugc man hinh soan thdo chuong trinh nhu hinh 38.

Hinh 37. Man hinh chon IC md phdng cua project mai.
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Chuong 4. Vi didu khign AVR.

AVRStudio - D: VAYRACHOPTAT321ED.asm
File Projeck Edit  ¥ew Tools [Debug  wWindow Help

NS EG B R S i =" 4
I =l v

Bi| D:\AVRACHOP TAT32LED . asm

/" Microphore B3 Tools 2]

e
il
il

wharkspace

=)@ CHOPTATIZLED
-] Aszembler
CHOPTATIZLED, asm

= pProject | 2110 | @@ info B 0 \AYR\ CHOPTATIELED asm

Loaded plugin STKS00
Loaded partfile: D:\Program FileslAtmel\AYR ToolsPartDescriptionFiles) AT90S8535 sl

e

Hinh 38.Man hinh soan thdo chuong trinh cla project mai.

Hay nhap chuong trinh chép tdt 32 led vao nhu hinh 39.

Vixd ly
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x
B D:\AVR\CHOPTAT3ZLED.asm

.def rmp=ri6
.def tam=rl?
.def high=118
.def low=rl19
.def middle=rZ0

.include"8535def  inc”

.c=eg
.org #0000
IJLp naln

nain: ldi rmp. high{ramend)
out =ph.rmp
1di rmp. low({ramend)
out =pl,rmp

1di rmp, $ff

out ddra.rnp
out ddrb,rnp
out ddro, rmp
out ddrd. rmp

loop: 1d1 tam, $ff
out porta. tam
out portc. tam
rocall delay

clr tam
out porta.tam

R

D4 AWRNCHOPTAT 32LED. asm |

Hinh 39. Man hinh soan thdo chuong frinh chop tat 32 led.

Ti€n hanh bién dich bing cdch vao menu I&nh project va chon vao muc nhu hinh 40 thi khi d6 chuong
trinh s€ dugc bién dich.

Né&u chuong trinh soan thdo ding ci phdp thi s& thdy xuat hién thanh trang thdi cho bi€t qua trinh bién
dich dang ti€n hanh va sau khi bién dich xong s& xuft hién ddu mii tén cho phép qud trinh md phong sé& thuc
hién — hay xem hinh 41.

Né€u soan thdo khong diing thi sau khi bién dich xong s& khong thi'y xuat hién thanh trang thdi cho bié&t
qué trinh bién dich dang ti€n hanh va cling khdng c¢6 ddu miii tén cho viéc mo phdéng sau khi bién dich xong.
Trong trudng hgp nay ching ta hday ti€n hanh xem lai chuong trinh xem cdc 1&€nh ta viét c6 ding ct phdp hay
khong va lénh d6 c6 ton tai hay khong. Ti€n hanh bién dich lai cho d&n khi h&t 15i thi xong.
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B E|U s . CEzw #e = »
Build and Run  pCkrl+F7
= 3
Mext Error vh F L
arksp 2 x i
- Project wizard Bl D:\AVRACHOPTAT 321 ED. asm
+ Mew Project
] .def rmp=rle
Qpen Project .def tam=rl?
- .d=f high=xrlt
Save Project 'def lom=rl9
Close Project .def middle=rZ0
Recent Projects b .1lnclude"8535def  1nc”
Create mew File .ozeg
Lorg 0000

£dd existing File
YR Assembler Setup

rinp mnain

main: 1d:i rmp,high{ramend)}
out sph, rmp
1d1 rmp. lowiramend)
out =pl,rmp

1di rmp. Sff

out ddra. rmp
onat ddrh, rmp
out ddreo, rmp
out ddrd. rmp

loop: 1d1 tam. Sff
out ports, tam
out portc.tam
rocall delay

clr tam
out porta,.tam

[« ]
Hinh 40. Menu Iénh bién dich chuong frinh chop tat 32 led.
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E D:\AVRMCHOPTAT32LED.asm

=
_L
A .def rmp=rlt
.def tan=rl7
.def high=rls
.def low=rl9
.def middle=ri0
.include"8535def  inc"
. C=eg
.org 0000
= rimp mailn
maimn: 1di rmnp,high{ramend)
N out sph,.rnp
0g 1di rmp, lowi{ramend)
oo ot =pl, rup
1di rmp.sff
| ot ddra, rmp I
oo S it
00 out ddrc. rap rmp=0" Register
ot ddrd. rmp
0 loop: 1di tam.Sff
N out porta, tan
out portc. tamn
= rcall delay
clr tam
ot ‘porta. tan
Z L

D AVRVYCHOPTAT3ZLED, asm

tartMirsrrintinnFile<t ATANSRAE3E ol

Hinh 41. Dau moi tén mau vang cho biét chuong trinh bién dich tot.

. Ti€n hanh md phdng

Sau khi chuong trinh d bién dich thanh cong thi ta ti€n hanh moé phdng chuong trinh bing cach vio
menu tool rdi chon 1énh auto step hay nhan t6 hgp phim ALT + F5 nhu hinh 42. Khi d6 qud trinh mé
phdng s& dudc thyc hién. Trong cira s Workspace ban hiy bAm vio muc I/O AT90S8535 thi ciu hinh
phan cting mo phdng s& xuat hién va ban ba71, vao cic portA, portB, portC va portD thi ban sé& thdy
két qua thuc hién chuong trinh md phéng s& 1am thay ddi ndi dung cic 6 nhd nay.
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AVRStudio - D:MAVRACHOP TAT32LED.asm # Microphone B2 Tools

Filz Project  Edit wiew  Tools | Debug | window  Help
O = L @ i= =
B Stop Debugging Cer+Al+HFS
B &= O8]
Workspace =/ Bun Fz
M arne | Yall
+ E I Register 0-15 [ Reset SHiFE+FS | ..
+ @ Reqister 16-51 = —y17
+ 3l Processor { Steplnto Al h-ris
+-[2] stack Monitor {#* Step Over Fi0 ;11*1? .
= -jI:-"‘;-"'-T9953535 (¥ stepout shift+F11 =Tt
+ AD COMVERTER u : "
- Run b € chi+Fin | G935def inc
= T ANBLOG_COMPERATOR | o) Funto Cursar '
.00 CpU R auko step N AlEHFS
+- B EEPROM s Dﬂam
+ %,JF} EXTERMAL_INTERRUPT
--=2 PORTA M Toggle Breakpoint F9 0di rmp.high{raner
=2 poRTA 000 cut sph.rmp
¥ DDRA 000 ldi rmp. low({ransnc
=2 Pl 000 Trace y put spl.rnp
-I-32 PORTE 1di rmp. $Ef
=2 PORTE 0500 out ddra.rmp
“# DDRE Ol 2 chai Mext Skatement Aty Put ddrb,rmp
== Ping T 85 Quickwatch hif et e i
i i mb] Id.xrm
L =8 poRTC Quickwwatc ShiFt+F2 P
=1 .
== PORTC Ux0u Select Platform and Cevice... 1di tam, Sff
¥ DORC 00 cut porta, tam
. o %R:'IQJC 000 Up/Dovnload Memaries.. gg;lli'aﬁ:fé;am
o AVR Simulator Options Alt+0
+-5] SPI — 1r tam
+ B TIMER_COUNTER_O out porta. tam
+-£5) TIMER_COUNTER_t - 1

Srroject Blipo | @i Bj 0:|AYR|CHOPTAT32LED. asm

Hinh 42. Chon lgnh dé bdt dau mé phéng.

. Vi€t céc bai thi nghiém:
Céc bai thi nghiém dudc xay dung d€ cho khai thdac hét cic kha ning clia vi diéu khién.
Ta't c& céc bai thi nghiém khong trinh bay trong bdo cdo nay nhung c6 td chic thanh cic thu muc luu
trong dia CD kém theo bdo cdo nay.
C4c bai thuc hanh giao tiép véi led don.

St dung hé thong vi diéu khién k&t ndi 4 port vdi 32 led don dé viét cic chuong trinh ¥ng dung diéu
khién led sing theo cac y&u cau titng bai. Muc dich 1am quen v6i mot s 1énh co ban va 1ap trinh.

Trinh ty thuc hién hiy dung 4 ddy bus 8 s¢i k&t ndi portA, portB, portB va portD dén 32 led theo ding
thr ty tir bit thap dén bit cao.

Céc bai thi nghiém giao ti€p vé6i 32 led don nhu sau:

Bai 56" 11: Vi€'t chuong trinh diéu khi€n sdng tat 32 led .
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Bai 56" 12:
Bai 56" 13:
Bai 50 14:
Bai 56" 15:

Vi€'t chuong trinh diéu khi€n 32 led sang dan va tit dan.
Vi€t chuong trinh diéu khi€n 32 led sdng don.
Vié't chuong trinh diéu khi€n 32 led tit don.

Vi€'t chuong trinh diéu khi€n 32 led sang tdng hgp cic chuong trinh trén.

Céc bai thuc hanh giao tié‘/p véi 8led 7 doan.

V6i led 7 doan thi ¢ thé cho phép hién thi chit va s6 - khi d6 c6 rat nhiéu chuong trinh ting dung c6 thé
thuc hién dugc trén hé thdng nay nhu chuong trinh d€m san pham, chuong trinh d€m tin s6, chudng trinh ddng
hd s6, chuong trinh ddng hd thé thao ...

V6i hé thong nay c6 thé cho thily rd hoat dong ciia phuong phap quét led hién thi, viec gidi mi led hién
thi biing chuong trinh quét hién thi, nguyén ly lam viéc va chuong trinh quét phim.

z N z ‘A ‘A N R z A z N N g * A N oA N
Cac bai thi nghi€ m phuc vu cho viéc di€u khién cdc led gdm cdc bai cd ban va rat nhiéu bai tap kém

theo.

Khi giao ti€p vdi 8 led 7 doan phai sit dung 2 port k€t ndi v6i led 7 doan, trong tirng bai cé ghi rd port
nio diéu khién transistor quét va port nao diéu khién cic doan thi phai k&t ndi ding port va ding thit ty bit.

Céc bai thi nghiém giao ti€p véi led 7 doan nhu sau:

Bai 56 21:
Bai 56 22:
Bai 56 23:
Bai 5624
Bai 56 25:
Bai 56 26:
Bai 56 27:
Bai 56 28:
Bai 56 29:

Céc chuong trinh tht 8 led 7 doan.

Chuong trinh d€m 1én 2's6.

Céc chuong trinh d€m giay.

Céc chuong trinh dém phuit.

Chuong trinh d€m gid - phiit - gidy.

Chuong trinh diéu khién den giao thong.

Chuong trinh diéu khién den giao thong c6 hién thi thdi gian d€m xudng.
Chuong trinh d€m san pham 1 kénh.

Chuong trinh d&&m san pham 2 kénh.

Céc bai thuc hanh giao tié‘/p voi led ma tran &x8& hai mau xanh 48.

V6i phan ciing da thi€t k€ § trén st dung led ma tran 8x8 c¢6 2 mau xanh va dd, d€ diéu khién led ma
tran sang ta tién hanh gdi dif liéu ra hang va mi quétra cot. Trong 4 port ta sit dung portD lam port di€u khién
hang va portA diéu khién cdt xanh va portC diéu khién cot do.

Céc chuong trinh diéu khién led ma trdn bao gdm cic bai nhu sau:

Bai 56 31:
Bai 56 32:
Bai 56" 33:
Bai 56" 34:
Bai 56 35:
Bai 56 36:

Chuong trinh hién thi ki tu A.

Chuong trinh chép tdt ki ty A.

Chuong trinh hién thi chudi “SPKT” mau xanh.
Chuong trinh hién thi chudi “SPKT” mau dé.
Chuong trinh hi€n thi chudi “SPKT” mau cam.

Chuong trinh hién thi chudi “SPKT” ba mau xanh dé cam.
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Bai s6'37: Chuong trinh hién thi chudi “SPKT” hai mau: nita trén xanh, nita dudi dé va ngudc lai.

Bai s6°38: Chuong trinh hién thi trdi tim roi tir trén xudng va tir dudi 1én.

C4c bai thyuc hanh giao tiép véi LCD

Nhv di trinh bay & trén khi giao ti€p véi LCD thi phai ding 11 dudng tin hiéu diéu khién, trong d6 c6 3
dudng diéu khién va 8 dudng dit liéu phdi st dung nguyén 1 port.

Trong céc bai thi nghiém tdc gia sir dung portA dé giao ti€p 8 dudng tu liéu (chid ¥ theo ding thi t bit tir
0 d&€n 7) va 3 bit 0, 1, 2 ctia portC lam 3 dudng diéu khién.

Céc bai thi nghiém giao ti€p véi LCD bao gdm:

Bai s6'41: Chuong trinh hién thi chudi dit liéu ditng yén.
Bai s6'42: Chuong trinh hién thi chudi dit liéu dich chuyén.
Bai s6"43: Chuong trinh hién thi gi¢ phiit gidy.

Bai s 44: Chuong trinh d€m sdn pham hién thi trén LCD.

Céc bai thyc hanh giao tiép véi ma tran phim va 8 led 7 doan.

Ban phim déng vai trdo nhap dit liéu cho hé thong diéu khién, dé thuc hién giao ti€p v6i ban phim thi
ngoai giao ti€p chip AVR vé6i ban phim thi-phdi ¢6 thém giao ti€p giita chip AVR véi led don hoiic led 7 doan
hoic LCD thi chiing ta m&i biét dugc ‘qua trinh thu'c hién cdc yéu ciu diing hay sai.

C4c bai thi nghiém giao ti€p vdi led 7 doan nhu sau:

Bai s6'51: Chuong trinh nhan phim s& nao thi hién thi trén ma hinh ding s6 do.
Bai s6°52: Chuong trinh d€m c6 cac nit didu khién start, stop.
Bai 6" 53: Chuong trinh diéu khién dong co DC c6 2 niit diéu khién Start, Stop.

Ngoai viéc khai thdc khd nang tng dung cta timer nhu da trinh bay § trén thi cdc bai thi nghiém nay khai
thac kh3 nang st dung ngét clia timer, khai thic kh3 nang truyén dit liéu ndi ti€p, ngit truyén dit lidu.

Ngit c6 nhiéu vu di€m trong di€u khi€n nhung rat khé diéu khi€n va phitc tap do d6 diéu can phai quan
tam 12 cdc bai thi nghiém va cic ting dung dudc thi€t k& sao cho dé& hiéu.

Trong cac bai thi nghiém ngit dugc dung dé truyén dir liéu, d€ dinh thsi, ¢ xi 1i nhiéu chuong trinh
phin chia theo thdi gian — ddy 12 mdt tng dung mach nhit cla ngit.

the end

return
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