Hudng dan 1ap trinh Assembly

Cho AVR
st dung AVRstudio 4.2

Hudng dan 1ap trinh AVR véi noi dung huéng dan cac ban méi lam quen
v6i vi diéu khién AVR va phan mém AVRstudio4.2 . Noi dung chinh cia tai
liéu nay 1a . Huéng dan cac ban cach dé viét mot chuong trinh assembly va
diéu khién vao ra dir liéu.

Tai liéu ndy dugc chia 1am 3 phan:

Phan 1: C4c chi thi hop dich trong ASSEMBLY.

Phan 2:Viét mi 1énh cho mot chuong trinh ASSEMBLY.

Phan3: Diéu khién vao ra dir liéu va cac thiét bi tich hop trong AVR.

Phan 1: Cac chi thi hop dich.

Chuong trinh dich Assembly lam viéc trén file chuwong trinh ngudn va mot
file ngudn bao gdm : cac 1énh , cac nhin va cac chi din.Chung dugc xép
tuan ty trong file ngudn.
Mot dong 1énh c6 chiéu dai cuc dai 1a :120 ki tu.
Moi dong 1énh déu cé thé dat trude boi mot nhan,né 1a mot chudi ki tu va
két thuc bﬁng d4u 2 chdm.Nhan duoc sé dung nhu 1a dich cho cac 1énh nhay,
Va céc chi thi r€ nhanh.Va con dugc stir dung nhu 1a tén bién trong by nhé
chuong trinh va by nhé dir ligu.
Mot dong 1énh c6 thé 1a mot trong bén dang sau:
1. [nhan: | chi thi [toan_hang] [;161 chu thich]
2. [nhan: ] Iénh [toan hang] [;101 chu thich]
3. ;chu thich
4. dong trong (khong chira ki tu ndo)
Mot 101 cha thich luén di sau ddu chAm phay(“;”)va né khong duoc dich
sang ma may chi c6 tac dung cho nguoi doc chuong trinh dé& hiéu.

Chuong trinh Assembly hd trg mot s6 cac chi thi.Cac chi thi nay khong
duoc dich ra ma nhi phan (ma may).Va né dugc st dung dé diwuf khién qua
trinh dich va cy thé 13 : diéu khiéu ghi 1énh vao bd nhé chuong trinh, dinh
nghia cac bién ...



Du¢i day 1a bang cac chi thi :

Chi thi Mo ta
BYTE Dinh nghia mot bién kiéu byte
CSEG Doan ma chuong trinh
DB Dinh nghia mot hang s kiéu byte
DEF Dinh nghia mot tén goi nhd cho mdt thanh ghi
DEVICE Dinh nghia loai VDK cho chuong trinh
DSEG Poan dir liéu
DW Pinh nghia mot hang s6 kiéu 2 byte (word)
ENDMACRO Két thuc ctia mot macro
EQU Thay mot biéu thirc bang mét ki tu.
ESEG DPoan EEPROM
EXIT Thoat ra tir mot file
INCLUDE Str dung ma ngudn tir mot file khac
LIST Cho phép tao ra trong file list
LISTMAC Cho phép thém macro vao list khi dugc goi
MACRO Bit dau macro
NOLIST Khong cho phép tao ra trong file list
ORG Thiét 1ap méc ciia chwong trinh
SET Géan mdt nhan cho mot gia tri

Tat ca cac chi thi déu dit sau ddu cham (“.”).
1.1.BYTE :
Chi thi nay gianh trude tai nguyén by nhé trong SRAM.Chi thi nay
phai di sau mdt nhan va c6 mot tham $6,n6 chi ra s6 byte duogc gianh
trude.Chi thi nay chi dung trong doan dir li¢u.

Cua phap :
LABEL: .BYTE expression
Vi du:
.DSEG
varl: .BYTE 1;
var2 : .BYTE 10;
.CSEG

1di r30,low(varl);

Néu nhu ban nao di hoc qua mot ngdn ngir cip cao nao do thi thuc ra
vung nhé nay cling nhu 1a mdt bién.Dit liéu s& khong tu dong duoc
ghi vao va chi khi ban dung céac 1énh tic dong dén né ma thoi.Nhén
chinh 1a dia chi dau cta doan bd nhé duge gianh trude .




1.2.Chi thi CSEG:

Chi thi nay dinh nghia diém bat dau ctia doan ma chuong trinh.Mot
file ngudn assembly co thé chira nhiéu doan ma chuong trinh ,va
chung lai dugc lién két thanh mot doan ma 1énh khi dich.Chi thi
BYTE khong dugc st dung trong doan nay.Mot doan chuong trinh
néu khong duoc dinh nghia 1a ma I¢nh hay dir li¢u thi déu duoc mic
dinh la doan ma lénh.Méi doan ma I¢inh thi c6 mdt dia chi riéng 16
bit (hay 12 mét tir).Chi thi ORG c6 thé dugc sir dung dé dit vi tri cta
cac doan ma 1énh va hing s6 trong bd nhé chuwong trinh .Chi thi nay
khong kém theo bat ki mot tham s nao.

Cu phap:
.CSEG
Vi du:
.DSEG
varl: BYTE 1
.CSEG
CONST: .DW 2
MOV R1,R0
1.3.DB:

Dinh nghia cac hing s kiéu byte duoc luu trong bd nhé chuong trinh hoac
bo nhd EEPROM.Va chi thi ndy luén theo sau mdt nhan .Chi thi nay thuong
duoc st dung trong viéc luu gitt cac bang va cac biéu thic (nhung co thé
tinh ra gia tri cudi ciing) .Céc nhan chinh 1a dia chi khai dau cho gia tri ban
dau cua bang.Chi dan nay chi ¢ thé dat duoc trong doan ma hoac doan bd
nhé EEPROM.

Céc phan tir trong bang duoc phan biét bang dau phay.

Cu phap:

Label: .DB danh_sach_biéu_thuc
Vi du:

.CSEG

Sin: . DB 0,1,2,3,4,6,7

.ESEG

const: .DB 1,2,3 7 ’ ‘
Chu y: Mot 86 hay mot biéu thirc (phai c6 két qua) nam trong khoang —128
dén 255.Néu s6 d6 1a s6 am thi s€ dugc luu dudi dang 8bit ma bu 2.
4.DEF:



Chi thi nay c6 tac dung cho phép 1ap trinh vién dat tén cho mét thanh
ghi.Thay bang nh¢ thanh ghi d6 1ap trinh vién c6 thé dit tén cho no véi cai
tén goi nhd hon .
Cu phap:
.DEF tén_goi_nhé=thanh_ghi
Vi du:
.DEF xh=R28
.DEF x1=R29
Chu y: Mot thanh ghi c¢6 thé co rat nhiéu tén goi nhd gan cho né nhung diéu
d6 sé& rat nguy hiém c6 thé vo tinh ban 1am mat dit liéu trong thanh ghi do
ma ban khong mong mudn.
1.5.DEVICE:
Chi thi ndy chi cho chuong trinh dich biét loai vi diéu khién ma ta dang viét
chuong trinh.
Cu phap:
DEVICE Loai_vi_diéu khién
Vi du:
.DEVICE AT90S8535
Chi thi nay s& bao cho chiing ta nhiing 16i sinh ra khi ma chwong trinh dich
tim thdy nhiitng 1énh ciing nhu nhing thiétbi ngoai vi khéng duoc hd tro
trong loai vi diéu khién nay.
1.6.DSEG:
Chi thi nay dinh nghia diém bat dau cta doan dit 1iéu.Mot file ngué)n o thé
c6 nhiéu doan dir liéu nhung khi dich chung thi chung duoc gop lién két vao
mot doan.Mot doan dir li¢u binh thuong chi chira duy nhét chi thi
BYTE.Mbi doan dit liéu déu c6 mot con tré vi tri riéng va do 1a con tro 8 bit
(vi chung trong bd nhé RAM).Chi thi ORG ¢6 thé dugc str dung dé dit cac
bién tai céac vi tri xac dinh trong RAM (chi thi nay s€ duoc ndi ¢ sau).
Cu phap:
.DSEG
varl: BYTE 1
table: .BYTE table size
1.7.DW:
Pay 1a chi thi cho phép ngudi str dung dinh nghia cac hang sé & dang 2 byte
trong bo nh¢ chuong trinh hodc bon nhd EEPROM n6 hoan toan tuong tu
nhu chi thi1 DB.
Cu phap:
Label: .DW danh_sach biéu_thtrc
Vi du:
Var: .DW 12,354,3434,31345



1.8. ENDMACRO: )
Két thuc cua mét macro.Chi thi nay khong di kém mdt tham sé nao ca.

Cu phép:
.Endmacro
Vi du:
.Macro subil6
subi r16,low(@0)
subi r17,high(@0)
.Endmacro
1.9.EQU:

Chi thi EQU gan gia tri cuia mdt biéu thitc cho mot nhan.Nhan sau khi gan
gia tri tré thanh mot héng sb va khong duoc dinh lai gia tri.
Cu phap:
.EQU const=expression
Vi du:
.EQU i0=0x23
.EQU 10s=10-10
1.10. ESEG:
Hoan toan giéng voi CSEG
1.11. EXIT:
Chi thi EXIT bao cho chuong trinh dich biét durng viée doc file lai.Binh
thuong thi chuong trinh dich s& chay cho t6i khi hét file thi két thiic.Nhung
néu nhu trong file c6 chtra chi thi nay thi khi nao chuong trinh dich gip chi
thi nay thi s& két thiic qua trinh doc.
Cu phap:
.EXIT
1.12.INCLUDE
Chi thi nay bao cho chwong trinh dich biét bat dau doc tir mot file xac dinh
cho t&i khi hét file d6 hodc mét chi thi ngung doc (EXIT).
Cu phép:
Include “tén_file” ; Doi khi ca tén file va duong dan.
Vi du:
;NO1 dung cua file iodef.asm”
.EQU sreg = 0x3f
.EQU sphigh=0x3e
.EQU splow=0x3d
;Trong chuong trinh
INCLUDE “iodef.asm”
in r0,sreg ; doc thanh ghi trang thai.
1.13.LIST:



Cho phép chuong trinh dich tao ra file list.
Cu phap:

.LIST
Chu y:Maéc dinh ctua chuong trinh dich 1a cho phép tao ra file list va chi thi
nay ludn di kem véi chi thi NOLIST.
1.14.LISTMAC:
Hoan toan giéng véi LIST nhung v6i macro.
1.15>.MACRO:
Chi dan khai bao macro.Vay macro la gi? Macro thyc ra la mot doan chuong
trinh .Khi ma macro duoc goi thi doan chuong trinh d6 s¢ dugc dan vao vi
tri goi macro.
Tham s6 di theo ngay sau chi thi nay 1a tén ctia macro.Mot macro cé thé c6
toi 10 tham so.

Cu phap:
.Macro macro_name
Vi du:
.Macro sub16
........... ;1énh gi do
.......... ;1énh nao do
.Endmacro
.CSEG
sub16 ;goi macro
1.16. NOLIST:
1.17. ORG:

Chi thj ORG thiét 1ap mot con tro tuyét dbi .Gia tri dugc thiét 1ap chinh 1a
tham s cho chi thi néy.Néu nhu chi thi nay nam trong doan dir li€u thi vi tri
duoc thiét 1ap chinh 12 mot vi tri trong SRAM va cu thé d6 14 vi tri bat dau
cua bién dudc khai bao sau chi thi BYTE.
Con khi chi thi nay dugc khai bao trong doan chuong trinh thi vi tri tuyét dbi
d6 nam trong bd nhé chuong trinh va doan ma 1énh theo sau nd s& duoc ghi
vao bdin nhd chuong trinh tir con tré d6.Va d6i voi doan ESEG ciing twong
tw.Néu nhu chi thi nay di sau mQt nhan thi nhan do6 c6 gia tri chinh bﬁng
tham s6 cua chi thi ndy.
Cu phap:
. org tham_so6
hodc Label: . org tham s
Vi du:
.DSEG
.org 0x60
varl: .BYTE 2



. ESEG
.org 0x20
evar: .DB Oxff
.CSEG
.org 0x10
mov r0,rl

1.18.SET:

Gan mot gia tri cho mot nhan.Nhan nay co thé str dung thay cho gia tri déva
n6 hoan toan co6 thé bi thay do1 phu thudc vao chuong trinh.( Pay la diém
khac bi¢t ciia n6 so véi chi thi EQU).

M0t sb chi thi khac :

JFDEF <symbol>
IFNDEF <symbol>
IF <expression>

JFDEF <symbol> |. IFNDEF <symbol>
.ELSE | .ELIF<expression>

.ENDIF

Vi du:

.MACRO SET BAT

IF @0>0x3F

.MESSAGE "Address larger than 0x3f"
Ids @2, @0

sbr @2, (1<<@]1)

sts @0, @2

.ELSE

.MESSAGE "Address less or equal 0x3f"
.ENDIF

.ENDMACRO



Phan 2: Viét 1énh cho VDK

Trudc khi chung ta viét 1énh cho VDK thi cAn nim duogc cac van dé sau:
1.CAu trac bd nhé chuong trinh va bo nhé dir ligu.

2. Cac cach dinh dia chi.

3.Céc thanh ghi chirc nang dac biét.

4.Céc 1énh cy thé

5.Mot chuong trinh mau.

6.Lap trinh ciu tric.

7.Chuong trinh con va Macro.

Ta lan l}xgt tim hiéu ting ndi dung.

2.1.Cau trac bo nho:

Ciing nhu moi vi diéu khién khac AVR c6 ciu trac Harvard tirc 1a ¢6 bo nhd
va duong bus riéng cho bd nhd chuong trinh va bo nhé dir ligu.

So d6 bo nho:

B& nh& chuong B& nho durligu

trinh $0000 $000
$000
4Kx 16 82R $001F | EEPROM
6410 $002F 512x8
$005F
SRAM $0060 $1FF
512x8
$025F
$FFF




Ta thay khong gian bo nhé cta bd nhd chuong trinh gdm 4Kx8 va c6 dia chi
danh tir 0000H té1 FFFH.

B0 nhd dit liéu gdm hai phan :bd nhd RAM va bd nhd EEPROM trong d6
khong gian bo nhé RAM lai chia 1am 3 phan :Cac thanh ghi chtic ning
chung,céac thanh ghi vao ra va cudi cung 1a 512 byte bo nhé SRAM . Bo nhé
EEPROM madc du cung 1a mot phén cua by nhé dir liéu nhung lai hoan toan
dimg doc 1ap nhu mot bd nhd dde lap va cling dugc danh dia chi riéng.
2.1.1.B6 nhé dir liéu:

Céc thanh ghi churc nang chung:AVR c6 32 thanh ghi chitc ndng chung va
ching duoc lién két truc tiép vol ALU day la diém khéc biét cia AVR va tao
cho n6 mot tde do xur 1y cuc cao.Céc thanh ghi dugc dat tén tir RO téi
R31.Va dic biét cap 6 thanh ghi cudi (tir R6 t6i R31) timg d6i mot tao thanh
cac thanh ghi 16 bit st dung lam con tro tré td1 bd nhé chuong trinh va dir
li¢u. Chung lan lugt co tén 1a X,Y,Z (va s€ tim hiéu ki hon ¢ phﬁn sau).
Khong gian cac thanh ghi cong vao ra bao gdm ca thanh ghi dir liéu va thanh
ghi diéu khién cho cong vao ra.(Phan nay sé duoc noi ti trong phan lap
trinh cho céc thiét bi ngoai vi).

Cudi cing 13 bd nhd SRAM.

2.1.2.Bo nh¢ chuong trinh:

V61 bo nhé chuong trinh ¢6 dia chi tr 0000H t61 0010H dugc gianh cho
bang véc to ngat.

cu thé:

Dia chi by nho Ngudn béo ngat Ngat

$0000 RESET Khéi dong lai hé thong

$001 INTO Ngit ngoai 0

$002 INTI Ngiat ngoai 1

$003 TIMER2 COMP bd so sanh timer2

$004 TIMER2 over Tran bd dém/dinh thoi 2

$005 TIMERI CAPT

$006

$007

$008

$009

$00A

$00B

$00C

$00D

$00E

$00F




$010

$011 Hét véc to ngat.

2.2.Céac ché do chuy nhap dia chi cia AVR:
2.2.1. Pia chi thanh ghi don truc tiép:

0

15 4
:li
F o

31

O ché db nay dia chi cua thanh ghi duoc léy truc tiép tr vung cac thanh ghi
(tr 0 t61 31)
Vi du:

COM Rd

NEG Rd

2.2.2. Dia chi hai thanh ghi truc tiép: ’
bay la ché dd ma trong mot 1€énh ALU truy nhap truc ti€p vao hai thanh ghi.

0

3

Ché d6 nay hoan toan twong twong nhu ché do trén.
Vi du:
ADD Rd,Rr

2.2.3. Pja chi truc tiép cong vao ra:
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viung nhé
cac thanh ghi
cbng vao ra

15 g 0

ap |n p

63

Trong d6 dia chi ctia toan hang dugc chura trong 6 bit cia mot tir 1énh .n 1a
dia chi ctia thanh ghi ngudn hodc dich.

Vi du:
Out DDRB,R16
In R12, DDRB
2.2.4.Truc tiép dir licu:

Dia chi cua dir li¢u trong RAM duogc dua truc tiép vao 1énh
Vi du:
LDS R12,0x0ftf
STS 0xOfff,R11
2.2.5. bia chi dit liéu dan tiép cung véi dich chuyén:
Vi du:
LDD R11,Y+10
Dia chi cua toan hang nguén hoac dich dugc tro bdi thanh ghi Y hoac Z
cong thém mot chi s6 nao d6
2.2.6. Dia chi gian tiép dir lidu:
Day 1a cach ma CPU truy nhép t61 dir 1iéu trong RAM thong qua thanh ghi
X,Y,Z dia chi cua dit liéu dugc luu trong thanh ghi nay.
Vi du:
ST X,RI11
LD RI13)Y
2.2.7. Pia chi dir liéu déan tiép cung véi tang hodc giam con tro:
Vi du:
LD R17,X+
LD -Y,R14
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2.2.8. Pia chi ctia hang s6 trong bo nhé chuong trinh.
Céch nay chi sir dung cho 1énh LPM
Dia chi ctia hang s6 dugc luu trong thanh ghi Z
Vi du:
LDI R30,0x07;dia chi truc tiep du lieu 0x07
LDI R31,0xFF
LPM : dwa ndi dung cua 6 nhé co dia chi trong Z (0x07FF )vé
thanh ghi RO.
2.2.9. Pja chi bd nhé chuong trinh gian tiép:
Dia chi doan ma duoc tré bdi thanh ghi Z sir dung trong cac I¢énh IJMP va
ICALL.
Vi du:
Label:
LDI R29,High(Label)
LDI R28,Low(Lebel)
ICALL
2.2.10. Pia chi twong déi ciia bo nhé chuwong trinh.
Céc dinh dia chi nay dung cho cac 1énh RIMPva RCALL khi d6 CPU s€ c6

gia tri PC+k+1

Vi du:
Label:
LDI R29,High(Label)
LDI R28,Low(Lebel)

RCALL Label
2.3.Céac thanh ghi chirc ndng dac biét:
Bao gom cac thanh ghi dit liéu va cac thanh ghi diéu khién cic cong vao
ra.Chung c6 thé truy nhap duoc bang 2 cach: Bang dia chi truc tiép
Vidunhu: STR $3F,R11

hoac: STR SREG.R11
Ta c6 thé truy nhap gian tiép chung thong qua thanh ghi X,Y,Z
Vidu:

LDI R28,0x00

LDI R27,0x5F

STD X,RI1
O hai vi du nay hoan toan twong duong. Péu ghi dit liéu vao thanh ghi
SREG.
Cu thé timg thanh ghi va chirc ning cua chiing s& duoc noi tdi trong phan
1ap trinh cho céc thiét bi ngoai vi va vao ra dit liéu.
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O day chi gi6i thiéu vé thanh ghi rat dic biét ma thoi (CAc thanh ghi khac s&
tim hiéu & cac phan lap trinh vao ra dit liéu va diéu khién céc thiét bi ngoai
vi).

Status Register (SREG)

Day la thanh ghi trang théi c6 8 bit luu trir trang thai cia ALU sau cac phép
tinh s6 hoc va logic.

C: Carry Flag ;co nhé (Neu phép toan c6 nhé co s& dugce thiét 1ap)

Z: Zero Flag ;Co zero (Neu két qua phép toan bang 0)

N: Negative Flag (Néu két qua ctia phép toan 1 4m)

V: Two’s complement overflow indicator (Co nay duoc thiét 1ap khi tran sd
bu 2)

S: NV, For signed tests (S=N XOR V)

H: Half Carry Flag (Puoc st dung trong mdt s6 toan hang s& duoc chi ro
sau)

T: Transfer bit used by BLD and BST instructions(Puogc sir dung 1am noi
chung gian trong cac 1énh BLD,BST).

I: Global Interrupt Enable/Disable Flag (Ddy la bit cho phep toan cuc
ngat.Néu bit ndy ¢ trang thai logic 0 thi khong c6 mot ngit ndo duoc phuc
vu.)

Registers and Operands(ki hiéu cac thanh ghi va cac toan
hang)

Rd: Thanh ghi dich (m¢t trong 32 cac thanh ghi chtrc ndng chung)

Rr: Thanh ghi nguén (Mot trong 32 thanh ghi chuc ning chung)

R: Két qua sau khi lénh chay.

K: Hang s6 dir liéu

k: Héng s6 dia chi (Co thé 1a mot nhan hodc mot dia chi cu thé)

b: Bit trong thanh ghi chirc nang chung hoac trong thanh ghi chirc ndng dac
biét (0-7).

s: Bit trong thanh ghi trang thai (0-7).

X,Y,Z: Thanh ghi dia chi (Dé tro to1 dia chi trong RAM ,hodc Z c6 thé trd
to1 dia chi trong ROM).

(X=R27:R26, Y=R29:R28 and Z=R31:R30)

A: /O location address

q:Chi sd cho céc di’a chi truc tiép (0-63).

Stack :Ngan x€p.

STACK: La noi luu gitt con tro PC cho céc chuong trinh con va céc trinh
phuc vu ngit .(Cu thét 1 mot viing nhé c6 tinh ning “vao sau ra trudc™)

SP: La mot thanh ghi 16 bit nhung ciing c6 thé dugc xem nhu hai thanh ghi
chtrc nang dac biét 8 bit.Co dia chi trong cac thanh ghi chirc nang ddc biét la
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$3E(Trong bd nhd RAM la $5E).C6 nhi€m vu tro téi vung nho trong RAM
chtra ngan xép. Khi chuong trinh phuc vu ngat hoic chuong trinh con thi
con tro PC duoc luu vao ngan xép trong khi con tré ngang xép giam hai vi
tri.Va con tr6 ngan xép s€ giam 1 khi thyc hi¢n 1€nh push.Nguoc lai khi thuc
hién I¢nh POP thi con tro ngan xép s€ tang 1 va khi thuc hién Iénh RET hoac
RETI thi con tro ngan xép sé ting 2.Nhu vay con tro ngan xép can duoc
chuong trinh dat trudc gia tri khoi tao ngan xép trude khi mot chuong trinh
con duoc goi hoidc cac ngit dugc cho phép phuc vu.Va gia tri ngan xép it
nhit ciing phai lon hon hoc bang 60H (0x60) vi SFH tro lai la ving céc
thanh ghi.

2.4.Cé4c 1énh cu thé:

C6 1& phan 1énh nay céc ban tham khao cuén AVR assembly user guide
Rat ddy da va chi tiét. Toi chi c6 thé hudng dan cac ban cach doc mot 1énh
trong d6 ma thoi.

Vi du:

LDI - Load Immediate

1.Description:

2. Loads an 8 bit constant directly to register 16 to 31.

3.0Operation:

4.1) Rd —K
5.Syntax: Operands: Program Counter:
6.(1) LDI Rd,K 16 <d<31,0<K <255 PC —PC+1

7.16-bit Opcode:
8.Status Register (SREG) and Boolean Formula:
9.Example:
clr 31 ; Clear Z high byte
1di r30,$FO0 ; Set Z low byte to $F0
Ipm ; Load constant from Program
; memory pointed to by Z
Words: 1 (2 bytes)
Cycles: 1
1110 KKKK dddd KKKK
ITHSVNZC

Poan trén mé ta vé 1énh léy dir liéu truc tiép .
Muc description mo ta toan bd vé 1énh nay. Ve tinh nang va cac thanh ghi
dugc st dung trong 1énh.
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Céc ban cht y td1 dong thir 5:Dong nay chia lam 3 c¢dt cOt 1 :syntax 1a cu
phap cua cau 1€nh.Cot 2: Operands 1a cac toan hang dugc st dung trong
1énh.Céc ban thay & cot d6 viét: 16 <d <31, 0 <K <255. O day d tic 1a Rd
hay cu thé hon 1a toan hang nay chi co thé 1a cac thanh ghi tir R16 t&i
R31.Con K 12 mot sd nguyen c6 gia tri tu 0 to1 255. O cot thir ba cac ban
thay program counter : dé chi su thay d6i con tro PC khi thyc hién 1énh nay.
Dong so 8: 1a cac thanh ghi bi tic dong sau 1énh nay.Va dong thr 9 1a mot vi
du minh hoa.

Kinh nghiém dé hoc phan nay : Cac ban mudn hoc tot phan nay thi can phai
chiu khoé viét cac 1énh cang nhiéu cang tdt. Pac biét khi viét mot 1énh cac
ban nén viét ca phan giai thich bang tién anh ctia n6 nita . Vi du:

ADIW Rd.K add immediate to word

Va céac ban nh¢ xac dinh Iénh nay dung kiéu dinh dia chi gi.Vi nhu 1€nh trén
thi Rd 1a thanh ghi dich va day la kiéu danh dia chi truc tiép thanh ghi.Con

K 1a mdt hang s6 tir 0 dén 255 (8bit).Va day la cach dinh dia chi di ligu truc
t1ép.

Pé hoc duge nhiéu 1énh thi cac ban nén hoc theo tung nhoém 1€nh vi du nhu
1énh vé chuyén dir liéu:

Céc ban c6 1énh Load nhu vay cac ban hay xem 1énh nay c6 nhitng kiéu dinh
dia chi thé ndo va ban 1an luot viét tung 1énh va chic chin réng sau mot 1an
viét thi ban d3 nhé gﬁn nhu toan bd cac 1énh do.

Sau khi d3 ndm gﬁn nhu toan b cac 1énh do thi cac ban chu y dén céc co va
su tac dong clia chung dén timg cd mot.

bac biét chu y : Mét sb céac 1énh chi thuc hién véi nira sb thanh ghi tir 16 tro
dinhu la LDI ...

2.5.Mét chwong trinh mau
;chuong trinh dau tien

;khia bao thiet bi
DEVICE AT90S8535;khai bao thiét b
.DSEG ;khai bao doan du lieu

varl: .BYTE 2
.CSEG ;khai bao doan chuong trinh

.def tam=R16 ;dinh nghia mot ten moi cho thanh ghi R16
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.Macro sub16 ;khai bao macro
;Macro chu hai byte 16bit
;bien vao :xh,xI
; yhyl
;bien ra:xh,xl va co C
sub  xLyl
sbc  xh,yh
.endmacro
.Anclude "8535def.inc"  ;mo va doc tep nay (copy noi dung cua tep nay vao
chuong trinh)
.org 0x0000
jmp start
.org  0x0001
rymp int 0
.org 0x0011
start:
1di xh,0x0
1di x1,0xa
1di yh,0x0
1di yl1,0x5
subl16
rcall add16
here:
ymp here
int 0:
;chuong trinh phuc vu ngat int0
nop
reti;tro lai chuong trinh chinh tu ngat
addl16:
;chuong trinh con cong hai so 16 bit
;bien vao:xh,xI

; yh,yl
;bien ra: :xh,xl va co C
add xlyl

adc  xh,yh

ret

bay la mot chuong trinh dau tién va 1a mot chuong trinh rat co ban doi véi
cac ban.
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3.2.6. Lap trinh cau tric trong Assembly:

Moi nguo1 thuong noi day 1a diém manh cau ngoén ngi béc cao ! Vang ding
vay.Nhung diéu d6 khong c6 nghia 1a ngdn ngit cap thap nhu assembly lai
khong lam dugc.

Pé viét duogc cac dang cau trac nhu trong cac ngdén ngir bac cao doi hoi cac
ban phai viét nhiéu va rat nhicu.Sau day t6i s& viét mot vai vi du dé cac ban
tham khdo.

1.

if (diéu kién)

{

khéi 1énh

b

else

iy

khoi 1&énh

b

va cu thé nhu sau:

Néu R10 = 0xff thicopy thanh ghi R10 vao thanh ghi R11 va néu khong
bang thi dua gia tri 0 vao thanh ghi R11
;doan chuong trinh viet theo cach 1:
Idi  RO,0xff

cp RI0,RO

brne else

mov RI11,R10

jmp endif

else:

Idi  R11,0x00

endif:

;doan chuong trinh viet bang cah 2:
Idi  RO,0xff

cp RIORO

breq then

Idi  R11,0x00

mp endif

then:

mov RI11,R10

endif:

2.
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For (khéi tao bién,diéu kién,toan hang)

{

khéi 1énh.

b
Viét doan chuorng trinh doc 10 byte tir b nhd SRAM bat dau tir dia,chi 0x60
ra 10 thanh ghi déu tién.chuong trinh str dyung thanh ghi R16 lam bién con
chay va thanh ghi X dé tro té1 dia chi cua 10 thanh ghi va thanh ghi Y dé tré
t61 b nh¢ SRAM ,
Chuong trinh viét dudi dang cau triic nhu sau:
For (X=0x00;Y=0x60;R10=10,R10<=0,++X;++Y;--R10)

{

Doc ndi dung tir [Y] dua [X]

b

Chuong trinh assembly nhu sau:

Idi  x1,0x00 -khoi tao cac bién con chay
Idi  xh,0x00

Idi  yl,0x60

Idi  yh,0x00

Idi  R16,0xa

Idi  R17,0x00

loop:

cp RI6R17  ;kiém tra R16 =0?

breq exit :Néu R16=0 thi thoat khoi cong lap.

Id RILY+  ;laydirliéutr[Y] vating Y 1én 1
ST X+,RI11 ;Luu vao [X] vating X 1én 1

dec RI16
jmp loop
exit:

:nhu vy khi thoat khoi vong lap thi 10 byte da duoc lay.
3.

Do

L

Khoi 1€nh.

; ‘
While (Diéu khién)

Vidu 1:
ta co the viét lai chuong trinh & phan 2 nhu sau:
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Chuong trinh assembly nhu sau:

Idi  x1,0x00 -khoi tao cac bién con chay
Idi  xh,0x00

Idi  yl,0x60

Idi  yh,0x00

ldi  R16,0xa

loop:

Id RILY+  ;laydirliéut[Y] vating Y 1én 1

ST X+,RI11 ;Luu vao [X] vating X 1én 1

dec R16

brne loop :kiém tra R16 néu nhu >0 tiép tuc vong lap

Vidu 2:

Lay dir liéu tir cong PA vao va khi ndo 1ay dugc mot s6 am thi dimg lai va
ghi s6 d6 vao ving nhd 0x064 trong SRAM

Pay la mot vong ldp ma ban chua hé biét trude s lan lap:

;chuong trinh dugc viét nhu sau:

Idi  R16,0x00

sts DDA ,R16 ;dinh nghia cong PA 1a cong vio.

Idi  R16.0xff

sts  PORA,RI16 :15i vao duogc dua 1én pull-up

do:

in  RI15$19 ;lay dit liéu tir cong PORA

mov RI16,R15  ;copy mdt ban cua dir liéu

Isl RI16 :dich trai c6 co nhé dé lay bit MSB

brcc do :kiém tra bit 6 néu bang 0 thi lip lai qua trinh 1dy mau
-da tim dugc s6 Am

Idi  x1,0x64 ;dat dia chi cho con tr6 SRAM

Idi  xh,0x00

st x,R15 ;Luu dir liéu vao SRAM

:Poan chuong trinh da tim dugc s6 4m tir cong PA

Céc céu tric con lai cac ban c6 thé ty kham pha.Va kinh nghiém cua t6i khi
viét vé phén nay la “viét va viét that nhiéu”thi ban c6 thé st dung duogc
thanh thao moi cu trac.

Nhu vay vé phan ngdn ngit 14p trinh cho t6i gid cac ban da thay Assembly
cung khong phai la mot ngon ngr qua phire tap va khong xay dung dugc cac
ing dyng 16n.N6 hoan toan c6 thé modul hoa cac dy an 1on va co thé thuc
hién moi cdu trac ctia bat ki ngdn ngir cap cao nio.
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32.7.Chuong trinh con va Macro
C6 18 khi néi t6i chuong trinh con thi ai cling da biét. Ddi v6i assembly thi
chuong trinh con hét sirc don gian.
Vi du:
Sub16:
:chwong trinh con cong hai s 16bit
;inputs: ah=R20,al=R19
; bh=R22,bl=R21
;outputs ah,al,co c
.def ah=R20
.def al=R19
.def bh=R22
.def bl=R21
add al,bl
adc ah,bh
ret
Nhu céc ban thiy ddy mot chuong trinh con r 4t don gian.Tén chuong trinh
con 1a mot nhin va khi két thuc chuong trinh con bang lénh RET.Hoat dong
cua chuong trinh con:
Vi du:
.CSEG
.anclude “8535def.inc”
org 0x0000
jmp start
org 0x0011
start:
Idi  R20,10
Idi  R21,0
Idi  R19,0
Idi  R22,0x1f
rcall subl6 ;go1 chuong trinh con
here:
rjmp here
Sub16: ;khai bao chuong trinh con
:chuong trinh con cong hai s6 16bit
;inputs: ah=R20,al=R19
; bh=R22,bl=R21
;outputs ah,al,co c
.def ah=R20
.def al=R19
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.def bh=R22

.def bl=R21
add al,bl
adc ah,bh
ret ;ket thuc chuong trinh con.

Khi chuong trinh chinh chay t&1 1énh goi chuong trinh con (rcall sub16 thi
con tro PC s tro tdi noi luugwx chuong trinh con va cu thé 1a nhan
sub16.Thyc hién hét cac dong 1énh cho td1 khi gap 1énh RET thi con tré PC
lai trd to1 I€nh ngay sau Iénh rcall.Qua trinh cat PC va khoi phuc PC thi CPU
str dung ngin xép.(Sé duoc néi sau)

Macro:
Pé dinh nghia Macro trudc hét ta hay xét mot vi du vé Macro:
.Macro sub16 ;khai bao macro

;Macro chu hai byte 16bit

;bien vao :xh,x1

; yhyl

;bien ra:xh,xl va co C

sub  xlyl

sbc  xh,yh

.endmacro ;ket thuc macro
Tt vi du cac ban c6 thé théy mot macro duoc khai bao bﬁng chi thi macro
(da noi ¢ truoc) (Tai sao lai 1a chi thi?).T61 xin dugc nhéc lai mot chat do 1a
:Chi thi 1a nhitng chi dan gitip cho chuong trinh dich dich c4c 1énh trong file
nguon ma thoi nd khong phai 1a mot 1énh cia vi diéu khién (ching ta sé lai
tré lai van dé nay sau)
Nhu vay dé viét mot macro cac ban dung chi din MACRO dé khai
bao.Tham s6 di ngay theo sau chi dan nay chinh 14 tén ctia macro (N6 ¢ y
nghia gi ?)va theo sau tén c6 thé 1a cac tham sb hoic khong (ching dugc
cach nhau boi dau phay)
Sau khi khai bdo macro 1a khdi 1énh ma cac ban mudn thue hién.Dé két thuc
macro thi cdc ban dung chi dan .endmacro
Macro s& 1am viéc nhu thé nao ?Ta sé& tim hiéu qua vi du sau:
;chuong trinh su dung macro

;khia bao thiet bi
.DEVICE ATI90S8535
.DSEG ;khai bao doan du lieu
varl: .BYTE 2
.CSEG ;khai bao doan chuong trinh
.Macro sub16 ;khai bao macro
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;Macro chu hai byte 16bit
;bien vao :xh,x1

; yhyl
;bien ra:xh,xl va co C
sub  xlyl
sbc  xh,yh
.endmacro
.Anclude "8535def.inc"  ;mo va doc tep nay (copy noi dung cua tep nay vao
chuong trinh)
.org 0x0000 ;bat dau chuong trinh chinh
jmp start
.org 0x0011
start:
1di xh,0x0 ;khoi tao cac thanh ghi
1di x1,0xa
1di yh,0x0
1di yl,0x5
sub16 ;€01 macro

Cac ban nhan théy déiy :Macro dugc str dung dé trir hai s6 16 bit vé6i bién
dau vao 1a thanh ghi x va thanh ghi y.Két qua duoc luu vao thanh ghi x. Khi
dich chuong trinh nay ra ma may thi khi gap 1énh goi macro (Iénh sub16)thi
chuong trinh dich sé& copy va dan toan bd nodi dung bén trong ctia hai chi dan
.macro va .endmacro vao vi tri c6 I¢nh goi.

Cu thé chuong trinh trén tuong dwong véi chuong trinh sau:

;chuong trinh dau tien

;khia bao thiet bi
.DEVICE AT90S8535
.DSEG ;khai bao doan du lieu
varl: .BYTE 2
.CSEG ;khai bao doan chuong trinh
.Anclude "8535def.inc"  ;mo va doc tep nay (copy noi dung cua tep nay vao
chuong trinh)
.org 0x0000
jmp start
.org 0x0011
start:
1di xh,0x0
1di x1,0xa
1di yh,0x0
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1di yl1,0x5

sub xLyl

sbc  xh,yh
Nhu vay dén bay gioi co 1€ cac ban da biét duoc thé nao 1a mot macro! Vay
macro la mdt doan chuong trinh ma khi c6 I¢nh goi né chuong trinh dich s¢€
dan nd1 dung rong macro vao vi tri goi n6.Va day la ly do va nguoi ta goi la
chi thi macro
111Chu ¥ khi str dung macro:Do macro dugc thiét ké véi muc dich modul
hoa cac doan chuong trinh va dé co thé dung lai nhiéu 1an (Vi du ban viét
mot file luu gitr tirmg macro va khi can thi ban chi can include ching vao file
du an cua ban la duoc (Phﬁn nay thi c6 1€ cac ban mai hoc thi hoi khé nam
bat tdi s& noi dén trong phan modul hoa chwong trinh 16n)).Va vi mot muc
dich don gian nira la cac ban khong phai viét di viét lai nhiéu 1an mot doan
chuong trinh.Vi vy phan gidi thiéu vé macro 1a phan rat quan trong.Mic du
chiing khong dugc dich ra ma may (chung chi 1a nhitng chi dan giup cho
ngudi doc chuwong trinh dé hiéu)nhu né s& lam cho nhitng nguoi str dung né
dé hiéu va c6 thé str dung dugc ching.
Su khac nhau gitra chuong trinh con va Macro 1a gi ?
Cau hoi ndy c6 18 rat nhiéu ban thic mic ?nhung sau khi di tim hiéu vé
chuong trinh con va macro ¢ 1€ cac ban cling tu tra 161 dugc.Nhung t61
cung xin tom lai chut it nhu sau:
Tha nhat:Chuong trinh con 1 mot co ché ma CPU cho phép thay d6i vi tri
truy nhap by nhé chuong trinh(khi c6 1énh goi chuong trinh con thi CPU
truy nhap td1 noi luu chuong trinh con va khi gap 1énh RET thi CPU tré lai
chuong trinh chinh) con Macro chi 13 chi thi dé chuong trinh dich biét cach
copy nhiing doan chuong trinh gidng nhau vao nhimng vi tri xac dinh (vi tri
g01 macro).
Thit hai: Vé mit sir dung tuy ting Ung dung ma ta str dung chuong trinh con
hay Macro.Néu nhu ban mudn tiét kiém bo nhé tic 1a nhiéu doan glong
nhau thi ta chi can viét mot doan va dit mot noi trong b nho khi can dung
dén no thi cho con tré PC trd t6i nd sau khi da dung xong thi tré lai chuong
trinh chinh (chuong trinh con).Nhung mdi 1an tro téi né nhu thé thi ban sé
rat mat thoi gian (vi cac 1énh goi chuong trinh va trd vé chuong trinh chinh
s& ngun di cta ban chimg 3 chu ky may)nhu vay thi néu ban dit luén doan
chuong trinh can chay ¢ ngay d6 thi tiét kiém duoc 3 chu ki may
(Macro).Nhu vay ca hai phuong phap nay déu c6 diém manh va diém yéu va
ching trai nguoc nhau. Tty muc dich sir dung ma cac ban nén chon loai nao.
Phuong phap modul hoa chuong trinh:
Nhu bao nguoi van quan ni¢m.Ngon ngir assembly chi dung dé hoc vé vi
diéu khién chtr khong thé sir dung véi cac ung dung 16n duoc.Va moi ngudi
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thudng noéi C hay Pascal hodc Basic méi thich hop véi diéu d6.Day thuc su
1a mot quan niém rat sai 1am !!1Toi s& gi61 thiéu cho cac ban mdt phuong
phap dé modul héa (chia nh)mot du an 16n thanh cac chuong trinh nho.Doi
vo1 AVR studio viée nay 1a hoan toan don gian.

Ta c6 thé lam mot vi dy:

Gia st ban tao mot du 4n méi ¢6 tén 1a “thu” va tit nhién file asembly do
chuong trinh ty tao ra cling c6 tén la thu.asm va c6 ndi dung nhu sau:
;chuong trinh dau tien

;khia bao thiet bi
DEVICE AT90S8535;khai bao thiét b
.DSEG ;khai bao doan du lieu

varl: .BYTE 2
.CSEG ;khai bao doan chuong trinh

.def tam=R16 ;dinh nghia mot ten moi cho thanh ghi R16

.Macro sub16 ;khai bao macro
;Macro chu hai byte 16bit
;bien vao :xh,x1

; yh,yl
;bien ra:xh,xl va co C
sub xlyl
sbc  xh,yh
.endmacro
.Anclude "8535def.inc"  ;mo va doc tep nay (copy noi dung cua tep nay vao
chuong trinh)
.org 0x0000
rjmp start
.org 0x0001
rmp int 0
.org 0x0011
start:
1di xh,0x0
1di x1,0xa
1di yh,0x0
1di yl,0x5
subl16
rcall add16
here:
rjmp here
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int_0:

;chuong trinh phuc vu ngat int0

nop

reti;tro lai chuong trinh chinh tu ngat
add16:

;chuong trinh con cong hai so 16 bit
;bien vao:xh,xl

; yh,yl
;bien ra: :xh,xl va co C
add xlLyl

adc  xh,yh

ret

Nhu vy trong chuong trinh ctia t6i ¢6 1 macro.Toi s& nhom tat ca cac
macro va dua vao mot file khac.Dé 1am diéu nay toi vao project chon create
new file sau d6 danh tén file 1a macro.asm(hodc macro.inc hodc tén bat ki
nhu ¢6 duodi 1a .asm hodc .inc)va ghi vao thu muc c¢6 chira dy an.
voi ndi dung file nhu sau:

.Macro sub16 ;khai bao macro

;Macro chu hai byte 16bit
;bien vao :xh,x1
; yh,yl
;bien ra:xh,xl va co C

sub  xlyl

sbc  xh,yh

.endmacro
Va chuong trinh cua t61 dugc viét lai nhu sau:

;chuong trinh duoc viet lai

;khia bao thiet bi
.DEVICE AT90S8535
.DSEG ;khai bao doan du lieu
varl: .BYTE 2
.CSEG ;khai bao doan chuong trinh

.def tam=R16 ;dinh nghia mot ten moi cho thanh ghi R16

.nclude "macro.asm" ;mo file chua cac modul va doc
.anclude "8535def.inc"  ;mo va doc tep nay (copy noi dung cua tep nay vao
chuong trinh)
.org 0x0000
rjmp start
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.org 0x0001

ymp int 0
.org 0x0011
start:
1di xh,0x0
1di x1,0xa
1di yh,0x0
1di yl1,0x5
sub16
rcall add16
here:
ymp here
int_0:
;chuong trinh phuc vu ngat int0
nop
reti;tro lai chuong trinh chinh tu ngat
addl16:

;chuong trinh con cong hai so 16 bit
;bien vao:xh,xl

; yh,yl
;bien ra: :xh,xl va co C
add xlLyl

adc  xh,yh

ret

Nhu vay thay vao vi tri dat macro toi da thay vao bang chi thi include :mo
file macro.asm va doc (khi bién dich ).

Vi tri dat caa chi thi nay khong nhét thiét ndm & vi tri khia bdo macro ma chi
can nd dit & vi tri trude khi g01 macro la duogc.

Mot file co thé lvu rat nhiéu macro ma dy 4n ctia ban can.

O trén cac ban di dugce toi phan tich cach lam thong qua mot vi du cu

thé. Pén luot cac ban,néu nhu cic ban mudn lam mot du an 16n c6 nhiéu lap
trinh vién thi cAn phai c6 ngudi quan tri du 4n day 1a nguoi cé vai tro tach
mot chuong trinh 16n thanh cac chuong trinh nho va giao nhiém vu cho ting
1ap trinh vién .Cudi cing nguoi d6 con ¢6 nhiém vu ghép cac modul nho do
lai thanh mdt chuong trinh hoan chinh.

Chu y:khong chi c6 macro ma ban c6 thé tach timg khoi ndo d6 ciia chuong
trinh vao mot file khac va lién két no bang chi thi include nhung chi thi ndy
can dat ding vi tri ma khdi 1énh d6 duoc dat & chuong trinh chinh
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Phan 3:Vao ra dit liéu va 1ap trinh cho cac thiét bi ngoai vi.

Mot vi diéu khién thi nhu cac ban d3 biét né bao gdom CPU 1a bd néo trung
tam ctia n6.Nhung né khong thé dimg doc lap dugc.va dé xir Iy duoc dit lidu
thi tit nhién n6 phai 1ay dit liéu tir mot nguon dir 1ié ndo d6.Cac thiét bi
ngoai vi trén nod va cac port chinh 1a cac thiét bi trung gian dua dit liéu vao
cho CPU va chuyén dir lidu da xtr 1y ra cac co cu chap hanh va 1én mang
thong tin...Qua trinh vao ra dir liéu 1 qu4 trinh diéu khién céc port cac thiét
bi ngoai vi sao cho CPU c¢6 thé nhap hoc xuat dir liéu mot cach dong bo
Co63 phu’O’ng phap vao ra dir liéu do la:vao ra dir liéu bang chuong trinh,vao
ra dir licu bang ngat va vio ra dé liéu bang DMA.

O day vi diéu khién AVR chi c¢6 hai phuong phép trén con DMA céc ban
mudn tim hi¢u thém c6 thé xem tao li¢u vé 8086 hgc Pentum.

1.Vao ra dir liéu bang chuong trinh :

Pay 1a phuong phap ma CPU hoi thiét bi ngoai vi vé kha ning si sang chao
d6i dir liéu. Phuong phap nay c6 hai ché d6 d6 1a ché d6 wu tién va ché 4o
binh dan.Ché do wu tién la ché do :
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O ché d6 nay thi thiét bi duoc quyén uu tién sé chao ddi dir liéu xong
moi to1 thiét bi ¢ mirc uwu tién thap hon.
Ché do binh dang:

(0]
Chao doi
1
(0]
Chao doi
0] 4
Chao doi

Va timg thiét bi mot s& dugc hoi néu nhu khong c6 nhu cau chao doi dit lidu
thi CPU s& héi thiét bi khéc.

Uu diém cia phuong phap nay la: CPU chu dong va phan dugc quyén uu
tién.Nhung nhuoc diém cta phuong ohap nay 1a :Khong dap ing dugce cac
su kién tirc thoi xay ra (Vi nhu c6 mot thiét bi c6 yéu cau chao ddi dir liu
khan cap ma van chu t6i luot duoc héi),va trong thoi gian hoi trang thai cua
cac thiét bi thi cpu khong thé lam viéc khac, diéu nay 1am lang phi tai
nguyén xu ly cua CPU.

2.Phuong phap vao ra bing ngat.

Ngat 1a nguyén tic cho phép thiét bi ngoai vi bao cho CPU biét vé kha ning
san sang chao dbi dir liéu cia minh.

Céc ban c6 thé tu tim thay wu va nhugc diém cta phuong phap nay.

Trén VDK c6 32 duong vao ra gém nhiéu chtrc ning co thé st dung lam
cong vao ra sb ,cho céc thlet bi ngoai vi tuong ty.Sau day ta s& tim hiéu tung
thiét bi ngoai vi va cac cong vao ra.(muyc dich cia phan nay 13 hiéu dugc cdu
tao va c6 thé diéu khién vao ra dit liéu dugc chung).
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3.1.Cong vao ra:
Vi diéu khién AT90S8535 c6 32 dudng vao ra chia lam bbn nhom 8bit
mot.Cac dudng vio ra nay co rat nhleu tinh nang va c6 thé 1ap trinh dugc. O
day ching ta s€ xet chung la cac cong vao ra s6.Néu xét trén mat nay thi cac
cong vao ra nay 1a cong vao ra hai chiéu c6 thé dinh hudng theo tung bit.Va
chtra ca dién trd pull-up (c6 thé 1ap trinh ‘dugc).Mac du moi port co cac dac
diém riéng nhung khi xet chung 1a cac cong vao ra s6 thi duong nhu diéu
khién vao ra dir liéu thi hoan toan nhu nhau.Chung ta c6 thanh ghi va mot
dia chi cong ddi vdi mdi cong , d6 1 : thanh ghi dit liéu cong
(PORTA,PORTB,PORTC),thanh ghi dir liéu diéu khién cong (DDRA,
DDRB, DDRC)va cudi cung la dia chi chan vao ctua
cong(PINA,PINB,PINC)

1.Thanh ghi DDRA:
Day la thanh ghi 8 bit (cac ban co thé doc va ghi cac bit ¢ thanh ghi nay) va
c6 tac dung diéu khién huéng cong PA(tirc 13 cong ra hay cng vao).Néu
nhu mat bit trong thanh ghi nay dugc set thi bit tvong ung d6 trén PA dugc
dinh nghia nhu mot céng ra.Nguoc lai néu nhu bit d6 khong dugc set thi bit
tuong tng trén PA duoc dinh nghia 1a cong vao.

2.Thanh ghi PORTA:
Pay ciing 1a thanh ghi 8 bit (cac bit c6 thé doc va ghi dugc) nd 1a thanh ghi
dir liéu cta cong PA va trong trudng hop néu cong dugc dinh nghia 13 cong
ra thi khi ta ghi mot bit 1€n thanh ghi nay thi chan twong ung trén port do6
cling ¢6 cung mirc logic. Trong trudong hop ma cong dugc dinh nghia 13 cong
vao thi thanh ghi nay lai mang dit liéu diéu khién cong.Cuy thé néu bit nao do
cua thanh ghi nay duogc set (dua 1én murc 1) thi dién tré cheo (pull-up)cta
chan tuong ung cua port dé s€ dugc kih hoat.Nguoc lai n6 sé ¢ trang thai
cao tro.
Thanh ghi nay sau khi khé dong VDK s& c6 gid tri 1a 0x00.

3. Pia chi chan vao PINA:
Pay 1a dia chi cho phép truy nhap tric tiép ra cac chan vat 1y cta vi diéu
khién. T4t nhién vi thé ma véi dia chi nay ban chi c6 thé doc ma thoi(Khong
thé ghi dugc!!!)
Ta c6 bang tom tit sau:

DDAn | PORTAn I/O0 Pull-up Cht thich
0 0 cong vao | Khong Cao tré
0 1 cong vao Co
1 0 cong ra Khong dau ra day kéo
1 1 cong ra Khong dau ra day kéo

Trong d6: DDAn la bit thir n trong thanh ghi DDA
Béng céac thanh ghi va dia chi cua chung cho ting PORT
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PORT Tén bia chi thanh ghi/Dia
chi trong SRAM
A PORTA 0x1B/0x3B
A DDRA 0x1A/0x3A
A PINA 0x19/0x39
B PORTB 0x18/0x38
B DDRB 0x17/0x37
B PINB 0x16/0x36
C PORTC 0x15/0x35
C DDRC 0x14/0x34
C PINC 0x13/0x33
D PORTD 0x12/0x32
D DDRD 0x11/0x31
D PIND 0x10/0x30

Tom lai:

1. Bé doc dir liéu tir ngoai thi ta phai thuc hién cac budc sau:

Dua dit liéu ra thanh ghi diéu khién DDRxn dé dit cho PORT (hodc bit
trong port) d6 1a dau vao (xo6a thanh ghi ddr hoic bit)

Sau d6 kich hoat dién tré pull-up bang cach set thanh ghi PORT( bit)
Cudi cung doc dir liéu tir dia chi PINxn (trong d6 x: 13 cong va n 13 bit)
Sau day la mot vi du:

Vidu I:

Poc cong PA vao thanh ghi R16
;chuong trinh bat dau

1d1
sts
ser
sts
n

R17,0x00

$3a,R17 : Binh nghia port A 13 cong vao
R17 ;set thanh ghi R17

$3b,R17 ;Kich hoat dién tr¢ pull-up

R16,PINA

Vi du 2 : Dt cong PA thanh hai nira byte.Mot nira thap 1a cong ra con
ntra cao la cong vao.

Ldi
Out
SER
ouT
IN

R17,0x0f

DDRA,R17 ; Binh nghia
R17

PORTA,R17

R16,PINA
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Nhu céac ban thdy ddy ! & hai doan chwong trinh trén t6i chi thay dir liéu
mdi cta thanh ghi DDRA .Hai doan 1énh nay t6i str dung céc kiéu dinh
dia chi khac nhau do d6 céac ban cam tudng nhu hoan toan khéc nha.
Thuec ra thi 1énh:

OUT  DDRA,R17

Hoan toan twong duong voi:

STS 0x3a,R17

Vi du 3: Poc dir liéu tir bit 4 caa céng PA
Céc budc tién hanh:
Dit bit 4 cia cong PA 14 dau vao .Sau d6 kich hoat dién tré pull-up va
cudi cung 13 1dy dir liéu.
;chuong trinh duoc viet nhu sau:
.def tam=R17 ;dinh nghia ten moi cho R17 de se su dung
lid tam,0b11110111
ouT DDRA tam
SER tam ;dua thanh ghi nay len Oxff
ouT PORTA tam
INT tam,PINA
BST tam,0x4 ;bit nay duoc luu vaoco T
;het
2. Pé dua dir lidu tir VDK ra céc port cling co cac budc hoan toan twong
tu.Ban dau cac ban ciing phai dinh nghia d6 13 cong ra bang cach set
bit trong Gmg cta cong do....va sau d6 1a ghi dir liéu ra bit twong tng
cua thanh ghi PORTx.
3.2.Ngit va lap trinh ngit.
Céc kién thirc vé ngit c6 18 cac ban dd nam duogc trong mon vi xtr 1y 1 toi
chi nhic lai mot sé kai niém co ban:Ngat 1a mot co ché cho phép thiét bi
ngoai vi bao cho CPU biét vé tinh trang sin xang cho dbi dir liéu cta
minh. Vi du:Khi bd truyén nhan UART nhdn dugc mot byte né s& bao cho
CPU biét thong qua co RXC,hgc khi n6 di truyén duoc mot byte thi co TX
duoc thiét 1ap...
Phuc vi ngit:
Néu nhu ngit d6 dugc cho phép thyc hién thi:
Khi ¢6 tin hiéu bao ngét.CPU s€ tam dung cong vi¢c dang thuc hién lai va
luu vi tri dang thyc hién chuong trinh (con tro PC) vao ngan xép sau d6 tro
t6i vector phuc vu ngat va thire hién chuong trinh phuc vu ngat d6 cho téi
khi gap 1énh RETI (return from interrup) thi CPU lai lay PC tir ngan xép ra
va tiép tuc thyc hién chuong trinh ma trude khi c6 ngat né dang thyc hién.
Trong trudng hgp ma c6 nhiéu ngat yéu cau ciing mot luc thi CPU sé luu
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cac co bao ngét d6 lai va thuc hién 1an luot cac ngét theo mirc uu

tién. Trong khi dang thyc hién ngit ma xuét hién ngit mdi thi s& xay ra hai
truong hop . Truong hép ngit nay co6 murc wu tién cao hon thi n6 s& dugc
phuc vu.Con ndé ma c6 mirc vu tién thap hon thi n6 sé& bi bo qua.

Pé khoi phuc lai vi tri thyc hién chuong trinh chinh thi CPU da str dung
dén ngan xép: Vay ngin xép 1a gi ?va nod lam ¢ dau ?2.Vang xin tra 101 1a 13
ngin xép 1a mot ving nhé ma c6 cach truy nhap hoi dic biét d6 13 “vao sau
ra trudc”’va ban hdy tudng twong nhu trong dia CD cia ban ciing vay:

Truc

dia 3
dia?
dia 1

Ban thiy ddy ban dé dia vao tir cai mot méi téi cai thir 3 va mudn 1ay cai tha
1 ra thi ban khong the théo dé ra dé 1ay ma phai lay ci thir 3 roi dén thir 2
10i méi lay dugc cai thu nhat (Tam hiéu nhu the) Nhung trong tai li¢u cua
hang san xuat khong thay néi tdi bo nhd ngin xép?vang no 1a ving bat ki
trong SRAM tir dia chi 0x60 tré 1én. Dé truy nhap vao SRAM thong thuong
thi ban dung con tro X,Y,Z va dé truy nhap vao SRAM theo kiéu ngan xép
thi ban dung con tré SP.Con tr6 nay la mot thanh ghi 16 bit va dugc truy
nhap nhu hai thanh ghi 8 bit chung c6 dia chi :SPL :0x3D/0x5D(I0/SRAM)
Va SPH:0x3E/Ox5E.

Khi chuong trinh phyc vu ngat hodc chuong trinh con thi con tro PC duoc
lru vao ngan xép trong khi con tro nging xép giam hai vi tri.Va con tré ngan
Xép s€ giam 1 khi thuc hién 1énh push.Nguoc lai khi thuc hién 1énh POP thi
con tré ngan Xép s€ tang 1 va khi thyuc hién I¢nh RET hoac RETI thi con tré
ngin xép sé ting 2.Nhu vay con trd ngan xép can duoc chuong trinh dit
trude gia tri khoi tao ngin xép trude khi mot chuong trinh con duoc goi
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hoic cac ngit duoc cho phép phuc vu.Va gia tri ngan xép it nhat cling phai
lon hon 60H (0x60) vi SFH tro lai 1a vung céc thanh ghi.

Dé thau d6 gia tri cua SP ban c¢6 hai céch:

;Su dung dia chi truc tiep trong cac thanh I/O

Ldi R17,0x00

ouT SPH,R17  ;nap gia tri 0x00 vao thanh ghi SPH
Ldi R17,0xff

ouT SPL ;nap gia tri 0xff vao thanh ghi SPL
;end

;su dung dia chi cua chung gian tiep qua SRAM

Ldi R17,0x00

STS 0x5E,R17

Ldi R17,0xFF

STS 0x5D,R17

;end
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3.3.SPI

Serial peripheral interface

Giao dién nbi tiép thiét bi ngoai vi:

SPI 14 mot giao dién thuc hién viéc chao d6i dir liéu giira cac thiét bi twong
thich v6i khung giir liéu 8bit va dugce truyén dong bo (cting xung nhip dong
ho)

SPI cho phép truyén dit liéu ndi tiép dong bo giira thiét bi ngoai vi va vi diéu
khién AVR hoic giita cac vi diéu khién AVR . SPI ctia AT90S8535 ¢6 cac
dic diém dic biét sau:

-Ché d6 song cong,truyén dir liéu dong bo 3 day.

-C6 thé giir vai trd Master hoic Slave.

-Bit MSB hoic LSB ¢6 thé duoc truyén trude tiiy vao ngudi 1ap trinh.

-Bdn tdc do truyén co thé 1ap trinh thong qua hai bit

-Cd ngit bao két thuc truyén

-Van hanh tur trang thai ngu (Pugc danh thtic tir trang thai ngu).

So d6 cau tric:

Tl L L
e ' =

Pé diéu khién khbi giao tiép SPI thi chiing ta ¢6 3 thanh ghi. D6 1a 1 thanh
ghi diéu khién:SPCR(SPI control Register).Mot thanh ghi trang thai SPSR
(SPI status Register) Va cudi cung 14 thanh ghi dir liéu SPDR(SPI Dat
Register).
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1.Thanh ghi SPCR:
Day la thanh ghi 8 bit co dia chi trong cac thanh I/O la 0x0D va trong
SRAM Ia 0x2D.céc bit trong thanh ghi nay déu c6 thé doc hodc ghi.

Bit 7-SPIE: SPI interrupt enable

Bit nay cho phép ngit cta bd truyén tin SPI (néu ngit toan cuc va ngat
nay dugc cho phép thi néu co SPIF duoc bat thi ngét d6 s€ duoc phuc
vu.)

Bit 6-SPE: SPI Enable

Néu bit nay duogc set thi khdi SPI s& duge hoat dong va n6 phai duoc
set trong su6t qua trinh SPI hoat dong.

Bit 5-DORD: Data order

Khi ma DORD duogc set thi LSB cua byte dir li¢u s€¢ duoc truyén trudc
va nguoc lai.

Bit 4-MSTR: Master/Slave select

bay la bit dung dé lua chon ché do master hay slave.Néu bit nay duogc
set thi bd SPI nay co vai tro 1la Master va ngugc lai.Néu nhu SS duoc
c4u hinh 12 161 vao va duoc dit xudng murc thap thi MSTR bi x0a vé
Ova SPIF va SPSR bi dat 1én 1 khi d6 ban s& phai dat lai MSTR vé 1.
Bit 3-CPOL.: Clock polarity

Khi bit nay dugc set thi SCK & mirc cao trong trang thai ngi va ngugc
lai .

Bit 2-CPHA:Clock Phase

Quy dinh pha kich hoat ctia xung nhip.

Bit 1,0-SPR1,SPRO :Clock rate select:

Pay 13 hai bit diéu khién tbc d6 xung nhip truyén cua két nbi va duoc
thiét 1ap trén Master.N6 khong c6 tac dung gi néu nhu ta thiét 1ap trén
slave.

Va gié tri cta chiing g theo t6 hop cac bit nhu sau:

SPR1 SPRO Téan s SCK
0 0 Fcl/4
0 1 Fcl/16
1 0 Fcl/64
1 1 Fcl/128

Nhu vay day 1a thanh ghi diéu khién toan bo khéi SPI tir vai tro
(Master/slave dén tdc do truyén,cho phép ngat,cho phép hoat dong,mirc
logic trong trang thai ngu va pha kich hoat xung nhip.

Vidu 1:
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Thiét 1ap giao dién SPI voi vai trd Master toc d6 truyén 1a Fcl/128 pha
kich hoat xung nhip thip khong cho phép ngit va chua cho phép hoat
dong.

Pé 1a duogc diéu do trude hét cac ban can phai thiét 1ap céc chan cho
SPI .Cu thé SCK 1a chan PB7 14 output dong nghia v6i DDB7 duoc
set. MISO(PB6) 1a chan vao vi viy DDB6 x6a va dé kich hoat dién tré
kéo thi PORTB6 phai dugc set Ién 1 .MOSI(PBS5) 1a chan ra do d6
DDB5 can phai set 1én 1.SS(PB4) déy 1a chan lua chon thiét bj Slave
vi vay duoc dinh nghia 13 chan ra va & muc tich cuc thap (x6a DDB4

va PORTB4).

;Poan chuong trinh nhu sau:

sbi  0x17,7 ;set bit DDBR7 - dat SCK 1a chan ra.
cbi  0x17,6 :x6a bit DDBR6-dit PB6 13 cong vao.
sbi  0x18,6 ;set bit PORTB6-Kich hoat dién tré kéo.
sbi  0x17,5 ;Pat PB5 1a chan ra.

sbi  0x17,4

cbi  0x18.4

:Dit xong cau hinh cic chan

:Tac dung 1én timg bit dé khong anh huéng dén cac chan khac.
:Bay gio tiép tuc dat cau hinh cho SPI

OUT 0x0d,0b00010111

‘hét.

Pé thiét 1ap cho no 14 Slave thi hoan toan tuong tu.

2.Thanh ghi SPSR:

Pay 1a thanh ghi 8 bit (c6 dia chi 0x0e/0x2e)luu gift trang thai ctia bd truyén
nhan SPI.Nhung no chi c¢6 hai bt dugc dinh nghia c6 kha nang doc va
ghi.Cac bit con lai khong dugc dinh nghia va khi doc chung thi c6 gia tri

Z€ro.

Bit 7-SPIF: SPI interrupt Flag

Khi truyén xong mot byte dit liéu thi bit ndy duogc set va mot ngat
duogc tao ra.Néu bit cho phép ngit SPIE trong thanh ghi SPCR dugc
set va ngit toan cuc dugc cho phép thi ngit d6 dugc thi hanh.Néu
khong né s€ bi bo qua.Khi ma chan ss cua Master dugc dinh nghia la
cong vao 1ai duoc thiét 1ap mire thap thi co ndy ciling duoc set.No
duoc x6a boi phan cimg hi ngat duge phuc vu.

Bit 6-WCOL: wite collision flag

Co bdo xung dot khi ghi:Co nay dugc set 1én 1 néu nhu dit liu duoc
ghi 1én thanh ghi dit liéu SPI khi dang dién ra mdt cudc truyén.VA no
duoc x06a cung voi ¢ SPIF khi doc thanh ghi trang thai va truy nhéap
vao thanh ghi dir li¢u.
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Pé bat dau mot cude truyén thi cac ban can cho phép bo truyén nhan hoat
dong.Khi truyén ban chi can ghi byte dir ligu can truyen 1én thanh ghi dir li¢u
va doi cho tdi khi c6 ¢ SPIF bat 1én 1di tiép tuc truyén byte moi.

Dé bt dau nhan dit lidu cling vay.SPI da dugc khoi dong,chd khi nao co
SPIF bat 1én thi ta doc dir li€u (coO tu x0a khi ta doc thanh ghi trang thai).
3.Thanh ghi SPDR:

bay ciing la thanh ghi 8 bit (0x0/0x2f) co thé doc va ghi dugc.N6 dugce sir
dung dé truyén dir liéu gitra hai bo truyen nhan SPI.Ghi dit liéu vao thanh
ghi ndy c6 nghia 1a ta bat dau cudc truyén.Va doc dir liéu tir thanh ghi nay 1a
doc dir liéu duoc nhan.

4 Nguyén 1y hoat dong:

x¢ét hinh sau:

FANF GF) DICK
aar

Mmsa  MASTER 153 msa

M50 M50 )
FANH GHI DICH | |
a1t ! '

MO M5

5P CLOCK 5CK
GEPERATOR

Pay 1a su ghép nbi giita hai bd SPI song cong (nhu cua 2 vi diéu khién
AVR).

Pbi vi VDK AVR thi cic chan SCK (Serial clock) 1a chan PB7,ddy 14 chan
xung nhip ra trong trudng hop né 1a Master va 1a chan xung nhip vao néu no
1a Slave.khi ghi dit liéu 1én thanh ghi dir liéu SPDR ctia khéi Master s& khoi
dong bo tao xung va dir liéu dugc dich va dua ra chan MOSI (PB5) va vao
chan MOSI cua slave (PB5 d6i vdi AVR).Sau khi dich hét mét byte bo tao
xung ngung hoat dong,va co SPIF dugc phat bao két thuc truyén.Néu nhur
ngit nay duogc phép thi chuong trinh phuc vu ngit s& duoc phuc vu va khi d6
cd s& bi x6a.Dau vao lya chon slave (SS va la chan PB4) dugc set muc tich
cuc thap dé lya chon thiét bi SPI slave va dugc dung cho viéc ghép ndi
nhiéu VDK.Hai thanh ghi dich cta hai bd truyén va nhan (Master va slave)
dugc xem nhu 1a mot thanh ghi dich vong 16 bit.Va trong mot 1an chao doi
dir li€u thi dir li€u ¢ thanh ghi cua Master va slave da chao ddi cho nhau.Mot
“bo”’SIP lam déng tho1i ca hai nhiém vu truyén va nhan nhung ching lai chi
c6 mot bo dém khi truyén a c6 hai bo d¢ém khi nhan.Nhu vay c6 nghia la dir
lidu truyén di s& khong dugc ghi 1én thanh ghi dit lidu truyén néu nhu byte
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trudc do chua duogc truyéq xong (hay co SPIF chua dugc bat).Va khi nhan
dr liéu cling vay dir liéu can phai dugc doc trudce khi ditr 1i€éu méi dugc nhan

xong.

Béng cau hinh chan:

Chan Truc tiép,Master Truc tiép,Slave
MOSI Nguoi dung dinh nghia Chan vao
MISO Chéan vao Ngudi dung dinh nghia
SCK Ngudi dung dinh nghia Chéan vao
SS Nguoi dung dinh nghia Chan vao

Vay nhu vi du 1 cac ban da biét lam thé nao dé cau hinh cho giao dién SPI
Sau day 1a mot vi du cu thé:

ECE

13

12

PB4
bl

Master Slave
ATINEESSS ATIOZESSS
2 13 2
7 12 7
& s g &
o
l,w, MIEO
BIOEL

55

Hai VDK AVR dugc ghép v6i nhau theo giao dién SPI .Viét chuong trinh
con 1ap mot VDK 1a master va cai con lai 14 Slave.Ly 10 byte trong bd nhé
SRAM ké tir vi tri Oxff gir sang vi diéu khién thir hai. O vi diéu khién thir hai
nhan 10 byte nay va ghi vao SRAM két tir vi tri oxff.Biét ching hoat dong
cung xung nhip.
Chuong trinh vo1 master:
; doan khdi tao céng

sbi
cbi
sbi
sbi
sbi
cbi

0x17,7
0x17,6
0x18.6
0x17,5
0x17,4
0x18.,4

;set bit DDBR7 - dat SCK 1a ch

an ra.

:x6a bit DDBR6-dat PB6 13 cong vao.
;set bit PORTB6-Kich hoat dién tré kéo.

;Pat PB5 1a chan ra.

;Pbat xong cAu hinh céc qhﬁn ,
;Tac dung 1én tung bit d€ khong anh huong dén cac chan khac.
;Bay gio tiép tuc dat cau hinh cho SPI
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LDI R17,0b01010111
OUT 0x0d,R17 ;bat dau hoat dong véi xung nhip Fcl/128
SENDFUNTION:
Idi  R17,0x0a ;khéi tao s6 dém
Idi  xh,0x00 ;khéi tao con tro
Idi  x1,0xff ;kho1 tao con tré
SEND:

Ld RI16,X+  ;lay dit liéu trong RAM
Out SPDR,RI16

Dec RI17

Breq exit :thoat néu R17=0

In  RI16,SPSR ;LAy thanh ghi trang thai

Bst R16,7 :1ay bit SPIF

Brts SEND :tiép tuc giri khi byte trudc d6 duoc gui.
Exit:

RET

Chuong trinh véi Slave
Cac ban tu viét.

3.4. UART:

3.5.Watchdog timer:

3.6. B6 nhd ROM c¢6 thé dugc x6a bang dién:

EEPROM

B nhd EEPROM 1a mét bd nhé khong bi mét dit liéu khi nguén dién cung
cap bi ngit.Dit lidu trong né co6 thé dugc ghi va xéa bang dién va vi vay viéc
ghi va doc bd nhd nay VDK c6 thé 1am truc tiép.

B6 nhd nay duge xem nhu mot bd nhé dir liéu nhung chung khong dugce
truy nhap nhu mét bo nhé SRAM ma duge truy nhap nhu mot thiét bi ngoai
vi.Thoi gian truy cap dé viét mat khoang 2.5 dén 4 ms,va phu thudc vao
nguon dién cung cap cho vi diéu khién (Vcc).

Pé diéu khién vao ra dir liéu véi EEPROM chung ta c6 thé st dung 3 thanh
ghi d6 [a:EEPROM address ,EEDR va EECR.
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1.EEPROM address : )
Day 1a thanh ghi 16 bit luu dia chi cia cac 6 nhé cua EEPROM (tir 0 dén
511). N6 dugc truy nhap nhu hai thanh ghi 8 bit doc 1ap EEARH va EEARL

Eat 15 14 12 12 11 10 =} 8

B1F (B3 I - - - - - - - EEARE I EEARH
—
E1E [B3E) | EEART | EE&RE EE&RS EE& R4 EEAFRI EEAFRZ | EEAR1 EEERN | EEBRL
T -] =] 4 3 2 1 Q
FamdWris R A A R R R A 3%
R R AN AW R R R 3%
Inilial ¥ahe =} L] L] o o o =} X
X X X X X X X X

2.EECR :EEPROM control register
Day la thanh ghi di€éu khién EEPROM

Eit 7

B =3 i | 2 i 0
S I I N e
AeadWrita R A A R FW AW RW AW

Initial ¥ake 0 0 i} i} i}

La thanh ghi 8 bit trong d6 c6 4 bit duoc dinh nghia dé diéu khién hoat dong
ghi doc dir 1iéu & bd nhé EEPROM.

-Bit 3-EERIE :EEPROM ready interrupt enable

Bit ndy cho phép ngat haot dong (thong bao cho CPU biét kha ning chao doi
dir liéu v6i CPU.).Néu bit nay duoc set 1 thi nd dugc phép hoat dong.Va
nguoc lai.

-Bit 2-EEMWE: EEPROM master write enable.

Bit nay khi duoc set 1 s€ ghi dit li€u tir thanh ghi EEDR vao 6 nhé ¢6 dia chi
luu trong thanh ghi EEAR ctia EEPROM. Bit nay duoc set bang phan mém
va duoc x6a bang phan cing sau bén chu khi méy.

-Bit I-EEWE: EEPROM write enable

Pay 1a bit cho phép ghi dit liéu vaio EEPROM dé tranh truong hop ta ghi dir
li¢u khi ma mot dir liéu trude d6 chua duge ghi xong. N6 dugce xéo bﬁng
phan ctg khi ma si liéu da duoc ghi xong vao EEPROM.

-Bit 0-EERE : EEPROM read enable

Bit nay ra I¢nh cho CPU doc dit liéu tir bd nhé nay ra thanh ghi dir liéu véi
dia chi da luu bén trong thanh ghi dia chi.Va né duoc x6a bang phan cimg
khi ma dir liéu da duoc doc ra thanh ghi dir ligu.

Vay dé ghi dit liéu vao EEPROM ta 1am céc budc sau:
Budcl:cho doi bit EEWE da bi x6a chua ?

Budc 2:Ghi dir liéu mai vao thanh ghi dir liéu (EEDR)
Budc3:Set bit EEWE r6i dén bit EEMWE d¢é bat dau ghi dir liéu.
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Chy y:Néu nhu dang ghi dir liéu @ EEPROM ma xuét hién ngét thi dir liéu
do s€ khong dugc ghi mot cach an toan vao EEPOM.
Sau day 1a mot vi du:

Ghi 1 byte vao by nhd EEPROM dia chi luu trong thanh ghi Y ,dir
ligu trong R17.
Write:

Sbic EECR,1  :nhay qua néu EEWE bi x6a.

Rjmp Write

Write_start:

Out EEAL,YL

Out EEAH,YH

Out EEDR,R17 ;Nap dir li€u vao thanh ghi dir liéu.

Ch ;cam tat ca ca ngat.
Sbi  EECR,1

Sbi  EECR,2

Sei :cho phép ngit.

Pé doc dir liéu vao EEPROM thi don gian hon.
Budcl:kiém tra bit EEWE néu nhu c6 qua trinh ghi EEPROM thi cho
doi.
Budc2: Pua dia chi can doc vao thanh ghi dia chi EEAR
Buoc3:Set bit EERE 1én 1 bat ddu qué trinh doc.
Budc4:Cho doi doc xong bang cach kiém tra bit EERE néu da dugc
x0a thi ¢ d€ li¢u ¢ thanh ghi dir liéu.Sau dé doc dir ligu.
Vi du: Boc mdét byte dit li¢u tir trong EEPROM bat tir dia chi luu trong
thanh ghi Z va dir li€u doc ra thanh ghi R17
READ:
Sbic EECR,1 :kiém tra xem c6 ghi khéng?
Rjmp READ
READ START: :Bit dau doc.
Out EEAL,ZL
Out EEAH,ZH
Sbi  EECR,0
Here:
Sbic EECR,0 :kiém tra EERE d4 bj x6a hay chua?
Rjmp here
In R17, EEDR
;Hét.
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3.EEDR:EEPROM data register
Day 1a thanh ghi 8 bit luu dit li€u lay ra ttrt EEPROM hodc dir li€u dinh ghi
vao EEPROM.

Bit 7 6 5 4 3 2 1 0
$10(sap) | WMSE | | | | | | | tse | Eeor
Rea\Write RAW RIW RW RW RV RW RAW RW

Initial Value 0 0 0 0 0 0 0 0

3.7. B so sanh tuong tu:

Analog comparator

B0 so sanh twong tu cia AVR c6 dau vao 1ai hai chan PB2 va PB3 (nhu hinh
v€).Voi chan PB2 duoc ndi vao cuc duong cua bd so sanh va PB3 dugc ndi
vao cyc am cua bd so sanh.N6 tao ra hai muc logic néu V+>V- thi tin hiéu

rala 1 va nguoc lai la 0.
vao

ot

S R

Pé diéu khién va qua sat trang thai ctia bd so sanh tuong tu ta 6 mot thanh
ghi d6 14 thanh ghi ACSR.Trudc khi tim hiéu vé nguyén tic hoat dong cta
no toi s& gidi thiéu cho cac ban vé thanh ghi nay.
Thanh ghi ACSR 1a mdt thanh ghi 8 bit c6 dia chi trong cac thanh ghi I/O 1a
0x08 va ¢ dia chi trong khong gian bo nhd SRAM la 0x28.Trong 8§ bit thi
co 7 bit dugc dinh nghia va bit 6 khong dugc dinh nghia.N6 chi co6 thé doc
va ludn co gia tri logic 1a 0.

1.Bit 7-ACD:Analog comparator disable —Pay 13 bit diéu khién.

Bit nay ttruc tiép diéu khién hoat dong ctia AC(bd so sanh tuong

tir).Néu nhu bit nay dugc set 1én 1 thi nguén cung cap cho AC hoat
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dong bi tat (turn off) va dong nghia voi viée no khong hoat dong.Va
néu nd dugc xoa thi AC dugce cap nguon va hoat dong binh
thuong.Chu ¥ :Ta co thé thay doi gia tri logic cta bit nay lic ndo ciing
dugc dé nguong hoat dong cua chiing hoic cho chung hoat dong tré
lai nhung khi thay ddi ghia tri logic ctia n6 thi ngit (ngit cua AC)can
bi cAm néu khong no6 s€ sinh ra mdt nge"lt (Cu thé 1a bit ACIE can bi
x0a).

2.Bit 5-ACO:Analog comparator output —Day Ia bit trang thai.

Bit nay duoc ndi trire tiép véi dau ra ciia bo so sanh tuong tu.

3.Bit 4-ACI:Analog comparator interrupt flag —Pay la bit trang thai.
Co bao ngit cta bd so sanh twong tu.Néu nhu cdi nay dugce set va cac
ngit duoc phép thi mot chuong trinh phuc vu ngat duoc goi va ching
dudc xoa bang phan cimg khi chuong trinhg bao ngat dugc phuc vu.
Céc truong hop 1am thay doi trang thai cd ngay ngoai viéc thay doi bit
ACD s€ dugc noi tdi trong cac bito va 1.

4 Bit 3-ACIE:AC interrupt enable —Pay 14 bit diéu khién.

Néu bit nay duoc set thi ngit nay dugc phép va nguoc lai.

5.Bit 2ACIC:Analog comparator input Capture Enable —Day la bit
diéu khién.

Khi bit nay dugc set 1én 1 thi dau ra cua AC duoc ndi truc tiép vVao
dau vao cua chirc ning bat su kién ctia Timer/counter 1.( Poc thém

timer/counterl).
6.Bit ACIS1 va ACISO :Ac interrupt mode select —PAy 13 hai bit diéu
khién.
ACIS1 ACISO Ché d6 ngit

0 0 Theo murc

0 1 Danh riéng(chua dung dén)

1 0 Sudn sudn

1 1 Suon 1én

Chu y:Cac bit ndy ciing c6 thé duoc thay ddi bat ¢t khi nao.Nhung
khi thay ddi thi ngaét ctia ndo phai bi cam.
Ta c6 thé sir dung 1énh SBI hoic CBIU dé thay doi trang thai cac bit
trén thanh ghi nay trir bit ACIL.B1 nay sau khi dugc doc cling s€ bi x6a
(néu no dugc set).

Thiét port dau vao cho b so sanh tuong tu:
Hai chan PB2 va PB3 nay can duoc thiét 1ap 13 ddu vao vao bo dién
tro treo.

Pé lap trinh cho AC ta bat dau cac budc sau:
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Budc 1:Thiét 1ap cac chan dau vao cha AC.

Budc 2:Chon cac ché 6 cho AC vi nhu dung ngit ...

Budc 3:Khoi dong AC bang cach xoa bit ACD .

Sau day 1a mot vi du:

Ban c6 mot bai toan don gian nhu sau: Diéu khién nhiét d¢ cua phong
sao cho n6 nho hon 40d¢.Dung LM335 khi do6 dau vao ban méc truc tiép vao
PB2 AVR khong thong qua ADC va dau PB3 mic vao gia tri dién ap tuong
mg v6i 40 do cia LM335(vi nhu 3.5v ching han).Khi d6 néu nhiét do 16n
hon 40 d6 thi dat murc logic ciia PCO 1én 1 cho t6i khi né giam xudng thi
thoi.

Cach 1:khong dung ngat(str dung vao ra bang chuong trinh)

;Chuong trinh duoc viét nhu sau:

:Thiét 1ap cong vao cho AC

cbi  DDBR,2 -thiét 1ap chan PB2 la chan vao

cbi PORTB,2 ;Loaibd dién tré treo.

Cbi DDBR,3  ;Thiét lap chan PB3 la chan vao.

Cbi PORTB,3 ;Loaibd dién tro treo .

:Thiét lap cho AC

sbi  ACSR,0 ;Tam ngung hoat dong cua AC
cbi  ACSR.3 :Cam ngat

cbi  ACSR,0 -Bét dau hoat dong

;Theo do1 AC

loop1:

sbis  ACSR,ACO :kiém tra xem nhiét d6 c6 cao

;hon ngudng dat trude khong.

Rjmp loop ;nét khong 16n hon tiép tuc theo dai.
:Nhiét do cao hon.

; Pinh nghia chan PCO la chan ra:

sbi  DDRC,0 ;Dinh nghia la chan ra

sbi  PORTC,0 ;Datlén muc 1

loop2:
sbic ACSR,ACO
Rjmp Loop2
Sbc  portc,0 -x6a néu nhiét d6 nho hon
Rjmp loop2
;the end.

Cach 2: str dung ngat:

3.8. ADC :analog to digital converter
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Vi diéu khién AVR 8535 c6 mdt bo bién d6i ADC tich hop trong chip.
Co céc dac diém:

Do phén giai bit.

Sai s6 tuyén tinh:0.5LSB.

D¢ chinh xac +/-2LSB.

Thoi gian chuyén d6i:65-260ys.

8 Kénh dau vao co thé duoc lua chon.

C6 hai ché d6 chuyén dbi.

C6 ngudn bao ngat khi hoan thanh chuyén doi.

Loai bé nhiéu trong ché do ngu.

So do khoi:
ADC COMVERSION
COMPLETE IRQ
B-BIT DATA BUS
> — >
e e 8= 15 0
ADC WMULTIFLERER FEC CTAL& STATUS ADC DATA REGISTER
SELECT (ADKILX) REGISTER (ADCSR) {ADCHIADCL)
TT T T T==5] ZRIEEds
#rer[ ] 23] gle|2F]=| YA
¥ ¥ =
FRESCALER E
"
anct [ H ¥ I
ADCE D— 10-EIT DAC lf———— COMVERSION LOGIC
ADCE
[H .
anc4 [ JHcHaRmEL
0 "
ADC3 I
- | £ ZAMPLE & HOLD
apcz [ f COMPARATOR
aoct [

Tir so d khdi cac ban co thé thay:
Tam dau vao cia ADC 13 tam chan ciia PORTA va chung duoc chon thong
qua mot MUX.
Pé diéu khién hoat dong vao ra dir liéu ctia ADC va CPU chung ta c6 3
thanh ghi:ADMUX day 1a thanh ghi diéu khién lua chon kénh dau vao cho
ADC . ADCSR Pay 1a thanh ghi diéu khién va thanh ghi trang théi caa
ADC. ADCD :Pay la thanh ghi dir li¢u.
Sau day la tung thanh ghi:

1. ADMUX: Multiplexer select register

Pay la thanh ghi diéu khién 8 bit:
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Bit 7 G = 4 3 2 1 0

807 1527 I - - | - - | - ITF¥] | PAL XA | L] I ADMUX
. . . - - . .

Read\Write R R R R 3] R RwW R

Initial Valua 0 0 0 0 0 0 0 0

Vo1 3 bit duoc dinh nglﬁa la MUXZ,MUXI,Va‘l MUXO.Ung voi cac to
hop logic cac ban c6 thé chon kénh dau vao.Cu thé:

MUX2.0 Single-ended Input
000 ADCO
001 ADCH
010 ADGC2
011 ADC3
100 ADCA4
101 ADCS
110 ADCE
111 ADGT

Chu y:Néu nhu ta thay doi kénh trong thoi diém ma ADC danh chuyén doi
thi khi qua trinh chuyén d6i da hoang thianh thi khén vao méi dugc thay doi.
2.ADCSR :ADC control and status register
Pay 1a thanh ghi diéu khién va luu trang thai cia ADC:

Bit
S06 (H26)

Readrite
Initial Valua

7 i 5 4

3 2 1 0

Bit 7-ADEN:ADC enable
Pay 1a bit diéu khién hoat dong ctia ADC .Khi bit nay duoc set 1 thi
ADC c6 thé hoat dong va nguoc lai.Néu nhu ta ngung hoat dong ctia
ADC trong khi n6 dang chuyén d6i thi né s& két thuc qua trinh chuyén
d6i.Mic du chua chuyén d6i xong.
Bit 6-ADSC: ADC start conversion

I _ __ _
I ADEN | ADSC | ADFR ADIF | ADIE ADPS2 | ADPS1 | ADPSO I ADCSR

AW AW AW AW
0 0 0 0

RW R R RAN

0 0 ] ]
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Tai liéu nay t6i dang viét do nhung cac ban c6 thé doc.
(Do thoi gian ¢6 han nén danh may sai hoi nhiéu mong cac ban ¢6 dich)
M4y hém nita hoan thanh hét toi s& up tiép 1én cho céc ban.
Chtc céac ban thanh cong !
vutricongbka@yahoo.com
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