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CHUONG 1: MO DAU VE VI PIEU KHIEN

1.1. Gi6i thiéu vé vi diéu khién AVR

AVR 12 ho vi diéu khién 8 bit theo cong nghé méi, véi nhing tinh ning rat
manh duogc tich hgp trong chip cua hang Atmel theo cong nghé RISC, n6 manh
ngang hang véi cac ho vi diéu khién 8 bit khac nhu PIC, Pisoc.Do ra doi mudn
hon nén ho vi diéu khién AVR c6 nhiéu tinh ning mé&i dap tng t6i da nhu cau
cua nguoi st dung, so véi hg 8051 89xx s€ c6 do on dinh, kha nang tich hop, su
mém déo trong viéc 1ap trinh va rat tién loi.

* Tinh nang moi cua ho AVR:

-C6 thé sir dung xung clock 1én dén 16MHz.

-Bo nhé Flash c6 thé 1ap trinh nhiéu 1an v6i dung luong 16n

- Giao dién SPI déng bo.

- Cac duodng dan vao/ra (I/0) 2 huéng 1ap trinh dugc.

- Giao tiép I2C.

- Bo bién doi ADC 10 bit.

- Cac kénh bam xung PWM.

- Cac ché db tiét kiém nang luong nhu sleep, stand by..vv.

- M6t b dinh tho1 Watchdog.

- B6 Timer/Counter 8 bit,16 bit.

- 1 b6 so sanh analog.

- B6 nh¢ EEPROM.

- Giao tiép USART..vv..



* Mot s6 chip AVR:

AT90S4414 and AT90S8515
AT90S4434 and AT90S8535
ATO0C8534
ATtinyl0, ATtinyl 1 and ATtiny12
ATtinyl5
ATtiny22
ATtiny26
ATtiny28
ATmega8/8515/8535
ATmegal6
ATmegal6l
ATmegal 62
ATmegal 63
ATmegal 69
ATmega32
ATmega323
ATmegal03
ATmega64/128
ATB6RF401.

1.2. Vi diéu khién Atmegal6

L
(XCK/TO) PBO ] 1 40 [ PAD (ADCO)
(T1) PB1 [ 2 39 [0 PA1 (ADC1)
(INT2/AINO) PB2 ] 3 38 [ PA2 (ADC2)
(OCO/AIN1) PB3 ] 4 37 3 PA3 (ADC3)
(55) PB4 (] 5 36 1 PA4 (ADC4)
(MOS!) PB5 (1 6 35 [ PAS (ADCS)
(MISO) PBS (] 7 34 [ PA6 (ADCSE)
(SCK) PB7 (] 8 33 [ PA7 (ADC?)
RESET ] 9 32 [ AREF
vCC 4 10 31 O GND
GND 1 11 30 [0 AVCC
XTAL2 ] 12 29 [J PC7 (TOSC2)
XTALT 13 28 [ PC6 (TOSC1)
(RXD) PDO ] 14 27 [ PCS (TDI)
(TXD) PD1 ] 15 26 [ PC4 (TDO)
(INTO) PD2 ] 16 25 7 PC3 (TMS)
(INT1) PD3 ] 17 24 | PC2 (TCK)
(OC1B) PD4 (] 18 23 [0 PC1 (SDA)
(OC1A) PD5 ] 19 22 ) PCO (SCL)
(ICP1) PDB ] 20 21 O PD7 (OC2)

Hinh 1. 1. Vi diéu khién ATMEGAIL6



Atmegal6 c6 day du tinh ning ctia ho AVR, vé gia thanh so vdi cac loai
khac thi gia thanh 1a vira phai khi nghién ctru va lam cac cong viéc irng dung toi
vi diéu khién. Tinh ning:

- Bd nhé 16K(flash) . - 512 byte (EEPROM). - 1 K (SRAM).

- Bong vo 40 chan , trong d6 c6 32 chan vao ra dir li¢u chia lam 4 PORT
A,B,C,D. Céc chan nay déu c6 ché d6 pull up resistors.

- Giao tiép SPI.

- Giao dién I12C.

- C6 8 kénh ADC 10 bit.

- 1 b6 so sanh analog.

- 4 kénh PWM.

- 2 bd timer/counter 8 bit, 1 bd timer/counterl 16 bit.

- 1 bd dinh tho1 Watchdog.

-1bd truyén nhan UART lap trinh duogc.

Mo ta cac chan:

-4 céng vao/ra lap trinh dugc, chia lam 4 PORT A,B,C,D.

- Vce va GND 2 chan cap ngudn cho vi diéu khién hoat dong. Chu ¥ can
cap dién ap 5V 6n dinh.

- Reset: day la chan Reset cung khoi dong lai moi hoat dong ctia hé théng.

- 2 chan XTALI1, XTAL2 cac chan tao bd dao dong ngoai cho vi diéu
khién, cic chéan nay duoc ndi véi thach anh (hay st dung loai 8M), tu gém
(22p).

- Chan Aref thuong ndi 1én 5v(Vee), nhung khi str dung bd ADC thi chan
nay duoc sir dung 1am dién 4p so sanh, khi d6 chan nay phai cip cho no dién ap
¢ dinh, c6 thé st dung diode zener

- Chan Avce 1a ngudn nudi cho bo ADC, thuong dugc ndi 1én Vee.



VCC

C1

R1 | _ XTAL1
10K I
RESET |RESET '|| 22p Y1
|.J|| SwWit o4 c2 16MHZ
10uF | | XTAL2
I
= 22pF

1.3. Cac cong cu phan cing.
1.3.1. Mach nap:
Day la 1 cong cu khong thé thiéu khi thuc hanh VDK.

Hinh 1. 2. Mach nap vi diéu khién

C6 1 s6 loai mach nap phd bién bao gdbm: STK200 (nap qua cong may in),
AVR910, STK500 (nap qua cong USB).

Cai dit, cAu hinh mach nap AVR910

Sau khi cai dat driver cho mach nap xong:

Vao Control Panel-> System—>Advanced—> Device Manager, ta c6 hop

thoai Device Manager hién lén:



2 Computer Management EJ[E'@ |

g File  Action  View Window Help ==l =]
e EmEE 2 A =R
l'lg Computer Management (Local) = g‘ WTECH
- m System Toals i3 j Computer
-] Event Viewer [+-g9 Disk drives
+ S Shared Folders # @ Display adapters
E2 Local Users and Groups #- ik DVDJCD-ROM drives
+ @ Performance Logs and Alerts 1+ Floppy disk controllers
Eé Device Manager [+~ {2k Human Interface Devices
= Storage [+ IDE ATA/ATAPT controllers
2 Removable Storage +- 2z Keyboards
i § Disk Defragmenter i J Mice and other pointing devices
Disk Management [ 8 Manitars
£ & Services and Applications [+ B8 Metwork adapters
= Ports (COM&LPT)
j Communications Port (COM1)
o Printer Port (LPT1)
PV TECH AYR910 LISE Programmer {CO
I+ ﬂ Processors
+- @, Sound, video and game controllers
i System devices
# % Universal Serial Bus contrallers
£ >

Hinh 1. 3. Hop thogi Device manager

+M¢6 nhanh Ports (COM & LPT), ta s& thdy c6 théng bao mach nap
AVR910 dang duoc két ndi voi mdy tinh, cong COM gan cho mach 1a COM19.
O day c6 mot sb diém can luu ¥

- Can két n6i mach nap véi may tinh thi trong phan Ports (COM&LPT)
moi hién 1én thong bao vé thiét bi.

- V6i cac may tinh xach tay khong co cac cong COM va LPT thyc. Phan
Ports (COM & LPT) sé& khong hién 1én néu khong c6 thiét bi ndo dugc gin vao.

- Tén céng COM gan cho thiét bj phu thudc vao tirng may tinh, khong
phai déu giéng nhau, tuy nhién can luu y raing AVR Prog chi hoat dong véi cac
cong COM tir 1-4 va CodeVisionAVR chi hoat dong véi cac cong COM tir 1-
6. Do d6 néu cong COM duogc gan tu dong ra ngoai khoang nay, ta can tién

hanh gan lai cong COM bang tay cho phu hop!
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Cich gan lai tén cong COM cho thiét bi!

-Kich dap chuét 1én nhanh VTECH AVR910 USB Programmer d¢ mo

hop thoai Properties cla thiét bi (hoac click chuot phai vao va chon Properties:

VTECH AVR910 USB Programmer (COM19) Properties [ X

| Gereral Fort Settings |Driver- Details:é
Bitz per second: | gleE]

[iata bits: 58 vi

Parity: iNone vi

Stop bits: i‘l v|

Flow contral: !None vl

[ Advanced... ] [ Festore Defaults ]
[ k. l [ Cancel ]

Hinh 1. 4. Cdu hinh cong COM giao tiép
-Chon Tab Port Settings, nhan nat Advanced... ta s& c6 hop thoai

Advanced Settings:
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Advanced Setlings for COM19

Usze FIFD buffers [requires 16550 compatible UART] T

Select lower zettings to cormect connection problems.
Cahcel

Select higher settingz for faster performance.
Drefaults

Receive Buffer Low 1] - J High[14]  [14]

Transmit Butfer: Low [1] J High [16]  [16]

COM Port Murnber: E-EDM1S |

COMT [inuse] A

COk3
COk4 [in use)
COrS =
COrE
COM7
COrg
O3
Cor10
COkT7
COr12
COmM13
CO14
COM15
COMIE
COMI7
COr18
COr19
COr20
COr2
COm22
COr23
COk24
COr25
COM2E
COmM27
COk28
COM29
COr30 ot

Hinh 1. 5. Thay doi cong COM giao tiép

-Trong danh sich COM Port Number, ta chon mét trong cac cong COM 1-
4 (dé c6 thé sir dung véi ca 2 phan mém), tét nhit 1a chon mot cong COM
khong bi danh diu in use (43 dugc sit dung bdi mot phan mém khac), trong
truong hop tat ca da bi danh dau, ta van co thé lua chon céng in use, & day minh

hoa voi céng COM1, chon COM1 va nhin OK.
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Communications Port Properties

iz This COM name is being used by another device (such as another com port or modem). Using duplicate names can lead to inaccessible devices and

changed settings, Do you wank to continue?
Yes | No |

-Ngay lap tirc Windows dua ra thong bao, nhan Yes dé chap nhan dung
chung cong voi thiét bi khac, sau d6 nhan OK trén hop thoai Properties.

(Luu y rang trong da sd cac trudng hop, viée ding chung cong nay khong
anh huong gi dén hoat dong cua thiét bi, tuy nhién can luu ¥ vi néu ca 2 thiét b
dung chung céng cung dugc két ndi thi s& xay ra tranh chip va ca 2 thiét bi s&
khong hoat dong — truong hop nay co thé xay ra véi cac thiét bi Bluetooth hodc
mdt mach nap khac st dung COM 4o.)

-Rut mach nap khoi céng USB va cam lai, theo ddi trong Device Manager

s& thiy cong COM moi da duge gan cho thiét bi:

B Computer Management E”E”EJ
Q File  Action  Yiew ‘Window Help | _JEI __j

= = llIIl‘%lﬁ’ a=ma
= “omputer Management {Local) - WTECH
E ﬁ System Tools B -j Cornpuker
[+ Event Wigwer [+}-5g Disk drives
+ Shated Folders [+ § Display adapters
S % Local Users and Groups [} _,_‘, DYDSCD-ROM drives
3 Performance Logs and Alerts [+-{=) Floppy disk controllers
g Device Manager +-fig Hurnan Interface Devices
=l @ Storage [+ IDE ATA/ATAPI controllers
Removable Storage [+ Keyboards
: Disk Defragmenter "y Mice and other pointing devices
! Disk Management - Monitars
e & Services and Applications [+ B8 MNetwork adapters

-‘é ;‘ Parks (COM & LPT)

F‘f Cammunications Port (COM1L)
5 Printer Port (LPT1)

S d TECH AVR.910 LISE Programmer {COML)

Pracessars

, Sound, video and game controllers

System devices

Iniversal Serial Bus controllers

Hinh 1. 6. Kiém tra mach nap trong Device manager
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+ M¢ét vai luu y nho:

- Qua trinh cai dat trén chi c6 gia tri vd1 mot céng USB (duoc chon dé két
nbi v6i mach nap), may tinh thong thuong cé kha nhiéu cong USB, néu cim
mach nap vao mot céng khac, qua trinh cai dat s¢ can 1am lai tir dau, Hé diéu
hanh s& gan mot cong COM mdi twong tng. Vi vay nén chon c¢b dinh mot cong
USB dé két ndi voi mach nap dé co thé nam 16 tén céng COM tuong tmg (v6i
muc dich khong can thay doi thiét 1ap khi chay phan mém).

- Khong nén str dung HUB USB v&i mach nap, vi HUB USB c¢o6 thé khong
cung cap du ngudn dién cho mach nap hoat dong va cung cip cho mach dugc
nap.

- Viéc st dung day USB kéo dai c6 thé anh huong dén hoat dong cua
mach, luu ¥ st dung céc loai day c6 chat luong t6t, c6 chdng nhidu
1.3.2. KIT thwc hanh:

bay l1a 1 cong cu dung dé thuc hanh cac chirc nang cia VDK. Moi nguoi
hoc VDK nén c6 1 cai.

—

| &

Hinh 1. 7. KIT thue hanh vi diéu khién AVR
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1.3.3. Cdc céng cu phin mém

Chwong trinh nap (Chip Programmer): da s0 cac trinh bién dich (AvrStudio,
CodeVisionAVR, Bascom...) déu tich hop san 1 chuong trinh nap chip ho tro nhieu
loai mach nap nén ban khong qué lo lang. Trong trrong hop khac, ban cé thé st t dung
cac chwong trinh nap nhw Icprog hay Ponyprog...la cac chwong trinh nap mién phi
cho AVR. Vigc chon va st dung Chll’O’IlQ‘ trinh nap sé dwoc gidi1 thiéu trong cac bai
sau.

Trinh bién dich: c6 rat nhiéu trinh bién dich ban c6 thé st dung dé bién dich code
cia ban thanh file intel hex dé nap vao chip, mot s6 trinh dich quen thuoc co thé ké
dén nhu sau:
AvrStudio: 13 trinh bién dich ASM chinh thitc cung cap bai Atmel, day 14 trinh bién
dich hoan toan mién phi va tat nhién la tot nhat cho lap trinh AVR bang ASM. Phién
ban hién tai 1a 4.12 SP4, ban c¢6 thé download phz"in mém AvrStudio tai trang web
chinh thitc cua Atmel: http://atmel. com/dyn/products/tools card.asp?tool 1d=2725

WinAvr hay Avrgee: la bo chwong trinh dwoc phat trién béi gnu, ngdn ngit st dung
la C va thuong duoc viét tich hop véi AvrStudio (dung Avrstudio lam trinh bién
tap — editor). DBéc biét bo bién dich nay cling mién phi va da 50 nguon source code C
dugce viet bing bo nay. vi vay né rat li teéng cho ban khi viet cac tmg dung chuyen

nghiep.

CodeVisionAvr: mot chrong trinh bang ngén ngit C rat hay cho AVR, h6 tro nhiéu
thu vien lap trinh. Tuy nhien 1a chwong trinh thwong mai. Ban c¢o the download ban

1.25.9 ta trang web cua cong ty: www.vtechco.org

1.3.3.1. Hwo‘ng dan sw dung CodeVisionAVR

B Codevisonavi - huees
[9 e st Gew Pwjet oo
E nel 3 I N o0 BN mmE 7
Haigiss | Code Tasglaim * | a1 void main (veid)
= §3 CodeliiondlyR ol [

«f // Declare your local variables here

ts initialization

FoncO=In
T stated=T

Funcl=0ut FuncO=Cut
Statel=0

Cira s& théng bao 16i >

Hinh 1. 8. Giao dién chuong trinh CodeVision
Deé tao Project mai chon trén menu: File = New dugc nhu sau:
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ﬂ CodeVisionAVR - i =]
B T N = i

=

Fie Edt View Promct Took Semngs Windows e
DER & H-EER AR FE0E REsME EEE
Havigatar Eod&:.Tﬁmplﬁt_e—si_‘J;!
| 2-E¥ CodevisionavR
| Mo Project
“-[9 Other Files Tfr e
i | File Type
L ) Source
Project
Messages
f
Insert

['S

Hinh 1. 9. Tao project moi trén CodeVision

Chon Project sau do click chuot vao OK duogc ctra s6 hoi xem ¢o st dung

CodeWinzard khong.

You are about to create a new project,
Do you want to use the Code'WizardavR?

16




Chip.

Chon Yes dugc cira s6 CodeWinzardAVR nhu sau:

%) CodeWizardAVR - untitled.cwp |
File Help
USART | Analog Comparator | ADC | SPI |

2 | iwie | 2Wief2t) |
LCD | BitBanged | Froject Infomation |
{Thp | Pots | EstemallRQ | Timers |

Chip:  |ATmegalbl =

Clock: |B.GIIIGJD 'ZI MHz

[ Check Reset Source

Program T ype:
|Applicah'on :]

&) CodeWizardAVR - untitled.cwp  |0d

File  Help
USART | Analog Comparator | ADC | SPI
e | 1wie |

LCD | BitBanged | Project Information
Chip | Paits | ExtemalIRQ | Timers

2 Wi (120) i
|

Pott4 | Pott8 | PotC PortD |

Data Direction  Pullup/Output Value
Bit0 Dut| 0} BitD
Bit1 Out| 0/ Bit1
Bit2 Ow 0/ Bit2
Bit3 Out! 0 Bit3
Bit4 Out| 0/ Bit4
Bit5 Out 0| Bit5
Bit6 Out| 0] Bt
Bit7 Out| 0| Bit7

Click on bit to toggle state|

Hinh 1. 10. Ciia s6 CodeWizard

Str dung chip AVR nao va thach anh tin sd bao nhiéu ta nhap vao tab

Dé khoi tao cho cac cong 10 ta chuyén qua tab Ports.

Sau d6 chon File=>Generate, Save and Exit, luu lai 3 file ¢6 duoi 1a .C,

.ptj, .CWp
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% CodeWizardAVR - untitled.cwp. M

el |
[ New F S
E Open 12C)
g Save miation
Save As.., Timers

Program Preview

@ Generate, Save and Fxit i\p"alue

T/ Eit2
T/ Eita
T! Bitd
Bit§ In|  T|GBits
BitE In| T/ Bite
Bit7 In|  T|Eit7

Hinh 1. 11. Luu cac file khoi tao

CodeWizard di khoi tao san cho ta gid tri ctia cac thanh ghi theo nhur khoi

tao bén trén, ta chi viéc tiép tuc lap trinh vao vung soan théo.

B CodeVisionAVR - ¢ =]
[ Fie Edit View Project Tools Seftings Windows Help [ [=]x]

CER 8 - - e WE BrEEe R BEEE @
[«[*]| 124 // Bnalog Comparator initialization 2
=-&8 CodeVisiontA 1258 // Bnalog Comparator: Off
L?@ F”Dlzﬂn‘t::“” 125§ // Analog Comparator Input Capture by Timer/Counter 1: Off
H Catc 127 ACSR=0x80;
“o[) Diber Fies 128f] SFIOR=0x00;

129
120f // Global enable interrupts
131 $asm ("sei™)
122f led_init () ;
133

124§ while (1)

135 {

136 static unsigned char speed,dir;

137] lcd gotoxy (0,0);

128 if ('PIND.O)

139) {

140) PORTC.0=1;

141 PORTC.1=0; B
142 lcd_putsf ("1 0"); ;‘
143 1 |

144 if(!'PIND.1) =
145 {

14§ PORTC.0=0;

147) PORTC.1=1;

148 lcd putsf ("0 1");

Messages \

143:34 Insert

Hinh 1. 12. Giao dién soan thao chuong trinh

Sau khi 1ap trinh xong, bdy gio ta cin nap chuong trinh vao VDK. Dau

tién ta vao Project-> Configure:
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K CodeVisionAVR -
[ e Edt View | Took_Seting:_ W
=EE) @P Check Syntax

EREL 1§ BEsE

¥
igator CodeTemD\gn; Cumiie B

807

= €W Codevinaravm | 22 12k ShitFS )x00;
- Project Caul = - i
H Hotes | 8 .
al enable interrupts
ei")
t():
133
14l while (1)
135 {
136 static unsigned char speed,dir;
137 lcd gotoxy(0,0):
128 if (!PIND.O)
139 {
140) PORTC.0=1;
141 PORTC.1=0:
142 led putsf("1 0");
143 }
144 if (!PIND.1) -
145, {
145 PORTC. 0=0; 3
147, PORTC.1=1; L
148 lcd putsf("0 1"):
149 }
150) if (!PIND.2)
151 { )
mAnmA non
Messages
149:27 Insert

Hinh 1. 13. Cdu hinh cho project

Sang thé Apter Make, va tich vao 6 Program the chip:

Configure Project adc.prj

| Files || C Compiler | Before Make | &fter Make

Program the Chip [ Execute User's Program

[ Merge data fram a .FROM File for FLASH Pragramming

Chip Programming Options

SCK Freq. : I AE0200 + |Hz [ Proaram Fuse Bitis):

FLASH Lack Bits

(%) Mo Pratection : EEEEt'ID:g
() Programming disabled : EEEE::%:S
() Programming and Yerification disabled : gﬂﬁzg

Boot Lack Bit 0 Boot Lock BT |1 e
@ BO1=1 BO2=1 @ B11=1 B12=1 - gggg‘gg:g
) B =0 BOz=1 (CIB11=0B12=1 - EESDJ\?EZJEU
) BO1=0B02=0 OCen=e1z=0 L JEF.EGPET;ED
I B01=1 BO2=0 (B11=1B12=0 |7 DCDEN=0

Check Signature [ ] Check Erasure [ Preserve EEPROM [¥] Verity

Lo ok | [ X corcel ] [ 2 b |




Sau d0, vao Settings=>Programmer dé cau hinh cho mach nap:

e Diels) @ | Edaor jo 0 s s RmE 2

Mavgaror | Code Tamginms * |+ | 127] Assembies
§X CooevisontnR 124 Debugger
=% Proect: Caut 129 Programener
Holey
Lok 1204 Terrninal le interrupts
{8 Gites Fies mfl ¥asm("=21")
1228 led _init() s
133
1ufl while (1)
15 {
1% static unsigned char speed,diry
177} lcd _gotoxy (0,007
134 Af(!PIND.O)
179 |
140 PORTC.0=1;7
1y PORTC.1=0;
142 lcd putsf£{"l 0");
143 1
144 if (!PIND.1)
145] [
145 PORTC.0=0;
1471 PORTC.1=1:
148 led putse(™0 1%);
143 |
1504 Af(!PIND.Z)
1% {
Mersages
13635 Insert

Hinh 1. 14. Céu hinh cho mach nap

Mot hdp thoai hién ra, dong dau tién ta chon tén mach nap (mac dinh 1a

STK500), dong tht 2 chon cong giao tiép vi may tinh:

Compiler | dssembler | Programmer |

Chip: ATmegalb

Program twpe: Application
Memary madel: Smal

Optimize for; Size

(g]printf features: int, width
[g)zcant features: int, width
Promote char to ink: Mo

char is unsigned: Yes

8 bit enums: Yes

Enhanced core instructions: On
Automatic register allocation; On

: N | 861 I jled
Programmer Settings 25! el o
- 1 warningls)
%R Chip Programmer Type: Bit variables size: 0 bytefs]
1 Dista Stack area: B0h to 15Fh
| Astmel STKBO0AAVRISP v Data Stack e 25 byt

! Estimated D1ata Stack uzage: 24 byte(s)

. . Global variables area: 160k to 165h
Communication Port; COmM2 Global variables size: & byte(s)
Hardware Stack area: 166k to 45Fh
Hardware Stack size: 762 bytes]

Heap size: O byte(s]

'{-,'T mega'l EE EKD |'|IJ|'B FUSE Warning EEPROM usage: O bytels] (0.0% of EEPROM)

Program size: 555 words [6.8% of FLASH)
| ok | | X cancel |

[ % Pragram the chip J [x Qamce\]
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Sau d6: an t6 hop phim Shift+F9, chon Program the chip dé nap chuong

trinh vao chip.

i ]
€) Information [ﬂ_hj

Compiler [Assembler i__F'rogrammer_;_

Chip: AT megalb

Pragrarn type: Application
temary model: Small

Optimize for; Size

[&]printf features: int, width
[g)zcant featuras: int, width
Promate char ta int: Mo

char is unsigned: Tes

8 bit enums: Ves

Enhanced core ingtructions; On
i Automatic register allocation: On

558 inels] compiled
Mo emors
Mo warnings

Bit vanables size: 0 byte(s]

[Drats Stack area: B0k to 15Fk

Data Stack size: 256 byte(z)

E stimated Data Stack uzage: 23 byte(s)
Global variables size: 0 byte(sz]

Hardware Stack area: 160h to 45Fh
Hardware Stack size; 768 byte(z]

Heap size: 0 bypte(s)

EEPROM uzage: O byte(s) [0.0% of EEPROM)
Program size: 4471 words [5.4% of FLASH)

[ & Program the chip ‘ | x LCancel

i =

Hinh 1. 15. Nap chuwong trinh vao chip

O day, CodeVisonAVR co6 thé dugc st dung nhu mdt chuong trinh nap
doc lap dé nap mot file HEX co san, hodc str dung nhu mdt phén tich hop dé nap
chinh Project dang duoc bién dich bdi CodeVisonAVR, tit ca déu théng qua
hop thoai Chip Programmer (menu Tools >Chip Programmer hodc t6 hop
phim tét Shifi-F4).
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= Code¥isionAVR Chip Programmer - AYRProg AYR910 @
File Edit Program Read Compare Help

Chip: v l& Program AHJ @ Reset Chip]

FLASH EEPROM
Start:| 0 h End /120 |h  Stat/o h End|1FF | h

Checksum: 7837h Checksum: FEOOh
Chip Programming Options
FLASH Lock Bits Program Fuse Bit[s):
¢ [T CKSELD=D
b
() No Protection F CKSEL120
L CKSEL2=0
() Programming disabled II: CKSEL3-0
. s . SUTO=0
(%) Programming and Verification disabled ™ SUT1=0
[~ BODEN=0
Boot Lock Bit D Boot Lock Bit 1 [~ BODLEVEL=D
[T BOOTRST=0

(¥) B01=1 BO2=1 (&) B11=1 B12=1 F BO0TS20-0
BO1=0B02=1 B11=0B12=1 BOOTSZ1=0

2 O [T EESAVE=0

( BO1=0B02=0 (O)B11=0B12=0 [~ CKOPT=0

I~ WDTON=0
() BO1=1 BO2=0 OB11=1812=0 [~ RsTPISEL=0

Check Signature [V] Check Erasure [ | Preserve EEPROM [¥] Verify

Qua trinh 1ap trinh cho chip AVR duogc chia 1am 3 thao tac co ban bao
gém Program (nap xudng), Read (doc 1én), va Compare (so sanh), cic thao
tac trén duogc dat trén hé théng menu cua hop thoai Programmer, cac thao tac

trén duoc ap dung cho cac thanh phan sau trén chip:
- B0 nh¢ chuong trinh (Flash)
- B6 nhé khong mit ndi dung (EEPROM)
- Cac bit lvu cau hinh hoat dong (Fuse bits)
- Céc bit luu cau hinh bao vé (Lock bits)

Ngoai ra con mot sé muc lién quan nhu Signature byte, Caliblation Byte. ..

Tham khao chi tiét trong Datasheet ctia mdi loai AVR.

22



+Trén hop thoai Programmer c6 cic nit co ban bao gdm Program All va

Reset Chip.

-Nut Program All dugc sir dung dé nap tit ca cac thanh phan da duoc
thiét 1ap xudng chip! Bao gdm Flash, EEPROM, Fuse bits va Lock bits. Can dic
biét cha ¥ diéu nay, khuyén céo 1a khong nén str dung t6i nit Program All khi
ban chua hiéu hét tac dung cua Fuse bits, Lock bits, hon nita v41 nhu ciu thong
thuong 1a nap chuong trinh vao bd nhé Flash, st dung nut nay s€ lam kéo dai

thoi gian 1ap trinh do nap ca cac thanh phan khong can thiét.

(Nt Program All rat c6 tac dung khi can nap san xuat mot lugng 16n chip,

gitip 1am giam céc thao tac thiét lap).
-Nut Reset Chip s¢€ kich hoat tin hi¢u Reset trén mach dich.

+M5dt thanh phan quan trong khac 1a hop thoai chon chip, can chon dung
loai AVR trong danh sach trudc khi tién hanh cac thao tac nap.

+Phia bén phai 1a phan Fuse bits, 1iét ké danh sach cac Fuse twong tng véi
loai AVR d3 chon (tén va sd luong cac fuse nay khac nhau véi timg dong
AVR). Mic dinh CodeVisionAVR dé trong céc bit nay (gia tri 1), diéu d6 khong
c¢6 nghia rang cac Fuse bits thuc té trén Chip ciing c6 gia tri 1, nhiing nguoi mai
stt dung thuong hay nhan nat Program All ma khéng biét ring cac Fuse bits
khong dugc thiét 1ap dung. V6 tinh thay doi Fuse bits mic dinh trong AVR dan
té1 viée la Chip hoat dong sai 1éch ma khong rd nguyén nhan. Vi vay, can tham
khéo k¥ céc tai li¢u vé Fuse bits danh cho AVR, dic biét 1a Datasheet cua dong
AVR dang sir dung. C4u hinh sai fuse bits s& ddn dén céc sai 1énh khong ludng

trudc trong qua trinh hoat dong cia AVR.

Dé doc vé cac Fuse bits cla Chip, vao menu Read-> Fuse bit(s).
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. CodeVisionAYR Chip Programmer - AVRProg AVR910 CodeYisionAYR Chip Programmer - AYRProg AVR910 rgl

File Edt Program Read Compare Help
Chip:  |ATmegs8 (@ Piogamal] [ RegetChi) Chip,
Information rl(_
FLASH FLASH EEPROM
-] Fuse Bits: .
Start|0 h \!r) CKSELO=1 End [1FF | h Start D h End|120 |h  Stato h End[1FF | h
| = | J i J
Checksum: 7837H| CKSELZm=1 h Checksum: 7837h Checksum: FEOOh
CKSELI=1
Chip Programmng) gti Chip Programming Dphons
FLASH Lock B BODEN=1 I Fuse Bitls) FLASH Lock Bits [¥] Program Fuse Bilfs}
O o Protectd BooTReT—1 = O Mo Prtection I e
on s BOOTSZ0=1 2-0 o o dheabled [ CKSEL2«0
i BOOTSZ1=1 520 ) Prograsmming dis ™ CKSEL3-0
EESAVE=1 -0 ) - [ SuTD=0
&) Programming CKOPT=1 0 (&) Programming and Yenfication dsabled F SUT1=0
WDTON=1 N=0 [~ BODEN=D
Baot Lock Bit 0 RSTDISBL=1, JEVEL=D Bool Lock Bit 0 BootLockBit1  |[C BODLEVEL=0
@ B01-1 8024 Copy the read valuss to E—f»gfg (1 BOT=1 BO2=1 ©B11-1 81241 FSSS}?%L'S
© 80108024 thala i Xt 5210 OBO-0B0Z+1  (B11-0BI241 rE B00TS21-0
Op01=08021 |1 ves | T 1-0 O BO1=0B02-0 CBN=0812<0 | CKOPT=0
e hiN-0 Osit-tioa | | Obitetsi ||l YOION=0
©Bo1=1 B0 158L=0 =1 802 BIT=1812:0 [~ gsTpiseL=0 |
[¥] Check Signature [#] Check Erasure [] Preserve EEPROM [¥] Vesify [#] Check Signature [¥] Check Erasure [] Preserve EEPROM [¥] Veriy

Hinh 1. 16. Cdu hinh fuse bit
+ Nhéan Yes trén hop thoai Information, cac Fuse bits sé dugc sau chép

vao phan c4u hinh Fuse trong hop thoai Programmer.

+ Trong qué trinh st dung, néu sau khi nap Flash ma xuét hién thong bao

16i khi Verify:

=

e =

e FLASH contents mismatch at address: Oh
\l‘) FLASH Read: 940Ch

Buffer data: FFFFh,
Continue?

Lves J[ W |

Thi can x6a toan by Flash bang cach vao menu Program chon Erase

Chip.
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4% CodeVisionAVR Chip Programmer
File Edit -Pragram | Read Compare

X EraseChip
Chip: | % Blank Check
% FLasH
eracH % EcrrOM
Start | MW Lock Bits !
ﬁ Fuse Bit(s
Check )
% Al

Chip Pragramming O ptions

Sau khi Erase Flash, ta co thé tién hanh nap binh thudng ma khong con
xuat hién thong bao 15i.
1.3.3.2. Huéng dén siv dung AVR Prog 1.4

+Phan mém AVRProg 1.4 duoc tich hgp sin khi cai trinh bién dich
AVRStudio, phﬁn mém nay cé thé hoat dong hoan toan doc 1ap vé1 AVRStudio.

—~

fi=
% AVRprog [o]=@/E
Hex file

C:\Program Filesh...\STK500.ebn

Browse... | Esit... |

Flash

Program I Venfy | Read I
EEPROM

Program | Verify | Read l
Device

ATmega32 Ll | Advanced... I

Hinh 1. 17. Giao dién AVRProg
Luu y rang ngay khi khoi dong AVRProg, phan mém s& do tir cong

COM1-4 dé tim kiém mach nap. Vi viy can luu ¥ cdm mach nap vao may tinh
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trudce khi bat phﬁn mém. Néu mach nap dugc thiét lap & céng COM 16n hon 4,
hodc chua cdm mach nap, phan mém s& bao 15i:

rr

AvrProg (=3
L] No supported board Found!
- AYRprog version 1,40

Trong trudng hop ndy, ban cin xem lai muc “Cach gan lai tén cong

COM cho thiét bi!” & trén.

Phan mém AVRProg rat don gian khi sir dung. Trudc hét ban chon ding
loai AVR dang két ndi trong 6 Device.

- Nhén Browse dé tim file can nap (dinh dang HEX, EBN, EEP, A90),
Nhan Program trong khung Flash néu muén nap vao Flash, hoic trong khung

EEPROM néu muén nap vao EEPROM.

- Néu mudn thay d6i Fuse bit cta chip, click vao Advanced, ta s& c6 hop

thoai Advanced.
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-
Advanced B

Lock bits

(WSS ~| [6LB0Mode1 v| [BLB1Mode1 |

Mo program lock features

Fuse bits

¥ SPIEnable [~ OCD Enable

[~ BOOTRST [~ JTAG Enable

[~ EESAVE

|Exl KTAL, Startup: 4.2ms + 16K CK Ll

[Bodlevel 2.7V ~| |Boot block 256 Words |
Read | wite | Chip Erase |

Device signature  1E 9502
Target board AVR ISP
Target SWrey. U2

Calibration byte ~ 0xDO

Hinh 1. 18. Thay déi fuse bit ciia chip

Tai hop thoai nay, ta c6 thé ty do diéu chinh cdu hinh hoat dong cia chip,
tiy loai AVR ma cic cdu hinh dugc hién thi khac nhau. Néu luu y tim hiéu k¥
vé Fuse bit cia AVR dé chic chin chip hoat dong duing yéu cau va tranh xay ra

tinh trang c4u hinh sai 1am chip khong hoat dong
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CHUONG 2: PIEU KHIEN VAO/RA DU LIEU

2.1. Giéi thiéu

—I i3 Uz
"" PEOACE LR L1
- PE1S I'_I': 14 PoOUTID -";— B
o i reesniocm poznto fod 2%
= = PEaMOSIDG A T 1
_1%_ P B |50 PrasterT 0 =tarl BURB0
PESSCH POET :—" S Rl
- '?-;- PRRccTALAMOER! | Pomm [ 2% Ly
108 PETocTALTORE: | POTMING I
B2 p oo oo
AZR 1 prsanc
B wramocs
L2 Peamancs
A% pramacasia
;‘f-' FOaAD AL AWEE § il
1 PORRESET AREF |-—A

Hinh 2. 1. Mach giao tiép niit bam diéu khién LED 7 thanh

Mot chip ATMega8 dugc sit dung nhu mét counter (bd dém), co thé dung dé
dém 1én va dém xudng. 2 button trong mach dién twong tmg voi 2 1énh diéu khién:
nhan button 1 dé dém 1én va button 2 dé dém xudng, gia tri dm nam trong khoang tir
0 dén 9. Gia trj dém dugc hién thi trén 1 LED 7 doan loai anode chung, chip 7447 1a
chip chuyén dung dé giai md LED 7 doan, nd giai ma tir gia tri BCD xuit ra boi
ATMega8 sang ma hién thi cho LED 7 doan anode chung.

Trong vi ndy nay, chung ta st dung 2 PORT cua chip ATMega8, PORTD dung
xudt dir liéu (s6 dém) ra chip 7447 va sau d6 hién thi trén LED 7 doan. PORTB dung
nhu ngd nhap, tin hi€u tir cic button s€ dugc chip ATMega8 nhin thong qua 2 chan
PBO0 va PBI1 cua PORTB.

Vi diéu khién c6 nhiém vu nhan dit lidu tir 2 nat bam, phéan biét nut nao dugc an,
sau d6 dua ra 1énh tuong tmg: nhin button 1 thi ting bién dém, con nhan button 2 thi
giam bién dém. Sau d6 s& xuat dit liéu hién thi ra 7447.

Nhu vay: chirc ning IN 1a chirc ning nhan tin hiéu tir thiét bi bén ngoai (nat
bam, cam bién), con chtrc nang OUT Ia chtrc nang xuét dit liéu dé diéu khién céc thiét

bi (LED don, LED 7 thanh)
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2.2. Diéu khién vao/ra véi AVR
Trudc hét ban hiy quan sat mach dién tvong duong cta 1 chan trong ciac PORT

xudt nhap cia AVR trong hinh sau:

| R
[=] — l Logic
I:’|::ir1 2 B See Figure
"General Digital /0" for
Details

|
I
I
I
I
I -
|
|
|
I
I
I
I

Hinh 2. 2. So'do cdu tao chén vi diéu khién AVR

Trong mach di¢n hinh trén, cac diode va tu dién chi c6 churc nang bao v¢ chan
PORT, nhung dién tré Rpu (R Pull up) dong vai tro quan trong nhu la dién tré kéo 1én
khi chan cua PORT lam nhiém vu nhén tin hi€u (ngd nhap). Tuy nhién trong AVR,
dién tro kéo 1én nay khong phai ludn kich hoat.

2.2.1. Céc thanh ghi diéu khién vao/ra
Khi xem xét dén cac cong I/0 ciia AVR thi ta can xét t6i 3 thanh ghi bit: DDRx,

PORTXx, PINx. Pay 1a 3 thanh ghi 8 bit va déu co thé truy nhip dén ting bit ctia n6
bang cach ghi thém chi s6 vao cudi DDRx.n, PORTx.n, PINx.n

% Thanh ghi DDRx:

Bit 7 6 5 4 3 2 1 0

DDA7 DDA6 DDA5 DDA4 DDA3 DDA2 DDA{ DDAO DDRA
Read/Write RW RW RW RW RAW RW RW RW
Initial Value 0 0 0 0 0 0 0 0

Hinh 2. 3. Thanh ghi DDRx

Day 1a thanh ghi hudng dit liéu, diung dé thiét 1ap 1 chan 1a IN, hay OUT. Khi
ghi gia tri logic ‘0’ vao bat ki bit ndo cua thanh ghi nay thi chan d6 sé& trd thanh 16

vao, con ghi “1” vao bit d6 thi chan d6 s& tré thanh 16i ra.
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P6i véi vi du trén: ta can thiét lap 2 chan ¢ PORTB lam 161 vao:
DDRB.0=DDRB.1=0; va 4 chan & PORTD lam 16i ra: DDRD.0 = DDRD.1 =
DDRD.2 =DDRD.3 =1;

¢ Thanh ghi PORTx:

Bit 7 5] 5 4 3 2 1 4]

I2FITA7 | PORTAG | PORTAS PCiFITAtI PORTA3 PC:FITA2 PC:FITM PORTAOD I PORTA
Read/Write R'W R/W RW RW R/W RW R'W R/W
Initial Value 0 0 0 0 0 0 0 0

Hinh 2. 4. Thanh ghi PORTx

Khi 1 chan duoc thiét 1ap lam 16i ra thi thanh ghi PORTx déng vai trd 1am thanh
ghi dir liéu, c6 nhiém vy diéu khién viéc xuét dir liéu ra chan do. Bit PORTx.n c6 thé
xudt ra 1 trong 2 mirc logic 0 va 1. Khi PORTx.n=0 thi chan tuong tng s& xuét ra dién

ap OV, khi PORTx.n=1 thi chan twong g s& xuit ra dién ap 5V.

Con khi chan d6 dugc thiét 1ap lam 16i vao thi thanh ghi PORTx c6 nhiém vu x4c
1ap dién tré kéo Ién Rpu. Khi PORTx.n = 0 thi chan tuong tng s€ khong c6 Rpu, con
khi PORTx.n = 1 thi chan tuong img s€ c6 Rpu.

Nhu vay: néu thiét lap DDRx = 0x00 va PORTx = OxFF thi cdc chan PORTx 1a
ngo nhap va dugc kéo 1én bdi 1 dién trd trong chip, nghia 1a tai trang théi binh thuong
cac chan ciia PORTx ludn & mirc cao, mubn kich dé thay ddi trang thai chan nay
(xudng muc thap), ching ta can ndi chan d6 tryc tiép voi GND, day 1a 1y do tai sao
cac button trong mach dién cta chung ta c6 1 dau ndi v6i chan cua chip con dau kia
duogc ndi voi GND. Pay ciing 1a y nghia cua khai niém dién tré kéo 1én (Pull up

resistor) trong k¥ thuat dién tir. Khi dung 1 chan lam ngd vao véi muc dich 1a doc tin

hiéu nat bam ta phai ludn kich hoat trang thai Rpu, con ta s& khong dung Rpu trong

truong hop can doc tin hiéu ADC.

¢ Thanh ghi PINx:

Bit 7 6 5 4 3 2 1 o]

[ PINA7 T PINA6 | PINA5 | PINA4 | PINA3 | PINA2 | PINA1 | PINAO | PINA
Read/Write R R R R R R R R
Initial Value ~ N/A N/A N/A N/A N/A N/A N/A N/A

Hinh 2. 5. Thanh ghi PINx
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Chtra dir liéu nhan vé khi céng twong tmg duoc thiét 1ap 1am ngd vao. PINx 1a
céc cong chi dé doc, dung dé doc trang thai logic ctia cac cong tuong tmg.
Vi du: khi doc ra va so sanh PINB.O == 0 trc 1a button 1 dugce 4n, PINB.0==1

tie 1a button 1 khong dugc 4n

2.2.2. Khéi tao cho cdc cong vao/ra

Mo ctra s6 CodeWizard AVR

% O tab “Chip”, lua chon chip va tan s6 thach anh sir dung.

Vi du: sir dung chip ATmega8 va thach anh c6 tan s6 8MHz

% O tab “Ports”:

Cot Data Direction dung dé thiét 1ap hudng dir liéu cho ting chan (tac dong
dén thanh ghi DDRx)

Cot Pullup/Output Value dung dé thiét 1ap trang thai dién tro treo / gia tri XUAt
mic dinh cho timg chan (tac dong dén thanh ghi PORTX)

Vi du:
&3 CodeWizardAVR - untitiedcwp  BBESM | [ CodeWizardAVR - untitied.owp 8BS | [ CodeWizardAVR - untitied.cwp  BRES
File Help File Help File | Help |
USART | Analog Comparator | ADC | SPI USART | Analog Comparator | ADC | 5P USART | Analog Comparator | 4DC | 5P
2c | twie | 2wie(2g i2c | 1wie | 2wie(20) 2 | twie | 2wieag
LCD Bit-Banged I Froject Information LCD | Bit-Banged I Froject Information LCD | Bit-Banged | Froject Information
Chip Parts I External IRG I Tirmers Chip | Ports | Extemal IRG I Timers Chip | Ports | Extemal IRG I Timers

"Po® |porC | PanD]

Data Direction  Pullup/Dutput Walue

Clock: 8000000 %] MHz

=
7] Check Reset Source 1 T B 1]
Bitd4 In| T Bit4 Bitd In | T Bit4
Frogram Type: ; B ; i
[A P Bit5 In T| BitS Bit In | T Bits
il Bit6 In| TIBitE BitE In| T|Bit6
Bit7 In| T|Bit7 Bit7 In|  T|Bit7

Hinh 2. 6. Khoi tao cong vao/ra

v PORTB.0 va PORTB.! thiét lap 1am cong vao (IN) va kich hoat trang

thai dién trd treo d€ lam nhiém vu doc nat bam.
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v PORTD.0, PORTD.1, PORTD.2, PORTD.3 dugc thiét 1ap 1am cong ra

va c6 gia tri mdc dinh 1a 0 (xuét ra OV).

+ Khoi tao xong, Iuu project ta dugc doan code khai tao cho cac cong vao ra

nhu sau:

2 // Input/output Ports initialization
138 // Port B initialization

uf // Func7=In Funcé=In Funcb=In Funcd=In
xl // State7=T State6=T Stateb=T Stated=T
xj PORTB=0x03;

37l DDRB=0x00;

// Port C initialization

// Funcé=In Funcbh=In Funcd=In
// State6=T Stateb=T Stated=T
PORTC=0x00;

DDRC=0x00;

Func3=In
State3=T

// Port D initialization

// Func7=In Funcé=In Funcb=In
// State7=T State6=T Stateb=T
PORTD=0x00;

DDRD=0x0F;

Func4=In
Stated=T

2.3. Lap trinh &rng dung

Func3=In Func2=In Funcl=In Func0O=In
State3=T State2=T Statel=P Statel=P
Func2=In Funcl=In Func(O=In
State2=T Statel=T State(=T

Func3=0ut Func2=0ut Funcl=0ut Func0O=0ut
State3=0 Statez2=0 Statel=0 Statel=0

2.3.1. Giao tiép niit bam diéu khién LED don
Bai tap 1: sir dung vi diéu khién Atmegal6 nhan lénh tir 8 ntit bam dé diéu khién
8 LED don tuong ung.

R14
RESISTOR SIP 9
D1 D2 D3 D4 D5 D6 D7 D8
VYoo VooV o0V 60 ¥ieo ¥ieo ¥ien W oed
N N TN N N N N
(=] - o « < [Io} © ~
< < < < < < < <
o o o o o o o o

Hinh 2. 7. Mach diéu khién LED don
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Céac led don ndi vao PORTA caa ATMEGA16. Bé mot LED tit ta can dua murc
logic cua chan I/0 twong tmg ctia AVR 1én muic cao(5V), dé LED sang dua cac chan

I/0 ciia AVR xudng mirc thap.

PCO PC1 PC2 PC3

é S§J5 SW6 é S§J7 £ sgs
C24 C25 C26

GNJ GND GNJ

PC4 PC5 PC6 PC7

é Sﬂg SWi1 é Sﬂﬂ £ 89]12
Cc28 C29 C30
GNJ GND GNJ

Hinh 2. 8. Mach giao tiép miit bam

c27

C31

T 104
GN

8 nut bAm duogc ndi vao PORTC ciia ATMEGA16. Khi mot nut duge bim thi
chéan tuong tmg ctia PORTC sé& duogc kéo xudng mirc thip (PINC.n==0).
Dung CodeWizardAVR dé khéi tao cho cac cong vao ra & PORTA va PORTC

nhu sau:
(%3 CodeWizardAVR - untitied.cwp  ESE | (%8 CodeWizardAVR - untitied.cwp  (BES) |
Eile Help File Help
USART | Analog Comparator | ADC | 5P USART | Anslog Comparatar [ 4DC | 5Py
|2C | 1wie | 2wiepzn) |2C | 1wie | 2wielzn)
LED j_Bﬁﬂggd | Praject Information LED _I_Bk@ggd | Prgject Information
Chip | Ports | Extemal IR | Timers Chip | Ports | Extemal IRQ I Tirners
POltAl Port B i Port C | Port Di i| Part Di
Data Direction  Pullup/Output Walue| | [ Data Direction  Pullup/Dutput Yalue| |
Bito Outl 1] BitD | BitO In| P} BitD |
Bit1 0wt 1] Bit1 Bit1 In|  P|EI1
Bitz Oul 1] Bit2 Bitz In| P|Bt2
Bit3 Ouf 1/ Bit3 Bit3 In| PlEt2
Bit4 Oul 1] Bitd Bit4 In| Pl Bit4
Bit5 Out 1/ Bit5 Bit5 In P| Bit5
Bt Outl 1] EitE ' Bt In|  P|BitG '
Bit7 Out 1] Bit? l Bit7 In| P|Et7 |
| |
| |
L e >

’ Hinh 2. 9. Khoi tao céigg vao/ra o
PORTA thiét 1ap 8 bit [am cong ra va xuat ra gia tri mac dinh la 5V deé tat ca

cac LED déu tit. PORTC thiét 1ap lam céng vao va kich hoat trang thai di¢n tr¢ treo.
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Code chuong trinh:

void main(void)
{
DDRA=0xff;
DDRC=0x00;
PORTC=0xft;
PORTA=0xff;
while(1)
{
if(PINC.0==0)
{

¥
if(PINC.1==0)

{

h
if(PINC.2==0)

{

}
if(PINC.3==0)

{

}
if(PINC.4==0)

{

§
if(PINC.5==0)

{

}
if(PINC.6==0)

{
¥
if(PINC.7==0)
{

}

PORTA=0b11111110;

PORTA=0b11111101;

PORTA=0b11111011;

PORTA=0b11110111;

PORTA=0b11101111;

PORTA=0b11011111;

PORTA=0b10111111;

PORTA=0b01111111;
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Bai tip 2: Diéu khién toan bd 8 LED nhép nhay véi tan sb 1Hz
Dé led nhip nhdy can tao ra mot khoang thoi gian tré, dung ham delay ms(). Do

d6 ta khai bao thém thu vién delay.h vao ddu chuong trinh:
#include <delay.h>.

Diéu khién LED nhap nhay bang cach cho LED sang, tré mot khoang thoi gian,

sau d6 cho LED tit, tré mot khoang thoi gian, va cu 1ap lai nhu vay.

Trong ham main soan thao code vao vong lap while(1) nhu sau:

(e

sl while (1)

105 I

106 // Place your code here
107 PORTA = 0x00;

108 delay ms (1000) ;

109 PORTA = 0OXFE;

110 delay ms(1000);

111 ¥:
1124 }

Sau d6 tién hanh dich va nap chuong trinh, va xem két qua.
Bai tip 3: Nhan 1énh tir nat bAm dé diéu khién LED don
Ta can doc trang thai logic cua 1 bit cia PORTC, néu bit d6 & mirc logic thép thi
nut tuong ing duogc 4n, con néu & muc cao thi nat khong dugc an, dua vao do co thé
dua ra 1énh diéu khién thich hop.

Vi du: 4n 1 nGt thi LED tuong tmg sang, ta soan code nhu sau:
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142 whiIe (1

143 i

144 ;4 Place your code here

145 if (| PINC.0) {PORTA=~0x01;}

145 else if(!PINC.1) {PORTA=~0x02Z;}
147 else if(!PINC.2) {PORTA=~0x04;}
148 else if(!PINC.3) {PORTA=-0x08;}
143 else if(!PINC.4) {PORTA=~0x10;}
150 else if(!PINC.5) {PORTA=~0xZ0;}
151 else if(|PINC.%) {PORTA=~0x40;}
152 else if(!PINC.7) {PORTA=-0xE80;}
153 I

1544 }

2.3.2. Diéu khién LED 7 thanh

2.3.2.1. Gidi thi¢u LED 7 thanh
LED 7 thanh gobm 8 LED don dugc n6i chung mot dau, trong d6 c6 7 thanh

LED duoc sép xép thanh hinh sb 8, va mét LED duoc Xép & vi tri ddu chAm. Cach sép
xép nhu vay giup cho LED 7 thanh c6 thé hién thi dugc tat ca cac chir s6 tir 0 dén 9,
s6 thap phan, va mot vai chit cai don gian.

D1 D1

otk a a A
o g o g
1L atal b b Wz~ Pad
BT < E— ok o
) L$|// c c LaR| 4
D D

Anode |Cathode

el f f A
HpE—— »
) B?l// g g Efsl//
Lw Putad h h Lw Ax

LED LED

Hinh 2. 10. Céu tao LED 7 thanh Anode chung va Cathode chung
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v" Phan loai LED 7 thanh: dua vao chan nbi chung cua LED 7 thanh, LED 7 thanh
duogc chia lam 2 loai la LED 7 thanh Anode chung va LED 7 thanh Cathode chung.

v" Céc thanh cua LED 7 thanh duoc
dat tén 1a a, b, c, d, e, f, g, dot (hodc h).
So d6 bd tri cac thanh dugc thé hién trong

H4.

v Dé LED 7 thanh hlén thl mC)t Sé, ta Sor dé bé tri cac thanh

thuc hién thao tac bat, tit cac LED tuong

a
ung sao cho cac thanh LED sang ghép ; "
duogc thanh s6 mong mudn. :
v’ Vi du: dé hién thi sb 2 ta thuc hién ) )
dot
d

bat cac thanh a, b, d, e, g; tat thanh c, f va

dot. Cdch thiét ldp hién thi s6 2

2.3.2.2. Piéu khién mét LED 7 thanh

LED1
PAO R a 4 3
PAT R b 5|2 @ Cligvce)
PA2 R C 7P C2
PA3 d 9 (Cj
; ; |E< PAZ R € 10
D PAE R 7 o e o
PAG R g 7] f
g
PA7 d
R—— P 6 dp CEE—
led7seg

Hinh 2. 11. Két néi LED 7 thanh véi vi diéu khién

v/ Piéu khién LED 7 thanh gidng nhu viéc diéu khién LED don, voi chi y 14 ta
phai diéu khién viéc bat, tat 8 LED cung luc.

v' Béi v6i LED 7 thanh loai anode chung thi chan chung s& dugc nbi 1én ngudn
(VCC), 8 chan cathode ciia 8 LED s& dugc ndi vao 8 chan cia vi diéu khién thong qua
dién tro. Dé diéu khién mot thanh LED sang ta thuc hién dua chan vi diéu khién tuong
mg xubéng mirc OV. Diéu khién ca 8 LED cung luc bang cach xuét dit liéu dong thoi

ra 1 PORT cua vi diéu khién.

37



Dé viéc xuit dir liéu dugc thuan loi ta st dung bang ma hién thi LED 7 thanh

Bang 2. 1. Bang md hién thi LED 7 thanh Anode chung

M3 hién thi LED 7 .
Sé hidn thi thanh dang nhj phan Ma hién thi LED 7 thanh
: dang thap luc phan
higle|f|d|c|b|a
0 1 0{0[0]|0[0]O Co
1 L|1(1]1[1]0|0]]1 F9
2 1/10(1]0({0|1|0]O A4
3 110(1]1({0]0|0]O B0
4 110(0|1[1]0|0]]1 99
5 110(0|1({0]|0|1]O 92
6 1/1({0]0[0]|0|1]O 82
7 1(1{1(1/1{0]0|0 F8
8 1/10({0]|0[0]|0|0]O 80
9 1/10({0|1[{0]|0|0]O 90

v" Nhu vay dé LED 7 thanh hién thi s6 0 ta chi viéc dua 1énh nhu sau:
PORTA=0b11000000; // (viét dwéi dang nhi phén)

hoic PORTA=0xC0; // (viét dwdi dang thdp luc phén).
Thuc hi¢én tuong tu ddi voi cac s6 con lai.
2.3.2.3. Piéu khién nhiéu LED 7 thanh

v' Khi sé lugng LED ting 1én, néu thuc hién phuwong phéap diéu khién timg LED
riéng biét thi s& tdn rat nhiéu chan cta vi diéu khién. Vi du: néu c¢6 4 LED 7 thanh thi

s& cAn 4 * 8 = 32 chén vi diéu khién. Diéu nay s& gy lang phi.
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v' Nhu vay dé diéu khién nhiéu LED 7 thanh thi c6 mot phuong phap khac, d6
chinh 13 phuwong phap quét. Mdi LED s& chi dugc sang va hién thi mot s6 trong mot
khoang thoi gian ngén, tuy nhién do hién twong luu anh trén vong mac thi mat ngudi
s& cam nhan duoc tt ca cac LED sang cung luc.

v' Vi du: dé hién thi s6 8490 thi ta thuc hién 1an luot cic bude sau:

Pau tién didu khién LEDI sang
va hién thi s6 8; LED2, LED3,
LEDA4 tit. Tré mot khoang thoi gian.

Tiép theo diéu khién LED2 sang
va hién thi s6 4; LEDI, LED3,
LED#4 tit. Tré mot khoang thoi gian.

Tiép theo diéu khién LED3 sang
va hién thi s6 9; LEDI1, LED2,
LED#4 tit. Tré mot khoang thoi gian.

Tiép theo diéu khién LED4 sang
va hién thi s6 0; LEDI, LED3,
LED4 tat. Tré mot khoang thoi gian.

Nhu vdy mic du mdi LED chi
sang trong mot khoang thoi gian

nhung ta van cam nhan dugc s6

8490 sang dong thoi.




Vi viée tai mot thai diém chi co6 moét LED sang thi ta co thé nbi chung cac
thanh a, b, c, d, e, f, g, h cla tat ca cac LED lai v&i nhau; va can thém céac chan dé diéu
khién viéc bat, tit cho timg LED. Nhu vy chan Anode chung cua timg LED s& khong
nbi tryc tiép 1én VCC nira ma s& duoc diéu khién boi vi didu khién. So d6 két ndi phan
cung dugc thé hién nhu H 7; trong do 8 chan diéu khién 8 LED dugc ndi vao 8 chan
ctia mdt PORT cua vi diéu khién, 4 chan anode chung dugc diéu khién thong qua khdi
khuyéch dai transistor v&i cac chan diéu khién 1a DK1, DK2, DK3, DK4 duoc ndi vao
4 chan 1/0 khac cua vi diéu khién.

g e fen i = e
VDK =l |
in = i —Hn
PA7 R—— & 6 ¢ l l —p\_a ¢ l l
x2S ¢ —em
—l__ il __|
_f—f fe L] _f—f fe L]
— |, l_l — l_l
Hinh 2. 12. So'do két néi 4 LED 7 thanh
v' Vi du: lap trinh hién thi sé 8490:
DK 1=0;DK2=1;DK3=1;DK4=1; // Diéu khién LED 1 sang
PORTA=0x80; // Xudt dix liéu hién thi s6 8
delay ms(5); // Tré 5(ms)
DK 1=1;DK2=0;DK3=1;DK4=1; // Biéu khién LED 2 sdng
PORTA=0x99; // Xudt dix liéu hién thi s6 4
delay _ms(5); // Tré 5(ms)
DK 1=1;DK2=1;DK3=0;DK4=1; // Diéu khién LED 3 sdng
PORTA=0x90; // Xudt dir liéu hién thi s6 9
delay _ms(5); // Tré 5(ms)
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PORTA=0xCO0;

delay ms(5);

DK 1=1;DK2=1;DK3=1;DK4=0; // Diéu khién LED 4 sing

// Xudt dit liéu hién thi s6 0

// Tré 5(ms)

2.3.3. Diéu khién hién thi LCD
2.3.3.1. Gioi thi¢u LCD
Giong nhu led 7 thanh, LCD la mdt thiét bi ngoai vi dung dé giao tiép véi

ngudi dung, so v6i led 7 thanh thi LCD ¢ uu diém 14 hién thi duoc tat ca cac ky tu

trong bang ma ASCII, trong khi d6 led 7 thanh chi hién thi dugc mot ) ky tu, nhung

LCD lai c6 nhuoc diém 1a gia thanh cao va khoang cach nhin gan. LCD duoc sir dung

rat phé bién dam nhan vai tro hién thi thong tin dugc 1ap trinh san hodc cc thong tin

da qua xir Iy ctia bo diéu khién hoic vi xur 1y, giup dé dang giao tiép, diéu khién ciing

nhu giam sat hoat dong cua hé thong.

.EEUBBEUBGEUBUBUU =i

"This iz a 2x16

Hinh 2. 13. Hinh énh LCD thuc té

Mo ta cua cac chan LCD1602A:

Bang 2. 2. Y nghia cdc chén ciia LCD

Chan | Ky hi¢u

Mo ta

Chan nbi dat cho LCD, khi thiét ké mach ta ndi chan nay véi

1 Vss I L
GND cua mach diéu khién

5 VDD Chan cip ngudn cho LCD, khi thiét ké mach ta ndi chan nay
v6i VCC=5V ciia mach diéu khién

3 VEE Diéu chinh d¢ twong phan ciia LCD. Tuy theo loai LCD ma ¢

d6 tuong phan khac nhau, diéu chinh dién ap chan nay tir 0-5V
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Chan chon thanh ghi (Register select). N6i chan RS véi logic
“0” (GND) hoic logic “1” (VCC) dé chon thanh ghi.

+ Logic “0”: Bus DB0-DB7 s& nbi v6i thanh ghi 1énh IR cua

4 RS LCD (6 ché do “ghi” - write) hodc nbi v6i bd dém dia chi cia
LCD (& ché @6 “doc” - read)
+ Logic “1”: Bus DB0-DB7 s& ndi v6i thanh ghi dit liéu DR
bén trong LCD.
Chén chon ché do doc/ghi (Read/Write).
5 R/W 0: LCD hoat dong & ché do ghi
1: LCD hoat dong & ché dd doc.
Chan cho phép (Enable). Sau khi cac tin hi€u dugc dat 1én bus
DBO0-DB7, cic 1énh chi duwoc chap nhan khi ¢6 1 xung cho
phép cua chan E.
+ O ché do ghi: D li¢u & bus s& dugc LCD chuyén Véo(chép
6 E nhan) thanh ghi bén trong n6 khi phat hi¢n mot xung (high-to-
low transition) cua tin hiéu chan E.
+ O ché do doc: Dit lidu s& duge LCD xuét ra DBO-DB7 khi
phat hién canh 1é€n (low-to-high transition) ¢ chan E va duoc
LCD giit & bus dén khi ndo chan E xudng murc thap.
Tam dudng cua bus dit liu dung dé trao d6i thong tin voi
CPU. C6 2 ché d6 sir dung 8 dudng bus nay :
+ Ché @6 8 bit: Dir liéu duoc truyén trén ca 8 duong, véi bit
7-14 | DB0-DB7 .
MSB la bit DB7.
+ Ché d6 4 bit: Dir lidu dugc truyén trén 4 dudng tir DB4 t6i
DB7, bit MSB 1a DB7
15 Anode | Ngudn duong cho dén nén
16 Cathode | GND cho dén nén
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2.3.3.2. Két néi LCD véi Vi diéu khién
So @6 két ndi LCD véi VDK nhu hinh vé

Microcontroller
(AVR)

5V 5V

330

10K

/

[7 S —

Hinh 2. 14. Két n6i LCD véi vi diéu khién

Pé diéu chinh dugc dién ap chan Vee thi sir dung mot bién trd dé phéan ap.

LCD c¢6 thé giao tiép v6i VDK theo 2 ché do:
- Ché d 8 bit: ca 8 bit dit liéu ctia LCD s& ndi véo 8 bit cia mét PORT VDK

- Ché db 4 bit: 4 bit dir liéu cao ciia LCD (D4-D7) s& ndi vao 4 bit cao cua mot
PORT VDK

Ché d6 4 bit han ché vé téc do giao tiép nhung tiét kiém duoc chan VDPK. Cac
ung dung hién thi LCD thi khong can toc do cao nén thuong lya chon ché d6 4 bit dé
tiét kiém chan cho VDK.
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—
1 J9
2 /M
CONST _ 3 ; vee
RS 4
w CONST 3
9 EN 6| :
g 6
7
9 X8 a
0 h 3
D4 1 o4 0 &
02 2 D5 ; °
VCC D6 3
R4 D7 4 4 2 3
| ] 5
) 5 denLCD gﬁ) g
68 — 68
—T
LCD16x2 LCD16x2

Hinh 2. 15. So' dé mach giao tiép LCD
2.3.3.3. Diéu khién hién thi LCD
a) Str dung thw vign cé sin ciia Codevision
Mé cira s6 CodeWizard. LCD ndi vao cac chan ctiia PORT nao thi khéi tao céac
chan d6 lam céng ra. O Tab LCD, chon PORT ma LCD ndi vao, tiép theo & dudi sé
chu thich thtr ty timg chan cia LCD két ndi v6i chan nao cia VDK, phan cimg cin

thiét 1ap tuong ung.

- — =
G CodeWizardAVR - untitied o BES £ CodeWizardAVR - untitled.cwp [
File Help Eile Help
USART | Analog Comparator | ADE | SPI USART | Analog Comparater | ADC | SPI
e | 1wie [ 2wiezg 12c_ | 1wie | 2wief2c)
LCD | BitBanged | Fraject Information Chip | Parts I External IRG | Timers
Chip | Fots | Estemal RO | Timers LCD | BitBanged | Project Infarmation
PortC | PartD]|
Diata Direction  PullupdOutput Yalue LELRE ml
EBAO Qu 0] Bitd [:
- Chars./Line: |16 =
Bit1 Out O] Bit1
Btz owtl 0| B2 PORT Bit - RS [LCD Pin 4]
B o B3 FORT Bit1-RD [LCD Fin 5)
T ! PORT Bit2-EN (LCD Fin &l
B4 0wl 0] Eitd PORT Bt 2- Frem
| Bi FORT Bit 4 - DB4 (LCD Fin 11
BAS ull 0] i’ PORT Bit 5 - DB5 [LCD Pin 12
BB Outl O] Bitg PORT Bit fi - DR [LCD Fin 13]
87 Owl 0] Bit7 FORT Bit 7 - DE7 [LCD Fin 14]
L L g

Hinh 2. 16. Khdi tao giao tiép LCD beng CodeWizard
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b) Svwr dung thuw vién LCD tw xdy dung

Khi str dung thu vién lcd tu tao thi ¢ cua s6 CodeWizard khong can khéi tao

LCD, chi can khi tao cong diéu khién LCD lam cong ra.

Copy thu vién “led.c” vao cung thu muc véi project, sau do include vao dau

chuong trinh.

19
17]
18|
19
20|

22

Tiép theo trong chuong trinh main(), truéc vong 1ap while(1) can goi ham khoi

tao cho LCD dé c6 thé st dung dugc cac ham diéu khién LCD

Chip type :-Afheqalﬁ
Program type : Application
Clock frequency : 16.000000 MHz
Memory model : Small
External SRBM size : 0

Data Stack size : 256

R R R R KRR R AR AR KRR AR A X LXK R AR XRXEX LKA XTI XXI LR |

#include <megal6.h>
#include <delay.h>
#include "include\lcd.c™

il ted init() s

inf while (1}

Chi y: Khi thay d6i chip khéc, hodc trén phan ctimg LCD ndi vao PORT khac

thi can chinh sta lai tén chip, cac chan RS, E, PORT diéu khién trong thu vién lcd.c,

con lai cac ham gilt nguyén.

fle_fn Farut e B
#jnc'lude
#include <delay.h>
#define RS PORTB. 0
#define E PORTB. 2

// Declare your global variables here
void Ted_send_nibble(unsigned char n)

PORTB&=0x0f;
PORTB | =(n<<4)&0xf0_

E=IT
delay_us(2);
E=0;

}

¥oid Tcd_send_byte(unsigned char d)

led_send_nibble(d>>4);
delay_us(1);
} Ted_send_nibble (d&0x0f) ;

void lcd_command(unsigned char cmd)

delay_ms(5);
RS=0-

¢) Cic ham diéu khién LCD

Sau:

Trong thu vién LCD, c6 rat nhiéu ham, trong dé ta can quan tam téi cac ham

+ void lcd init(unsigned char number);// thu vién cia CodeWizard

45



void lcd_init(void); // thu vién tu tao

Pay 1a ham khai tao cho LCD, dugc goi 1 1an duy nhat trude khi thuc hién cac
ham hién thi 1én LCD

+ void Icd_clear(void);
Ham x6a man hinh va dua con tré vé toa do (0,0)
+ void lcd gotoxy(unsigned char x, unsigned char y);
Ham di chuyén con tré t6i toa do (x,y)
- Vi thu vién ctia CodeWizard thi x 1a cot (tir 0-15), y 1a hang (tir 0-1)
- Vi thu vién tu tao thi x 1a hang (tir 0-1), y 1a cdt (tur 0-15)
+ void Icd_putchar(char c);
Ham hién thi mot ki ty ¢ 1én man hinh. C6 2 cach truyén d6i so:
- Truyén ma ASCII cia ki tu c:
VD: led_putchar(61); // hién thi chir a
- Truyén tryc tiép ki ty d6 dit trong cip dau nhay don ©’
VD: led_putchar(‘X’); // hién thi chir X
+ void Icd_putsf(char flash *str);

Ham hién thi mot chudi ki tu 1én man hinh. Chudi ki tu duoc dit trong cip dau

nhay kép «”
VD: led_putsf(“Hello”);

+ void lcd_putnum(unsigned int number);

Ham hién thi mot sé 1én LCD. Thu vién cua Codewizard khong hé trg ham

nay, do d6 phai ty viét thém.

VD: led_putnum(12345);
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2.3.4. Giao tiép véi niit bdm ma trin
2.3.4.1. Két noi nit bam ma tran véi vi diéu khién

Céc nut bAm duoc ghép theo kiéu ma tran trong trudng hop can ding nhidu nat

bam, giap tiét kiém s6 chan cho VDK.

U1
‘g EW18‘g EW22‘g EW26‘g $W30 —o—; PBO(XCK/TO)  (ADCO)PAO %ﬂ
- = PB1(T1) (ADC1)PA1 [—5g—01
- ~—| PB2(INT2/AINO) (ADC2)PA2 [—55—1
KEY _H1 T T T ? - g PB3(OCO/AIN1) (ADC3)PA3 %ﬂ
—‘m PB4(SS) (ADC4)PA4 Tﬂ
—*wrso 7 | PB5(MOsI) (ADC5)PA5 TU
l l l l —*3cK g | PB6(MISO) (ADCB)PAG 33—
EW17{| EWZ1{| EW254| W29 —————}PB7(SCK) (ADC7)PA7 122 M
RST 9 | — 32 vVCC
KEY H2 T T T ? —— | RST AREF
vce 10 31 GND
oND 11 VcC GND
$—4 $—4 $—4 $—4 — | GND AVCC 30 VCC
W16 W20 w24 w27 %—g-xml_z
——pXTAL1
KEY _H1
KEY H3 '] 7 7 i o g PDO(RXD) (TOSCZ)PC7%
O—5 PD1(TXD) (TOSC1)PC6 [57——REY A3
O—7- PD2(INTO) (TDNPC5 56— REY Az
l l l l O— g PD3(INT1) (TDO)PC4 5s——REY CT
$W15 $w19 $w23 $w28 O—io— PD4(OC18B) (TMS)PC3 Hor—REV o7
O 20 | PP5(OC1A) (TCK)PC2 F53——REY C3
T T T Cf 0—57— PD6(ICP1) (SDA)PC1 55 =
KEY_H4 0—=— pD7 (SCL)PCO -
KEY_¢1 KEY_¢2 KEY_¢3 KEY_(4

ATmega16
Hinh 2. 17. Keét noi nut bam ma tran voi vi diéu khién

Céc nut bam trén cung mot hang thi n61 chung chan s6 1 v4i nhau, cac nit bam
trén cung mot cot thi noi1 chung chan s6 2 véi nhau. Nhu vay, doi véi phim ma tran
4x4 thi chi can st dung 4+4=8 chan cua vi diéu khién 1a c6 thé 1ap trinh giao tiép duoc

v6i 16 niit bam.
2.3.4.2. Thudt toan lap trinh

Khac voi nat bam don, dé 1ap trinh giao tiép v6i phim ma tran, luén ludn phai

thuc hién ham quét phim ma tran. Cac budc xay dung ham quét phim nhu sau:

B1: Thiét 1ap céac hang la céng ra, cac cot la céng vao va kich hoat trd treo (néu thuc

hién quét theo hang)
B2: define tén cho cic hang, cac cot dé thudn tién st dung
#define H1  PORTC.0

#define H2  PORTC.1
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#define H3 PORTC.2

#define H4 PORTC.3

#define Cl1 PINC 4

#define C2 PINC.5

#define C3 PINC.6

#define C4 PINC.7

B3: Khai bao mot mang toan cuc sw[16] c6 16 phan tir dé luu trit cac gia tri ma hoa

cho tirng nut. Gié tri ma hoéa 1a ‘0’ néu khong an nut, 1a ‘1’ néu an nat.

Pau ham quét nit bAm can xo6a hét gia tri 16 phan tir mang vé 0

B4: Thuc hién lénh xuat HI =0; H2=H3=H4 = 1;

+ Khi 4n mot nut trén hang 1 thi chan cua
cot twong tmg s& duoc kéo xudng GND,

doc ra muc logic ‘0’

VD: 4n nit 1 thi chan C1 xudng GND, 4n
nat 2 thi chan C2 xuéng GND

+ Khi 4n mot nuat trén hang 2 hodc 3 hoac

4 thi cac chan cot khong thay doi (van ndi

VCC, doc ra muc logic “17)

ek FETENE
T LR
v FPETETE

W4

W8

W12

W15

Lap trinh: Thyc hién 1énh xuét dir liéu ra cac hang, doc céc chan cot tuong ung,

néu thdy chan cot nao xudng logic ‘0’ thi ma héa cho phan tir tvong mg clia mang

bang 1°.

HI=0;H2=H3=H4= [;
if(1C1)
{
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sw[0] = 1; sw[2]=1;
h h
if(1C2) if(1C4)
{ {
sw[l]=1; sw[3]=1;
h h
B5: Thyc hién 1énh xudt H2 =0; Hl =H3 =H4 = 1;
Lap trinh tuong tu nhu B4
B6: Thyc hi¢n l¢nh xuat H3 = 0; H1 =H2 =H4 = [;
Lap trinh tuong tu nhu B4
B7: Thyc hi¢n l¢nh xuat H4 = 0; H1 =H2=H3 = I;
Lap trinh twong tu nhu B4
B8: Giao tiép voi nit bAm trong chuong trinh chinh
while(1)
+ Goi ham quét phim sw_scan() {
truéce khi thuc hién cac 1énh véi nat bdm sw_scan();
. if(sw[0] == 1)
+ So sanh tung phan tir cua mang,
néu mot phan tir bang “1° tirc 1a nit tvong {
img duoc 4n, khi d6 s& thuc hién lénh // Lgnh cho nut 1
tuong Ung }
if(sw[1]==1)
{
// Lénh cho nut 2
}
b
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CHUONG 3: HOAT PONG CUA NGAT NGOAI

3.1. Khz'li, niém o , ‘

Ngat (Interrupts), 1a mot “tin hiéu khan cap” géi dén bd xur li, yéu cau bo xur li
tam ngung tuc khéc céac hoat dong hién tai dé “nhay” dén mét noi khac thuc hién mot
nhiém vu “khan cép” nao do, nhi€ém vu nay goi la trinh phuc vu ngét — isr (interrupt
service routine). Sau khi két thuc nhiém vu trong isr, b xur li s€ quay vé thuc hién

tiép cac nhiém vy con dang dé

Ngat c6 mirc do uu ti€n xur li cao nhat, ngat thuong dugc dung dé xu li cac su

kién bat ngo nhung khong ton qua nhiéu thoi gian.

Vi du: Trong gio hoc trén 1op, ta dang hoc bai, c6 chudng dién thoai hoac co

ban goi, ta phai dung hoat dong hoc bai lai dé tra 161 dién thoai hodc ra gap ban.

Su kién dién thoai reo chudng, hay ban be goi dugc goi 1a sy kién ngét, viéc ta
tra 101 di¢n thoai hay ra gap ban la chuong trinh phuc vu ngét. Vi¢e dang hoc bai dugce

xem la chuong trinh chinh.

Ngét dugc thuc hién khi va chi khi cai dat cho phép n6. Nhu trong vi du trén,
néu sy kién ngat- dién thoai reo xay ra, néu gido vién va ban than cho phép minh tra

161 dién thoai khi dang hoc bai thi khi c6 dién thoai ta méi nghe.
Gian d6 thuc thi chuong trinh:

Time
—_

MAIN PROGRAM

a) Thyec thi chwong trinh khéng c6 ngit

ISR | ISR ISR
* # * # * i
MAIN MAIN MAIN MAIN
Time * Goi ngdl .
N R, # Quay ve tr ngat

b) Thyc thi chuong trinh co ngét
Hinh 3. 1. Gian do thuc thi mét chwong trinh
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Cic thuit ngir dung cho xir Iy ngit trong vi diéu khién:

- Ngudn ngit: 1a nguyén nhan gy ra ngat.

Vi du: dién thoai goi, ban goi

- Su kién ngat: su kién khi ngudn ngit xay ra

- Chuong trinh con phuc vu ngat: 1a chuwong trinh vi diéu khién xtr Iy khi c6 su
kién ngit xay ra do nguoi 1ap trinh 13p trinh ra

Vi du: trd 101 hodc chay ra khdi phong gap ban

- Vecto ngit: ttrc dia chi noi vi diéu khién nhay t6i sau khi luu dia chi tra vé

- Bit cho phép ngit: bit cho phép vi diéu khién chay chwong trinh con phuc vu
ngat khi co sy kién ngat xay ra

Vi du: khi co su kién ngét - dién thoai goi, néu ta cho phép minh nghe dién
thoai, ddng thoi thay gido cho phép thi ta mdi nghe dién thoai (cho chwong trinh con
phuc vu ngét hoat dong).

- Co ngat: 1a bit phan anh trang thai ca su kién ngit. Mdi ngit ¢ mot bit cd.
Khi bit co ndy bang 1 nghia 1a sy kién ngit tvong tmg véi co d6 xay ra

Phén biét “ngit” va “gei chwong trinh con”:

- Gibng nhau: Khi xay ra diéu kién twong tng thi CPU s& tam dimg chuong
trinh chinh dang thyc thi dé thuc thi mot chuong trinh khic (chuong trinh con /
chuong trinh xir 1y ngit) r6i sau d6 (sau khi xir Iy xong chwong trinh con / chuong
trinh xur 1y ngat) thi CPU s& quay vé dé thyc thi tiép tuc chuong trinh chinh dang bi
tam dung.

- Khac nhau:

Khéng biét trudc (hay

Thoi diém xay . _ Biét truéc (hay xay ra
xdy ra khong dong by voi | )
ra sw kién dong bd véi chuong trinh chinh)
chuong trinh chinh).
Do cac tin hiéu diéu Do Iénh goi chuong trinh

Nguyén  nhdn . = _ .
-, khién tur Timer, Serial port va con
dan dén su kién

bén ngoai chip. (ACALL, LCALL)
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Pi¢m manh ciia phwong phap ngit:

- B6 vi diéu khién c6 thé phuc vu duoc rat nhiéu thiét bi. Mdi thiét bi c6 thé

nhén dugc sy chu y cua b vi di€u khién dya trén muc uu ti€én dugce gan cho nd.

- Trong phuong phap ngat thi b vi diéu khién con c6 thé che (bo qua) mot yéu

cau phuc vu cua thiét bi.

- Khong lang phi thoi gian cho cac thiét bi khong can phuc vu. (Phuong phap
tham do 1am lang phi thoi gian cta bd vi diéu khién bang cach hoi do timg thiét bi ké

ca khi chung khéng can phuc vy)
Chu y:

- Chuong trinh phuc vu trong ngét chi nén viét cac 1énh thuc hién nhanh, ton it

thoi gian thuce thi, khong dung delay cling nhu vong 1dp

- Khong thé ghi vao bo nhd EEPROM trong chuong trinh phuc vu ngat.

Cic loai ngit trong vi diéu khién AVR:

- Ngit ngoai

- Ngét tran Timer

- Ngét so sanh Timer

- Ngét truyén thong ndi tiép

Cac nguon ngat ngoai:

Rising Edge

Falling Edg

a

1. Rising Edge: suon Ién

Rl

"

;

Low level

Falling Edge: suon xubng

Low level: muc dién ap thép
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3.2. Thanh ghi diéu khién ngit

Atmegal6 c6 3 ngat ngoai: INTO,
INT1, INT2 twong Ung véi cac chan sd

(RXD) PDO ] 14

16 (PD2), 17(PD3), va 3(PB2)

D2 ] 16
3

» Thanh ghi GICR (General Interrupt Control Register)

Bit 7 5] 5 4 3 2 1 4]

INT1 INTO INT2 - - IVSEL IVCE GICR
ReadWrite RW RW RN R R R AW RW
Initial Value 0 0 0 0 0 0 0 0

Hinh 3. 2. Thanh ghi GICR

Day 1a 1 thanh ghi 8 bit, trong d6 3 bit cao (bit 5, 6 va 7) 1a 3 bit diéu khién
ngat.
INT1: bit cho phép ngat ngoai 1
INTO: bit cho phép ngat ngoai 0
INT2: bit cho phép ngit ngoai 2
Thiét 1ap bit tuong tmg 1én 1 1a cho phép ngat hoat dong, thiét 1ap 0 1a khong
cho phép ngit hoat dong
» Thanh ghi MCUCR: (MCU Control Register)

Bit 7 6 5 - 3 2 1 0

I SE ] SM2 [ SM1 | SMO0 l ISC11 J ISC10 | ISC01 1 ISC00 l MCUCR
Read/Write RW RW RW RW R/W RW RW R/W
Initial Value 0 0 0 0 0 0 0 0

Hinh 3. 3. Thanh ghi MCUCR

Day 1a thanh ghi 8 bit, trong d6 4 bit thip ding dé diéu khién trang thai ngat
(Interrupt Sense Control)
ISC11, ISC10 (dung cho INT1)
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ISCO1, ISCO00 (dung cho INTO)

ISC11 ISC10 Description
0 0 The low level of INT1 generates an interrupt request.
0 1 Any logical change on INT1 generates an interrupt request.
1 0 The falling edge of INT1 generates an interrupt request.

The rising edge of INT1 generates an interrupt request.

IsCo ISC00 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Any logical change on INTO generates an interrupt request.
1 0 The falling edge of INTO generates an interrupt request.

The rising edge of INTO generates an interrupt request.

Thanh ghi MCUSCR: (MCU Control and Status Register)

Bit

AeadWhnte

Initial Value

T & 4 3 2 1 ]
JTD IsC2 JTRF WDRF BORF EXTRF PORF
RW RW RW RW R RW RW

0 0 See Bit Description

Hinh 3. 4. Thanh ghi MCUSCR

MCUCsSR

Day 14 thanh ghi 8 bit. Bit thir 6 - ISC2 dung dé diéu khién trang thai ngit cho

INT2.

ISC2 Description
0 |The falling Edge of INT2 generates as interrupt request
1 |The rising Edge of INT2 generates as interrupt request

» Thanh ghi GIFR (General Interrupt Flag Register)

Bit

ReadWrite

Initial Value

| arFr

7 6 4 3 2 1 0
[ INTF1 [ INTFo | INTF2 | - | - - | - [ -

RW RW RW R R

0 0 0 0

Hinh 3. 5. Thanh ghi GIFR
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Pay 1a 1 thanh ghi 8 bit, trong d6 3 bit cao 1a 3 bit co ngit.

INTF1: c& ngit ngoai 1

INTFO: c& ngit ngoai 0

INTF2: c& ngat ngoai 2

Khi xuit hién mot su kién ngét thi co ngét tuong ung s€ tu dong dugc set Ién 1.

Néu ngit trong tmg duoc thyc thi thi cd ngit s& ty dong dugc x6a vé 0

> Tong két:

Thanh ghi Y nghia
GICR Cho phép ngit hoat dong hay khong
MCUCR ., . ,
Thiét 1ap che do hoat dong ctia ngat
MCUSCR
GIFR Doc trang thai cd ngat

3.3. Lap trinh ngit ngoai
3.3.1. Khdi tao

St dung ngit ngoai nao thi thiét  Chon tab External IRQ. Tich vao 6 Enable

lap chan twong Ung lam cong  twong tng dé cho phép ngit hoat dong. Chon

vao va kich hoat tro treo

- -
S CodeWizardAVR - untitied.cwp (IS

File Help
US4RT | Analog Comparator | aDC | SPI
|20 | twie | 2wiszg

LD

| Bit-Banged i Project Infarmation
Chip

rhernal IRG) | Tirners

[Porta [ PortB [ PorC] PorD |

Data Direction  Pullup/Output Value
BitO _In | Tl Bit0
Bit1 In| T/ Bit1
Bit3 In T Bit3
Bitd In | Tl Bitd
Bit5 In T| Bit5
BitE In | T BitE
Bit7 In T Bit7

ché do hoat dong ciia ngat ngoai & phan Mode

r <
B CodeWizardAVR - untitiedcwp  BES

File Help

US4RT | Analog Comparator | DT [ 5P
e | twie | 2wieizc)
LCD | BitBanged | Project Information

[V]INTOErabled  Mode:

[]INT1 Enabled Ehae
[F1INT2 Enabled ;?l'ii;‘gg Ej'gg:

55



Sau khi khé1 tao xong, cac
thanh ghi s€ dugc gan gia tri
nhu sau:

Chi y: can phai c6 lénh
#asm(“sei”) ¢ cudi cung, day
la 1énh cho phép ngit toan

cuc

// External Interrupt(s) initialization
/S INTO: On

// INTO Mode: Falling Edge

// INT1: Off

// INT2: Off

GICR|=0x40;

MCUCR=0x02;

MCUCSR=0x00;

GIFR=0x40;

// Global enable interrupts
$fasm("sei")

Lap trinh cho churong trinh con phuc vu ngat & ham sau:

29| |// External Interrupt 0 service routine

30 |@linterrupt [EXT INTO0] wvoid ext int0 isr(veid)
31 B {

32 if (number < 9)

33 {

34 number++;

35 }

36| ([}

3.3.2. Vi dy:

Diéu khién hién thi mot LED 7

thanh. Thiét 1ap ngat ngoai 0 hoat ut R
—{ ReseT PcosscL (—22
A ” A A . X 181 xTALt ';g;ﬁgﬁ 2%
dong & ché do Falling Edge. Moi o f oo 2
% PAO/ADCO PC5/TDI g; f
. r [N < 5 A = L
khi c6 su kién ngit xdy ra thi so ] riioc: remoses [ o
9 o . .
R . A ~ A 34 | 16
hién thi trén LED 7 thanh tang Ién om0 T °
octs |2
- e e -
1 dUn V1 —{ PB2IAINO/INT2 pp7/0C2 (2L
—— PB3/AIN1/0CO
——{ PB4SS
—— PB5/MOSI
—{ peemiso AREF |22
-8 { pe7/SCK avee 32

1. Thiét 1ap cong vao ra:

ATMEGA16

PC diéu khién LED -> thiét 1ap 1am cong ra

DDRC = 0xFF;
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PORTC = OxFF;
PD2 nhén tin hiéu tir nat bam, thiét 1ap lam cong vao va kich hoat Pull-up:
DDRD = 0x00;
PORTD = 0x04;
2. Thiét 1ap thanh ghi cho phép ngit ngoai 0:
GICR = 0x40;
3. Thiét 1ap ché d6 hoat dong cho ngat ngoai 0:
MCUCR = 0x02;
4. Cho phép ngit toan cuc
#asm("sei"
5. Lap trinh trong chuong trinh con phuc vu ngat

26 // External Interrupt 0 service routine
27| interrupt [EXT INTO0] woid ext int0 isr{(void)

280 1

23 if (number < 9)
30 {

3 number++;
32 }

39 1

3.4. Bai tap thwe hanh
- Piéu khién hién thi moét LED 7 thanh. Thiét lap ngét ngoai 0 hoat dong & ché do

Rising Edge. Mdi khi c6 su kién ngat xay ra thi s6 hién thi trén LED 7 thanh ting lén

1 don vi.

- Piéu khién hién thi mot LED 7 thanh. Thiét 1ap ngit ngoai 0 hoat dong & ché do Any
change. Mdi khi c6 su kién ngat xay ra thi s6 hién thi trén LED 7 thanh ting lén 1 don
V1.

- Piéu khién hién thi mot LED 7 thanh. Thiét lap ngat ngoai 0 hoat dong & ché do
Falling Edge, ngat ngoai 1 hoat dong & ché do Falling Edge. Mdi khi c6 su kién ngat
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0 xay ra thi s6 hién thi trén LED 7 thanh tang 1én 1 don vi, su ki¢n ngét 1 xay ra thi )

hién thi trén LED 7 thanh giam 1 don vi

- Piéu khién hién thi 4 LED 7 thanh bang phuong phap quét. Thiét 1ap 2 ngat ngoai 0
va 1 hoat dong & ché d6 Falling Edge. Mdi khi c¢6 su kién ngat 0 xay ra thi s6 hién thi
trén LED 7 thanh tdng 1én 1 don vi, su kién ngét 1 x4y ra thi sb hién thi trén LED 7

thanh giam 1 don vi

- Diéu khién 8 LED don nhap nhdy xen k& nhau. Thiét 1ap 2 ngat ngoai 0 va 1 hoat
dong. Str dung 2 niit bam: 1 nut lam tang tin s6 nhap nhay, 1 nat lam giam tan s6 nhap

nhay
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CHUONG 4: HOAT PONG CUA BO CHUYEN POI ADC

4.1. Chirc niing b chuyén do6i ADC
4.1.1. Khai niém

Trong cac ung dung do ludng va diéu khién bang vi diéu khién, bo chuyén doi
tuong tu-sd (ADC) 1a mot thanh phan rat quan trong. Dit liéu trong thé gidi ctia chiing
ta 1a cac dir ligu tuong tu (analog).

Vi du nhiét d6 khong khi budi sang 1a 25°C va budi trua 1a 32°C, giita hai mic
gia tri nay cé vo sb cac gia tri lién tuc ma nhi¢t do phai “di qua” dé c6 thé dat muc
32°C tur 25°C, dai luong nhiét do nhu thé goi la mot dai lugng analog.

Trong khi dé, vi diéu khién 1a mot thiét bi sb (digital), cac gia tri ma mot vi
diéu khién c6 thé thao tac 1a cac con sd roi rac vi thuc chat ching dugc tao thanh tur sy
két hop cua hai mirc 0 va 1.

Vi du: ding mot thanh ghi 8 bit trong vi diéu khién dé luu lai cac gia trj nhiét
d6 tir 0°C dén 255°C. Mot thanh ghi 8 bit co thé chira toi da 256 (28) gia tri nguyén tir
0 dén 255, nhu thé cic muc nhiét do khong nguyén nhur 28.123°C s& khong dugc ghi
lai.

>4sH hoa” (digitalize) mdt dir liéu analog thanh mdt dir li¢u digital. Qua trinh
“s héa” nay duogc thuc hién boi mot thiét bi goi 1a “bd chuyén d6i ADC (Analog to
Digital Converter).

ADC trong vi diéu khién:

Tin hi¢u twong tu dau vao 1a dién ap tir 0 — 5V

> Pé do cac dai lugng khéc (nhiét do, dong dién,...) can mach chuyén doi tin

hiéu vé dang dién ap.

Tin hiéu

dicn 4o Chuyen Tinh toan,
1 Af d6i ADC s Iy

dau vao
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4.1.2. Céc bwéc chuyén déi ADC

Chuyén d6i ADC dugc thuc hién qua 3 budc: léy mau, lugng tir hda, ma héa.
LAy miu

La qua trinh ro1 rac héa tin hiéu theo mién thoi gian

V1

AN
[\

Y% \\/"

Hinh 4. 1. Lay mau

t

Vs

Luwgng tir hoa

La qua trinh roi rac héa tin hi¢u theo mién f

t
gia tri g
Mot gia tri bat ky cia tin hiéu sé déu phai

biéu thi bang bdi s0 nguyén lan gia tri don vi nao

do, gia tri nay la nhé nhét duge chon

Pon vi dugc chon theo quy dinh nay goi 1a don vi
lugng tor ( budc lugng tir )

Ma hoa

La qua trinh ding ma nhi phan biéu thi gia tri tin hiéu s6 sau khi da duoc lugng
tir hoa

Mai nhi phin c¢6 dugc sau qua trinh ma hoa chinh 14 tin hiéu dau ra cta chuyén
doi ADC.

Vi du: sit dung 4 bit nhi phadn ma hoéa tin hi¢u dién ap tor 0 — 5V, vo1 bude

luong tir 1a 0.5V
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STT bi¢n ap lugng tir (V) Ma hoa
1 0.0 0000
2 0.5 0001
10 4.5 1001
11 5.0 1010

- Khong ma hoéa dugce dién ap 0.2V - phai chon budc lugng tir nho hon

Str dung 4 bit > ma hoa duoc 16 gia tri > dé ma hoa dugc hét cac gia tri dién

4p tlr 0 — 5V thi chon budc luong ti 1a: 156(_V1 —033()

STT bi¢n ap lugng tir (V) Ma hoa
1 0.00 0000
2 0.33 0001
3 0.66 0010
14 4.29 1101
15 4.62 1110
16 4.95 1111

Mudn mi hoa duge dién ap chinh xac hon 2 bude luong tur phai nho hon -
tang so bit ma hoa.

S bit ding dé ma hoa ADC duoc goi 1a d6 phan giai. PO phéan giai ADC cang
16m thi do dugc dién &p cang chinh xéc.
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Mirc dién ap 16n nhét khi ma hoa gia tri toi da goi 1a dién ap tham chiéu VREF

Cong thure tinh dién ap:

_ VREF

V=i e ADC

ADC 8 bit:

V= VREF e ADC
255

ADC 10 bit:

y 2R, upc
1023

4.2. Lap trinh &rng dung ADC

4.2.1. Thiét Igp cdc thanh ghi
Gidi thiéu bo ADC trong vi diéu khién ATMEGA16:

v/ Chan 30, 31: dién 4p ngudn nudi cho b ADC
(5V)

v/ Chan 32. AREF: cép dién ap tham chiéu

v' 8 chan ADC nim & PORTA

Chu y: d& bo ADC hoat dong duoc chinh xéc, can

cép mot dién ap 6n dinh cho chan AVCC va AREF

, . . ]
Nguyén tac: s dung may tin hiu o i
AF
=]

ADC thi két ndi cac dau tuong tmg vao
cac chan cia PORTA, theo thir tur vu ti€én

tir nho dén 1on
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10 31
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Khéi tao cho ADC hoat dong:

§b CodeWizardAVR - untitied.ovp SN §b CodeWizardAVR - untitied.ovp SN
File Help File Help
USAAT | Analog Comparator | ADC | 5FI 120 | twie | 2wiegec)
|20 | 1 Wire | 2Wire [12C) LCD | Bit-Banged I Project Infarmation
LCD | BitBanged i Froject Information _Eh_l:l___j__ga__rts__i_ External IRG_ | Timers |
Chip | i Esternal IRQ | Tirmers USART !Analng_[}ﬂparalol ADC iSPI

[ Pond. [Ptk [ PaiC | PortD] [@] ADC Ensbled [T Use & bits
Data Direction  Pullup/Dutput Y alug [7] Intemupt | Moise Canceler

Bitd _In | T/ BitO
Bit1 In|  T|Eit1 Wolt. Ref:| 4REF pin -|
BitZ In| T| Bit2 Clock: |m
Bit3 In T| Bit3 Auto Trigger Sourcer
Bitd In| 1! Bit4 |F|ee Funning v|
Bit5 In T| BitS Automatically Scan Inputs
BitE In T/ BitE - —
BR7 In| 1) Bit7 Fist 0 2g] Lasti1 3

Hinh 4. 2. Khoi tao ADC

v/ Cong vao / ra: phai thiét 1ap 1am dau vao va tha troi

v Sang tab ADC, thiét 1ap nhu sau:

Tich vao 6 ADC Enable dé cho phép ADC hoat dong

Tich vao 6 Interrupt dé cho phép ngit ADC

Néu tich vao 6 Use 8 bit thi ADC s& hoat dong véi do phan giai 1a 8 bit,
néu khong thi s& mic dinh 14 10 bit

Volt. Ref: lya chon dién ap tham chiéu

Clock: lya chon tan sb léy mau ADC

Auto Trigger Source: lya chon Free Running

Automatically Scan Inputs: Tu dong quét dau vao ADC, sir dung bao

nhiéu tin hi€u ADC thi lga chon gia tri First va Last tuong ing

4.2.2. Lap trinh urng dung
Str dung tinh nang ADC cua vi diéu khién, 1ap trinh do dién ap tir 0-5V, hién

thi két qua 1én LED 7 thanh
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U1
RESET

HTALL
WAL

RWV1

N
=] G |o

Palts0Co

FHANINTS rOOC? =
EBARNIGCD
PE4SS

PESMOS =
FREMISD ARER | ==

a— EAlADCT PCATOSC] |
——] PadADC: PCUTOSCD ==
i ] PAIIAOCH
s =— PAdiATICA
. £ easics
] Franocs
-5-:2— PATIADCT
: PO4/DO1E
—— FEOTIC PORDCIA
== PEVT]
3
—
IS
B
EOm

PETSCHK AVET
ATECATE

4.3. Bai tap thwe hanh
- Str dung 1 bién tr& dé diéu chinh dién ap thay do6i tir 0-5V. Sir dung chirc ning ADC

ctia vi diéu khién dé do dién ap, hién thi gia tri 1én LED 7 thanh véi d6 chinh xac 1a

0.1V

- Str dung 1 bién tr& dé diéu chinh dién ap thay do6i tir 0-5V. Sir dung chirc ning ADC
cta vi diéu khién dé do dién ap, hién thi gia tri 1én LED 7 thanh. D6 chinh xac do
duoc c6 thé lua chon 1 trong 2 muc 14 0.1V va 0.01V bﬁng cach su dung nut bam

- Str dung cam bién nhiét d6 LM35 dé do nhiét do, hién thi gia tri do duoc 1én LED 7
thanh

- Str dung 8 bién tré dé diéu chinh dién ap thay doi tir 0-5V. Sir dung chic ning ADC
ctia vi diéu khién dé do dién 4p, hién thi gia tri 1én LED 7 thanh. Sir dung 1 nat bam
dé lwa chon tin hiéu do tir 0-7, str dung 8 LED don hién thi dé biét dang lya chon tin

hi¢u do nao
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CHUONG 5: HOAT PONG CUA BO PINH THOI
TIMER/COUNTER

5.1. Hoat dong ciia by dinh thoi
B dinh thoi cua VDK AVR ¢6 2 mang ung dung chinh:

v' Ung dung dinh thi (do thoi gian): diung dé tao khoang thdi gian chinh

xéc 1s cho dong hd

Hinh 5. 1. Bong ho
v Ung dung d¢ém su kién: dung dé dém mot su kién xay ra khi ¢ tin

hiéu tir cam bién, co6 thé dung dé dém luu lugng xe ra vao bai gui xe.

VDK

Hinh 5. 2. Dém s6 leong xe
Mot timg dung phd bién ctia dinh thi d6 chinh 1a diéu ché do rong xung
PWM: tmg dung trong diéu chinh do sang cia bong dén, hay diéu chinh téc do

dong co
1 XUNG PWM

' ]
VPK —_ | | — ‘ MACH PEN |
(]

Hinh 5. 3. Diéu chinh dé sing béng den
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5.2. Thanh ghi diéu khién dinh thoi
Cac bg Timer ctia Atmegal6:

v Timer/Counter 0: day 1a 1 bo timer 8 bit. C6 4 ché d6 hoat dong co ban 1a:
Normal, CTC, Fast PWM, Phase correct PWM.

v' Timer/Counter 1: day 1a 1 bo timer 16 bit. N6 ciing c6 day du cac ché do
hoat dong nhu ctia Timer 0, tuy nhién vi la by timer 16 bit nén pham vi hoat dong cua
n6 rong hon. Néu nhu gia tri MAX trong TimerO chi 13 OxFF, thi gia tri MAX trong
Timerl 1én dén OXFFFF. Ngoai ra bg Timerl con co6 thé tao ra 2 tin hiéu PWM doc lap
& cac chan OC1A (PORTD.5) va OCIB (PORTD.4), gitp dé dang khi diéu khién 2
dong co cung 1 lac (2 dong co chay banh).

v Timer/Counter 2: diy 1a 1 bo Timer 8 bit. No cling ¢6 4 ché d6 hoat dong
co ban giéng nhu Timer0, d6 1a: Normal, CTC, Fast PWM, Phase correct PWM

v Chan TO (PB0), T1 (PB1): dau vao \J
(XCKT0) PBO O 1 40 [ PAO (ADCD)
A (T1) PB1 O] 2 39 [1 PA1 (ADCT)
cho b Timer / Counter (INT2/AIND) PB2 ] 3 38 [0 PA2 (ADC2)
. N R (OCO/AINT) PB3 ] 4 37 01 PA3 (ADC3)
v' Chan OCO (PB3): dau ra cho bd (55) PB4 ] 5 36 [0 pA4 (ADC4)
(MOSI) PB5 O] 6 35 [0 PA5 (ADC5)
) (MISO) PB6 O] 7 34 [0 PAG (ADCS)
Timer O (SCK) PB7 O 8 33 0 PA7 (ADCT)
RESET [ 9 32 [ AREF
v" Chan OCIA (PD5) va OCIB YO 10 a1 1l ehD
GND T 11 30 B AVCC
N - XTAL2 O] 12 20 [ PC7 (TOSC2)
(PD4)3 dau ra cho bQ Timer 1 XTAL1 ] 13 28 [0 PC6 (TOSCH)
(RXD) PDO O 14 27 b PCS (TDN
A L2 A (TXD) PD1 O 15 26 b PC4 (TDO)
v" Chan OC2 (PD7): dau ra cho bd i tis 40 i el gl
) (INT1) PD3 ] 17 24 0 PC2 (TCK)
Timer 2 {0C18) PD4 O] 18 23 [ PC1 (SDA)
(OC1A) PD5 ] 19 22 [0 PCO (SCL)
(icP) PD6 O 20 21 B PD7 (0C2)

Mot s6 dinh nghia:

v BOTTOM: la gia tri thip nhat ma mot T/C c6 thé dat dugc, gia tri ndy luon
14 0.

v' MAX: 12 gia tri 10n nhat ma mot T/C c6 thé dat dugc, gia tri nay dugce quy
dinh boi boi gia tri 16n nhat ma thanh ghi &ém cta T/C c6 thé chira duoc. Vi du voi
mot by T/C 8 bit thi gia tri MAX ludn 1a OxFF (tirc 255 trong hé thap phan), voi bo
T/C 16 bit thi MAX bang OXxFFFF (65535). Nhu thé MAX 1a gi4 tri khong d6i trong
mdi T/C.

v TOP: 1a gia tri ma khi T/C dat dén né s& thay ddi trang thai, gia tri nay
khong nhat thiét 14 s6 lon nhat 8 bit hay 16 bit nhw MAX, gia tri ctia TOP c6 thé thay
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ddi bang cach diéu khién cac bit didu khién twong tmg hodc c6 thé nhép truc tiép
thong qua mot s6 thanh ghi.
» Thanh ghi TCNTO (Timer/Counter Register):

Bit 7 5] 5 4 3 2 1 V]
I
| TCNTO[7:0] | TCNTO
Read/Write RW R/W R/W R/W R/W R/W R/W RW
Initial Value 0 0 0 0 0 0 0 0

Hinh 5. 4. Thanh ghi TCNTO0
Day 1a 1 thanh ghi 8 bit chira gia tri van hanh cta Timer0. Ctr mdi lan xuat hién
1 tin hi€u “kich” thi gié tri ciia thanh ghi nay tdng thém 1 don vi. Gia trt MAX ma
thanh ghi nay c6 thé dat dén 1a 255. Sau d6 néu xuat hién thém 1 xung kich nira thi gia

tri cia thanh ghi nay dugc x6a vé 0.

» Thanh ghi OCRO0 (Output Compare Register):

Bit 7 6 5 4 3 2 1 0
[ OCRO[7:0] | ocro

Read/Write RIW RIW RAW RIW RIW RAW RIW RIW

Initial Value 0 0 0 0 0 0 0 0

Hinh 5. 5. Thanh ghi OCR0O

Day la 1 thanh ghi 8 bit. Gi4 tri van hanh cua Timer TCNTO sé€ lién tuc dugc so
sanh v&i thanh ghi nay. Khi 2 gia tri nay bang nhau, thi xay ra 1 sy kién “Compare
Match”. Sy kién nay sé tao ra 1 ngit (néu ngit duoc cho phép), hay xuit tin hiéu ra

chan OCO, tuy theo ché do thyc thi ctia Timer.

» Thanh ghi TCCRO (Timer/Counter Control Register):

Bit 7 6 5 4 3 2 1 0

FOCO WGMOO | COMO1 | COMOO | WGMO1 Ccso02 cso1 CS00 TCCRO
Read/Write w R/W R/W R/W RW R/W R/W R/W
Initial Value 1] o} 0 0 0 1] 0 0

Hinh 5. 6. Thanh ghi TCCRO
Day 1a thanh ghi diéu khién hoat dong cua Timer.

v' Céc bit 0,1,2 (CS00,CS01,CS02): cac bit quy dinh xung cép cho hoat dong cua

Timer:
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CSo02 Cso1 CS00 | Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clk;,o/(No prescaling)
0 1 0 clk;,o/8 (From prescaler)
0 1 1 clk,,o/64 (From prescaler)
1 0 0 clkyo/256 (From prescaler)
1 0 1 clk;,o/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.

v’ Céc bit 3,6 (WGM00,WGMO1): Pay 1a cac bit chon ché do trong Timer

WGMO01 | WGMOO | Timer/Counter Mode Update of | TOVO Flag
Mode | (CTCO) | (PWMO) | of Operation TOP OCRO Set-on
0 0 0 Normal OxFF Immediate | MAX
1 0 1 PWM, Phase Correct OxFF TOP BOTTOM
2 1 0 CTC OCRO | Immediate | MAX
3 1 1 Fast PWM OxFF TOP MAX

v' Bit 4,5 (COM00,COMO1): Pay 1a 2 bit quy dinh dau ra trong cac phép so sanh

Trong qua trinh Timer dém, gia tri cta thanh ghi TCNTO s& lién tuc dugc so

sanh voi OCRO. Khi 2 gia tri nay bang nhau, thi s& c6 sy kién “Compare Match” xay

ra. Khi d6 gia tri du ra OCO (PORTB.3) s& dugc xuit ra muc tin hiéu nhu bang dudi

day:

* Paura ¢ ché d6 non-PWM (Normal hoic CTC):

Compare Output Mode, non-PWM Mode

CcComMo1

COMO00

Description

0

0

Normal port operation, OCO disconnected.

1

Toggle OCO on compare match

0

Clear OCO on compare match

0
1
1

1

Set OCO on compare match

» Paura & ché do Fast PWM:
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Compare Output Mode, Fast PWM Mode!"

como1 COMO00 Description
0 0 Normal port operation, OCO disconnected.
0 1 Reserved
1 0 Clear OCO on compare match, set OCO at TOP
1 1 Set OCO0 on compare match, clear OCO at TOP

* Paura & ché do Phase Correct PWM:

Compare Output Mode, Phase Correct PWM Mode!"
COMO01 | COMOO | Description

0 0 Normal port operation, OCO disconnected.
0 1 Reserved
1 0 Clear OCO on compare match when up-counting. Set OCO on compare

match when downcounting.

1 1 Set OCO on compare match when up-counting. Clear OCO on compare
match when downcounting.

v' Cha y: mudn xuit du ra thi chan OCO phai dé OUT, tirc DDRB.3=1;
» Thanh ghi TIMSK (Timer/Counter Interrupt Mask Register):

Bit 7 6 5 4 3 2 1 0

OCIE2 TOIE2 TICIE1 OCIE1A | OCIE1B | TOIEd OCIEO TOIEO TIMSK
Read/Write R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

Hinh 5. 7. Thanh ghi TIMSK
Day la thanh ghi diéu khién ngit trong Timer.

v Bit 0 (TOIEO-Timer/Counter0 Overflow Interrupt Enable): day la bit
cho phép ngat tran trong Timer0. Khi bit nay duoc ghi 1a 1 thi cho phép ngat tran b
dinh thoi. Khi d6 1 ngat s& xay ra mdi khi bo Timer tran.

v Bit 1 (OCIEO-Timer/Counter0 Output Compare Match Interrupt
Enable): day 1a bit cho phép ngit so sanh trong Timer0. Khi bit ndy duoc ghi 1a 1 thi
cho phép ngit so sanh bd dinh thoi. Khi d6 1 ngit s& xay ra mdi khi c6 su kién
“Compare Match”.

5.3. Cac ché d6 hoat dong ciia bd dinh thoi

5.3.1. Ché dp Normal
Thiét 1ap bit:

WGMO00 =0
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WGMO01=0

TOP=MAX=0xFF

TCNTO

b h 4

0 BOTTOM
Hinh 5. 8. So do hoat dong cua ché dp Normal

bay la ché d6 hoat dong don gian nhét ctia Timer. Mi 14n ¢6 1 tin hiéu clock

thi gia tri cua thanh ghi TCNTO dugc ting 1én 1, va ting dén mic TOP 1a 255. Khi d6

¢ nhip tiép theo thi bd Timer bi tran, va 1 thanh ghi TCNTO dugc dét lai muc 0, va lai

tiép tuc qua trinh dém nhu vay. Thoi gian dé TCNTO tang 1én 1 don vi phu thudc vao

tan s6 ta chon, tan s6 cang 16n thi thoi gian dém cang nhanh.
ffng dung:

v" Do thoi gian
v" Quét LED 7 thanh
v' Diéu ché 46 rong xung (PWM) bang phan mém
Tan sb hoat dong cua Timer: la tan sd dé thanh ghi TCNTO tang 1én 1 don vi,
dugc thiét 1ap boi 3 bit CS00,CS01,CS02

Dé dém thoi gian ta lya chon 1 tan s6 phu hop, sao cho tinh toan ra thoi gian
dep, vi du 125kHz. Sau do6 lya chon gia tri khoi dau cho thanh ghi TCNTO, gia tri nay
cling chon sao cho khi tinh toan ra thoi gian dep, vi du TCNTO0=6. Nhu vay gia tri
xuét phat ctia bo dém 1a 6, bo dém s& dém tir 6 dén 255, sau d6 1 nhip thi tran, va 1
ngat tran dugc xay ra. Nhung ngay sau khi ngét tran duoc phuc vu thi thanh ghi
TCNTO lai trd vé 0, chit khong phai la gié tri 6 ma ta mubn. Nhu vay & cau lénh cudi
cung cua chuong trinh phuc vu ngét tran ta lai dat 1énh TCNTO0=6, lam gia tri Xuét
phat cho lan dém tiép theo. Nhu vay, thoi gian dé Timer tran 1 lan s& 1a (256-
6)/125000=2ms. Va sau 1 lan tran ta dd c6 1 thoi gian 1a 2ms, c6 thé xir 1i thoi gian

nay nhu thé nao thi tiy ngudi str dung.
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5.3.2. Ché @4 CTC

Thiét 1ap bit:
WGMO1 = 1
WGMO00 =0
TOP = 0OCRO

BOTTOM

Hinh 5. 9. Sod6 hoat déng ciia ché dp CTC

Day 14 ché do ma gia tri trong thanh ghi TCNTO ludn dugc so sanh véi gia tri
trong thanh ghi OCRO. Khi gia tri trong thanh ghi TCNTO bang gia tri trong thanh ghi
OCRO thi gia tri trong thanh ghi TCNTO s€ bi xo0a di, va tiép tuc qué trinh dém méi.
Gia tri trong OCRO déng vai tro 1a gia tri TOP cho b dém. Tuy nhién trong ché do
nay néu gia tri moi ghi vao thanh ghi OCRO ma nho hon gia tri tirc thoi cta bo dém
thi thi 1 so sanh s& bi 15, khi d6 bo dém s& dém dén gia tri 16n nhat sau d6 roi xudng

gia tri 0 trudc khi so sanh tiép theo xuat hién.

ffng dung:
v Do thoi gian
v' Tao xung vudng
Dé dém thoi gian thi ciing giong nhu ché d6 Normal, chi khac & chd 1a & ché do
Normal thi gia trji TOP sé& 1 255, con gia tri TOP ciia CTC 1a OCRO, gi4 tri ndy c6 thé
thay doi dugc, va tinh toan thoi gian bang cach tinh toan gi tri thanh ghi nay, thay doi
gia tri thanh ghi nay,ma khong can phai khoi tao gia tri ban ddu TCNTO cho bd dém.

Tao xung vudng ra 1 chan: co thé tao xung & dau ra cia Timer (PORTB.3),
hoac tao xung & 1 chan bt ki. Mdi 1an bo dém tran, ta dao bit & chan ra. Nhu vay 2
lan tran s& 12 1 chu ki cta xung vudng. Tinh toan tin sd hoat dong cua Timer va gid tri

OCRO dé tao ra 1 tan s mong mudn. VD: mudn tao ra xung c6 tan s6 1kHz = chu ki
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s& 12 1ms 1 1an tran Timer mat 500us. Chon tan sd Timer 1a 125kHz[gia tri OCRO
can chon 13: 500%10-6*125000+1=63.5, c6 thé ldy gan dung thanh 63

5.3.3. Ché @y Fast PWM

Thiét 1ap bit:
WGMO1 = 1
WGMO00 = 1

OCRO | /

_________ | L - = = =

BOTTOM

Déu ra OCO:

Non - inverted

inverted

Hinh 5. 10. So'do hoat déng ché dé Fast PWM

By dém s& dém tir BOTTOM dén MAX sau d6 khoi dong lai tr BOTOM.
Trong ché d6 khong dao (Non-inverted) dau ra OCO (PORTB.3) s& bi xoa khi c6 phép
toan so sanh giita TCNTO va thanh ghi OCRO 1a bang nhau, va s& duoc set 1én 1 khi
gia tri tran va dat vé BOTTOM. Trong ché d6 dao (inverted), dau ra s& duoc set 1én 1
khi sy so sanh giita thanh ghi TCNTO va gi4 tri thanh ghi OCRO bang nhau va s& bi
xo0a khi gia tri tran va dat vé BOTTOM.

5.3.4. Ché dp Phase Correct PWM

Thiét 13p bit:

WGMO1 =0
WGMO00 =1
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TOP = MAX =255

BOTTOM |

i

5 1
Diura 0CO: |

1
1
1
1 [}
1 1
1 1
1
1 ; 1
Non - inverted
1
¥ 1 '
i L i i
] L ! 1
i
i
; i
inverted 1
1 T
] . H 1 '
1 i '
1 '

Hinh 5. 11. So dé hoat dong ché dg Phase Correct PWM

Ché 6 nay hoat dong dua trén hai suon 1én xuéng. Bo dém s& dém lién tuc tir
gia tri BOTTOM dén gia tri MAX va sau do dém nguoc lai tr gid tri MAX dén gia tri
BOTTOM. Trong ché d6 so sanh khong dao (Non-inverted) chan OCO s& bi x6a khi
gia tri TCNTO bang gia tri OCRO trong qué trinh dém 1én va s& duoc set bang 1 khi
gia tri so sanh xuat hién trong qua trinh dém xubng. Ché do so sanh dao thi cac gia tri

1a nguoc lai.

Vi hoat dong hai suon xung nay thi ché d6 nay khong tao ra dugc tan sé 16n
nhu ché do mot suon xung. Nhung do tinh can dbi cua hai sudn xung thi n6 tot hon
cho diéu khién dong co. Ché do Phase correct PWM hoat dong cb dinh 1a 8 bit. Trong
ché do nay bo dém sé& ting cho dén khi dat gia tri MAX, khi d6 no s& doi chicu dém.
5.4.Vidu ‘

Khéi tao Timer bang CodeWizard

v Chon tab “Timers”, chon tiép tab “Timer 07, hoac “Timer 17, hoac “Timer

o

v" Clock Source: chon nguén clock cho bg Timer hoat dong

= System Clock: ngudn clock 1ay tir thach anh

= TO pin Falling Edge: ngudn clock canh xudng ldy tir dau vio chan TO

= TO pin Falling Edge: ngudn clock canh 1én lay tir dau vao chan TO

v’ Clock value: lya chon tan s6 cho bo Timer hoat dong

v’ Mode: lya chon ché d6 hoat dong cho Timer
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File Help File Help

USART | Analog Comparator | 40C [ SR USART | Analog Comparator | 4DC | 5P
2 | twie | 2wiepzm 2 | 1wie | 2wie(2C)
LCD Bit-B anged | Project Informatiorn LCD Bit-Banged | Praject Information
Chip Ports | Extemal IRQ | Timers Chip Farts | Extemal IRG | Timers
Timer 0 | Timer 1 | Timer 2 | Watchdag| Timer 0 | Timer 1 | Timer 2 | Watchdog|
Clack Source:

Clock Source: | Spstem Clock b

Clock ¥ alue: T0 pin Falling Edoe l Clock Value: Timer 0 Stopped -

. Timer 0 Stopped
Mode: | Momnal | 000,000 kHz

biode: [ lTD pin Rizing Edge

Output: IDisc__onnected Yl
_ ] Dverflaw Interrupt™—
_ [] Compare Match Intermupt
Timer Value: 0 h Timer Value: 0 h
Compare: D h Compare: D h

i = Ty
&b CodeWizardAVR - untitiedcwp  (IRESHN

File Help

USART | Analoa Comparator | 40C | SR
e | twie | 2wielzm)
LCDr Bit-B arnged | Project Informatiorn
Chip Parts I External IRQ | Timers

Timer 0 | Timer 1 | Timer 2 | \Watchdog|

Clock Source: | System Clock b
Clock Value: Timer 0 Stopped hd

Mode: | Marmal top=FFh -

CTC top=0OCRO
Fast Pt top=FFh
[T] Dverflow Tntermupt
[] Compare Match Intemupt

Butput Phase corect P top=FFh ‘

Timer Value: 0 h

Compare: D h

v Output: lya chon dau ra trong cac phép so sanh “Compare Match”
v Hai 6 Overflow Interrupt va Compare Match Interrupt la cho phép

ngat tran va cho phép ngit so sanh duogc thyc thi hay khong
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File Help
UsART | Analog Comparator | 0C | 5P
e [ twie | 2wie2o)

LCD I BitBanged | Projsct Information
Chip | Ports | ExtemaHHQ—| Timers

Timer 0 | Tirner 1 I Timer 2 I Watchdogl

Clock Source: | System Clock S
Clack ' alue: Timer 0 Stopped b

Mode: INUrmal top=FFh ‘]

[] Dvver Clear an compare match
[ Comy 38t on compare match

Timer ¥alue: 0 h

Compare: 0 h

File Help

USERT | Analog Comparator | 40C | 5P
2c | 1wie | 2wieizo)
LCD I Bit-Banged i Praject Information
Chip | Pats | ExtemaIIHQ—| Timers

Timer 0 | Timer 1 | Tirner 2 I Watchdogl

Clock Source: | System Clock i
Clack Value: Timer 0 Stopped hd

Mode: lFasl P top=FFh V]

[7] Over Inverted Phadh |
[ Compare Match Intermpt

Timer ¥alue: 0 h

Compare; 0 h

File Help

USEAT | Analog Comparator | A0C | 5P

2c | 1wie | 2wie(2c)

LCD I Bit-B anged | Froject Information
Chip I Farls | ExlemallHQ—| Timers

Timer 0 | Timer 1 | Timer 2 [ Watchdog]

Clock Source: | System Clock =
Clock Walug: 125.000 kHz i
Made: INnrma\ top=FFh ']
Output: ID\sconnectad ‘]

[7] Qverflow Interrupt
[¥] Compare Match Intermpt
Timer Yalue: 0 h

Compare: 0 h

Céch thiét 1ap Timer dé do thoi gian:

v Lua chon tan s hoat dong: str dung 3 bit CS00,CS01,CS02

v Lua chon ché d6 hoat dong Normal: sir dung 2 bit WGM00, WGMO01
v’ Kich hoat ngat tran Timer0: dat bit 0 ciia thanh ghi TIMSK bang 1

v' Tinh toan thoi gian:

Vi du: tinh toan thoi gian tré 1(s) néu sir dung thach anh 8MHz

Lua chon bd chia tan 8, khi do6 tan s6 hoat dong ctia Timer s& la

f=fa/8=1(MHz)

> T=1/f=109% = lus (thoi gian dé thanh ghi TCNTO ting 1 don vi)
TCNTO : 0->255, dugce 256 chu ki

- Thoi gian dé 1 1an tran timer: Tean = 256 * lus = 256 us.

- Kich hoat ngit tran Timer. O CTCPVN s& dung 1 bién dem dé dém s6

lan tran.

256 us 1a mot s6 khong dep, dé tinh toan thoi gian thi s& gay ra sai so.

- Pé tinh thoi gian duoc chinh xac hon thi can thay d6i gia tri nay.

- Gia tri TOP 13 255 khong thay d6i duogc, do d6 phai thay doi gia tri xuat

phat ban dau cua TCNTO.
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- TCNTO: 6255, duoc 250 chu ki
- Thoi gian cho 1 14n tran timer s& 13 250 * Tus = 250us

Tuy nhién, sau khi timer bi tran thi TCNTO lai tg dong clear vé 0, do do
& chu ki hoat dong tiép theo lai phai gan lai gia tri xuat phat ban dau cho
TCNTO

> O CTCPVN:
- Lénh tang gié tri cta bién dem

- Lénh gan gia tri ban dau cho TCNTO = 6;
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