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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 1a 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
AVRI10 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:

11



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 cuia thiét bi, tuy nhién can luu ¥ vi néu ca 2 thiét b
dung chung céng cing 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¢o 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 hudng dén hoat dong cua
mach, luu ¥ st dung céc loai day c6 chat luong t6t, c6 chng 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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F¥ CodeVisionAVR i |=E
N = T WS 2

(File Edit View Project Tools Settings Windows Help - -

DEE E F-EEE B R 0N BREE =

Navigator | Coda Templates ¢ | * |

E-EH CodedisiondR

Mo Project
Other Files

i —

File Type
' ) Source

l Messages

Insert

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

17



% 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:

18



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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