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VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing
“Con nguoi nho woc mo ma vi dai”

.... Tai lidu nay truéc day la seminar cua t6i vé vi diéu khién AVR vao khoang
cubi nam 2007, lac dau ciing chi ghi chép nhu mot cubn so6 tay dé ghi nhé, dén lic xong
cai seminar thi thdy con AVR nay ciing rat tha vi, nén toi da chinh stra lai ban ghi chép dé
soan thanh tai liéu nay. Co I¢ la do quen voi ho 8051 do Atmel san xuét, nén khi chuyén
sang AVR sé& cam thy quen thudc hon.

Muc dich chinh ma t6i viét tai liéu nay 1a dé chia sé vdi cac ban c6 cung sé thich vé
AVR, qua d6 ching ta c6 thé tao ra mot cong dong AVR-Friends that dong dao va soi noi.
Mot cong dong AVR dong dao 1a rat c6 ich cho chinh ti va cho cac ban, vi nhu thé chung
ta s& c6 nhiéu co hoi dé trao ddi va hoc hoi nhau hon.

Tai lidu ndy toi cling mudn goi ting em trai Lé Trung Thong, hy vong em c6 thé bd
sung cho anh nhitng phan con thiéu cia tai liéu nay.

Toan b tai li€u nay chu yéu duoc dich ra tir datasheet cua con Atmegal28, nhung
do khong co nhiéu thoi gian nén tai li¢u con thiéu rat nhiéu phén, nén t61 hi vong cac ban
nao co kinh nghiém vé& AVR s& tiép tuc bd sung, chinh stra dé chung ta c6 mot tai liéu hoan
chinh hon, néu can, t6i c6 thé goi file word cho cac ban dé tién loi cho viéc bd sung, chinh
sua (mail to: thangvi2a@yahoo.com).

Sai Gon, 08-2008.
Lé Trung Thang.
DTVT - K2002.
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VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

Muc Luc:

Chuong I TONG QUAN. ..

Chuwong II CAU TRUC BQ NHO VA CONG VAO - RA.
Chuwong ITI BOQ PINH THOI CUA ATmegal28.

Chwong IV CAU TRUC NGAT CUA ATmegal28.
Chwong V CAC BO PHAN NGOAI VI KHAC.

Chwong VI -------—--- HE THONG XUNG CLOCK VA LAP TRINH BQ NHGO ON-CHIP.
Chuwong VI LAP TRINH AVR BANG NGON NGU C.
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VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

Chuong 1 )
TONG QUAN

Nhirng Tinh Nang Chinh Cua ATmegal28:

ROM : 128 Kbytes

SRAM: 4Kbytes

EEPROM : 4Kbytes

64 thanh ghi I/O

160 thanh ghi vao ra mé rong

32 thanh ghi da muc dich.

2 bd dinh thoi 8 bit (0,2).

2 bd dinh thoi 16 bit (1,3).

B6 dinh thoi watchdog

Bo dao dong ndi RC tan s6 1 MHz, 2 MHz, 4 MHz, 8 MHz
ADC 8 kénh v6i d6 phan giai 10 bit (O dong Xmega 1én toi 12 bit )
2 kénh PWM 8 bit

6 kénh PWM c6 thé lap trinh thay d6i do phan giai tir 2 ti 16 bit
B9 so sanh tuong tu co thé lua chon ngo vao

Hai khéi USART lép trinh duogc

Khéi truyén nhan ndi tiép SPI

Khoi giao tiép ndi tiép 2 day TWI

HO trg boot loader

6 ché do tiét kiém nang luong

Lua chon tan s6 hoat dong bang phin mém

Pong g6i 64 chan kiéu TQFP,

Tén s6 t6i da 16MHz

Dién thé : 4.5v - 5.5v
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Vi diéu khién AVR do hang Atmel ( Hoa Ki ) san xuét duoc goi thiéu 1an ddu nim
1996. AVR c6 rat nhiéu dong khac nhau bao gdm dong Tiny AVR ( nhu AT tiny 13, AT
tiny 22...) c¢6 kich thudc bd nhd nhd, it bd phan ngoai vi, réi dén dong AVR ( chan han
AT90S8535, AT90S8515,...) co kich thudc bd nhd vao loai trung binh va manh hon la
dong Mega ( nhu ATmega32, ATmegal28,...) voi bd nhé o kich thudce vai Kbyte dén vai
tram Kb cung véi cac bo ngoai vi da dang dugc tich hop trén chip, cling c6 dong tich hop
ca bd LCD trén chip ( dong LCD AVR ). Téc do ctia dong Mega ciing cao hon so véi cac
dong khéc. Su khac nhau co ban giita cac dong chinh 13 c4u triac ngoai vi, con nhan thi van
nhu nhau, Hinh 1.1. Par biét, nam 2008, Atmel lai tié}) tuc cho ra doi dong AVR moi la
XmegaAVR, véi nhitng tinh ndng manh mé chua tirng cé & cac dong AVR truée dé. Co thé
néi XmegaAVR la dong MCU 8 bit manh mé nhat hién nay.
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<&

Hinhl.1 Cac dong AVR khac nhau: Tiny, AVR va Mega

Eridni s

CAu trac co ban cta vi diéu khién AVR duoc thé hién & hinh 1.2.

4-Wire In/Qut 3-Wire In/Out

Serial
JTAG :
Flash Peripheral EEPRCM
% | Inteprface
4. /\

2CE S o ag
o ﬁ
Inﬁ:’é;ﬁg” :> 32 General <— j'>

Comparator |

AD

Al
—|  Analog
-

Purpose Converter
Control - Registers 10
Lines ~ Interface
TITT " USART
nstruction RAM
Decoder ALU

-
< CPU B
=

¢ v v
Watchdog lle] Timer/
Timer Ports Counters

Hinh 1.2. Ciu triic ciia Vi diéu khién AVR

TWI

Interrupts
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Chuong I1 ) ) . .
CAU TRUC BO NHO VA CONG VAO - RA

I. CAU TRUC BO NHO

Gioi Thiéu:

B6 nhé vi diéu khién AVR c6 cdu trac Harvard 13 cu triic ¢ duong Bus riéng cho
bd nhé chuong trinh va bd nhd dit liéu. BO nhd AVR dugc chia lam 2 phﬁn chinh: B§ nhé
chuong trinh ( program memory ) va by nhé dit li¢u ( Data memory ).

% B6 Nh¢ Chuwong Trinh : Bo nhé chuong trinh cua AVR 13 by nh¢ Flash ¢6
dung lugng 128 K bytes. B6 nhd chuong trinh ¢6 d rong bus 1a 16 bit. Nhiing
dia chi dau tién ctua bo nhd chuong trinh duge dung cho bang véc to ngit ( xem
chi tiét vé bang véc to ngit & chuong 4 ). Can dé y 1a & vi diéu khién
ATmegal28 bd nhé chuong trinh con ¢6 thé duoc chia 1am 2 phan : phan boot
loader ( Boot loader program section ) va phan (mg dung ( Application program
section ).

Phan boot loader chira chuong trinh boot loader. Chuong trinh Boot
loader 1a mot phan mém nhoé nap trong vi diéu khién va duoc chay lic khoi
dong. Phan mém nay c6 thé tai vao trong vi diéu khién chuong trinh cia nguoi
str dung va sau d6 thuc thi chuwong trinh nay. Mdi khi reset vi diéu khién CPU s&
nhay td1 thyc thi chuong trinh boot loader trude, chuong trinh boot loader sé do
xem ¢6 chuong trinh nao can nap vao vi diéu khién hay khong, néu c6 chuong
trinh can nap, boot loader sé& nap chuong trinh vao vung nh¢ Ung dung
(Application program section ), r6i thuc thi chuong trinh nay. Nguoc lai, boot
loader s& chuyén toi chuong trinh (mg dung c6 sin trong ving nhd Gmg dung dé
thuc thi chuong trinh nay.

Phan ung dung (Application program section ) 13 ving nhé chira chuong
trinh tng dung ctia ngudi ding. Kich thudc cua phan boot loader va phan tng
dung co thé tuy chon. Hinh 2.1 thé hién cAu tric bd nhé chuong trinh c6 st dung
va khong sir dung boot loader, khi sir dung phan boot loader ta thiy 4 word dau
tién thay vi chi thi cho CPU chuyén t6i chuong trinh (mg dung cua nguoi ding
(1a chuong trinh c6 nhén start ) thi chi thi CPU nhay téi phan chuong trinh boot
loader dé thyuc hién truée, rdi méi quay trd lai thuc hi¢n chuong trinh tng dung.
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Start Start
USER (1) USER
Main program Main program (3)
Empty space
Empty space W
Go to Start
Ecotloader
(2)
Khiing ding Ci dimg
Bootloader

Bootloader

Hinh 2.1 B) nhé chwong trinh ¢6 va khong ¢6 sir dung boot loader

% B0 Nhé Dir Liéu : By nhé dit liéu ctia AVR chia lam 2 phan chinh 13 bd nho
SRAM va bo nhd EEPROM. Tuy cung 1a by nhé dir li¢u nhung hai bd nhé nay lai tach biét
nhau va dugc danh dia chi riéng.

® B) nhé SRAM c6 dung luong 4 K bytes, Bo nhé SRAM c¢6 hai ché d6 hoat dong
1a ché d6 thong thuong va ché d6 tuong thich véi ATmegal03, mudn thiét 1ap bo nhé
SRAM hoat dong theo ché d6 nao ta s dung bit cau chi M103C (M103C fuse bit ©) ).

B nh¢ SRAM & ché d9 binh thwong : O ché do binh thuong bo nhd SRAM dugc
chia thanh 5 phan: Phan dau 1a 32 thanh ghi chtic ning chung (General Purpose Register )
RO dén R31 co dia chi tir $0000 t&i $001F. Phan thi 2 1a khong gian nhé vao ra voi 64
thanh ghi vao ra ( I/O Register ) c6 dia chi tir $0020 téi $005F. Phan thir 3 dung cho ving
nhd danh cho cac thanh ghi vao ra mé rong ( Extended I/0 Registers ) ¢6 dia chi tir $0060
t6i $O0FF. Phan tht 4 1a ving SRAM ndi véi 4096 byte co dia chi tir $0100 téi $10FF.
Phan thir 5 14 ving nhé SRAM ngoai ( External SRAM ) bat dau tir dia chi $1100, ving
SRAM m¢ rong niy c6 thé mo rong 1én dén 64 K byte. Khi ndi bd nhé SRAM c6 dung
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VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

luong 4 K byte 14 ndi toi phan thir 4 ( SRAM noi ). Néu tinh ca cac thanh ghi thi bd nhé
SRAM trong ché d¢ binh thudng s& 1a 4.25 K byte = 4352 byte.

B¢ nho SRAM & ché d6 twong thich ATmegal03 : O ché nay bd nhé SRAM co
ban ciing gidng & ché do binh thuong, ngoal trir phan thir 3 1a vung nh¢ danh cho cac thanh
ghi vao ra mé rong khong ton tai, ngoai ra kich thudc cua phan SRAM ndi ( internal
SRAM ) chi c6 4000 byte so véi 4096 byte & ché do binh thuong. Hinh 2.2 thé hién so d6
bd nho dit liéu & ca hai ché do : Binh thuong va tuong thich ATmegal03. Tir hinh 2.2 ta
thy néu ciu hinh dé bd nhé SRAM hoat dong & ché do twong thich ATmegal03 thi ta s&
bi mat di 160 thanh ghi vao ra mo rong ( extended 1/O Register ), 1a nhitng thanh ghi dong
vai trd quan trong trong cic ché do hoat dong cua vi diéu khién.

Memory Configuration A Memory Configuration B
Data Memory Data Memory
|~ 32 Registers | $0000 - S001F " 37 Reqisters | $0000 - $001F
B4 /0 Registers | $0020 - $005F G4 I¥0 Registers | 0020 - $005F
160 Ext I'0 Reg. | 30060 - S00FF FO0&D0
50100 Internal SRAM
Internal SRAM {4000 % 8)
(4096 x 8) S0FFF
£1000
$10FF
$1100
External SRAM External SRAM
(D - B4K 3 8) (0 - 4K % 8)
g | : - -_— }
_____________ | 5FFFF ' | SFFFF

Hinh 2.2 Ban dd bd nhé dir liéu
A : Ché dg binh thuong
B: Ché do twong thich ATmegal03

Trong ving nhé vao ra mé rong ( $0060 - $00FF ) chi c6 6 1énh sau 1a c6 thé duoc
su dung, 1a: ST/STS/STD vaLD/LDS/LDD.
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Lénh CBI va SBI chi ¢6 thé lam viéc v6i 32 thanh ghi thap hon trong ving nhé vao
ra , tirc cac thanh ghi I/0 c6 dia chi tir $20 téi $3F ( dia chi SRAM ).

64 thanh ghi vao ra trong ving nhé vao ra ( phan sd 2 ) ¢6 2 kiéu chon dia chi : Néu
xem chung la vung nhé vao ra thi dia chi sé 1a $00 - $3F, khi sir dung cac I¢nh in, out ... ta
phai sir dung dia chi nay. Néu xem ching nhu 1a mot phan ctia bo nhé SRAM thi s& c6 dia
chi 12 $0020 - $005F, khi ta dung cac 1énh nhu LD, ST... ta phai sir dung kiéu dia chi nay.
(hinh 2.3). Trong tai liéu nay cac dia chi dwoc sw dung sé dwoc hiéu nhur la dia chi SRAM
néu khéng cé gidi thich gi thém. Dé y 1a 160 thanh ghi vao ra mé rong ( $0060 - $O0FF )
khong c6 2 kiéu chon dia chi nhu trén, dja chi cta chuing chinh 1a cac dia chi SRAM .

$00 |Thanh ghi PINF | $0020
$01 |Thanhghi PINE | $0021

Pia 64 thanh ghi Dia
Chi vao ra Chi
Vio SRAM
Ra
Thanh ghi SPH

v $3F | Thanh ghi SREG | $005F Y

Hinh 2.3 Ving nhé 64 thanh ghi vao ra cé 2 cach chon dia chi

Chi tiét vé 64 thanh ghi vao ra va 160 thanh ghi vao ra mé rong c6 thé tim thay ¢
datasheet cua vi diéu khién ATmegal28.

Tiép ghanh ghi ( register file ) : Ti¢p 32 thanh ghi da churc nang ( $0000 - SO01F )
da dugc noi ¢ trén, ngoai chirc ndng la cac thanh ghi da chirc ndng, thi cac thanh ghi tir R26
to1 R31 tung d61 mot tao thanh céac thanh ghi 16 bit X, Y, Z dugc dung lam con tro tro téi
bd nhé chuong trinh va bd nhé dit liéu ( Hinh 2.4 ). Thanh ghi con tro X, Y ¢6 thé dung
lam con trd trd téi by nhd dir li¢u, con thanh ghi Z cé thé dung lam con trd tré téi by nhd
chuong trinh. Cac trinh bién dich C thuong dung céc thanh ghi con tré nay dé quan 1i Data
stack cua chuong trinh C.
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Figure 5. The X- Y- and Z-registers

15 xH xL 0
¥, - register T 0 I 7 0 I
R27 (51B) R26 (514)
15 YH YL 0
Y - register 17 1] K 0|
R25 ($1D) R2B (31C)
15 ZH ZL 0
7 - register I oy o
R21 (51F) R30 (S1E)

Hinh 2.4. Chirc nang con tré cia cac thanh ghi R26 —-R31

® B) nh¢ EEPROM : Day la bod nh¢ dir ligu co thé ghi x6a ngay trong lac vi diéu
khién dang hoat dong va khong bi mat dir liéu khi ngudn dién cung cép bi cit. C6 thé vi bd
nh¢ dit liéu EEPROM gibng nhu 14 6 ctng ( Hard disk ) ciia may vi tinh. Véi vi diéu khién
ATmegal28, b nhd EEPROM c6 kich thuodc 1a 4 Kbyte. EEPROM dugc xem nhu 1a mét
bd nhd vao ra duge danh dia chi doc 1ap vo1 SRAM, diéu nay c6 nghia la ta can st dung
cac 1énh in, out ... khi mudn truy xuét tGi EEPROM. Bé diéu khién vao ra dit liéu véi
EEPROM ta str dung 3 thanh ghi sau :

1. Thanh Ghi EEAR (EEARH va EEARL)

Bit 15 14 13 12 11 10 8
———— EEARH
EEARL
T ] 5 4 3 2 1 [i]
Read/Write R R R R R R R R
RMW R R R RN R RAW R
Inttial Value 0 0 0 1] X X X X
X X x X

EEAR la thanh ghi 16 bit luu gitr dia chi cua cac 6 nhé cua EEPROM, thanh ghi
EEAR dugc két hop tir 2 thanh ghi 8 bit la EEARH va thanh ghi EEARL. Vi b0 nhé
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EEPROM cua ATmegal28 c6 dung luong 4 Kbyte = 4096 byte = 2" byte nén ta chi can 12
bit cua thanh ghi EEAR , 4 bit tr 15 -12 duogc duy trit, ta nén ghi 0 vao cac bit dy trit nay.

2. Thanh Ghi EEDR

Bit 7 6 5 4 3 2 1 0

[ wse (S5_] EEDR
ReadWrite W RW RW . RWRW . RW RW R
Initial Value 0 0 0 0 0 0 0 0

Pay 1a thanh ghi dir liéu cia EEPROM, 13 noi chira dit liéu ta dinh ghi vao hay lay
ra tt EEPROM.

3. Thanh Ghi EECR

Bit 7 B 5 4 3 2 1 0

| - | - | - | - | EERIE | EEMWE | EEWE | EERE I EECR
Read/Write R R R R RAW RW RAW R
Inttial Valus 0 0 0 1] 0 0 X 0

Day la thanh ghi diéu khién EEPROM, ta chi str dung 4 bit dau ctia thanh ghi nay, 4
bit cudi 14 dur trit, ta nén ghi 0 vao cac bit du trit. Sau day ta xét chirc ning cia timg bit.

e Bit 3 — EERIE: EEPROM Ready Interrupt Enable : Pay la bit cho phép
EEPROM ngat CPU, khi bit nay duoc set thanh 1 va ngat toan cuc duoc cho phép ( bang
cach set bit I trong thanh ghi SREG 1én 1) thi EEPROM s& tao ra mot ngat vdi CPU khi bit
EEWE dugc x6a, diéu nay cé nghia 1a khi cac ngat duoc cho phép ( bit I trong thanh ghi
SREG va bit EERIE trong thanh ghi EECR dugc set thanh 1 ) va qua trinh ghi vao ROM
vira xong thi s& tao ra mot ngat véi CPU, chuong trinh s& nhdy téi véc to ngat cé dia chi 1a
$002C dé thyc thi chuong trinh phuc vu ngat ( ISR ). Khi bit EERIE 14 0 thi ngat khong
dugc cho phép.

* Bit 2 —- EEMWE: EEPROM Master Write Enable : Khi bit EEMWE va bit
EEWE la 1 s€ ra I¢nh cho CPU ghi dit li¢u tir thanh ghi EEDR vao EEPROM, dia chi cua 6
nhd can ghi trong EEPROM duoc luu trong thanh ghi EEAR . Khi bit nay 1a 0 thi khong
cho phép ghi vao EEPROM. Bit EEMWE s& duoc x6a boi phan cimg sau 4 chu ki may.

* Bit 1 - EEWE: EEPROM Write Enable : Bit nay vira dong vai trd nhu mot bit
co, vira 1a bit diéu khién viéc ghi dir liéu vao EEPROM. O vai trd cia mot bit didu khién
néu bit EEMWE d4 duoc set 16n 1 thi khi ta set bit EEWE Ién 1 s& bit dau qua trinh ghi dix
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liéu vao EEPROM. Trong sudt qué trinh ghi dit liéu vao EEPROM bit EEWE luén giir 1a 1.
O vai tro cta mot bit cd khi qué trinh ghi dit liéu vao EEPROM hoan tat, phan cimg sé tu
dong xo6a bit nay vé 0. Trudce khi ghi dit liéu vaio EEPROM ta can phai biét chéc 1a khong
c¢6 qua trinh ghi EEPROM nao khac dang xay ra, dé biét dugc diéu niy ta can kiém tra bit
EEWE. Néu bit EEWE 1a 1 tirc 1a EEPROM dang dugc ghi, ta phai chd cho cho qua trinh
ghi vao EEPROM hoan tit thi méi ghi tiép. Néu bit EEWE 1a 0 ttc 1a khong c6 qua trinh
ghi EEPROM nao dang dién ra, lic ndy ta c6 thé bat dau ghi dit liéu vao EEPROM. Khi bit
EEWE duoc set 1én 1 ( bat dau ghi vao EEPROM ) CPU s& tam nghi trong 2 chu ki may
trudce khi thue hién 1énh ké tiép.

* Bit 0 — EERE: EEPROM Read Enable : Khi bit nay 1a 1, s cho phép doc dir
licu tr EEPROM, dit li€u tt EEPROM c¢6 dia chi luu trong thanh ghi EEAR 1ap trc dugc
chuyén vao thanh ghi EEDR. Khi bit EERE 1a 0 thi khong cho phép doc EEPROM. Trudc
khi doc dir liéu tir EEPROM ta can biét chic 1a khong dién ra qua trinh ghi EEPROM béng
cach kiém tra bit EEWE. D¢ ¥ 13 sau khi qua trinh doc EEPROM hoan tét, bit EERE s&
duoc tu dong xo04 boi phan cimg. Néu EEPROM dang dugc ghi thi ta khong thé doc dugc
dir liéu tr EEPROM. Khi bat dau qué trinh doc dit liéu tir EEPROM, CPU sé& tam nghi 4
chu ki may trude khi thue hién 1énh ké tiép.

Tém lai dé ghi vao EEPROM ta can thuc hién cdc buéc sau:

1. Chd cho bit EEWE vé 0.

2. CAm tat ca cac ngat.

3. Ghi dia chi vao thanh ghi EEAR.

4. Ghi dir liéu ma ta can ghi vaio EEPROM vao thanh ghi EEDR.

5. Set bit EEMWE thanh 1.

6. Set bit EEWE thanh 1 .

7. Cho phép cac ngit tré lai.

Néu mot ngat xay ra giita budc 5 va 6 s& 1am hong qua trinh ghi vao EEPROM boéi
vi bit EEMWE sau khi set 1én 1 chi duogc giit trong 4 chu ki may, chuong trinh ngat s& lam
hét thoi gian ( time out ) duy tri bit nay 6 murc 1.

Mot ngat xuat hién & cudi budc 4 ciing co thé 1am cho dia chi va dir ligu can ghi vao
EEPROM tr& nén khong chinh xic néu trong chuong trinh phuc vu ngit ¢6 chinh sira lai
cac thanh ghi EEAR va EEDR. D6 13 1i do ta cin cAm céc ngit trude khi thuc hién tiép cac
budc 3, 4, 5, 6.

Qua trinh ghi dir liéu vio EEPROM ciing c6 thé khong an toan néu dién thé ngudn
nudi ( Vee ) qué thap.

Poan chuong trinh sau thuc hién qué trinh ghi dir 1i€éu vao EEPROM.

EEPROM _write:
; cho cho bit EEWE veé 0
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sbic EECR,EEWE
rjmp EEPROM _write
;cam cdc ngdt
cli
; ghi dia chi vao thanh ghi EEAR
out EEARH, r18
out EEARL, r17
; Ghi dir lieu vao thanh ghi EEDR
out EEDR r16
; set bit EEMWE thanh 1
sbi EECR,EEMWE
; Set bit EEWE lén 1 dé bdt dau ghi vao EEPROM
sbi EECR,EEWE
; cho phép cdc ngdt hoat déng tré lai
sei
ret

Doc dir liéu tie EEPROM:

Viéc doc dir liéu ttr EEPROM don gian hon ghi dit liéu vao EEPROM, dé doc dir

liéu tr EEPROM ta thuc hién cac budc sau:

1. Cho cho bit EEWE vé 0.
2. Ghi dia chi vao thanh ghi EEAR.

3. Set bit EERE lén 1.
Doan chuong trinh sau thyc hién qué trinh doc dir liéu ttr EEPROM.

EEPROM read:
: cho cho bit EEWE vé 0
sbic EECR,EEWE
rjmp EEPROM read
; Puwa dia chi vao thanh ghi EEAR
out EEARH, r18
out EEARL, r17
; Set bit EERE dé bat dau doc EEPROM

sbi EECR,EERE

; Puwa dir lieu vao thanh ghi R16

in r16,EEDR
ret
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Tém tic: Ban d6 bo nhd bén trong cia ATmegal28 c6 thé tom tic lai nhu sau:

B§ nhé chuong trinh
$0000

B nhé di liu B9 nhé EEPROM

$000

$000

$FFF

$10FF

$FFFF
Béin d6 bd nhé ATmegal28
Hinh 2.5. Tém tac ban do b§ nhé ATmegal28

II. CONG VAO RA

IL.1. GIOI THIEU

Cong vao ra 1a mot trong sd cac phuong tién dé vi didu khién giao tiép voi cac
thiét bi ngoai vi. ATmegal28 c6 ca thay 7 cong ( port ) vao ra 8 bit 1 : PortA, PortB,
PortC, PortD, PortE, PortF, PortG, turong tng véi 56 duong vao ra. Cac céng vao ra cua
AVR 14 cdng vao ra hai chiéu co thé dinh huéng, tirc c6 thé chon hudng cia cong 1a hudng
vao (input ) hay hudng ra (output ). Tat cic cac cong vao ra cia AVR diéu cé tinh ning
DPoc — Chinh stra — Ghi ( Read — Modify — write ) khi str dung chung nhu 13 cac cong vao ra
s6 thong thuong. Diéu nay co nghia 13 khi ta thay doi hudng ciia mot chan nao dé thi nd
khong 1am anh huong téi hudng cua cac chan khac. Tat ca cac chin cia cac cong ( port )
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VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

diéu c6 dién tro kéo 1én ( pull-up ) riéng, ta c6 thé cho phép hay khong cho phép dién tro
kéo 1én nay hoat dong.

Pién tré kéo 1én 1a mot dién tré duoc dung khi thiét ké cac mach dién tir logic. N6
c6 mot dau duoc ndi voi nguodn dién dp duong (thuong 1a Vee hodc Vdd) va dau con lai
duge ndi vai tin hiéu 16i vao/ra cua mot mach logic chtic nang. Dién trd kéo 1€n cod thé
duoc lép dat tai cac 16i vao cua cac khdi mach logic dé thiét 1ap murc logic 161 vao cua khdi
mach khi khong c6 thiét bj ngoai ndi véi 16i vao. Dién trd kéo 1én ciing c6 thé duoc lap dit
tai cic giao dién giira hai khdi mach logic khong cung loai logic, dic biét 1a khi hai khoi
mach ndy dugc cip ngudn khac nhau. Ngoai ra, dién tré kéo 1én con duoc lap dit tai 16i ra
ctia khdi mach khi 161 ra khong thé ndi ngudn dé tao dong, vi du céac linh kién logic TTL c¢6
cuc gop ho. Pdi vai ho logic ludng cuc v6i ngudn nudi 5 Vde thi gia tri cua dién tré kéo
1én thudng nam trong khoang 1000 dén 5000 Ohm, tiy theo yéu cau cip dong trén toan
giai hoat dong cua mach. Vé6i 16gic CMOS va 16gic MOS chiing ta cé thé sir dung céc dién
tro co gia tri 16n hon nhiéu, thuong tr vai ngan dén mot triéu Ohm do dong ro ri can thiét &
161 vao 1a rat nho. Trong viéc thiét ké cac vi mach ung dung, néu mot IC ¢ ngo ra loai cuc
thu dé ho giao tiép voi nhiéu IC khac thi gia tri cua dién tr6 keo Ién s& tuong dbi nho
(khoang vai tram Ohm). B6i vi luc nay hé s6 fanout 16n dan dén dong ngd ra cua IC phai
16n dé du cung cap cho céc ngd vao cia cac IC khac, néu khong vi mach s& hoat dong chap
chon hoic c6 thé khong hoat dong.

I1.2. CACH HOAT PONG :

Khi khao sat cic cong nhur 1a cac cong vao ra sb thong thuong thi tinh chét cua cac
cong ( PortA, PortB,...PortG ) la twong tu nhau, nén ta chi can khao sat mot cong nao do
trong sd 7 cong cua vi diéu khién 1a du.

M&i mét cong vao ra cua vi diéu khién dugc lién két v6i 3 thanh ghi : PORTX,
DDRx, PINx. ( ¢ day x la dé thay thé cho A, B,...G ). Ba thanh ghi nay s& dugc phéi hop
v6i nhau dé diéu khién hoat dong cua cong, chan han thiét 1ap cong thanh 16i vao cé st
dung dién tré pull-up, ..v.v.. . Sau ddy la dién ta cy thé vai trd cua 3 thanh ghi trén.

a. Thanh Ghi DDRx.
Pay 1a thanh ghi 8 bit ( c6 thé doc ghi ) co chirc ning diéu khién hudng cua cong
(12 16 ra hay 16i vao ). Khi mot bit cua thanh ghi nay duoc set 1én 1 thi chan twong ng véi
n6 duge cau hinh thanh ngd ra. Nguoc lai, néu bit ctia thanh ghi DDRx 14 0 thi chan tuong
g véi n6 duogc thiét 1ap thanh ngd vao. Lay vi du: Khi ta set tit ca 8 bit ctia thanh ghi
DDRA déu 12 1, thi 8 chan tuong Gmg cua portA 1a PA1, PA2, ... PA7 ( twong tng véi cac
chan s6 50, 49, ...44 cia vi diéu khién ) duoc thiét 1ap thanh ngd ra.
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Bit 7 6 5 4 3 2 1 0
I DDAT DDAG DDAS DDA4 DDA3 DDA2 DDA DDAD I DDRA
Read/Wnte Rw R R RwW RAW RAW RwW RW
Initial Walue 0 0 0 0 0 0 0 0
Thanh ghi DDRA

b. Thanh Ghi PORTX.

PORTXx 1a thanh ghi 8 bit ¢6 thé doc ghi. Pay 1a thanh ghi dit liéu ctia PORTx, Néu
thanh ghi DDRx thiét 14p cong 1a 16i ra, khi d6 gié tri ctia thanh ghi PORTx ciing 14 gia tri
cua céac chan tuong ung cia PORTX, ndi cach khac, khi ta ghi mdt gia tri logic 1én 1 bit cua
thanh ghi nay thi chan twong rng vai bit do cling c6 cung mirc logic. Khi thanh ghi DDRx
thiét 1ap cong thanh 16i vao thi thanh ghi PORTx déng vai trd nhu mot thanh ghi diéu khién
cong. Cuy thé , néu mot bit ctia thanh ghi ndy duoc ghi thanh 1 thi dién tré treo ( pull-up
resistor ) & chan twong g vdi nod s€ dugce kich hoat, nguoc lai néu bit duoc ghi thanh 0 thi
dién tro treo & chan twong Gng s& khong duogc kich hoat, cong & trang thai cao tré ( Hi-Z ).

Bit 7 G b 4 3 2 1 0
I PORTAT PORTAG PORTAS PORTA4 PORTAS PORTAZ PORTA1 PORTAD I PORTA
Read/\Write Rw R R RW RV R RV RW
Initial Yalue 0 0 0 0 0 Q 0 0
Thanh ghi PORTA

¢. Thanh Ghi PINx.

PINx khong phai la mot thanh ghi thyuc sy, day 1a dia chi trong bo nho I/O két ndi
truc tiép t6i cac chan cta cong. Khi ta doc PORTx ttc ta doc dir liéu duge chét trong
PORTX, con khi doc PINx thi gié trj logic hién thoi & chan cua cong twong tng duogc doc.
Vi thé d6i v6i thanh ghi PINX ta chi ¢6 thé doc ma khong thé ghi. Bang 25 thé hién céc cac
thiét 1ap cach hoat co thé c6 cia cong.

Bit 7 6 5 4 3 2 1 ]
PINAT PINAG PINAS PINA4 PINAJ PINAZ PINA1 PINAD PINA
Read/\Wnite R R R R R R R R
Initial Value — N/A NIA N/A MIA NiA N/A MA NIA
Thanh ghi PINA
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DDRxn PORTxn

0 0
0 1
0 1
1 0
1 1

Figure 30. General Digital 1/

&

Lé Trung Thing

PUD ( Trong /O Pull-up Chu thich
thanh ghi SFIOR
X Ngo vao  khong Cao tro
0 Ngd vao co Nhu mét ngudn dong
1 Ngo vao  khong Cao tro
X Ngdora  khong Ngd ra thap
X Ngora  khong Ngo ra cao
Bang 25. Cau hinh cho cac chan cong
DDRxn la bit thir n cua thanh ghi DDRx
PORTxn la bit thir n cua thanh ghi PORTx
Dadu “x” & cét thir 3 dé chi gid tri logic la tity ¥
PUD

<

(=

[all)]
g,
_|— WD
RESET
g h R
L W
2
- L=
[] <] 2ol <
T,.. o
I L WP (]
RESET
SLEEF r RFx
L~
SYNCHROMIZER
| —————— [\7 FFx
& r}h & 9 o o |
I"'-; | Pilzn | I""'H-
| L =] > &
|_ ———+— _| ok yg
) WD WRITE DOR:x
PLICE PULLUP DISABLE RO ADD
SLEEF: SLEEP COMTROL VF WRITE FORTx
ok, G CLOCK, FRx READ PORTx REGISTER
FFx FEAD PORT: P

Hinh 30. So 40 mdt cong vao ra
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Hinh 30 thé hién so do ciia mot chan ctia cong vao ra. O so do trén ta thiy ngoai 2
bit ctia cac thanh ghi DDRx va PORTx tham gia diéu khién dién trg treo (pull-up resistor ),
con c6 mot tin hiéu nira diéu khién dién tré treo, do 1a tin hiéu PUD, day la bit nam trong
thanh ghi SFIOR, khi set bit nay thanh 1 thi dién tré kéo 1én s& khong dugc cho phép bat
ké cac thiét 1ap cta cac thanh ghi DDRx va PORTx. Khi bit nay 1a 0 thi dién tré kéo 1én
duoc cho phép néu { DDRxn, PORTxn } = { 0,1} .

Bit 7 6 5 4 3 2 1 0
Fosw | - | - | - | ACME | PUD | PSRD | PSR321 | SFIOR
ReadWrite  RIW R R R RW  RW  RW  RW
Initial Value 0 0 0 0 0 0 0 0
Thanh ghi SFIOR

Duéi day 1a dia chi cua tat ca cac port :

Tén PORT bia chi I/O bia chi SRAM

PORTA $1B $3B
DDRA $1A $3A
PINA $19 $39
PORTB $18 $38
DDRB $17 $37
PINB $16 $36
PORTC $15 $35
DDRC $14 $34
PINC $13 $33
PORTD $12 $32
DDRD $11 $31
PIND $10 $30
PORTE $03 $23
DDRE $02 $22
PINE $01 $21
PORTF Khong co $62
DDRF Khong co $61
PINF $00 $20
PORTG Khong ¢ $65
DDRG Khong co6 $64
PING Khong ¢o $63

Pé y : 3 bit cudi (bit 5, 6, 7 ) cha cac thanh ghi PORTG, DDRG va PING khong str
dung dugc. Khi doc ta luén nhan dugc gia tri 0.
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Chuong 111 . )
BO DINH THOI CUA ATmegal28

ATmegal28 c6 4 b dinh thoi , bo dinh thoi 1 va 3 1a bo dinh thoi 16 bit, bo
dinh thoi 0 va 2 1a b dinh thoi 8 bit. Dudi day 1a mo ta chi tiét cua 4 bd dinh thoi.

I. BOPINHTHOI1.
So db khéi by dinh théi 1 (3):

Count TOVx
Clear " (IntReq)
Control Logic

Direction TCLK Clock Sslect

Edge

'y I' / Dietector - Tx
ToR |BOTTOM K
yyYyy i h

[ From Prescaler )

Timer'Countsr
TCMHT=

OCFxA
{Int.R=q.}

| Waveform -
Gensration DCxA

Tixed OCFxB
TOP {Int.Req.)
Walues

o |  Waveform .
7| Bensration = OCxB

OCFxC
{Int.Raq.}

DATABUS

Waveform

Genesration LexC

{ From Analog
Comparator Ouput )

ICFx {Int.Req.)

K

Edge Moise

ICRx Detector | Canceler

.

ICPx
-I----ll---lll

TCCRxA | | TCCRxB | | TCCRxC

Figure 46. 16-bit Timer/Counter Block Diagram
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B dinh thoi 1 va 3 1a b dinh thoi 16 bit, b dinh thoi 1 sir dung 13 thanh ghi lién
quan, con by dinh thoi 3 st dung 11 thanh ghi lién quan véi nhiéu ché d6 thuc thi khac
nhau.Vi bo dinh thoi 1 va 3 hoat dong giong nhau nén & day chi trinh bay bo dinh thoi 1.
Mot dém can dé y 1a trong cac thanh ghi lién quan t&i bo dinh thoi 1 va 3 thi c6 nhiéu
thanh ghi dugc chia s& cho ca hai bo dinh thoi, chan han thanh ghi ETIPR c6 bit cudi 1a
OCF1C dugc dung cho bd dinh thoi 1, cac bit con lai 1a dung cho bd dinh thoi 3.
Tham chi c6 nhiing thanh ghi chia s¢ cho by dinh thoi 0 hoac 2, chan han thanh ghi
TIMSK ¢6 hai bit cudi dung cho bd dinh thoi 2, hai bit dau dung cho b dinh thoi 0, cac
bit con lai dung cho bd dinh thoi 1. Céac thanh ghi lién quan téi bo dinh thoi 3 cling dugc
liét ké ra ma khong can giai thich chi tiét, tuy vay ctng c6 vai khac biét nho gitta bg dinh
thot 1 va 3 dugce chu thich cho ting trudng hop cu thé trong muc “Bo Dinh Thoi 3”. Pé tim
hiéu vé bo dinh thoi 1 (3) ta cin ndm vitng cac thanh ghi lién quan téi bo dinh thoi 1(3) va
cac ché d6 hoat dong cua b dinh thoi.
< CAC PINH NGHIiA:

Céc dinh nghia sau s€ dugc st dung cho bo dinh thoi 1 va 3 :

BOTTOM Bo dém dat t6i gia tri BOTTOM khi n6 ¢6 gia tri 0000h

MAX Bo dém dat toi gia tri MAX khi n6 bang FFFFh

TOP Bo6 dém dat gia tri TOP khi né bang véi gia tri cao nhét trong chudi
dém, gia tri cao nhét trong chudi dém khong nhat thiét 1a FFFFh ma c6 thé 1 bat khi gia tri
nao dugc qui dinh trong thanh ghi OCRnX (X=A,B,C) hay ICRn, tiry theo ché do thuc thi.

< CAC THANH GHI BQ PINH THOI 1.

1. Thanh ghi TCCR1A (Timer/Counterl Control Register)

* Bit 7:6 — COMnA1:0: Compare Output Mode for Channel A
* Bit 5:4 — COMnB1:0: Compare Output Mode for Channel B
* Bit 3:2 — COMnC1:0: Compare Output Mode for Channel C
* Bit 1:0 - WGMn1:0: Waveform Generation Mode

. * Bit 7:2 — COMnX1:0 (X=A, B, C): Compare Output Mode for Channel X :
biéu khién cach hoat dong cua ngé ra so sanh (compare output) cua lan lugt cac chan
OCnA, OCnB va OCnC. Néu mdt hay ca hai bit COMnA1:0 dugc set 1én 1 thi ngd ra
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OCnA sé& uu tién hon chirc ning port I/O thong thuong ma né két ndi t6i . Néu mot hay ca
hai bit COMnB1:0 dugc set 1én 1 thi ngd ra OCnB s€ uu tién hon chuc nang port 1/0
thong thuong ma né két ndi téi . Néu mot hay ca hai bit COMnC1:0 duoc set 1én 1 thi ngd
ra OCnC s& wu tién hon chirc nang port I/O thong thudng ma né két ndi téi, dicu nay co
nghia 12 mdi mot chan cua vi diéu khién c6 thé thuc hién nhiéu chirc ning khac nhau, binh
thuong cac chan OCnA, OCnB, OCnC hoat dong nhu cac chan vao ra thong thuong, nhung
khi bd dinh thoi dang hoat dong & cac ché dd co sur dung td1 chic nang so sanh khép
(compare match) nhu cac ché d6 CTC, PWM,...cta bd dinh thoi thi hanh vi cta chan
ngd ra OCnA, OCnB, OCnC s& do bd dinh thoi diéu khién. Tuy nhién cha ¥ 1a bit cia
thanh ghi DDR tuong tng voi cac chdn OCnA, OCnB, OCnC phai duge set dé cho phép
ngd ra. Khi OCnA, OCnB, OCnC duoc két ndi téi chan thi tac dung cua céc bit
COMnX1:0 con phu thudc vao lga chon cua cac bit WGM3:0, nghia 1a khi ta set mét hay
ca hai Bit COMn1:0 lén 1 thi chirc ndng ngd ra so sanh dugc wu tién, tuy nhién cach hoat
dong & ngd ra OCnX nhu thé nao thi con phu thudc vao viéc luya chon cua cac bit
WGMn3:0, duoc thé hién trong cac bang dudi (Bang 58, 59, 60).

Trong cac ché d6 PWM, khi gia tri cac thanh ghi ding dé so sanh (OCRnX, ICRn) c6 gia
trj bang v6i TOP, thi sy kién so sanh khép (compare match) bi bé qua. Tuy vdy cac chan
OCnX van bi set hay x6a (tiy vao cac bit COMnX 1:0) 6 BOTTOM.

Table 58. Compare Output Mode, non-PWM

COMnA1/COMnB1/ COMnAO/COMNBO/
COMnC1 COMnCO Description

0 0 Normal port operation, OCnA/QOCnB/OCnC
disconnected.

0 1 Togale OCnA/OCnB/OCNC on compare
match.

1 0 Clear OCnA/OCnB/OCnC on compare
match (set output to low level).

1 1 Set OCnA/OCnB/OCNC on compare match
(set output to high level).

Bdng 58. Hanh vi cua cac chdn OCnX (X=A, B, C; n=I, 3) phu thugc vao cdic thiét lgp
cua cac bit COMnAl:0, COMnB1:0, COMnC1:0 trong ché djo non-PWM
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Table 59. Compare Output Mode, Fast PWM

Lé Trung Thing

COMnC1

COMnA1/COMnB1/

COMnA0O/COMnBO/
COomnCoO

Description

0

0

Normal port operation, OCnA/OCnB/OCnC

disconnected.

WGMn3:0 = 15: Toggle OCnA on Compare
Match, OCnB/OCnC disconnected (normal
port operation).

For all other WGNMn settings, normal port
operation, OCnA/QCnB/OCNnC
disconnected.

Clear OCnA/OCnB/OCnC on compare
match, set OCnA/OCnB/OCnC at TOP

Set OCnA/OCnB/OCNnC on compare match,
clear OCnA/OCNnB/OCnC at TOP

Bang 59. Hanh vi cua cac chdn OCnX (X=A, B, C; n=1, 3) phu thugc vao cdic thiét Igp
cua cdac bit COMnAl:0, COMnB1:0, COMnC1:0 tromg ché dp Fast-PWM

Table 60. Compare Output Mode, Phase Correct and Phase and Frequency Correct
PWM

COMnA1/COMnB1/ COMnAO/COMnBO/
COMnCA1 COMnCO

0 0

Description

Normal port operation, OCnA/OCnB/OCnC
disconnected.

WGMR3:0 =9 or 14: Toggle OCnA on
Compare Match, OCnB/OCnC disconnected
(normal port operation).

For all other WGMn settings, normal port
operation, OCnA/OCnB/OCnC
disconnected.

Clear OCnA/QOCnB/OCnC on compare
match when up-counting. Set
QCnA/OCNB/OCNC on compare match
when downcounting.

Set OCnA/OCNnB/OCNnC on compare match
when up-counting. Clear
QCnA/OCNRB/OCNC on compare match
when downcounting.

] Bdng 60. Hanh vi cua cdc chdn OCnX (X=A, B, C; n=1, 3) phg't thudc vao cdc
thiét lgp cua cdc bit COMnAIl:0, COMnBI1:0, COMnCI:0 tromg ché dp PWM hiéu
chinh pha va tin so
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e Bit 1:0 — WGMn1:0: Waveform Generation Mode : Két hop véi cac bit
WGMn3:2 tim trong thanh ghi TCCRnB , nhitng bit ndy cho phép ta lya chon ché do thuc
thi ctia by dinh thoi, nhd d6 co thé diéu khién vie dém tudn ty cia by dém. Gia tri by dém
16n nhat 13 TOP va dang song tao ra & chan OCnX (X=A, B, C; n=1, 3) duoc su dung cho
nhiéu muc dich khac nhau (bang 61). Cac ché d6 thuc thi dugc hd tro boi khoi
Timer/counter 1a : Normal mode ( counter ), Clear Timer on Compare match (CTC) mode ,
PWM mode. Dé ¥ 14 v6i bd dinh thoi 1 thi ¢6 4 bit WGM la: WGM13, WGM12,WGM11
va WGMI10.

Table 61. Waveform Generation Mode Bit Description

WGMn2 | WGMn1 WGMnO Timer/Counter Mode of Update of TOVn Flag

Mode | WGMn3 | (CTCn) | (PWMn1) | (PWMnO) Operation'" TOP OCRnx at Set on

a 0 a 0 0 Normal 0xFFFF | Immediate MAX

1 0 0 0 1 PWIM, Phase Correct, 8-bit 0x00FF | TOP BOTTOM

2 0 0 1 0 PWIM, Phase Correct, 9-bit 0x01FF | TOP BOTTOM

3 0 0 1 1 PWIM, Phase Correct, 10-hit 0x03FF | TOP BOTTOM

4 0 1 0 0 CTC OCRnA | Immediate MAX

5 0 1 0 1 Fast PWM, 8-bit 0x00FF | TOP TOP

i 0 1 1 0 Fast PWM, 9-hit 0x01FF | TOP TOP

7 0 1 1 1 Fast PWM, 10-hit 0x03FF | TOP TOP

8 1 0 0 0 E'-.“."M: Phase and Frequency ICRn BOTTOM BOTTOM

Correct

9 1 0 0 1 E‘g’:\g:ﬁrhase and Freguency acRnA | BOTTOM BOTTOM

10 1 0 1 0 PWIM, Phase Correct ICRn TOP BOTTOM

11 1 0 1 1 PWIM, Phase Correct DCRnA | TOP BOTTOM

12 1 1 0 0 CTC ICRn Immediate MAX

132 1 1 0 1 (Reserved) - - -

14 1 1 1 0 Fast PWM ICRn TOP TOP

15 1 1 1 1 Fast PWM DOCRnA | TOP TOP

Bing 61. Lwa chon cdc ché dé thwe thi ciia bé dinh thoi 1(3)

2. Thanh ghi TCCR1B

7 g b 4 3 2 1 0
ICNC1 ICEST - WGM13 | WGM12 C812 CS11 CS10 TCCR1B
RAW RAW R RW RAW RW RAW RAW

* Bit 7— ICNCn: Input Capture Noise Canceler
* Bit 6 — ICESn: Input Capture Edge Select
* Bit 5 — Reserved Bit

PH Khoa Hoc Tu Nhién TP. Ho Chi Minh - 2007 22



VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

e Bit 4:3 —- WGMn3:2: Waveform Generation Mode
* Bit 2:0 — CSn2:0: Clock Select

* Bit 7 — ICNCn: Input Capture Noise Canceler (viét tat: ICNC): Vigce set bit nay toi
1 s& kich hoat chitc ning chéng nhifu cta bg chéng nhiéu 16i vao ( ICNC ). Khi chirc
nang ICNC duogc kich hoat thi ngd vao tir chan ICPn s& dugc loc. Chire nang loc doi hoi 4
mAu c6 gia tri bang nhau lién tiép & chan ICPn cho sy thay doi ngd ra cia né ( xem chi tiét
vé khéi Input Capture ).

* Bit 6 — ICESn: Input Capture Edge Select: Bit nay lya chon canh ¢ chan Input
Capture Pin (ICPn) dung dé bét “sy kién trigger” ( Trigger event '?) ). Khi bit ICESn duoc
thiét 1ap thanh 0 thi mot canh duong xudng ( falling ©) duoc dung nhu mét trigger ( tin
hiéu nay). Nguoc lai, khi bit nay dugc set thanh 1 thi mot canh 4m 1én (rising ) duoc
ding nhu mot trigger. Khi xay ra su kién Input capture @ (theo thiét 1ap cua bit ICESn 1a 1
hay 0) thi gi4 tri cia bd dém dwoc ghi vao thanh ghi Input Capture Register ICRn (n=1, 3),
va khi d6 c& ICFn (Input Capture Flag) dugc set. Diéu nay sé tao ra mot ngat Input capture
néu ngit nay dugc cho phép. Khi thanh ghi ICRn duoc st dung nhu mét gia tri TOP thi
chan ICPn khéng dugc két ndi va vi thé chire ning Input capture khong duge cho phép.

* Bit 5 : Du trir.

* Bit 4:3 — WGMn3:2: Waveform Generation Mode: D4 n6i ¢ phan thanh ghi
TCCRI1A.

* Bit 2:0 — CSn2:0: Clock Select : Dung d¢ Iya chon téc d6 xung clock (xem bang
62). Bé cAm bo dinh thoi hoat dong ta chi can cho {CSn2, CSnl, CSn0} = {0, 0, 0}.

Table 62. Clock Select Bit Description

Ccsn2 csn1 CSn0 | Description
0 0 0 No clock source. (Timer/Counter stopped)
0 0 1 clky,o/1 (No prescaling
0 1 0 clk,o/8 (From prescaler)
0 1 1 clk,5/64 (From prescaler)
1 0 0 clk,o/256 (From prescaler)
1 0 1 clk,o/1024 (From prescaler)
1 1 0 External clock source on Tn pin. Clock on falling edge
1 1 1 External clock source on Tn pin. Clock on rising edge

Bang 62. Lua chon téc dp xung clock
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3. Thanh ghi TCCR1C

7 5 5 4 3 2 1 0
I FOC1A | FOCIB | FOCIC - - - - - I TCCRAC
W W W R R R (4 R

* Bit 7— FOCnA: Force Output Compare for Channel A
* Bit 6 — FOCnB: Force Output Compare for Channel B
* Bit 5 — FOCnC: Force Output Compare for Channel C
* Bit 4:0 — Reserved Bits

Céc bit FOCnA/FOCnB/FOCnC chi hoat dong khi cac bit WGMn3:0 chi dinh ché o
Non-PWM. Khi cac bit FOCnA/FFOCnB/FOCnC dugc set thanh 1 thi ngay 1ap tirc mdt su
kién “So sanh khép cudng ché” (Forced Compare Match " ) xay ra trong b tao song.
Ngd ra OCnA/OCnB/OCnC dugc thay d6i theo thiét 1ap cta cac bit COMnX 1:0 (n=1, 3;
X=A, B, C), nghia la binh thuong su kién “so sanh khép” chi xay ra khi khi gia tri bd dinh
thoi (thanh ghi TCNTn (n=1, 3) ) béng voi gia tri thanh ghi OCRnX( n=1,3; X=A,B,C),
nhung khi cac bit FOCnX( n=1, 3; X=A, B, C) dugc set thanh 1 thi su kién “so sanh
khép” s& xay ra mic du gia tri ctia b dinh thoi khong bang véi gia tri cta thanh ghi
OCRnX( n=1,3; X=A,B,C). Chu y Ia cac bit FOCnA/FOCnB/FOCnC ciing hoat dong nhu
1a nhitng que do (strobe), vi thé né 1 gia trj hién thoi cta cac bit COMnX1:0 xac dinh tac
dong cia “so sanh cwéng ché” (forced compare). Cac que do FOCnA/FOCnB/FOCnC
khong tao ra bat ki ngit nao va ciing khong x6a bo dinh thoi trong ché 46 CTC sir dung
thanh ghi OCRnA nhu 14 gia tri TOP. Cac bit FOCnA/FOCnB/FOCNC chi c6 thé ghi, khi
doc cac bit nay ta ludén nhan duoc gia tri 0.

* Bit 4:0 du trit ,phai ghi thanh 0 khi ghi vao thanh ghi TCCRnC.

4. Thanh Ghi Timer/Counterl — TCNT1H and TCNTI1L

7 5 5 4 3 2 1 0
TCNTA[15:8] TCNT1H
TCNT1[7:0] TCNTIL
RN RW RW RAW RAN R RN RAW

Thanh ghi bd dinh thdi TCNTI 1a thanh ghi 16 bit duoc két hop tir hai thanh ghi
TCNTI1H va thanh ghi TCNTI1L. Thanh ghi TCNT1 c6 thé doc hay ghi. Dé ca 2 byte cua
TCNT 1 dugc doc hay ghi dong thoi nguoi ta dung mot thanh ghi tam 8 bit byte cao 8-bit
Temporary High Byte Register (TEMP). Thanh ghi TEMP duoc chia s& cho tat ca céac
thanh ghi 16 bit khac. Khong nén chinh stra thanh ghi TCNTn (n=1,3) khi n6 dang dém dé
tranh bi hong Compare Match gitra TCNTn va mot trong nhiing thanh ghi OCRnX(n=1,3.
X=A,B,C).
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5. Thanh Ghi OQutput Compare Register 1 A—- OCR1AH and OCR1AL

Bit 7 6 5 4 3 2 1 ]
OCR1A[15:8] | OCR1AH
r———
OCR1A[7:0] OCR1AL
Read/Write RAW RAW RAW RW R R RW W
Initial YWalue 0 0 0 0 0 0 ] ]

6. Thanh Ghi Output Compare Register 1 B- OCR1BH and OCR1BL

Bit 7 6 5 4 3 2 1 0
I
OCR1B[15:8] l OCR1BH
OCR1B[7:0] I OCR1BL
ReadWrite RW RW RAW RV RAN RA RV RAW
Initial Value 0 0 0 0 0 0 0 0

7. Thanh Ghi OQutput Compare Register 1 C— OCR1CH and OCR1CL

Bit 7 6 5 4 3 2 1 0
OCﬁ1C[15:8] l OCRICH
QCRIC[7T:0] OCRICL
ReadWrite RAW RAW RW RAW RAW RW RAW RW
Initial Walue 0 0 0 0 0 0 0 0

Thanh ghi output compare register (OCR1A/OCR1B/OCRI1C) la thanh ghi 16 bit,
gia tri cua né dugc lién tuc so sanh véi bd dém (TCNT1). Khi co6 su béng nhau cua hai
thanh ghi ndy sé tao ra mot ngit so sanh hay mot dang song & chan ngd ra so sanh OCnX
(X=A,B,C). Giéng nhu thanh ghi TCNT1 , thanh ghi OCRnX (X=A,B,C) ciing 1 thanh ghi
16 bit nén dé ca hai byte cao va thip cta thanh ghi dugc ghi hay doc dong thoi khi CPU
can truy xuat thanh ghi ndy, ngudi ta dung thanh ghi tam byte cao (TEMP), thanh ghi
TEMP luén luu gitt byte cao cia cac thanh ghi 16 bit khi cac thanh ghi ndy can dung téi né
(xem hinh 3.1). Chua v 13 khi ghi mot gid tri vao thanh ghi OCRnX trong liic bd dém dang
chay, thi gi4 tri cua thanh ghi OCRnX c6 thé cp nhat tirc thoi, nhung ciing c6 thé chi duoc
cap nhat khi bo dém dat t6i mot gia tri nao d6 (bang 61), chan han, gia tri TOP,
BOTTOM...
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1
TEMP (8-kit)

v

TCNTnH (8-bit) TCNTnL (8-bit)

DATA BUS (s-bit) -

|

TCNTn (18-hit Counter) -
Hinh 3.1. Thanh ghi TEMP

8. Thanh Ghi Input Capture Register 1 -ICR1H and ICR1L

Bit 7 6 5 4 3 2 1 0
ICR1[15:8] ICR1H
_
ICRA[7:0] ICR1L
Read Wit RW R R RW RIW R RWVY RAW
Initial Value 0 0 0 0 0 0 0 0

Thanh ghi Input capture (ICR1n) s& cap nhat gi tri cia bd dém TCNTn mdi khi xay
ra sy kién ¢ chan ICPn. Ngoai ra thanh ghi nay con dugc sir dung d¢ dinh nghia gia tri TOP
cua bd dém. Nguoi ta cling st dung thanh ghi TEMP khi can truy xuat thanh ghi ICRn
(n=1, 3).

9. Thanh Ghi Timer/Counter Interrupt Mask Register — TIMSK (Interrupt for
Timer/counter 1)

Bit 7 6 5 4 3 2 1 0

[OCE [ TORZ [ TOET [ OCEiA | OCkTs | TOET [OCET [ TORT] sk
Read\Wnte RW RW RW RAW RIW RW RAW RW
Initial Walue 0 0 0 0 0 0 0 0

* Bit 5 — TICIE1: Timer/Counterl, Input Capture Interrupt Enable

* Bit 4 — OCIE1A: Timer/Counterl, Output Compare A Match Interrupt Enable
* Bit 3 — OCIE1B: Timer/Counterl, Qutput Compare B Match Interrupt Enable
* Bit 2 — TOIE1: Timer/Counterl, Overflow Interrupt Enable
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Bit 5 — TICIE1: Timer/Counterl, Input Capture Interrupt Enable: Khi bit nay
duogc set thanh 1 va ngét toan cuc (global interrupt) dugc cho phép thi ngit bat miu ngd
vao by Timer/couterl (Timer/Counterl Input Capture interrupt) dugc cho phép. Vector
ngat tuong ung s& duogc thuc thi khi c& ICF1 trong thanh ghi TIFR duoc set.

Bit 4 — OCIE1A: Timer/Counterl, Output Compare A Match Interrupt
Enable: Khi bit nay duoc set thanh 1 va ngit toan cuc (global interrupt) dugc cho phép thi
ngit so sanh ngd ra 1A (Timer/Counter] Output Compare A Match Interrupt) dugc cho
phép. Vector ngit tuwong tmg s& dugc thyc thi khi co0 OCF1A trong thanh ghi TIFR dugc
set.

Bit 3 — OCIE1B: Timer/Counterl, Output Compare B Match Interrupt
Enable: Khi bit nay duoc set thanh 1 va ngit toan cuc (global interrupt) duoc cho phép thi
ngit so sanh ngd ra 1B (Timer/Counter] Output Compare B Match Interrupt) dugc cho
phép. Vector ngit twong ung s& dugc thyuc thi khi cd OCF1B trong thanh ghi TIFR duoc
set.

Bit 2 — TOIE1: Timer/Counterl, Overflow Interrupt Enable: Khi bit nay duoc
set thanh 1 va ngit toan cuc (global interrupt) dugc cho phép thi ngét cd tran bo dinh thoi 1
(Timer/Counter] overflow interrupt) dugc cho phép. Vector ngit twong tng s& duogc thuc
thi khi c& TOV1 trong thanh ghi TIFR duogc set.

10. Thanh Ghi Extended Timer/Counter Interrupt Mask Register —-ETIMSK
(Interrupt for Timer/counter 3)

Bit 7 6 b 4 3 2 1 0

- - TICIE3 | OCIE3A | OCIE3E | TOIE3 | OCIE3C | OCIE1C | ETIMSK
Read/\Write R R RAW RW RW R RW R
Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 — Reserved Bits

* Bit 5 — TICIE3: Timer/Counter3, Input Capture Interrupt Enable

* Bit 4 — OCIE3A: Timer/Counter3, Output Compare A Match Interrupt Enable
* Bit 3 — OCIE3B: Timer/Counter3, Output Compare B Match Interrupt Enable
* Bit 2 — TOIE3: Timer/Counter3, Overflow Interrupt Enable

* Bit 1 - OCIE3C: Timer/Counter3, Output Compare C Match Interrupt Enable
* Bit 0 — OCIE1C: Timer/Counterl, Output Compare C Match Interrupt Enable

Thanh ghi ETIMSK lién quan dén ca hai bo dinh thoi 1 va 3.

* Bit 7:6 — Reserved Bits: Du trit , phdi ghi cac bit nay thanh 0 khi ghi vao thanh
ghi ETIMSK

* Bit 5 — TICIE3: Timer/Counter3, Input Capture Interrupt Enable: Khi bit nay
dugc set thanh 1 va ngdt toan cuc (global interrupt) duoc cho phép thi ngit bit mau ngd
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vao by Timer/couter 3 (Timer/Counter3 Input Capture interrupt) dugc cho phép. Vector
ngat tuong ung s& duogc thuc thi khi ¢ ICF3 trong thanh ghi ETIFR duoc set.

* Bit 4 — OCIE3A: Timer/Counter3, Output Compare A Match Interrupt
Enable: Khi bit nay dugc set thanh 1 va ngat toan cuc (global interrupt) duoc cho phép thi
ngit so sanh ngd ra 3A (Timer/Counter]l Output Compare A Match Interrupt) duoc cho
phép. Vector ngit twong tmg s& duoc thuc thi khi ¢ OCF3A trong thanh ghi ETIFR duoc
set.

* Bit 3 — OCIE3B: Timer/Counter3, Output Compare B Match Interrupt
Enable: Khi bit nay duoc set thanh 1 va ngat toan cuc (global interrupt) dugc cho phép thi
ngit so sanh ngd ra 3B (Timer/Counter3 Output Compare B Match Interrupt) dugc cho
phép. Vector ngit tuong tng sé& duoc thuc thi khi c& OCF3B trong thanh ghi ETIFR dugc
set.

* Bit 2 — TOIE3: Timer/Counter3, Overflow Interrupt Enable: Khi bit nay dugc
set thanh 1 va ngt toan cuc (global interrupt) dugc cho phép thi ngit cd tran bo dinh thoi 3
(Timer/Counter3 overflow interrupt) dugc cho phép. Vector ngit twong tng s& duogc thuc
thi khi co6 TOV4 trong thanh ghi ETIFR duogc set.

* Bit 1 — OCIE3C: Timer/Counter3, Output Compare C Match Interrupt
Enable: Khi bit nay duoc set thanh 1 va ngat toan cuc (global interrupt) dugc cho phép thi
ngit so sanh ngd ra 3C (Timer/Counter3 Output Compare C Match Interrupt) duoc cho
phép. Vector ngit tuwong tng s& duoc thuc thi khi ¢ OCF3C trong thanh ghi ETIFR dwoc
set.

* Bit 0 — OCIE1IC: Timer/Counterl, Output Compare C Match Interrupt
Enable: Khi bit nay duogc set thanh 1 va ngit toan cuc (global interrupt) duoc cho phép thi
ngit so sanh ngd ra 1C (Timer/Counter] Output Compare C Match Interrupt) dugc cho
phép. Vector ngit tuong tng sé duoc thuc thi khi c& OCF1C trong thanh ghi ETIFR dugc
set.

11. Thanh Ghi Timer/Counter Interrupt Flag Register — TIFR

Bit 7 6 5 4 3 2 1 0

I 0OCF2 TOV2 ICF1 OCHF1A | OCH1B TOW1 OCF0 TOVOD I TIFR
ReadWrite RW RAW RAW RW RAW R RW RAW
Initial Value 0 0 0 0 0 0 0 0

* Bit 5 — ICF1: Timer/Counterl, Input Capture Flag

* Bit 4 — OCF1A: Timer/Counter1, Output Compare A Match Flag
* Bit 3 — OCF1B: Timer/Counterl, Qutput Compare B Match Flag
* Bit 2 - TOV1: Timer/Counterl, Overflow Flag

Thanh ghi TIFR lién quan t&i b dinh thoi 1 va 2.
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* Bit 5 — ICF1: Timer/Counterl, Input Capture Flag: Co nay dugc set khi xdy ra
su kién bit miu ngd vao (Input Capture) ciia chan ICP1. Khi thanh ghi ICR1 (Input
Capture Register) duoc thiét 1ap boi cac bit WGMn3:0 dé sir dung nhu mét gia trj TOP thi
¢ ICF1 sé duoc set khi bo dém dat toi gia tri TOP. Co ICF1 sé& ty dong x6a khi ngat tuong
g duoc thuc thi, hodc c6 thé x6a hay set bang cach ghi mot gia tri logic vao vi tri ctia né.

* Bit 4 — OCF1A: Timer/Counterl, Output Compare A Match Flag: Co nay
dugc set ngay sau khi gia tri bd dém (TCNT1) bang vé6i gia tri thanh ghi OCR1A (Output
Compare Register A). Chu y 1a mot so sanh cudng bic (FOC1A) s€ khong set co nay. Co
OCFI1A s€ tu dong x6a khi ngét tuong Uung duoc thuc thi, hodc co thé x6a hay set béng
cach ghi mot gia tri logic vao vi tri cua no.

* Bit 3 — OCF1B: Timer/Counterl, Output Compare B Match Flag: Co nay
duogc set ngay sau khi gia tri bd dém (TCNT1) bang voi gia tri thanh ghi OCR1B (Output
Compare Register B). Cha y 1a mdt so sdnh cudng birc (FOC1B) s€ khong set co nay. Co
OCF1B s& tu dong x6a khi ngit tuong ung duoc thuc thi, hodc c6 thé x6a hay set bang
cach ghi mot gia tri logic vao vi tri cia no.

* Bit 2 — TOV1: Timer/Counterl, Overflow Flag: Viéc thiét 1ap c& nay phu thudc
vao thiét 1ap cua cac bit WGMn3:0, trong ché do binh thuong va CTC ¢ TOV1 duogc set
khi bd dinh thoi tran. Xem lai bang 61 va muc “Cac ché dd thwe thi” dé biét cac truong
hop khac.

12. Thanh Ghi Extended Timer/Counter Interrupt Flag Register —-ETIFR

Bit 7 6 5 4 3 2 1 0

I - - ICF3 OCF3A | OCF3B TOV3 OCF3C | OCF1C I ETIFR
Read/Write RIW AW RW RAW RAW RAW RAW RAW
Initial Value 0 0 0 0 0 0 0 0

* Bit 7:6 — Reserved Bits

* Bit 5 — ICF3: Timer/Counter3, Input Capture Flag

* Bit 4 — OCF3A: Timer/Counter3, Output Compare A Match Flag
* Bit 3 — OCF3B: Timer/Counter3, Output Compare B Match Flag
* Bit 2 - TOV3: Timer/Counter3, Overflow Flag

* Bit 1 - OCF3C: Timer/Counter3, Output Compare C Match Flag
* Bit 0 — OCF1C: Timer/Counterl, Output Compare C Match Flag

* Bit 7:6 — Reserved Bits: Du trit, phai ghi 0 khi ghi vao thanh ghi ETIFR.

* Bit 5 — ICF3: Timer/Counter3, Input Capture Flag: Co nay dugc set khi xdy ra
su kién bat ngd vao (Input Capture) cia chan ICP3. Khi thanh ghi ICR3 (Input Capture
Register) duoc thiét 1ap bai cac bit WGMn3:0 dé sir dung nhu mot gia tri TOP thi c& ICF3
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s& duogc set khi bo dém dat t6i gia tri TOP. Co ICF3 s& ty dong xo6a khi ngat twong ung
dugce thue thihodc c6 thé x6a hay set béng cach ghi mot gia tri logic vao vi tri cua no.

* Bit 4 — OCF3A: Timer/Counter3, Output Compare A Match Flag: : Co nay
duogc set ngay sau khi gia tri bd dém (TCNT3) bang véi gid tri thanh ghi OCR3A (Output
Compare Register A). Chu y 1a mot so sanh cudng birc (FOC3A) s€ khong set ¢ nay. Co
OCF3A s& tr dong xo6a khi ngit twong tmg duogc thuc thi, hodc c6 thé xéa hay set bang
cach ghi mot gia tri logic vao vi tri cua no.

* Bit 3 — OCF3B: Timer/Counter3, Output Compare B Match Flag: Co nay
duogc set ngay sau khi gia tri bd dém (TCNT3) bang voi gia tri thanh ghi OCR3B (Output
Compare Register B).Cha y 1a mot so sdnh cudng buc (FOC3B) s¢ khong set co nay. Co
OCF3B sé& ty dong x6a khi ngat twong Gng duoc thuc thi, hodc ¢ thé xéa hay set bang
cach ghi mot gia tri logic vao vi tri cua no.

* Bit 2 - TOV3: Timer/Counter3, Overflow Flag: Viéc thiét 1ap cO nay phu thude
vao thiét 1ap cua cac bit WGMn3:0, trong ché d binh thuong va CTC cd TOV3 dugc set
khi bo dinh thoi tran. Xem lai bang 52 va muc “Cac ché dd thwe thi” dé biét cac truong
hop khac.

* Bit 1 — OCF3C: Timer/Counter3, Output Compare C Match Flag: Co nay
duogc set ngay sau khi gia tri bd dém (TCNT3) bang voi gia tri thanh ghi OCR3C (Output
Compare Register C). Cha y 1a mot so sanh cudng birc (FOC3C) sé khong set co nay. Co
OCF3C s& ty dong x6a khi ngét twong Gmg duoc thuc thi, hodc c6 thé xoéa hay set bang
cach ghi mot gia tri logic vao vi tri cua no.

* Bit 0 — OCF1C: Timer/Counterl, Output Compare C Match Flag: Co nay
duogc set ngay sau khi gia tri bd dém (TCNT1) bang véi gia tri thanh ghi OCR1C (Output
Compare Register C). Cha y 1a mdt so sanh cudng birc (FOC1C) s€ khong set co nay. Co
OCFIC sé& ty dong x6a khi ngat twong Gmg duoc thuc thi, hodc ¢ thé xoéa hay set bang
cach ghi mot gia tri logic vao vi tri cua no.

13. Thanh Ghi Special Function 10 Register -SFIOR

Bit 7 6 5 4 3 2 1 0
[ Tsm - - - ACME | PUD | PSRO | PSR321] SFIOR

ReadWrite  R/W R R R RIW RIW RIW RV

Initial Value 0 0 0 0 0 0 0 0

* Bit 7— TSM: Timer/Counter Synchronization Mode
e Bit 0 — PSR321: Prescaler Reset Timer/Counter3, Timer/Counter2, and
Timer/Counterl
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* Bit 7 — TSM: Timer/Counter Synchronization Mode: Ghi bit nay thanh 1 s¢&
kich hoat ché d6 “Pong bd b dinh thoi”. Trong ché do nay gia tri ghi vao hai bit PSRO va
PSR321 duoc giit, vi thé no giir cho tin hiéu reset cua bo chia trude ( prescaler ® tuong
img duoc xac nhén ( do do b chia trude prescaler van & trang thai Reset ). D1eu nay dé
chac chin 13 cac bo Timer/couter twong tmg duoc tam ding dé c6 thé duoc cau hinh véi
gia tri nhu nhau ma khéng 1am hong cac cau hinh sin c6 khac. Khi TMS 1a 0 thi céc bit
PSRO va PSR321 dugc x6a boi phan cling va cac bd dinh thoi (1,2,3) bat ddu dém dong
thoi. ( Xem thém muc : Ché Po Pong Bo B Pinh Thoi ).

e Bit 0 — PSR321: Prescaler Reset Timer/Counter3, Timer/Counter2, and
Timer/Counterl: Khi bit nay 1a 1 thi by chia trude (prescaler) cua ba bg dinh thoi 1,2,3
dugc reset. Bit PSR321 dugc x6a boi phan cing ngoai trir truong hop bit TSM dugc set.
Chu y 1a ba bo dinh thoi 1, 2, 3 cung chia s€ mt bd chia trudc (prescaler) nén viéc reset b
chia trudc (prescaler) s€ tac dong 1én ca ba bd dinh thoi nay.

II. BO PINH THOI 3

B6 dinh thoi 3 giéng bo dinh thoi 1 nén ¢ day chi trinh bay cac thanh ghi lién quan
to1 bo dinh thoi 3, chirc nang cua tung thanh ghi c6 thé xem céc thanh ghi tuong ung véi
no 6 bd dinh thoi 1.

1. Thanh ghi TCCR3A (Timer/Counter3 Control Register A)

Bit 7 G 5 4 3 2 1 0

COM3A1 | COM3AD | COMIB1 COM3B0 | COM3C1 | COM3CO | WGMM WGM30 TCCR3A
Read/\Write RIW RW RAW RAW RW RIW RW RIW
Initial Value 0 ] 0 0 0 0 0 0

* Bit 7:6 - COM3A1:0: Compare Output Mode for Channel A
* Bit 5:4 - COM3B1:0: Compare Output Mode for Channel B
* Bit 3:2 — COM3C1:0: Compare Output Mode for Channel C
* Bit 1:0 - WGMn1:0: Waveform Generation Mode

2. Thanh ghi TCCR3B (Timer/Counter3 Control Register B)

Dé y 1a khéi Input Capture Unit ctia bo dinh thoi 3 ¢6 khac chut it so voi cua bd dinh thoi
1. Xem chi tiét vé khoi Input Capture Unit ¢ phan mo ta “Khoi Input Capture Unit”.
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Bit 7 6 5 4 3 2 1 0
| ICNC3 | ICES3 - WGM33 | WGM32 | CS832 CS31 CS30 I TCCR3B
Read/Write RIW RIW R RIW RAW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
* Bit 7 — ICNC3: Input Capture Noise Canceler
* Bit 6 — ICES3: Input Capture Edge Select
* Bit 5 — Reserved Bit
* Bit 4:3 —- WGM3 3:2: Waveform Generation Mode
* Bit 2:0 — CS3 2:0: Clock Select
3. Thanh ghi TCCR3C (Timer/Counter3 Control Register C)
Bit 7 6 5 4 3 2 1 0
FOC3A | FOC3B | FOC3C - - - - - TCCR3C
Read/Write W W W
Initial Value 0 0 0 0 0 0 0 0
* Bit 7— FOC3A: Force Output Compare for Channel A
* Bit 6 — FOC3B: Force Output Compare for Channel B
* Bit 5 - FOC3C: Force Output Compare for Channel C
* Bit 4:0 — Reserved Bits
4. Thanh Ghi Timer/Counterl — TCNT3H and TCNT3L
Bit 7 6 5 4 3 2 1 0
TCNT3[15:8] TCNT3H
TCNT3[7:0] TCNT3L
Read/Write RAW RIW RAW RIW RIW RIW RAW RAW
Initial Value 0 0 0 0 0 0 0 0

5. Thanh Ghi Output Compare Register 3 A— OCR3AH and OCR3AL

Bit T 6 5 4 3 2 1 0
OCR3A[15:8] I OCR3AH
_
OCR3A[T:0] | OCR3AL
Read/\Write R RAN RV RwW R RAW R RN
Imitial Yalue 0 0 0 0 0 0 0 0

PH Khoa Hoc Tu Nhién TP. Ho Chi Minh - 2007 32



VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

6. Thanh Ghi Output Compare Register 3 B- OCR3BH and OCR3BL

Bit 7 6 5 4 3 2 1 0
I
OCR3B[15:8] | OCR3BH
OCR3B[T7:0] OCR3BL
Read/\Write R R R RV R RAN R R
Initial Walue 0 0 0 0 0 0 0 0

7. Thanh Ghi OQutput Compare Register 3C— OCR3CH and OCR3CL

Bit 7 6 5 4 3 2 1 0
OCﬁJCH 5:8] I OCR3CH
OCR3C[7:0] OCR3CL
Read\Write RIW RAW RAW RiW RAW RW RN RW
Initial Value 0 0 0 0 0 0 0 0

8. Thanh Ghi Input Capture Register 3 -ICR3H and ICR3L

Bit 7 6 5 4 3 2 1 0
ICR3[15:8) ICR3H
ICR3[7:0] ICR3L

Read/Write =T = RV RV = = = RIW

Initial Yalue 0 0 0 0 0 0 0 0

9. Thanh Ghi Extended Timer/Counter Interrupt Mask Register -ETIMSK
(Interrupt for Timer/counter 3)

Pé y 1a & bd dinh thoi 1 ¢6 sir dung thanh ghi TIMSK va ETIMSK , con bd dinh
thoi 3 chi sir dung thanh ghi ETIMSK.

Bit 7 6 5 4 3 2 1 0

- - TICIEZ | OCIE3A | OCIE3B | TOIE3 | OCIE3C | OCIE1C | ETIMSK
Read/\Write R R RV RV RW RAW RV RV
Initial Value 0 0 0 0 0 0 0 0

10. Thanh Ghi Extended Timer/Counter Interrupt Flag Register —-ETIFR

bé v 1a bd dinh thoi 1 sir dung ca 2 thanh ghi TIFR va ETIFR , con bo dinh thoi 3
chi st dung thanh ghi TIFR.
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Bit 7 G 5 4 3 2 1 0

- - ICF3 OCF3A | OCF3B TOV3 OCF3C | OCF1C I ETIFR
Read/Wiite R R RW T RW R T RW T RwWTTRw
Initial Value 0 0 0 0 0 0 0 0

11. Thanh Ghi Special Function 10 Register —-SFIOR

Bit 7 B 5 4 3 2 1 0

TSM - - - ACME PUD PSRO PSR321 SFIOR
Read/\Write RAW R R R R RAW RW RW
Initial Value 0 0 0 0 0 ] 0 0

12. Ngé Ra Khoi Compare Match Output Unit

COMN1 —
COMRO Waveform D Q
Focn | Generator
—t= 1
| OCn
A OoCn y |- Pin
=0 QO
o -
B PORT
£
= =D Q
Y DDR
clky,

Hinh 3.2. Ngo ra khoi Compare Match Output Unit
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Nhin hinh 3.2 trén ta thdy Pin OCnX (chan han pin 15 cua IC twong tng véi
OC1A), 1a ngd ra ciia khdi Compare Match Output Unit, c6 thé duoc ndi véi 3 thanh ghi
la OCnX, PortX va DDRX . Thanh ghi ndo duogc ndi véi OCn 1a phu thudc vao cac bit
COMn1:0 (tirc tiy theo ché do hoat dong ciia bd dinh thoi), gia sir ta thiét 1ap cac bit
COMn1:0 dé cho thanh ghi OCn duoc ndi véi PIN OCn, thi hoat dong ctua PIN OCn (tuc
dang song ¢ ngd ra OCn ) lai phu thudc vao thiét 14p cua cac bit WGMn3:0, cac bit
WGMn3:0 s€ qui dinh dang song ngd ra tai OCn nhu thé nao (xem bang 61 ). Nguoc lai,
néu ta thiét 1ap bo dinh thoi hoat dong & ché d6 binh thuong (tirc khong sir dung chirc nang
“so sanh khép” thi chdn OCn tr¢ thanh chan vao ra s6 thong thuong . Ngé ra khoi
Compare Match Output Unit ctia bd dinh thoi 1 ciing gidng nhu ¢ bd dinh thoi 3.
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I11. BO PINH THOI 0
So' dd khéi b dinh thoi 0
A
- > TCCRN |
¥
count TOVn
clear - {IntReq.)
— Control Logic
direction clq,
-4 TOSCA
[ ) [ )
BOTTOM TOP Tic
Prascaler Osdillator
Y /’__\\ | TOSC2
Timer/Countar f | A
TCHT]
- [=0] [=oxFF]

ocn clk,,

1 f "’ (Int Req.)
— | Waveform ocn

- 7| Generation

Y

q-p-{ OCRn |

Figure 61. 8-Bit Timer/Counter Block Diagram

B0 dinh thoi 0 1a bd dinh thoi 8 bit, bo dinh thoi 0 lién quan to1 7 thanh ghi voi
nhiéu ché dd thuc thi khac nhau.

< CAC PINH NGHIiA:

Céc dinh nghia sau s¢ dugc st dung cho bo dinh thoi 0 va 2:

BOTTOM B dém dat t&i gia tri BOTTOM khi né c6 gia tri 00h.

MAX Bo dém dat toi gia tri MAX khi n6 bang FFh.

TOP Bo dém dat gia tri TOP khi n6 bang vé6i gia tri cao nhit trong chudi dém,
gi4 tri cao nhat trong chudi dém khong nhét thiét 1a FFh ma co thé 1a bat khi gia tri nao
duoc qui dinh trong thanh ghi OCRn (n=0,2), tiy theo ché d¢ thuyc thi.

B6 dinh thoi 0 ¢ vai diac diém chinh nhu: Bo dém don kénh, x6a bd dinh thoi khi
co su kién so sanh khép (compare match) va tu nap lai, co thé dém tir bd dao dong 32
KHz bén ngoai, ché d6 PWM hiéu chinh pha,...Dudi day 1a mé ta chirc ning cta cac thanh
ghi lién quan t61 bo dinh thoi 0.
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1. Thanh Ghi Timer/Counter Control Register —- TCCR0

Bit 7 6 5 4 3 2 1 0

FOCO WGMO00 [ COMO1 | COMOO | WGMO1 CS02 Cs0 CS00 TCCRO
Read/\Write W RIW RW R/W RW RW RiW RIW
Initial Yalue 0 0 0 0 0 0 0 0

* Bit 7 — FOCO0: Force Output Compare ‘)

* Bit 6, 3 - WGMO01:0: Waveform Generation Mode

* Bit 5:4 — COMO01:0: Compare Match Output Mode

* Bit 2:0 — CS02:0: Clock Select

* Bit 7 — FOCO0: Force Output Compare: Bit nay chi hoat dong khi cac bit WGM
chi dinh ché 46 non-PWM ( chén han ché d6 CTC,...). Khi & ché d6 PWM nén ghi bit nay
thanh 0. O ché do non-PWM, khi bit FOCO dugc ghi thanh 1 1ap tirc mot sy kién “so sanh
khép cwong burc” ( Force compare match ) xay ra & bg tao song, tuc 1a su kién so sanh
khép bi bit budc xdy ra mit du gia tri bo dinh thoi khong bang véi gia tri ghi sin trong
thanh ghi OCRO. Lic nay ngd ra OCO s& thay doi tuy theo thiét lap ciia nhiing bit
COMO1:0 twong Gmg v6i nd. Bit FOCO s& ty dong xo6a boi phan ctng sau 1 chu ki clock.
Bit nay khéng thé doc.

* Bit 6, 3 - WGMO01:0: Waveform Generation Mode : Nhiing bit nay diéu khién
cac ché do thuc thi ctia bo dém, theo d6 dang song twong ung duoc tao ra tir bd tao song.
Céc ché do thuc thi duoc hd tro 14 : Normal, CTC, PWM. Cu thé xem bang 52.

Table 52. Waveform Generation Mode Bit Description

WGMo1'" | WGM00!" | Timer/Counter Update of | TOVO Flag
Mode (CTCO) (PWMO) Mode of Operation | TOP OCRO at Set on
0 0 0 Normal OxFF Immediate | MAX
1 0 1 PWM, Phase OxFF | TOP BOTTOM
Caorrect
2 1 0 CTC OCROD | Immediate | MAX
3 1 1 Fast PWM OxFF | TOP MAX

Bing 52. Lwa chon cdc ché d¢ thwe thi ciia bé dinh thoi 0.

(1): Tén cac bit CTCO va PWMO di khong duoc sir dung nita va duoc thay thé bang
cac tén khac 1a WGMO1 va WGMO0. Khi 1ap trinh nén chu ¥ diéu nay.

* Bit 5:4 — COMO01:0: Compare Match Output Mode : Hai bit nay diéu khién
hanh vi ctia chdn OCO. Néu mét trong hai bit ndy dugc set thanh 1 thi ngd ra OCO0 duoc uu
tién hon churc nang I/O thong thuong. Chu y 1a cac bit tuong tng cua OCO trong thanh ghi
DDR phai duoc set dé cho phép ngd ra. Khi bit OCO dugc két ndi véi chan ngd ra OCO thi
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tac dong ciia cac bit COMO1:0 d6i v6i hanh vi ciia chan OCO con phu thudc vao cac thiét
1ap cua cac bit WGMO1:0. Chi tiét xem bang 53, 54, 55.

Chén han, khi ta set bit { WGM00, WGMO01, COM00, COMO1} = { 0,0, 1, 0 } thi
bd dinh thoi 0 s€ hoat dong & ché do Normal va & ché do nay hanh vi ctia chan OCO la:
OCO s& thay doi muc logic mdi khi ¢ su kién So sanh khép ( Compare match ). Pé y 13 &
ché 46 Normal, v6i thiét lap cac bit WGM00, WGMO01, COM00, COMO1nhu trén, gié tri
thanh ghi OCRO dugc cdp nhat ngay tirc thoi, khic véi & ché d6 PWM gid tri thanh ghi
OCRO chi dugc cap nhat khi bd dinh thoi dém t6i gia tri TOP (gia dinh trong doan chuong
trinh Gmg dung co sy thay ddi gia tri thanh ghi OCRO).

Poan chuong trinh sau s¢ thiét 1ap bd dinh thoi hoat dong & ché do CTC va set chan
OCO 1én 1 mdi khi co su kién so sanh.

Idi r17,0xFF ; configured as output
out DDRB,r17

Idi r16,0xFO0
out OCRO,r16 ; match value

Idi r16,0x39
out TCCRO,r16 ; CTC mode

Table 53. Compare Output Mode, non-PWM Mode

COMO1 COMO0 Description
0 0 Normal port operation, OCO disconnected.
0 1 Toggle OCO on compare match
1 0 Clear OCO0 on compare match
1 1 Set OCO on compare match

Bang 53. Piéu khién hanh vi ciia chadn OCO bang cac bit COMO00:1 trong ché dd
non-PWM
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Table 55. Compare Output Mode, Phase Correct PWM Mode!")
COMO1 | COMOO | Description

0 0 Marmal port operation, OCO disconnected.
0 1 Reserved
1 0 Clear OCO on compare match when up-counting. Set OC0O on compare

match when downcounting.

1 Set OCO0 on compare match when up-counting. Clear OCO on compare
match when downcounting.

Bang 55. Piéu khién hanh vi ciia chadn OCO bang cac bit COMO00:1 trong ché dd
PWM hiéu chinh pha

Table 54. Compare Output Mode, Fast PWM Mode!")

COMOD1 COMO0O Description
0 0 MNaormal port operation, OCO disconnected.
0 1 Reserved
1 0 Clear OC0O on compare match, set OCO at TOP
1 1 Set OCO on compare match, clear OCO0 at TOP

Bang 54. Piéu khién hanh vi ciia chadn OCO bing cac bit COMO00:1 trong ché d¢
PWM nhanh

Chuy (1): Co trwong hop dat biét la khi thanh ghi OCRO co gia tri la TOP va bit
COMOI duoc set , trong truong hop nay viéc so sanh khop (Compare match) bi bo qua,

nhung viéc set hay xéa OC0 ¢ TOP van duwoc thue hién.

* Bit 2:0 — CS02:0: Clock Select: Day 1a 3 bit dung dé Iya chon xung clock cho bd
dinh thoi. Xem Bang 56. B¢ dung bo dinh thoi ta chon { CS00, CS01, CS02 } ={0,0, 0 }.
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Table 56. Clock Select Bit Description

cso2 cs01 Cs00 Description
0 0 0 Mo clock source (Timer/Counter stopped)
0 0 1 Clktps/(No prescaling)
0 1 0 Clkyps/8 (From prescaler)
0 1 1 ClKktps/32 (From prescaler)
1 0 0 Clktps/64 (From prescaler)
1 0 1 ClKtps/128 (From prescaler)
1 1 0 Clkgs/256 (From prescaler)
1 1 1 Clkype/1024 (From prescaler)

Bang 56. Lua chon téc @ xung clock cho bé dinh thoi 0

2. Thanh Ghi Timer/Counter Register —-TCNT0

Bit 7 6 5 4 3 2 1 0

I TCNTO[7:0] I TCNTO
Read/Write RW RAW RAW RIW R RW RAW AW
Initial Value 0 0 0 0 0 0 0 0

bay la thanh ghi dém 8 bit cua bo dinh thoi 0 .Gia tri thanh ghi nay tang hodc giam
1 don vi sau moi chu ki clock. Khong nén ghi vao thanh ghi nay khi né dang dém.

3. Thanh Ghi Output Compare Register —-OCR0

Bit T 6 5 4 3 2 1 0
. oo/ ocro

Read/Write RAW R RAW RIW RAW R RIW AW

Initial Walue 0 0 0 0 0 0 0 0

OCRO la thanh ghi 8 bit, gid tri cia né dugc lién tuc so sdnh vo1 gia tri cua thanh ghi
TCNTO. Khi hai gia tri cta hai thanh ghi nay bang nhau thi xay ra mot su kién “so sanh
khép” (compare match). Sy kién so sanh khép sé tao ra mot ngat, néu ngit dugc cho phép.
Hay tao ra mot dang séng & chan ngd ra OCO, tuy theo ché do thuc thi ctia bo dinh thoi.

PH Khoa Hoc Tu Nhién TP. Ho Chi Minh - 2007 40



VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thing

4. Thanh Ghi Timer/Counter Interrupt Mask Register — TIMSK

i _
it 7 6 5 4 3 2 1 0
OCIE2 TOIEZ TICIE1 OCIE1A | OCIEIB TOIE1 QCIED TOIED I TIMSK
- __________________ ________________ _______________ _________________
ReadMWrite R RW RW RW RW RW RW R
Initial Value 0 0 0 0 1] 0 0 0

* Bit 1 — OCIEQ: Timer/Counter0 Output Compare Match Interrupt Enable

* Bit 0 — TOIEO: Timer/Counter0 Overflow Interrupt Enable

* Bit 1 — OCIEO: Timer/Counter0) Output Compare Match Interrupt Enable:
Khi bit OCIEO ghi 1a 1 va bit I cua thanh ghi trang thai SREG dugc set thanh 1 thi ngét su
kién “so sanh khép” (compare match interrupt ) dwgc cho phép. Khi d6 mot ngit s& duoc
thyuc thi khi xdy ra mdt su kién “so sanh khop”.

* Bit 0 — TOIEO: Timer/Counter0) Overflow Interrupt Enable: Khi bit nay dugc
ghi 1a 1 va ngit toan cuc dugc cho phép thi ngét tran bo dinh thdi (Timer/Counter0
Overflow interrupt) duoc cho phép. Khi d6 mot ngit twong tng s& duoc thuc thi khi bo
dinh thoi tran.

5. Thanh Ghi Timer/Counter Interrupt Flag Register — TIFR

Bit T 6 5 4 3 2 1 0
QCF2 TOov2 ICF1 OCFiA | OCH1B TOV1 QCF0 TOVD I TIFR
. ____________ _____________ _____________ _____________________________
ReadM/nte RW R RAW R R RW R R
Initial Yalue 0 0 0 0 0 0 0 0

* Bit 1 - OCF0: Output Compare Flag 0
* Bit 0 —- TOVO0: Timer/Counter() Overflow Flag

 Bit 1 — OCFO0: Output Compare Flag 0: Bit nay s€ duoc set 1én 1 khi xdy ra “so
sanh khop 7 (compare match) gitta bo dinh thoi (toc thanh ghi TCCNO) véi thanh ghi
OCRO. Cd OCFO sé& tu dong x6a khi ngat tuong tmg duoc thuc thi. Ngoai ra ta ciing c6 thé
x6a c& OCFO bang cach ghi mot gia tri logic vao né. Khi bit I trong thanh ghi SREG, bit
OCIEO (Timer/Counter0 Compare Match Interrupt Enable) va bit OCFO dugc set 1én 1 thi
ngat “so sanh khép” (Compare Match Interrupt) s& dugc thuc thi.

* Bit 0 — TOVO0: Timer/Counter0 Overflow Flag: Bit TOVO0 duoc set thanh 1 khi
bd dinh thoi tran va né duge x6a khi ngit twong Gmg dugc thuc thi. Ngoai ra ciing c6 thé
x6a bang cach ghi mot gia tri logic vao vi tri cia né . Khi bit I trong thanh ghi SREG, bit
TOIEO (Timer/Counter0 Overflow interrupt) va bit TOVO dugc set 1én 1 thi ngit tran bd
dinh thoi 0 (Timer/Counter0 Overflow Interrupt ) s& dugc thyuc thi. Trong ché d6 PWM c&
TOVO duoc Set khi bo dinh thoi 0 d6i hudng dém tai gia tri 00h.
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6. Thanh Ghi Special Function IO Register —-SFIOR
Bit 7 6 5 4 3 2 1 0

[ Tsm = = = ACME | PUD | PSRO | PSR321 | SFIOR
Read/Write R R R R RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

* Bit 7— TSM: Timer/Counter Synchronization Mode

¢ Bit 1 — PSRO: Prescaler Reset Timer/Counter(

* Bit 7 — TSM: Timer/Counter Synchronization Mode: Ghi bit nay thanh 1 s&
kich hoat ché do déng bd b dinh thoi (Timer/Counter Synchronization). Trong ché do nay,
mot gid tri duge ghi vao cac bit PSRO va PSR321 s& duoc giir lai, vi thé né giit cho tin
hi¢u reset cua bo chia trude (prescaler) twong ung duoc xac nhén ( do d6 bo chia trude
(prescaler) van & trang thai Reset ). D1eu nay la dé chic chan 1a cac bo dinh thoi twong tng
s€ dugc tam nghi va co thé dugc ciu hinh véi cac gia tri nhu nhau ma khong lam anh
huong dén mot trong nhitng cdu hinh nang cao khac ctia chung. Khi bit nay duoc ghi thanh

0 thi cac bo dinh thoi s& bit dau dém dong thoi.

* Bit 1 — PSRO: Prescaler Reset Timer/Counter(: Khi bit nay 1a 1 thi bg chia
trudc cua bo dinh thoi 0 (Timer/couter 0 prescaler) sé dugc dat lai. Bit nay thuong duogc
x6a tic thoi boi phan climg. Néu bit nay dugc ghi khi b dinh thoi 0 dang thyc thi ché do
khong dong bo thi né van giir nguyén gia tri cua no cho dén khi bo chia trude duge dit lai.
Bit nay s& khong dugc x6a boi phan ctng néu nhu bit TSM dugc set thanh 1.

7. Thanh Ghi Asynchronous Status Register — ASSR

Bit 7 B b 4 3 2 1 0

- - - ASD TCNOUB | OCROUB | TCROUB
Read/Wnts R R R R R/wW R R R
Initial Value 0 0 0 0 0 0 0 0

* Bit 3 — ASO: Asynchronous Timer/Counter(
e Bit 2 — TCNOUB: Timer/Counter() Update Busy

* Bit 1 - OCROUB: Output Compare Register0) Update Busy
* Bit 0 —- TCROUB: Timer/Counter Control Register) Update Busy

ASSR

. Bit 3 — A‘SO: Asynchronous Timer/Counter(0: Khi bit ASO 14 0 thi b dinh thoi
dugc dém tor nguon xung clock I/O, tic Clkyo. Khi ASO dugce ghi thanh 1 bd dinh thoi
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dugc dém tir xung thach anh ¢ chan TOSCI. Khi gia tri ctia ASO bi thay doi thi ndi dung
ctia cac thanh ghi TCNTO, OCRO va TCCRO c6 thé bi hong.

* Bit 2 — TCNOUB: Timer/Counter() Update Busy: Khi bd dinh thoi 0 thyce thi qua
trinh khéng dong bo va thanh ghi TCNTO dang dugc ghi thi bit TCNOUB sé set 1én 1. Khi
thanh ghi TCNTO vira dugc cap nhat tir thanh ghi luu trit tam thi bit nay bi x6a boi phén
cting. Mirc logic 0 trong trudng hop nay 1a dé chi ra ring thanh ghi TCNTO di sén sang dé
cap nhat mot gia tri mai.

* Bit 1 - OCROUB: Output Compare Register() Update Busy: Khi by dinh thoi 0
thuc thi qué trinh khong dong bo va thanh ghi OCRO dang dugc ghi thi bit OCROUB sé set
1én 1. Khi thanh ghi OCRO vira dugc cép nhat tir thanh ghi Iuu trit tam thi bit nay bi x6a
bdi phan cimg .Miic logic 0 trong truong hop nay 1a dé chi ra rang thanh ghi OCRO di sin
sang dé cap nhat mot gia tri mai.

* Bit 0 —- TCROUB: Timer/Counter Control Register() Update Busy: Khi by dinh
thoi 0 thyc thi qua trinh khong dong bd va thanh ghi TCCRO dang duoc ghi thi bit
TCROUB sé set Ién 1. Khi thanh ghi TCCRO vira dugc cap nhat tir thanh ghi luu trit tam thi
bit ndy bi x6a boi phan cimg. Mirc logic 0 trong truong hop nay 1a dé chi ra rang thanh ghi
TCCRO da san sang dé cap nhat mot gia tri mai.

Néu ghi vao mot trong ba thanh ghi ciia bo dinh thdi 0 (TCNTO0, OCRO, TCCRO)
trong lic cd bdo ban cap nhat (update busy flag) ctia chung duogc set, thi gia tri cap nhat co
thé bj hong va s& tao ra mot ngat khong biét trude.
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IV. BQ PINH THOI 2

So d0 khdi b dinh thoi 2
Figure 61. &-Bit Timer/Counter Block Diagram

=22 e TCCRAN |
ot o TOWn
clear contral Lo T {IntReq.)
it ic
direction | clkry Clock Select

'y DETC?G:DF - Tn
BOTTON TP
LN ] '

{ From Prescalsr )
%j TimasrCountar & A
o <-+{ TCMNTR
= =0 | |=0xFF - OCh
g * + {Int.Req.)
Wawveform
= ) S
- Ganarstion OCn
-‘-'-| 2CRn

B dinh thoi 2 1a bo dinh thoi 8 bit, bo dinh thoi 2 lién quan téi 5 thanh ghi vai
nhiéu ché @6 thuc thi khac nhau. Cac thudc tinh chinh cua bd dinh gdm: Bo dém don kénh,
x6a bd dinh thoi khi cé sy kién “so sanh khdp” va tu dong nap lai, PWM hiéu chinh pha,
dém su kién bén ngoai...

Cac Thanh Ghi Bo Pinh Thoi 2.

1. Thanh ghi Timer/Counter Control Register - TCCR2

Bit 7 B 5 4 3 2 1 0
FOC2 WGM20 | COM21 COM20 | WGM21 CS22 CS21 CS20 I TCCR2
. ____________________ _____________ ____________ ___________________________
Read\Write W Rw RwW R R RW R R
Initial Value 0 0 0 0 0 0 0 0

* Bit 7—- FOC2: Force Output Compare
* Bit 6, 3 - WGM21:0: Waveform Generation Mode
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* Bit 5:4 - COM21:0: Compare Match Output Mode
* Bit 2:0 — CS22:0: Clock Select

* Bit 7 — FOC2: Force Output Compare : Bit FOC2 chi hoat dong khi bit WGM20 chi
dinh ché 46 Non-PWM, trong ché PWM nén ghi bit ndy thanh 0. O ché d6 non-PWM, khi
bit FOCO dugc ghi thanh 1 13p tirc mot “so sanh khép” (compare match ) xay ra ¢ bo tao
song, ngd ra OC2 thay ddi tiy theo thiét 1ap cua nhitng bit COM21:0 twong tng véi nod.
Bit nay khong thé doc, khi doc ta ludn nhan gid tri 0. Bit nay hoat dong gidng nhu bit
FOCO cua bo dinh thoi 0.

* Bit 6, 3 - WGM21:0: Waveform Generation Mode : Nhiing bit nay diéu khién
cac ché do thuc thi ciia bo dém, theo d6 dang song twong ung duoc tao ra tir bd tao song.
Céac ché d6 thuc thi duoc hd tro 14 : Normal, CTC, PWM. Xem bang 64.

Table 64. Waveform Generation Mode Bit Description

WGM21 | WGM20 | Timer/Counter Mode Update of | TOV2 Flag
Mode | (CTC2) | (PWM2) | of Operation TOP OCR2 at Set on
0 0 0 Normal OxFF Immediate | MAX
1 0 1 FPWNM, Phase Correct OxFF | TOP BOTTOM
2 1 0 CTC OCR2 | Immediate | MAX
3 1 1 Fast PWM OxFF | TOP MAX

Bing 64. Lwa chon cdc ché d¢ thwc thi ciia bg dinh thoi 2

Chii y : Tén cdc bit CTC2 va PWM?2 dd khéong dwoc sir dung nita va dwoc thay thé bang
cdc tén khac la WGM21 va WGM20).

* Bit 5:4 —- COM21:0: Compare Match Output Mode: Hai bit nay diéu khién hoat
dong cua chan OC2. Néu mot trong hai bit ndy duoc set thanh 1 thi ngd ra OC2 dugc uu
tién hon chure ndng /0 thong thuong . Chi y 1a céc bit tuwong tmg cua OC2 trong thanh ghi
DDR phai duge set dé cho phép ngd ra. Khi OC2 dugc két ndi voi chan ngd ra OC2 thi vai
tro cua cac bit COM21:0 con phu thudc vao céc thiét lap cua cac bit WGM21:0. Chi tiét
xem bang 65, 66, 67. Cac bit nay hoat dong giéng vo1 cac bit COMO1:0 cua bo dinh thoi 0.
Xem lai bg dinh thoi 0.
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Table 65. Compare Output Mode, Non-PWM Mode

CcCom21 cComM20 Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Toggle OC2 on compare match
1 0 Clear QOC2 on compare match
1 1 Set OC2Z on compare match

Bang 65. Pi¢u khién hanh vi ciia chan OC2 bing cac bit COM20:1 trong ché dd

non-PWM
Table 66. Compare Output Mode, Fast PWM Mode!"
comz21 COM20 Description
0 0 Mormal port operation, OC2 disconnected.
0 1 Reserved
1 0 Clear OCZ on compare match, set OC2 at TOP
1 1 Set OC2 on compare match, clear OC2 at TOP

Bang 66. Piéu khién hanh vi ciia chin OC2 bing cac bit COM20:1 trong ché d
PWM nhanh

Table 67. Compare Output Mode, Phase Correct PWM Mode!"

COM21 | COM20 | Description

0 0 Mormal port operation, OC2 disconnected.
0 1 Reserved
1 0 Clear OC2 on compare match when up-counting. Set OC2 on compare

match when downcounting.

1 1 Set OCZ on compare match when up-counting. Clear OC2 on compare
match when downcounting.

Bang 67. Piéu khién hanh vi ciia chin OC2 bing cac bit COM20:1 trong ché d
PWM hiéu chinh pha

Chu y: Co truong hop dat biét la khi thanh ghi OCR2 co gia tri la TOP va bit
COM21 dugc set , trong truong hop nay sw kién so sanh khop (Compare match) bi bo
qua, nhung viéc set hay xoa OC2 o TOP van dwoc thuc hién.

* Bit 2:0 —,CSZZ:O: Clock Select: Dung dé lua chon nguén xung clock cho bg dinh
thoi 2. Xem chi tiét bang 68.
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Table 68. Clock Select Bit Description

cs22 cs21 cs20 Description
0 o 0 Mo clock source (Timer/Counter stopped)
0 0] 1 clkyo/(Mo prescaling)
] 1 ] clk,o/8 (From prescaler)
0 1 1 clkyo/64 (From prescaler)
1 0] 0 clkyn/256 (From prescaler)
1 0 1 clkyo/1024 (From prescaler)
1 1 0 External clock source on T2 pin. Clock on falling edge
1 1 1 External clock source on T2 pin. Clock on rising edge

Bing 68. Lira chon toc dd xung clock cho bd dinh thdi 0

Dé Y: B9 dinh thoi 2 c6 thé dwoc dé’m’ tr nNguo”‘n clock bén ngoai thong qua chan T2. Khi
chuyén sang nguon clock ngoai, bo dem van dem binh thwong ngay ca khi chan T2 dwoc

cau hinh la ngo ra.

2. Thanh ghi Timer/Counter Register —- TCNT?2

Bit 7 G 5 4 3 2 1 0
Read/Writs R RN R R R R RAW RV
Initial Value 0 ] 1] 0 0 0 0 0

Day la thanh ghi dém 8 bit cta b dinh thoi 2. Gia tri thanh ghi nay tang hodc giam
1 don vi sau mdi chu khi clock. Thanh ghi TCNT2 dugce truy xuat truc tiép khi doc hay ghi
( Piéu nay khac véi b dinh thoi 1 va 3 13 khi truy xuét cac thanh ghi TCNT1 hay TCNT3
can phai théng qua thanh ghi tam trung gian 8 bit ). Khong nén chinh stra thanh ghi TCNT2

khi bo dinh thoi dang chay.

3. Thanh ghi Output Compare Register — OCR2

Bit 7 § 5 4 3 2 1 0
OCR2[7:0] I OCR2

Read/Wiite RIW RV RIW RIW RIW RIW RIW RIW

Initial Value 0 0 0 0 0 0 {0 0
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Thanh ghi OCR?2 Ia thanh ghi 8 bit, gia tri cua thanh ghi OCR2 s& duogc lién tuc so
sanh voi gia tri cia bo dém, tirc thanh ghi TCNT2. Khi gia trj cia hai thanh ghi nay bang
nhau s€ tao ra sy kién “so sanh khép” ( Compare match). Mot ngit so sanh khép (
compare match interrupt ) c6 thé duoc tao ra néu ngat dugc cho phép, hay mét dang song
s€ dugc tao ra & chan OC2.Thanh ghi nay hoat dong tuong ty nhu thanh ghi OCRO ¢ bo
dinh thoi 0.

4. Thanh ghi Timer/Counter Interrupt Mask Register — TIMSK

Bit 7 G 5 4 3 2 1 0

| OCIE2 TOIE2 TICIE1 | OCIE1A | OCIE1E TOIET OCIED TOIED I TIMSK
Read/Write R R R R R R RAW R
Inttial Value 1] 0 0 0 1] 0 0 0

* Bit 7— OCIE2: Timer/Counter2 Output Compare Match Interrupt Enable
* Bit 6 — TOIE2: Timer/Counter2 Overflow Interrupt Enable

* Bit 7 — OCIE2: Timer/Counter2 OQutput Compare Match Interrupt Enable:
Khi bit OCIE2 duoc set thanh 1 va bit I trong thanh ghi trang thai dugc set thanh 1 thi ngit
“so sanh khop” (compare match interrupt ) cua bo dinh thoi 2 dugce cho phép. Khi dé mét
ngit tuong Gng s& dugc thuc thi khi xay ra mot sy kién “so sanh khop” ¢ bo dinh thoi 2.
Chan han, dé xay ra mot “so sanh khop” (compare match ) ¢ b dinh thoi 2 ta ¢6 thé set bit
OCF2 trong thanh ghi TIFR, hoic la chd cho dén khi nao gia tri ctia hai thanh ghi TCNT2
va OCR2 bing nhau thi mét “so sanh khép” (compare match ) s& xay ra.

* Bit 6 — TOIE2: Timer/Counter2 Overflow Interrupt Enable: Khi bit nay dugc
ghi 14 1 va ngit toan cuc dugc cho phép (bit I trong thanh ghi trang thai SREG duoc set
thanh 1) thi ngét tran bo dinh thdi 2 (Timer/Counter2 Overflow interrupt) dugc cho phép.
Khi d6 mot ngit twong tmg s& dugc thuc thi khi bd dinh thoi 2 tran. Chan han, ta set bit
TOV2 trong thanh ghi TIFR thanh 1 hoac 1a chd cho bd dinh thoi 2 bi tran khi vuot qua
gia tri TOP ( hay MAX).

5. Thanh ghi Timer/Counter Interrupt Flag Register — TIFR

Bit 7 6 5 4 3 2 1 0
I OCF2 TOWV2 ICF1 OCFA | OCHB Tow1 OCFO0 TOWD I TIFR

ReadiNrite R R R R R R R R
Initial Yalue 0 0 0 0 0 0 {0 0
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* Bit 7— OCF2: Output Compare Flag 2
* Bit 6 — TOV2: Timer/Counter2 Overflow Flag

* Bit 7 — OCF2: Output Compare Flag 2 : Bit nay s¢ duogc set 1én 1 khi xay ra su
kién “so sdnh khdp” (compare match) gitra bd dinh thoi 2 (tirc thanh ghi TCCN2) vi thanh
ghi OCR2. C& OCF?2 s& tu dong x6a khi ngit twong tng dugc thyc thi. Ngoai ra ta ciing c6
thé x6a co OCF2 bang cach ghi mot gi tri logic vao no. Khi bit I trong thanh ghi SREG,
bit OCIE2 (Timer/Counter2 Compare Match Interrupt Enable) va bit OCF2 dugc set 1én 1
thi ngit sy kién “so sanh khop” (Compare Match Interrupt) cta bo dinh thoi 2 s& duoc thyuc
thi.

* Bit 6 — TOV2: Timer/Counter2 Overflow Flag: Bit TOV2 dugc set thanh 1 khi
bd dinh thoi tran va né dugc x6a khi ngit twong Gmg dugc thuc thi. Ngoai ra ciing c6 thé
x6a bang cach ghi mot gia tri logic vao vi tri ciia n6. Khi bit I trong thanh ghi SREG, bit
TOIE2 (Timer/Counter2 Overflow interrupt) va bit TOV2 dugc set 1én 1 thi ngit tran bd
dinh thoi 2 (Timer/Counter2 Overflow Interrupt ) s& dugc thuc thi. Trong ché d6 PWM co
TOV?2 dugc set khi bo dinh thdi 2 d6i huéng dém tai gia tri 00h.
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Chuong IV ] ) ) .
CAU TRUC NGAT CUA ATmegal28

I. KHAI NIEM VE NGAT

Ngit 12 mot su kién bén trong hay bén ngoai 1am ngit bo vi diéu khién dé bao cho
nd biét réng thiét bi can dich vu cua no.

Mot bd vi diéu khién c6 thé phuc vu mdt vai thiét bi, ¢6 hai cach dé thuc hién dicu

nay do 1a su dung cac ngit (interrupt) va tham do (polling). Trong phuong phap sir dung
cac ngat thi mdi khi c6 mot thiét b bat ky can dén dich vy cua no thi né bao cho bd vi diéu
khlen bang cach giri mot tin hiéu ngat. Khi nhan duogc tin hiéu ngat thi bo vi diéu khién
ngat tat ca nhirng gi né dang thyc hién de chuyén sang phuc vu thiét bi. Chuong trinh di
clng voi ngit dugc goi la trinh dich vy ngat ISR (Interrupt Service Routine) hay con goi 1a
trinh quan 1y ngat (Interrupt handler). Con trong phuong phap tham do thi bo vi diéu khién
hién thi lién tuc tinh trang cia mot thiét bi da cho va diéu kién thoa man thi nd phuc vu
thiét bi. Sau d6 nd chuyén sang hién thi tinh trang cta thiét bi ké tiép cho dén khi tat ca déu
dugc phuc vu.
Maic du phuong phap tham do co thé thé hién thj tinh trang cua mdt vai thiét bj va phuc vu
mdi thiét bi khi cac diéu kién nhét dinh dugc thoa man nhung né khong tan dung hét cong
dung ctia bo vi diéu khién. Piém manh cta phuong phap ngit 1a bd vi diéu khién c6 thé
phuc vu dugc rat nhiéu thiét bi (tat nhién 1a khong tai cing mot thoi diém). Mdi thiét bi c¢6
thé nhan dugc sy chi y ciia bd vi diéu khién dya trén mic vu tién duge gan cho né. Déi
vOi phuong phap tham do thi khong thé gan murc wu tién cho cac thiét bi vi né klem tra tat
ca moi thiét bi theo kiéu quay vong . Quan trong hon la trong phuong phap ngat thi bd vi
diéu khién ciing con ¢ thé che hodc 1am lo mét yéu cau dich vu cua thiét bi. Piéu nay lai
mot 1an nita khong thé thuc hién duoc trong phuong phap thim do. Ly do quan trong nhét
ma phuong phap ngit dugc wu chudng nhit 1a vi phuong phap thim do lam hao phi thoi
gian cta bd vi diéu khién bang cach hoi do timg thiét bi ké ca khi ching khong can dén
dich vu.

II. TRINH PHUC VU NGAT VA BANG VECTOR NGAT

Déi voi mdi ngét thi phai c6 mdt trinh phuc vu ngét ISR (Interrupt Service Routine)
hay trinh quan ly ngat (Interrupt handler). Khi mot ngét duoc goi thi bo vi dleu khién phuc
vu ngat Khi mét ngit dugc goi thi bo vi diéu khién chay trinh phuc vu ngit. Bdi v6i mbi
ngat thi ¢6 mot vi tri ¢6 dinh trong bd nhd dé gilr dia chi ISR cta n6. Nhom cac vi tri nhd
duoc danh riéng dé gui cac dia chi cua cac ISR duoc goi 1a bang véc to ngit.
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Khi kich hoat mot ngit bo vi diéu khién di qua cac budc sau:

e Vi diéu khién két thuc 1énh dang thuc hién va luu dia chi cua 1énh ké tiép (PC)
vao ngan xép.

e N6 nhiy dén mot vi tri c6 dinh trong bo nhé duge goi 1a bang véc to ngat noi luu
giit dia chi ctia mot trinh phuc vu ngit.

e B0 vi diéu khién nhan dia chi ISR tir bang véc to ngit va nhay t6i d6. N6 bt dau
thuc hién trinh phuc vu ngét cho dén 1énh cudi cung cua ISR 1a RETI (tr¢ vé tir ngét).

e Khi thyc hién 1énh RETI b6 vi diéu khién quay tré vé noi nd di bi ngit. Trude hét
n6 nhan dia chi cia bo dém chuong trinh PC tir ngin xép bang cach kéo hai byte trén dinh
cua ngan Xép vao PC. Sau d6 bat dau thuc hién cac 1énh tir dia chi do.

I1I. BANG VECTOR NGAT CUA ATmegal28.

Duéi ddy 1a bang véc to ngit cia ATmegal28 , cung véi dia chi cta né trong bd
nhé chuong trinh ( bang 23 ).

Table 23. Reset and Interrupt Vectors

Vector | Program
No. Address'<' | Source Interrupt Definition
External Pin, Power-on Reset, Brown-out Reset,
1 $0000" RESET Watchdog Reset, and JTAG AVR Reset
2 s0002 INTO External Interrupt Request 0
3 s0004 INT1 External Interrupt Request 1
4 50006 INTZ2 External Interrupt Request 2
G 30008 INT3 External Interrupt Request 3
G S000A INT4 External Interrupt Request 4
7 $000C INTS External Interrupt Request 5
8 3000E INTEG External Interrupt Request &
5 30010 INT7 External Interrupt Request 7
10 s0012 TIMERZ COMP Timer/Counter2 Compare Match
11 50014 TIMERZ OVF Timer/Counter2 Cverflow
12 50016 TIMER1T CAPT TimerCounter1! Capture Event
13 30018 TIMERT COMPA | Timer/Counter1 Compare Match A
14 S001A TIMER1 COMPB | Timer/Counter1 Compare Match B
15 $001C TIMER1 OVF Timer/Counter1 Cverflow
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16 3001E TIMERD COMP Timer/Counterd Compare Match
17 50020 TIMERDO OVF TimerCounterd Overflow

18 s0022 SPI, STC SPI Serial Transfer Complete

19 50024 USARTO, RX USARTO, Rx Complete

20 30026 USARTO, UDRE USARTO Data Reqgister Empty

21 50028 USARTO, TX USARTO, Tx Complete

22 s0024A ADC ADC Conversion Complete

23 $002C EE READY EEFROM Ready

24 3002E AMALOG COMP | Analog Comparator

25 $0030% TIMER1T COMPC | Timer/Countre1 Compare Match C
26 0032 TIMER3 CAPT Timer/Counter3 Capture Event

27 50034 TIMERS COMPA | Timer/Counterd Compare Match A
28 500365 TIMER3 COMPB | Timer/Counterd Compare Match B
29 50038 TIMER3 COMPC | Timer/Counter3 Compare Match C
30 $003A% | TIMER3 OVF Timer/Counter3 Overflow

31 $003C™® USART1, RX USART1, Rx Complete

32 S003E™ USART1, UDRE USART1 Data Register Empty

33 $0040) USARTT, TX USART1, Tx Complete

34 $0042¢) TWI Two-wire Serial Interface

35 50044 SPM READY Store Program Memory Ready

Bang 23. Bing Vector Ngit Ciia ATmegal28

IV. THU TU UU TIEN NGAT.

Khong nhu vi diéu khién ho 8051, & d6 thir tu wu tién cua cac ngit co thé thay doi
duogc ( bang cach lap trinh ). Voi vi dleu khlen AVR thir tu wu tién cac ngit 1a khong thé
thay d6i va theo qui tic: “ M@t vec to ngit cé dia chi thdp hon trong by nhé chwong
trinh ¢6 mirc d¢ wu tién cao hon . Chan han ngat ngoai 0 ( INTO ) ¢6 muc d6 vu tién cao
hon ngit ngoai 1 (INT1).

Dé cho phép mot ngit ngudi dung can cho phép ngit toan cuc ( set bit I trong thanh
ghi SREG ) va cac bit diéu khién ngét trong tng.

Khi mot ngat xay ra va dang duge phuc vu thi bit I trong thanh ghi SREG bj x6a,
nhu thé khi c6 mot ngat khac xay ra né s& khong duoc phuc vu, do dé dé cho phép cac ngit
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trong khi mot ISR ( interrupt service routine ) khac dang thyc thi, thi trong chuong trinh
ISR phai co6 1énh SEI dé set lai bit I trong SREG.

V.NGAT TRONG NGAT.

Khi AVR dang thuc hién mot trinh phuc vu ngét thuoc mot ngét nao do6 thi lai co
mot ngat khac duoc kich hoat. Trong nhitng trudng hop nhu vy thi mot ngit c6 mic vu
tién cao hon c6 thé ngit mot ngét c6 murc wu tién thip hon. Lic nay ISR cua ngit c6 mirc
uu tién cao hon s€ dugc thuc thi ® Khi thuc hién xong ISR cua ngét cO6 muc uu tién cao
hon thi n6 méi quay lai phuc vu tiép ISR cia ngat c6 mirc wu tién thap hon trudc khi tré vé
chuong trinh chinh. Pay goi 1a ngit trong ngit. ( hinh 4.1 ).

_____

—| Chudng Trinh Chinh Chuong Trinh Chinh

Thoi gian
Hinh 4.1. Cac ngit 16ng nhau

Chuay:

- Gia dinh 1a khi mot ISR nao dé dang thuyc thi thi xdy ra mot yéu cau ngét tor mot
ISR khéc c6 mirc wu tién thap hon thi ISR ¢6 mitc wu tién thap hon khong dugc phuc vu,
nhung n6 s¢ khong bi bo qua luén ma ¢ trang thai cho. Nghia 1a ngay sau khi ISR ¢co6
mic vu tién cao hon thuc thi xong thi dén lugt ISR ¢6 muc wu tién thap hon s& duoc
phuc vu.

- (*) : Biéu nay chi xdy ra khi trong code ciia ISR ciia ngdt c6 mikc wu tién thip
hon co lénh set bit I trong thanh ghi SREG (do la lénh SEI ).
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VI. CAC NGAT NGOAL.

ATmegal28 c6 8 ngat ngoai tir INTO dén INT7 ( & day chua ké toi ngat reset ).
Tam ngét nay twong Gng v6i 8 chan cia MCU 1a INTO ,INTI, ..., INT7. Bé y 1a ngay ca
khi cac chan INTO, INT1, ..., INT7 cia MCU duoc cdu hinh nhu 14 chan 16i ra, thi cac ngét
ngoai van cé tac dung néu dugc cho phép.

Céc ngat ngoai ¢ thé bat mau theo kiéu canh 1én ( Rising ), canh xudng ( Falling )
hay murc thip ( Low level ). Diéu nay dugc qui dinh trong hai thanh ghi EICRA va EICRB.
Du6i day 1a mo ta chi tiét 2 thanh ghi EICRA va EICRB va céc thanh ghi lién quan téi cac
ngat ngoai.

1. Thanh ghi External Interrupt Control Register A — EICRA

Bit 7 B 5 4 3 2 1 0

1SC31 | 1SC30 | 1SC21 | 1SC20 | ISCi1 | ISC10 | 1sco1 | 1SC00 I EICRA
Read/Wiite R R R R R TR
Initial %¥alue 0 0 0 0 0 0 {0 0

* Bits 7..0 — ISC31, ISC30 - ISC00, ISC00: External Interrupt 3 - 0 Sense Control Bits

Tam bit cua thanh ghi EICRA s¢& diéu khién kiéu bt mau cho 4 ngit INT3, INT2,
INT1, INTO. Qui dinh cu thé dugc thé hién trong Bang 48 .

ISCnl ISCn0 Kiéu bit miu

0 0 Mirc thap s& tao yéu cau ngat

0 1 Du tri

1 0 Canh xudng ( Falling ) s& tao yéu cau ngit

1 1 Canh 1én ( Rising ) sé tao yéu cau ngat
n=32120

Bang 48 . Piéu khién kiéu bat miu ngit

2. Thanh Ghi External Interrupt Control Register B— EICRB
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Bit 7 6 5 4 3 2 1 0

ISCT1 ISCT0 ISCB1 ISCe0 ISCH1 ISC50 ISC41 ISC40 EICRB
Read/Write RIW RwW RAW RW R R RW R
Initial Value 0 0 0 0 0 0 0 0

e Bits 7..0 — ISC71, ISC70 - ISC41, ISC40: External Interrupt 7 - 4 Sense
Control Bits.

Tam bit cia thanh ghi EICRA s& diéu khién kiéu bit mau cho 4 ngit INT7, INT6,
INTS, INT4. . Qui dinh cu thé dugc thé hién trong Bang 50 .

ISCnl ISCn0 Kiéu bit miu

0 0 Mirc thap s& tao yéu cau ngat

0 1 Bat ctr sy thay d6i mirc logic nao ¢ chan
INTn sé tao ra mot yéu cau ngat

1 0 Canh xudng ( Falling ) giita hai miu sé& tao
yéu cau ngat

1 1 Canh 1én ( Rising ) gita hai mau sé& tao yéu
cau ngét

n=76>54

Bang 50 . Piéu khién kié¢u bit miu ngit

3. Thanh Ghi External Interrupt Mask Register - EIMSK

Bit 7 g 5 4 3 2 1 0
e
I INT? INTG INTS INT4 INT3 INT2 INT1 [INTO I EIMSK
Read/Write RW RW RAW R RAW RAwW RN R
Initial Value 0 0 0 0 ] 0 0 0

e Bits 7..0 — INT7 — INTO: External Interrupt Request 7 - 0 Enable : Khi cho
phép ngit toan cuc ( set bit I trong thanh ghi SREG thanh 1) thi cdc ngat van chua thé thuc
thi, dé ngat c6 thé thuc thi ta cin phai cho phép no, 8 bit trong thanh ghi EIMSK s& quyét
dinh 8 ngit ngoai tuong tng ( tir INT7 ...INTO ) c6 duoc cho phép hay khong. Khi mot
trong s 8 bit (tir INT7 ...INTO ) dugc set thanh 1 va ngit toan cuc dugc cho phép thi ngit
ngoai twong ung dugc cho phép. Con tin hiéu ngat 13 mic hay canh s& do cac thanh ghi
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EICRA va EICRB ( néu ¢ trén ) qui dinh. Kich hoat bét ctr chan ( Pin ) ndo trong 8 chan
clia ngit ngoai cling tao ra yéu ciu ngit ngay ca khi chan duoc thiét 1ap thanh ng ra.

4. Thanh Ghi External Interrupt Flag Register — EIFR

Bit 7 6 5 4 3 2 1 0

INTFT INTFG INTFS INTF4 INTF3 INTF2 INTF1 IINTFO EIFR
ReadMntz RV RMW RAW R R R
Initial Value 0 ] 0 0 0 0 0 0

« Bits 7..0 — INTF7 - INTFO: External Interrupt Flags 7 — 0 : Day la tim cd ngit
twong g voi tdm ngat ngoai INT7..INTO. Khi co tin hiéu yéu cau ngit ngoai thi cd ngat
tuong ung s& dugc set thanh 1, néu ngat twong tmg duoc cho phép thi MCU s& nhay t6i
bang véc to ngit, cd ngit s& dugc x6a khi chuong trinh phuc vu ngit ( ISR ) duoc thuce thi.
Ngoai ra ta ciing co set hay x6a cd ngit bang cach ghi truc tiép mot gi tri logic vao no.

5. Thanh Ghi MCU Control Register - MCUCR

Bit 7 6 5 4 3 2 1 ]

SRE SRW10 SE SM1 SMO SMm2 IVSEL IVCE MCUCR
Read/\Write RiW R RAW RiW R RAW RiW R
Initial Value 0 0 0 0 0 0 0 0

Trong phan nay ta chi quan tim téi hai bit 1a: IVCE (Interrupt Vector Select ) va bit
IVSEL (Interrupt Vector Change Enable ) cta thanh ghi MCUCR. Bit nay lién quan dén
viéc thiét 1ap vi tri bang véc to ngit.

* Bit 1 — IVSEL: Interrupt Vector Select: Khi bit nay 1a 0 vi tri cua bang véc to
ngat duoc dit & phan dau bo nhé chuong trinh. Khi bit ndy 1a 1 bang véc to ngat duoc di
chuyén t6i phan dau cua ving nhé Boot Loader.

* Bit 0 — IVCE: Interrupt Vector Change Enable : Bit nay phai dugc ghi thanh 1
dé cho phép thay d6i bit IVSEL. Bit IVCE duoc x6a sau 4 chu ki may sau khi né duoc set
hay bit IVSEL duoc ghi. Trong lac bit ICVE dang set cac ngit s& bi cAm cho t&i khi bit
IVSEL duoc ghi, néu bit IVSEL khéng duoc ghi thi cac ngit van bj cdm trong 4 cho ki
may lién tiép ( sau 4 chu ki may thi bit IVCE s& tu dong bi x6a nén cac ngit dugc cho phép
tro lai ).
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Chuong V ) )
CAC BO PHAN NGOAI VI KHAC

Ngoai cac by phan ngoai vi da duoc gidi thi€u & cac chuong trudc nhu : B§ dinh
thoi, cac cong vao ra, EEPROM ... Vi diéu khién ATmegal28 cé c6 nhiéu bd phan ngoai
vi khac, cac bo ngoai vi nay rat tién lgi trong cac ung dung diéu khién (b6 PWM ), xtr li sb
liu ( bd ADC, b so sanh Analog ), giao tiép ( bd USART, SPI I,C )... Viéc tich hop céac
bd ngoai vi nay vao trong chip gitp cho cac thiét ké tro nén thuan tién hon, kich thudc bo
mach ciling gon gang hon ...

I. BO SO SANH TUONG TU

So @6 don gian cua bo so sanh tuong tu ( Analog Comparator ) nhu hinh 5.1. B§ so
sanh c6 hai ngd vao tuong tu 1a AINO va AIN1 va mot ngd ra s6 ACO. Nguyén tic hoat
dong ciia b so sanh twong tu 1 : Khi ngd vao AINO c6 dién thé cao hon ngé vao
AIN1 thi ngo ra ACO s€ ¢ mirc cao ( twong wng voi logic 1), ngwge lai khi ngd vao
AINO c6 dién thé thap hon ngé vao AIN1 thi ngé ra ACO sé & mirc thap ( twong
rng véi logic 0). Thuong thi trong hai ngd vao, c6 mot ngd vao cé dién thé duoc giir cd
dinh dé dung lam dién thé tham chiéu ( Vger), dién thé ngd con lai ¢ thé thay doi dé
tham chiéu véi ngo Vao VRef Trang thai cia ngd ra ACO cua bd so sanh co thé duoc
dung dé tao ra mot ngat, két ndi téi bo dinh thoi 1 dé str dung chirc ning input capture
cua bd dinh thoi nay ( xem mo ta sau ).

AINO
PBx
L > + Interrupt Flag
ACO Control [ =
S EEE— .
Logic 5
- To timer 1
AIN1
PBy

Hinh 5.1. So dd gian lwot clia bd so sanh twong tw

Can cha ¥ 13 ¢o su khac biét vé chi tiét & bd so sanh twong tw ddi véi cac dong
AVR khac nhau, chian han bd so sanh tuong tu cua AT90S8535 hoi khac voi bd so sanh
twong tuy & ATmegal28, tuy nhién ciu tric co ban thi vin nhu nhau. Sau day 1a mo ta cuy
thé vé bd so sanh tuong tu cua ATmegal28.
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O hinh 5.1 ta thay hai ngd vao AINO va AIN1 tuong {mg voi hai chan PBx va PBy (
x =2,y =3 doi voi AT90S8535 ), ¢ ATmegal28 ta c6 nhiéu lya chon ngd vao hon, cac
thanh ghi lién quan s€ gitip ta thét 1ap cac lya chon nay.

1. Thanh ghi Special Function 10 Register — SFIOR

Bit T 6 5 4 3 2 1 0
.
TSM - - - ACME PUD PSRD PSR321 SFIOR
Read/Write R R R R RwW RW RW RAW
Initial Value 0 0 0 0 0 0 0 0

* Bit 3 - ACME: Analog Comparator Multiplexer Enable

O thanh ghi nay ta chi st dung bit Bit 3 — ACME , khi bit nay 1a 1 va chic ning
ADC khong cho phép hoat dong ( bit ADEN trong thanh gh1 ADCSRA 1a 0 ) thi ngd vao
am cua bo so sanh twong tw c6 thé 1a 1 trong sb 8 ngd vao ADC tuy theo thiét 1ap cua céc
bit MUX 2, MUX 1, MUX 0 ( xem bang 94 ), chin han néu { ACME, ADEN, MUX 2,
MUX 1, MUX 0 } = { 1,0,0,0,0 } thi ngd ADCO ( twong Gmg v6i chan s6 61 ctia vi diéu
khién ) ducc chon lam ngd vao am. Neu bit ACME Ia 0 thi ngd vao am cua bd so sanh
tuong tu 1a AIN1 ( trong tng véi chin sé 5 cua vi diéu khién ).

Table 94. Analog Comparator Multiplexed Input

ACME ADEN MUX2..0 Analog Comparator Negative Input
0 X XXX AINT
1 1 XXX AINT
1 0 000 ADCO
1 0 001 ADC1
1 0 010 ADC2
1 0 011 ADC3
I 0 100 ADCA4
1 0 101 ADCS
1 0 110 ADCE
1 0 111 ADC7

Bang 94. Lua chon 16i vao 4m
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2. Thanh ghi Analog Comparator Control and Status Register — ACSR

Bit 7 6 b 4 3 2 1 0

ACD ACBG ACO ACI ACIE ACIC ACIST ACISO ACSR
Read/\Wnite RW RW R RAW RAW RW RAW RAW
Initial Value ] 0 MIA 0 0 0 0 0

* Bit 7 — ACD: Analog Comparator Disable

* Bit 6 — ACBG: Analog Comparator Bandgap Select

* Bit 5 — ACO: Analog Comparator Output

* Bit 4 — ACI: Analog Comparator Interrupt Flag

* Bit 3 — ACIE: Analog Comparator Interrupt Enable

* Bit 2 — ACIC: Analog Comparator Input Capture Enable

* Bits 1, 0 — ACIS1, ACIS0: Analog Comparator Interrupt Mode Select

* Bit 7 — ACD: Analog Comparator Disable : Khi bit nay 1 1 s€ khong cho phép
bd so sanh tuong ty hoat dong. Khi bit nay 1a 0 bd so sanh tuwong tu dugc phép hoat dong.
Ta c6 thé thay d6i bit nay bat ctr lac nao dé cho phep hay khong cho phép b so sanh tuong
tu hoat dong. Nhung can chu y 1a bat ctr sy thay 601 nao cua bit ACD ciing ¢6 thé tao ra
mot ngat (ngat ctia bo so sanh twong tu ), do d6 néu khong can thiét ta nén cAm ngat cua
bd so sanh twong tu bang cach xda bit ACIE cuia thanh ghi ACSR.

* Bit 6 — ACBG: Analog Comparator Bandgap Select : Khi bit nay la 1 ngd vao
duong s€ dugc gitr 0 muc dién thé ¢6 dinh khoang 1,23 V (¢ 25°C va V. = 5 V) va duoc
dung lam dién thé tham chiéu, goi 14 dién thé tham chiéu ndi ( Internal voltage reference ).
Nhu vay, trong truong hop nay ngd vao am s¢ thay ddi gia tri va tham chiéu toi gia tri
1,23 V. Chu y 1a khi ta st dung dién thé tham chiéu ndi 1,23 V nhu di néu trén thi ta can
thiét 1ap bit ACBG thanh [ truéce khi cho phép bd so sanh tuong ty hoat dong, boi vi khi
dién the tham chiéu noi duoc cho phép né cin mot khoang thoi gian khdi dong 1a 40 ps dé
c6 thé 6n dinh ¢ dién thé 1,23 V. Khi bit nay 1a 0 chdn AINO ( twong tng véi chan sb 4 cua
vi diéu khién ) tr& thanh ngd vao duong.

* Bit 5 — ACO: Analog Comparator Qutput : Bit ndy chinh 1a trang thai & ngd ra
cua bg so sanh, doc bit nay ta s€ biét duoc trang thai hi¢n thoi cua ngd vao. Khi tuong quan
so sanh & hai ngd vao thay doi, can tir 1 t6i 2 chu ki may dé phan anh két qua nay & ngd ra
ACO.

* Bit 4 — ACI: Analog Comparator Interrupt Flag : Day la bit co ngit cta bo so
sanh tuong tu, khi xay ra ngit & bd so sanh tuong ty bit nay s& dugc set 1én 1 boi phan
ctng, trinh phuc vu ngit dugc thuc thi néu ngét dugc cho phép ( bang cach set bit ACIE
trong ghi ACSR va bit I trong thanh ghi SREG ). Véc to ngit ciia bd so sanh tuong tu c6
dia chi 12 $002E. Bit ACI s& duoc ty dong x6a boi phan cimg khi trinh phuc vu ngit duoc
thuc thi. Cha ¥ : Bit ACI sé tw dong x6a khi c6 bét cir sy thay dbi nao cia thanh ghi
ACSR. Chin han khi ta ghi vao bit nay gia tri logic 1 thi sau khi thuc hién xong 1énh
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ghi ta vin nhin dwogc gia tri logic 0 & bit nay . Do d6 ta khong thé nao set dwge bit nay
bang phan mém.

* Bit 3 — ACIE: Analog Comparator Interrupt Enable : Day la bit cho phep ngit
cia b so sanh tuong tu. Khi bit nay 1a 1 thi ngat bo so sanh tuong tu dugc cho phep.
Nguoc lai, khi bit ndy 13 0 thi ngit bo so sanh tuong tur bi cAm.

* Bit 2 — ACIC: Analog Comparator Input Capture Enable : bit nay lién quan téi
tinh nang input capture ctia bd dinh thoi 1 ( xem lai bd dinh thoi 1 ). Khi bit nay 14 1 ngo ra
ctia bd so sanh duge ndi tryc tiép téi 16i vao ctia khdi input capture ciia bd dinh thoi 1, nhd
cach nay ta co thé tin dung tinh nang khur nhleu 0 ngd vao input capture cua bo dinh thO’l 1,
trong cach thiét 1ap nay ngit input capture van c6 thé hoat dong néu duge cho phép ( bang
cach cho phép ngit toan cuc va set bit TICIE] trong thanh ghi TIMSK 1én 1 ). Khi bit nay
12 0 ngd ra cta bd so sanh twong tu khong duoc két ndi véi ngd vao cua khdi input
capture cua bd dinh thoi 1.

* Bits 1, 0 — ACIS1, ACISO: Analog Comparator Interrupt Mode Select : Hai bit
nay qui dinh cach thuc tao ra ngit khi c6 su thay doi trang thai & ngd ra ACO. Chan han,
khi ta thiét lap { ACIS1, ACISO } = { 0, 0 } thi khi c0 sy thay d6i mirc ( bao gdm muc cao
xubng mirc thip hodc muc thap 1én murc cao ) & ngd ra ACO sé tao ra ngit. Cac thiét lap
khac dugc mo ta & bang 93.

ACISI ACISO M6 ta
0 0 Thay d6i muc tao ra ngat
0 1 Khong st dung ( du triy )
1 0 Canh xudng & ngd ra tao ra ngat
1 1 Canh 1én & ngd ra tao ra ngit

Bing 93. Cic cdch thire tao ra ngit ¢ bé so sinh twong tw

Chu ¥ : Khi ta thay d6i mot trong hai ( hodc ca hai ) bit ACIS1, ACISO c6 thé tao ra
ngit cua bd so sanh twong tu néu ngit duge cho phép. Do d6, néu khong can thiét ta nén
cam ngat cta bo so sanh tuong ty trudc khi thay do6i hai bit nay.

Hinh 107 mé ta cdu trac ctia b so sanh twong tir cia ATmegal28, ta c¢6 thé phan
tich hoat dong cta bd so sanh tuong ty thong qua so dd ndy. Dau tién 1a tin hiéu ACBG (
nat sb 1), khi ACBG 1a 1 chan AINO bj cdm, dién thé tham chiéu noi ( nat s6 9 ) di qua
cong truyén hai chiéu t6i ngd vao duong. Nguoc lai khi ACBG 1a 0 dién thé tham chiéu noi
bi cAm. Xét tin hiéu ACME va ADEN ( nit s6 2 ) hai tin hiéu nay diéu khién 2 cong truyén
nbi voi nd dé cho phép ngd vao m 1a AIN1 hay cac chdn ADC ( nat s6 10 ). Tin hiéu ACD
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(nat s63)1a 1 s& cap nguon cho bd so sanh twong tu hoat dong, nguoc lai ngudn nudi cia

bd so

sanh twong ty bi ngit. Ban doc c6 thé ty phén tich cac tin hiéu con lai.

Figure 107. Analog Comparator Block Diagram

&_,—,—’@ Dién thé tham chitu npi 1.24 'V
BANDGAP

o REFERENCE vce Cho phép analog comparator
chon ACBG Che phép ngdt
16 O—. ACD ) .
; = > ‘/Q) Thite thi ISR
vao ACIE
duong AINO !
\ - ANALOG
INTERRUPT COMPARATOR
>  SELECT IRQ
Lita P
p L5 aci—®)
C;f:" AIN1 _%_' T T Cor ngat ACI
" ACIS1 ACISO ACIC
vio \@
am  ACME Két néi vdi ngé vao input capture
ADEN )—«r b, | —
—_ Lita chon kiéu ngat TO TIC1 CAPTURE
co TRIGGER MUX
ADC MULTIPLEXER A -
QUTPUT i a £
L Cong truyén hai chiéu ®
19 Ngé ra ACO
Lt vito dim md rong
Hinh 107. B6 So Sanh Tuong Ty
Tém lai dé 1ap trinh cho b so sanh twong tw ta thwe hién cac buéc sau:
1. Chon ngd vao duong ( 1a dién thé tham chiéu noi hay chan AINO ) bang cach thiét
lap bit ACBG.
2. Chon ngd vao am ( 1a cac chan ADC hay chan AIN1 ) bang cach thiét 1ap céc bit
ACME va ADEN.
3. Chon kiéu hoat dong cua bd so sdnh tuong tu nhu: st dung ngat, két noi té1 b dinh
thoi 1...
4. Ghi bit ACD thanh 0 dé cho phép bd so sanh tuong tu hoat dong.
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II. BO BIEN POI ADC

1. Géi Thiéu B ADC Cia ATmegal28.

Bo bién d6i ADC c6 chirc ning bién dbi tin hiéu tuwong tu (analog signal) c6 gia tri
thay doi trong mot dai biét trudc thanh tin hiéu s (digital signal). B6 ADC cua
ATmegal28 c6 do phan giai 10 bit, sai s6 tuyét dbi + 2 LSB, dai tin hi¢u ngd vao tir Ov —
Vee, tin hiéu ngd vao c6 nhidu lya chon nhu : c6 8 ngd vao da hop don hudng
(Multiplexed Single Ended), 7 ngd vao vi sai (Differential Input), ... Bo ADC cua
ATmegal28 1a loai ADC xap xi lién t1ep (succesive approximation ADC) v6i hai ché do
hoat dong c6 thé Iyu chon 1a chuyén ddi lién tuc (Free Running) va chuyén doi tirng
bwéc (Single Conversion). So d6 khéi don gian ctia mot bd ADC duge thé hién nhu hinh
5.2.

e —.\
ADCE ————= Clock
§ Vref ADC
=
ADC S ————= =]
L
o
b
ADC4 ———» . ' .
” .| Succesive approximation ADCH
° i ADC ADCL
ADC3 — E
i
&)
L R TP |
c1 Interrupt
an ' ADC
ADC 0 /

Hinh 5.2. So' @6 don gian ciia mt khéi ADC

Nguyén tic hoat dong cua khéi ADC : Tin hi¢u twong ty dua vao cac ngé ADCO0:7
dugc lay mau va bién doi thanh tin hi€u s6 tuong ng. Tin hi€u s6 duoc luu trong hai thanh
ghi ACDH va ADCL. Mot ngat ¢6 thé dugc tao ra khi hoan thanh mot chu trinh bién doi
ADC.
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Thyc té, b6 ADC ciia ATmegal28 phtc tap hon nhleu tuy nhién co s& van dua vao
nguyén tic trén. Dé khao sat bd ADC ctia ATmegal28 ta can tim hiéu cac khéi chirc ning
sau:

< Pién Thé Tham Chiéu: 12 gia tri dién thé ding dé so sanh véi dién thé ciia tin hi¢u
tuong tu can bién d6i & ngd vao ADC. ATmegal28 c6 3 lya chon di¢n thé tham chiéu 1a
AVCC bﬁng vo1 VCC, dién thé tham chiéu ndi 2.56v, va Vref 1a tuy chon. Ban doc can dé
¥ 14 AVR c6 2 nguon dién thé tham chiéu noi 13 internal reference = 2.56v va bandgap
reference = 1.24v. Dién thé bandgap reference 1a mot hing sé vat 1y, n6 ludn 1a 1.24v,
con dién thé internal reference thi c6 thé thay dbi tuy theo cac dong chip khac nhau.
Trong AVR, internal reference dugc tao ra tir bandgap reference. Trong tai liu nay,
tac gia diéu dich hai dang dién thé trén diéu I dién thé tham chiéu ndi, tuy vay, ban doc
nén hiéu su khac nhau gitra hai khai niém trén.

o ’l:ﬁn S6 Clock ADC: 1a tan s6 clock cung qép cho bd bién d6i ADC, gia tri co tl}é
thay doi tur vai KHz dén vai MHz. Tuy nhi€n, tan so thich hop khoang tir S0KHz dén
200KHz cho d6 phan giai 10 bit va c6 thé cao hon 200KHz néu dd phan giai thap hon.

% Ngo Vao Twong Tu: ATmegal28 c6 hai lya chon ngd vao tuong tu:

- 10 ngd vao don hwéng (single ended): 10 ngd vao nay la ADCO0:7, AGND va bandgap
reference. Thuc té ta thuong dung 8 ngd vao ADCO:7. Vi ¢6 8 ngd vao ADCO0:7 nén ta
c6 thé dua vao 8 tin hiéu twong tu khac nhau. Khi lira chon ngd vao kiéu nay (tirc kiéu
single ended) thi két qua chuyén d6i dugc tinh nhu sau:

Vin*1024
Vref

- Ngé vao vi sai: Ta c6 thé dua hai tin hiéu tuong tu vao ngd vao ADC, hai tin hiéu
tuong tu nay s€ qua mot bo vi sai (mach tru), két qua & ngd ra co thé duoc khuéch dai
roi sau d6 méi dua vao khdi ADC dé bién doi. Bo vi sai c¢6 2 ngd vao 1a Vpos (ngd vao
duong) va Vneg (ngd vao dm). Cac chan ADC3:7 dung lam ngd vao duong, cac chan
ADCO:2 1a ngd vao am, hinh 5.3. Ddi véi lua chon nay, két qua ADC s¢€ 1a :

ADC =

Vige) *Gain*512

apc =Yros =

VREF
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O day Gain 1a d6 loi c6 thé tiy chon. Cong thirc trén cho thay két qua ADC c6 thé
1a s am khi Vpos < Vneg. Do d6, dai gia tri cia ADC trong trudng hop nay 1 -512 t6i
511. Vi vay, két qua trong thanh ghi ADC duoc biéu dién dudi dang sb bu 2. Dé biét duoc
két qua 1a s6 Am hay duong ta kiém tra bit ADC9 (trong thanh ghi ADCH), néu bit nay 1a 1
thi két qua 1a s6 4m, néu bit nay 1a 0 thi két qua 1a s6 duong.

Chii y: Dién thé qua bé vi sai c6 thé am, nhung dién thé cdp & cdc ngé vao ADCO:7
(cho cd hai truong hop ngé vao vi sai va ngé vao don huéng) phdi luén nam trong khodng
Ov—AVCC.

ADC7 o

ADCG —™

ADC

ADCS ———

ADC4 —»

Khuéch
dai

ADC3I ——»

\ Ngo vao duong /

ADC2 ——

-

g0 vao dm

ADCl ——»

ADCO —

N

Hinh 5.3. Ng6 vao vi sai

< Ché D§ Hoat Pong: Co hai ché d6 hoat dong cua bdo ADC 1a chuyén déi lién tuc
(Free Running) va chuyén ddi tirng bude (Single Conversion).
- Chuyén ddi lién tuc: 1a ché 46 ma sau khi khoi dong thi bd ADC thuc hién chuyén
dbi lién tuc > khong ngung.
- Chuyén déi tirng buore: la ma bd ADC sau khi hoan thanh mot chuyen d6i thi s&
nging, mot chuyén dbi tiép theo chi duoc bat dau khi phan mém c6 yéu cau chuyén
doi tiép.
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2. Cac Thanh Ghi Cia Bo ADC.

a. Thanh ghi ADC Multiplexer Selection - ADMUX

Bit T i A 4 3 2 1 0

| REFS1 | REFSO | ADLAR | MUX4 [ MUX3 | MUX2 | MUX1 [ MUxX0 | ADMUX
Read/Write RAW RW RAW RAW RAW R RN RiW
Initial Value 0 0 0 0 0 0 0 0

thé

Bit 7:6 — REFS1:0: Reference Selection Bits
Bit 5 — ADLAR: ADC Left Adjust Result
Bits 4:0 — MUX4:0: Analog Channel and Gain Selection Bits

Bit 7 :6, — REFS1:0: Refereqce Selection Bits: I}ai bit néy,dfmg dé lua chon dién
tham chi€u 1a mét trong 3 nguon: AVCC, Pién thé tham chiéu néi 2.56v va VREF

nhu bang 97. Néu chon dién thé VREF thi cac tuy chon con lai khong dugc st dung dé
tranh bi ngan mach, diéu nay c6 nghia 13 néu ta chon dién thé tham chiéu 1a Vgge rdi, thi
trong subt qua trinh hoat dong cua b ADC ta khong dugc lya chon dién thé tham chiéu
khac, vi néu khong, ngudn dién thé Vygr bén ngoai do chua duge thao di s& lam hong chip
do ngan mach.

Table 97. Voltage Reference Selections for ADC

REFS1 | REFS0 | Voltage Reference Selection
0 0 AREF, Internal Vref turned off
0 1 AVCC with external capacitor at AREF pin
1 0 Reserved
1 1 Internal 2 .56V Voltage Reference with external capacitor at AREF pin

Bang 97. Lwra chon dién thé tham chiéu

Bit 5— ADLAR: ADC Left Adjust Result: Bit nay lwa chon cach bo tri dir liéu trong
hai thanh ghi dit liéu ADCH va ADCL. Xem phan mé ta hai thanh ghi dir liecu ADCH
va ADCL dé biét chi tiét.

Bits 4:0 —- MUX4:0: Analog Channel and Gain Selection Bits: Cac bit nay Iya chon
kiéu ngd vao (don hay vi sai) va d6 1oi, xem bang 98.
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Table 98. Input Channel and Gain Selections

Lé Trung Thing

Single Ended Positive Differential Negative Differential
MUX4..0 | Input Input Input Gain
00000 ADCO
00001 ADC1
00010 ADC2
0001 ADC3 N/A
00100 ADC4
00101 ADCH
00110 ADCH
0011 ADCT
01000 ADCO ADCO 10
01001 ADC1 ADCO 10%
01010 ADCO ADCO 200x
01011 ADC1 ADCO 200x
01100 ADC2 ADC2 10x
01101 ADC3 ADC2 10x
01110 ADC2 ADC2 200x
01111 ADC3 ADC2 200x
10000 ADCO ADC1 1x
10001 ADC1 ADC1 1x
10010 N/A ADC2 ADC1 1%
10011 ADC3 ADC1 1x
10100 ADC4 ADC1 1x
10101 ADCE ADC1 1x
10110 ADCAH ADCA1 1%
1011 ADCY ADC1 1%
11000 ADCO ADC2 1x
11001 ADC1 ADC2 1%
11010 ADC2 ADC2 1x
1101 ADC3 ADC2 1x
11100 ADC4 ADC2 1x
11101 ADCAH ADC2 1x
11110 1.23V (Vge) N/A
1111 0V (GND)

Bang 98. Lura chon kiéu ngé vao va dé loi
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b. Thanh ghi ADC Control and Status Register A — ADCSRA

Bit T ] 5 4 3 2 1 ]

I ADEN ADSC ADFR ADIF ADIE ADPS2 | ADPS1 ADPSO I ADCSRA
Read/\Write RIW R RIW R RAW R RAW RAW
Initial Value ] ] 0 0 ] ] 0 ]

* Bit 7—- ADEN: ADC Enable

* Bit 6 — ADSC: ADC Start Conversion

* Bit 5 — ADFR: ADC Free Running Select

* Bit 4 — ADIF: ADC Interrupt Flag

* Bit 3 — ADIE: ADC Interrupt Enable

* Bits 2:0 — ADPS2:0: ADC Prescaler Select Bits

* Bit 7— ADEN: ADC Enable: Bit nay 1a 1 sé cho phép bo ADC hoat dong, nguoc lai, sé
ngimg bd ADC ngay ca khi né dang trong qua trinh bién doi.

* Bit 6 — ADSC: ADC Start Conversion: Ghi bit nay thanh 1 dé bt dau qua trinh chuyén
d6i. Trong ché do chuyén ddi timg budc, sau mdi 1an chuyén ddi hoan thanh bit nay bi x6a
vé 0, ta phai set lai bit nay dé bat dau mot bién doi tiép theo. Trong ché do chuyén doi lién
tuc, ta chi can set bit nay mat lan.

* Bit 5 — ADFR: ADC Free Running Select: Set bit nay 1én 1 dé lua chon ché d6 hoat
dong bién ddi lién tuc. Bit nay 13 0 s& cho phép ché do bién doi timg budc.

« Bit 4 — ADIF: ADC Interrupt Flag: Bit nay s& duoc set thanh 1 khi mot chu trinh bién
d6i ADC hoan thanh, bit ndy dugc x6a boi phan cing khi trinh phuc vu ngit tuong Gng
duoc thuc thi. Chu y la khi ta chinh svra thanh ghi ADCSRA (nhw dung cac lénh CBI, SBI)
thi bit nay sé bi x6a. Vi vdy, dé x6a bit nay boi phan mém, ta chi can ghi gid tri 1 vao né.

* Bit 3 — ADIE: ADC Interrupt Enable: Bit nay cho phép ngit ADC, khi bit ADIE (cho
phép ngit ADC) va bit I (cho phép ngit toan cuc) trong thanh ghi SREG dugc set 1én 1 s&
cho phép ngat ADC hoat dong.

* Bits 2:0 — ADPS2:0: ADC Prescaler Select Bits: Vi tan s clock ADC duoc 1ay tir xung
clock hé théng (hinh 109), nén cac bit ADPS2:0 sé& cho phép chia xung clock hé thdng véi
cac hé sb xac dinh (bang 99) truée khi dua vao ngudn clock ADC. Véi do phan giai 10 bit,
tan s6 clock ADC khoang tir 50 — 200 KHz, nén tiy theo tan s clock hé théng ma ta lwa
chon hé sd chia thich hop.

pé y: Trinh bién dich AVRStudio 4 cua Atmel xem ADCSRA va ADCSR la mot, ca hai diéu
chi t6i thanh ghi ADCSRA. Chan han, 1énh sbi ADCSRA, ADSC va sbi ADCSR, ADSC la
twong duong.
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ADEN———(] Resst

7-BIT ADC PRESCALER
cKk —»>

CKS2
K4
CK/B
CK/G
CK/32
CK/64
CK/M28

Y Y vyvy vvy

ADPS0
ADPS1
ADPS2

ADC CL'I}CI-{ SOURCE
Hinh 109. Ngudn clock ADC

Table 99. ADC Prescaler Selections

ADPS2 ADPS1 ADPS0 Division Factor

0 0 0 2

0 0 1 2

0 1 0 4

0 1 1 8

1 0 0 16

1 0 1 32

1 1 0 64

1 1 1 128

Bang 99. Lwa chon céc hé s6 chia cho ngudn clock ADC

¢. Thanh ghi ADC Data Register - ADCL and ADCH
Day 14 hai thanh ghi chira két qua ADC, tily theo thiét lap cta bit ADLAR (trong

thanh ghi ADMUX) ma 10 bit dit liéu ADC ¢6 thé duoc bo tri vé phia phéi hay trai ctia
hai thanh ghi ADCH va ADCL, cu thé nhu sau:
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ADLAR =0
Bit 15 14 13 12 11 10 g 8
- - - - - - ADC9 | ADCS ADCH
| ADC7 | ADC6 | ADC5 | ADC4 | ADC3 | ADC2 | ADC1 | ADCO | ADCL
7 § 5 4 3 2 1 0
ASDLAR =1
Bit 15 14 13 12 11 10 g 8

ADCY ADCS ADCY ADCEH ADCS ADC4 ADC3 ADC2 ADCH
ADC1 ADCO - - - - - - ADCL

Tém tit:
Pé sir dung bo ADC ta thuc hién cac budc sau:
1. Cau hinh cho bo ADC: chon dién thé tham chiéu, kiéu ngd vao bang cach ciu hinh
cho thanh ghi ADMUX.
2. Cho phép ADC hoat dong: Chon ché d6 hoat dong, cac ngit, tan sé Clock ADC
bang cach cau hinh cho thanh ghi ADCSRA.

Vi du. Poan chuong trinh nhé sau cho phép l?cf) ADC hoat dong ¢ phé d6 bién d6i timg
budc, ngd vao la chan ADC3, khong dung ngat. (viét bang C c6 thé xem ¢ chuong VII)

ADC _Init:

Idirl6,3 ;
out ADMUX, rl16 // chon ngé vao ADC3, dién thé tham chiéu Vg

Idi r16, 0b10000101 , ,
out ADCSRA, r16 // khong dung ngat, hé so chia clock la 32, chay tung budc

sbi ADCSRA, ADSC // khoi dong bo ADC

Wait:

sbis ADCSRA, ADIF //doi ADC hoan thanh
rjmp Wait

in r16, ADCL // luu két qua ADC

in r17,ADCH
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I11. BO TRUYEN NHAN DU LIEU NOI TIEP USART

1. Tém Lwgc Vé USART.

USART (Universal Synchronous and Asynchronous serial Receiver and
Transmitter): Bo Truyén Nhén Noi Tiép Pong Bo Va Bat Dong Bo Pho Dung, day la khéi
chire nang dung cho viée truyen thong giita vi diéu khién véi cac thiét bi khac. Trong van
dé truyén dir liéu sd, co thé phan chia cach thic (method) truyén dir lidu ra_hai ché do
(mode) co ban la : Ché d¢ truyén nhan Pong bd (Synchronous) va Ché do truyén nhan Bét
dong bd (Asynchronous). Ngoai ra, néu & goc do phan cimg thi c¢6 thé phéan chia theo cach
khac do la: Truyen nhan dit lidu theo kiéu N@i tiép (serial) va Song song (paralell).

e Truyén Pong Bo: 1a kicu truyén dir liéu trong do bo truyén (Transmitter) va bo
nhan (Receiver) st dung chung mot xung dong ho (clock). Do d6, hoat dong truyén
va nhan dir liéu dién ra dong thoi. Xung clock dong vai tro 14 tin hiéu dong bo cho
hé thong (gom khdi truyén va khéi nhan). Uu diém cua kiéu truyén dong bo 1a toc
d6 nhanh, thich hop khi truyén dit liéu khéi (block).

e Truyén Bat Pong Bo: La kiéu truyén dit liéu trong d6 mdi bd truyén (Transmitter)
va bo nhan (Receiver) c6 bd tao xung clock riéng, tdc dd xung clock & hai khdi nay
c¢6 thé khic nhau, nhung thuong khong qua 10 °/, . Do khong dung chung xung
clock, nén dé ddéng bo qua trinh truyén va nhan dir heu nguoi ta phai truyén cac bit
dong bo (Start, Stop,...) di kém véi cac bit dit liéu. Cac bo truyén va b nhan s& dua
vao cac bit dong bd nay dé quyét dinh khi ndo thi s& thuc hién hay két thuc qua trinh
truyén hoac nhan dir liéu. Do do6, hé théng truyén khong dd bd con duoc goi 1a hé
thdng truyén “ty dong bo”.

Tir hai kiéu truyén dit liéu co ban trén, nguoi ta dua ra nhiéu giao thire (Protocol) truyén
khac nhau nhu: SPI (d6ng bg), USRT (d6ng bg), UART (bat dong b9),...Tuy vay, cling co
giao thure truyen ma khong thé xép dugc vao kiéu nao: ddng bo hay bat dong bo, chan han
kiéu truyén L,C (Trong AVR goi 1a TWI), tuy vy mot cach hoi guong ¢p thi co thé thay
giao thirc truyén L,C gan voi kiéu dong bd hon vi cac thiét bi giao tiép v6i nhau theo chuin
L,C diéu dung chung mot xung clock.

2. G6i Thiéu B USART Ciia ATmegal28.
ATmegal28 c6 hai bo USART la USARTO va USARTI. Hai bo USART nay 1a doc

lap nhau, diél} nay c6 nghia la hai khéi USARTO va USARTTI co thé hoat dong cuing mot
lic. So d6 khoi don gian ctia khdi USART thé hién trong hinh 79.
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Clock Generator |

v

UDR (Receive)

PARITY
CHECKER

UBRR[H:L] |
0sC |
v |
BALUD RATE GENERATOR :
I
SYMC LOGIC |-t— =T I
| COMTROL | [T ACK
I
. A T T
| I
: UDR (Transmit) EO“I_'IE{?CL I
+ PARITY I
o I GEMERATOR |
= I - - PIN | o
af | - TRAMSMIT SHIFT REGISTER =D e —— | | TxD
=T -
= I
g [ Receiver |
| = cLock | R I
I RECOVERY | COMTROL |
I I
| I
I
I
I
I
I

L - - DATA PIN
E i c E
RECEIVE SHIFT REGISTER RECOVERY [t CONTROL -l—'— RxD
— I
I

Hinh 79. So 0 khdi bo USART

So d6 khéi cua bo USART phan chia thanh ba,phén rd rang: Khoi tao xung clock (clock
Generator), Khoi Truyén (Transmitter) va Khoi nhan (Receiver). Con céc thanh ghi di€u
khién USART dugc dung chung.

(Phan nay chwa day du, can duwoc ban doc bo sung
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Chuong VI ) . . ]
HE THONG XUNG CLOCK VA LAP TRINH BO NHO
ON-CHIP

I. HE THONG XUNG CLOCK

Hé théng xung clock cia ATmegal28 duogc chia thanh nhiéu khéi khac nhau, mdi
khéi (module ) s& cung cap xung clock cho cac khéi ngoai vi tng dung twong tng. Hinh 18
thé hién so do ctia hé thong xung clock trén ATmegal28.

Asynchronous Genaral VO i
TimariCounter modules o pain o o
< i A A
[= | .
dk AVR Clock ey
Control Unit
ck, o Cley e
i 4
Resat Logic Watchdog Timer
* + F
Source clock Watchdog dlock
Clock Watchdog
Multiplexsr ®_. Oscillator
L 4 4 A Xung clock caa b watchdog
Timer/Counter External RC Crystal Low-Frequency e
Oscillator Oscillator Extemnal clock Qscillator Crystal Oscillator Oxscillator

5

5

&

5

b

xung clock  Xung clock Xung clock  Xung clock Xung clock  Xung clock

cho bé ngoai dilng  ngoai ding ngoii dung ngoai ding  bén trong
dinh thi R C mdy phit thach anh  thach anh ¢é chip

ding thach xung clock tin s& thip

anh

Hinh 18. Hé Thong Xung Clock
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Dé cau hinh cho chip hoat dong theo ché do xung clock nao, nguoi ta ding cac bit
cau chi ( fuse bit ) CKSEL 3, CKSEL2, CKSEL 1. Ngoai ra khi vi diéu khién duogc danh
thac tir cac ché do nghi sang ché d6 hoat dong binh thuong, bd tao dao dong can c6 mot
khoang thoi gian dé 6n dinh, khoang thoi gian nay goi l1a thoi gian khoi dong ( start-up
time ). CPU chi thyc hién 1énh khi hét khoang thoi gian khoi dong nay. Khi ta reset CPU
cling cAn mot khoang thoi gian tri hoan (delay time ) dé nguon nudi dat mirc 6n dinh trude
khi thuc bat dau thuc thi 1énh. Nguoi ta dung cac bit cAu chi CKSEL 0, SUT1, SUTO dé
thiét 1ap thoi gian khai dong va thoi gian tri hodn. Khoang thoi gian khoi dong va thoi gian
tri hodn duogc do dugce do bang mot déng hd riéng, do la b dao dong Watchdog. Tan s6
cua bo dao dong Watchdog phu thudce vao dién thé ngudn nudi va nhiét do moi trudong. O
Vee = 5V va nhiét d6 25°C thi tan s6 ctia bo dao dong Watchdog 1a 1 MHz. Lién quan dén
viéc thiét 1ap cua hé thong xung clock nguoi ta con dung t6i bit cdu chi CKOPT ma vai tro
ctia n6 kha linh hoat tiy theo viéc thiét 14p xung clock cho hé théng nhu thé nao. Hinh 18
cho théy ATmegal28 c6 td1 7 bd tao xung clock co thé duoc lya chon. Duéi day la mé ta
cu thé cho timg truong hop cdu hinh xung clock cia hé thong.

1. BO DAO PONG THACH ANH

B) dao dong thach anh dwgc méc theo hinh 19. Trong d6 chan XTAL1 va XTAL2 (
tuong Ung chan s6 24 , 23 cua vi diéu khién ) lan luot la ngd vao va ngé ra cua bd
khuéch dai dao dugc tich hop san trong chip.

c2
— XTAL2
m
o St 4 XTAL 1
. GND

Hinh 19. Ghép ndi by dao dong thach anh

Gia tri cua tu C1 va C2 phai bang nhau va thuong c6 gia tri vao khoang 12pF — 22pF. Voi
ATmegal28 thi tan so xung clock hé thong toi da 1a 16MHz va dé dat duoc tan sb toi da
nay bit cau chi CKOPT phai dugc 1ap trinh ( ghi thanh 0 ). Néu bit CKOPT khong dugc lap
trinh ( ghi gia trj 1) thi tdn s6 t6i da chi 1a 8 MHz. Cac bit CKSEL3..1 duoc dung dé lya
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chon dai tan s6 t6i uvu nhu trong bang 8. Céac bit CKSELO va SUTI..0 duoc dung dé thiét
1ap thot gian khdi dong ( start-up ) va thoi gian tri hoan ( delay time ) nhu trong bang 9. Ta
cling c6 thé thay thé tinh thé thach anh ( Quartz crystal ) bang gbm cong hudéng ( Ceramic
Resonator ).

Table 8. Crystal Oscillator Operating Modes

Frequency Range Recommended Range for Capacitors
CKOPT CKSEL3..1 (MHz) C1 and C2 for Use with Crystals
1 101 04-09 —~
1 110 09-30 12 pF - 22 pF
1 111 30-80 12 pF - 22 pF
0 101, 110, 111 10- 12 pF - 22 pF

Bang 8. T6i wu dai tin sb
Lva chon (1) chi nén dung cho gom cong hwong, khong nén dung cho thach anh

Table 9. Start-up Times for the Crystal Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset (V¢
CKSELO | SUT1..0 Power-save = 5.0V} Recommended Usage
0 00 258 CK!1 41ms Ceramic resonator, fast
rising power
0 01 258 CcK™ 65 ms Ceramic resonator,
slowly rising power
0 10 1K CK2 - Ceramic resonator,
BOD enabled
. 11 1K CK®! 4.1ms Ceramic resonator, fast
rising power
1 00 1K CK2 65 ms Ceramic resonator,
slowly rising power
' 01 16K CK - Crystal Oscillator, BOD
enabled
: 10 16K CK 4.1 ms Crystal Oscillator, fast
rising power
' 11 16K CK 65 ms Crystal Oscillator,
slowly rising power

Bang 9. Thiét lap thoi gian khéi dong va tri hodn
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Vi dy dé st dung thach anh 16 MHz lam xung clock hé thng, thoi gian khoi dong 1a 16 K
( 16384 chu ki xung clock ctua by dao dong watchdog ) va thoi gian tri hoan 1a 65 ms thi ta
can thiét 1ap cho cac bit cau chi 1 :

{ CKOPT, CKSEL3..0, SUT1..0 } ={0,1,0,1,1,1,1}

2. BO DAO PONG THACH ANH CO TAN SO THAP

Thach anh trong truong hop nay c6 tan s thap 32,768 KHz duoc méc vao mach nhu
hinh 19. Tan s thap dugc sir dung dé giam cong suét tiéu thu cia hé théng va thich hop
cho cac tmg dung can do thoi gian thuyc. Dé cau hinh cho hé théng xung clock theo ché do
nay, can thiét 1ap cac bit cau chi { CKSEL3..0 } = { 1,0, 0, 1 }. Cac tu C1, C2 ciing c6 thé
dugc bo di bang cach 1ap trinh cho bit CKOPT dé cho phép tu bén trong chip hoat dong. Tu
bén trong chip c6 gia tri dinh danh 14 36 pF. Thoi gian khoi dong va thoi gian tri hoan dugc
lua chon nho vao céac bit cau chi SUT!..0 theo nhu bang 10.

Table 10. Start-up Times for the Low-frequency Crystal Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset (V.. =
SUT1..0 Power-save 5.0V) Recommended Usage
00 1K CK™ 41ms Fast rising power or BOD enabled
01 1K CK™ 65 ms Slowly rising power
10 32K CK 65 ms Stable frequency at start-up
11 Reserved

Bang 10. Thiét 1ap thoi gian khéi dong va tri hoin
3. BO DAO PONG R-C BEN NGOAI

B¢ dao dong R-C bén ngoai thich hop cho nhiing ing dung khong doi hoi cao vé su

chinh xac thoi gian . Mach R-C dugc mac nhu hinh 20. Tan s6 dao dong vao khoang:
fe 1

3*R*C
Trong do gia tri cua C phai t6i thiéu 1a 22 pF. Tuy nhién ta ciing co thé b6 di tu C bang
cach 1ap trinh cho bit cau chi CKOPT dé cho phép tu bén trong chip ( mac gitra XTALI va
GND ) hoat dong. Gia tri dinh danh cta tu bén trong chip la 36 pF. Cac bit cau chi
CKSELS3..0 s& cau hinh dai tan s6 t61 vu nhu bang 11 va cac bit cau chi SUT1..0 s€ thiét
1ap thoi gian khoi dong va thoi gian tri hoan nhu bang 12.
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R NC ——— XTALZ
XTAL1
Gi

GND

Hinh 20. Mach dao dong R-C

Table 11. External RC Oscillator Operating Modes

CKSEL3..0 Frequency Range (MHz)
0101 0.1-09
0110 09-30
0111 30-80
1000 6§0-120

Bang 11. T6i wu dai tin so

Table 12, Start-Up Times for the External RC Oscillator Clock Selection

Start-up Time from Additional Delay
Power-down and from Reset
SUT1..0 Power-save (Ve = 5.0V) Recommended Usage
00 18 CK - BOD enabled
01 18 CK 41 ms Fast rising power
10 18 CK 65 ms Slowly rising power
11 6 CK™ 41 ms Fast rising power or BOD enabled

Bang 12. Thiét 1ap thoi gian khoi dong va tri hoin
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4. BO DAO PONG NOI R-C TINH CHINH PUQC

B6 dao dong ndi RC cung cép cac tan sd xung clock ¢d dinh 1 MHz, 2 MHz, 4 MHz,
8 MHz ( & Vee = 5V va nhiét d6 25°C ). Ta c6 thé dung xung clock nay nhu 1 xung clock
ctia hé théng bang cach cau hinh cho céc bit cdu chi CKSEL 3..0 dugc chi ra & bang 13.
Khi sir dung xung clock cta bd dao dong ndi lam xung clock cua hé théng ta khong can
phai dung bo dao dong bén ngoai. Khi cdu hinh xung clock hé thdng theo truong hop nay
bit cau chi CKOPT khong dugc lap trinh ( ghi 1a 1 ). Vi by dao dong watchdog doc lap véi
bd dao dong ndi RC ( xem hinh 18 ) nén khi h¢ théng hoat dong theo xung clock cua bo
dao dong ndi RC thi by dao dong watchdog van duoc st dung cho bd dinh tho1 watchdog.
Ngoai ra, nguoi ding c6 thé tinh chinh tin sé ciia bd dao dong ndi bang cach thay doi gia
tri cua thanh ghi OSCCAL. Li do cua vi€c tinh chinh nay 1a boi vi trong qua trinh dém (
tre phat xung clock ) ctua b dao dong ndi, sau 1 thoi gian thi s€ co sai s0, vi du bo dao
dong nodi co tan sé 1 MHz sau 1000000 1an dém thi khoang thoi gian twong ng Is s€ troi
qua. Néu thoi gian dém kéo dai sé c6 thé c6 sai s6. Do d6 ngudi ta can tinh chinh lai téc do
ctia bo dao dong ndi bang cach 1am cho ndé dém nhanh hon hay cham di so v&i gia tri dinh
danh. Dé 1am duoc diéu nay nguoi ta ting hay giam gia tri ciia thanh ghi OSCCAL.

Table 13. Internal Calibrated RC Oscillator Operating Modes

CKSEL3..0 Nominal Frequency (MHz)
0001 1.0
0010 20
0011 40
0100 80

Bang 13. Lua chon tin sé dao dong ndi

Khoang thoi gian khoi dong va thoi gian tri hodn dugc thiét 1ap boi cac bit cau chi
SUT1..0 theo bang 14.
Table 14. Start-up Times for the Internal Calibrated RC Oscillator Clock Selection

Start-up Time from Power- | Additional Delay from
sSUT1..0 down and Power-save Reset (V.. = 5.0V) Recommended Usage
0o 6 CK - BOD enabled
01 6 CK 4.1 ms Fast rising power
100 6 CK 65 ms Slowly rising power
11 Reserved

Bang 14. Thiét 1ap thoi gian khéi dong va tri hoin
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5. BO TAO XUNG CLOCK BEN NGOAI

Nguoi dung ciing co thé sir dung mot may phat xung clock bén ngoai gé lam xung
clock cho h¢ thong. So d6 ghép ndi vdi1 may tao xung clock bén ngoai dugc thé hién ¢ hinh

21.
NG ————— XTAL2
EXTERNAL
CLOCK —— XTAL1
SIGNAL

GMD

.

Hinh 21. Ghép néi v6i may phat xung clock bén ngoai
Table 16. Start-up Times for the External Clock Selection

Start-up Time from Power- | Additional Delay from
SUT1..0 down and Power-save Reset (V.. = 5.0V) Recommended Usage
00 6 CK - BOD enabled
01 6 CK 41 ms Fast rising power
10 6 CK 55 ms Slowly rising power
1N Reserved

Bang 16. Thiét 1ap thoi gian khéi dong va tri hodn

Trong truong hop nay cac bit cau chi CKSEL3..0 phai ghi thanh “0000”. Nguoi
dung ciing c6 thé cho phép tu bén trong chip ( gitta XTAL1 va GND ) hoat dong bang cach
1ap trinh cho bit CKOPT ( ghi CKOPT thanh 0 ). Gia tri dinh danh cua tu bén trong chip la
36 pF. Thoi gian khoi dong va thoi gian tri hodn duoc thiét 1ap boi cac bit SUT1..0 duoc
cho & bang 16.

6. BO DAO DONG DINH THOI P
Nguoi ding ciing c¢6 thé mic truc tiép bd dao dong thach anh ]
vao gitta 2 chan TOSCI va TOSC2 cua vi di€u khién ( khong
can tu ) dé tao xung clock cho h¢ thong nhu hinh 21b. B§ dao
dong duoc t6i vu cho tan so thach anh 32,768 KHz.

TOSC2

Hinh 21b. Bj dao diong dinh thdgi
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7. Thanh Ghi XDIV — Chia Tan S6 Ngudn Xung Clock

~ Nguoi ta dung thanh ghi XDIV dé chia tan s6 cua ngudn xung clock cho mot sb tir 2
dén 129 tuy theo gié tri dugc ghi vao thanh ghi nay.

Bit 7 6 5 4 3 2 1 ]

IKDIUEN XDIVe XDIV5 XDIV4 XDIV3 XDIv2 XDIV1 XDIVD I XDV
Read/\Write R RAW RW R R RW RW RN
Initial Value 0 0 0 0 0 0 0 0

* Bit 7 — XDIVEN: XTAL Divide Enable: Khi bit nay 1 1 s& cho phép chia tin s xung
clock cua CPU va xung clock ctua tat ca céc ngoai vi ( clkyo, clkapc, clkepy, clkgpasy ) cho
mot s6 tr 2 dén 129 . Gid tri ciia s6 chia c6 thé duoc thay doi trong lic chuong trinh dang
chay vé6i diéu kién 1a bit XDIVEN dang & logic 0. Ghi bit nay 14 0 thi khong cho phép chia
( twrong duong voi1 chia cho 1).

* Bits 6..0 —- XDIV6..XDIV0: XTAL Divide Select Bits 6 — 0: 7 bit nay s€ xac dinh gia tri

ctia sO chia. Néu ghi vao 7 bit nay gia tri 13 d thi tAn sé xung clock ctia CPU va cac ngoai vi

séla:
f . ‘f;zguén
*129-d

Dé thay doi hé sb d thi bit XDIVEN phai x6a vé 0 trudc khi ghi gia tri méi vao cac bit
XDIV6..XDIVO.

Chit y: Khi tin sé ciia hé thong xung clock dwoc chia, bé dinh thoi 0 chi hoat
dong dwoc véi xung clock bit dong b, tan sé ciia xung clock bit dong by phdi nhé hon
Y% lan tan so xung clock di chia. Nguon xung clock bit dong b la nguén xung clock
duoc tao tir b dao dong thach anh ( t6i wu la 32 768 KHz ) két néi truc tlép toi 2 chin
TOSC1 va TOSC2 nhw Hinh 21b. Vé nguyén tac c6 thé ding mdy phat xung clock két
néi true tiép voi chin TOSC1 dé dung lam nguon xung clock bit dong bj cho bp dinh
thoi 0. Chi tiét vé ché dp hoat dpng bit dong bé ciia by dinh thoi 0 dwec trinh bay ¢
chuwong 3 “ Bo Dinh Thoi cia ATmegal28 “, muc 3.

Theo miic dinh ciia nha sin xudt thi gid tri ban dau ciia cdc bit cdu chi la:

{ CKSEL3..0, SUTIL..0 } = {0, 0, 0, 1, 1, 0 }, tirc Chip sé sw dung by dao dong nji
c6 tin 56 1 MHz vdi thoi gian khéi dong la 65 ms .
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II. LAP TRINH BQ NHO TREN CHIP

(Néu ban d3 nap dugc chuong trinh vao Chip thi coi nhu xong phan nay ©)
(Phan nay chuwa day du, can dwoc ban doc bo sung)
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Chuong VII . ) X N
LAP TRINH AVR BANG NGON NGU C

Phdn nay chi tém tdc cdc vadn dé lién quan tdi 1ap trinh AVR
bdng ngén ngii C, xem nhu ban doc dd cé kién thiuc vé ngdén ngid C.
Trinh bién dich duoc sir dung © didy 1a CodeVisionAVR (
http://www.hpinfotech.com/ ).

VIL1 Cac Chi Thich Va Tién Xir Ly (PreProcessor)

- Cac Chu Thich.

Thong thudng bat ddu mot chuong trinh 13 cic chu thich vé project, cac chi thich
phai bit dau bang dau // hay /* cdc chii thich */ va dugc trinh bién dich boé qua khi
bién dich, chin han:

KKK KKK KK
- Céc Tién Xir Ly.

#include : Dung dé chén cac file can thiét vao project, cac file nay nén dé trong
thu muc inc cua trinh bién dich CodeVisionAVR.

Vi du:
_ cho phép str dung céc thanh ghi cua Atmegal28.
Tac bao cho trinh bién dich biét chung ta dang st dung vi diéu khién
Atmegal28. Ddy sé la dong code dau tién trong chuong trinh C.
#define : Dung dinh nghia mot gia tri nao d6 bang cac ki tu.

Vi du:
#define max Oxff
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Pinh nghia max c6 gia tri 13 Oxff. Cha y khong c6 dau chdm phay (;) & cudi
cau vi define chi la mot macro chir khong phai 1a mot 1énh. Macro ciing c6 thé
c6 tham s0.

vi du:

Thi i s€ dugc gan thanh1=2+3 =5.
VIIL.2 Cac Kiéu Dir Liéu ( DataTypes)
Ngoai cac kiéu dir liéu ciia C, CodeVisionAVR con c6 kiéu dir liéu bit 14 kiéu

dir liéu 1 bit, nén dai gia tri chi 6 0 va 1. Kiéu bit chi hd trg ddi voi khai bao
bién toan cuc la chinh. V&1 bién bit cuc b, trinh bién dich chi cho khai bao t61

da 8 bién bit.
Vidu:
bit a; //a 1l& bién kiéu bit
cac kiéu khac dugc cho trong bang dudi.
Type Size (Bits) | Range
bit 1 0.1
char 8 -128 to 127
unsigned char 8 0 to 255
signed char 8 -128t0 127
int 16 -32768 to 32767
short int 16 -32768 to 32767
unsigned int 16 0 to 65535
signed int 16 -32768 to 32767
long int 32 -2147483648 to 2147483647
unsigned long int 32 0 to 4294967295
signed long int 32 -2147483648 to 2147483647
float 32 +1.175e-38 to +3 40238
double 32 £1.175e-38 to +3 402e38
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a. Hang

- Cac héng s6 dugc dat trong b0 nh¢ FLASH, chir khong dit trong RAM.

- Khéng dugc khai bao hang trong chwong trinh con.

- Gia tri 100 duoc hiéu 1a sé thap phan (decimal), 0b101 dé chi gia tri nhi phan
(binary) va Oxff dé chi gid tri thap luc (hexadecimal)

Vi du:

const char a = 128 ; // hdng sb a c6 kiéu char va cé gia tri
la 128.

b. Bién

- Bién gom c6 bién toan cuc (global) 13 bién ma ham nao cung co6 thé truy xuét,
va bién cuc bd (local) 1a bién ma chi c6 thé truy xuat trong ham ma né duoc khai
bao.

- Bién toan cuc, néu khong co6 gia tri khoi tao s€ duoc mat dinh 12 0. Bién cuc bo,
néu khong c6 gia tri khoi tao s& co gia tri khong biét trude.

- Bién toan cuc duoc luu trit trong cac thanh ghi Rn, néu da dung hét cic thanh
ghi thi s& chuyén sang luu trit trong ving SRAM. Pé ngan can cac bién toan cuc
duoc luu vao cac thanh ghi Rn, du cac thanh ghi ndy van con tu do, ta dung tir
khoa volatile (xem sau).

- Bién toan cuc, néu khong luu trong cac thanh ghi da chue nang thi duoc luu trir
trong bd nhd SRAM, con bién cuc bd, néu khong luu trong cic thanh ghi da
chire nang, thi duoc luu trir trong vung data STACK. Khi chuong trinh tra vé
gia tri cu6i cung cho ham thi cac bién cuc bo duge luu trir trong stack s& bi xoa.
Pé bién cuc bo khong bi x0a khi thoat khoi ham ta dung tur khoa static.

- Bién bit toan cuc dugc cip phat & cac thanh ghi R2 téi R14 cua vi diéu khién,
cac bit dugc cap phat tir R2 t6i R14 theo thir tu khai bao, nhéc lai 1a ATmegal28
c6 32 thanh ghi da chirc ning RO dén R31.

- Trong chuong trinh C, noi bat dau thuc thi chuwong trinh 1a diém bat dau ctia ham
main. Thuc té, khi bién dich sang hop ngit (assembly), diém bat dau ctia chuong
trinh van 13 vi tri vector reset (dia chi 0000h). Trudc khi chay t6i vi tri chuong
trinh main, chuong trinh hop nglr s€ thuc hi¢n khéi tao cac bién toan cuc,
stack,... Do d6, khi chay vao ham main, cac bién toan cuc, ma thuc chat 1a cac 6
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nhd (byte hay word), da co gia tri khoi tao sidn. Vi cac bién cuc b, trinh hop
ngtr khong khai tao trude gia tri.
- vidu: khai bdo bién cuc bd nhu sau:

S€ dich sang hop ngir 1a :

Nhu vay, véi bién cuc by, khi nao sur dung thi mai khoi tao.

Vidu 1:

/* chuong trinh chinh*/

vold main (void) {

/* khai bao bién cuc bd */
char d;

int e;

/* cbé6 thé khoi tao gid tri */
long £ = 16;

d = increment () ;

/*d =1 */

e = increment () ;

/* e = 2 , vl khi thoadt khéi ham increment thi gid tri cua

bién static n
van khéng bi xéa*/

}
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Vidu 2:

Dé ¥ 1a cac bién kiéu bit trén 1a bién toan cuc, doi voi bién bit cuc b, trinh bién
dich s& cét trong thanh ghi R15. Cac thanh ghi R2 t&i R14 ciing ¢6 thé dugc cap
phat cho bién thanh ghi (register variable), tily vao céc tiy chon khi cau hinh cho
trinh bién dich. (c6 thé khong dung voi cac version mdi ciia trinh bién dich).

Bién volatile:
- Dé tuong thich véi cac thiét bi ngoai vi khi ghép ndi véi vi diéu khién, chan
han bd ADC, ghép ndi v6i RTC... ngudi ta ding cac bién volatile.
Bién Volatile la bién ma gia tri cia né khéng dwoc thay doéi boi chwong trinh,
nhing cé thé dwoc thay déi béi phan ciing.

Vi du 3.

Ta mudn ghép ndi MCU véi mot Real time clock (RTC), gia tri cta thanh ghi RTC
duoc doc sau moi mot khoang thoi gian.

EASIGHedN LHEN FrIIIISEconas =I0R80000AN // o Lol thans

//ghi chta gia tri gidy cua chip RTC

// (1) Poc gid tri thanh ghi RTC 1lan 1

// (2) Poc gid tri thanh ghi RTC 1l&n 2

Doan chuong trinh trén s€ chi doc gia tri thanh ghi RTC c6 mot 1an nén két qua la
thoi gian thé hién s& khong dung, nguyén nhan la tu dong (1) toi (2), bién
*milliseconds khong bi thay dbi gia tri (trong chu'cmg trinh ta khong lam g1 dé
thay doi *milliseconds ca), do dé trinh bién dich s& t6i vu doan code trén bang
cach bo bot dong sé (2), gan y = x. Nhung thuc té 1a phan cing (sy dém cua dong
hd) 1am thay d6i *milliseconds. Do do, gid tri time & (1) s& khac time & (2) .

PH Khoa Hoc Tu Nhién TP. H6 Chi Minh - 2007 85



VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thang

bé ngan trinh bién dich tdi wu doan code trén ta dung tr khoa volatile cho bién
milliseconds. Poan code can duogc stra thanh:

unsigned int volatile *milliseconds = 0x8000 ; // tro t&f

//thanh ghi chta gia tri gidy cua chip RTC

// (1) Poc gid tri thanh ghi RTC 1lan 1

// (2) Poc gid tri thanh ghi RTC 1lan 2

Ta cling c6 thé chi dinh viéc luu trir mot bién toan cuc & mét dia chi cu thé trong
SRAM bang céach dung toan tir @.
Vi du 4:

—

c¢. Chuyén Péi Kiéu Dir Liéu

Trong mot biéu thirc toan hoc, cic toan hang c6 thé c6 kiéu dir liéu khac nhau, khi
do6 trinh bién dich s€ ty dong chuyén tat ca cac toan hang vé cung mdt ki€u duy nhat.
Thu tu vu tién chuyén doi 1a :

Char -> unsigned char -> int -> unsigned int -> long -> unsigned
long -> float

Vidu 1.

Vidu 2. ,
Phép nhén sau day cho két qua sai:
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phép toan trén s& nhan a véi b trude, véi tich thu duoc 1a int bi tran, réi méi chuyén
tich thu dugc sang long, roi gan tich bi tran nay cho c. Bé khong bi tran, ta stra lai
biéu thuc trén nhu sau:

lac ndy a, b duoc chuyén thanh long trudc khi nhan, nén tich sé 1a long khéng bi
tran, o1 gan két qua cho c.

VII.3 Mang (Array)
Mang 1a mot day cac bién xép lién tuc nhau. Ki hiéu [ ] dung dé khai bao mang.

Mang khai bdo ngoai ham goi l1a mang toan cuc (global array), mang khai bdo trong
ham goi 1a mang cuc b ( local array).

Vi du:

VII.4 Ham (Function)

- Ham Ia doan chuong trinh thuc hién tron ven mot cong viéc nhét dinh.

- Ham chia cét viéc 10n bang nhiéu viéc nho. N6 gitup cho chuong trinh sang stia, dé
sira, nhat 1a d6i voi cac chuong trinh lon.

- Chuong trinh phyc vu ngat (ISR) ciing co thé xem la mot ham, nhung khong c6
tham so truyen vao va cling khong c6 tham sO tra vé (xem sau).

- Ham viét cho MCU cling giong nhu viét trén PC, ban doc c6 thé xem lai cac tai
liéu vé ngdn ngir C khi can thiét.

- Gia tri tra vé cua ham duoc luu trong cac thanh ghi R30, R31, R22, R23.

VIL.S Con Tro (Pointer)
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Nhiing bién Iuwu trit dia chi ctia mot bién khac duoc goi 1a con tré (pointer). C6 hai
todn tr lién quan tdicontro 1a : & va * .

& : 1a toan tir 1dy dia chi, c6 nghia 13 “dia chi cia” .

* : 1a toan tir tham chiéu, c6 nghia 13 “Gia tri dwoc tré boi”.

D¢ sir dung con tro ta phai khai bao no. Kiéu khai bao nhu sau:
type * pointer name;
Vi du:

Pé y la dau sao (*) ma ching ta dat khi khai bdo mét con tré chi c6 nghia
rang: D6 1a mét con tré va hoan toan khéng lién quan dén todn tir tham chiéu * ma
chiing ta dd néi trén. P6 don gidn chi la hai tic vu khdc nhau dwoc biéu dién boi
cung mot dau.

Khi mgt bién con tré dugc khai bao, n6 chua chira gia tri nao ca, giong nhu cac kiéu
bién khéac. b€ gan dia chi cho con tré ching ta can phai gan gia tri cho con tré do
(ttrc khéi tao con tro).

Vi du.

i T 1 otttk o014 2 0 0 e

Sau khi khoi tao, ta c6 thé st dung con tré binh thudng trong cac biéu thuc.

Vi du.
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VILS5 Truy Xuét Cac Thanh Ghi Vao/Ra (Accessing The I/O Registers)

Viéc truy xuat cac thanh ghi I/O cia AVR khé don gian, tit ca cac thanh ghi I/O cua
AVR da duogc khai bdo trong file io.h, ta chi viéc include file header 10.h (hodc file
header cho timg chip cu thé, megal28.h) vao chuong trinh 13 c6 thé sir dung céac
thanh ghi ndy. Cha ¥ 14 viéc truy xuét bit trong cic thanh ghi ¢ dia chi 5Fh trg 1én
trong ving nhé SRAM 14 khong thé thyc hién duoc.

Vi du.

VIL6 Truy Xuit EEPROM

Dung tu khoa eeprom khi khai bao bién (toan cuc) thi bién s& duoc luu vao
EEPROM. Dé ¥, 1a bién trong eeprom khong co gia tri khoi tao ngay khi chuong
trinh thuc thi, ngay ca khi, trong khai bao bién eeprom ta co khai tao gia tri cho blen
nay. Gia tri khéi tao chi dugc dung dé nop truc tlep vao eeprom boi phan mém.
(Piéu nay c6 thé khong chinh x4c véi cac phién ban méi hon cia trinh bién dich).

Vi du. ( xem thém vi du ¢ muc VIL.8.h )

& day, khi chuong trinh b8t dau thuc thi, bién alfa van khéng chic
13 c6 gid tri 1, né 1la mdt gid tri khéng biét trudc. Do do, dé
chdc ch&n ghi gid tri 1 vao bién alfa, ta nén viét lai
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Ta ciing c6 thé dat mot bién vao mot vi tri tlly ¥ trong eeprom bang cach dung toan

tr @.

Vi du:
eeprom int alfa @0x10;//bién alfa ddt & vi tri 0x10 trong eeprom

VIL6 Sir Dung Ngit (interrupt)

Pé thuc thi chuong trinh ngit, ta dung tir khoa interrupt.
Khuén dang cua chuong trinh phuc vu ngat 1a :

interrupt [interrupt number] void routine name (void)

{
//d&t chuong trinh phuc vu ngdt & day
}

- interrupt number : 1a sb thir ty ciia vector ngit, c6 thé tim thdy & datasheet cua
MCU hay tir file header cia MCU trong thu muc inc. Ta co thé thay thé s tha ty ctia
vector ngat bang tén goi nhd duoc dinh nghia trong file header cia MCU.

- routine name: tén chuong trinh ngit, 1a tuy chon.

- Chuong trinh phuc vu ngat khong c6 tham s truyén vao va cling khong c6 tham sb tra
ve.

Vi du.

Hodc 1la:

Trinh bién dich s€ ty dong luu gilr gia tri cac thanh ghi bi tac dong trong lic dang goi trinh
phuc vu ngit va s& phuc hoi lai gia tri cac thanh ghi nay khi thoat khoi trinh phuc vu ngat.
Tuy nhién ta c6 thé ngan can sy luu giit gia tri cac thanh ghi bi tic dong bang cach ding
chi thi #pragma savereg - . ( khuyén khich 14 khong nén ding ©)
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VIL.7 St Dung B¢ ADC

Trong C, dé sir dung ADC ta chi can khai bao cac thong sb cho bd ADC ‘trong ham main,
sau do c6 thé st dung miu ham doc ADC do CodeVision AVR tao ra. Pé y la néu sir dung
chirc ning debug Jtag thi ¢6 mét sé chan ADC (ADC4,..,ADC7) ciia AVR khéng sir dung
dirge. Ban doc nén xem phan chéng nhiéu cho ADC trong datasheet. O day chi tap trung
vao khia canh Iap trinh.

Vi du sau dung ADC 10bit, téc d6 500.000 kHz, chay timg budc. (xem thém phan mé ta bd
ADC trang 61)

FINCTUGENSMEga28® / /Khai bao 1a dang dung ATmegal28

// ham doc két qua ADC, tén ham 1la tuy vy,theo chudn C
unsigned int read adc(unsigned char adc_input) ({
ADMUX=adc_input | (ADC VREF TYPE & Oxff);
// Delay needed for the stabilization of the ADC input voltage
delay us(10);
// Start the AD conversion
ADCSRA |=0x40;
// Wait for the AD conversion to complete
while ((ADCSRA & 0x10)==0);
ADCSRA |=0x10;
return ADCW;
}
// ham main
Void Main( )

{
Unsigned int adc_temp ; // khai bao bién dé luu két qua ADC

// Kh&i tao cho bd ADC & day

// Tan sb bién dbdi: 500.000 kHz

//Chan lam dién thé so sanh cho bd ADC la AVCC

//Pién thé cua AVCC 1la cb dinh (bdng VCC clp cho AVR)
ADMUX=ADC VREF TYPE & Oxff;

ADCSRA=0x84; // xong phadn khdi tao

//

adc_temp read adc (0) ; //doc két qua ADC & chan ADCO
adc_temp = read ade (1) ; //doc két qua ADC & chan ADC1
//
adc_temp

read adc (7) ; //doc két qua ADC & chan ADC7
//phai disable chtc ndng Jjtag
i
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VIL8 Tém Tit Cac Cau Triic Diéu Khién

Phan ndy chi dé gitp cédc ban tra ctu nhanh, néu quén.
a. Cau truc dieu kién: if va else.

if (condition 1)
{

Khéi l1lénh 1

}

else if (codition 2)

Khéi 1énh khac
}

Vi du.

b. Vong lap while va do — While

while (expression) statement ; // (1)
do statement while (condition); // (2)

Chtrc ning cua (1) don gian chi 1 1ip lai statement khi diéu kién expression con
thoa man.

Chtre ning cia (2) hoan toan gidng vong lap while chi trir c6 mot diéu 1a diéu kién diéu
khién vong ldp duogc tinh todn sau khi statement dugc thuc hi¢n, vi vy statement
s& duoc thyuc hién it nhat mot 1an ngay ca khi condition khong bao gid dugc thoad man.

Vi du.
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}
Dé co thé 1ap vo han, ta dung cAu trac:

While (1)
{

Statement

}
¢. Vong lap for
for (initialization; condition; increase) statement;

Churc nang chinh ctia n6 1a 1dp lai statement ching nao condition con mang gia tri
dang, nhu trong vong ldp while. Nhung thém vao do, for cung cap chd danh cho 1énh
khoi tao va 1€nh tang. Vi vay vong 1ap nay dugc thiét ké dac biét 1ap lai mdt hanh dong
vo1 mot s lan xac dinh.
l. initialization dugc thuc hién. No6i chung n6 dat mot gia khi ban dau cho

bién di€u khién. Lénh nay duoc thuc hi¢n chi mot lan.
2. condition duge kiém tra, néu né 1a dung vong lap tiép tuc con néu khong

vong 1ap két thuc va statement dugce bd qua.
3. statement dugc thuc hién. N6 c6 thé 1a mot 1énh don hodc 1a mot khéi 1énh

dugc bao trong mot cap ngodc nhon.
4. Cudicung, increase duoc thyc hién dé ting bién diéu khién va vong lip

quay trd lai budc 2.

Vi du.
for(int 1 = 1; i <= 128; 1 = 1*2)

CAu trac sau sé& lip vo han, gidng nhu cu trac while (1) :
for (;;)

{

// Statement

}
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d. Lénh ré nhanh break va continue

- Sir dung break chung ta co thé thoat khoi vong ldp ngay ca khi diéu kién dé né
két thuc chua dugc thoa man. Lénh nay co thé duoc dung dé két thiic mot vong
lap khong xac dinh hay budc no phai két thiic giita ching thay vi két thuc mot
cach binh thuong.

- Lénh continue 1am cho chuong trinh bé qua phan con lai ctia vong lip va nhay
sang 1an 1ap tiép theo.

Vidu 1.

Chuong trinh trén sé& cho PORTD = 10, 9, 8, 7.

Chu y, néu sua lai thir tw doan code trén nhu sau:

Thi PORTD = 10, 9, 8.
Vidu 2.

PH Khoa Hoc Tw Nhién TP. H6 Chi Minh - 2007

94



VI PIEU KHIEN AVR — ATmega 128 Lé Trung Thang

Két qua la PORTD = 10, 9, 8, 7, 6, 4, 3, 2, 1.

Chuy, néu stra lai thtr tu doan code trén nhu sau:

Thi pORTD = 10, 9, 8, 7, 6, 5, 4, 3, 2, 1.
e. Lénh nhay goto

Lénh goto cho phép nhay vé diéu kién toi bat ki diém nao trong chuong trinh.

Vi du.

PORTD = 10, 9, 8, 7, 6, 5, 4, 3, 2, 1.
loop l& nhan cua chuong trinh, gibng céch viét trong hop ngit.

Pé y, lénh - , 1énh nay sé giam n di 1. Ta cé thé viét gon hai cdu 1énh:

thanh: lénh nay dwoc hiéu la thue hién phép gan triede roi méi giam n di
1. Néu sira lai thanh thi sé giam n di 1 roi moi thuc hién phép gan.

Tuc twong duong voi:

Luc nay PORTD = 9, 8, 7, 6, 5, 4, 3, 2, 1.
Trieong hop K98 va B¥E ciing hiéu twong tw, véi ddu + chi si tang lén.

f. CAu triic lrra chon switch
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switch (expression) {
case constantl:
block of instructions 1
break;
case constant2:
block of instructions 2
break;

default:
default block of instructions

}

Switch hoat dong theo cach sau: switch tinh biéu thirc va kiém tra xem
né c6 bang constantl hay khong, néu dung thi né thuc hién block of
instructions 1 cho dén khi tim thdy tir khod break, sau d6 nhay dén phan
cudi cua cu trac lya chon switch. Con néu khong, switch s€ kiém tra xem biéu
thitc ¢6 bang constant2 hay khong. Néu dung nd s& thuc hién block of
instructions 2 cho dén khi tim thiy tir khod break. Cudi cing, néu gia tri
biéu thirc khong bing bat ki hing nao duogc chi dinh & trén (ban c6 thé chi dinh
bao nhiéu cu 1énh case tuy thich), chuwong trinh sé& thyuc hién cac 1énh trong phan
default néu nd ton tai vi phan nay khong bat budc phai co.

C6 sy tuong ty giita 1énh Switch va cau trac if — else.

switch (x) {
case 1:
PORTD
break;
case 2:
PORTD
break;
default:
PORTD = 0x00;

}

0x01;

0x02;

Tuong duong voi :

if (x == 1)
{
PORTD = 0x01;
}
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il

g. Chang Hop Ngir Vao Trong Chuwong Trinh C

Dé co thé viét hop ngir trong chuong trinh C, ta ding chi thi #asm va #endasm.
Cac thanh ghi RO, R1, R22, R23, R24, R25, R26, R27, R30, R31 c6 thé st dung trong
doan chuong trinh hgp ngr.

Vi du.

h. Té Chitc B) Nhé SRAM
Trinh bién dich phén chia va quan 1i bd nhé SRAM ctia AVR nhu sau (xem anh duéi). Dé
truy xuat tryc ti€p td1 mot dia chi ndo do trong cac vung nh¢ cia AVR ta dung cach sau,

cach nay thich hop khi ta muén quan i mot khdi nhd cho mot chirc ning nao dé:

Truy xuat b nhd RAM

// truy xudt vao dia chi 0x90h ciia SRAM

Truy xuit bd nhé Flash:

// truy xudt vao dia chi
’ // 0x90h cua flash
Truy xuat bo nhé Eeprom:

// truy xudt vao dia chi
// 0x90h cua eeprom
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32 Thanh ghi

a chic na

64 Thanh ghi

vao ra LTeaa
Stack E

( bién cuc bd )

SRAM
( bién toan cuc)

I
]
u

i

if'_'l

i

i

I

-

Application
int, width

—
Freng - ting | COF ROM HEX EEP r

Stack Cuing

Vung nhé Heap

Tuy theo sO lugng bién (cuc bd va toan cuc) ma trinh bién dich s& phan chia kich thudc
cac vung nhé mot cach thich hop. Ving nhé heap cé thé khong c6 néu trong chwong trinh
khong sir dung dén. Ving Stack cirng dung dé Iuu dia chi quay vé ctia ham, tirc cac gia tri
cua con tro SP (stack pointer).

Nhu vay, khac v6i hop ngit chi c6 mot ving stack, 14 noi luu cac gia tri quay vé cua
chuong trinh khi chuong trinh can nhay t6i va thuc thi mot doan chuong trinh con nao dé.
Trong C, ving data stack chi luu cac bién cuc bd, cac tham sb truyén vao caa ham,.. Con
ving stack cirng mai luu dia chi quay vé cia ham. Ving nhé heap dung dé cap phat bién
dong (dynamic variable).

Kich thudc cua cac ving nhd trén ¢ thé d& dang lwa chon trong Codevision AVR. (chon
Project -> Configure -> C complier ). Riéng phan stack ctng thi trinh bién dich s& khoi
tao trong start-up code. ( Nhitng ngudi méi hoc c6 thé chwa can quan tm t&i phan nay).
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PHU LUC:
Giai Thich Cac Twr Ngir Trong Tai Li¢u

(1) Compare Match " : DPay 1a mét chtc ning cia bd dinh thoi, theo do, gia tri ciia bd
dinh thoi (tirc gia tri thanh ghi TCNTn (n=0,..,3)) lién tuc dugc so sanh sanh vai gia tri cua
thanh ghi OCRn (n=0,..,3). Khi hai gia tri nay bang nhau s& tao ra su thay doi murc logic &
chan OCn (n=0...,3). Nho d0, ta c6 thé tao ra xung PWM ¢ ngd ra OCn (n=0,..,3) ctia vi
diéu khién.

(2) Input capture @ : 13 tén cua mot chan 18i vao (ICn, n=1, 3) ciia AVR, chan nay ndi
v6i khéi input capture unit, chitc nang cua khéi nay la: Khi co sy kién (rising, falling,
level) ¢ chan input capture thi gia tri cia thanh ghi by dinh thoi (TCNTn, n=1, 3) s€ dugc
cap nhat (copy) vao thanh ghi input capture register (ICRn, n=1, 3). Chirc nang nay dung
dé do khoang thoi gian gilra cac su kién. Dé y 1a khi xay ra sy klen input capture thi s€ tao
ra mot ngat, néu ngat input capture dugc cho phép. Ngoai su kién input capture tao ra &
chan ICn, thi ngd ra cta khéi analog Comparator ( ACO ), do dugc ndi véi khéi input
capture unit nén ciing c6 thé tao ra su kién input capture.

(3) Falling ®: Canh xudng cua tin hiéu.

(4) Rising : Canh 1én cua tin hiéu

(5) Toggle ® : Sy thay dbi muc logic tir 0 1én 1 hodc tir 1 xudng 0.

( 6 ) Force Output Compare ‘°) : Sy kién Compare Match khdng phdi do sy bang nhau
ctia hai thanh ghi TCNTn (n=0,..,3) va OCRn (n=0,..,3) ma xdy ra do bi ép budc bang cach
set cac bit FOCnX (n=0,1,. ..X=A,B,C) trong thanh ghi TCCRn.

( 7) Global interrupt ) : Ngét toan cuc. Mudn cho phép bat ki mot ngit riéng ré nao hoat
dong thi cling phal cho phep ngat toan cuc trudc.

(8) Prescaler © Kh01 chirc nang gitip chia nho gia tri cuia xung clock.

(9) Fuse bit ® : Bit ciu chi, dé c4u hinh phan cting cho vi diéu khién trude khi né co thé
hoat dong.

( 10 ) Trigger event '” : Bat cir mot sy thay doi logic ndo xay ra trén chan (thuong 13 ngd
va0) ciia ctia vi diéu khién thi goi 1a mot sy kién trigger.

Tai Liéu Tham Khao

1. Datasheet 8-bit AVR ATmegal28 - © Copyright 2007 Atmel Corporation.
2. CodeVisionAVR Help - © Copyright 1998-2008 by Pavel Haiduc and HP InfoTech.
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