MUC LUC

0701 05\ (O 57N O ST 1
CHUONG 1. TIM HIEU VE VI PIEU KHIEN AVR ATMEGA32.............. 2
LB 57N B Y7 N 2] TP 2
1.2. CAU TRUC VI BIEU KHIEN ATMEGAS32 .......oviiieseceeerieereeeseeieeienines 2
1.2.1. CAu trac t6ng quat ATMEGAS32 .....evieeeeeeeeeeeeeeeeee e 2
1.2.2. MOt SO GAC TIUNE ..ottt st en s eneneeean 5
1.3. TONG QUAN AVR ... eeeee e eeeeee e ee st s en s en e, 7
1.3.1. ALU — Arithmetic LOgIC UNit.......ccooiviiiiiiiiecee e 8
1.3.2. Thanh ghi trang thai — Status RegISIer........cccovviiiiiiiii e 8
1.3.3. Tap cac thanh ghi lam vi€c da nang..........cccocovviiiiiecic e 9
1.3.4. Con tro ngdn xép — Stack POINTEr (SP) .....cvuvvvveeereveeeieeeeeesees s, 10
1.3.5. Xt Iy reset va ngat — Reset and Interrupt Handling...........ccoccovevvveevennneen. 11
1.4. TO CHUC BO NHO TRONG ATMEGA32 — AVR ATMEGA32............. 13
1.4.1. Hé thong bo nhé 1ap trinh 1ai FIash........cocovoeeieeveiseeeeseeeeee e, 13
1.4.2. BO NG dit TiBU SRAM......oeooeeeeeeeeeeeeee e 13
1.4.3. Bo nhd dit 1i8u EEPROM..........ovieieeeeeeeeeeeeeeeeeeesee s 14
1.5. MO TA THANH GHI - THANH GHI DIEU KHIEN NGAT THONG

5 1016\ O 14
1.6, 1O PORT oottt ettt 15
1.6.1. Port v&1 chirc ndng 1O thong thuong..........ccoovvviiiiii e 15
1.6.2. M0 ta thanh ghi trong I/O POrt.........coooiiiiiiiieeeee e 16
1.7. NGAT NGOAI - EXTERNAL INTERRUPTS .....ooivivereeeeeeeeeeeeeeeenes 17
1.7.1. Thiét 1ap kiéu ngat — Interrupt Sense CONtrol ..........cccouvvveevveerieeeeernennn. 17
1.7.2. Cho phép ngét — Interrupt Request ENable .............cooovevvveveeerieeneeean, 18
1.7.3. CO ngat — INEEITUPL FIAG ...voveovevieceeeecse ettt 18
1.8. BO BPINH THOI 8BIT TIMER/COUNTER 0....coovvvevereiceseseeseeieeieeies 18

1.8.1. Hoat dong ctia b Timer/CoOUter........ccocvviiiiiiiiiiiie e 19



1.8.2. DON VI GBIttt ettt en et en et en e 21

1.8.3. Don vi SO SANN NZO T.....eiiiiiiiieiieiie e 21
1.9. BO BPINH THOI/DEM TIMER/COUNTER 1 16-BIT .voveveveeeeeeeese. 22
1.9.1. SO d0 khdi va MOt SO GAC LM ..ottt 22
1.9.2. MOt 86 GINN NEHTA.....ceveeceeeese ettt 23
1.10. SPI (SERIAL PERIPHERAL INTERFACE) ......coovieeeeeeeeeseeeeeeeeees 23
1.10.1. SO d0 va dInh NENTA......cvveieieeieeseeeece e 23
1.11. BO SO SANH TUONG TU (ALALOG COMPARATOR) ........cccevvenn. 25
1.12. HE THONNG XUNG CLOCK ....oouiieviiieeieeteeesee et 27
1.13. BO BIEN DO A/D ...t enes st 28
CHUONG 2. GIAO TIEP QUA CONG COM......coooooiieeeeeeeeeeeeeeeererenind 31
2.1 GIOT THIEU ..ottt 31
2.2. UU PIEM CUA GIAO DIEN NOI TIEP RS232......oiieeeeeeeeeeeeeeen, 32
2.3. NHUNG PAC PIEM CAN LUU Y TRONG CHUAN RS232 ................. 32
2.4. CAC MUC DIEN AP DPUONG TRUYEN. ....oootoieteeeiteeeeeeeeeeeeeeeeen 32
2.5. CONG RS232 TREN PC ....cc.ovoivieeeeisieteiee et snesse s 33
2.6. QUA TRINH DU LIEU ...oooviieiieceeeeeeeeeeses st esessesnesse st 34
CHUONG 3. THIET KE HE THONG GHEP NOI MAY TiNH PO

LUONG NHIEU KENH ......c.ooiuiiiiieeiseeeeeeee et 36
3.1 THIET KE HE THONG. .. ..oeeeeeeeeeeeeeeeeeeeeee ettt en e 36
3.2. XAY DUNG CHUGNG TRINH PHAN MEM .....ooooiiiiiieeeseeeeeeen, 47
3.2.1. Chuong trinh cho PC........ccoiiiiii s 47
3.2.2. Chuong trinh viét cho vi didu Khien.......c..cccoevvvevererieieceeesese e, 52
KET LUAN. .....oooiiitiieeeee ettt n st nes sttt 56

TAI LIEU THAM KHAO .......cocooviiiieecieeeeee ettt 57



LOI MO DAU

Nganh cong nghé dién tir phat trién nhanh va ngdy cang nhiéu cic san
pham xuét hién trong doi sdng, trong san xuét hay trén thi trudng nham gitup cho
con ngudi cai thién chat lugng cudc séng. Trong qua trinh cong nghiép hoa hién
dai hoa ngay nay, van dé can thiét 1a phai ap dung cong nghé tu dong vao trong
qua trinh san xuét cling nhu quan 1y nhim nang cao hon nira ning suit lam viéc
ctia cong nhan. Trén tinh than d6 em chon dé tai “Thiét ké hé thong ghép néi
mdy tinh do lwong nhiéu kénh” 1am do an tot nghiép.

Trong qua trinh nhén dé tai voi sy nd luc cia ban than va su gitp do tan
tinh ciia thiy Nguyén Vian Duong, em di hoan tit xong cudn d6 4an nay. Tuy
nhién do thoi gian cling nhu kinh nghiém ban than c6 han nén ban d6 an nay
khéng tranh dugc nhitng sai sot, em rat mong duogc su dong gop ¥ kién chi bao
ctia cac thay co va céac ban.

Cubi cing em xin chan thanh cam on céc thay co gido trong khoa Pién -
Dién tir cia truong Pai Hoc Dan Lap Hai Phong da tao didu kién va gitp d& dé
em hoan thanh cudn d6 4n nay. Pic biét em xin chan thanh cam on Nguyén Vin
Duong giang vién huéng dan chinh di tan tinh hudng din chi biao em trong sudt

qua trinh hoc tai trudng cling nhu trong thoi gian 1am d6 an vira qua.

Sinh Vién
Vi Duy Poan



CHUONG 1.
TIM HIEU VE VI PIEU KHIEN AVR ATMEGA32

1.1. Pit van dé

Trén thi trudong c6 hang tram loai vi xu ly va vi diéu khién vi thé viéc lya
chon 1 loai cy thé phi hop voi tng dung cia ta trd thanh mot cong viée hét sirc
kho khan. Thong thuong viéc lua chon phu thudc vao mét sé yéu td nhu: tinh
ning cong viéce, gia thanh, thi truong, kha ning thiét ké, .... Néu xét trén phuong
dién gia thanh thi ho vi diéu khién AVR c6 gia thanh cao gap nhiéu lan so véi vi
diéu khién loai cii nhu 89C51, nhung xét trén phuong dién chirc ning va ung
dung thi gia thanh cia AVR lai ré hon rat nhiéu. Dé ¢ thé c6 nhiing chirc ning
nhu AVR thi 89C51 can rat nhiéu mach hd trg bén ngoai, gid thanh ctia nhiing
mach bén ngoai s& 1am ting gia thanh chung va kich c¢& mach, cong suét tiéu thu
vi thé cling ting 1én rat nhiéu. Nguoc lai, voéi AVR dugce tich hop nhiéu thanh
phan ngoai vi trén cting mot vo chip nén két cau mach nhé gon hon nhiéu theo
d6 gia thanh va cong suat tiéu thu ciing giam di.

Ngay nay nhiing tmg dung dién tir va diéu khién doi hoi phai that nho gon
va co trinh do cong nghé cao. Nguoi lam ki thuat ludn luon tim toi, kham pha
nhimng thanh tuu cong nghé. Vi nhitng 1y do trén, em quyét dinh chon ho vi diéu
khién AVR ma cuy thé 13 vi diéu khién ATMEGA32 lam dbi twong nghién ciru
phuc vu cho dé tai.

1.2. CAu tric vi diéu khién ATMEGA32
1.2.1. CAu tric tong quat ATMEGA32

ATMEGA32 14 loai vi diéu khién CMOS, ngudn thap, 8 bit, xdy dung trén
nén tang cau tric tap 1énh thu gon tién tién cho AVR .

e RISC — Reduced Instruction Set Computer.

e CISC — Complex Instruction Set Computer.



Kha nang thyc thi IMIPS (Mega Instruction Per Second) trén 1IMHz.

Bao gdm 32 thanh ghi lam viéc (General Purpose Working Register) lién
két truc tiép v6i b xtr Iy s6 hoc ALU (Arithmetic Logic Unit).
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Hinh 1.1. So dd khdi cua vi diéu khién ATMEGA32
Atmega3?2 c6 cic tinh nang sau:

e 32K byte Flash c6 kha nang 13p trinh dugc tuong thich hoat
dong Read-While-Write.
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e 1024 byte EEPROM.
e 2K byte SRAM.
e 32 cong xuat nhap da dung.
¢ Tinh nang On-chip debug.
e Ng3 JTAG.
e 3 Timer/Counter.
e Internal va External Interrupt.
e USART.
e TWI
e 8 kénh ADC 10-bit.
e Watch dog timer v6i bd dao dong on_chip riéng biét.
o SPI.
e Tinh nang ISP thong qua cong SPI hodc Boot Loader.
TQFP/QFN/MLF
&
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PDIP ToN-o80av-y®
PRPRRsoRRE
/
XCK/TO) PBO O 1 40 [ PAD {ADCD) ® nngnﬂ)ﬂgﬂgﬂ&
T1)PB1 2 39 0 PAT (ADC1) 437741 7397737 38
(INT2/AINO) PB2 O 3 38 [0 PA2 {ADC2) (MOS!) PBS ] 4
(OCO/AINT) PB3 O ¢ 37 0 PA3 (ADC3) (MSO) FB6 ]2 M~ - === mm s a
SS)PBa O 5 36 [1 PA4 (ADC4) (scK) pB7 ]3| |
(MOSI) PB5 O 6 35 1 PAS (ADC5) RESET O] 4 : :
(MI20) PBE O 7 34 11 PA8 (ADCB) vee o s i
{SCK) PBT O] & 33 O pa7 (ADCT) e O6 |
RESET O ¢ 32 O AREF XTAL2 O 7 | I
vec 10 3103 GND XTALT O] 8 | I
GND O 11 30 O AvCC (RXD) FDO ] ¢ : :
XTAL2 ] 12 29 0 PC7 (TOSC2) (Xxp)FO1 Q10 @ 4
XTAL1 O 13 28 b PCB (TOSC1) (INTD) FD2 O 1
(RXD) PDO [ 14 27 [ PC5 (TDI) 13, ,15, .17 .19, 21
o) PD1 O 15 26 & £C4 (TDO) 12 14 16 18 20 22
(INTO) PD2 O 16 25 01 PC3 (TMS)
(INT1) PD3 T 17 24 O PC2 (TCK) 83885928588
(OC1B) PD4 O 18 23 O PC1(SDA) NOTE: Ca06GSHLOAO
(OC1A) PDS O 19 22 O PCO (SCL) Bottorn pad should ce<Ty 3852
(ICP1) PDB O 20 21 O PD7 (OC2) mmMMmgwm.ggggg eggé
Hinh 1.2. So d6 chan Atmega3?2

+ VCC: Dién ap ngudn nuoi.

+ GND: Nbi mass.

PA4
PAS

(ADCA4)
(ADCS)
PAB (ADCB)
PA7 (ADCT)
AREF

GND

AVCC

PC7 (TOSC2)
PC8 (TDSC1)
PC5 (TDI)
PC4 (TDO)



+ PortA (PA7...PAO): PortA nhan vao tin hiéu tuong tu (Analog) va
chuyén d6i thanh tin hiéu s (Digital). Ngoai ra PortA c6 thé dugc tach ra lam
vao/ra 2 hudng 2 bits néu bo chuyén dbi A/D khong duoc sir dung. Khi cac chan
PAO dén PA7 1a cac 16i vao va dugc dat xudng ché do thap tir bén ngoai, ching
s& 1a ngudn dong néu cac dién tré ndi 1én ngudn duong duoc kich hoat. Cac
chan cua PortA ¢ vao trang thai c6 dién tr¢ cao khi tin hi¢u Reset & ché d6 tich
cuc hoic ngay ca khi khong co tin hiéu xung dong h.

Port A cung cap cac dudng dia chi/dir liéu vao/ra hoat dong theo kicu da
hop kénh khi dung by nh¢ SRAM & bén ngoai.

+ PortB, D: twong ty nhu PortA.

+ PortC (PC7...PCO): tuong tu nhu PortA. Nhung néu cho phép giao dién
JTAG, thi cac chan PC5, PC3, PC2 s€ hoat dong ngay ca khi reset lai tin hi¢u.

+ Reset: Loi vao dat lai. Bo vi diéu khién s& duoc dit lai khi chan nay &
ché d6 thép trong hon 50ns, cac xung ngén hon khong tao ra tin hi€u dat lai.

+ XTALI: Lbi vao bd khuéch dai dao va 16i vao mach tao xung nhip bén
trong.

+ XTAL2: Léi ra bo khuéch dai dao: XTAL1 va XTAL2 lan luot 1a 16i
vao va 16i ra cia mot bo khuéch dai dao. Bo khuéch dai nay duogc bo tri dé lam
bo tao dao dong trén chip. Mot bd tinh thé thach anh hodc mot bo cong huong
gbém c6 thé duge str dung. Pé diéu khién bo vi diéu khién tir mot ngudn xung
nhip bén ngoai, chan XTAL?2 dé tréng, con chan XTALI duogc ndi véi bd dao
dong bén ngoai.

+ AREF: La chan chuyén doi tin hiéu analog cho b chuyén d6i A/D.

+ AVCC: La chan ngudn cho PortA va cho bd chuyén d6i A/D. N6 c6 thé
tu két ndi v6i ngudn chinh ngay ca khi ADC khéng dugce sir dung.

1.2.2. Mot sb diic trung
Hoat dong: Céc 1énh duoc chira trong bo nhd chuong trinh Flash Memory

duéi dang céac thanh ghi 16 bit. B nhé chuong trinh duge truy cip trong mdi



chu ky xung Clock va mdt Iénh chira trong Program memory dugc nap vao
thanh ghi Iénh (instruction Register), thanh ghi 1€nh tdc ddng cling nhu lya chon
tep thanh ghi cling nhu RAM cho ALU thyc thi. Trong khi thyc thi chuong
trinh, dia chi cua dong I¢énh dang thuc thi dugc quyét dinh boi bo dém chuong
trinh — PC (Program Counter).

AVR ¢6 uu diém 1a hau hét cac 1énh déu duge thuc thi trong mot chu ky
xung nhip, vi thé ma trong mot sd trudng hop du ngudn clock ciia AVR nhoé hon

mot s6 loai vi diéu khién khac (nhu PIC) nhung thoi gian thyc thi van nhanh

hon.
I Data Bus &-bit
hJ
Pragram Status
Flash - . 3 o >
Frogram Counter and Control
Memaory *
Interrupt
l » 2xd - Unit
Instruction General B
Register Purpose T Py
T i Registrers e Ui
Instruction . Watchdog
Decodar o - Timer
l g i
[ o
] 8 5 Analag
Cantrol Lines § g Comparator
T i
H 5 .
o = =+ VD Module1
Data P
~ = /0 Module 2
*  sRaMm : -
«—» "0 Module n
EEPROM —s
IO Lines -

\J

Hinh 1.3. Cau trtc bén trong cia AVR



1.3. Tong quan AVR

L3i AVR sir dung kién trac Harvard — véi cac bus riéng biét cho chuong
trinh va dir liéu. Lénh tir bd nhé chuong trinh thyc thi thong qua mot dng don
cép. Khi mdt 1énh dang thyc thi, 1¢nh tiép theo s& duoc nhot (pre-fetch) tr bo
nhé chuong trinh, cho phép céac 1énh duoc thyc thi trong mdi chu ki clock.

Céc 32 thanh ghi (8-bit) 1am viéc cho phép truy xuat nhanh trong 1 chu ky
clock. Trong hoat dong thong thudng ctia ALU, 2 toan hang xuét ra tir thanh ghi
lam viéc, 1énh thyc thi, va két qua luu nguoc lai thanh ghi lam viéc chi trong 1
chu ki clock. 6 trong s 32 thanh ghi dugc ding nhu con tré dia chi gian tiép 16-
bit sir dung cho dia chi khong gian dit liéu. 1 trong 3 thanh ghi dia chi nay c6 thé
dung nhu con tr6 dia chi look-up table trong bd nhé Flash.

Bo ALU hd trg cac hoat dong tinh toan s hoc va logic giira thanh ghi véi
nhau, hay gitta thanh ghi voi hang s6. Cac hoat dong timg thanh ghi don ciing
dugc thuc hi¢n trong ALU. Sau khi tinh todn, thanh ghi trang thai (Status
Register) cap nhat thong tin lién quan dén két qua tinh toan.

Dong chuong trinh (Program Flow) duoc cung cdp bdi cac 1énh nhay c6
diéu kién hodc khong diéu kién, va c6 thé dinh dia chi truc tiép dén toan bo
khéng gian dia chi. Hau hét cac 1énh trong AVR déu ¢ dang 16-bit. Mdi dia chi
bd nhé chuong trinh chira mdt 1énh 16 hoac 32-bit.

B6 nh¢ chuong trinh chia ra 1dm 2 phan: Boot Loader va ving tng dung.
Ca 2 déu str dung cac lockbit dé bao vé doc/ghi. Lénh SPM thuec thi viéc ghi dit
liéu vao vung flash tmg dung phai dugc dat trong vung Boot Loader.

Trong qué trinh ngat hay ham/chuong trinh con duoc goi, dia chi tra vé cta
bd dém chuong trinh luu trong ngin xép (stack). Stack dugc phan bd hiéu qua
trong 1 phr:fm bd nhd SRAM, vi vy, do 1on cua stack chi phu thudc vao SRAM
va viéc sir dung SRAM. Chuong trinh ngudi ding can phai khai tao gia tri nay
cho SP — Con tro ngin xép (Stack Pointer) trong chuong trinh sau khi reset va

trude khi thuc hién bat ki viéc goi ham hay chuong trinh ngét duoc thuc thi.



Module ngit linh hoat c6 thanh ghi diéu khién riéng trong khong gian IO
va c6 bit cho phép ngit toan cuc trong thanh ghi trang théi (Status Register). T4t
ca cac ngit déu co vector ngit riéng trong bang vector ngit. Cac ngét co uu tién
ngit theo dung vi tri ngit ctia nd. Dia chi ngit cang thap thi d6 wu tién ngit cang
Ccao.

1.3.1. ALU — Arithmetic Logic Unit

B6 ALU hiéu suit cao cia AVR hoat dong trong lién két truc tiép voil 32
thanh ghi lam viéc. Trong 1 chu ki clock, hoat dong tinh toan sb hoc gifta cac
thanh ghi hodc giita thanh ghi vé&i dit liéu truc tiép s& duoc thuc thi. Hoat dong
cia ALU duoc chia ra lam 3 phan chinh: xt 1y s6 hoc, phép toan logic va cac
phép toan véi bit. Mot sb bd sung trong kién tric ciing cho phép sir dung céc
nhan tir hiéu qua, cho ca khong dau/cé dau va dinh dang phan sé.

1.3.2. Thanh ghi trang thai — Status Register

Thanh ghi nay chira két qua lién quan dén Iénh xu 1y sé hoc gan nhat. Két
qua chira trong thanh ghi nay c6 thé duoc str dung dé thuc hién cac hoat dong co
diéu kién.

Thanh ghi trang thai khong tu dong luu lai khi nhay vao interrupt va cling

khong tu dong phuc hdi (restore) khi quay vé, can thuc hién diéu nay bang phan

meém.
Bit T [ 5 4 3 2 1 1]
I | | T | H | | v | M | i | C I SREG
Read"Write R R RW R R R R R
Initial Yalue [} 1] 1 [} 1] 1 o 1]

= Bit 7-I : cho phép ngit toan cuc. Khong cho phép nguoi sir dung tu y
x6a. Chi bi x6a khi ¢6 ngit moi xuat hién va dugc chi dan boi RETI
cho nhiing ngét ké tiép. Co thé duge dit hodc dugc x6a bai SEI va
CLI.

= Bit6-T : bit luu trit. C6 thé chép tir BST sang BLD va nguoc lai.



= Bit5-H : C& nhé ntra H sir dung dé nhé nira hitu ich trong phép tinh
s0 BCD.
= Bit4-S: tin hiéu bit S =N+ V.
» Bit3-D: 2 co tran.
» Bit2-N : co phu dinh.
» Bit1-Z: co zero.
= Bit 0-C: c0 nhd.
1.3.3. Tap cac thanh ghi lam viéc da nang

Fi o Addr.
-
RO 500
R 501
R2 502
R13 50D
General R14 S0E
Purposs R15 S0F
Warking R186 310
Registers R17 i1
R26 214 X-register Low Byfte
R2T7 1B ¥-regizter High Byie
Rz8 31C r-register Low Byte
R25 51D Y-regizter High Byie
R0 21E Z-register Low Byte
R31 51F Z-register High Byie

Hinh 1.4. C4c thanh ghi hd tro 1am viéc AVR CPU

TAt ca cac 1énh déu thuc thi trén cac thanh ghi lam viéc co thé truy XUt
truc tiép dén cac thanh ghi, va hau hét 1a cac 1énh thuc thi trong 1 chu ki clock.

Nhu trén hinh 1.4, tit ca cic thanh ghi duoc gan dia chi bd nh¢d dir li¢u, anh
xa chung truc tiép dén 32 phan ving dau tién trong khong gian dir liéu. Mic du
khong dugc hién thyc vat Iy nhu phan ving SRAM, nhung t6 chirc bd nhd nay
cung cap kha ning truy xuét phtrc tap tuyét voi cua cac thanh ghi, nhu than ghi
con tro X-, Y- va Z- c6 thé dugce set dé dinh vi dén bat ki thanh ghi nao trong tap
thanh ghi.



Thanh ghi X, Y va Z: Cac thanh ghi 1am viéc tir R26 dén R31 c6 céc chuc
ning phu tro. Nhitng thanh ghi nay 1a con tro dja chi 16-bit dé dinh dia chi gian

tiép trong khong gian dit lidu.

15 xH XL

X - register 17 of7 0]
R27 (51B) R2E (31A)
15 LY, YL

' - register 17 (1 0]
R29(51D) R28 (31C)
15 ZH ZL 0

Z - register T 1] T 0

9 E | A ]

F31 (51F) R30 (31E)

Trong cac ché d6 dinh dia chi khac nhau, cic thanh ghi ndy co cac chirc
nang nhu chuyén dich ¢ dinh, ty dong tang/giam.
1.3.4. Con tré ngin xép — Stack Pointer (SP)

Stack dugc st dung véi muc dich chinh 1a luu trit cac dit liu tam thoi, cac
bién cuc bd va luu trir gia tri dia chi tra vé sau khi goi chuong trinh ngit hay
ham/chuong trinh con (subroutine). Thanh ghi con tro6 dia chi luén ludn tro téi
dinh cua stack (Top of the Stack). Luu y rﬁng, stack duoc hién thuc theo cach
giam tir dia chi bd nhd cao hon xubng thap hon. Ngam dinh rang lénh PUSH
(cat) s& giam gia tri con tro SP.

SP tro té1 vung SRAM noi ma stack cua chuong trinh interrupt va
subroutine phan bo. Khong gian cho stack phai dugc chuong trinh phin mém
dinh nghia trudc khi thyuc thi subrountine hay ngat xay ra (kich hoat ngat).

SP can phai tro t6i dia chi tir trén $60.

SP s€ giam di 1, khi dit liéu duogc cAt vao stack sau khi thuc hién 1énh
PUSH, va stack s& giam di 2 khi gia tri tra vé duoc ct vao stack khi goi

subrountine hay chuong trinh ngat.

10



SP s& tang 1én 1 khi dir liéu duoc day (pop) ra khoi stack véi 1énh POP, va
SP sé& tang 1én 2 khi dit liéu duoc day ra khoi stack v6i 1énh RET khi tré vé tir
subrountine hay 1énh RETI khi tré vé tir chuwong trinh ngit.

SP trong AVR hién thuc hoa tir 2 thanh ghi 8-bit.

Bit 15 14 12 12 11 10 G 8
(. . |
SP15 SP14 SP13 sSp12 SP11 SP10 SP9 SP8 SPH
P ___ ___ __ __ ___ __ I
SPT SPGE SP5 SP4 SP3 Sp2 SP1 SPO SPL
T 6 5 4 3 2 1 0
Read\Write RAN R R RN RN R RAN RAN
R R R R R R R RAN
Initial “alue 0 ] 0

1.3.5. Xir ly reset va ngit — Reset and Interrupt Handling

AVR cung cép cic ngudn ngat khac nhau. Mdi vector ngat va reset nay co
vector chuong trinh riéng 1& trong khong gian b nhd chuong trinh. Tat ca cac
ngat déu duoc gan bit cho phép ngat riéng biét ciing véi bit cho phép ngit toan
cuc, tit ca cac bit trén phai dugc set 1én 1. Phu thudc vao gia tri cua PC, cac ngét
c6 thé bi cam tu dong khi Boot Lock bit BLB02 va BLB12 dugc 1ap trinh. Tinh
nang nay dam bao chire tinh bao mat phan mém.

DPia chi thép nhat trong khong gian bo nhd mac dinh 1a duge dinh nghia 1a
vector Reset va vector ngat. Dia chi vector ngat ciing dong thoi quy dinh vu tién
ngat cho, dia chi ngat thap hon c6 muc wu tién ngat cao hon va nguoc lai.
RESET c¢6 mirc wu tién ngit cao nhét, ké dén 1a INTO — External Interrupt 0
Request.

Cac vector ngét 6 thé duoc di chuyén 1én vi tri bit dau cua khu vuc Boot
Flash bang bit IVSEL trong thanh ghi General Interrupt Control Register
(GICR). Vector RESET ciing c6 thé doi 1én vi tri bat dau ctua Boot Flash bang
cach thiét 1ap bit ciu chi BOOTSRT.

Khi c6 ngat xay ra, bit cho phép ngat toan cuc (Global Interrrupt Enable
bit) s& bi x6a tu dong bang phan ctng, do d6 tit ca cac ngit déu bi cAm. Phan

mém co thé set bit nay 1én 1 trd lai dé cho phép ngét tram (nested interrupt) co

11



thé xdy ra. TAt ca cac ngit duoc kich hoat sau d6 c6 thé “ngat” trong chuong
trinh xur 1y ngét (Interrupt subrountine) hi¢n tai. Bit nay cling tu dong duoc set
1én 1 tr6 lai sau khi quay vé tir chuong trinh ngét khi thuc thi 1énh RETL

C6 2 dang ngit co ban:

+ Dang thu nhat: Ngét duoc kich hoat (trigger) bdi su kién dat co ngét
(Interrupt Flag). Vi nhitng ngét nay, PC dugc tro tdi vector chuong trinh
ngit nham thuc thi chuong trinh xtr 1y ngat, va phan cting s& x6a co ngat
twong ung ndy. Co ngit ciing c6 thé duoc x6a bang phan mém bang cach ghi
1 vao vi tri bit ctia cd ngat d6. Néu mot diéu kién ngit xdy ra trong khi bit
cho phép ngat d6 bi x6a, thi cd ngat van duoc dat va ngit s& xay ra khi ngit
d6 dugc cho phép trd lai, hodc phan mém phai x6a co ngat d6 di bang cach
ghi 1. Twong tu nhu vay, néu mot hay nhiéu diéu kién ngit xay ra trong khi
bit cho phép ngit toan cuc bi x6a, cac cd ngit twong ung d6 s& dugc set 1én,
va dén khi nao bit cho phép ngat toan cuc duoc dat trd lai, thi cac ngit do sé
duogc thyc thi twong tmg theo thir ty vu tién ngat.

+ Dang thtr hai: Ngét duoc kich hoat khi nao diéu kién ngét van con
hién hiru. Nhitng ngit nay khong can c6 co ngat. Néu diéu kién ngat ngimg
xuat hién trude khi ngit duoc phép hoat dong, ngat d6 s& khong xay ra.

Khi AVR thoat ra tir chuwong trinh ngat, n6 ludn quay vé chuong trinh chinh
va s€ thuc hién thém mot hay vai 1énh nira trude khi phuc vu céc ngét khac dang
treo.

Luu y rang thanh ghi trang thai (Status Register) s& khong tu dong luu lai
khi nhay vao chuong trinh ngat, cling nhu khéng dugc phuc héi lai khi quay vé
tir chwong trinh ngat. Diéu nay can thyc hién bang phan mém.

Khi sir dung 1énh CLI dé cAm ngat, tit ca cac ngit s& bi cAm ngay 1ap tirc.
Khong c6 ngit nao xdy ra khi thyc hién 1énh CLI, ngay ca khi ngit xay ra dong
thoi véi 1énh CLIL
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1.4. T6 chirc bd nhé trong ATMEGA32 — AVR ATMEGA32

Bo nhd ATMEGA32 bao gém 2 phan: Bo nhé chuong trinh va bo nh¢ dir
ligu. Trong ATMEAG32 con ¢6 bo nhd EEPROM dé luu trix dit lidu.
1.4.1. Hé théng bd nhé 1ap trinh lai Flash

Atmega32 chira 32K bytes On-Chip trong hé théng bd nhd 1ap trinh lai Flash

dé luu trit process. B6 nhé Flash c6 kha ning ghi/ x6a 1000 1an cho mbi vong.

$0000
Application Flash Saction
Boot Flash Soction
$1FFF

Hinh 1.5. So d4 bd nhé process
1.4.2. B9 nheo dir lieu SRAM
C6 t6i 1120 dia chi 6 nhd cho bo nhé nhap xuat, thanh ghi file va SRAM
ndi. 96 dudng dia chi du tién danh riéng cho thanh ghi file va bd nhé vao ra va

con 1024 duong dia chi con lai cho SRAM néi.

Register File Data Address Space
=l $2000
1 $0001
B2 30002
R29 £001D
R3Q $004F
B3y o $001F.
VO Registers
00 $0020
(01 $0021
e 2022
$3 $o0s
33E $005E.
$oF 0 $005F
Internal SRAM
$0000
$0061
S04k
$04 5F

Hinh 1.6. So d6 bd nh¢ dit liéu
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1.4.3. B¢ nho dir liéu EEPROM
Atmega32 chura 1024byte bo nhd dir ligu EEPROM. N6 dugc t6 chirc nhu

mot khong gian dit lidu riéng biét, mdi byte don co thé doc va ghi. Pay 1a bo
nhd di lidu c6 thé ghi x6a ngay trong lac vi diéu khién dang hoat dong va khong
bi mat dit liéu khi nguén dién cung cép bi cit. C6 thé vi bd nhd dir lidu
EEPROM giéng nhu 1a 6 cing ( Hard disk ) cia may vi tinh. EEPROM duoc
xem nhu [a mot bd nhd vao ra dugce danh dia chi doc 1ap véi SRAM, diéu nay co
nghia 14 ta can str dung céc 1énh in, out ... khi mudn truy xuét t6i EEPROM.

1.5. M6 ta thanh ghi - Thanh ghi diéu khién ngit thong thwong

Bit 3 2 1 0

; 4
[ | mmo ] w2 | - ] - = | WSEL | NCE ]| GICR

Read/\rite R RW  RW R R R RW RW

Initial Value 0 D 0 D i 0 0

+ Bit 1 — IVSEL: Interrupt Vector Select — Lua chon vector ngat. Khi
bit nay dugc x06a, cac vector ngét s& nam & vi tri bat dau cta bd nhd Flash.
Khi bit ndy dugc dit, cac vector ngat s& nam & vi tri bat dau ctia Boot Loader
trong Flash. Vi tri bat dau thuc sy cua Boot Flash do céac bit ciu chi
BOOTSZ quyét dinh. Pé tranh viéc vo tinh thay doi bang vector ngat, can
phai theo trinh tu sau:

- Ghi 1 vao bit Interrupt Vector Change Enable.

- Trong vong 4 chu ki, ghi gia tri mong mudn vao IVSEL trong khi ghi
0 vao IVCE.

Ngét s€ tu dong bi cAm khi thuc hién trinh ty trén. Ngét s& bi cAm
trong chu ki IVCE dugc dit, va né van tiép tuc bi cdm sau 1énh ghi vao
IVSEL. Néu IVSEL khong duoc ghi thi nd van tiép tuc bi cdm trong 4 chu ki
tiép theo ntra. Bit I trong SREG khong bi tac dong boi viée cAm ngét tu dong

nay.
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+ Bit 0 — IVCE: Interrupt Vector Change Enable — Cho phép thay d6i
vector ngit. Bit nay phai dugc set 1én trudc khi ghi gia tri vao bit IVSEL. Bit
nay dugc x6a boi phan ctng trong 4 chu ki sau khi set hodc x6a khi ghi vao
bit IVSEL.

1.6. 1/0O Port
1.6.1. Port véi chire nang 10 thong thwong
TAt ca céc port trén AVR déu c6 tinh nang Poc - Hi¢u chinh — Ghi thuc
(Read — Modify — Write) khi sir dung chung nhu cong 10 sé thong thuong. Co
nghia 14 hudng (Input/Output) ctia timg pin trén port c6 thé thiét 1ap ma khong
v tinh 1am thay d6i hudng dén cac pin khac trong port d6 bang lénh SBI/CBI.
M&i bd dém ngd ra co bd khién (drive) ddi ximg c6 dic tinh ngudn va bd
thu cao. Bo khién trén ting pin c¢6 kha nang 1ai LED truc tiép. Mbi pin ¢ dién
tré kéo (Pulled-up resistor) c6 thé lua chon cho timg pin riéng biét vai trj s6 ¢b
dinh phu hop véi dién ap cap. Tat ca cac 10 déu c6 diode bao vé dén ngudn va

dat.

|
|
|
| -
|
e

[Pxn] i — Logic
|

Cpiﬂ | See Figure 23

| "General Digital /O" for
| Details

Thiét ldp thuéc tinh cho pin
C6 tat ca 4 port A, B, C, D. Mbi port gom 8 ngd I/O (8-bit).
MG&i port bao gdm 3 thanh ghi c6 thé truy xuét bit: DDRx, PORTx va PINX
(v6i x co thé 1a A, B, C hay D)
« DDRx dung dé thiét 1ap huéng cho pin. Néu set DDRx.n 1én 1, pin

d6 1a Output, néu 1a mirc 0, pin d6 1a Input (v6i n 6 thé tir 0 dén 7)
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« Néu set PORTx.n 1én 1 khi pin d6 dang 13 input, c6 nghia 1a chirc
nang pull-up resistor dugc kich hoat. Pé tat chic ning nay, PORTx.n phai
x6a vé 0 hoic pin d6 duoc thiét 14p 1a ngd Output. Port pin ¢ trang thai tha
ndi (tri-state) khi reset duoc kich hoat va khong ¢ clock dang chay.

« Néu PORTx.n dugc set 1én 1 trong khi dang 1a ngé Output, nghia 1a
port pin d6 dang dugc 1ai 1én mirc cao (1). Néu PORTx.n dugc x6a vé 0 trong
khi dang 12 ngd Output, nghia 1a port pin d6 dang duogc 1ai xudng murc thap
(0).

« Bit PUD (Pull up Disable) trong thanh ghi SFIOR c6 thé duoc set dé
cAm chirc ning dién trd kéo 1én trong tat ca cac port.

1.6.2. M6 ta thanh ghi trong 1/0O Port
Special Function 1/0O Register — SFIOR

Bit 7 & 5 4 3 2 1 0

[ A0Tsz | ADts1 | ADTs0D | = | ACME | PUD | PSRZ | PSR10 | SFIOR
Read/\Write R R R R RA R R RV
Initial \Value 0 o 0 o 0 0 D 0

* Bit 2 — PUD: Pull-up disable
Néu bit nay duoc dat 1én 1 thi chirc ning dién tré kéo trén tat ca cac port s&
bi cam, ngay ca khi gia tri DDRx.n va PORTx.n duoc thiét 1ap dé cho phép dién
tré kéo 1én ({DDx.n, PORTx.n} = 0b01).
Port A Data Register - PORTA
(* Lay hinh minh hoa bén dudi lam mAu, cac thanh ghi khic c6 cing ch

nang nhung thudc vé port khac ciing c6 ndi dung twong tu)

Bit 7 6 5 4 3 2 1 0

| FORTAT | PORTAE | FORTAS | PORTA4 | FORTA3 | PORTA2 | FORTA1 | PORTAD | FORTA
ReadWrite RW RAW RAW RAwW RAN RAN R R
Initial Value 0 0 i} i} 0 0 0 0

Port A Data Direction Register - DDRA
(* Lay hinh minh hoa bén duéi lam mAu, cac thanh ghi khac co cing cha

nang nhung thudc vé port khic ciing c6 ndi dung tuong tu)
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Bit 7 i 5 4 3 2 1 0

I DDAT DDAG DDAS DDA4 DDA3 DDAZ DDA1 DDAD I DDRA
Read\Write R RN RV RNV RV RNV R RN
Initial Value 0 0 0 o 0 0 0 0

Port A Input Pins Address — PINA

(* Lay hinh minh hoa bén duéi lam mAu, cac thanh ghi khac c6 cing chir

nang nhung thudc vé port khic ciing c6 ndi dung tuong tu)

Bit 7 8 5 4 3 2 1 D
| PINA7 | PINAG | PINAS | PINA4 | PINA3 | PINA2 | PINA1 | PINAO | PINA

Read/\Write R R R R R R R R

Initial \Value NI N4 NiA NA, A NIA NIA NIA

Port B Data Register - PORTB

Port B Data Direction Register —- DDRB
Port A Input Pins Address — PINB

Port B Data Register - PORTC

Port B Data Direction Register —- DDRC
Port A Input Pins Address — PINC

Port B Data Register - PORTD

Port B Data Direction Register - DDRD
Port A Input Pins Address — PIND

1.7. Ngat ngoai - External Interrupts
Bao gom INTO, INT1 va INT2.
1.7.1. Thiét lap kiéu ngit — Interrupt Sense Control
« V6i INT1 va INTO: thiét 1ap kiéu tac dong ngat (Interrupt Sense
Control) thong qua thanh ghi MCU Control Register - MCUCR.

Bit 7 6 5 4 3 2 1 ]
I sE | sm2 | swi | sm0 | ISCi1 | ISC10 | ISCO1 | I1SCO0 | MCUCR
Read/Write RAW RIW RIW RIW RIW RN RAW RAW
Initial \Value o 0 0 0 o a i o
Table 34. Interrupt 1 Sense Control
ISC11 ISC10 | Description
0 0 The low level of INT1 generates an interrupt request.
0 1 Any logical change on INT1 generates an interrupt request.
1 0 The falling edge of INT1 generates an interrupt request.
1 1 The rising edge of INT1 generates an interrupt request.
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Table 35. Interrupt 0 Sense Control

ISCO01 ISCOo0 Description
0 0 The low level of INTO generates an interrupt request.
0 1 Any logical change on INTD generates an interrupt request.
1 0 The falling edge of INTO generates an interrupt request.
1 1 The rising edge of INTO generates an interrupt request.

« V6i INT2: thiét 1ap kiéu tac dong ngit (Interrupt Sense Control) thong
qua thanh ghi MCU Control and Status Register - MCUSCR: 1SC2= 0:

Falling,
ISC2 = 1: Rising.
Bit T [ 5 4 3 2 1 0
I I __ I
I JTD | 15C2 | - | JTRF | WDRF | BORF | EXTRF | PORF | MCUCSR
Read\rite RAW R R RAW RN R RN RAN
Initial “alue u] 0 0 See Bit Description

1.7.2. Cho phép ngit — Interrupt Request Enable
Ca 3 ngat déu duoc cho phép ngit tac dong dén ngit toan cuc théng qua

thanh ghi General Interrupt Control Register — GICR.

Bit 7 G 5 4 3 2 1 0

I INT1 | INTO | INT2 | Z | - | - | I'I.LSEL I:I'CE I GICR
Read/Write RAN R R R R R RN R
Initial “/alue 0 o o 0 0 0 0 0

Bit[7..5] — INTL1, INTO, INT2: External Interrupt Request 1/0/2 Enable.
1.7.3. Co ngat — Interrupt Flag

Thong qua thanh ghi General Interrupt Flag Register — GIFR.

Bit 7 B 5 4 3 2 1 0
[wrer | w0 | wiez | - ] - ] - | - ] - | GIFR

ReadWrite RAW RV R R R R = =

Initial Value 0 0 0 0 0 0 0 0

Bit[7..5] — INTF1/0/2 — External Interrupt Flag 1/0/2.
1.8. B dinh thai 8bit timer/counter O

Bo dinh thoi (timer/counter0) 13 mot module dinh thoi/dém 8 bit, co cac
dic diém sau:

So dd cu tric cta bd dinh thdi nhu hinh 1.7,
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count

Control Logic

DATA BUS

Timer'Counter

= OxFF

\J J

Clock Select

TOVN
(Int.Req.)

A

Tn

Edge
[ Detector

{ From Prescaler )

Hinh 1.7. So dd ciu tric bd dinh thoi

» Bo dém mot kénh.

= Xo0a bd dinh thoi khi trong mode so sanh (tu dong nap).

= PWM.
= Tao tan so.
= B0§ dém sy ki¢n ngoai.

» B§ chia tan 10 bit.

= Nguon ngat tran bd dém va so sanh.

AVR Atmega8 c6 tich hop bd timer/counter. Ta bt dau phan nay bang so

do khoi sau:

1.8.1. Hoat dong cia b Timer/Couter

Mach dém 1én lam thanh ghi TCNTn tang 1 don vi mdi khi c6 xung
clkTn, khi dat gia tri 16n nhat (8bit=255), c& TOVn duoc set (logic 1) va bo dém

tran, gia tri b dén TCNTn tré vé 00 va tiép tuc dém.

Xung clkTn c6 thé duoc lua chon tir nhiéu nguén khac nhau. Khi chon

xung ndi (system clock), Timer/Counter 1a mdt Timer. Khi chon xung ngoai

(thdng qua chan Tn) Timer/Counter la Counter.

Hoat dong nay c6 thé dién ta bang gian dd xung trong hinh 1.8.
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clkyo

CIan
(clk,o/1)

i 1. / \ / A/
TCNTn ,X. MAX -1 X MAX X BOTTOM ,I: BOTTOM + 1
\ Al i\

\

TOVn

Hinh 1.8. Gian d xung hoat dong
Ciing giébng nhu bo timer/counter trong cac vi diéu khién khac, ching ta
quan tdm dén 2 thanh ghi: Timer/Counter Control va Timer/Counter Value.

Trong AVR, d¢6 la thanh ghi TCCRn va TCNTn.

Bit 7 6 5 4 3 2 1 0
-] = [ - | = [ - [ CsSo2 [ CSo [ CS00 J TCCRo
Read/Write R R R R R RW RAW R/W
Initial Value 0 0 0 0 0 0 0 0
CS02 Cso1 CS00 Description
0 0 0 No clock source (Timer/Counter stopped).
0 0 1 clkj,of(No prescaling)
0 1 0 clk),o/8 (From prescaler)
0 1 1 clkj,o/64 (From prescaler)
1 0 0 clkyo/256 (From prescaler)
1 0 1 clky;0/1024 (From prescaler)
1 1 0 External clock source on TO pin. Clock on falling edge.
1 1 1 External clock source on TO pin. Clock on rising edge.

Hinh 1.9. Thanh ghi TCCRn
Clock Select Bit Description

Bit 7 6 5 4 3 2 1 0

TCNTO[7:0] I TCNTO
Read/Write R/W RW R/W RW W RW RW R/W
Initial Value 0 0 0 0 0 0 0 0

Hinh 1.10. Thanh ghi TCNTn

TCNTO - Timer/C

TCNTO va OCRO 1a céc thanh ghi 8 bit. Cac tin hiéu yéu cau ngat déu nam
trong thanh ghi TIFR. Cé4c ngit c6 thé dugc che bai thanh ghi TIMSK.

Bo dinh thoi ¢ thé st dung xung clock ndi théng qua bd chia hodc xung

clock ngoai trén chan TO. Khdi chon xung clock diéu khién viéc bo dinh thoi/bd
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dém s& dung ngudn xung nao dé ting gia tri cua nd. Ngb ra cta khéi chon xung
clock dugc xem la xung clock ctia bg dinh thot (clkTO).

Thanh ghi OCRO luén dugc so sanh voi gia tri ctia by dinh thoi/bd dém.
Két qua so sanh co thé duoc st dung dé tao ra PWM hodc bién doi tan sb ngo ra
tai chan OCO.
1.8.2. Pon vi dém

Phan chinh cta bo dinh thoi 8 bit 1a mot don vi dém song hudng céd thé 1ap
trinh dugc. Clu tric cua nd nhu hinh 1.11.

TOVn

(int. Req.)
- DATA BUS -
’ Clock Select

count Edge - Tn
. clear ol Detector |
TENTR = Control Logic [
_ direction
<1
[ From Preacaler |
BOTTOM I" OF

Hinh 1.11. Pon vi &m
= count: tang hay giam TCNTO 1

= direction: lya chon gitra dém 1én va dém xuéng

= clear: x6a thanh ghi TCNTO

= clkTO: xung clock cua bd dinh thoi

= TOP: b4o hiéu bo dinh thoi da ting dén gia tri 16n nhét

= BOTTOM: béo hiéu bo dinh thoi di giam dén gid tri nho nhét (0)
1.8.3. Pon vi so sanh ngo ra

DATA BUS

| = [8-bit Comparator ) |

OCFn [Imt.Reg.})
-

Y

op

bottam e — Waveform Generator ocn

FOCn -

WGEMn1:0 COMn1:0

Hinh 1.12. So d6 don vi so sanh ngd ra
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B so sanh 8 bit lién tuc so sanh gid tri TCNTO vé1 gia tri trong thanh ghi
so sanh ngo ra (OCRO). Khi gia tri TCNTO bﬁng v6o1 OCRO, by so sanh sé€ tao
mot bdo hi¢u. B4o hi€u nay s€ dat gid tri co so sanh ngd ra (OCFO0) Ién 1 vao chu
ky xung clock tiép theo. Néu dugc kich hoat (OCIE0=1), co OCFO s& tao ra mot
ngét so sanh ngd ra va s€ ty dong dugc xda khi ngét duoc thuc thi. Co OCFO
cling c¢6 thé dugc x6a bang phan mém.

1.9. B dinh thai/dém timer/counter 1 16-bit
1.9.1. So @6 khoi va mat so diic diém
B6 dinh thdi (timer/counterl) 13 mot module dinh thoi/dém 16 bit, cO céc
dic diém sau:
= True 16-bit Design (i.e., allows 16-bit PWM)
= 2 don vi ngd vao so sanh doc lap(Two Independent Output Compare
Units)
= doi thanh ghi so sanh ngd ra dém(Double Buffered Output Compare
Registers)
= | don vi chét ngd vao(One Input Capture Unit)
= B chdng nhiéu 16i vao(Input Capture Noise Canceler)
= X0a timer trong Compare Match (Clear Timer on Compare Match
(Auto Reload))
= Chéng nhiéu soc ngang(Glitch-free, Phase Correct Pulse Width
Modulator (PWM)
= @Gidtri chuky PWM
= B0 phat tan s6 chung
= Bo dém su kién ngoai

= 4 ngudn ngat doc lap (TOV1, OCF1A, OCF1B, and ICF1)
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Count

. Town
Claar Cortrol Lodi {Int. R=q.)
Dirsction | 0 | el Clock Selact
Edga _
L Detactar [ Tn
TOP | BOTTOM
Yy { From Prascaler |
F 3 TimanCounter T
TCNTn | | N =
* “ f OCFnA
{Int. Req.)
\d |
— | | Waveform
:‘_‘_ ! *| Generation = OCnaA
OCRnA ; i
' e 0CFnE
L3} | TOP {Int.Rag.)
@ — Wavaform
— N " N
- T : 1 Generation = OCnB
g .
I
= OCRnB 1
Bl { From Analog
: Comparator Quput )
)-—IICFn {Irit. Rz,
f I
I N -
"P'I Edge Moise
ICPH | Datactor [ Cancalar
| | -— |CPn
| TCCRnA | | TCCRAE
' B -

Hinh 1.13. So d6 khéi bd dinh thoi

1.9.2. Mgt s6 dinh nghia

BOTTOM B6 dém dat toi BOTTOM khi co gia tri 0x0000

MAX B dém dat t6i MAXimum khi khi dat gia tri OxFFFF (hé 10 la
65535).

TOP Bo dém dat t6i TOP khi nd bang véi gia tri 16n nhét cua chudi dém.
Gia tri ndy c6 thé dugc gan boi cac gid tri ¢d dinh : 0x00FF, 0xO1FF, or
0x03FF,hodc gia tri trong bd nhé cua cac thanh ghi OCR1A ,ICR1 .
1.10. SPI (SERIAL PERIPHERAL INTERFACE)

1.10.1. So’ d6 va dinh nghia
SPI 12 mot giao dién thyc hién viéc trao d6i dit liéu giita cac thiét bi tuong
thich v6i khung dit liéu 8bit va duogc truyén dong b (cting xung nhip dong hd).

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

Sau.

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

C6 thé giit vai trd Master hoic Slave.

Bit MSB hoic LSB ¢6 thé dugc truyén trudc tiy vao ngudi 1ap trinh.
Bdn tde do truyén co thé 1ap trinh théng qua hai bit.

Co ngit bao két thic truyén.

Van hanh tir trang thai ngtl (Pugc danh thic tr trang thai ngua).

So dd ciu tric hinh 1.14.

5 ]
:
XTAL " —
MSB LSB s 3 PEs
B BIT SHIFT REGISTER i O
L READ DATA BUFFER =
DIVIDER E
+4+16+64+126 £
=
1 fo]
[a]
5P| CLOCK [MASTER] . ok % =
SELECT CLOCK s SCH
LOGIC "
oF =
£l &
ol [=]
5{5 g
=| Ol o
MSTR
SPl COMTROL
= ol 4 e
w| & wl o 2 B 8 F 5 2
&§|||||| %r%%ggﬁﬁﬁij%
[=r| sTATUS REGISTER | | SFI CONTROL REGISTER |
& B s
7 7

SPIINTERRUPT |NTERMAL
REQUEST DATA BUS

Hinh 1.14. So do céu trtc SPI

Pé diéu khién khdi giao tiép SPI thi ching ta ¢6 3 thanh ghi. P6 1a 1
thanh ghi diéu khién SPCR (SPI control Register), thanh ghi trang thai SPSR

(SPI status Register) va cudi cung la thanh ghi dit liéu SPDR (SPI Data

Register).
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1.11. B§ so sanh twong tw (alalog comparator)

Bo so sanh twong ty cia AVR c¢6 dau vao 1a hai chan PB2 va PB3 (nhu
hinh 1.15.). Véi chan PB2 duoc ndi vao cuc duong cua b so sanh va PB3 duoc
ndi vao cuc 4m cia bd so sanh. N6 tao ra hai mirc logic néu V+ > V- thi tin hiéu

rala 1 va nguoc lai 1a 0.

W

[ss3
ACD — |
a2 ACIE
[AlND) _l
+ ANALDG
| INTERRUPT COMPARATOR

SELECT IRC

PB3
[AIN1)

b AC]

ACIET  ACISD AClC

—
TQ T/C1 CAPTURE
TRIGGER MUX

o

ACQO

Hinh 1.15. So d6 khéi bo so sang tuong tur
Pé diéu khién va qua sat trang thai ctia bd so sanh tuong tu ta c6 mot
thanh ghi d6 14 thanh ghi ACSR. Trudc khi tim hiéu vé nguyén tic hoat dong
clia né ta s& gidi thiéu vé thanh ghi nay.

Thanh ghi ACSR 1a mdt thanh ghi 8 bit c6 dia chi trong cac thanh ghi 1/O
la 0x08 va co dia chi trong khong gian bd nhd SRAM la 0x28.Trong 8 bit thi co
7 bit dugc dinh nghia va bit 6 khong dugc dinh nghia.N6 chi c6 thé doc va ludn
co gia tri logic 1a 0.

Bit 7-ACD: Analog comparator disable —Pay 14 bit diéu khién. Bit nay
ttruc tiép diéu khién hoat dong cua AC(bd so sanh tuong tu). Néu nhu bit nay
dugc set 1én 1 thi ngudn cung cap cho AC hoat dong bi tit (turn off) va dong
nghia vai viéc nd khong hoat dong. Va néu no6 duge x6a thi AC duoc cép nguén
va hoat dong binh thuong. Chi1 y: Ta co thé thay doi gia tri logic cua bit nay luc
nao ciing duoc dé ngung hoat dong ctia chiing hodc cho chung hoat dong tré lai
nhung khi thay doi gi tri logic ciia né thi ngat (ngat cia AC) can bi cam néu

khoéng né s& sinh ra mot ngét (Cu thé 13 bit ACIE can bi x6a).
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Bit 5-ACO: Analog comparator output — Pay la bit trang thai. Bit nay duoc
ndi trire tiép véi dau ra ciia bo so sanh tuong tu.

Bit 4-ACI: Analog comparator interrupt flag — Pay la bit trang thai. Co bao
ngit ciia bd so sanh tuong tu.

Néu nhu co nay dugc dit va cac ngat duoc phép thi mot chuong trinh phuc
vu ngit duge goi va chung dude x6a bang phan cimg khi chuong trinh bao ngit
dugc phuc vu. Cac trudng hop 1am thay doi trang thai cd nay ngoai viéc thay doi
bit ACD s€ dugc noi tdi trong cac bit 0 va 1.

Bit 3-ACIE: AC interrupt enable — Pay 1a bit diéu khién. Néu bit nay duoc
dit thi ngit nay dugc phép va nguoc lai.

Bit 2-ACIC: Analog comparator input Capture Enable — Pay 1a bit dicu
khién. Khi bit ndy dugc dat 1én 1 thi dau ra cia AC dugc ndi truc tiép vao dau
vao cta chtrc ning bat sy kién ctia Timer/counter 1. (Poc thém timer/counterl).
Bit ACIS1 va ACISO: Ac interrupt mode select — Pay 1a hai bit diéu khién.

Bang 1.1. Ché do ngat 2 bit ACIS1 va ACIS2

ACIS1 ACISO Ché d6 ngat
0 0 Theo muc
0 1 Danh riéng(chua dung dén)
1 0 Suon xudng
1 1 Suon 1én

Chu ¥: Cac bit nay ciing c6 thé dugc thay doi bat cir khi nao. Nhung khi
thay d6i thi ngat ciia n6 phai bi cam.

Ta c6 thé str dung 1énh SBI hoidc CBIU dé thay doi trang thai cac bit trén
thanh ghi nay trir bit ACI. Bit nay sau khi dugc doc cling s bi x6a (néu no duoc
dat).

Thiét 1ap port dau vao cho b so sanh tuong tu: Hai chan PB2 va PB3 nay

can dugc thiét 1ap 1a dau vao bo dién tro treo.
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Pé lap trinh cho AC ta bat dau cac bude sau:
= Budc 1: Thiét 1ap cac chan dau vao cho AC.
= Budc 2: Chon cac ché do cho AC vi nhu dung ngit ...
= Budc 3: Khai dong AC bang cach x6a bit AC
1.12. Hé thénng xung clock
Pé ciu hinh cho chip hoat dong theo ché d6 xung clock nao, nguoi ta
dung cac bit cau chi (fuse bit) CKSEL 3, CKSEL2, CKSEL 1.

Ngoai ra khi vi diéu khién duoc danh thirc tir cac ché do nghi sang ché do
hoat dong binh thuong, b tao dao dong can c6 mot khoang thoi gian dé 6n dinh,
khoang thot gian nay goi 1a thot gian khdi dong (start-up time). CPU chi thuc
hién 1énh khi hét khoang thoi gian khoi dong nay.

Asynchronous Genaral 170 Flash and
Timer Courter Modules ADC GPU Core RAM EEPROM
' 3 A A I I 3 I 3 A A

clk, .
alkyg AVR Clock clkcpy
Control Unit
CIkAS'\( clk FLASH
'y Iy
Resat Logic Watchdog Timer
LI i
Source Clock Watchdog Clock
Clock Watchdog
Multiplexer Oscillator
A A A & &
TimerCourter Extermmal RC Crystal Low- Frequency Calibrated RC
Ogcillator Ogcillator Extamal Clock Oecillator Crystal Oscillator Oecillator

Hinh 1.16. Hé thong xung clock
Khi ta reset CPU ciing can mot khoang thoi gian tri hoan (delay time) dé
nguén nudi dat mre 6n dinh trude khi thyc bat dau thye thi 1énh. Nguoi ta dung
cac bit cau chi CKSEL 0, SUT1, SUTO dé thiét 1ap thoi gian khoi dong va thoi

gian tri hoan. Khoang thoi gian khoi dong va thoi gian tri hoan dugc do duogc do
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bang mot dong hod riéng, d6 1a bo dao dong Watchdog. Tan s ciia b dao dong
Watchdog phu thudc vao dién thé ngué)n nudi va nhi¢t do moi truong. O Vee =
5V va nhiét do 25°C thi tan s6 cta bo dao dong Watchdog 1a 1 MHz.

Lién quan dén viéc thiét 1ap cua hé thdng xung clock nguoi ta con ding t6i
bit cdu chi CKOPT ma vai tro ciia n6 kha linh hoat tily theo viéc thiét 1ap xung
clock cho hé thng nhu thé nao. Hinh 1.16. cho thdy ATmegal28 c6 tdi 7 bo tao
xung clock cé thé duoc lwa chon.

Dudi day 13 mo ta cu thé cho ting truong hop cau hinh xung clock cua hé
théng.

1.13. B§ bién déi A/D
Vi diéu khiénAtmega8 c6 mot bo bién ddi ADC tich hop trong chip véi cac
dic diém:
» Do phan giai 10 bit
= Sai s6 tuyén tinh: 0.5LSB
= PJ chinh xac +/-2L.SB
= Thoi gian chuyén d6i:65-260us
» 6 Kénh diu vao co thé duoc lya chon
= (6 hai ché do chuyén doi free running va single conversion
= (C6 ngudn bao ngat khi hoan thanh chuyén dbi
= Loai bo nhiéu trong ché d6 ngu

Tam dau vao cia ADC 1a tdm chan cia PORTA va ching duogc chon
thong qua mot MUX.

Pé diéu khién hoat dong vao ra dir liéu ciia ADC va CPU chung ta c6 3
thanh ghi: ADMUX la thanh ghi diéu khién lya chon kénh dau vao cho ADC,
ADCSRA 14 thanh ghi diéu khién va thanh ghi trang thai cia ADC, ADCH va
ADCL la 2 thanh ghi dit ligu.
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Nguyén tic hoat dpng va ldp trinh diéu khién

ADC ¢6 nhiém vy chuyén ddi tin hiéu dién ap twong tu thanh tin hiéu sb
c6 do phan giai 10 bit. Vi gia tri nho nhit cia dién ap dat & chan AGND va gia
tri cuc dai cua dién ap tuong tu duogc mic vao chan AREF. Tam kénh tuong tu
dau vao duge chon lua thong qua ADMUX va ADMUX nay duogc diéu khién
boi thanh ghi ADMUX.

ADC nay c6 thé hoat dong dugc ¢ hai ché d6. D6 1a chuyén d6i don: chi
chuyén d6i mot 1an khi c6 1énh chuyén d6i va ché d6 tu chuyén doi (Free
running mode) day 1a ché do ma ADC tu dong chuyén d6i khi dugc hoat dong
va cong viéc chuyén dbi c6 tinh tuan hoan (chi can khai dong mot 1an).

ADC dugc phép hoat dong nho thiét 1ap bit ADEN. Qua trinh chuyén d6i
dugc bat dau bang viéc ghi vao bit ADSC mirc logic 1 va trong sudt qua trinh
chuyén dbi bit nay luén duoc giit & mic cao. Khi qua trinh chuyén d6i hoan
thanh thi bit nay dugc x6a bang phan cimg va co AIDF duoc bat 1én.

Dit liéu sau khi chuyén d6i duoc dua ra thanh ghi dit liu ADCL va
ADCH, nhung cha y khi doc dir li¢u tir hai thanh ghi nay thi doc ADCL trudc
r0i m6i doc ADCH. Néu doc ADCH trude thi dit lidu cdp nhat ¢ thé ghi dé lén
ADCL (Vi diéu khién nghi ring di doc xong dit liéu).
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Hinh 1.17. So db bd bién d6i A/D

bé diéu khién vao ra dir liéu vé1 ADC, cac budc thuc hién nhu sau:

Budc 1: Dinh nghia cac cong vao cho tin hiéu twong ty.Xoa bit twong
ung voi chan do trong thanh ghi DDRA. Sau d6 loai bo dién tré treo
bang cach x6a bit trong ung & thanh ghi PORTA.

Budc 2: Chon kénh tuong tu vao (chon chan vao cho ADC) thong qua
thanh ghi ADMUX (c6 thé thay do6i trong qua trinh hoat dong).

Budc 3: Thiét 1ap cac thong sé cho ADC.

Téc do chuyén ddi thong qua xung nhip chuyén doi.

Ché d6 chuyén d6i : don hodc tu dong.

St dung ngit hoic khong.

Budc 4: Bit dau chuyén ddi va doc dit liéu.
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CHUONG 2.
GIAO TIEP QUA CONG COM

2.1. Giai thiéu

Ngay nay, viéc sir dung may vi tinh lam bd xir 1y trung tdm cho cac hé
théng do luong va diéu khién rat phd bién. Trong hé théng d6 mot yéu cau dit
ra 14 ta phai thuc hién giao tiép giita thiét bi ngoai vi v6i may tinh. Chuan giao
tiép dugc coi 1a don gian va dé dung d6 1a RS232. Hau nhu céc thiét bj déu duoc
giao tiép v4i may tinh théng qua chuan nay. O diy em thuc hién giao tiép giira
may tinh va vi diéu khién theo chuan RS232. Van dé giao tiép gitra PC va vi
diéu khién rat quan trong trong cic tng dung diéu khién, do ludong... Ghép ndi
qua cong ndi tiép RS232 1a mot trong nhimg k¥ thuat dugc sir dung rong rai dé
ghép ndi cac thiét bi ngoai vi v6i may tinh. N6 1a mot chuan giao tiép nbi tiép
dung dinh dang khéng dong bo, két ndi nhiéu nhat 1a 2 thiét bi, chiéu dai két nbi
16n nhét cho phép dé dam bao dir liéu 1a 12.5m dén 25.4m, toc do 20kbit/s doi
khi 13 toc @6 115kbit/s véi mot s thiét bi dic biét. Y nghia cta chuan truyén
thong ndi tiép nghia 13 trong mot thoi diém chi c6 mot bit duge giri di doc theo
duong truyén.

C6 hai phién ban RS232 duoc luu hanh trong thoi gian twong dbi dai 1a
RS232B va RS232C. Nhung cho dén nay thi phién ban RS232B cii thi it duoc
dung con RS232C hién van duoc dung va ton tai thuong duoc goi 14 tén ngin
gon 13 chuan RS232. Cac may tinh thudng c6 1 hodc 2 cong ndi tiép theo chuan
RS232C duogc goi 1a cong COM. Chiing duoc dung ghép ndi cho chudt, modem,
thiét bi do luong... Trén main may tinh co6 loai 9 chan hoac lai 25 chan tuy vao
doi may va main ctiia may tinh. Viéc thiét ké giao tiép véi cong RS232 ciing
tuong doi dé dang, ddc biét khi chon ché do hoat dong 1a khong dong bo va toc

d6 truyén dir liéu thap.
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2.2. Uu diém ciia giao dién ndi tiép RS232

+ Kha nang chdng nhiéu cua cac cong ndi tiép cao

+ Thiét bi ngoai vi co thé thao lip ngay ca khi mdy tinh dang dugc cip
dién

+ Cac mach di¢n don gian co thé nhan duoc dién ap nguén nudi qua cong
ndi tiép
2.3. Nhirng dic diém cén luu y trong chuan RS232

+ Trong chuan RS232 c¢6 mirc gidi han trén va dudi (logic 0 va 1) 1a
+12V. Hién nay dang dugc cb dinh tré khang tai trong pham vi tir 3000 6m -
7000 6m

+ Mirc logic 1 ¢6 dién ap nam trong khoang -3V dén -12V, mirc logic 0 tir
3V dén 12V

+ Téc d6 truyén nhan dir liéu cuc dai 1a 100kbps ( ngay nay c6 thé 16n
hon)

+ Cac 16i vao phai c6 dién dung nho hon 2500pF

+ Tré khang tai phai 16n hon 3000 6m nhung phai nhé hon 7000 6m

+ Do dai cta cap ndi gitra mdy tinh va thiét bi ngoai vi ghép ndi qua cong
ndi tiép RS232 khong vuot qua 15m néu chiing ta khong sir model

+ Cac gia tri toc do truyén dir lidu chuan : 50, 75, 110, 750, 300, 600,
1200, 2400, 4800, 9600, 19200, 28800, 38400... 56600, 115200 bps
2.4. Cac mire dién ap dwong truyeén

RS 232 sir dung phuong thire truyén théng khong dbi ximg, tic 14 sir dung
tin hiéu dién 4p chénh 1éch giita mot day dan va dat. Do d6 ngay tir du tién ra
doi n6 dd mang vé 15i thoi ctia chuan TTL, nd van sir dung cac mic dién ap
tuong thich TTL dé mé ta cac mirc logic 0 va 1. Ngoai mirc dién ap tiéu chuan
cling ¢ dinh céc gia tri tré khang tai duoc d4u vao bus caa bd phan va cac tré
khang ra cta b phat. Mirc dién ap cua tiéu chuan RS232C (chuan thuong ding

bay gid) dugc mo ta nhu sau:
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+ Muc logic 0: +3V , +12V

+ Muc logic 1: -12V, -3V

Céc mirc dién 4p trong pham vi tir -3V dén 3V 14 trang thai chuyén tuyén.
Chinh vi tir -3V t61 3V 1a pham vi khong dugc dinh nghia, trong truong hop
thay d6i gia tri logic tir thap 1én cao hodc tir cao xudng thap, mot tin hiéu phai
vuot qua quing qua do trong mot thoi gian ngan hop 1y. Diéu nay dan dén viéc
phai han ché vé dién dung cta céc thiét bi tham gia va ctia ca duong truyén. Toc
do truyén dan t6i da phu thudc vao chiéu dai cua day dan. Pa sb cac hé théng
hién nay chi ho tro voi toc d6 19,2 kBd .
2.5. Cong RS232 trén PC

Hau hét cac may tinh c4 nhan hién nay déu duogc trang bj it nhat 12 1 cong
COM hay cong ndi tiép RS232. S6 luong cong COM co thé 1én t6i 4 tuy timg
loai main may tinh. Khi d6 cdc cong COM d6 dugc danh dau 1a COM 1, COM
2, COM 3... Trén d6 c6 2 loai dau ndi duogc st dung cho cong ndi tiép RS232
loai 9 chan (DB9) hodc 25 chan (DB25). Tuy hai loai dau ndi ndy c6 cing song
song nhung hai loai dau nbi nay duoc phan biét bai cong duc (DB9) va cong cai
(DB25)
Ta xét so dd chan cong COM 9 chan nhu trong hinh 2.1.

— Diata carrier detect
B o———— Data =et ready
20—— Receive data
¥ o—— Request to =end

3 0—— Transmit data
B o———— Clear to send
& o—— Data terminal reacy
— Ring indicator
— Signal ground

Protective ground 9 6
Hinh 2.1. Cac chan cong COM 9 chan
Chtrc nang cua cac chan nhu sau:
+ Chan 1: Data Carrier Detect (DCD): Phat tin hiéu mang dir liéu
+ Chéan 2: Receive Data (RxD): Nhan dir liéu
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+ Chan 3: Transmit Data (TxD): Truyén dir liéu

+ Chan 4: Data Termial Ready (DTR): Pau cubi dit liéu san sang duoc
kich hoat bai bo nhan khi muén truyén dir liéu

+ Chan 5: Singal Ground ( SG): Mass cua tin hi¢u

+ Chan 6: Data Set Ready (DSR): Dit liéu sin sang, duoc kich hoat bdi bo
truyén khi no sin sang nhan dir liéu

+ Chan 7: Request to Send: Yéu cau giri, bd truyén dat duong nay 1én
murc hoat dong khi sdn sang truyén dit liéu.

+ Chan 8: Clear To Send (CTS): X6a dé giri, bé nhan dit duong nay lén
muc kich hoat dong dé thong bao cho bd truyén 1a nd sin sang nhén tin hiéu

+ Chan 9: Ring Indicate (RI): Bao chudng cho biét 1 bo nhan dang nhan
tin hi€u rung chuong

Con DB25, bay gid hau hét cac main méi ra déu khong cd cong niy nita
nén ¢ day khong dé cap dén.
2.6. Qua trinh dir liéu

—— Ki ty truyén T Ki ty truyen

Trang thai khong kich hoat

Ki ty truyén

Hinh 2.2. Khuon miu khung truyén

* Qud trinh truyén di ligu

Truyén dir 1i€u qua céng ndi tiép RS232 dugc thuc hién khong déng bo,
c6 khudn mau nhu hinh 2.2. Do vay nén tai mot thoi diém chi c6 mot bit dugc
truyén. BO truyén giri mot bit bat dau (bit start) dé thong bao cho bd nhan biét
mot ki hidu sé& duge giri dén trong lan truyén bit tiép theo. Bit nay luon bat dau
bang mirc 0. Tiép theo d6 1a cac bit dir liéu (bits data) duoc giri dudi dang ma
ASCII (co thé 1a 5, 6, 7 hay 8 bit dir liéu) Sau d6 1a mot Parity bit (Kiém tra bit

34




chén, 1¢ hay khong) va cudi cung 1a bit dimg - bit stop co6 thé 1a 1, 1.5 hay 2 bit
dung.
* Téc dp Baud

Pay 1a mot tham sb dic trung ctia RS232. Tham s6 nay chinh 13 dic trung
cho qua trinh truyén dir liéu qua cong ndi tiép RS232 1a toc d6 truyén nhan dir
liéu hay con goi 1a téc do bit. Téc do bit duoc dinh nghia 1a s bit truyén dugc
trong thoi gian 1 gidy. Tdc do bit ndy phai dugc thiét 14p ¢ bén phat va bén nhan
déu phai c6 toc d6 nhu nhau (Toc d6 giira vi diéu khién va may tinh phai chung
nhau 1 tbc do truyén bit). Ngoai tdc do bit con mot tham sd dé mé ta toc do
truyén 1a téc do Baud. Téc do Baud lién quan dén tc d6 ma phan tir ma hoa dir
liéu duoc str dung dé dién ta bit dugc truyén con téc do bit thi phan anh téc do
thuc té ma cac bit duoc truyén. Vi mot phén tr bao hi¢u sy ma hoa mot bit nén
khi d6 hai tbc do bit va téc do baud la phai dong nhat. Mot s toc d6 Baud
thuong dung: 50, 75, 110, 150, 300, 600, 1200, 2400, 4800, 9600, 19200, 28800,
38400, 56000, 115200 ... Trong thiét bi thuong dung téc do 1a 19200.

Khi str dung chuan ndi tiép RS232 thi yéu cau khi sir dung chuan 1a thoi
gian chuyén muc logic khong vuot qué 4% thoi gian truyén 1 bit. Do vay, néu
tbc do bit cang cao thi thoi gian truyén 1 bit cang nhé do vay thoi gian chuyén
muc logic cang phai nho. Piéu nay lam gidi han toc Baud va khoang cach
truyén.

* Bit chdn Ié hay Parity bit

Pay 1 bit kiém tra 13i trén dudng truyén. Thuc chit cta qua trinh kiém tra
16i khi truyén dit liéu 1a bod xung thém dir li¢u duoc truyén dé tim ra hodc stra
mot sb 16i trong qua trinh truyén. Do d6 trong chuan RS232 st dung mot ki
thuat kiém tra chan 1é. Mot bit chin 1& duoc bo sung vao dir liéu dugc truyén dé
cho s lugng cac bit "1" dugc g trong mot khung truyén 1a chin hay 1é. Mot
bit Parity chi ¢ thé tim ra mot s6 1& cac 161, chéng han nhu 1, 3,5, 7, 9... Néu
nhu mot bit chdn dugc mac 16i thi Parity bit s& tring gia tri véi trudng hop
khong mac 161 vi thé khong phat hién ra 18i. Do d6 trong k¥ thuat ma hoa 15i nay

khong duge sir dung trong truong hop c6 kha nang mot vai bit bi méc 16i.
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CHUONG 3.

THIET KE HE THONG GHEP NOI MAY TiNH PO LUONG
NHIEU KENH

3.1. Thiét ké hé thong
So dd khéi hé théng nhu trong hinh 3.1.

PC

Tin hifu ——¥ Giao
tir ca ” . X

e —— Apc VIPIEU ! tiép
luong

\ 4
\4

COM

Hinh 3.1. So do khéi hé thong ghép ndi may tinh do luong nhiéu kénh

Tin hi¢u tir cac kénh do Iudong dudi dang 1a cac dién &p twong tu, duoc cho
qua bd ADC dé chuyén thanh tin hiéu sb. Vi diéu khién & ddy dam nhan nhiém
vu nhén dir liéu tir ADC va thyc hién giao tiép v6i may tinh theo chuan RS232.
May tinh nhan di liéu vé, thyc hién hién thi va luu trix.

* Khoi ADC

Thue hién chuyén doi cac mau dién ap twong tu sang dién ap sb. Goi tin
hiéu twong tu 13 Ua, thi tin hiéu s6 12 Up dugc biéu dién dudi dang ma nhi phan
nhu:

Up=bn.1.2" +by0.2" .. +bo2° (3.1)

Trong d6 cac hé s6 by 1a cac bit cta s6 nhi phan. Bit b, dugc goi 1a bit
c6 y nghia 16n nhat (MSB), mdi bién doi gia tri cia MSB twong tmg véi su bién
d6i cta tin hiéu 1a nira dai 1am viéc. Bit by goi 14 bit ¢6 ¥ nghia nhé nhat (LSB),

moi bién doi gia tri cia LSB twong tmg véi mot mirc luong tir .
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V&i mot mach bién d6i ¢ N bit ddu ra thi mdi bude cua bac thang tuong
ung mot gia tri:
Uam

Q:ULSB:ﬁ

(3.2)

Trong d6, Uam 12 gia tri cuc dai cho phép cho phép cua dién ap dau vao
ADC. Q hoac U, sg goi la mtrc lugng tir. Do tin hi¢u s6 1a roi rac nén trong qua
trinh bién d6i AD xuit hién mot sai s6 goi 1a sai ) luong tr hoa dugc xac dinh

nhu sau:
1
AQ = > Q (3.3)

Khi chuyén doi AD phai thuc hién 1dy mau tin hiéu tuong tu. Bé dam bao
khoi phuc lai tin hi€u mét cach trung thhuc thi tan s 1éy mau fy phai thoa man
diéu kién:

Tv>2 famax (3.4)

Trong do, famax 1a tan sb cuc dai cta tin hiéu dau vao

Qua trinh bién d6i A/D gém 3 budc: 1dy mau, luong tir hoa va ma hoa.

ADC

Una Up

Ly mau Luogng tu M4 hoa
hoa

Hinh 3.2 So d6 khéi qua trinh chuyén doi A/D
- LAy mau: Mach lay mau c6 hai nhiém vuy:

+ Lay mau tin hiéu tuong tu tai cac thoi diém khac nhau va cach déu nhau

(ro1 rac hoa vé€ mat thoi gian).

+ Giit cho bién do dién 4p tai cac thoi diém lay mau khong doi trong sudt

qua trinh chuyén déi tiép theo.
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- Luong tir hoa: 1a qué trinh ro1 rac cac mau vé bién do. Chia khoang bién
do thanh cac muc ro1 rac goi la cac muic lugng tir, bi€n do ctia cac mau duogc lam

tron vé cac muc lugng tir do.
- M3 ho4: M4 ho4 cac mau sau khi duoc luong tir hod thanh céc bits so.

A

Up Ly tudong

1 \ —— Thuc

\

méo phi tuyén

Sai s6 khuyéch dai

Sai s0 don diéu

Una

v

< T Sai s léch khong
1/2 LSB

Hinh 3.3. Pic tuyén truyén dat 1y tuong va thuc ctia bo chuyén doi A/D

Tong quét ta c6 cong thiuc chuyén doi A/D doi véi mdi mau tin hicu

tuong tu:
U..
Up = Round{—Al .ZN} (3.5)
ref
Uai: Dién 4p tuong tu cua mau thir i

Uy Dién ap tham chiéu (dién ap chuin cb dinh), ding dé so sanh véi Ua;

tao dién ap so.
Upi: Dién ap so g véi mau Uy

N: Sé bits ctia bo chuyén do6i
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¢ day yéu cau Ua<Ui, nén ta phai lya chon U, thich hop véi mdi tin hiéu U,.

V61 moi gia tri N, thi Us cang 16n thi sai s6 luong tir cang 16n. V&1 moi

gia tri Uye thi N cang 16n thi sai s6 luong tir cang nho.
Céc tham s6 chinh ctia bo chuyén doi A/D

- Dai bién d6i cta dién ap tin hiéu twong tu & du vao: 1a khoang dién ap
ma bd chuyén ddi A/D ¢6 thé thue hién chuyén doi dugc.Khoang dién ap do co
thé laytri s6 tir 0 dén mot tri s6 duong hay 4m nao d6 hodc c6 thé 1a dién ap hai

cuc tinh

- B0 chinh xac cua bd chuyén doi A/D: Tham sb dau tién dic trung cho
do chinh xac cia mot ADC la do phan bi¢t. Trén dau ra mdi bd ADC la cac gia
tri s6 duge sép xép theo quy luat cua mot loai ma nao do. S6 cac sb hang cia ma
s6 O dau ra (sb bits trong ma nhi phan) twong Gmg véi dai bién do6i cua dién ap
vao cho biét mirc chinh xac ctia phép chuyén d6i. Mot ADC c¢6 N bit dau ra thi
né cd thé phan biét duoc 2" mirc trong dai bién d6i cua nd. PO phan biét cua
mot ADC 1a Q, nd chinh 1a gia tri cia mot muc luong tir hda hodc con goi 1a 1
LSB. Trong thuc té thudng dung sb bit N ¢ dau ra dé dic trung cho do chinh xéac
v6i cing mot dai dién ap vao sb cac s6 hang ctia ma sb ¢ dau ra cang 16n thi d6
chinh xac cang cao.

Ngoai ra dic trung cho tinh chinh xac cia ADC con c6 cac tham sb khac,
dola:

+ Puong dic tuyén co sai s6 léch khong, nghia 1a né khong xuat phat tai
gia tri tuong tng 1a 1/2 LSB. N6 14 hinh béc thang khong déu do anh hudéng cia

cac sai so.

+ Sai s6 khuyéch dai 14 sai s6 gitta 6 doc trung binh ciia dudng dic tuyén

thuc v6i do ddc trung binh ciia dudng dic tuyén 1y tuong.

+ Sai s6 phi tuyén dugc dic trung boi su thay doi do doc duong trung
binh ctia dic tuyén thyuc trong dal bién doi cua cta dién ap vao. Sai sb nay lam

cho dic tuyén chuyén doi co dang hinh bac thang khong déu.
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+ Sai s6 don diéu thuc chat ciing do tinh phi tuyén cia dudng dic tinh
bién dbi gay ra, nhung n6 1am cho d6 dbc duong trung binh bién thién khong

don diéu, tham chi mat mdt vai ma ma so.

- Tdc d6 chuyén ddi: Toc d6 chuyén doi cho biét s6 mau chuyén doi trong
1 gidy, duoc goi 1a tan s6 chuyén dbi f.. Cling c6 thé dung tham sb thoi gian
chuyén d6i T, dé dic trung cho tdc dd chuyén d6i. Vi gitta cac lan chuyén doi
con ¢6 mot khoang thoi gian can thiét dé cho ADC phuc hoi lai trang thai ban
dau, nén thuong f.<1/T, & day voi mot bo ADC tdc do cao thi phai tra gia béng

do chinh x4c giam hoac nguoc lai.

Cdc phwong phdp bién doi sé twong tw

C6 nhiéu cach phan loai cac phuong phép bién ddi sb twong tu. Trong d6
c6 cach phan loai theo qué trinhchuyén dbi vé mit thoi gian, theo cach phén loai

nay c6 bén phuong phép bién doi A/D:

- Bién d6i song song: trong phuong phap nay, tin hiéu duoc so sanh cing
mét lac véi nhiéu gia tri chuan. Do d6, tat ca cac bit dugc xac dinh dé)ng thot va

dua dén dau ra.

- Bién d6i ndi tiép theo ma dém: qua trinh so sanh dugc thuc hién lan luot
ting budc theo quy luit ciia mi dém. Két qua chuyén ddi dugce xac dinh bang
cach dém s luong gia tri chuan c6 thé chira dugc trong gia tri tin hiéu twong tu

can chuyén doi.

- Bién d6i ndi tiép theo ma nhi phan: qua trinh so sanh dugc thyc hién lan
luot tirng budce theo qui luat cia ma nhi phan. Cac don vi chuan dung dé so sanh
liy cac gia tri giam dan theo quy luat ciia ma nhi phan. Do d6 céc bit dugc xac

dinh 1an lugt theo tir bit c6 ¥ nghia 1én nhat dén bit co y nghia nho nhat.

- Bién d6i song song - ndi tiép két hop: trong phwong phap nay, qua mdi

budc so sanh c6 thé xac dinh dugc tbi thicu 14 hai bit dong thoi.

40



Sir dung bo chuyén doi trong hé théng
Trong hé théng & day ta sir dung IC chuyén doi 12 bits MCP3204 ¢c6 so d6

chan nhu trong hinh 3.4.

CHoO1 ~ 1400V,
CHIO2 gz 1300 Ve
CH203 © 120 AGND
CH3[4 & 11[QOCLK
NCO5 B 100Dy,
NCe * 90Dy
DGND [ 7 81 CS/SHDN

Hinh 3.4. So db chan IC MPC3204
CHO : Kénh tin hiéu tuong tu vao 0

CH1 : Kénh tin hi€u tuong tu vao 1
CH2 : Kénh tin hi€u twong tu vao 2
CHS3 : Kénh tin hiéu tuong tu vao 3
N/C : khong nbi.

DGND : Digital Ground.

CS: Chon chip.

Din : Két ndi t6i AVRs MOSI
Dout : Két ndi téi AVRs MISO
CLK : Két ni t6i AVRs SCK
Agnd : Analog Ground

Vref : Dién ap so sanh.

Vdd : Nguén (5v).
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IC MCP3204 thuc hién giao tiép theo chuan SPI (Serial Peripheral Bus) 1a
mot chuan truyén théng ndi tiép téc d6 cao do hing Motorola dé xuat. Pay 1a
kiéu truyén thong Master-Slave, trong d6 ¢6 1 chip Master diéu phdi qué trinh
tuyén thong va cac chip Slaves dugc diéu khién boi Master vi thé truyén thong
chi xay ra giita Master va Slave. SPI 1a mot cach truyén song cong (full duplex)
nghia 13 tai cing mot thoi diém qua trinh truyén va nhan co thé xay ra dong thoi.
SPI d6i khi duoc goi 14 chuan truyén thong “4 day” vi c6 4 duong giao tiép
trong chuan nay d6 1a SCK (Serial Clock), MISO (Master Input Slave Output),
MOSI (Master Ouput Slave Input) va SS (Slave Select). Hinh 1 thé hién mot két
SPI gitra mot chip Master va 3 chip Slave thong qua 4 duong.

SCK: Xung giit nhip cho giao tiép SPI, vi SPI 1a chuan truyén dong bo nén
can 1 duong gilt nhip, mdi nhip trén chan SCK bao 1 bit dir liéu dén hoic di.
Pay la diém khac biét voi truyén thong khong dong bo ma chung ta da biét trong
chuan UART. Su t6n tai cia chan SCK gitip qua trinh tuyén it bi 18i va vi thé toc

d6 truyén ctia SPI c6 thé dat rat cao. Xung nhip chi duoc tao ra boi chip Master.

MISO— Master Input / Slave Output: néu 1a chip Master thi day 1a dudng
Input con néu 1a chip Slave thi MISO lai 1a Output. MISO cila Master va cac

Slaves dugc noi truc ti€p vaoi nhau.

MOSI — Master Output / Slave Input: néu 1a chip Master thi ddy 1a duong
Output con néu 1a chip Slave thi MOSI 1a Input. MOSI cua Master va cac Slaves

dugc nodi tryc tiép voi nhau.

SS — Slave Select: SS 1a duong chon Slave can giap tiép, trén cac chip Slave
duong SS s& & mirc cao khi khong lam viéc. Néu chip Master kéo duong SS cua
mdt Slave nao d6 xudng murc thip thi viéc giao tiép s& xay ra giita Master va
Slave d6. Chi c6 1 duong SS trén mdi Slave nhung c6 thé c6 nhiéu duong diéu

khién SS trén Master, tiiy thudc vao thiét ké ciia ngudi dung.

42



i »SS0
' SLAVE_0
: > MOSI v gidu knidn
: MISO Chip nhé...)
p— : » SCK
S50 |-
SS1 re--d oo 4----»557
MASTER §S2 t-- SLAVE_1
MOS| =—+ » MOSI S
(Vi diéu khién...) MISO le4 wib (Vi diéu khién
i | Chip nhé...)
SCK —+ » SCK
S B B s
SLAVE_2
» MOSI S s
(Vi dieu khien
MISO Chip nhé...)
»{SCK

Hinh 3.5. Giao di¢n SPI.

Mdi chip Master hay Slave c6 mot thanh ghi dit liéu 8 bits. Ctr mdi xung
nhip do Master tao ra trén duong gitt nhip SCK, mot bit trong thanh ghi dit li¢u
cia Master dugc truyén qua Slave trén dudng MOSI, dong thdi mot bit trong
thanh ghi dir liéu cta chip Slave cling dugc truyén qua Master trén dudng
MISO. Do 2 géi dit liéu trén 2 chip dugc goi qua lai dong thoi nén qua trinh
truyén dit liéu nay dugc goi 1a “song cong”. Hinh 3.6. mé ta qu4 trinh truyén 1

g061 dir li¢u thuc hién bdi module SPI trong AVR, bén trai 1a chip Master va bén

phai la Slave.
MSB  MASTER LSB © o MSB SLAVE LSB
' MISO  MISO!
’— 8 BIT SHIFT REGISTER < .| BBIT SHIFT REGISTER
A ' A A
> . MOSI_ MOSI; o
|
| ' SHIFT
SPI | SCK SCK. EMABLE
CLOCK GENERATOR [ PP — —
| 55 ss!
— :

Hinh 3.6. Truyén dir liéu SPL
Cuc cua xung giit nhip, phase va cac ché do hoat dong: cuc ciia xung giir

nhip (Clock Polarity) dugc goi tat 1a CPOL 1a khéi niém dung chi trang thai cta
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chan SCK ¢ trang thai nghi. O trang thai nghi (Idle), chan SCK c6 thé duoc giir
& muc cao (CPOL=1) hodc thip (CPOL=0). Phase (CPHA) dung dé chi cdch ma
dir liéu dugc 1y miu (sample) theo xung giir nhip. Dit liéu c6 thé dugc ldy miu
& canh 1én cua SCK (CPHA=0) hoic canh xudéng (CPHA=1). Sy két hop cua
SPOL va CPHA 1am nén 4 ché do hoat dong cua SPI. Nhin chung vi¢c chon 1
trong 4 ché d6 nay khong anh huong dén chit lugng truyén thong ma chi cbt sao

cho c6 su tuong thich gitra Master va Slave.

Céc g6i SPI cho chuyén doi ADC MCP3204 dugc tao thanh tir 3byte:
CS

ka

Mosp |0(0(0)0(0]1|S/D2Dl|D0O x|x|x |X |X |X |X |X |[X |X |X |X |X X

MISO

2020?20?22 ?1?(? |? |? |?|N|Bll | B10|B9 |B8|B7|B6|B5|B4|B3|B2|Bl1 B0

v

A
v
A
v
A

BYTE! BYTE2 BYTE3
Byte 1
Trong byte nay, Master ghi 1 chudi bit: '0' '0''0' '0' ‘0" '1''S' 'D2'
Byte 2
Trong byte ndy, Master ghi theo trinh ty: '‘D1''D0" 'X' X' 'X' 'X" "X 'X"
Trong d6 D2, D1, DO lya chon kénh tin ti¢u tuwong tu vao.
D2 D1 DO
Channel 0 0 0 O
Channel 1 0 0 1
Channel 2 0 1 0
Channel 3 o 1 1
Va Slaver tra vé theo trinh tu: "2 '?''?' 'N' 'B11' 'B10' 'B9' 'B8'

Trong d6 ? 14 bit khong xéac dinh. 'N' 12 bit réng va luén bang “0”
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Byte 3

Trong byte nay, Master ghi 1 byte khéng vao slave.

Trong cung thoi gian, Slaver tra vé gia tri chuyén doi cac bit BO t6i B7.
* Khdi Vi diéu khién

Thuc hién giao tiép véi ADC MCP3204 theo chuan SPI dé nhan gia tri do
ludng va giao tiép v6i may tinh theo chuan RS232 dé nhan tin hiéu diéu khién tir
may tinh va truyén dit liéu vé. O day em st dung vi diéu khién AVR Atmega32.
* Khoi giao tiép cong COM

C6 rat nhiéu mach giao tiép theo chuan RS232 giita may tinh va cac thiét
bi khac. O ddy em dung mach chuan giao tiép RS232 v4i IC Max232.

Max232 14 IC chuyén dung cho giao tiép giita RS232 va thiét bi ngoai vi.
Max232 1a IC ctia hing Maxim. Pay 13 IC chay 6n dinh va dugc st dung phd
bién trong cac mach giao tiép chuan RS232. Gia thanh ciia Max232 phu hop va
tich hop trong d6 hai kénh truyén cho chuian RS232. Dong tin hiéu dugc thiét ké
cho chuin RS232. Mdi dau truyén ra va céng nhéan tin hiéu déu dugc bao vé
chéng lai sy phong tinh dién. Ngoai ra Max232 con dugc thiét ké véi ngudn

+5V cung cap ngudn coéng suat nho. Mach giao tiép nhu hinh 3.7.

Diamul RN
Rall 44 RIOUT  R2IN

g &
14 (=== 1
DT TiN O .
i 1uf {26V
-
. 1
WL e
15 L2
GHO Wt

§
; LT
4 L i fi TuF - 284
Chi ot

WAL s T ey

-]

E=)
=

s
=]

HENENAR
SIS

DB (Female)

iy

Hinh 3.7. So d6 giao tiép RS 232 dung MAX 232
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- Vi mach MAX 232 c¢6 nhiém vu chuyén ddi mitc TTL & 18i vao thanh
muac +3..+15V hoic -3..-15V thanh mdc TTL & phia nhin hay mic +10V
hoic —10V & phia truyén.

- Vi mach MAX 232 ¢6 hai b dém va hai bd nhan. Pudng din diéu
khién 18i vao CTS, diéu khi€n viéc xuit ra dit liéu & cdng ndi ti€p khi can
thi€t, dugc ndi véi chan 9 clia vi mach MAX 232. Con chan RST (chian 10
clia vi mach MAX ) ndi v6i dudng din bit tay d€ diéu khi€n qua trinh nhan.
Thudng thi cdc dudng din bit tay dudc ndi véi cong ndi ti€p qua cic ciu ndi,
dé khi khong diing d&€n nita ¢6 thé hd mach cdc cau nay. Cach truyén dit liéu
don gidn nhat 1a chi dung ba dudng dan TxD, RxD va GND (mass).

* Mach nguyén ly

- T 5

L—T

? GHIT

o

Hinh 3.8. Mach nguyén ly giao tiép may tinh va vi diéu khién
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3.2. Xay dung chwong trinh phin mém
3.2.1. Chwong trinh cho PC

Chuong trinh dugc viét bang Visual Basic, ¢6 giao dién nhu trong hinh 3.9.

CHOONG TRINH P
LOGONG NHIECG KENH
v Kenh 0O
[ Eenh
[ Eenh2
[ Kenh 3
Play
Kenh O K.enhl kKenh 2 Kenh 3 Pause
Sinh vien thuc hien:
* Vo Diey Doarn™ Exit

Hinh 3.9. Giao dién chuong trinh do ludong nhiéu kénh

A 4

* Lwu dd thuit toin

Dit ché do do ludong

»
<
y

N
Poc dit liéu tir thiét bi

- Tinh toan, hién thi

- Luyu dur liél_l vao file

!
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* Ma chwong trinh
Private Declare Sub Sleep Lib "kernel32.dIl" (ByVal dwMilliseconds As Long)

Dim Inputuart As String

Private Sub Checkl1_Click()
End Sub

Private Sub Commandl_Click()
End

End Sub

Private Sub Command2_Click()
Timerl.Enabled = True
End Sub

Private Sub Command3_Click()
Timerl.Enabled = False
End Sub

Private Sub Command4_Click()
Me.MSComm1.Output = Chr(0)
End Sub

Private Sub Command5_Click()
Me.MSComm1.Output = Chr(1)

End Sub

Private Sub Command6_Click()

48



Me.MSComm1.Output = Chr(2)
End Sub

Private Sub Command7_Click()
Me.MSComm1.Output = Chr(3)
End Sub

Private Sub Form_Load()
MSComml.CommPort = 4
MSComm1.Settings = "9600,N,8,1"
Me.MSComm1.RThreshold = 1
MSComml.InputLen =1
MSComm1.PortOpen = True

Checkl.Value =1
Check2.Value =0
Check3.Value =0
Check4.Value =0

End Sub

Private Sub MSComm1_OnComm()

Dim InputText As String

If Me.MSComm1.CommEvent = comEvReceive Then
InputText = MSComm1.Input
txtOutput. Text = txtOutput. Text + InputText
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txtOutput.SelStart = Len(txtOutput. Text)
Sleep (50)

End If

End Sub

Private Sub Textl Change()
End Sub

Private Sub Text5 Change()
End Sub

Private Sub txtinput_Change()
End Sub

Private Sub txtInput_KeyPress(KeyAscii As Integer)
Me.MSComm1.Output = Chr(Key)
End Sub

Private Sub txtOutputl_Change()
End Sub

Private Sub Timerl Timer()

If Checkl1.Value =1 Then
Me.MSComm1.Output = Chr(0)
End If

If Check2.Value = 1 Then
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Me.MSComm1.Output = Chr(1)
End If

If Check3.Value =1 Then
Me.MSComm1.Output = Chr(2)
End If

If Check4.Value =1 Then
Me.MSComm1.Output = Chr(3)
End If

If (Checkl.Value = 0) And (Check2.Value = 0) And (Check3.Value = 0) And
(Check4.Value = 0) Then

txtOutput. Text = "Ban hay chon mot kenh!"
End If
End Sub

Dim FileNum As Integer
RecordLen = Len(dataArray(1))
FileNum = FreeFile
Open "Data.Dat" For Random As FileNum Len = RecordLen
Fori=1TosampleSize - 1
dataArray(i) = 10 * Sin(10 * 3.1415 * i / sampleSize)
Put #FileNum, i, dataArray(i)
Next i

End Sub

o1



3.2.2. Chwong trinh viét cho vi diéu khién

* Luu d0 gai thuit cho vi diéu khién.

Khoi dong Timer0, Timerl
Dit cac gia tri ban dau

Co truyén Flag=0

Cho phép VBK Cho phép PC
truyén truyén
Y VDK
truyén?
A\ 4
Nhan data,
- Nhan dir liéu do diéu khién
va xu ly phu hgp N chon kénh do
- Truyén dit liéu
A 4
Y
FI;g=l Y Time N | Fee=0
out
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* Ma chwong trinh
#include <avr/io.h>
#include <avr/interrupt.h>
#include <util/delay.h>
#include <stdio.h>

#include "adc_ex.h"

void uart_char_tx(unsigned char chr)
{
if (chr =="\n")
uart_char_tx(\r');
while (bit_is_clear(UCSRA,UDRE))
{
//cho den khi bit UDRE=1

}
UDR=chr;

static FILE uartstd= FDEV_SETUP_STREAM(uart_char_tx,
NULL, FDEV_SETUP_WRITE);

uintl6 t result;

unsigned char u_Data;
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int main(void)

{
/nitialize External ADC Module
InitADCEX();
//Khoi dong Module Uart

//set baud, 57.6k ung voi f=8Mhz, xem bang 70 trang 165, Atmega32
datasheet

UBRRH=0;
UBRRL=103;

//set khung truyen va kich hoat bo nhan du lieu
UCSRA=0x00;
UCSRC=(1<<URSEL)|(1<<UCSZ1)|(1<<UCSZ0);

UCSRB=(1<<RXEN)|(1<<TXEN)|(1<<RXCIE);//cho phep ca 2 qua trinh
nhan va//truyen, va cho phep ngat sau khi nhan xong

sei(); //cho phep ngat toan cuc

while(1)
{
by
b
ISR(SIG_UART_RECV)
{
/ltrinh phuc vu ngat USART hoan tat nhan
u_Data=UDR;
if (u_Data==0)
{
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result=Read ADCEX(0);

fprintf(&uartstd,"Gia tri kenh 0: %i\n", result);
by

if (u_Data==1)

{

result=Read ADCEX(1);

fprintf(&uartstd,"Gia tri kenh 1: %i\n", result);
by

if (u_Data==2)

{

result=Read ADCEX(2);

fprintf(&uartstd,"Gia tri kenh 2: %i\n", result);
by

if (u_Data==3)

{

result=Read ADCEX(3);

fprintf(&uartstd,"Gia tri kenh 3: %i\n", result);
by
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KET LUAN.

Sau thoi gian thyuc hién dé tai tot nghiép véi sy hudng din tan tinh cua thay
Nguyén Vin Duong cing nhiing ¢d ging cua ban than em di hoan thanh dé tai
tot nghiép “Thiét ké hé thong ghép néi mdy tinh do luong nhiéu kénh”.

Ddnh gid két qua

Ban d6 4n di thiét ké hoan chinh hé thong ghép ndi may tinh do ludng
nhiéu kénh. Hé théng da chay t6t trén phan mém mo phong Proteus. Tuy nhién
do thoi gian 1am d6 an va kién thirc ban than con han ché vi vay ban dd an con
nhiéu thiéu sét, moi chi dimg lai & mirc mo phong, va thiét ké chua thuc su toi
wu. Vay dé phat trién dé tai thanh san pham tiéu dung thuc su yéu thich, c6 thé
dugc tmg dung vao thuc té dong gop cho nganh cong nghiép nudc nha, em rat

mong duogc su chi bao, gbp ¥ cua cac Thay co6 va ban be.
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