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Loi Mé Pau

Ngay nay véi su phat trién cta nganh dién tir va tng dung dién tr da
gilp su sang tao cua con ngudi trd thanh hién thuc. Cac linh vuc cia cudc
song déu ap dung nhiing thiét bi dién tir va dudng nhu nhin dau trong gia dinh
ching ta cling c6 thiét bi dién tu. Nganh dién tr va img dung dién tir da tao
chd dung va khang dinh duoc tAm quan trong ctia minh ddi v6i nhu ciu cua
con nguoi.

Véi nhitng tmg dung cho cac hé théng nhiing ngay cang tré nén phd
bién: tir nhimg tng dung don gian nhu diéu khién mot chdt dén giao thong
dinh thoi, dém san pham trong mot ddy chuyén san xuat, diéu khién toc do
dong co dién mdt chiéu, thiét ké mot bién quang cao dung Led ma tran, mot
d6ng hod thoi gian thue .Dén cac tng dung phirc tap nhu hé thong diéu khién
robot, by kiém soat trong nha may hodc hé thong kiém soat cac may nang
luong hat nhan. Cac hé thong tu dong trude day st dung nhiéu cong nghé
khac nhau nhu cac hé thdng ty dong hoat dong bang nguyén 1y khi nén, thiy
luc, role co dién, mach dién tir s, cac thiét bi may moéc ty dong béng cac cam
chét co khi. Cac thiét bi, hé thdng nay c6 chirc ning xir Iy va mac do tu dong
thép S0 vO1 cac hé théng tu dong hién dai duoc xay dung trén nén tang cua
cac hé théng nhing.

Trong nhiéu ndm trudc, cac dong vi didu khién 8051 dugc sinh vién
dung nhiéu véi tinh ning don gian, dé& st dung; AVR duoc sir dung nhiéu
trong cac cudc thi Robocon nho tbe do sur 1y kha cao, on dinh; PIC v&i wu thé
tdc d6 cao, chi phi thép hon cling duoc nghién clru, st dung nhiéu, dic biét
trong cac cudc thi 1ap trinh tay nghé khu vuc va thé gi¢i. Nhung trong mot vai
nam tro lai ddy, c6 mot dong vi diéu khién moi, cang ngay cang nam vi tri
quan trong trong cac linh vuc doi hoi tbc do xur 1y cao nhu di¢n tur vién thong,
san xuit cac dong dién thoai di dong smartphone, gidm sat, an ninh... D6 1a
ho vi diéu khién ARM. Vi rat nhiéu thé hé ra doi, véi nhiéu tinh nang , cong

dung khéac nhau.



Véi nhiéu tinh ning vuot trdi cia ARM va xu thé lya chon dong vi diéu
khién méi & Viét Nam nén trong dé tai nghién ctru khoa hoc nay, dudi su gitp
d5 ciia Thay Nguyén Huy Diing, em thuc hién dé tai nghién ctu Ung dung
lap trinh diéu khién dong co budc sit dung chip ARM Cortex M3
STM32F103RC.



Chuong 1
TONG QUAN VE CORTEX
Bo xtr 1y Cortex 1a thé hé 16i nhung ké tiép tir ARM. Cortex thira ké cac wu
diém tir cac bo xir li ARM trude do, nd 1a mot 161 xur Iy hoan chinh, bao g@)m
bo xtr li trung tam Cortex va mot hé théng cac thiét bi ngoai vi xung quanh,
Cortex cung cap phan xir li trung tdm ctia mot hé théng nhing. Dé dap tmg
yéu cau khat khe va da dang cua cac hé théng nhiing, bo xur Iy Cortex gdm c6
3 nhanh, dugc biéu hién béng cac ky tu sau tén Cortex nhu sau:
= Cortex-A : bd vi xtr Iy danh cho hé diéu hanh va cac tng dung cta
nguoi dung phirc tap. Ho trg cac tp 1énh ARM, Thumb va Thumb-
2.
= Cortex-R : bd xtr 1i danh cho cac hé thong doi hoi khic khe vé tinh thoi
gian thyc. H6 trg cac tap 1énh ARM, Thumb, va Thumb-2.
= Cortex-M : bd xur li danh cho dong vi diéu khién, dugc t6i wu hoa cho
cac tng dung nhay cam vé chi phi. Chi hd tro tap 1énh Thumb-2.
Con sb nam cudi tén Cortex cho biét mirc d6 hiéu suat tuong doi, voi 1 1a thap
nhat va 8 1a cao nhét. Hién nay dong Cortex-M c6 murc hiéu suit cao nhét 1a
miuc 3. STM32 dya trén bo xur Iy Cortex-M3.
1.1. Céc phién ban kién trac ARM

Dynamic
compiler
support
VFPv3
NEON™
advanced SIMD
Thumbd®-2 Thumb-2
{optian) {mandated)
TrustZone™
SIMD
VFPw2
Jazelle® Thumb-2 only

Hinh 1.1.Céc phién ban kién tric cua 18i ARM



Tinh dén thoi diém hién tai thi phién ban kién tric méi nhat cua 161 ARM
la ARMv7 (Trudc d6 c6 ARMv4, ARMvS, ARMv6). Bo xtr Iy Cortex-M3 dua
trén kién tric ARMv7 M va c6 kha nang thuc hién tap 1énh Thumb-2.

1.2 By xir li Cortex va don vi xi li trung tam Cortex

Thumb &
Thumb-2 decods

Instruction interfaca

o
=
’

b3
o
o
<

()

Hinh 1.2. Kién tric vi x& lf ARM Cortex-M3
Thuat ngtt bd xir 1i Cortex (Cortex processor) va don vi xu li trung tam
Cortex (Cortex CPU) s& duoc sir dung dé phan biét giita nhing 16i Cortex
hoan chinh va bg xu 1i trung tdm RISC noi (internal RISC CPU).



1.3 Pon vi xit li trung tam Cortex (Cortex CPU)

Trung tam cua bd xir ly Cortex 1a mot CPU RISC 32-bit. CPU nay c6
mat phién ban dugc don gidn hda tr mo hinh 13p trinh (programmer’s model)
cia ARM7/9 , nhung c6 mdt tip 1énh phong phti hon véi sy hd trg tt cho céc
phép toan sb nguyén, kha ning thao tic véi bit tot hon va kha ning dap tng
thoi gian thyuc tot hon.

1.3.1 Kién triac dwong 6ng (Pipline)

CPU Cortex c6 thé thuc thi hau hét cac 1énh trong mot chu ki don. Giéng
nhu CPU cua ARM7 va ARM9, vi¢c thyc thi nay dat dugc vé1 mot duong 6ng
ba tang. Tuy nhién Cortex-M3 kha ning du doan viéc r& nhanh dé giam thiéu

s6 1an lam rong (flush) duong 6ng.

Memory - Execute

3 Stage Prefetch
Hinh 1.3. Kién trac duong dng cia ARM Cortex-M3

1.3.2 M0 hinh 13p trinh (Programmer’s model)

CPU Cortex 1a bg xtr Iy dua trén kién trac RISC, do d6 hd tro kién trac nap
va luu trit (load and store architecture). Pé thyc hién 1énh xtr Iy dir li€u, cac
toan hang phai dugc nap vao mot tap thanh ghi trung tam, cac phép tinh dir liéu
phai duoc thuc hién trén cac thanh ghi nay va két qua sau d6 duoc luu lai trong

bo nho.

M1 | Mov M1, R4

Mov M2, R -—
M2 el Add R4, R1, R2 (R4 = R1 + R2)
M3 | Mov Rg, M

Hinh 1.4. Kién tric load va store caa ARM Cortex-M3



Tap thanh ghi nay bao gdm mudi sau thanh ghi 32-bit.

= Céc thanh ghi RO-R12 1a cac thanh ghi don gian, c6 thé duoc dung dé
chtra cac bién cuia chuong trinh.

= Thanh ghi R13 duoc dung nhu 13 con tré ngin xép (stack pointer).
Trong CPU Cortex c6 hai ngian xép dugc goi 1a main stack va process
stack.

= Thanh ghi R14 tiép theo duogc goi 1a thanh ghi lién két (link register).
Thanh ghi nay duoc st dung dé luu trit cac dia chi tré vé khi mot
cudc goi thu tuc (call a procedure) dugc thyc hi¢n. Diéu nay cho phép
CPU Cortex thuc hién rat nhanh viéc nhap va thoat khéi mot thu tuc
(fast entry and exit to a procedure).

= Thanh ghi R151a bodém chuong trinh (Program Counter)

Main

RO
ni
RrR2
R3
Rn4
RS
R6
R7
R
R
R0
Ri1
R12

Process
SP

==
Hinh 1.5. M0 hinh lap trinh cia ARM Cortex-M3
1.3.2.1 Thanh ghi XPSR

Ngoai tap thanh ghi trung tam con c¢6 mot thanh ghi riéng biét dugc
goi la thanh ghi trang thai chuong trinh (Program Status Register). XPSR chtra
mot s6 cac ving chic ning quan trong anh hudng dén viéc thuc thi cia CPU
Cortex.

31 2% 25 24 23 6 15 10 L Q
N (2% v (@l rer/mr v 1c1/17 == 15R Number
Hinh 1.6. Thanh ghi trang thai chuong trinh cia CPU Cortex
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= Nam bit dau 13 nhitng co ma diéu kién va duoc gan biét hiéu (aliased)
nhu thanh ghi trang thai chuong trinh tmg dung. Bén co N, Z, C,
V (Negative, Zero, Carry va Overflow) s& dugc thiét 1ap va x6a tiy
thudc vao két qua ciia mot 1énh xtr lydir liéu. Bit Q 1a duge sir dung boi
cac 1énh toan hoc DPS dé chi ra réng mot bién da dat gia tri ti da hodc
gia tri toi thiéu cua né.
= Giéng nhu tap 1énh ARM32-bit, cac 1€énh Thumb-2 chi dugc thyc hién
néu ma diéu kién cua lénh phu hop véi trang thai ctia cac cd trong
thanh ghi trang thai chuong trinh tngdung (Application Program
Status Register). Néu ma diéu kién ctia 1énh khong phu hop, thi 1énh di
ngang qua duong 6ng nhu 1a mot 1énh NOP (1énh nay khong 1am gi ca).
Piéu nay dam bao rang cac 1énh di qua duong dng mot cach tron tru va
giam thiéu 1am réng duong 6ng.
1.3.3 Céc ché d9 hoat dong ciia CPU
Bo xtr 1y Cortex c6 hai ché d6 hoat dong: ché do Thread va ché do
Handler. CPU s& chay & ché d6 Thread trong khi né dang thyuc thi & ché do
nén khong c6 ngat xay ra va sé& chuyén sang ché do Handler khi né dang thuc
thi cac ngat dic biét (exceptions). Ngoai ra, CPU Cortex c6 thé thuc thi
ma trong ché d6 dic quyén hodc khong diac quyén (privileged or non-
privileged mode). Trong ché d¢ dic quyén, CPU c6 quyén truy cp tit ca cac
lénh. Trong ché d6 khong co dic quyén, mot sb 1énh bi cdm truy cap (nhu 1énh
MRS va MSR cho phép truy cap vao xPSR va céc truong ctia nd). Ngoai ra,
viéc cép cac thanh ghi diéu khién hé théng trong bo vi xtr Iy Cortex ciing bi
cam. Cach str dung ngin xép (stack) cling c6 thé dugc cau hinh. Ngin xép
chinh (main stack-R13) c6 thé duoc st dung boi ca hai ché d6 Thread va
Handler. Ché d6 Handler c6 thé dugc cau hinh dé str dung ngan xép qua trinh
(process stack-R13 banked register).



Supsrvisor
Handler Modo

Priviedged {Anons

Usar
Threac Mock

Memory
Instructions & Data

Operations Stacks

(privilege out of reset) (Main out of reset)

< Handler Privileged execution | Main Stack Used by
§ - A Geption s baing processed Full control 0S and Exceptions
.-

o

-

=

o

'5 Thread Privileged/Unprivileged Main/Process

4 - No exception Is bBeing processed

L‘, - Normal code is executing

Hinh 1.7.M6 hinh hoat dong cua ché do Thread va Handler
Sau khi reset, bd xtr 1y Cortex s& chay trong cidu hinh phang
(flat configuration). Ca hai ché d6 Thread va Handler dugc thuc thi trong
ché do dic quyén (privileged mode), do d6, khong c6 su giéi han nao vé
quyén truy cap vao bét ky tai nguyén ctia bo xtr Iy. Ca hai ché 6 Thread va
Handler déu str dung ngan xép chinh.
1.3.4 Tap lénh Thumb-2
Cac CPU ARM7 va ARM9 c6 thé thyc thi hai tdp 1énh: ARM 32-bit va
Thumb 16-bit. Piéu nay cho phép nguoi phat trién dé tdi wu hoa chuong
trinh ctia minh béng cach lya chon tap 1énh nao dugc st dung cho thu tuc
khac nhau: 1énh 32-bit dé ting toc do xir li va 1énh 16-bit dé nén ma chuong
trinh. CPU Cortex duoc thiét ké dé thyc thi tap 1énh Thumb-2, 1a mét su pha
trén cua 1énh 16-bit va 32-bit. Tap 1énh thumb-2 cai tién 26% mat do ma so
vo1 tap 1€énh ARM 32-bit va 25% hiéu suét so voi tap 1énh Thumb 16-bit. Tap
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1énh Thumb2 c6 mot sd 1énh nhan dugc cai tién, co thé thuc hién trong mQt
chu ki don va kha ning thuc hién phép chia bang phan cing va chi mat tir 2-
7 chu ky.

CORTEX-M3
4 DMIPS ARMAE6 (ARM)

fepu
Source Destination Cycles
16b x 16b 32b 1
32b x 16b 32b 1
32b x 32b 32b 1
32b x 32b 64b 3-7*

Hinh 1.8.D4 thi biéu dién hiéu ning cua bd xu ly Cortex

Diém chuin bd xir 1y Cortex (Cortex processor benchmark) cho mot
muc do thyc hi¢n 1a 1,25 DMIPS/MHz, cao hon so véi ARM7 (0.95
DMIPS/MHz véi tap 1énh ARM va 0.74 DMIPS/MHz voi tap Iénh Thumb) va
ARM9
1.35 Bén dd bd nhé (Memory Map)

Bo xtr Iy Cortex-M3 1a mot 16i vi diéu khién dugc tiéu chuan héa, nhu
vay no c6 mot ban dd bd nho cling dugc xac dinh. Mac du co nhiéu bus ndi, ban
d6 bd nhd nay 1a mot khong gian dia chi 4 Gbyte tuyén tinh. Ban d6 bd nhd

nay la chung cho tat ca cac thiét bi dya trén 15i Cortex.



[ USiad a4 i 44

ROM Table
£0IFE020 Serdor Soadh
Extermal PPB A0 SPRGIC
00082000 DeEINW
I TOT
ETM ePIre
W10 Private Peripheral Bus - Extemal s
P u - R, DeE0040000
£ 0044069 DENNFFFF
DEMISI06) Private Peripheral Bus - Internal
0000000
QOPPFSFNp
IEWIFFFF
Reserved
CAEQDNF 020
NVIC
DEONER Extemal Device 1268
Reserved
DENOINND
st 18 FFB
CaE0l02000 y CeARCCO000
"\*, I
09 020 1080 Ut f CuRFFFFFFF
/
T4 4
DsEOIO0000
Extermal RAM e
OaeSPFreFr | 2
] \
i):!.'s Bit Band Alas \
0a43000000 ;
CMeIFFFFFF
SINB
CAENE000) b Peripreral 0568
) N\
oncococe  LME Bit Band Region .
— 03000
U ddd
SRFFFFEF :
p SRAM 0566
M5 Bit Band Alas
X H20000020
C':,(;}"?_ SeIEEFEESE
. Lok / 0£GE
DQ0100030 s Code
somecsa |18 BitBand Region
2:000200%0

Hinh 1.9.Ban d6 b nhé tuyén tinh 4Gbyte cia b xir Iy Cortex-M3

Mot Gbyte bd nho dau tién duogc chia déu cho mét vung ma (code
region) va mot ving SRAM (SRAM  region). Khong gian ma duoc t6i wu hoa
dé thuc thi tir bus I-Code. Tuong tu, SRAM duoc ndi dén bus D-Code. Mic du
ma ¢6 thé duoc nap va thuc thi tir SRAM, cac 1énh s& duoc léy béng cach su
dung bus hé thong, vi vy phai chiu thém mot trang thai chd (an extra wait
state). Tuc la ma chay trén SRAM sé cham hon so vdi tor by nhé Flash trén
chip (on-chip) nim trong ving ma. Vung 0,5 Gbyte tiép theo cta bd nhé 1a
viing ngoai vi trén chip, tit ca thiét bj ngoai vi dugc cung cip bai nha san
xuat vi diéu khién s& duoc dat tai ving nay. Ving 1 Mbyte dau tién gom ca
SRAM (mau vang nhat) va ving ngoai vi (mau hong nhat) dugc dinh dia chi
theo bit, sir dung mot k¥ thuat duoc goi 1a dai bit (bit banding). Tir d6 tat ca
SRAM va céc thiét bi ngoai vi ngudi dung (user peripherals) trén STM32 duoc
dat tai vung nay, va tat ca cac vi tri bd nhé cua nhirng vung nay trén STM32

10



déu co thé dugc thao tac theo word-wide hoic bitwise. Khong gian dia chi 2
Gbyte tiép theo dugc phan cho bo nhd ngodi- anh xa SRAM va thiét bi
ngoai vi (external RAM va external Device). Vung 0,5 Gbyte cudi cung
duoc phan cho cac thiét bi ngoai vi bén trong cua bo xur 1i Cortex va mdt khu
vuc danh cho céc cai tién trong twong lai ctia nha san xuét chip cho bo xir Iy
Cortex. TAt ca cac thanh ghi cta bd xur Iy Cortex dugc dat & vi tri ¢d dinh cho
tat ca vi didu khién duya trén 18i Cortex. Diéu niy cho phép ma chuong trinh
dé dang dugc chuyén gitta cac bién thé STM32 khac nhau va céc vi diéu khién
dira trén 161 Cortex ctia cic nha san xudt chip khac.

1.3.6 Truy cap bd nhé khong xép hang (Unaligned Memory Accesses)

Tap 1énh ARM7 va ARM9 c6 kha nang truy cap cac bién c6 dau va
khong dau co kich thude byte, half word (thudng 1a 2byte) va word (thudng
la 4byte). Piéu nay cho phép CPU hd tro cac bién sé nguyén ma khong can
dén thu vién phﬁn mém hd tro, thuong duoc yéu cau ddi voi vi diéu khién 8 va
16-bit. Tuy nhién, cac phién ban CPU ARM trudc do6 gap bat 1gi & chd, n6 chi
c6 thé truy cap dir lidu kich thudc 1a word hodc half word. Piéu ndy han ché
kha ning cua trinh lién két cua trinh bién dich (compiler linker) trong viéc
dong goi dir liéu vao SRAM va nhu vay mot s6 SRAM sé& bi lang phi (Viéc
lang phi nay co thé 1én dén 25% tiry thudc vao su két hop cia cac bién duoc six
dung). B6 xur 1i Cortex-M3 c¢6 thé truy cip bd nhé khong xép hang, viéc do

dam bao réng SRAM dugc st dung mét cach hi€u qua.

larng (32}
long {32) ..

Il char (8) char (8) char (8)

/ e (16) long (22) ..
............... « long int [16)c
int {16) long ..
int (16)C char (8) ‘ . long (32) e
Nt (16) A

Unused (wasted) space
Hinh 1.10.Kha nang truy cap bd nhd khong xép hang cua bo xir Iy Cortex-M3
so voi1 cac phién ban CPU ARM trudc do
11



CPU Cortex ¢6 cac ché do dinh dia chi cho word, half word va byte,
nhung c6 thé truy cap bd nhé khong xép hang (unaligned memory). Piéu nay
cho phép trinh lién két cua trinh bién dich tu do sip xép dit liéu chuong trinh
trong bo nhd. Viée bd sung hd tro tinh ning dai bit (bit banding) vao CPU
Cortex cho phép céac cd chuong trinh duge dong goi vao mot bién word hoic
half-word hon 1a sir dung mot byte cho mdi co.

1.3.7 Dai Bit (Bit Banding)

Céc phién ban CPU ARM7 va ARM9 trudc d6 chi cé thé thuc hién thao
tac bit trén bd nhé SRAM va ving nhd thiét bi ngoai vi bang cach dung cac phép
todn AND va OR. Diéu nay doi hoi thao tac doc stra d6i ghi (READ
MODIFY WRITE operation), thao tac ndy s& ton nhiéu chu ki thuc hién dé
thiét 1ap va xo4 cac bit riéng biét va can nhiéu khong gian ma cho mdi bit.

Disable external events

32bit
Q - - = REAL
Read byte (RAM, register) @Rbase+N |b31] [ o] <::| memory
lofl1]ololi]e]s]1] s exhmple; 20000000h to 200FFFKEh image
Mask and modify bit element b31) | VIRTUAL
] x]x[x]x]a]x]x] 5 RPN R s 5 aliased
@Vbase+Nx32+4xbi 7 bit banding
8- ima
ge
Write byte (RAM, register) @\Vbase+Nx32 [
Lofelofolsfafafs] + example: 22000000h to 23FFFFFFh
-~

Enable external events

Hinh 1.11.Thao tac doc stra doi ghi cia ARM7 va ARM9 va ky thuat dai bit
cua bo xu ly Cortex-M3
K¥ thuat dai Bit cho phép bo xir 1i Cortex-M3 thao tac cac bit trong khi van
giir dugc s6 lugng bong ban din ¢ muc t6i thicu.

Pé khiac phuc nhimng han ché trong cic thao tac bit & CPU ARM7 va
ARMDO, ¢6 thé dua ra cac 1énh chuyén dung dé thiét 13p hoac xo4 bit, hodc mot
bo xir Iy Boolean day du, nhung diéu nay s& lam ting kich thudc va sy phirc
tap cua CPU Cortex. Thay vao do, mdt k¥ thuat goi 1a dai bit cho phép thao tac
bit tryc tiép trén cic phan khong gian bd nhd cua cac thiét bi ngoai vi va
SRAM, ma khong su can bat ky 1énh dic biét nao. Cac khu vuc dinh dia chi bit

12



ctia ban d6 bd nhd Cortex bao gdm vung bit band (1én dén 1Mbyte bo nhd
thuc hoac cac thanh ghi ngoai vi) va vung bié¢t hi€u bit band (bit band Alias
region) chiém dén 32Mbyte ciia ban d6 bd nhé. Dai Bit hoat dong bang cach
anh xa mdi bit trong ving bit band t¢i mot dia chi word trong ving Alias. Vi
vay, béng cach thiét 1ap va xo4 dia chi word duogc dat biét hi¢u (aliased word

address) chiing ta c6 thé thiét lap va xo4 cac bit trong bd nhé thuc.

OneIFFFFEF

wa  BitBand Alias

Dut 1EFEFPE b | QrErrers

NG

OxdQ 80060 Perpheral e fGl‘f‘
oo Bit Bang Region \ |
| 04003059
‘:,‘ ];F:fF:-’
Sx23PIFRIP '
SRAM 01G8]
aue BtBandAlns !
022000003 020000000
W / EEEER
EFFF JcIFFFFF
wd = |
210000 Code GE
o 2 Bit Bard Regon

Hinh 1.12.Dai bit ctia vung b§ nhé SRAM va cac ngoai vi
Dai Bit duoc hd tro trén 1Mb dau tién cta khu vuc SRAM va ngoai vi .
N6 bao gom tét ca cac tai nguyén cia STM32.

K¥ thuét Bit Banding cho phép thuc hién thao tc bit riéng 1¢ ma khong can
bét ki 1énh dic biét nao, diéu nay gitt cho kich thudc téng thé cua 18i Cortex
nho nhat c6 thé. Trong thuc té, chiing ta can phai tinh toan dia chi cta céc
word nam trong vung Bit Band Alias cho mot vi tri bo nhé nhét dinh trong
khdng gian bo nhd cua thiét bi ngoai vi hodc SRAM. Cong thirc dé tinh toan
alias address nhu sau:

= Dia chi trong khu vuc Bit Band Alias = Bit band alias base address + bit

word offset

= bit word offset = Byte offset from bit band base x 0x20 + bit number x 4
1.4 B9 xi li Cortex

B xir li Cortex dugc tao thanh tir CPU Cortex két hop voi nhiéu thiét bi

ngoai vi nhu Bus, system timer...
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14.1 Bus

B9 vi xtr Iy Cortex-M3 duoc thiét ké dua trén kién trac Harvard véi bus
ma va bus dir li€u riéng biét . Ching dugc goi la cac bus Icode va Dcode. Ca
hai bus déu co thé truy cAp mi va dit liu trong pham vi bd nhé tir
0x00000000-0x | FFFFFFF. Mot bus hé théng bd sung duoc sit dung dé truy
cap vao khong gian diéu khién hé thong Cortex trong pham vi 0x20000000 -
OxDFFFFFFF va 0xE0100000 - OxFFFFFFFF. Hé thong g& 16i trén chip cia
Cortex c6 thém mdt cau trac bus duge goi 1a bus ngoai vi riéng.
1.4.2 Matran Bus

Bus hé thong va bus dir liéu dugce két nbi véi vi diéu khién bén ngoai
thdng qua mdt tap cac bus téc do cao duoc sip xép nhu mdt ma tran bus. N6
cho phép mot sé duong dan song song giita bus Cortex va cac bus chu (bus
master) khac bén ngoai nhu DMA dén cac ngudn tai nguyén trén chip nhu
SRAM va céc thiét bi ngoai vi. Néu hai bus chu (vi du CPU Cortex va mdt
kénh DMA) ¢ ging truy cap vao cting mot thiét bi ngoai vi, mot bd phan xu
nodi s& giai quyét xung dot va cho truy cap bus vao ngoai vi c6 mirc uu tién cao
nhat. Tuy nhién, trong STM32 kh6i DMA duoc thiét ké dé 1am viéc hoa hop véi
CPU Cortex.
1.4.3 Timer hé thong (System timer)

L&i Cortex ¢6 mot bd dém Xuéng 24-bit, véi tinh nang ty dong nap lai
(auto reload) gia tri bo dém va tao su kién ngat khi dém xudng zero. N6 duoc
tao ra voi dung ¥ cung cdp mot bo dém thoi gian chuan cho tat ca vi diéu khién
dwa trén Cortex. Pong hd SysTick duogc sir dung dé cung cip mot nhip dap
hé théng cho mét RTOS, hoic dé tao ra mot ngét c6 tinh chu ki dé phuc vu
cho cac tac vu dugc 1ap lich. Thanh ghi trang thai va diéu khién cua SysTick
trong don vi khong gian diéu khién hé thong Cortex-M3 cho phép chon céc
ngudn xung clock cho SysTick. Bang cich thiét lap bit CLKSOURCE,
dong hd SysTick s& chay & tdn s6 ding bang tan s6 hoat dong ciia CPU.
Khi bit nay duoc x6a, SysTick s& chay & tan sb bang 1/8 CPU.
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SYSTICK

Control & Status
Reload Value
Current Yalue

Hinh 1.13. C4c thanh ghi trang thai va diéu khién caa SysTick
Pong ho SysTick co ba thanh ghi. Gid tri hién tai va gid tri tai (current value
va reload value) nén dugc khdi tao voi chu ki dém. Thanh ghi trang thai va
diéu khién c6 mét bit cho phép (ENABLE bit) dé bat dau chay bo dém thoi
gian va mot bit TICKINT cho phép tin hiéu ngat.
1.4.4 Xir li ngat (Interrupt Handling)

Mot trong nhiing cai tién quan trong cia 16i Cortex so véi cac CPU ARM
trude d6 1a cdu triic ngat ctia nd va xtr 1y cac ngat ngoai 18 (exception handling).
1.4.5 B¢ dieu khién vector ngit 16ng nhau (Nested Vector Interrupt
Controller)

NVIC (Nested Vector Interrupt Controller) 1a mot don vi tiéu chuan bén
trong 161 Cortex. Piéu nay co nghia 13 tit ca cac vi diéu khién dya trén 15
Cortex s& cd ctng mot cdu trac ngit, bat ké nha san xuét chip 1a ST, Atmel,

Luminary hoac NXP...

INTNM| =l
—
—
1-240 Interrupts >
INTISR[233:0]

Corlex-M3

Hinh 1.14. Ciu trac ctia NVIC trong bo xir i Cortex
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NVIC ciing duoc thiét ké dé co mot do tré khi dap tmg ngit rat thap. Day
12 mdt dic diém cua chinh ban than bd NVIC va cia tap 1énh Thumb-2, nd cho
phép thuc thi cac 1énh nhiéu chu ki (multi-cycle instructions) nhu 1énh tai va
Iuu trit nhiéu di liéu ( load and store multiple instruction) cé thé duoc ngit khi
dang thuc thi. Do d6 d6 tré khi dap tmg ngit 1a xac dinh, v6i nhiéu dic diém
xtr 1 ngit tién tién, n6 hd tro rat tot cho cac tmg dung thoi gian thuc.

Nhu tén goi cua no,NVIC duoc thiét ké dé hd tro cac ngét léng nhau
(nested interrupts) va trénSTM32 ¢616 cap do vu tién ngit.

Mic du NVIC 13 mot don vi dat chuin bén trong 161 Cortex, dé gilr cho )
bong ban din ¢ muc tbi thiéu, sé dudng tin hiéu ngat di vao NVIC c6 thé cau
hinh khi vi diéu khién dugc thiét ké. NVIC c6 mot ngat khong che mit na
(non-maskable interrupt) va hon 240 duong tin hiéu ngat bén ngoai va c6 thé
duogc két nbi voi ngoai vi nguoi ding. Ngoai ra con ¢6 thém 15 ngudn ngit bén
trong 161 Cortex, dugc sir dung dé xir Iy cac ngat nodi ngoai 1é trong 151 Cortex.
Bo NVIC ctiia STM32 duoc téng hop véi toi da 1a 43 dudng ngit che mat
na (maskable interrupt lines).
1.4.5.1 Nhdgp va thoat khaei mgt ngogi I¢ ciia NVIC (NVIC Operation
Exception Entry And EXxit)

Khi mot ngat duoc sinh ra boi mot thiét bi ngoai vi, NVIC sé& kich khoi
CPU Cortex phuc vu ngét. Khi CPU Cortex di vao ché do ngét cua no, no sé
day mot tap cac thanh ghi vao ving ngin xép (stack). Thao tac nay duoc thuc
hién trong vi chwong trinh (microcode), vi vay khong can viét thém bat ki 1énh
nao trong ma Gmg dung. Trong khi khung ngin xép (stack frame) dang duoc
luu trir, dja chi bat dau cua trinh dich vu ngét da duoc léy vé trén bus
Icode (instruction bus). Vi vy, thoi gian tir lic ngét duoc sinh ra cho toi khi

1énh dau tién cua trinh dich vu ngét duoc thuc thi chi ¢6 12 chu ky.
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———————

<provious> | < Olg SP
xPSR

PC

LR

Ri12

Hinh 1.15. Stack frame trong ché d¢ ngét
Khi két thuc qua trinh phuc vu ngit, khung ngin xép dugc khoéi phuc tu
dong bdi vi chuong trinh (microcode), song song véi thao tac do thi dia chi trd

vé dugc 14y vé, dé chuong trinh nén c6 thé tiép tuc thuc hién chi sau 12 chu ky.

IRQ1 - I

Cortex-M32 - ISR

Interrupt handhing in HW I._ 12 _’| I.. 12 ,.|

Hinh 1.16. Dap ung thoi gian khi mot ngat bat ki xay ra cua Cortex-M3
1.4.5.2 Céc ché dg xir Ii ngdt cao cdp (Advanced Interrupt Handling
Modes)

V6i kha nang xir Iy mot ngat don rat nhanh, NVIC duogc thiét ké dé xu 1y
hiéu qua nhiéu ngat trong mot tmg dung doi hoi khac khe tinh thoi gian thuc.
NVIC c6 mdt s6 phuong phap xir Iy théng minh nhidu ngudn ngat, sao cho do
tré giita cac ngat 1a t6i thiéu va dé dam bao rang cac ngat c6 mic uu tién cao
nhét s& duoc phuc vu dau tién.
1.45.2.1 Quyén wu tién ngit (Interrupt Pre-emption)

NVIC duoc thiét ké dé cho phép cac ngat ¢ muc uu tién cao s& danh quyén
uu (pre-empt) so v6i mot ngit c6 mirc wu tién thip hon dang chay.
1.45.2.2 Ky thudt Tail Chaining trong NVIC

Neéu mét ngat c6 mirc uvu ti€n cao dang chay va dong thoi mot ngat c6 muc
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ru tién thap hon ciing duoc kich hoat, NVIC sir dung mdt phuong phap goi 1a
Tail Chaining dé dam bao thoi gian tré 13 tdi thiéu gitra cac 1an phuc vu ngat.
Néu hai ngét duoc ning 1én, ngit c6 mirc wu tién cao nhit s& dugc phuc trudc
va s& bat dau thuc hién chi sau 12 chu ky xung nhip ké tir lac xuat hién ngit.
Tuy nhién, khi dén cudi trinh phuc vu ngit CPU Cortex khong trg vé chuong
trinh ing dung nén, vi vy ma stack frame cua ngit nay khong duoc khoi phuc,
thay vao d6 chi c6 dia chi ctia ham phuc vu ngit c6 murc wu tién cao nhat ké

tiép dugc lay vé.

dgheat | TROL — L
IRO2 ———s’
i
Cortex-M3 ISR 1 ISR 2 ]
Interrupt handling in HW 12—-| . 13 Il|

G CYCLES
Hinh 1.17. Bap tng thoi gian khi hai ngét xay ra dong thoi caa Cortex-M3

Diéu nay chi mit 6 chu ky xung nhip va sau d6 trinh phuc vu ngat ké
tiép co thé bat dau dugc thuc thi. Vao cudi cac ngit dang cho, ngin xép
dugc khoi phuc va dia chi tro vé duge léy, tiép d6 chuong trinh trng dung nén
c6 thé bat dau thyc thi chi trong 12 chu ky xung nhip. Néu mot ngit co6 murc uu
tién thap xuat hién trong khi mot ngat khac dang thuc thi chuan bi thoat khoi
trinh phuc vu ngit, thao tac POP (lay dit liéu tir ngin xép) s& bi bo qua va con
trd stack s& dugc cudn vé gia tri ban dau dé co thé tiép tuc luu trir stack frame
cua ngét méi xuét hién, s& c6 mot do tré 6 chu ky xung nhip cho t61 khi dia chi
cua ISR mo1 duoc léy vé. Piéu nay tao ra mot do tré tir 7-18 chu ky xung

nhip trude khi trinh phuc vu ngiat méi co6 thé bat dau duoc thuc hién.
TRQ1 _/

High==t |
IR 2 T

Cortex-M2 l ISR 1 ISR 2 L

l Fié*{a}hr-la f_'*rcu:t 124

Hinh 1.18. Pap tng thoi gian khi hai ngat xay ra lan luot caa Cortex-M3
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Trong mdt hé thong thoi gian thyc thuong xuat hién tinh hudng, trong
khi mot ngit c6 mirc vu tién thap dang duoc phuc vy, thi chi c6 mot ngat co
mic vu tién cao hon xuit hién. Néu tinh hudng nay xay ra trong qua trinh
PUSH dir liéu 1én ngan xép, NVIC s& chuyén sang phuc vu ngit uu tién cao
hon. Viéc PUSH dir liéu 1én ngin xép dugc tiép tuc va s& co t6i thiéu 6 chu ky
xung nhip tai thoi diém ngét wu tién cao hon xut hién, cho t6i khi dia chi cta

ISR méi duge 1y vé.

L
IRQL— |

Highes |'E '

IRQ2

Cortex-M3 ISR 1 ISR 2 [ ]
= YRR
=

Chaiming

Hinh 1.19. Pap tng thoi gian khi ngat wu tién cao dén sau caa Cortex-M3
Sau khi ngit wu tién cao hon thuc hién xong, ngat wu tién thap ban dau s& duoc
nbi dudi (tail chain) va bt dau thuc hién sau 6 chu ky xung nhip.

1.45.3 Cdu hinh va si dung NVIC
Pé sir dung NVIC can phai qua ba budc cau hinh. Pau tién ciu hinh

bang vector cho cac ngudn ngit can mudn st dung. Tiép theo cdu hinh céac
thanh ghi NVIC dé cho phép va thiét 1ap cac muc wu tién cta cic ngit trong
NVIC va cubi ciing can phai cau hinh cac thiét bi ngoai vi va cho phép ngat
tuong Ung.
1.45.3.1 Bdng vector ngdt (Exception Vector Table)

Bang vector ngit ciia Cortex bat dau ¢ dudi cung cua bang dia chi. Tuy
nhién bang vector bit diu tai dia chi 0x00000004 thay vi la 0x00000000 nhur
ARM7 va ARM9, bon byte dau tién dugc sir dung dé luu trir dia chi bat dau

ctia con tro ngan xép (stack pointer).
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Type

No | Exception Type | Priority of Descriptions
Priority
1 | Reset - fixed Reset
3(Highest)
2 | NMI -2 fixed Non-Maskable Intertupt
3 | Hard Fault -1 fixed Default fault if other hander
not implemented
4 | MemManage 0 settable | MPU violation or access to
Fault illegal locations
5 | Bus Fault 1 settable | Fault if AHB interface receives
error
6 | Usage Fault 2 settable | Exceptions due to program
errors
7-10 | Reserved N.A N.A
11 | SvCall 3 settable | System Service call
12 | Debug Monitor |4 settable | Break points watch points,
external debug
13 | Reserved N.A N.A
14 | PendSV 5 settable | Pendable request for System
Device
15 | SYSTICK 6 settable | System Tick Timer
16 | Interrupt # 0 7 settable | External Interrupt # 0
................... settable
256 | Interrupt # 240 | 247 settable | External Interrupt # 240

Hinh 1.20. Bang vector ngat ciia Cortex-M3

Mbi vector ngit c6 do rong 1a bon byte va giir dia chi bat dau cia trinh phuc

vu ngat trong ung, 15 vector ngat dau tién 1a cac ngat ddc biét chi xay ra trong

I6i Cortex, bao gdém reset vector, non-maskable interrupt, quan 1y fault va

error, debug exceptions va ngit timer ctia SysTick. Tap 1énh Thumb-2 ciing bao

20




gém 1€nh goi dich vu h¢ théng (system service call), khi duoc goi, no s€ tao
ra mot ngit dic biét. Cac ngit ngoai vi ngudi dung bat dau tir vector 16,
duogc dinh nghia bdi nha san xuét va duoc lién két dén thiét bi ngoait vi.

Sau khi cdu hinh xong bang vector ngit va dinh nghia cac ISR
(Interrupt Service Routine), ching ta c6 thé ciu hinh NVIC dé xtr 1y ngat
ctia timer SysTick qua hai budc: thiét 1ap mirc vu tién ngét va sau do cho
phép ngit ngudn. Cac thanh ghi NVIC nam trong ving diéu khién hé théng
ctia Cortex-M3 va chi c¢6 thé truy cap khi CPU dang chay & ché do dic quyén
(privileged mode).

NVIC

Interrupt Control
IRQ SET and CLEAR
IRQ Pending

IRQ ACTIVE
IRQ PRIORITY
System Control
System Priority
Fault Status

Hinh 1.21. Céc thanh ghi trang thai va diéu khién cua NVIC

Céc ngat dic biét bén trong Cortex dugc cau hinh théng qua cac thanh ghi
diéu khién va thanh ghi cAu hinh muc wu tién cta hé théng, trong khi dé cac
thiét bi ngoai vi nguoi ding duoc cau hinh bang cach sir dung céc thanh ghi
IRQ (Interrupt Request). Ngit ctia SysTick 14 mdt ngit dic biét bén trong
Cortex va duogc xur Iy thong qua cac thanh ghi hé théng. Mot s ngit dic biét
khac bén trong 15i Cortex ludn & trang thai cho phép, bao gom cac ngat reset
va NMI (Non-Maskable Interrupt), tuy nhién ngit cta timer hé thong-
SysTick lai khong duoc kich hoat bén trong NVIC. Dé cu hinh ngit cho
SysTick, chiing ta can phai cau hinh cho SysTick chay va cho phép ngit bén

trong SysTick:
SysTickCurrent = 0x9000; Start value for the sys Tick counter
SysTickReload = 0x9000; Reload value
SysTickControl = 0x07; Start and enable interrupt

Mirc vu tién cia mdi exception (ngét dic biét) bén trong Cortex ¢ thé
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duogc cai dit thong qua cac thanh ghi cau hinh mirc do wu tién trong hé thong.
Muc do uu tién cua cac exception nhu Reset, NMI va hard fault duoc cd
dinh dé dam bao rang 13i Cortex s& ludn ludn sin sang cho mot exception
duoc biét trude. Mdi exception c6 mdt trudng 8-bit nam trong ba thanh ghi vé
murc do uu tién cua hé théng. Tuy nhién STM32 chi thyc hién 16 muc do uu
tién, nhu vy chi c6 bén bit cua truong nay duoc dung. Mot diéu quan trong
can luu ¥ 13 mtrc wu tién duoc thiét 1ap boi bon bit ¢6 trong s6 cao nhat.

MGdi thiét bi ngoai vi dugc diéu khién boi cac khdi thanh ghi IRQ. Mdi ngoai
Vi c6 mot bit cho phép ngit. Nhiing bit nam trén hai thanh ghi cho phép ngat
c6 chiéu dai 1a 32-bit. Bén canh d6 ciing c6 cac thanh ghi twong Gng dé cam bét
Ki mot nguoén ngat. Ngoai ra NVIC ciing bao gém cic thanh ghi bao
cho (pending) va kich hoat (active) cho phép xac dinh tinh trang hi¢n tai cuia

mot nguon ngat.
Write Set Enable Reg

'

Enable
Bit

Write Set Enable Reg
_’ To
Write Set Pend Reg —r~ fno‘m;sauon
ogle
INTISR[n] l

Pend
= Priority Register

Write Cir Pend Reg

Hinh 1.22. Cau hinh ngat cho thiét bi ngoai vi
Chu y: Mdi ngudn ngit c6 mot bit cho phép bén trong NVIC va khoi
ngoai vi tuong Ung.
C6 16 thanh ghi cai dat mic wu tién ngat. Mdi thanh ghi duoc chia
thanh bén trudng co d6 rong 1a 8-bit dé cdu hinh muc vu tién, mdi trudong do

duoc chi dinh cho mdt vector ng.'flt nhat dinh. STM32 chi st dung moét ntra
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ctia truong nay (4-bit c6 trong sd cao nhat) dé thyc hién 16 mirc wu tién ngit.
Maic dinh cac truong nay xac dinh 16 mtc d6 uu tién voi miac do 0 1a cao
nhat va 15 1a thap nhat. Ngoai ra c6 thé sip sép cac trudong vu tién thanh cac
nhém (group) va nhém con (subgroup). Piéu nay khong tao thém bat ki
mirc wu tién nao, nhung gitip chiing ta dé quan 1y cac mirc vu tién khi chuong
trinh tmg dung c6 mot s luong 1on cac ngit bang cach lap trinh trudng

PRIGROUP trong thanh ghi diéu khién reset va ngat & mirc img dung.

ENDIANESS
PRIGROUP

VECTCLRACTI\
VECTRESET

- >

Hinh 1.23. Thanh ghi diéu khién reset va ngat & muc Gng dung

PRIGROU | Binary Point Preemting Priority Sub-Priority
P (3 Bits) (group.sub) (Group Priority)
Bits Levels Bits Levels

011 40 | Gggg 4 16 0 0
100 3.1 Gggs 3 8 1 2
101 2.2 Ggss 2 4 2 4
110 1.3 Gsss 1 2 3 8
111 0.4 Ssss 0 0 4 16

Hinh1.24. Cau hinh mtic wu tién thanh cac group va subgroup

Truong PRIGROUP gdm 3-bit cho phép chia truong 4-bit trong cac
thanh ghi cai dat mirc wu tién thanh cac nhom va nhom con. Vi du, tri

gid cua PRIGROUP la 5 s€ tao ra hai nhom, mdi nhém véi 4 mire do wu tién.
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Trong chuong trinh tmg dung , chiing ta c6 thé xac dinh mdt nhém céc ngat
c6 muc uu tién cao va mot nhom 6 muc uwu tién thap. Bén trong mdi nhom
ching ta c6 thé x4c dinh cac muc cho nhém con nhu mirc thap, trung binh,
cao va rat cao. Nhu da dé cap ¢ trén viéc phan nhom s& khong tao ra thém
mUic wu tién ndo nhung cung cAp mot cai nhin triru tugng vé ciu tric ngét, diéu
nay hitu ich cho nguoi 1ap trinh khi quan 1y mot sé luong 16n cac ngét. Viéc
cdu hinh ngit cho mot thiét bi ngoai vi cling giébng voi cdu hinh mét
exception bén trong Cortex. Trong trudng hop ngat cia ADC, trudc tién

chting ta phai thiét 1ap vector ngit va cung cAp ham phuc vu ngit-ISR:

DCD ADC IRQHandler ;
void ADC Handler{void)
{

i

Sau d6, ADC phai duoc khoi tao va cac ngat phai duogc cho phép trong cac

thiét bi ngoai vi va cac NVIC:

ADC1—CR2 =ADC_CRZ;
ADC1—5SQR1 = sequencel;
ADC1—SQR2 = sequence?
ADC1—50QR3 = sequence
ADC1—CE2 |=ADC CR2
ADC1—CE1 =ADC CRI1
GPIOB—CRH = 0x33333333;
NVIC—Enable[0] = 0x00040000;
NVIC—Enable[1] = 0x00000000;

1.5 Céc ché dd ning lugng
CPU Cortex c6 mot ché do ngu (sleep mode), s& dit 18i Cortex vao ché

d6 nang lugng thap ciia n6 va ngung thuc thi cac 1énh bén trong cia CPU
Cortex. Mot phan nho ciia NVIC van dugc hoat dong binh thuong, do d6
ngit tao ra tlr cac thiét bi ngoai vi ctia STM32 c6 thé danh thuc I16i Cortex.
1.5.1 Cach di vao ché dd ning lugng thap ciia CPU Cortex

L&i Cortex ¢6 thé duge dat vao ché do sleep ciia minh b?mg cach thuc hién
1énh WFI (Wait For Interrupt) hoac WFE (Wait For Su kién). Trong truong hop
thuc thi 1énh WFI, 161 Cortex s€ tiép tuc thuc hién va phuc vu ngét dang cho xur
Iy. Khi trinh phuc vu ngat-ISR két thuc, s& c6 hai kha nang xdy ra. Trudc tién,

CPU Cortex c6 thé tré vé tir ISR nay va tiép tuc thuc hién chuong trinh tng
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dung nén nhu binh thudng. Bang cach dit bit SLEEPON EXIT trong thanh
ghi diéu khién hé thong, 16i Cortex sé& tu dong di vao ché d6 nga mot khi ISR
nay két thiic. Piéu ndy cho phép mét tng dung ning luong thip (trang thai hé
théng luén & ché do sleep khi khong c6 su ki¢n nao xdy ra) s€ hoan toan dugc
diéu khién bé'mg ngét, dé 16i Cortex s& duge danh thic béi mét sy kién (ttr ngét
bén trong hodc bén ngoai CPU Cortex), chi can thuc thi mot doan ma thich hop
va sau d6 lai di vao ché do sleep, nhu vay voi mot ma chuong trinh tdi thiéu
chung ta c6 thé quan 1y hiéu qua niang luong cua hé thong.

Ngat WEE cho phép 15i Cortex tiép tuc thuc hién chuong trinh tir diém ma
nd duogc dit vao ché do sleep. N6 s& khong nhay dén va thuc thi mot trinh phuc
vu nao. Mot sy kién danh thirc (wake-up) chi don gian dén tir mot thiét bi ngoai
vi du cho n6 khong duoc kich hoat nhu 1a mot ngit bén trong NVIC. Diéu nay
cho phép mot thiét bi ngoai vi c6 thé bao dé dang thirc 16i Cortex va tiép tuc
thuc thi chuong trinh (mg dung ma khong can mét trinh phuc vu ngat nao. Céc
1énh WFI va WFE khong thé goi truc tiép tir ngdn ngit C, tuy nhién thuan loi 1a
trinh bién dich cho tap 1énh Thumb-2 cung cip san cac macro dé co thé duogc

st dung nhu mot 1énh C chuan (inline C command):

WFI

__WFE
Ngoai cac ché do ning luong thip SLEEPNOW va SLEEPONEXIT,
16i Cortex co thé phat ra mot tin hiéu SLEEPDEEP cho phan con lai ctia hé

thong vi diéu khién.

SEVONPEND
SLEEPDEEP
SLEEFPOMEXT

Hinh 1.25. Thanh ghi diéu khién hé théng dung dé cau hinh
cac ché do ngu cua vi xur Ii Cortex
Piéu nay cho phép cac khéi chirc nang nhu PLL (Phase Loop Lock) va
thiét bi ngoai vi c6 thé ngimg hoat dong, d¢ STM32 c6 thé di vao ché do nang
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luong thap nhét ciia nd.
1.5.2 Khéi hd tro gé 161 CoreSight

Tét ca cic CPU ARM déu trang bi hé thong g& 15i riéng cta nd ngay trén
chip. CPU ARM7 va ARM9 CPU c0 t6i thiéu mot cong JTAG cho phép mot
céng cu g 16i chuan két ndi voi CPU va tai chuong trinh vao b nhd RAM noi
hodc bd nhd Flash. Cong JTAG ciing hd trg diéu khién dong co ban (thiét lap
chay timg budc va cac breakpoint v.v...) ciing nhu ¢ thé xem ndi dung cia
cac vi tri trong bd nhd. Ngoai ra CPU ARM7 va ARM9 con c6 thé cung cap
mdt bo theo ddi thoi gian thuc (real-time trace) thong qua mot thiét bi ngoai vi
g 16i dugc goi 1a ETM (embedded trace macro cell). Trong khi hé théng g&
16i nay hoat dong tbt, thi nd boc 16 mot sd han ché. JTAG chi c¢6 thé cung cap
thong tin g& 15i cho cong cu phat trién (nhu Keil, IAR...) khi CPU ARM dimng
lai, do d6 khong c6 kha ning cap nhat thoi gian thyc. Ngoai ra, so luong cia
breakpoints phan ctng duoc gidi han toi hai diém, mac du tap 1énh ARM7 va
ARMO hd tro mét 1énh breakpoint, c6 thé dugc chén vao ma chuong trinh bang
cong cu phat trién (goi 1a soft breakpoints). Tuong tu voi JTAG, bd theo ddi
thoi gian thuc-ETM phai duoc trang bj boi cac nha san xuét v6i chi phi bo sung.
Do vay ETM khong phai luc nao ciing duge hd trg. V6i 16i Cortex méi, toan bo
hé théng g& 16 goi 1a CoreSight da dugc gidi thidu.

Hé thong g& 16i Cortex CoreSight st dung giao dién JTAG hoic SWD
(Serial Wire Debug). CoreSight cung cap chitc niang chay kiém soat va theo
ddi. N6 c6 thé chay khi STM32 dang ¢ mot ché d6 ning lugng thap. Pay 1a
mot budc cai tién 16n vé chuan g 16i ITAG.

Hé thong g& 16i CoreSight c6 mot cong truy cap g& 16i cho phép két ndi
v6i vi diéu khién bang cong cu JTAG. Cong cu g 16i c6 thé két ndi bang
cach st dung chuan giao dién JTAG 5 chan hoic giao dién 2 day ndi tiép.
Ngoai cé4c tinh ning g& 16i cia JTAG, CoreSight c6 chira mot theo ddi di
liéu va mot ETM.
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Access Porl Interface

l JTAG and Serig Wire interlace l

Hinh 1.26. Hé thdng g& 15i CoreSight bén trong Cortex

Trong thuc té, co cau g& 18i CoreSight trén STM32 cung cdp mot phién
ban thoi gian thuc duoc cai tién cua chuan g& 16i JTAG. Hé théng gd 15i
STM32 CoreSight cung cap 8 breakpoints phan ctmg c6 thé dugc dit va xoa
trong khi CPU Cortex dang chay. Ngoai ra bo theo doi Data Watch cho phép
ban xem céc nd1 dung cua cac vi tri nhé trong khi CPU Cortex dang chay.
Hé thdng CoreSight c6 thé duy tri ¢ trang thai hoat dong khi 16i Cortex di
vao ché do ngt. Ngoai ra cac timer ctia STM32 ¢ thé dugc tam ding khi
hé théng CoreSight tam dimg CPU. Diéu nay cho phép chung ta thyc thi timg
budc mi chuong trinh va giit cho timer déng bo véi hé théng. Véi cac 1énh
thuc thi trén CPU Cortex, CoreSight cai thién dang ké kha niang g& 15i thoi
gian thuc ciia STM32 so voi CPU ARM7 va ARM9 trudc kia, trong khi van

sir dung ciing mdt phan cting chi phi thap.
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Chuong 2
KIEN TRUC HE THONG CUA ARM CORTEX

ARM Cortex STM32 gdém nhan Cortex két ndi véi bo nhé FLASH
thong qua duong bus 1€nh chuyén bi¢t. Cac bus dir li¢u(Cortex Data
busses) va hé thong (Cortex System busses) duoc két ndi téi ma tran busses
tbc d6 cao( ARM Advanced High Speed Busses- AHB). SRAM ndi két ndi
v6i AHB va dong vai tro 1a bd DMA. Céc thiét bi ngoai vi dugc két ndi bang
2 hé thong bus ngoai vi toc do cao ( APB-ARM Advanced Peripheral Busses).
Cac bus APBs théng qua cac bus cau néi AHB-APBs két ndi vao hé théng
AHB. Ma tran bus AHB sir dung xung nhip dong hd bang véi xung nhip cia
nhan Cortex. Tuy nhién thong qua bo chia tin s6 AHB c6 thé hoat dong & tan

s6 thap hon nham tiét kiém ning luong.

Ibus
" D-bus '
CORTEX-M3 ‘_o—:-a—»

Masterl w

&:'za =

-0

§ J e
- GPIOA,B,C,D,E - AFIO —

i ;.. APB2 USART1- SPI1 - ADC1,2 -
GP-DMA | Quumpp | gAHE, AHB-APB2 ]‘—V LR 5
Master 2 APB1 USART2,3 - SPIZ - I2C1,2 -

) _A""AP“-‘ Jﬂ—b nmz,a,f—rrwot;- wwo’%-
Arbiter Bridges USB — CAN - BKP — PWR — )

Hinh 2.1 Hé théng Bus noi

Céu trGc bus ndi cung cip dudng truyén chuyén biét danh cho tip 1énh
thuc thi va ma tran bus duong dir liéu cho nhan Cortex va bo diéu khién DMA
truy cap tai nguyén trén vi xur 1y.
2.1 Cau tric b nhé

Bén canh hé théng bus ndi1 da dang STM32 con cung cép 4Gbytes khong
gian bd nhd lién tuc danh cho 1ap trinh. Bo nhd duge bat dau tir dia chi
0x00000000 .On-chip SRAM bit dau tir dia chi 0x20000000 va tit ca SRAM
noi déu duoc bd tri ¢ diém bat dau ving bit band. Ving nhd thiét bi ngoai vi
duoc anh xa tur dia chi 0x40000000 va ¢ vung bit band. Cac thanh ghi diéu
khién cua nhan Cortex dugc anh xa tir dia chi 0XE0000000.
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OXFFFF FFFF
0xE010 0000

OXEOOF FFFF [ M3
internal
0xED00 0000 | peripherals

0x1FFF F9FF

Option Bytes | ox1FFFFg00
M e
0x1FFFF000

m e
0x0800 0000

Bit-Band
region

0x4000 0000

0x2000 0000

0x0000 0000

Hinh 2.2 Cau trc bo nhé
Vung nhé danh cho flash duge chia nho thanh 3 ving. Ving thtr nhat
goi 14 User Flash bat dau tir dia chi 0x00000000. K¢é tiép 1a System Memory
hay con goi la vung nhé 16n. Ving nay c6 do 16n 4Kbytes thong thuong s€
duoc nha san xuat cai dat bootloader. Cudi cing 13 viing nhé nho bat dau
tr dia chi Ox1FFFFF80 chira thong tin cdu hinh danh cho STM32.
Bootloader thudng duoc dung dé tai chuong trinh thong qua USART1 va
chtra & vung User Flash.
2.2 Toi da hi¢u ning
Ngoai viéc hd tro 2 bo tao xung nhip ngoai STM32 cung cép thém 2
b0 tao xung nhip ndi. Sau khi reset déng ho tao xung cua nhan Cortex, bo tao
xung nhip toc do cao( High Speed Internal Oscillator) hoat dong & murc thap
8MHz. B0 tao xung ndi con lai 1a Low Speed Internal Oscillator hoat dong
& muc 32768KHz. BO xung nhip tdc d6 thap nay thuong dugce dung cho dong

hé thoi gian thyc va watchdog.
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HCLK

® up to 24MHz
HSI RC 8MHz
PCLK1
————
up to 24MHz
PREDIVi1
54 OSC_OUT PLLCL AHB APB1 bl
:1:: g m v le.;l._’l(_“ a1 x1 TIMxCLK
OSC_IN /15/16 /1,2..512 /1,2,4,8,18| Lo b TIM2,3,4,6,7
PCLK2
— e
up to 24MHz
SYSCLK
HSI APB2 If {APB2 pres
- L g =1} x1 TIMxCLK

Mco
[ [o_mse /1,2,4,8,16 B TIM1,15,
. PLLCLK e
Prescaler [ ADCCLK
osc32_N [[] 32.768KHz
LSE 0S¢ >
osc3z_ouT[[]
~40KHZ
LSI RC

Hinh 2.3 STM32 bao gom 2 bo tao xung nhip ndi va 2 bo tao xung nhip ngoai

RTCCLK

» IWDGCLK

thém vao do 1a b vong khéa pha( Phase Lock Loop-PLL).

Nhan Cortex co thé duoc cép xung nhip tir bg tao dao dong nodi va ngoai,
déng thoi tir PLL ndi. Nhu trén hinh 2.3, PLL c6 thé lay dao dong tir bd tao
dao dong tdc d6 cao nodi va ngoai. C6 mot van dé 1a ddi véi bd tao dao
dong noi tée do cao xung nhip khong hoat dong chinh xac & 8MHz do d6 khi
str dung cac thiét bi ngoai vi nhu: giao tiép serial hay st dung dinh thoi thoi
gian thue thi nén ding bo tao dao dong ngoai tbc do cao. Tuy viy, cho du sir
dung b dao dong nao di nira thi nhan Cortex ludn phai sir dung xung nhip tao ra
tir bo PLL. T4t ca thanh ghi diéu khién PLL va cu hinh bus déu dugc bd tri ¢
nhém RCC ( Reset and Clock Control).

Reset & Clock Control

Clock Registers
Bus Configuration

Backup Domain Cantrol
Control / Status

2.2.1 Vong Khoa Pha (Phase Lock Loop)
Sau khi hé théng reset STM32 nhan xung nhip to by tao dao dong
HIS. Tai thoi diém d6 cac b tao dao dong ngoai s€ bi tat. Budc dau tién dé
STM32 hoat dong ¢ mirc xung nhip cao nhéat 14 bat bd tao dao dong HSE va cho
cho dén khi di vao hoat dong 6n dinh.
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Pl Ready
Contol Enadie

CLOCK Security Enalle
Bypsss

Feady

HSE Ciook Enable

1§ 14 13 12 M 10 8 ] 7 53 5 4 J 2 1

HS1 Clock Calibeation

& Trimming

gh Rezadly
Chaak Conirol | Enatie

N J

Poan ma sau mo ta cach cdu hinh dé CPU ctua STM32 hoat dong & muc

xung nhip cao nhat

RCC-=CR |= 0x10000; //HSE on
[fwait until HSE stable
While((RCC->CR & 0x0020000))
e

B0 tao dao dong ngoai co thé duoc kich hoat thong qua cac thanh ghi
diéu khién RCC Control. S€ c6 1 bit trang thai dugc bat khi chung di vao hoat
dong 6n dinh. Mot khi bo tao dao dong ngoai hoat dong 6n dinh, n6 co thé
duoc chon 1a ddu vao cho bo PLL. Xung nhip ra dugc tao béi PLL dugc xac
dinh biang cach thiét 1ap cac boi s6 nguyén trong thanh ghi cdu hinh
RCC_PLL. Trong truong hop xung nhip dau vao ciia PLL 1a 8MHz khi d6
can cdu hinh boi sé nhan cho PLL 1a 9 dé tao xung nhip 72MHz & dau ra.
Khi b tao dao dong ngoai va PLL hoat dong on dinh, bit diéu khién trang thai
s€ bat 1én, khi d6 dao dong duoc tao boi PLL sé duogc cép cho nhan CPU
Cortex cua STM32.
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Poan mé cdu hinh STM32 sir dung dao dong tir PLL

{HSE clock, PLLx%
RCC-=CFGR = 0x001D0000; //Enable PLL
RCC-=CR |= 0x01000000;
While( ((RCC->CR & 0x02000000)):
{/Set the remaining control fields
RCC-=CE |= 0=00000001;

{/Set the remaining configuration fields
RCC-=CFGR |= 0x005D0402;

2.2.2 Cau hinh cho bus
Khi PLL da dugc chon la bd tao dao dong cho hé théng, Cortex CPU sé

thanh ghi cau ndi.

hoat dong & mirc 72MHz. Pé cho toan bo cac phan con lai ca hé théng hoat

dong & mirc tdi vu nguoi dung can phai ciu hinh AHB va APB thong qua céc

APB2 Reset

AFB1 Reset

AHB Clock ENABLE
APB2 Clock ENABLE

APB1 Clock ENABLE
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//Enable clocks to the AHB APB1 and APB2 busses
AHBENE = 0x00000014;

RCC-=APB2ENR = 0x00005E7D:

RCC-=APBIENR = 0x1AE64807;

//Release peripheral reset line on APB1 and APB2 buses
RCC-=APB2RSTR = 0x00000000;

RCC-=APBIRSTR = 0x00000000;

2.2.3 Flash Buffer

Khi xem xét kién trac hé thong ctia STM32 chung ta c6 thé thay nhan
Cortex
két ndi voi Flash thong qua duong dit liéu chuyén biét I-Bus. Bus dit liéu nay
hoat déng cing tan sé voi CPU, do vay néu CPU lay dao dong tir PLL thi bus
dit liéu s& hoat dong ¢ murc xung nhip cao nhat 72Mhz. Cortex CPU s& truy
cap vao Flash ctr mdi 1.3ns. Khi méi hoat dong, nhan STM32 st dung b tao
dao dong nodi, do d6 thoi gian truy cap Flash 1a khong dang ké. Tuy nhién khi
PLL dugc kich hoat va sir dung dé tao dao dong cho CPU, thoi gian truy cép
vao Flash rat cham khoang 35ns, diéu nay lam giam hiéu ning cta hé thong.
Pé Cortex CPU hoat dong & xung nhip cao nhat 72MHz véi thoi gian ¢ trang
thai cho 1a 0 bo nhd Flash duoc trang b1 bd 2 nhd dém 64-bit. Hai bd nhd dém
nay c6 thé thuc thi cac 1énh doc ghi dit liéu 64-bit trén Flash va chuyén cac
1énh 16 hay 32 bit cho nhan Cortex dé thuc thi. K§ thuat nay hoat dong t6t doi
voi cac 1énh thudce tap 1énh Thumb-2 va céc tap 1énh c6 kha nang du bao chi
dan(Branch Prediction) ctia Cortex pipeline. Hé thong bo dém Flash duoc
quan
Iy boi cac thanh ghi cdu hinh Flash. Cung véi viéc kich hoat bo dém tién xir
ly,chiing ta phai diéu chinh s6 trang thai chd khi Flash doc 8 bytes 1énh tir bo
nhé Flash. Do tré duoc thiét lap nhu sau:
0< SYSCLK <24MHz 0 waitstate
24< SYSCLK <48MHz 1 waitstate
48<SYSCLK <72MHz 2 waitstate

Thoi gian trang thai chd nay giita bd dém tién xtr Iy véi bd nhd Flash khong
tac
dong dén nhan Cortex CPU. Khi CPU dang thuc thi cac 1énh ¢ ntra dau cua bod
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dém thi cac 1énh & ntra sau ctia bd dém s& duge tién xir 1y va tai Ién nhan dé sur
Iy ngay tiép theo, diéu nay lam toi wu hoa hiéu niang xir Iy ctia Cortex CPU.
2.2.4 Direct Memory Access

STM32 c6 7 kénh DMA ddc 1ap dung dé chuyén dir liéu tir: bd nhd sang bo
nhd, ngoai vi t61 bd nhd, bd nhd t61 ngoai vi va ngoai vi téi ngoai vi. Trong
truong hop trao doi dir lidu gitta bd nhd va bo nhd, toe do dit lidu phu thudc tde
d6 cua kénh DMA quan 1y nd. Con véi giao tiép dir liéu voi ngoai vi, thi tdc
dé phu thudc vao bo diéu khién cua ngoai vi d6 va huong dir liéu di chuyén.
Cung v6i chuyén dir liéu theo ludng, bd DMA cia STM32 con hd trg bo dém
vong. Vi hau hét cac ngoai vi hién nay khong c6 bd nhd FIFO, mdi b DMA
s& luu dit lidu vao trong bd nhd SRAM. Bd DMA ciia STM32 duoc thiét ké
danh cho truyén céc loai dir liu tdc d6 cao va nho.

Request 1 Request 2

\ 1cycle 1 cycle 5 cycles 1 cycle
1 1 1
| 1 ] I J o
Request! sampke & Request2 sample &
[ arbitration phase ][ AddEas comprastin J[ EUNACCESS ][mmmg}{ arbitration phase J

M&i thao tic b nh DMA bao gom 4 giai doan.

Qua trinh truyén dir liéu gom 4 giai doan: 1dy miu va phéan xu, tinh
toan dija chi, truy cap dudng truyén, va cudi cing 1a hoan tit. Mdi giai doan
thuc hién trong 1 chu ky 1énh, riéng truy cap duong truyén mét 5 chu ky I¢énh.
O giai doan truy cap dudng truyén thuc chit 1a giai doan dir liéu duogc
truyén, moi tir (word) s& mat 3 chu ky 1énh. B6 DMA va CPU duoc thiét ké dé
cung lc c6 thé hoat dong ma khong tranh chap tai nguyén 1an nhau. Gitra 2
kénh DMA khac nhau, sé c6 su vu tién murc hoat dong, dua trén do bd phan
XU s& quyét dinh kénh DMA c6 mirc wu tién cao hon s& duoc lay tai nguyén
trude. Néu 2 kénh DMA c6 cung murc wu tién, lai dang ¢ trang thai chd dé
truy cap tai nguyén, thi kénh DMA c¢6 s thir tu nho hon s& duoc str dung

tai nguyén trudc.
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B§ DMA dwoc thiét ké cho truyén dir liéu téc d va kich thuéc nhé.

i

B6 DMA chi sir dung bus dir liéu khi ¢ giai doan truy cip dwong truyén.
Bo DMA c6 thé thuc hién viéc phan xtr tai nguyén va tinh toan dia chi
trong khi b DMA khéc dang ¢ giai doan truy cap duong truyén nhu mo ta &
hinh trén. Ngay khi bo DMA thir nhat két thuc viéc truy cap duong truyén, bo
DMA 2 c6 thé ngay lap tirc sit dung dudng truyén dir liéu. Piéu nay vira lam
tang toc do truyén dir liéu, téi da hoa viéc str dung tai nguyén.
Bus free forCPU
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O giai doan Bus Access CPU sé c6 3 chu ky ranh. Khi chuyén dix liéu tir
vung nhé sang viing nhé diéu nay sé dam bao nhan Cortex-M3 sir dung
60% dung lweng ciia duwdng truyén dir liéu cho dit b DMA vén hoat dong

lién tuc.

Trong trudng hop trao ddi dir liéu tir ving nhé sang ving nhé mdi kénh

DMA chi st dung duong truyén dir liéu & giai doan Bus Access va 5 chu ky
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CPU dé chuyén 2 bytes dit liéu. Trong d6 1 chu ky dé doc va 1 chu ky dé ghi, 3
chu ky con lai dugc b tri xen k& nham giai phong dudng dir liéu cho nhan
Cortex.

Piéu d6 c6 nghia 1a bd DMA chi st dung toi da 40% bing thong cia
duong dir liéu. Tuy nhién giai doan Bus Access hoi phtic tap & truong hop dir
lidu truyén gitra thiét bi ngoai vi hodc giita ngoai vi va bd nhé do lién quan
dén AHB va APB. Trao ddi trén bus AHB st dung 2 chu ky xung nhip cta
AHB, trén bus APB sé str dung 2 chu ky xung nhip cua APB c¢ong thém 2 chu
ky xung nhip cia AHB. Mbi lan trao d6i dir liéu, b DMA sé& sir dung bus
AHB, bus APB va 1 chu ky xung nhip AHB. Vi du dé chuyén dit liéu tir bus SPI
t61 SRAM chiing ta s& sir dung:

SPI dén SRAM s dung DMA = SPI transfer(APB) + SRAM
transfer(AHB) + free cycle(AHB)

= (2 APB cycles + 2 AHB cycles) + (2 AHB cycles) + (1 AHB cycle) =
(2 APB cycles) + (5 AHB cycles)

* Luu y: Qua trinh trén chi ap dung cho cac nhan Cortex str dung duong

I-bus dé nap 1énh cho nhan x 1y.

Interrupt Control
DMA Channel

STM32 ¢6 7 b DMA dgc lap v6i nhau
Viéc str dung DMA rat don gian. Pau tién 1a kich hoat dong h6 xung nhip

| RCC-=AHBENR |= 0x00000001; //enable DALA clock |

Mot khi dugc cap ngudn khdi DMA sé& dugc diéu khién boi 4 thanh ghi

dién khién. 2 thanh ghi di€u khién dia chi dich va nguén ctia ngoai vi va vung
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nhé. Kich thude dir liéu truyén va cau hinh tong quan DMA dugc luu trong 2

Y DMA Channel

Contiguration

thanh ghi con lai.

Number of Data

Peripheral Address
Memory Address

Mobi bd DMA c6 4 thanh ghi diéu khién, 3 nguén tin hiéu interrupt:
hoan tat, hoan tit mot nira, 15i.

Mai kénh DMA ¢6 thé duoc g:fm véi mot mire wu tién: rit cao, cao, trung
binh
va thap. Kich c& cua dit liéu dugc truyén cé thé diéu chinh dé phu hop cho
ngoai vi va ving nhé. Ngoai viéc sit dung DMA véi ché d6 vong lap cho,
chung ta c¢6 thé dung ngit dé theo ddi qua trinh chuyén di liéu. C6 ba loai ngit
hd tro cho DMA: hoan thanh chuyén dit liéu, hoan thanh mot nira, va 13i. Sau
khi cAu hinh hoan tat, chung ta kich hoat Channel Enable Bit dé thuc hién qua
trinh chuyén dit liéu. Vi du sau mé ta qua trinh chuyén dir liéu giira 2 ving nhé

trén SRAM:

SRAM DMA SRAM

DMA_Channell->CCR = 0x00007ACO0; //cau hinh mem to mem

DMA Channell->CPAR = (unsigned int)src_array;/dia chi nguén

DMA Channell-=CMAR=(unsigned mt)dst_array;//dia chi dich

DMA_Channell->CNDTR=0x000A://sd hrong dit liéu

TIM2-=CE1=1; /khat tao thén gian

DMA_Channell->CCR |= 0x00000001;//kich hoat qua trinh chuyén dit Liéu

While( '(DMA-=ISR & 0x00000001); //ch& cho dén khi hoan thanh

TIM2-=CR1 = 0: //nging dém

TIM2-=CNT = 0: // thiét lap gia tr1 dém bang 0

TIM2->CR1 = 1: //bat d3u dém lai

for{mdex = 0;index < 0x000A index++)
dst_array[index]=src_array[index]:

TIM2-CR1=10;

O doan mi trén, ta st dung TIM2 dé do thoi gian (tinh theo chu ky) chuyén dix
liéu tir 2 ving nhé kich thuée 10 word. Véi DMA qué trinh chuyén tiéu ton
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220 chu ky, véi cach sir dung CPU tiéu ton 536 chu ky.

USARTE_TX
ADCT USARTZ_TX URARTY. IO TRiE G2 TMICCU  TWIUP  USSRTIRX  USART2 RX USART2_TX
2 up TOCC3  TmMsced  |mamcce  TAICC ARG spp x| |1z oot me_cc2 | Thzces
Mz ez TiMg_CC1 aPI1 TX B TMI_CC1 | TiM1_CC3
. | THAT_CG1 TN ) 12C2_RX aces > TP 12C1_R
l \ 1_CC SOI1RX l l SPR_AX 12c2.7% l l R l lnr.u_msﬁ 1 l
SWTRIGGER SV TRIGGER SWTRGGER W TRIGGER SWTRIGGER S TRGGER SWTRIGEER
N %_7 = = -
Channelt Channel2 Chanael3 Channeld Channels Channel§ Channel?

-

v 4
DMA REQUEST

Hinh 3.4 Mdi kénh DMA duoc gan véi ngoai vi nhét dinh. Khi duoc kich hoat,
cé4c thiét bi ngoai vi s& diéu khién bd DMA tuong Gng.

Kiéu truyén dit liéu tir bd nhd sang bd nhé thudong hay duoc dung dé
khéi tao ving nhd, hay chép cac vung dit liéu 16n. Phan 16n tic vu DMA hay
dugc st dung dé chuyén dit  lidu giita ngoai vi va ving nhé. Pé str dung
DMA, du tién ta khoi tao thiét bi ngoai vi va kich hoat ché 36 DMA trén thiét

bi ngoai vi do, sau d6 khai tao kénh DMA tuong Gng.
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Chuong 3
NGOAI VI
Chuong nay s& giéi thiéu cac thiét bi ngoai vi trén cac phién ban ARM
Cortex STM32. Gém 2 loai: ngoai vi da dung va ngoai vi giao tiép. Tat ca
ngoai vi trén STM32 dugc thiét ké va dua trén b6 DMA. Mbi ngoai vi déu co
phan diéu khién mé rong nham tiét kiém thoi gian xur Iy ciia CPU.
3.1 Ngoai vi da dung
Ngoai vi da dung trén STM32 bao gém: cac cong I/O da dung, bd diéu
khién ngat ngoai, bd chuyén doi ADC, bd diéu khién thoi gian da dung va mo
rong, déng ho thoi gian thyc, va chan “tamper”.
3.1.1 Céc cong I/0 da dung
STM32 ¢6 5 cong I/O da dung véi 80 chan diéu khién.

! PIN Configuration

GPIO

Alternate Function
External Function

MGi chén diéu khién cé thé cdu hinh nhir la GPIO hodc ¢é chirc ndng
thay thé khéc. Hodc méi chdn c6 thé cing lic 1a nguén ngdt ngoai.
Cac cong I/O duogc danh s tir A->E va mutrc ap tiéu thu ¢ 5V. Nhiéu
chan ngoai c¢6 thé dugc cau hinh nhu 1a Input/Output twong tac véi cac thiét bi
ngoai vi riéng ciia nguoi dung nhu USART hay 12C. Thém nita ¢ thé cau

hinh c4c chan nay nhu 14 ngudn ngat ngoai két hop voi cong GPIO khac.
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Configuration Low
Configuration High

Input Data

Output Data

Bit Set/Reset

EFeset
Configuration Lock

Mbi cong GPIO déu c6 2 thanh ghi 32-bit diéu khién. Nhu vay ta c6 64-
bit dé cau hinh 16 chan ctia mot cong GPIO. Nhu vay mdi chan ctia cong GPIO
s& ¢6 4 bit dé diéu khién: 2 bit s& quy dinh hudng ra vao dir liéu: input hay

output, 2 bit con lai s€ quy dinh ddc tinh dir ligu.

Configuration CNF1 | CNFO | MOD1 | MODO
Analog Input 0 0
Input Floating(Reset state) 0 1 00
Input Pull-up 1 0
Input Pull-down 1 0
Output Push-Pull 0 0 00:Reserved
Output Open-drain 0 1 01:10Mhz
AF Push-Pull 1 0 10:2Mhz
AF Open-drain 1 1 11:50Mhz
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Hinh 3.1 Cau trc cong 1/0
Sau khi cong dugc cau hinh, ta c6 thé bao vé cac thong s6 cau hinh bang
cach kich hoat thanh ghi bao vé. Trong thanh ghi nay, mdi chan trong cong
déu c6 mot bit bao vé tuwong tng dé tranh cac thay ddi vo v & cac 4 bit cdu

hinh. Pé kich hoat ché do bao vé, ta ghi lan luot gia tri 1,0,1 vao bit 16:

uint3?_t tmp = 0x00010000; //bit 16

tmp = GPIO_Pin; /lchén cén dugc bao vé

/* Set LCKK bit */

GPIOx-~LCKR = tmp: //ghi gia tri 1 vao bit 16 va chan cin bao vé
{* Reset LCKK bit */

GPIOx-~LCEKR = GPIO_Pin: //ghi gia tr1 0 vao bit 16

/* Set LCKK bit */

GPIOx-~LCER = tmp: //ghi gia tr1 1 vao bat 16

Sau d6 doc lai bit 16 lién tuc 2 1an, néu gia tri tra vé 1an luot 13 0 va 1 thi

thiét 1ap khoa da hoan thanh

tmp = GPIOx-=LCEKER,
tmp = GPIOx-=LCEKER;

Pé dé dang doc va ghi dir liéu trén cong GPIO, STM32 cung cap 2 thanh
ghi Input va Output data. K§ thuat bit banding duogc hd tro nham thyc hién
cac thao tac bit trén thanh ghi dir liéu. Thanh ghi 32-bit Set/Reset, vdi 16 bit
cao anh xa tdi mdi chan cua céng diéu khién reset khi duoc thiét lap gia tri
1. Tuong tu vay 16 bit thap diéu khién Set khi duoc gan gia tri 1.
3.1.1.1 Chitc niing thay thé (Alternate Function)

Chirc nang thay thé cho phép ngudi dung sir dung cac cong GPIO véi
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cac ngoai vi khac. Pé thuan tién cho thiét ké phan cimg, mot thiét bi ngoai vi

c6 thé duoc anh xa téi mot hay nhiéu chan cua vi xtr ly STM32.

EVENT CONTROL

Remap&Debug 'O Config

Str dung cac tinh ning thay thé cia STM32 duoc diéu khién boi cac thanh
ghi “Remap & Debug [/O”. MJi thiét bi ngoai vi( USART, CAN, Timers, 12C
va SPI) ¢6 1 hodc 2 truong bit diéu khién anh xa tdi cac chan cua vi diéu
khién. Mot khi cac chan dugc cdu hinh st dung chtc ning thay thé, cac
thanh ghi diéu khién GPIO s& duoc st dung dé diéu khién cac chtic ning thay
thé thay vi tac vu 1/0. Céc thanh ghi Remap con diéu khién bo JTAG. Khi hé
théng khoi dong, cong JTAG duoc kich hoat tuy nhién chtrc ning theo doi
dir lidu(data trace) van chua khoi dong. JTAG khi d6 c6 thé chuyén sang
ché d6 debug, xuét dir liéu theo ddi ra ngoai, hodc don gian chi sir dung nhu
cong GPIO.
3.1.1.2 Event Out

Nhan Cortex c6 kha ning tao xung nhip dé “danh thic” cac khéi vi diéu
khién bén ngoai thoat khoi trang thai tiét kiém ning luong. Thong thuong, xung
nhip nay s& duoc ndi véi chan “Wake up” cia vi xtr Iy STM32 khéac. Lénh
SEV Thumb-2 khi dugc thyc thi s€ tao ra xung nhip “Wake up” nay. Thanh ghi
diéu khién sy kién cua STM32 céu hinh chan GPI nao s& xuét xung nhip
“Wake up”.

3.1.2. Ngat ngoai (EXTI)

Bo dicu khién ngat ngoai c6 19 ngat va két ndi vao bang vector ngat thong
qua bd NVIC. 16 ngit dugc két ndi thong qua cac chan cua cong GPIO va tao
ngat khi phét khi c6 xung 1én(rasing) hoic xudng (falling) hodc ca hai. 3 ngat
con lai dugc ndi véi “RTC alarm”, “USB wake up” va “Power voltage
detect”.

NVIC cung cép bang vector ngat riéng biét danh cho cac ngat tir 0-4,
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ngat RTC, ngit Power detect va ngat USB wake up. Cac ngat ngoai con lai chia
lam 2 nhém 5-10, va 11-15 dugc cung cap thém 2 bang ngit bd sung. Céc
ngit ngoai rat quan trong trong quan ly tiéu thu ning luong ctia STM32.
Chung c6 thé duoc sir dung dé “danh thirc” nhéan vi xir 1y tir ché do6 STOP khi
ca 2 ngudn tao xung nhip chinh ngung hoat dong. EXTI c6 thé tao ra cac ngit

dé thoat ra khoi sy kién Wait caa ché do Interrupt va thoat khéi sy kién Wait

External Interrupt

Configuration 1

ctia ché do Event.

Configuration 4

3210

V} trlsxm) '

PAC

PB0 EXITO
PCO

PDO
PEO

Hinh 3.2 Ngat ngoai
16 ngat ngoai c¢6 thé duoc anh xa t6i bat ky chan nao cia vi xu 1y thong
qua 4 thanh ghi cdu hinh diéu khién. Mdi ngit dugc diéu khién béi truong 4 bit.
3.1.3 ADC
STM32 c6 thé ¢6 2 bd chuyén ddi tin hiu tuong tu sang tin hiéu sé tiy vao

cac phién ban.
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PCLK2
&

ADC_INO

ADC_IN1

ADC_IN1S

sng ejep/ssalppy

End of injected

End of conversion conversion

Analog Watchdog

Analog watchdog
{12bits) —l

Flags

Ext_IT_15

JEXTSEL[2:0] bits
Interrupt enable bits
TIM1_cC1
TIM1_€e2
TIM1_cCC3
TIM2_cC2
TIM3_TRGO
TIM4_CC4

Start Trigger
(regular group)

ADC interrupt to
NVIC

EXTRIG bit

EXTSEL[2:0] bits

Hinh 3.3 Mach ADC trong STM32

Bo ADC c6 thé duoc cung cdp ngudn riéng tr 2.4V dén 3.6V.
Ngudn cung cip cho bd ADC cé thé duoc két ndi truc tiép hodc théng qua cac
chan chuyén biét. Bo ADC c6 d6 phan giai 12-bit va tan suat ldy mau la
12Mhz. Véi 18 bd ghép kénh, trong d6 16 kénh danh cho céac tin hi¢u ngoai, 2

kénh con lai danh cho cam bién nhiét va von ké ndi.

3.1.3.1 Thai gian chuyén ddi va nhom chuyén doi
Bo ADC cho phép ngudi ding c6 thé cau hinh thoi gian chuyén dbi riéng
biét cho ting kénh. C6 8 mirc thoi gian chuyén ddi riéng biét tir 1.5 dén 239.5

chu ky.

L

E

=

[ w

PCLK2 : ADCCLK =

—> St | Z

Lo

5

SMPx[2:0]

Hinh 3.4 C6 8 muc thai gian chuyén doi
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M&i bd ADC c6 2 ché do chuyén dbi: thong thudng(regular) va injected. O
ché d¢ regular cho phép mot hay mot nhom céac kénh két hop véi nhau thyc thi
tac vu chuyén doi. Mot nhom kénh t6i da co thé gdm 16 kénh. Thir ty chuyén
d6i trong nhom co6 thé duoc cau hinh béi phan mém, va trong mot chu ky
chuyén doi cta nhom, mot kénh co thé duge st dung nhiéu lan. Chuyén doi
regular co thé duoc kich hoat bang su kién phan cting ctia Timer hay ngat
ngoai EXTI 1. Mot khi duoc kich hoat, ché do Regular co thuc thi chuyén

doi lién tuc( continuos convertion) hoac khong lién tuc.

l 17 migger l ¢ rigger | 3% eizger
v

Channeld Channel L Channel2 Channelq Channel5 Channels Channel9 Channelil Channeli2

Ftrigger l = anigger

Channed13 Channel14 Channell5 Channel( Channedl Channel2

A Eudef Conversion

Mot nhém kénh hoat dong & ché dd Regular c6 thé lién tuc thue hién
qua trinh chuyén ddi, hodc chi chuyén déi khi nhan tin hiéu kich hoat.
Khi mot nhoém cac kénh hoan thanh viéc chuyén doi, két qua duoc luu vao
thanh ghi két qua va tin hiéu ngét duoc tao. Vi bo ADC c6 do phan giai 1a 12
bit va dugc luu trong thanh ghi 16 bit do d6 dit liéu co thé dugc “canh 18” trai

hodc phai.

o 0 0 ¢ |p11 D1O D9 DE DY D6 D5 D4 D3I D2 D1 DO

P11 DIOC D9 DB DF D6 D5 D4 D3 D2 D1 DO 0 0 0 0

Dir li¢u c6 thé dwge canh 1@ trai hoiic phai trong thanh ghi két qua
Bo ADC1 c6 riéng kénh DMA dé chuyén dir liéu tir thanh ghi két qua sang
vung nhd. Vi phuong phéap nay, dir lidu tir két qua chuyén ddi ctia mot nhoém
cac kénh ADC s& duoc chuyén toan bd 1én viing nhé ngay trude khi ngat duoc

phat sinh.
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Channel0 conversion result

¥ channel1 conversionresult
7 Channel?2 conversionresult
7 Channel3 conversion resuit
' . Channel4 conversion result

channels conversion result
_ Channelb conversion resuit
~ Channel7 conversion result
Channel8 conversion result

ADC1 sir dung DMA chuyén dir liéu két qua ciia mét nhém

cac kénh vao vung nhé dwoc khéi tao trén SRAM
Loai ADC thir 2 13 Injected ADC. Injected ADC la day cac kénh ADC, t6i da
1a 4 kénh. Injected ADC c6 thé dugc kich hoat b'fmg ph'?m mém hodc tin hiéu
phan cing. Khi dugc kich hoat, Injected ADC v&1 mice uu tién cao hon s€ tam
ngung cac kénh Regular ADC dang hoat dong. Cac kénh Regular ADC chi tiép
tuc hoat dong sau khi Injected ADC thyc thi xong. V& céu hinh hoat dong cua
Injected twong ty nhu cia Regular, tuy nhién mdi kénh chuyén doi ciia Injected
c6 thanh ghi dit liéu ADC JDRx tuong ung.

SEX1 CEXLI 2EXL2EXLI DIT DIO Do D8 DM De D2 DY D3 DS DI

SEXT D11 D10 D9 D8 D7 D6 D5 D4 D3I D2 D1 DO

Twong tw nhu Regular ADC, dit liéu é thanh ghi ADC_JDRx c6 thé dugc
canh 1@ trai hodc phai, kém theo d6 1a dau néu dir liéu Am

3.1.3.2 Analogue WatchDog

Ngoai 2 ché d0 Regular va Injected, khéi ADC con duoc bd sung
thém Analogue WatchDog. Khéi nay hd tro phat hién dit liéu twong tu nam
ngoai ving hoat dong binh thuong ctiia mot kénh ADC cho trude. Khi duge cdu
hinh ngudng trén va ngudng dudi, néu tin hiéu twong tu dau vao nim ngoai
viing trén, thi ngit s& dugc phat sinh. Ngoai viéc giam sat tin hiéu dién ap
thong thuong, Analogue Watchdog c6 thé duoc dung dé phat hién dién ap
khac 0 V.
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ADC_IND

ADC_INg
Analog Watchdog D
el ke s Status Hegister T
80C_IN15 Hiagh Threshold
TEm@ JENS01
WEEFINT

Hinh 3.5 Analogue Watchdog cd thé diing giam sat mét hay nhiéu kénh ADC
V6i viing ngudng duoc cau hinh boi ngudi dung
3.1.3.3 C4u hinh ADC

Status and Control
Sample time

Injection Offset
Watchdog Thresholds
Sequence Registers
Results Registers

Cic thanh ghi ciia khéi ADC dwore tich ra thanh 6 nhém thanh ghi, trong
d6 cac thanh ghi Status va Control xac dinh ché do hoat dong ciia ADC.
C6 hai thanh ghi diéu khién ADC_CR1 va ADC_CR2 dé ciu hinh hoat dong

ctia kh6i ADC.

3 30 36 W IJT I M N T I NNW ST . M M 20 23 2T B B N 2 1N W 1Y B VW

Arrogue Selecion

San Comversion

I Reguir
Cuesl Moy Sefection

hysced

Roguiar Nodw <
Tiksgm 4

THansr I g Sebed

Stant

15 14 13 12 1\ W0 5 4 7 6 6 4 3 2 1 O

W v ol B o B S s J

15 % 11 12 1 0 ¢ 38

T U & 4 -3,
S Gs

g Enatie

Cubtwation
Cortnacos Comwses ]
ADC Evste

Asaogue Waxheog
Charnu Saos
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ADC1-=CR2 = 0x005E7003; //Switch on ADC1 and enable continuous conversion
ADC1-=S5QR1 = 0x0000: //set sequence length to one

ADCI1->SQR2 = 0x0000; //select conversion on channel zero

ADCI-=SQE3 = 0x0001;

ADC1-=CR2 = 0x005E7003; /rewnte on bit

NVIC-=Enable[0] = 0x00040000; //enable ADC mterrupt

NVIC-=Enable[1] = 0x00000000;

O ham xtr ly ngat ADC

Void ADC IRQHandler{void)
{

1

GPIOB-=0DER =ADC1-=DR == 5; //Copy ADC fresult to port B

Hoic ching ta c6 thé sir dung DMA thay vi ngit

DMA Channell-=CCR = 0x00003A28; //Circular mode. peripheral and memory increased disable
/Load destination address into peripheral register, GPIO port data register

DMA Channell-=CMAR = (unsigned int) 0x04001244C;

DMA Channell-=CNDTR = 0x0001; //number of words to transfer

DMA Channell-=CCR = 0x00000001;/Enable the DMA transfer

Chung ta kich hoat ché 40 DMA cuia khéi ADC

ADC1->CR2 |= 0x0100;

3.1.3.4. Dual mode
O mot sb phién ban, ST cung cp 2 khéi ADC nham dép tmg céc tac vu

phtrc tap hon
ADC_IN1E  ADC_INT ADC_IMND
i
oz
T 3
£ g
Up todinjected channels ™ Up ta 16 regular channels
r
ALIC] ATICD
Analog Analoz
Extermal event [Regulzrgroup) Extzmal event synchronization
Extamal avent |Injected araun) . Data reqister -
Digital Master " Digital Slave

EQC/JEDC

Hinh 3.6 Phién ban c6 2 khdi ADC
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Khi hoat dong & ché d6 Dual, khéi ADC2 déng vai trd phu dbi véi ADCI.
Khi két hop ADC1 va ADC2, chung ta sé c6 8 ché d6 hoat dong
3.1.4.1. Ca hai khéi ADC cling hoat dong & cung ché dé Regular hoic
Injected

Samnpling

e B oo
e
4 e

Trigoer fiz ipecand
l-‘ MO

Ené of Tngecnad Converston en ADC! asd ADC?

Samplng

L]
wo DECEVEIETETEORTSE - DT B ceie
wer | KN [ c oo |
& “na

End of Contetoon om ADC | tnd ADC2
Tugger for segula
shanne s

Khi hoat dong ¢ ché d6 nay, cung lac khdi ADC1 va ADC2 s& chuyén
d6i dir liéu tir 2 kénh khac nhau. Vi du trong cac tng dung can theo ddi cing
luc dién &p va cuong do dong.
3.1.4.2. Ca hai khéi cung hoat déng ¢ 2 ché dd Regular va Injected xen ké

I Sampling
aoc: [ T oo oo B oo

.
Injected sirmeitansous one H

aocr  [THEEN TN | DN KN KT
: N~
4 * Eadef Couenmion o6 ADC g ATXC?
ADC2 l

Trigger for ragalar

e ADCL ot Do nwl convert Lre sam e Chanites
- SR e twe ADCE

P < 1 e B
Trigge: for muereed channels * Endef Inected Convesion o3 ADCTund ADC!

Nhu hinh trén m6 ta, ca hai khéi ADC hoat dong & cung mot ché do tai
cung
thoi diém. Khi ché d6 Injected duoc kich hoat, ca khéi ADC1 va ADC2 tam
thoi roi trang thai Regular dé thuc thi chuyén di cac kénh trong ché d6

Injected.



3.1.4.3. Hoat dong xen ké nhanh va cham Regular

e

End of Conversion on ADC2
: ' - Conversion

e
.
+7ADCGLE cycies

Sampling

ADC1
Endof Convers:on oh ADCI

Trigger for vaquiar
channels

oo [EEE [ ]
. \--k* Ead of Conversion on ADCL _

, TEm O
11

i ls AD(_C._n cyeles

Sampling

Conversion
ADCI
End of Conversion on ADCI

1
Trigger for regnix «
channe] i

By, JEPRPECES

28 ADCCLE cvcles

O ché d6 xen k& nhanh, mot kénh c6 thé lién tuc chuyén d6i boi hai khéi
ADC,
thoi gian nho nhét dé kich hoat 1an chuyén ddi ké tiép 1a 7 chu ky xung nhip
cia ADC. O ché d6 xen k& cham khoang cach thoi gian tdi thiéu 1a 14 chu ky
xung nhip. Hai ché do két hop nay lam ting hiéu suat chuyén doi cua khoi
ADC.
3.1.4.4. Ché @ kich hoat thay thé

B . Sampling
18 Trigger 31 Trigger 3t Trigger Tt Trigges JEOC on ADCL |:I

P " P e T
USIN o W o W o P [ Jce—

ADC2 I:m CH12 CH13
/’ /’ /' \\A JTEQC an ADC2

25 Trigger 4 Trigger B Trigger 5 Trigger

Ban dau phéan cimg s& kich hoat kénh dau tién trong nhém chuyén do6i
Injected cua khdi ADC1, sau d6 s& kich hoat tiép nhom Injected cia ADC2. Cir
nhu vay lién tuc va xen ké.
3.1.4.5. Két hop dong by héa Regular va kich hoat thay thé

D Sampling
e ﬂ ----- e .
\A

End of Injected Conversion

Em/ o ADCL End of Convearsion on AD:1 and ADC2
the two ADCs for't regular simultanecus
Regular simultaneaus mods marruued by the ADC2 mode
Trgge rfar Sgular Azemate thgger mode - \

chamels o4 mjected Trigger End of Injacted Conversion on ADC2
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Nhu ta thiy & trén, viéc chuyén doi & ché d6 Regular duoc ca hai khdi
ADCI1 va ADC2 thuc thi déng thot, déng bo. Khi ¢6 kich hoat béi hardware,
nhom Injected cua khéi ADC1 duoc thuc thi, ché do Regular tam thoi ngung va
hoat dong tré lai khi tic vu thudc nhom Injected hoan tat.
3.1.4.6. Két hop dong bd hoa Injected va xen ké Regular
]
=i

Sampling

Ead of Conversion on sach ADC Conversion
PR the eud of CHO conversion
/

B oo I oo

Hai khéi ADC1 va ADC2 hoat dong & ché do Regular xen ké& nhau thi
duoc kich hoat chuyén sang hoat dong & ché d6 déng bo Injected. Luu ¥ 1a:
khi & ché do xen k& Regular, ca hai kénh ADC1 va ADC2 ¢6 thé chuyén doi
chung trén cting mot kénh, tuy nhién khi sang ché do dong bo Injected, thi kénh
duogc stir dung cua ADC1 va ADC2 phai khac nhau.

3.1.5. By dinh thoi da nhiém va nang cao

STM32 c6 bén khbi dinh thoi. Timerl 13 khoi nang cao danh cho diéu
khién
dong co. 3 khdi con lai dam nhiém chuc nang da nhiém. Tat ca ching déu co
chung kién tric, khdi nang cao s& c6 thém cac dic tinh phan cung riéng biét.
3.1.4.4. B¢ dinh thoi da nhiém

Tat ca cac khoi dinh thoi déu gom bd dém 16-bit v6i thanh ghi chia tan
s6 dao dong 16-bit(prescaler) va thanh ghi tu nap(auto-reload). B6 dém cua
khéi dinh thoi c¢6 thé dugc cau hinh dé dém 1én, dém xudng hay trung tinh(1én
xuéng xen k& nhau). Xung nhip cho déng ho ¢6 thé duoc lua chon dua trén 8
ngudn khac nhau: tir ddng hd chuyén biét duoc 1dy tir dong hd hé théng, tir xung
nhip chan ra léy tir khéi dinh thoi khéc, hodc tur nguén xung nhip ngoai. Khbi
dinh thoi stir dung cong chon dé 1ay xung nhip dau vao thich hop, ngudi ding

c6 thé str dung chan ETR dé diéu khién cong chon nay.
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ETR L Clock

R i Trigaer/Clock

K2 _Trigger Output
RI

LY Controller

INACLK Troom Controfey

[ 16-Bit l-;rescaler [

‘ L
12| Auto Relcad REG 1 ————)
Megp ——9)

+/-15-8it Counter |

CH1 | S — 1'1 L--f—l' cHl
CcH2]* R 1 > I» CH2
SN L[ Capture Compare e CHI
CH4T» o+ CHd

Hinh 3.7 4 khéi dinh thoi véi cac thanh ghi 16-bit Prescaler,
16-bit Counter va Auto-reload. Xung nhip hoat dong c6 thé
lay tir d6ng ho hé thong, tin hiéu ngoai va cac khéi dinh thoi khac
Mdi khéi dinh thoi duoc cung cap thém 4 kénh Capture/Compare. Mdi
khéi dinh thoi con duge hd tro ngit va DMA.
3.2.1. Khéi Capture/Compare
MB&i kénh Capture/Compare duoc diéu khién boi duy nhat mot thanh ghi.
Chtic ning cua thanh ghi nay co thé thay do6i tiiy thudc cau hinh. O ché do
Capture, thanh ghi ndy c6 nhom céac bit dam nhén thiét 1ap loc dit liéu dau vao
va ché do danh gia cac ngd PWM. O ché d6 Compare, STM32 cung cap ham

chuin so sanh va b tao xung PWM.
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Quipul Capture

Clear Enable
Roload Enable
Mede
Fas! Enable
Capture Compare Salection
{ b 4 0
® St >
Input Capture
Fliter 4

Prescaler /

M&bi mot kénh Capture/Compare déu c6 mdt thanh ghi don cau hinh ché
do hoat dong. Bit Capture Compare Selection diing dé chon ché do.

3.2.2 Khoi Capture

Mot khdi Capture co ban gom c6 bon kénh vao dé ciu hinh bo phat
hién xung(Edge Detector). Khi mgt xung lén(rising edge) hay xung canh
xubng( falling edge) dugc phat hién, bo dém hién thoi cia s& duoc cip nhat
vao cac thanh ghi 16-bit Capture/Compare. Khi su kién capture xay ra bo dém
¢ thé duogce khoi dong lai hodc tam ngung. Mot ngét DMA c6 thé duoc sir

dung & truong hop nay.
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— 16 bit Capture/Compare 1 Register

Input Filter &
T | ‘ Edge detector Q< Prescaler
TRC | —
™ Input Filter & >
I
[] Edge detector 31 Prescaler |—» 16 bit CapturelCompare 2 Register
TRC >
T Input Filter & ic
[:’ ' Edge detector > Prescaler [— 16 bit CaptureiCompare 3 Register
TRC | —
Tié Input Filter & — o
E] Edge’detedion Prescaler |[—» 16 bit Capture/Compare 4 Register
TRC >

Hinh 3.8 4 kénh vao cua khdi Capture c6 cac bo loc dit liéu va phét hién
xung canh riéng. Khi su kién capture dugc né cé thé dugc dung dé
kich hoat mot sy kién DMA khéc.

3.2.3 Ché @ PWM Input
Khéi Capture c6 thé duoc cau hinh dung 2 ngd Capture dau vao dé do tin

hi¢u PWM & ngoai.
g
O IC1
W O
WM P
IC2 |
i L
TimerClock | M M M MU U UL LU L
PWM | I i
_ —
Counter ,—'
r—[_h | )
llI
h
IC1 - DUTY CYCLE :1 :”'Jr' : |
;
IC2 - PERIOD { 0

Hinh 3.9 Ché d¢6 PWM Input
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O ché do do tin hiéu PWM, 2 kénh Capture dugc dung dé do chu ky
Period va Duty ctia song PWM.

M3-=CR1 = 0x00000000;//default
TIM3->PSC = 0x000000FF://set max prescale
TIM3-=ARR = 0x00000FFF://set max reload count

TIM3->CCMR1 = 0x00000001:/Input IC1 mapped to TI1

TIM3->CCER  |= 0x00000000:/IC1 triggers on rising edge

TIM3->CCMR1 |= 0x00000200://Input IC2 mapped to TI1

TIM3->CCMRI1 |=0x00000020://IC2 triggers on falling edge

TIM3->SMCR = 0x00000054; //Select TI1IFP1 as input, rising edge trigger
/{reset counter

TIM3-=CCER = 0x00000011://enable capture channel

TIM3->CR1 = 0x00000001://enable timer

O ché @6 PWM sir dung 2 kénh Capture. O thoi diém bét dau chu ky
PWM, bd dém duoc thiét 1ap gia tri 0 va bat ddu dém 1én khi phat hién ra cac
tin hiéu canh lén(rising edge). Khi tin hiéu canh xudng duoc phat hién(falling
edge) gié tri bd dém gia tri cuia chu ky Duty duoc ting thém.

3.2.4 Ché @6 PWM

MJdi khdi Timer déu c6 kha nang tao cac xung nhip PWM. O ché do tao
xung PWM, gi4 tri Period dugc luu trong thanh ghi Auto Reload. Trong khi
d6 gia tri Duty duoc luu ¢ thanh ghi Capture/Compare. C6 hai kiéu tao xung
PWM, mét 13 canh 18(edge-aligned) va canh 1& giira(centre-aligned). Vi edge-
aligned canh xudng cia tin hiéu tring v&i thoi diém thanh ghi reload cap nhat
lai gia tri. V&1 centre-aligned thoi diém thanh ghi reload cap nhat lai la

khoang gitra ciia chu ky Duty.

Edge-Aligned PWM Centre-Aligned PWM
. | 1 1 ' r 4 A ™ 1 ™ T B ™
Timer Clock | I_ L _l Ju L gduuvuyuuuy TmerCiock | | [ | L] | l | RENERERE
| o l 3¢ - 'l,..‘w‘;‘-
AutoReload f | st 1 AutoReload | ] £t
r Captura t jaanar 1
[ [ | Il Compare 0 &
5 ] !
Capture Compare OCx

OCx — ! L - . [ 1

MOi khoi Timer déu c6 kha niing tao ra cac xung PWM véi d6 1éch chu ky
¢6 thé dwoge cAuhinh edge-aligned hoic centre-aligned tinh theo thoi diém

cap nhat gia tri cia thanh ghi Reload.
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TIM2->CR1 = 0x00000000://default
TIM2->PSC = 0x000000FF://set max prescaler
TIM2-=ARR = O0x00000FFF://set max reload count
TIM2->CCMEL1 = 0x00000068://set PWM mode
TIM2->CCR1 = 0x000000FF://Set PWM start value
TIM2->CCER = 0x00000101://Enable CH1 output
TIM2-=DIER = 0x00000000://enable update interrupt
TIM2->EGR = 0x00000001://enable update
TIM2->CR1 = 0x00000001://enable timer

3.2.5 Che d¢ One Pulse

O céac ché d6 da trinh bay trén, ta théy xung nhip PWM duoc tao co
dang diy cac tin hiéu lién tiép nhau. Khdi Timer con cung cip mot ché do
hoat dong riéng cho phép tao duy nhit mot xung PWM véi tan s6, bé rong

xung cung voi thoi gian tré ¢ kha ning dugc cau hinh mot cach linh dong.

e
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3.3 Pong bd hoa cac b dinh thoi
Mac du cac bd dinh thoi hoat dong hoan toan doc 1ap véi nhau, tuy

nhién chung c6 thé duoc déng bd hoa ting dd61 mdt hay toan bo.
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TIM3 TIM4
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TRG4A—»|—> Trigger raol TRG3 TRGI—r> Trigger 1rao| TRGA
Controller L Controller =
THFP1_, > THFP1
TI2FP2— > TI2FP2

Hinh 3.10 M3i khéi Timer c6 dau vao 1a cac xung su kién

tr cac khdi Timers khac.

Moi khoéi Timer 3 duong vao ho trg cac xung su kién tir 3 khoi Timers

con lai. Ngoai ra chan Capture tir Timer1 va Timer2(TIFP1 va TIFP2) cling

duoc dua khoi di€u khién sy kién ciia moi Timer.

MASTER
Timer 1
CLOCK §
|~:-.'|;::uu Trigger TRGE
Update | Controlller
- e
[ coumhy ]
TiMy
$ Trigger Lo
Controfer

SLAVE/MASTER

© Timer2
TR )\
b = h‘f?ﬂ\" 1 IRG 2
v l R e IR T
-
w4 | SEAVE
'1, / pounse | , Tipdse
2 1TH! Timer 3
—d
11wy |
| N "
puoseales |-of counley
|| [ ]
"1
T2 TiNS
jj' Togger  lruco Trigger  |iacel
Controller i Controller

External Trigger

Hinh 3.11 C4u hinh cac khdi Timer két hop lai tao thanh mang cac Timer
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O md hinh tao thanh mot mang Timer, mot Timer dong vai tro
Master, cac Timer con lai dong vai tro 1a Slave.
3.4 RTC va cac thanh ghi Backup

STM32 bao gdm 2 khéi ngudn chinh: ngudn danh cho nhan CPU, céc
thiét bi ngoai vi va ngudn danh cho khéi du phong. Cung duoc thiét ké chung
v6i khdi du phong 13 10 thanh ghi 16-bit, dong ho thoi gian thuc RTC va
mdt khdi Watchdog doc 1ap. Céc thanh ghi du phong don gian chi 1a 10 ving
nhd dé luu cac gia tri dir lidéu quan trong khi hé thong di vao ché do Standby
va ngudn chinh ctia hé thdng bi ngat. O ché do tiét kiém niang luong, dong hd
RTC va Watchdog c6 thé dugc dung kich hoat hé thong hoat dong tro lai.
STM32 ¢6 mot dong ho thoi gian thyuc véi thanh ghi dém 32-bit va gia trj tang
1én mot sau mdi gidy néu xung nhip dau vao cia né 1a 32.768KHz. Khi cau
hinh xung nhip hoat dong hé théng, xung nhip ngudn cho déng hd RTC nay
c6 thé duoc lay tir 3 nguon: LSI, LSE, HSE véi gié tri chia 1a 128. Bo dém
RTC c6 thé tao duoc 3 su kién: tang gia tri dém, bo dém tran va ngét bao dong.
Ngit bao dong khi gia tri bd dém tring véi gia tri duoc cau hinh trong thanh

ghi Alarm.
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Alarm IT Overflow IT SecondIT

Hinh 3.12 Khéi RTC c6 thé lay ngudn xung nhip tir LSI, LSE va HSE.

RTC duoc dat trong khéi dy phong voi ngudn cung Vbat va tin hiéu
ngat Alarm duoc két ndi voi chan nhan xung EXTI17. Piéu d6 c6 nghia khi
hé théng vao trang thai hoat dong cua mic nang luong thép, RTC van hoat
dong. Va thong qua su kién Alarm, toan by h¢ théng 6 thé dugc kich hoat dé
hoat dong trd lai & ché do binh thuong.
3.5 Két néi véi cac giao tiép khac

STM32 hd trg 5 loai giao tiép ngoai vi khac nhau. STM32 ¢6 giao dién
SPI va I2C dé giao tiép voi cac mach tich hop khac. HS tro giao tiép CAN
cho cac module, USB cho giao tiép PC va giao tiép USART.
3.5.1 SPI

Hb trg giao tiép toc do cao véi cac mach tich hop khac, STM cung cap 2
khéi diéu khién SPI c6 kha ning chay & ché do song cong(Full duplex) véi
tbc do truyén dit liéu 1én t&i 18MHz. Khdi SPI tdc d6 cao nam trén APB2,
khéi SPI téc d6 thap nam trén APB1.Mdi khbi SPI c¢6 hé thong thanh ghi cAu
hinh doc 1ap, dit liéu truyén c6 thé dudi dang 8-bit hodc 16-bit, thir tw hd tro
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MSB hay LSB. Chung ta c6 thé ciu hinh mdi khdi SPI déng vai trd master

hay slave.
5)]
n
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Hinh 3.13 Khéi SPI
Dé hd tro truyén dir lidu toc d6 cao, mdi khdi SPI c6 2 kénh DMA danh

cho guri va nhéan dir liéu. Thém vao d6 1a khdi CRC danh cho ca truyén va nhén
dir liéu. Khoi CRC déu co thé hd tro kiém tra CRC8 va CRC16. Cac dic tinh
nay rat can thiét khi str dung SPI dé giao tiép voi MMC/SD card.
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Hinh 3.14 St dung SPI dé giao tiép véi MMC/SD card.
3.5.212C
Tuong tu nhu SPI, chuan 12C ciing dugc STM32 hd trg nham giao tiép

v6i cac mach tich hgp ngoai. Giao dién 12C c6 thé duoc cdu hinh hoat dong &
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ché d6 slave, master hay déng vai tro b phan xir duong trong hé thong multi-
master. Giao dién 12C hd tro tbc do truyén chuian 100kHz hay toc do cao
400kHz. Ngoai ra con hd trg 7 hodc 10 bit dia chi. Pugc thiét ké nhim don gian
hda qua trinh trao d6i véi 2 kénh DMA cho truyén va nhan dit liéu. Hai ngat

mot cho nhan Cortex, mdt cho dinh dia chi va truyén nhan

”

7
Bus Event «=——={ Interrup!t
Requests

SDA je—

7
Error 1 |nterrupt
Requesls

SMB
Alert

PMBUS

>20

Hinh 3.15 Khéi 12C

Thém nita d€ ddm bao tinh chinh xac dit li€u truyén, khoi ki€m tra 16i dir

liéu( PAC - packet error checking) dugc tich hgp thém vao giao dién 12C cho
phép kiém tra ma CRC-8 bit. Thao tac nay dugc thuc hién hoan toan ty dong

9. A 7
b1 phan cung.
PEC Value calouiated and transmitted by master transimittes

4
Shu =2, o— R x

A AR A A ARG AR

3.5.3 USART

Mac du cac giao di¢n trao doi dir li¢u dang noi ti€ép dan dan khong con

dugc hd tro trén may tinh, ching van con duoc sur dung rat nhiéu trong linh vuc
nhang boi sy tién ich va tinh don gian. STM32 ¢6 dén 3 khdi USART, mbi
khdi ¢6 kha nang hoat dong dén toc do 4.5Mbps. Mot khdi USART nam trén
APBI1 v6i1 xung nhip hoat dong 72MHz, céc khéi con lai ndm trén APB2
hoat dong & xung nhip 36 MHz.
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Hinh 3.16 Giao dién USART c6 kha ning hd tro giao tiép
khong dong bo UARTS, modem ciing nhu giao tiép hong ngoai va Smartcard.

V6i mach tich hop cho phép chia nho téc @6 BAUD chuan thanh nhiéu
tdc do khac nhau thich hop véi nhiéu kiéu trao d6i dit liéu khac nhau. Mdi
khdi USART c6 hai kénh DMA danh cho truyén va nhan dit liéu. Khi hd
tro giao tiép dang UART, USART cung cp nhiéu ché do giao tiép. Co thé
trao d6i dit liéu theo kiéu ché d6 hafl-duplex trén duong truyén Tx. Khi hd tro
giao tiép modem va giao tiép c6 st dung diéu khién ludng (hardware flow

control) USART cung cip thém céc tin hiéu diéu khién CTS va RTS.

.

Hinh 3.17 Hb tro giao tiép ¢ ché do hafl-duplex dua trén mot duong truyén

Ngoai ra USART con c6 thé dung dé tao cic giao tiép noi (local
interconnect bus). Pay 1a mé hinh cho phép nhiéu vi xir 1y trao dé6i dir
liéu 1an nhau. USART con c¢o6 khéi encoder/decoder ding cho giao tiép hong
ngoai voi tbc d6 hd tro co thé dat dén 1115200bps, hoat dong & ché do hafl-
duplex NRZ khi xung nhip hoat dong khoang tir 1.4MHz cho dén 2.12Mhz.
Dé thyc hién giao tiép voi smartcard, USART con hd tro chuan ISO 7618-3.
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Hinh 3.18 Giao tiép smartcard va hong ngoai
Nguoi ding c6 thé ciu hinh khéi USART cho céc giao tiép dong bo toc
dd cao dua trén 3 dudng tin hi€u riéng biét nhu SPI. Khi hoat dong & ché @6
nay, khéi USART s& doéng vai tro 1a SPI master va co6 kha ning céu
hinh Clock Polarity/Phase nén hoan toan c6 thé giao tiép véi cac SPI slave
khéac.

Hinh 3.19 HG tro giao tiép dong bo SPI
3.5.4 CAN
Khéi diéu khién CAN cung cap mot diém giao tiép CAN day da hd tro
chuan CAB 2.0A va 2.0B Active va Passive véi toc do truyén dit liéu 1 Mbit/s.
Ngoai ra khéi CAN con ¢6 khbéi mo rong hd tro giao tiép truyén dir liéu

dang deterministic dua trén thé thoi gian Time-trigger CAN(TTCAN).
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mailboxes = [CANRXx

Hinh 3.20 Khoi diéu khién CAN
Tén day du cuia CAN la bxCAN, trong d6 bx la viét tit ciia Base

eXtended. Mot giao dién co ban CAN t6i thiéu phai hd trg bo dém don truyén
va nhan dir liéu, trong khi d6 cac giao di¢n mé rong cung céip nhiéu bo dém.
bxCan 14 su két hop gitra hai kién trac trén. bxCan c6 3 bd dém dit lidu cho
truyén va 2 bo dém nhan, cac bd dém nay thuong duoc goi la mailbox(hop thu).
Mbi mailbox dugce t6 chitc nhu mot FIFO hang doi

Mot diém quan trong nita cia CAN 14 loc goi tin nhan(receive message
filter). Vi giao thitc CAN truyén dir liéu dua trén dia chi dich nhéan, do d6 géi
tin s€ dugc phat trén toan by mang, chi co diém nao c6 dia chi giéng nhu
dia chi nhan trén goi tin s& dung goi tin d6. Loc goi tin gitp cac diém trén
mang CAN tranh xtr 1y cac géi tin khong phai ciia minh. STM32 cung cap 14
bo loc(14 filters bank) duoc danh s6 tir 0-13 cho phép loc toan b cac goi tin
khong can thiét. Mdi bd loc géom 2 thanh ghi 32-bit CAN_FXRO va
CAN_FxR1.

X
Mailboxes

ID ID ID

Timestamp Timestamp Timestamp
DL DLL DLL
DATA DATA Data

Hinh 3.21 Khéi CAN c¢6 3 mailbox cho truyén dix liéu véi danh nhin
thoi gian tu dong cho chuan TTCAN
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Mdi b6 loc ¢6 thé dugce cdu hinh hoat dong ¢ 4 ché do loc dugc dua
vao 2 nhém chinh 1a loc theo ID hodc theo nhom ID. Ché d¢ thir nhét 1a loc
dwa trén ID cua géi tin, néu cic goi tin ndo khong co ID gidng hodc khong
gié)ng nhu ID duoc ciu hinh trong bd loc, nd s€ bi bd qua. Ché d6 tht hai cho
phép nhan gdi tin trong cting mdt nhoém. Thanh ghi thi nhat chtra ID caa goi tin,
thanh ghi tht hai chira “mit na”,quy dinh cac thanh phan trén ving ID cia
thanh ghi thu nhét ma bo loc dua trén d6 dé so sanh loc hay khong loc goi tin.

32-biat filter — ld/Tast
Id [
Id |
| G-bat filter — Td/List
Id | | |
[d | | |
Id | | |
Id | | |

CAN hoat dong ¢ hai ché d6: binh thuong dé truyén nhan dit lidu va
ché d6 khai tao dé cau hinh thong sé6 mang. Thém vao d6 khdi CAN c6 thé st
dung ché 6 tiét kiém nang lugng Sleep Mode. Khi ¢ ché o Sleep Mode,
dong ho xung nhip cap cho CAN ngung hoat dong, tuy nhién thanh ghi
mailbox vin hoat dong. Piéu nay cho phép CAN dugc kich hoat dua trén
cac hoat dong mang. Co hai ché d6 phu khi CAN hoat dong & ché d6 truyén
nhén dir liéu thong thudng. Ché d6 Silent, khdi CAN chi nhan dit liéu khong
thé truyén dir liéu, nguoi ta hay st dung ché do nay dé theo ddi mang va cac
go6i tin truyén trong mang. Ché d6 Loopback cho phép toan bo cac goi tin
chuyén duoc dua vao ngay chinh bo dém nhan cua khéi CAN d6. Ché do nay
dung dé ty kiém tra hoat dong cta phan ctmg CAN va phan mém diéu khién.
3.5.5USB

Hb trg giao tiép Device USB voi toe do Full Speed (12Mbps) c6 kha
nang két nbi véi mot giao dién host usb. Khdi giao dién nay bao gdm Layerl
va Layer2 ¢am nhan chirc ning truyén vat 1y(phisical layer) va truyén dir liéu
logic (data layer). Ngoai ra con hd tro ddy du ché d6 Suspend va Resume

nham tiét kiém nang lugng.
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Endpoint Analogue

Tranciever

Buffars

Vi 8 endpoint, co thé hoat dong dudi cac ché d6 : Control, Interrupt,
Bulk hoac Isochronous. Vung dém dir liéu 512 byte SRAM cua cac endpoint
duoc chia sé véi giao dién CAN. Khi dugc cAu hinh, ung dung s€ chia viing d¢m
nay thanh cac phan tuong (mg vdi cac endpoint. Cac ving dém ndy dam bao

dir liéu dugc truyén nhan lién tuc trén moi endpoint.
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Chuong 4

LAP TRINH PIEU KHIEN PONG CO BUOC

SU DUNG ARM-STM32F103

4.1 Gidi thiéu Kit STM32 STM32F103
Dic tinh caa Kit:
1. MCU: STM32F103 ARM 32 bit CORTEX M3™ with 384K
2. Program Flash, 64K Bytes RAM, USB, CAN, x2 12C, x16 ADC, x2 DAC
3. x5 UART, x2 SPI, x12 TIMERS, up to 72Mhz operation

4. JTAG connector tiéu chuan véi ARM 2x10 pin danh cho viec lap trinh va

ghd rdi

5. USB connector

6. SD-MMC card, Audio, Microphone
7. user buttions x3

8. user leds x3

9. RS-232 connector

10. RESET button

11. status LED

12. 8 Mhz crystal oscillator

13. 32768 Hz crystal and RTC backup battery
14. extension headers for all uC ports
Pic tinh STM32F103RDT6:

- CPU clock up to 72Mhz

- FLASH 384KB

- RAM 64KB

- DMA x12 channels

-RTC

-WDT

- Timers x11+1

- SPI x2

- 12C x2
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- USART x5
- USB x1
- CAN x1 (multiplexed with USB so both can't be used in same time)

- GPIO up to 51 (multiplexed with peripherials)
- 16 kénh ADC 12-bit, DAC x2
- operating voltage 2.0-3.6V

- temperature -40C +85C

4.1.1 Mach CPU
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Hinh 4.1Mach CPU

Thach anh 8 MHz chan 8-9 tao xung dong hd cho cac hoat dong cua hé

théng.

PORT D

Thach anh 32.768 KHz chan 3-4 tao xung dung cho dong hé théi gian

thuc va watchdog.
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4.1.2 Mach giao tiép RS232 qua USART1
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Hinh 4.2 Giao tiép RS232
4.1.3 Mach cap nguon va USB
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Hinh 4.3 Mach cap nguén va USB
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4.1.4 Mach giao tiép véi LCD, nap va gé néi chwong trinh qua JTAG, cac
mach giao tiép CAN/ PS2
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Hinh 4.4 Giao tiép LCD, JTAG, PS2, CAN
4.1.5 Mach thé nhé SD/MMC qua giao tiép SPI
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Hinh 4.5 Giao tiép véi thé nhé SD/MMC
4.2 Piéu khién déng co buéc véi Kit STM32 STM32F103
4.2.1.Thiét ké mach Motor Driver:
- Sir dung Step Motor don cuc- 6 day ¢6 goc bude 1,8% ngudn cip 12V.
- Vi loai motor nay c6 thé dém dong bang IC- ULN 2003.
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- Mach Motor Driver ghép ndi v6i Kit qua cong PB (chan PB.12, PB.13,
PB.14, PB.15)
So @6 Motor Driver nhu hinh 4.6:
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Hinh 4.6. Mach Motor Driver

4.2.2. Chwong trinh diéu khién Step Motor:

Chuong trinh dugc viét trén Keil v4.2, st dung bd thu vién chuan CMSIS
cua dong ARM Cortex-M3
#include "main.h"
GPIO _InitTypeDef GPIO _InitStructure;
[Hk
* @brief Configures the different system clocks.
* @param None
* @retval None

*/
void RCC_Configuration(void)
{
RCC_APB2PeriphClockCmd(RCC_APB2Periph_GPIOB, ENABLE);
}
/**

* @brief Inserts a delay time with resolution is 10 milisecond..
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* @param nCount: specifies the delay time length.

* @retval None

*/

void delay_ms(__10 uint32_t num)

{
__ IO uint32_t index = 0;
/* xung dong ho he thong mac dinh la 72MHz */
for(index = (720000 * num); index !=0; index--)
{
¥

¥

[Hx

* @brief Main program.
* @param None
* @retval None
*/
int main(void)
{
/[* cau hinh dong ho he thong */
RCC_Configuration();
/* cau hinh cac chan xuat */
GPIO_InitStructure.GPIO_Pin = GPIO_Pin_15 | GPIO_Pin_14 |
GPIO_Pin_13|
GPIO_Pin_12;
GPIO_InitStructure.GPIO_Speed = GPIO_Speed_50MHz;
GPIO_InitStructure.GP1IO_Mode = GPIO_Mode_Out_PP;
GPIO_Init(GPIOB, &GPIO_InitStructure);
while (1)
{
GPIO_Write(GPIOB,0xC000);
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delay _ms(3);
GPIO_Write(GPI10OB,0x6000);

delay_ms(3);
GPIO_Write(GPIOB,0x3000);
delay_ms(3);
GPIO_Write(GPIOB,0x9000);
delay _ms(3);
¥

¥

#ifdef USE_FULL ASSERT

[Hk

* @brief Reports the name of the source file and the source line number
* where the assert_param error has occurred.

* @param file: pointer to the source file name

* @param line: assert_param error line source number

* @retval None

*/
void assert_failed(uint8_t* file, uint32_t line)
{
/* User can add his own implementation to report the file name and line
number,
ex: printf("Wrong parameters value: file %s on line %d\r\n", file, line) */
/* vong lap vo han */
while (1)
{
¥
by
#endif
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Két Luan

Nghién ctru nay ban dau di cho thay duoc két qua kha quan, tao tién dé
cho phat trién c4c ing dung véi ARM Cortex M3. Dé phat trién dé tai nay, toi
xin dua ra mot sé vu nhuge diém nhu sau:

< Uu, nhwoc diém:
e Uu diém:

Gia thanh chip ré so vai cac dong chip khac véi cling so tai nguyén nhu
ARM.

Toc do xu 1y cao, 6n dinh.

Tiét kiém nang luong

S6 luwong tai nguyén 16n, pht hop véi nhiéu tng dung khac nhau

e Nhuoc diém

Nhiéu thanh ghi, cAu 1énh kha dai, gy kho nhé cho nguoi dung, dé
nham 1an.

Thi trudong ARM ¢ Viét Nam chua rong, giy kho trong viéc tim kiém
tai ligu va kho khan trong viéc dat mua chip, do vay viéc nghién ctru chua
duoc sau.

% Huwdng phat trién:
Pit mua KIT tao diéu kién nghién ctru thyuc té trén module.
Tao c4c module thyc té dé tao diéu kién thuan loi cho sinh vién nghién

ctru thue hanh véi cac tng dung thuc té, d& hinh dung.
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