STM32 - Code thanh ghi véi thu vién CMSIS

Kién triic ciia dong vak STM32F103:

Figure 1. System architecture (low-, medium-, XL-density devices)
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Céc thanh phan:

+L01 Arm Cortex M3

+Cac ngoai vi

+B6 DMA

+Cac duong bus.

+B0§ nhd Flash

+B9 nhd RAM

Céc duong bus gdm co:

+AHB bus (Advance High-performance Bus) 13 bus tc d6 cao dé két néi hé thdng véi nhau, fmax =
72 MHz

+ APB bus (Advance Peripheral Bus) 13 bus két ndi ngoai vi, APB1 c6 tan s6 max 1a 36 Mhz, APB2 c6
tan s6 max 1a 72 Mhz

+ AHB va APB duoc ndi voi nhau bang cac cau lién két co chuc nang dong bo két ndi giira 2 bus APB
va AHB.

+ Pudng Icode dé két ndi tir 161 Cortex ra Flash Instruction Interface, Flash chinh 1a thanh phan b nhé
luu chuong trinh.



Cac dong STM32F1 sur dung 161 ARM Cortex M3 la kién trac Harvard, v6i duong bus dir liéu va bus
fetch instruction khic nhau, nhung hé thong dia chi cua code va data chung nhau.

Memory map va cac bootmap

STM32 ¢6 cac vung bd nh¢ sau:

+ Vung Code, dia chi ttr 0x00000000 dén 0x20000000, vung nay chiu trach nhi¢m luu code cua vdk
Vung nay dugc chia thanh cac vung:

+ System Memory

+ Internal Flash

+ System Memory

+ Option Byte

Va céc vung quan ly con lai:

+ Viing SRAM tir 0x20000000 dén 0x40000000
+ Vung External RAM

+ Vung External Device

+ Vung System

Boot Mode -
X 2] Boot from main flash memory
e 1 Boot from system memory
[~ @xFFFFFFFF 1 1 Boot from embedded SRAM
0.5GB | System OX1FFFFFFF
L OxE0000000
Ox1FFF77FF ROM region
168 — External Device reserved to
System memory
bootloaders
(bootloader)
L BXAPOBBDE0
ox1FFFO00
1GB — External RAM
~ BX60000000 Ox080X0800
0.5GB — Peripheral
ax40000000 Physical remap:
.g. Ox1FFFXooe
0568 Internal SRAM 0x08000000 e
to @x00000000
©x20000000 -
0.5 GB Code Alias to system
N memory B

Oxoooeeoee \

> 8 One Byte (8 bits)

Chuong trinh c6 thé dugc luu trong SRAM, FLASH hodc 14 system memory.
Instruction va Interrupt vector table

bé vdk chay va thyc hién cac churc nang thi cac Core register dugc sur dung dé thuc hién cac chuong
trinh, viéc hi€u rd cac thanh ghi nay khong can thiét nhung c6 thé co ich khi debug.

Céc cau 1énh cua vi diéu khién duoc goi 1a instruction, cac 1énh nay dugc lay (fetch) tir bd nhé vao dé
CPU thyc hién va dua ra két qua qua cac dudng bus, kién triic Harvard cia ARM Cortex gom c6 cac
duong instruction va data riéng. C6 2 ché d6 hoat dong cia chip ARM Cortex 1a Thumb state va ARM
state, trong d6 Thumb state sir dung instruction 16 bit, nhe va don gian hon trong khi ARM state st



dung instruction 32 bit. Vi dong vdk nho ta thudong thay Thumb state (vi du nhu dong ARM Cortex
M3).

Gjéng dong vdk 8051 dé thyc thi chuong trinh ARM Cortex M3 ciing sur dung cac thanh ghi h¢ thong
dé thuc hién céc instruction, viéc code Assembly cho ARM la khong can thiét.

Cortex-M3 Devices Generic User Guide

2.1.3. Core registers
The processor core registers are:

- RO )
R1
R2
R3
R4
R3
RB General-purpose registers
R7
R8
RS9
High registers R10
R11
R12

— _—

Stack Pointer SP (R13) | PSPt || MSPs |1Esankedversionnlsp

Link Register LR (R14)
Program Counter PC(R15)

Low registers

PSR Program status register
PRIMASK

FAULTMASK » Exception mask registers Special registers
BASEPRI _J J

CONTROL CONTROL register

Trén day la cac Core register cia ARM Cortex M3.

Céc thanh ghi Stack Pointer, Program Counter, General Register cling c6 chitc nang nhu 1a cac thanh
ghi cua 8051, ngoai ra con cé cac thanh ghi Main Stack Pointer xir 1y cac tac vu cua don nhi¢m cua
chuong trinh chinh, trong khi PSP (Processor Stack Pointer) la con trd cho stack cta céc thread, gitp
viéc xu ly cac
tac vu da nhiém (OS) don gian hon. Ngoai ra c4c thanh ghi dac biét co thé tim hiéu thém trong tai li¢u
cua ARM



Qua trinh boot caa STM32

Khi chan NRST dugc bét, qiia trinh thyc hién chuong trinh (boot) bt dau, bit BOOT0 va BOOT! (ma
trong kit bluepill da ndi ra 2 header) dugc kiém tra, vi¢c cau hinh 2 bit nay s€ quyét dinh qua trinh
boot nhu hinh trén.

Sau khi da doc 2 bit BOOTO va BOOT], ngé‘g Reset s€ xay ra, CPU s¢ fetch gia tri tai vi tri
0x00000000 vao thanh ghi MSP, gia tri tai diem 0x00000004 s€ dugc fetch vao thanh ghi PC

CPU sau do s€ thuc hién phﬁn Reset Handler, Reset Han(}ler sé xu ly viéc cAu hinh bd nh¢ dé thuc
hién chuong trinh, sau d6 Reset Handler goi ham main dé thyc hién chuong trinh.

Exceplion number IRQ number  Offzet Vector
16+n n IRCn
0x2040+4n
04CH
18 2 IRGZ
o048
17 1 IRGH
g4t
16 i . IRGHD
15 -1 . . Systick
14 2 ) [: PendsV
13 T Reserved
12 Reserved for Debug
11 -5 SVCall
Ox0D2CH
10
9
Reserved
8
T
6 -10 — Usage fault
5 -1 ::_':E:; Bus fault
4 -12 |: _ | Memory management fault
3 13 ::_':[;; Hard fault
2 14 o NMI
Ox0008
1 Reset
Ox0004
Initial SP value
Ox 0000

Gia trj ctia data & 0x00000000 con quy dinh CPU dang hoat dong & ché dé Thumb state hay ARM
state, néu 1a & Thumb state bit LSB s& duoc set thanh 1, thé hién 1a Thumb state
Vi du: Gia tri & 0x00000000 1a 0x08000269 — Reset handler s€ ¢ vi tri 0x08000268, bit LSB =1 quy
dinh Thumb state. Tuy nhién khi CPU doc 2 bit BOOT va boot thi gié tri 0x08000269 dugc ghi vao
thanh ghi PC.

Gia tri & 0x00000004 13 0x02001BB0 — gia tri nay quy dinh vi tri dau tién ctia Stack, sau qua
trinh boot s€ dugc luu vao thanh ghi Stack Pointer.



Qua trinh khoi tao SP va PC 1a nhu trén, tuy nhién trudce khi thye hién qua trinh nay, tuy thudc vao
tung mode boot ma SP va PC lai dugc load tir cac phan bo nhé khéac nhau:

Vi du véi boot tir Flash:

Boot Mode :
X 2] Boot from main flash memory
%] 1 Boot from system memory
OxFFFFFFFF 1 1 Boot from embedded SRAM
0.5GB System OX1FFFFFFF
= OxE0000000
OX1FFF77FF ROM region
1GB — External Device reserved to
System memory
bootloaders
(bootloader)
- BXABPOOE0B
@x1FFFe00R
1GB — External RAM
— Bx60000000 Ox080X0000
0.5GB — Peripheral
LGXMBBBBGBG Internal Flash
0.5GB — Internal SRAM 2x08002000
- BX20000000
0.5 GB — Code Alias to flash
- 8x00000008 > oxe0 0
________________________________ e S D S G D S S S
» 7 One Byte (8 bits)

Vi du: Flash bat dau & 0x08000000, khi ché d6 boot Flash dién ra, CPU s& tham chiéu dia chi
0x00000000 dén 0x08000000 va thuc hién & day.

Luc nay gia tri 0x00000000 va 0x00000004 duoc tham chiéu dén s& c6 gia tri ciia 008000000
va 0x08000004, do d6 thuc chét 1a SP va PC dugc cau hinh dé chay chuong trinh trong viing bo nhd

FLASH

Boot mode tir System Memory (Bootloader):

0 phﬁn nay thi dia chi b nh¢ System Memory va Option Bytes dugc tham 7chié'u vao vung boot:
Phan nay 1a by nhé hé thong luu trong ROM, ngudi dung c6 thé 1ap trinh dé nap lai Firmware cho

FLASH,....
Boot Mode :
X e Boot from main flash memory
e ¢k Boot from system memory
[~ @xFFFFFFFF 1 1 Boot from embedded SRAM
0.5GB | Bx1FFFFFFF
= @xE@000000
Ox1FFF77FF ROM region
1GB — ernal De reserved to
O
bootloaders
DOO gade
— 0xAGB00000
0x1FFFO000
1GB — ernal RA
~ 9x60080000 0x080X0000
0.5GB — Periphe
~ 9x48000000 Physical remap:
0.5GE — Px08000000 e.g. map Ox1FFFXo068
Reserve to Ox00000000
0x20000000 _
o5 Gi { i Alias to system
0x00000060 | > memory ox

’ 8 One Byte (8B bits)



Tham khao thém: https:/www.youtube.com/watch?v=3brOz[.Jmeek

Special Function Register

Céc chirc ning trong STM32 duogc quan 1y bang hé théng cac thanh ghi chirc ning dic biét (SFR), cac
thanh ghi nay dugc quy dinh trong b nhé Flash cua vdk, va viéce truy cap vao chung c6 thé thuc hién
nhu sau:

Dé truy cap va sir dung cic thanh ghi ndy, ching ta can tham khao file header stm32f103xb.h trong thu
muc CMSIS:

¢ B system_s
v & Source

b & Templates

Cac thanh ghi nay duoc goi dua trén dia chi cua chung, va chung duoc define trong header nay dudi
dang cac kiéu IO uint32_t, trong @6 IO thé hién bién nay tham chiéu dén bo nhé cua vdk, va
uint32 t1a 32bit dir li€u cua thanh ghi, vdi cac thanh ghi lién h¢ véi nhau dugce khai bdo trong mot
struct, (mot kiéu dir liéu cua C, trong d6 c6 mot struct c6 chtra nhiéu bién co thé c6 kiéu va gia tri khac
nhau). Céc thanh ghi ¢6 lién h¢ vdi nhay dugc t6 chirc thanh mot struct, viée nay lam viéc tra ctru
thanh ghi thuan tién hon.

I0 ui
I0 ui
I0 ui
I0 ui
I0 ui
10 ui
10 u
10 u
I0 ui

APBZENR;
APB1ENR;

) t
)t
St
St oa
St oa
2 t
) t
-

} RCC TypeDef;

Pé truy cap mot thanh ghi, ta can include header ndy vao va thuc hién truy cap gia tri thanh ghi véi ct
phap sau:

Tén struct - > Tén thanh ghi
Ca thu vién HAL (Hardware Abstraction Layer) va LL (Low Layer) déu dugc xay dung dya trén vi¢c
sir dung header nay.


https://www.youtube.com/watch?v=3brOzLJmeek

Vi du: Bé doc thanh ghi RCC_CR trong struct RCC vio bién temp ta can thyc hién cau 1énh:

uint32 t temp

* Céc thao tac trén thanh ghi s€é dugc thuc hién nhu sau:

+ Gan gia tri cho thanh ghi:

Gia tri dugc gan cho thanh ghi phai 1a mot s6 uint32_t (sd nguyén 32 bit khong dau).

+ Thay dbi gia tri (Modify thanh ghi):

FLASH->ACR = (FLASH->ACR) | LL FLASH LATENCY 2;

O vi du nay ta cho thanh ghi thyc hién phép or bit v6i mot mit na (tlrc gid tri bit ta mudn dich chuyén
tai vi tri cua no, cac vi tri con lai 1a 0) nén khi thuc hién phép or s€ chi thay doi gia tri bit ta can thay
d6i, con lai khong thay doi.
Nhu & vi dy trén, LL_ FLASH LATENCY _2 thuc chat l& cac bit & vi tri tir 0 dén 2 ctia thanh ghi
FLASH ACR, gia tri ctia 3 bit nay do d6 chay tir 000 — 111, chinh vi vy ma ta c6 thé tao ra mit na
cho 3 bit nay nhu sau:

(0U),

4define FLASH ACR LATENCY 1 (0x2UL << FLASH ACR LATENCY Pos) /*!< 0x00000002 */

Vi tri bit dau cia cac bit latency dugc dinh nghia nho SRS VNNANG@LE , phép dich trai
DV NG VNNENOEDE Vi tri s€ day gid tri can thay doi tdi vi tri cua no, do d6 ta thu dugce mask can
tim dé thay doi gia tri thanh ghi.

Cau 1énh twong duong:
FLASH->ACR |= LL FLASH LATENCY 2j

*Phan 16n cac mask nay dd duoc dinh nghia trong header va thu vién LL nén viéc code thanh ghi s&
khong qua kho khan.

To chire Clock STM32F103:

Trong vi diéu khién thi clock cling nhu 1 trai tim dé vdk c6 thé chay duoc, ching ta s& tim hiéu
+ Clock cua Stm32f103 c6 cac clock nhu thé nao

+ Céch cdp xung clock cho Stm32F103

+ Cach setup clock cho STM32F103.

1. Cac clock cua
STM32:

So do clock

ATCSEL(1:0]

{0 Fiash prog. IF g FLITFGLK

XT110MCO SVEOIK

system clock
OSC_IN 3-25MHZ

Trong d6 clock dé thyc hién chirc osc.our O 55
nang cua 161 Arm Cortex M3 dugc
goi 1a SYSCLK, clock nay c6 thé
dugc cung cip tir cac ngudn nhu
sau:

HSE: nguén dao dong tan s6 cao
ngoai, tan s tir 4 - 25Mhz

HSI: ngudn dao dong tan sb thip
ndi tan s6 8Mhz

PLL: bo nhan tan, ¢6 chic nang

chinh stra tan sb dao dong sao cho | = T a5
phu hgp véi yéu cau cta hé thong. s T

(OTGFSCLK

a8 WIHE
1o USB OTG F§

PLL3CLK 1o MCO

MCO[3:0]

HCLK to AHB bus, core memory and DMA

to Cortex System timer

FCLK Cortex free running clock

Ethemel
PHY

[

it
ETH_MILTX CLK MACTXCLK
MIl_RMII_SEL
-fz 120) _RMIL_
? in AFIO_MAPR
ETH_MIL_RX_CLK MACRoGiK: 0 Ethemet MAG

T MACRMIICLK




*Nguon clock cap vao co thé 1a song sin, xung tam giac hodc séng vudng, tuy nhién phai thoa man
diéu kién la thoi gian muire cao bang off = 50%.

Ngoai ra con c6 cac nguon xung cho bg Real Time Clock nhu:

LSI: Mach dao dong LC tan s6 thép, co xung nhip mac dinh 401§Hz.
LSE: Ngudn dao dong RTC ngoai, c6 the la thach anh véi tan so méc dinh 1a 36.768 kHz. (2*15)

Céac ngudn clock co6 thé duoc thay doi tiy theo yéu cau va ché do hoat dong ctia chip
Trong do céc ché d hoat dong ctia clock STM32 nhu sau:

+ Str dung HSI (mach dao dong ndi)

+ Str dung HSE (Thach anh hodc ngudn xung twong duong)

+ Str dung HSI va HSE phdi hop v61 b chia tan va bo nhan tan, theo thir tu tir ngudn dao dong — bd
chia tan (Prediv) — bo nhan tan(PLL)

Céc ngudn dao dong trén s& duoc di qua mot bd MUX dé chon ra nguon dao dong hé théng (Sysclk)
Tir nguodn Sysclk nay s& duogc st dung cho cac tmg dung nhu sau:

+ Pua vao bd nhan tan PLL tir 1 — 3 (Chu y la khong lién quan dén bd nhan tan PLL ctia ngudn dao
dong vao), lién h¢ véi dau ra tan so cia chip (MCO = Microcontroller Clock Output)

+ Pua vao bd chia dé vao AHB - bus két ndi tdc do cao, duong bus AHB nay n. Tur day nguén clock
dugc chia ra cac duong nhu sau:

1. HCLK vao bus AHB két ndi v6i cac thanh phan trong chip va DMA

2. /8 dé dua vao timer hé thong (Systick). Systick 1a mot timer 24 bit, dém xudng va auto reload, ngat
dugc tao khi gia tri dém bang 0, duoc bulid san trong 161 ARM muc dich sir dung chinh 1a dé tao delay
v6i1 do chinh xé4c cao, Systick cling dugc st dung trong RTOS nhu 1a timer méc dinh

3. FCLK: ngudn clock cho viéc debug, bang viéc str dung clock nay, ngat debug hosc khi chip vao
trang thai sleep debugger van biét dugc.

4. Bus APB1: clock di vao bus nay s& qua mot bo chia, va clock 16n nhét cta bus nay 1a 36Mhz, clock
tir bus nay di vao céac ngoai vi va Timer tr 2 — 7 (Tuy vao dong vdk trong ho f1 ma sé& c6 cac timer
khéc nhau, tham khao thém trong cac reference manual)

5. Bus APB2: clock nay di vao bd chia nhu APB1, véi tdc d0 t6i da 72Mhz va vao Timer 1 (Advance
control timer)

* Ngoai ra AHB bus con la duong truyén cho Icode, FLITF d¢é giao tiép flash va ldy instruction tir
flash vao chip, day ciing 1a duong truyén DMA cua chip.



Figure 48. DMA block diagram in connectivity line devices
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bé st dung dugc STM32, ching ta phai thuc hién dugc viée set clock cho chip, voi “hé sinh thai
STM32” ma STMicroelectronic dang xay dung véi hat nhan 1a STM32CubelDE hd tro gen code rat
nhanh va tién thi hau nhu ta khong quan tdm dén clock nita, nhung tim hiéu qua né ciing khong phai la
v ich. Thuc chat cac chuyén gia cia STM khuyén rang viéc gen code chi nén thyc hién khi nguoi
dung da co hiéu biét vé chip.

Chuing ta s& tim hiéu vé cac thanh ghi Clock ctia STM32:
Nhu vi du ¢ trén ta 1a cac thanh ghi quéan 1y viéc Reset va Clock cua STM32.

Ta s& xét dén cac thanh ghi sau:
brief Reset and Clock Control
Thanh ghi diéu khién clock RCC_CR

Thanh ghi diéu cu hinh clock RCC_CFGR

Thanh ghi cau hinh ngit clock RCC_CIR

Thanh ghi cho phép ngoai vi APB1 RCC_APBIENR
Thanh ghi cho phép ngoai vi APB1 RCC_APB2ENR

typedef struct

{
I0 uint
I0 ui
10 ui
10 ui
10 ui
I0 ui
I0 ui
10 ui
10 ui
10 ui

APB2ENR;
APBIENR;
BDCR;

~+ r+ ~+ ~+ ~+ ~+ ~+ ~+ ~+

4
427
4
4
4
4
4
4
4
4
4
432
4
4
4
4
4
4

1. Thanh ghi RCC_CR: Thanh ghi diéu khién clock

bia chi va cac bit:



8.3.1 Clock control register (RCC_CR)
Address offset: 0x00
Reset value: 0x0000 XX83 where X is undefined.
Access: no wait state, word, half-word and byte access
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PLL3 PLL3 PLL2 PLLZ | PLLRD HSEBY
PLLON CSSON HSERDY | HSECN
Reserved RDY ON RDY ON Y Reserved P
r w r w r w w w r w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
HSICAL[7:0] HSITRIM[4:0] HSIRDY | HSION
Res.
r I r l r I r I r | r | r ‘ r w I w I w | w | ') r ')

Céc bit nay dai dién cho céc churc nang:

+ Bat tat cac bo PLL (Cac bo PLL dé dua xung ra (MCO) hoic 13 12S)
+ Kiém tra cac bo PLL d4 sin sang chua

+ Bat by HSE, HSI

+ Kiém tra bo HSE, HSI d3 hoat dong hay chua

+ Calibrate bd HSI

+ ... cac chirc nang con lai c6 thé xem & reference manual.

Vé co ban ta can biét cac chirc ning trén

Thanh ghi RCC_CFGR: Clock Configuration Register

8.3.2 Clock configuration register (RCC_CFGR)
gac Address offset: 0x04
1t
X Reset value: 0x0000 0000
can .
Access: 0 <wait state <2, word, half-word and byte access
1 or 2 wait states inserted only if the access occurs during a clock source switch.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
) OTGFS ! PLL | PLL
Reserved Meol=l Res. PRE PLLMUL[z:0] XTPRE | SRC
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
ADC PRE[1:0] PPRE2[2:0] PPRE1[2:0] HPRE[3:0] SWS[1:0] SW[1:0]
quan tam:

+ PLLMUL[3:0] : Sb 1an nhan cta bo ldp tin PLL, bd PLL nay 1a bo PLL dua vao Sysclk. Cac gia tri
nguyén thay ddi tir 2 — 16

+ PLLSRC : Ngudn source clock dua vao PLL néu gia tri 0 14 HSI/2, néu 13 1 thi 1a PREDIVI. (Ly cta
hai Iya chon nay 14 do clock tir HSE vao phai qua PREDIV1, PREDIV1 dugc quyét dinh boi bit

PLLXTPRE)
+ PLLXTPRE : Chon str dung bo nhan chia HSE hoac HSI trudc khi vao bo PLL, gid tri cia b) nay 1a
khong chia hodc chia 2

+ ADC_PRE[1:0] : Diéu khién s6 chia ngudn clock cho bd ADC.

+ PPRE2[2:0] : S6 chia clock cho bd APB2, s6 chia nay dao dong thudc tap {2,4,8,16}, chi tiét vé set
bit tham khdo trong reference manual

+ PPRE1[2:0] : S6 chia clock cho bd APB1, s6 chia thudc tap {0.,2.4,8,16}

+ HPRE : B0 chia tir Sysclk sang AHB Clock, d6 chia tir 0 — 512.

+ SW[1:0] : Cac bit chon ngudn clock, c6 thé chon HSI, HSE hodc PLL 1am ngudn cho sysclk.



Thanh ghi RCC_AHBENR: thanh ghi quan Iy ngudn clock ciia cac chiic ning AHB

thuc hién:

7.3.6 AHB peripheral clock enable register RCC_AHBENR)
Address offset: 0x14
Reset value: 0x0000 0014
Access: no wait state, word, half-word and byte access

Note: When the peripheral clock is not active, the peripheral register values may not be readable
by software and the returned value is always 0x0.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
SDIO FSMC CRCE FLITF SRAM | DMA2 | DMA1
Reserved EN Res. EN Res. N Res. EN Res. EN EN EN
w w W w w w w

Céc chirc nang gom:

+ SDIOEN d¢é diéu khién doc ghi khi debug.

+ FSMC diéu khién ngoai vi FSMC cho phép thuc hién doc ghi bo nhé ngoai cia chip.

+ CRCEN bat churc nang tu dong tinh CRC

+ FLITF thyc hi¢n bat clock cho by FLITF (Flash interface memory) hay b dém luu instruction tir
flash trudce khi dua vao CPU.

+ SDRAMEN bat clock tir cho bus AHB vao SDRAM, STM32F1 c6 kha nang thyc hién boot tir flash,
SDRAM va System Memory.

+ DMAZ2EN va DMAI1EN bat clock cho cac b DMA chay.

Thanh ghi RCC_APBZENR * bat tit clock cho cac ngoai vi dugc quan 1y boi bus

APB2:
3 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
TIM11 | TIM10 | TIM9
Reserved EN EN EN Reserved
rw rw rw
15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
ADC3 |USART| TIM8 | SPI TIM1 | ADC2 | ADCH IOPG | IOPF | IOPE | IOPD | IOPC | IOPB | IOPA AFIO
EN 1EN EN EN EN EN EN EN EN EN EN EN EN EN Res. EN
rw rw w rw rw w w w rw w rw rw w rw w

Trong d6 + TIMXEN bat ngudn clock cho timer thir x

+ ADCXEN bat ngudn clock cho by ADC thir x

+ SPIXEN bat nguén clock cho bo SPI thir x

+ IOPXEN bat ngudn clock cho PORT GPIO thir x

+ AFIOEN bat ngudn clock cho céc chirc ning alternative ctia GPIO (c6 thé 1a debug,...)
Cac bit nay dugc str dung dé bat clock vao trong cac ngoai vi duoc APB1 quan 1y.

Twong ty la thanh ghi RCC_APBI1EN:



<al 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

DAC | PWR | BKP CAN USB | 12C2 | 12C1 | UARTS | UART4 | USART3 | USART2
Resarved EN | EN | EN | Res. | EN | mes. | EN | EN | EN EN EN EN EN | Res.
w w w w w w w w w w w
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
SPI3 | SPI2 WWD TIM14 | TIM13 [ TIM12 | TIM7 | TIME | TIMS | TIM4 | TIM3 | TIM2
EN | EN Reserved | GEN Raservad EN | EN | EN | EN EN EN EN EN EN
w w w rw w w rw w w w w w

Cac ngoai vi: DACEN bo DAC
PWREN bt ngudn clock
CANEN ngoai vi CAN
USBEN ngoai vi USB
UARTXEN ngoai vi UART thu x
SPIxRN ngoai vi SPI thtr x
WWDGEN bit ngudn clock cho Watch Dog Timer

May mén la thu vién CMSIS dé dinh nghia sin céac bit nay giup chung ta khong qua mat cong dé tra
ctru bit.

Dé setup clock, STM32CubeMX cho phép setup clock bang GUI, quy trinh setup clock nhu sau:

Cac budrc setup clock STM32

Budc 1. Setup Flash latency, do Flash va MCU c¢6 clock t6i da khac nhau nén néu chip chay o téc do
cao can phai set up thoi gian tré cua Flash so vé1 MCU, céac instruction khong kip s€ dugc bo FLITF
luu lai.

FLASH->ACR = (FLASH->ACR) | FLASH ACR LATENCY 1;

*Céc gia tri define nay co th~é tim thdy & header stm32f103xb.h, hau hét déu c6 tén nhu trong manual
nén Ctrl+C va Ctrl+F kha de.
Vi du day la céc bit cia thanh ghi RCC_CFGR:

#de
#define RCC CI

#defin
#defin
#define RC

Budc 2. Bat ngudn clock source béng thanh ghi RCC_CR:
Set bit HSEON s& cho phép ngudn source tan s6 cao chay

Budc 3. Setup ngudn clock: .
Vi du khi st dung bd PLL thi ta can phai thyc hién bude setup prediv va mul cua PLL d€ cho ra tan s6
can thiét, viéc nay dugc thuc hién bang cach setup thanh ghi RCC_CFGR nhu sau:



Vi du trén kit stm32f103 c6 thach anh 1a 8Mhz, ta can tan sb 1a 72MHz, vi vay ta co thé setup
PREDIV =1, PLL MUL=9:

RCC->CFGR |= (RCC_CFGR_PLLSRC | 0x00000000U);// Setup PLL source without prescale]
RCC->CFGR |= RCC CFGR PLLMULLDY; // Setup PLL multiplication factor

Néu chi sir dung clock source HSE hoac HSI thi ta chi can set bit HSEON hodc HSION cua thanh ghi
RCC _CR.

bé su dung clock tir b PLL, ta can bat bit PLLON:
Dé bat bo PLL:

Budc 4. Setup Sysclk:
beé chon source clock dua vao Sysclk chay ta set cac bit System clock switch trong thanh ghi
RCC_CFGR:

RCC->CFGR |=RCC CFGR SW PLL;

Trong trudng hop lay clock tir HSE tryc tiép:

Budc 5. Setup bo chia clock cho APB1 va APB2:

Clock cia APB1 va APB2 lay tir Sysclk, v6i cha y 1a APBI ¢6 gidi han 1a 36MHz (thyc ra ciing c6 thé
overclock). O day Sysclk 1ay tir PLL 1a 72MHz nén APB1 phai chia d6i, con APB2 khong c6 gidi han
nhu APB1 nén c6 thé chon chia 1:

RCC->CFGR |=RCC CFGR PPRE1 DIV2|RCC CFGR PPRE2 DIV]I;

Tong hop lai ta ¢6 cac ham setup clock nhu sau:

void SystemClock Config(veid)
‘r
L

=ACR) | LL FLASH LATENCY 2;

PLLSRC | 0x008000008U
CFGR_PLLMULLY;
X_PLLON;
CFGR SW PLL;
FGR_PPRE1 DIV2 | RCC CFGR PPRE2 DIVI;

2000000 ;
<->CTRL |= LL ICK CLKSOURCE HCLK;
tSystemCoreClock(720800880) ;

3 cau lénh cudi 12 3 cau 1énh tao delay cua thu vién Low Layer.
GPIO cua STM32:

CAu hinh GPIO ctia STM32 kh4 1a tiéu chuan.



Figure 13. Basic structure of a standard 1/O port bit
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Viée doc ghi dugce thue hién qua cac thanh ghi doc ghi, thanh ghi output va thanh ghi BSRR
Céc ché d6 hoat dong cuia GPIO:

e Input floating

e Input pull-up

e Input-pull-down

s Analog

e  Output open-drain

e  Output push-pull

e Alternate function push-pull
e Alternate function open-drain

Vé chirc nang cua timg khéi, voi bd output kéo dy (push-pull):

[_DuEutﬁver_ Ty “|
| ——[ P-mOs |
Output
| :I— control |
—[ N-mos

| |
Vss Push-pull, |

tout open-drain or
e _disabled

Khi output control & mtrc thip, P-MOS hoat dong ndi output véi VDD tir d6 1én mirc cao, N-MOS
khong hoat dong nén khong nod1 voi dat
Nguoc lai thi khi output control & murc cao thi chan ra n6i VSS, do d6 ¢ murc thap.



Viéc str dung mach Push Pull nay gitp cho output cia GPIO khong bi tha ndi “float”

Khdi Smith Trigger:
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[ix}
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Khéi smith trigger ndy c6 tac dung kich 1én mirc 1 khi dién ap dén mot ngudng nao d6 va xudng 0 khi
dién ap thap hon mdt murc khéc, tir d6 ta c¢6 thé doc dugce muc logic trén chan GPIO.

Cac thanh ghi GPIO:

Tuy thudc vao dong chip ma s€ co s6 lwgng GPIO khac nhau, cac GPIO nay duoc ky hiéu bang cac ki
tunhu A, B, C,.... Khi nhac dén GPIOx thi x 1a mdt trong cac ki tu d6. Ta goi mdt nhém GPIO nhu
vay 1a mot PORT (cong)

1 PORT kiém soat 16 chan GPIO.

Thanh ghi cau hinh GPIO: Gpiox crL

9.21 Port configuration register low (GPIOx_CRL) (x=A..G)

Address offset: 0x00
Reset value: 0x4444 4444

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF7[1:0] MODE7[1:0] CNF6[1:0] MODES[1:0] CNF5[1:0] MODES[1:0] CNF4[1:0] MODEA4[1:0]
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
CNF3[1:0] MODE3[1:0] CNF2[1:0] MODE2[1:0] CNF1[1:0] MODE1[1:0] CNFO[1:0] MODEO[1:0]

Thanh ghi nay c6 ch(rc nang chon lya churc nang va tdc d6 hoat dong cua 8 chan GPIO tir 7— 0 cia
mot PORT GPIO bat ki.

2 bit CNFx [1:0] v6i x 13 sb ther tr chan GPIO thuce hién setup chirc ning cia chan d6
Céc gia tri cua CNF nhu sau:



In input mode (MODE[1:0]=00):

00: Analog mode

01: Floating input (reset state)

10: Input with pull-up / pull-down

11: Reserved

In output mode (MODE[1:0] = 00):
00: General purpose output push-pull
01: General purpose output Open-drain
10: Alternate function output Push-pull
11: Alternate function output Open-drain

Input Mode hay Output mode dugc set up bdi thanh ghi GPIOx IDR

2 bit MODEX [1:0] véi x 1a §6 thir tw chan GPIO setup chan GPIO nay 1a Output hodc Input. Néu gia
tri khac 00 thi s€ quy dinh toc d6 output cua chan GPIO nay.
. Toc dd cang cao cang dé nhicu hon.

MODEy[1:0]: Port x mode bits (y=0 .. 7)
These bits are written by software to configure the corresponding I/O port.
Refer to Table 20: Port bit configuration table.
00: Input mode (reset state)
01: Output mode, max speed 10 MHz.
10: Output mode, max speed 2 MHz.
11: Output mode, max speed 50 MHz.

Khi duoc set & ché do Input, GPIO s¢€ c6 tinh chét sau:

When the I/O Port is programmed as Input:

¢  The Output Buffer is disabled

*»  The Schmitt Trigger Input is activated

s  The weak pull-up and pull-down resistors are activated or not depending on input
configuration (pull-up, pull-down or floating):

* The data present on the I/0 pin is sampled into the Input Data Register every APB2
clock cycle

*  Aread access to the Input Data Register obtains the /O State.

Céc tinh chat khi dugc set & ché do Output:

9.1.8 Output configuration

When the I/O Port is programmed as Output:
«  The Output Buffer is enabled:

—  Open Drain Mode: A “0" in the Output register activates the N-MOS while a “1” in
the Output register leaves the port in Hi-Z (the P-MOS is never activated)

—  Push-Pull Mode: A “0” in the Output register activates the N-MOS while a “1” in the
Output register activates the P-MOS

s  The Schmitt Trigger Input is activated.
*  The weak pull-up and pull-down resistors are disabled.

+ The data present on the I/O pin is sampled into the Input Data Register every APB2
clock cycle

+ Aread access to the Input Data Register gets the I/O state in open drain mode
+ Aread access to the Output Data register gets the last written value in Push-Pull mode



Thanh ghi GPIOXx_ CRH: Tuong ty thanh ghi trén nhung cho bit tir 15—8

9.2.2 Port configuration register high (GPIOx_CRH) (x=A..G)
Address offset: 0x04
Reset value: 0x4444 4444
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
CNF15[1:0] MODE15[1:0] CNF14[1:0] MODE14[1:0] CNF13[1:0] MODE13[1:0] CNF12[1:0] MODE12[1:0]
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
CNF11[1:0] MODE11[1:0] CNF10[1:0] MODE10[1:0] CNF9[1:0] MODES[1:0] CNF8[1:0] MODES[1:0]
Thanh ghl GPIOX_IDR: Data doc dugc ghi ¢ day
9.23 Port input data register (GPIOx_IDR) (x=A..G)
Address offset: 0x08h
Reset value: 0x0000 XXXX
31 30 29 28 27 26 25 24 23 22 21 20 18 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 ] 5 4 3 2 1 Q
IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 IDR8& IDR7 IDR6E IDRE IDR4 IDR3 IDR2 IDR1 IDRO
r r r r r r r r r r r r r r r r
Bits 31:16  Reserved, must be kept at reset value.

Bits 15:0 IDRy: Port input data (y=0 .. 15)

These bits are read only and can be accessed in Word mode only. They contain the input
value of the corresponding I/O port.

Dé diéu khién chan output GPIO, ta c6 2 cach la setup thanh ghi GPIOx_ODR (GPIO output data
register), thanh ghi nay kiém soat output cua chan GPIO c6 dang la kéo cao khong hodc
GPIOx_BSRR (GPIO Bit set reset register) la thanh ghi kiém soat ca viéc reset hay khong ctuia chan
GPIO.



9.24 Port output data register (GPIOx_ODR) (x=A..G)
Address offset: 0x0C
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Reserved
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 o

ODR15 | ODR14 | ODR13 | CDR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5s | ODR4 | ODR3 | ODR2 | ODR1 | ODRO

w w w w w w w w w w w w w w w w

Bits 31:16  Reserved, must be kept at reset value.

Bits 15:0 ODRYy: Port outputdata (y=0.. 15)
These bits can be read and written by software and can be accessed in Word mode only.

Note: For atomic bit set/reset, the ODR bits can be individually set and cleared by writing to
the GPIOx_BSRR register (x =A .. G).

9.25 Port bit set/reset register (GPIOx_BSRR) (x=A..G)
Address offset: 0x10
Reset value: 0x0000 0000

31 30 29 28 27 26 25 24 23 22 21 20 18 18 17 16
BR15 | BR14 | BR13 BR12 BR11 BR10 BRS BRE BR7 BRE BRS BR4 BR3 BR2 BR1 BRO
w w w w w w w w w w w w w w w w
15 14 13 12 11 10 a 8 7 [ 5 4 3 2 1 0

BS15 | BS14 | BS13 | BS12 | BS11 | BS10 BSg BS8 BS7 BS6 BS5 BS4 BS3 BS2 B51 BS0

Bits 31:16 BRYy: Port x Reset bity (y=0.. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRXx bit
1: Reset the corresponding ODRx bit
Note: If both BSx and BRx are set, BSx has priority.

Bits 15:0 BSy: Portx Set bity (y=0.. 15)
These bits are write-only and can be accessed in Word mode only.
0: No action on the corresponding ODRx bit
1: Set the corresponding ODRx bit

Vi du setup chan GPIO:
Vi du ta setup chan PC13 trén kit STM32F103 bluepill.
bé chay GPIO, dau tién ta can cap xung vao cho PORTC:

PORTC nay duoc kiém soat boi APB2, cu thé 1a thanh ghi APB2ENR, nén ta bét clock cho ngoai vi

nay
‘ X
Ciing nhu phan clock, ta setup thanh ghi GPIOC CRH sur dung céc bit da dugc define san, ta hoan

toan ciling c6 thé dung “magic hex” dé set thanh ghi, nhung ma thé thi cha ai doc ndi code >
Céc s0 dinh nghia ctia thanh ghi nay nhu sau:

Vi du & day la cac define cho chan 13.

Trong d6 GPIO_CRH_MODE13 c6 gia tri MODE[1:0] 1a 3 tirc 11 nhi phan, s€ la speed SOMHz.
GPIO_CRH _MODEI13 0 ¢6 gia trt MODE[1:0] 1a 1 tirc 01, s€ 1a speed 10MHz.
GPIO_CRH _MODEI13 1 ¢6 gia tri MODE[1:0] 1a 2 tic 10, s€ 1a speed 2MHz.



GPIO CRH MODE13

Néu khong set bit nay thi coi nhur & ché d6 Input nén khong can dinh nghia :3
Tuong tu vi cac bit CNF

#define GPIO CRH C
#define GPIO CRH C
#def GPIO CRH C
#define GPIO CRH C
#define GPIO CRH CNF13 1

Trong d6 CNF13 ¢o gia tri 3, CNF13_0 1a 4, tuong duong 2 bit CNF 1a 2,... v4i bai nay ta s& set
General push-pull 13 0 nén khong can set bit ndy
Vay day 1a cau 1énh setup cua chan 13 (Mode 10Mhz):

GPIOC->CRH = GPIO_CRH_MODEI13_0}

So sanh véi code setup do HAL sinh ra:

figure GPIO pin : PC13 #/
truct.Pin = GPIO PIN 13;
‘uct.Mode = GPI0O MODE OUTPUT PP;
1 ruct.Pull GPIO MOPULL;
GPI0 itStruct.Speed = GPIO SPEED FREQ LOW;
HAL GPI0 Init(GPIOC, &GPIO InitStruct);

Di nhién ngin gon cia dong setup bang thanh ghi di kém véi hiéu biét vé hé thong, sinh code tit nhién
la dé (va cham hon).

Vay ham setup GPIO s€ nhu sau:
static void MX GPIO Init(void)

/* GPIO Ports Clock Enable #

RCC->APB2ENR |= RCC APB2ENR IOPCEN;
GPIOC->CRH |= GPIO CRH MODE13 0;

Dé set bit thanh ghi PC13, ta c6 thé st dung 2 phurong phap sau:
Dung ODR:

Dé thay doi Output 1én cao ta set bit ciia thanh ghi GPIOC ODR 1én cao nhu sau:
GPIOC->ODR |= GPIO ODR ODRI13;|

Dé set bit nay xudng thap:
(GPIOC->ODR &=~GPIO_ODR_ODR13J§
Ta thuc hién phép ddo bit thanh ghi lai va thuc hién phép AND dé set bit nay tr¢ lai thanh 0.

Vi thanh ghi BSRR thi ta sé set bit set hoic reset chir khéng can phai dao bit:

Dbay la qua trinh set bit
GPIOC->BSRR |= GPIO BSRR BS13;

Con vé qua trinh reset bit:

GPIOC->BSRR |= GPIO BSRR BR13;



Dé theo dai cac bit SFR nay thuc hién, ta c6 thé ding cong cu SFR ctia STM32CubelDE:

Vi du nhu day 1 sy thay doi ctia thanh ghi ODR:
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/* Infinite loop */

/* USER CODE BEGIN WHILE */
while (1)

{

CODE END WHILE */

R CODE BEGIN 3 */
GPIOC->0DR |= GPIO ODR ODR13;
LL_mDelay (500
GPIOC->0DR PIO ODR ODR13;
LL mDelay(s

}
* USER CODE END 3 */

systenClock_Config(void)

FLASH->ACR = (FLASH->ACR) | LL_FLASH_LATENCY 2;
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/* Infinite loop */
/* USER CODE BEGIN WHILE */
while (1)

R CODE END WHILE */

/* USE

/* USER CODE BEGIN 3 */
GPIOC->0DR |= GPIO_ODR ODR13;
LL_mbelay(500) ;

GPIOC->0DR &= ~GPIO ODR ODRI3;
LL_mbelay(500) ;
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Bit 13 ctia thanh ghi ODR duoc set xudng 0.

Vay la cudi cung ta da co thé tu tin lam nhdy led cho STM32 bang thanh ghi, vy ly do gi ta phai code
thanh ghi. D¢ trd 101 cau hoi nay ta chi can thyc hién mdt tdc vu nhay led nhu vay bang HAL:

es [ STM32CubelDE ~ CN 18:40@
workspace_1.2.0 - register_coding_hal/Core/Src/main.c - STM32CubelDE
File Edit Source Refactor Navigate Search Project Run Window Help

B BRIS o Rbn Ti@idinis-e

B Proj

CODE END WHILE */

CODE B

. N3+
HAL GPIO TogglePin(GPIOC, GPIO PIN 13);

n Clock Co

nfig(void)

the CPU, AHB
B Build Analyzer =
register_coding_hal.elf - /register_coding_hal/Debug - Apr 26, 2020 12:24:36 PM
1n910¢ “Memory Regions De
TXFL | Region start address End address  Size Free used usage (%)
0x20005000 KB 5 KB 1.55 KB
00000 0x08010000 64KB 5 ] 4.61KB

Code HAL tbn 4.61kB Flash
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PERIPH_AFI0);
PERIPH PIR) ;

GROUP_4);

nabled

B Build Analyzer 3
register_coding.elf - /register_coding/Debug - Apr 26, 2020 6:34:31 PM
Memory Regions De
Region Start address End address  Size Free Used Usage (%)
SERAM 0x20000000  0x20005000  20KB 18.47KB 1.53KB
WIFLASH  0x08000000 0x08010000 64K8 62.68KB 1.32KB

@ %
Code thanh ghi bang CMSIS ton 1.32kB Flash Vé RAM thi khong khac biét lam, du sao thi cing chi
1a so sanh 2 tac vu nhdy led nén khac biét vé RAM khong thé hién duogc, tuy nhién ta da tiét kiém dugc

4.61/1.32 = 3 49242424242 1an bo nhé FLASH, vé téc d6 c6 18 kho so sanh nhung code
thanh ghi kha ngén so voi HAL nén c6 1€ 1a nhanh hon chut. Trong thoi dai bd nhé ré nhu cho, cac

héng ting tinh ning chip thi vai kB c6 thé khong 16n, nhung trude ddy con ngudi 1én mit tring duoc
bang 72kBs ROM thi viéc t6i uvu code mot chut co 1€ cling khong té
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https://electronics.stackexchange.com/questions/125136/whats-the-concept-of-these-three-options-for-configuring-the-memory-of-stm32
https://emsyfs.blogspot.com/2016/06/stm32-microcontroller-2-setting-clock.html
https://tapit.vn/stm32f411-tim-hieu-cau-truc-va-lap-trinh-nhap-xuat-gpio-co-ban/
http://embedded-lab.com/blog/stm32-internals/
http://embedded-lab.com/blog/stm32-internals/
https://www.quora.com/Are-the-ARM-Cortex-Mx-processors-Harvard-or-Von-Neumann-architecture
https://www.quora.com/Are-the-ARM-Cortex-Mx-processors-Harvard-or-Von-Neumann-architecture
http://embedded-lab.com/blog/stm32-internals/

Mo rong thém vé code thanh ghi v6i STM32:
https://www.vishnumaiea.in/articles/electronics/understanding-stm32-arm-microcontroller-gpios

Céu hinh Apollo Guidance Computer:
https://www.realclearscience.com/articles/2019/07/02/your_mobile phone vs_apollo_11s guidance ¢
omputer 111026.html
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