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Loi n6i dau

Giéi thisu

Tai liéu nay huong dan va thyc hanh ngon ngi 13p trinh C cho céc h¢ thong vi diéu
khién nhung va vi diéu khién ARM Cortex M3. Vi diéu khién nay thuéc ho ARM, la
ho vi xir Iy va vi diéu khién hang dau trén the gioi.

ARM la mot bo xir 1y ¢d the dwoc st dung trong bét ky loai tng dung vi xir 1y va vi
diéu khién nhu: san pham tiéu dung, hé thong diéu khién, hé thong thoi gian thuc va
hé diéu hanh nhing.

MGi ting dung ny yéu cau kha nang xu ly dic biét. Tat ca nhitng kha ning nay déu c6
thé duoc tim thay trong bo xir ly ARM.

Tai liéu nay md ta cac tng dung bo diéu khién nhing véi ARM.

Céc thi nghiém trong sach huéng dan nay duoc thiét ké dé chay trén Bo thi nghiém vi
diéu khién EITPS-3192.

Chwong 1 - Nguyén |y hoat dong ciia may vi tinh M6 ta cau triic co ban cia vi diéu
khién va nguyén ly hoat dong cua no.

Chuwong 2 - Ngdn ngir C bao gom tap Iénh ngdn ngit 1ap trinh C va xay dung kién
thizc cho hoc sinh vé céach viét va chay chuong trinh cho cac hé théng diéu khién
nhaing bang cach st dung chwong trinh phét trién ARM va céac thiét bi cong tic va dén
LED cua b thi nghiém.

Chuwong 3 - Phan cirng va thiét bi ngoai vi md ta va thyc hanh céch viét cac chuong
trinh &g dung van hanh céc thiét bi ngoai vi noi bd ARM nhu 1a cong GPIO, DAC va
ADC, ciing nhu céac thiét bi ngoai vi bén ngoai cua Bo thi nghiém nhu cong giao tiép
ngoai, DAC, ADC, b hién thi, dong co budc, cong tic, cam bién, v.v.

Chuong 4 — Bd ARM Cortex M3 md ta chung vé bo vi xir Iy va vi diéu khién ho
ARM va dic biét 1a vi diéu khién ARM Cortex-M3. Phan md ta vé Cortex-M3 bao
gom cau tric bén trong va cac tinh nang doc dao cua nd. C4c bai tap trong chuong nay
la vé cac ngat va giao tiép ndi tiép véi USART.

Céc ngon ngix lap trinh cho vi diéu khién 1a Hop ngir (Assembly) va ngén ngit C.

Ngon ngi C la ngon ngir pho bién nhat dé lap trinh, dic biét 1a ddi véi hé théng ARM
- mot vi diéu khién phirc tap.

bay 1a 1y do tai sao cac chuong trinh bai tap lai st dung ngon ngix C. Mot ly do khac la
ARM c6 cac thu vién chuong trinh mién phi to 16n dé sir dung. Ching déu duoc viét
bang ngon ngir C.



Gi6i thiéu vé EITPS-3192

EITPS-3192 la mot h¢ thong dao tao vi diéu khien ARM doc 13p. N6 bao gom céc
thanh phan va mach sau:

= Mach cip ngudn

= Mach giao tiép USB

= Vi diéu khién ARM

= Mach giai mé

= B nhd EEPROM néi tiép
= Cong dau vao

= 8 cong tic

= Ban phim 16 phim
= Led matran (16 Led)
= Cong daura

Hinh 2. 1

= Pong co budc

= Coi

= Role

= 8dénLed

= B§ hién thi 4 LED 7 thanh

= Man hinh LCD

= Chiét &p bién doi dién ap

» Cam bién nhiét d6

= Cam bién hong ngoai

= ADC — B chuyén dbi twong ty sang sd
= DAC — B chuyén dbi s sang tuong tu
= NU{t nhan RST

= Nut bAm ngit

» DAu vao cua thiét bi dau cudéi ADC ARM
» DAu ra cua thiét bi dau cuéi DAC ARM



B thi nghiém vi diéu khién MDK-ARM

Keil MDK la mdi trudng phat trién phan mém hoan chinh cho mét loat thiét bi vi diéu
khién nén tang Arm Cortex-M. MDK bao gom pVision IDE (Moi trudng phat trién
tich hop) ma ching ta sir dung dé bién tap va bién dich céc chuong trinh bang ngdn
ngtt C cho bo thi nghiém EITPS-3192.

S-ARM V3 setup.exe

MDK534.exe

Chuong trinh nay s€ thuc hién nhirng viéc sau:

a) Xay dung mot thu vién véi tén: S ARM.

b) Xay dung mot thu vién véi tén: ARM_Project (bao gdm céc tép ung dung).
c) Cai dat trinh diéu khién USB (CP210xVCP Installer).

d) Cai dat chuong trinh S-ARM dé c6 thé tai xuéng va chay cic chwong trinh ddi
tugng trong bo thi nghiém.

Lwu v quan trong:

Luuy 1:

Cai dit hai chuong trinh S-ARM V3 Setup.exe va MDK534.exe dé tai xuong va chay
cac chuong trinh doi tugng trong bo thi nghiém.

Cac budrc cai dat:
* Cai dat chwong trinh S-ARM V3 Setup.exe

1. Kich dtp chudt vao biéu tuong & S-ARM V3 setup.exe

Installing S-ARM V3

o Installing 5-ARM V3

Installation Folder

Hinh 2. 2
2. Nhan Next



&5 Installing S-ARM V3

Installing Files
Copying S-ARM V3 files to your computer.

To stop or pause the installation process, click 'Cancel’.

Directory: C:\Courses\3192\S-ARM_V3\USB_Win7_8\x86
File: wdfColnstaller01011.dll

Hinh 2. 3
3. Nhan Next

Device Driver Installation Wizard

Welcome to the Device Driver
Installation Wizard!

This wizard helps you install the software drivers that some
computers devices need in order to work.

To continue, click Next.

Hinh 2. 4
4. Nhan Finish



Device Driver Installation Wizard

Completing the Device Driver
Installation Wizard

The drivers were successfully installed on this computer.

You can now connect your device to this computer. f your device
came with instructions, please read them first.

Driver Name Status

V/ Silicon Laboratories Inc. ... Ready to use

s

Hinh 2.5
5. Thong bao da cai dat thanh cong S-ARM V3 xuat hién. Nhan Finish.

S-ARM V3 has been successfully
installed!

Click 'Finish' to complete the installation.

Finish

Hinh 2. 6




* Cai diat phan mém MDK534.EXE

1. Kich dtp chudt trai vao biéu tugng 4@ MDKs34ExE

2. Nhan Next

Setup MDK-ARM V5.34 - . 5

Welcome to Keill MDK-ARM

Releaze 3/2021 G r m KE | |_

Thiz SETUP program installs:
MDEK-ARM ¥5.34

Thiz SETUP program may be uzed to update a previous product installation.
Howewer, you should make a backup copy before proceeding.

It iz recommended that pou exit all Windows programs before continuing with SETUP.

Follow the instructions o complete the product installation.

Cancel

Hinh 2.7

3. Tl'ch chon “I agree to all the terms of the preceding License Agreement”. Sau do
nhan Next.

Setup MDK-ARM V5.34 (=S

Licenze Agreement

Please read the following license agreement carefully. G r I I l KEl L

To continue with SETUP, wou must accept the terms of the Licensze Agreement. To accept the
agreement, click the check box below.

END USER LICENSE AGREEMENT FOR ARM SOFTWARE -
DEVELOPMENT TOOLS

This end user license agreement (*License”) is a legal agreement between you
{a single individual), or the company or organisation (a single legal entity) that
you represent and have the legal authority to bind, and Arm relating to use of the
Arm Tools. Arm is only willing to license the Arm Tools on condition that you
accept all of the terms of this License. By clicking “| Agree” or by installing ar =

[¥ | agree tao all the terms of the preceding License Agreement

¢ Back Cancel

Hinh 2. 8
4. Lva chon thu muc cai dit phan mém. Sau d6 nhan Next.



Setup MOK-ARM V5.34 S
Folder Selection r
Select the folder where SETUP will install files. q I I l KE | |_

Prezs 'Mest' to install MOK-ARM to these folders. Press 'Browse' to select different folders far ingtallation.

Dezstination Folders

Core; |E:'xKeiI_v5 Browse ...
Pack: |E:'xU sersNAME \AppD ataLocaldmiPacks

<< Back Cancel

Hinh 2.9
5. Khai b4o théng tin c4 nhan. Sau d6 nhan Next.

Setup MDK-ARM V5.34 e S|
Cusztomer Information r m KE | L
Pleasze enter your infarmation. q

Please enter your name, the name of the company for whom vou wark, and pour E-mail address.

First Marme: |Name
Lazt Marne: |L.Name
Cornpary M arne: |E.Name
E-mai Email

<< Back | Meut > | Cancel

Hinh 2. 10
6. Cho qué trinh xtr 1y cai dat.
7. Trong khi cai dit, mot man hinh KEIL-tools cho bus néi tiép s& xuat hién. BAm vao
nat Install.



[=7] Windows Security [

Would you like to install this device software?

Mame: KEIL - Tools By ARM Universal Serial Bus...
H Publisher: ARM Ltd

[l Always trust software from "ARM Lid". | Install | [ Don't Install ]

';@j‘ You should only install driver software from publishers youw trust. How can
I decide which device software is safe to install?

Hinh 2. 11
8. Khi qua trinh cai dit két thic, hdy bAm vao nat Finish.
[ Setup MDK-ARM V534 (] |

Keil MDK-ARM Setup completed G r m KE | L

MDE-AFRM W5 34

DK AR Core Setup has performed all requested operations successfully.

v Show Release Motes.

Hinh 2. 12

9. Cho ctra s6 "Packs Installer" hién ra.

Néu cira s6 khdng xuat hién, ban c6 thé mo ung dung theo cach thii cong. Di toi thu
muc pVision (ng dung cuoi cung duogc cai dat), sau d6 mé va chay ng dung Packs
Installer.

Cira so ty dong s& mo ra, nhap vao nit OK.

¥ - |
Pack Installer Iﬁ

Welcome to the Keil Pack Installer
Pack Installer iz a utility for managing Software Packs on the local computer and
provides the following windows:

Devices : List supported devices. Select a device to show related Packs and examples.
Boards : List supported boards. Select a board to show related Packs and examples.
Packs : List and manage Software Packs. Install @ Pack for access within pvision.

Examples ; List example projects. Copy projects and launch pVision for testing examples.

Pack Installer connects to www keil com/pack to obtain the published Software Packs.
To install a local Software Pack use File - Import... from the menu.

¥ Show this dog atsarup ok ] e

Hinh 2. 13



Pack Installer cai dat cac tép lién quan cua bo diéu khién yéu cau.
10. Cai dat thiét bi "STM32F1xx_DFP" (ching ta st dung thu vién STM32F1xx cua

bo vi diéu khién trong ma 1énh).

Pé cai dat, hdy 1am theo cac budc sau:

= Chon "STMicroelectronics” va "STM32F1Series" trong cira s6 Devices (man hinh

bén trai)

= Chon tép "STM32F1xx_DFP" trong ctra s6 Packs (man hinh bén phai).
= Nhip vao ndt Install bén canh "STM32F1xx_DFP" dé cai dit.

@ Pack Installer - C\Users\natali\AppData\Local\Arm'\Packs =NREy X
File Packs Window Help
,2" Device: STMicroelectronics - STM32F1 Series
Devices Boards Packs Examples
4 N B4 I
Search: - X / Pack Action
Device Summary —I-Device Specific 4 Packs ries sele ~
H. @ SONIX 52 Devices j +--Hitex: CMSIS_RTOS2_T... oduction to o
S @ STMicroelectronics 1797 Devices +--Hitex: CMSIS_RTOS Tu... Introduction to
%2 STBIueNRG Series e R Keil:: STM32FLc_DFP STMicroelectronics
+- %% STBlueNRG-1 Series evice +--Keil::STM32ZMUCLEO_B... Install STMicroelectronics
#1715 STBIueNRG-2 Series 1 Device =) Generic 50 Packs
% STM32F0 Series 111 Devices +-Alibaba:AlOSThings @ Install Ali05 Things softwz
5% STM32FL Series 95 Devices J +-Arm-Packs:PKCS511 @ Install OASIS PKC5 #11 Cry
% STM32FL00 10 Devices +--Arm-Packs:Unity g% Install Unit Testing for C (¢
w2 STM32FL01 20 Devices +--ARMzAMP @ Install Software componer
+. %% STM32F102 8 Devices +-ARM:CMSIS 4 Uptodate | CMSIS (Cortex Micr
w2 STM32FL03 20 Devices +--ARM: CMSIS-Driver Up to date || CMSIS Driversfojﬂ
o %% cTMaIEING A Nevicer j < | 4
Qutput o x
Refresh Pack descriptions
Ready OMLIMNE

Hinh 2. 14

11. Pack Installer s& duoc tai xuéng va cai dat chwong trinh (xem két qua trong cua
s6 bén duai). Hay kién nhan cho dgi tai khi qua trinh xur ly két thuc.

r@ Pack Installer - C\Users\natali\AppData\Local\Arm\Packs - - . = | =] iz-
Eile Packs Window Help
Device: STMicroelectronics - STM32F1 Series
ﬂ Devices Eoards ﬂ ﬂ Packs Examples ﬂ
Search: - X Pack Action Description
Device /| Summary —|-Device Specific 4 Packs STM32F1 Series sele + |
4 @ SONiX 52 Devices j +--Hitex: CMSIS_RTOS2_T... @ Install An Introduction to
5 @ STMicroelectronics 1797 Devices +--Hitex: CMSIS_RTOS Tu.. @ Install An Introduction to
4% STBlueNRG Series 1 Device +--Keil: STM32FLxac DFP Install STMicroelectronics
5% STBIueNRG-1 Series 1 Device +-Keil: STM32ZMUCLED_B... g% Install STMicroelectronics
+-“% STBIueNRG-2 Series 1 Device =l-Generic 30 Packs
5% STM32F0 Series 111 Devices +--Alibaba:ANOSThings @ Install Ali0S Things softwe
=% STM32FL Series 95 Devices J +--Arm-Packs:PKCS11 @ Install OASIS PKCS #11 Cry
5% STM32F100 10 Devices +-Arm-Packs: Unity @ Install Unit Testing for C (&
5% STM32F101 70 Devices +--ARM:AMP Q Install Software componer
w1 %2 STM32F102 8 Devices +-ARMCMSIS i Up to date CMSIS (Cortex Micn
4% STM32F103 29 Devices +-ARM: CMSIS-Driver i Up to date | CMSIS Driversfojﬂ
.57 STRATIEING A Navicar ﬂ J | | k
Cutput o x
Refresh Pack descriptions
Action 1 left): Install "Keil STM32F1x_DFP.2.3.0°, download hitp://wwww. keil.com/pack/Keil 5STM32F1x DFP.2.3.0.pack -33% OMLINE

Hinh 2. 15




12. Béng tng dung Pack Installer.
Ung dung pVision da san sang cho cac chuong trinh cua bo thi nghiém EITPS-3192.

Ung dung HVision s& tu dong duoc ma¢ khi ban nhap vao chuong trinh du an (project)
duoc phat trien boi pVision.

Chay 2:
Tao mot Project 13 mot qué trinh 1au dai véi nhiéu cong doan.

Pé tiét kiém thoi gian, chling ta s& sir dung thu vién va tép da chuan bi c6 tén
ARM _Project.

1. Vao thu muc ching ta da cai dt S-ARM V3 nhu trong phan ghi cht 1. Theo tai liéu
hudng dan nay, duong dan vao thu muc cai dat S-ARM V3 1a “C:\Courses\3192\S-
ARM V3”

2. Vao thu vién ARM_Project.

3. Xac dinh t¢p ARM_Project :
4. Biéu tugng cho biét tép nay 1a mot Project pVision.

10



CHUONG 3 - PHAN CUNG VA THIET BI NGOAI VI
Thi nghiém 3.1 - GPIO (Genaral Purpose Input/Output — Cac céng vao/ra da

ning) va dén LED
Muc tiéu:
= GPIO nhu mét cong dau ra.

= Cach diéu khién dén LED bang cong dau ra.

» Mach dén LED cua b thi ngh
Thiét bi can thiét:

iém EITPS-3192.

= Bo thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.1.1. Vi diéu khién STM32F100 trong b thi nghiém EITPS-3192

4
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GPI10O:

STM32F100 la bo diéu khién c6 100 chan. 80 chan trong s6 d6 thudc vé 5 cong vao/ra
da ndng GPIO vdi 16 chan moi cong (PA - PE). Cac cong GPIO cho phép trién khai
hau hét cac hé thong dicu khién nhing manh mé trong mot mach phan cirg don gian.

Mic du ching duoc to chuc thanh cac cong va thanh ghi vai 16 chan, mdi chan lai co
thé c6 mot chire nang khac nhau (mot chan la cong dau ra, mot chan la cong dau vao,
mot chan la cong ADC, v.v.) va c6 thé hoat dong riéng biét.

VDD (thé ngudn dwong) va VSS (thé ngudn am):

Mudi trong sb cac chan diéu khién khac dugc két ndi voi cac dudng cap ngudn VDD
va VSS.

VDD cita STM32F100 la 3,3V. Xu huéng ngay nay la giam dién ap hoat dong cua bo
vi xtr Iy cang thap cang tét. Cong suat thap tao ra mac tiéu thy dién ning thap va cho
phép sir dung cac linh kién nho hon va ghép duoc nhiéu hon trong mot khoi. Kich
thudce linh kién khdng chi phu thudc vao cdng nghé ma con phu thudc vao dién ap hoat
dong.

VDD va VSS duoc két néi véi mot sé duong cua bo vi diéu khién dé chia dong dién
tiéu thu thanh nhiéu duong va deé tao dieu kién thuan lgi cho thiét ké bén trong.

Trong céc h¢ thong k§ thuat s, dong dién thay doi theo xung. Nhiing bién doi ndy co
thé lam giam dién &p VDD trong mét thoi gian rat ngan nhung da dé lam hong bo vi
xu 1y dang chay trén mot chuong trinh.

D¢ ngin chin diéu d6, mot ty dién duoc mac song song véi mdi dong VDD. Tu dién
cung cap xung dién va dugc sac lai bang nguon di¢n.

VDDA va VSSA:

Bo vi diéu khién c6 cac mach sé va mach twong ty. CAC mach twong tu chira bo
khuéch dai va cac xung di¢n co thé anh huong den cac mach tuong tu nhu hién tuong
nhiéu dién tir. Day la 1y do tai sa0 bo vi diéu Ighién c6 cac dong VDDA va VSSA dé
tach nguon dién tuong tu khoi nguon Ky thuat so.

VREF:

Dau vao dién 4p khac 1a cac dudng dién ap tham chiéu/ dién &p chuan (VREF) duoc sit
dung boi cac B chuyén doi trong tu sang so (ADC) va Bo chuyén doi s6 sang tuong
tu (DAC). ADC va DAC s¢& duoc giai thich ¢ phan sau.

VBAT (Battery Voltage — Nqudn pin)

Bo vi diéu khién cd thé duoc két ndi véi pin thong qua duong VBAT. Pin cho phép bo
vi diéu khién hoat dong voi muec tiéu thy dién nang thap cho céc tac vu dac biét, ngay
ca khi tat nguon. Nhitng tac vu dic biét ndy c6 thé 1a dong ho thoi gian thuc (RTC) va
kiém tra ngat (1a thc vu ma c6 thé khai dong lai nd).

OSC IN va OSC OUT:

Xung (clock) cua bd vi diéu khién dya trén mot dong hd noi bo két ndi véi mot tinh
thé bén ngoai (external crystal). Tinh thé tao ra cac dao dong véi toc @6 chinh xac.

Bo vi diéu khién c6 thé dugc két ndi véi mot xung dao dong ngoai thong qua dudng
OSCIN.
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Dong ho ndi bo ¢d thé hoat dong ma khong can tinh thé bén ngoai va cac xung cua nd
xuat hién trén duong OSC OUT.

RST:

Bo vi diéu khién c6 mot dwong RST (RESET). Noi duong nay xuong GND
(GROUND thé dién ap) s€ dat lai CPU va no thuc hién trinh tu dat lai (reset).

DPuong nay duoc kéo I18n bai noi dién tré téi VDD. Mot tu dién bén ngoai dugc két ndi
gitta duong RST va GND. Tu dién gitt CPU ¢ trang thai RST trong mot thoi gian ngan
khi ngudn bat. Biéu nay budc CPU ludn khéi dong vai trinh tu dat lai (reset) trong khi
bat ngudn.

3.1.2. Céc thuét ngir va bang cha giai vé GP10

M&i chan GP1O co thé duoc cau hinh bang phan mém thanh ngd ra (push-pull — dau ra
muc logic lubn nam trong hai lya chon 0 hoac 1; hodc open-drain — dau ra muc tin
hiéu phu thudc vao nguon bén ngoai), va ngd vao (c6 hoic khdng co pull-up - dién trg
kéo I&n hoac pull-down — dién tro kéo xudng) hoic thanh chirc nang thay thé ngoai vi.

Hau hét cac chan GPIO duoc chia sé véi céc chirc nang thay thé sé (digital) hoic
tuong ty (analog). Tat ca cac GPIO déu cd dong dién cao ngoai trir dau vao tuong tu
(analog). Ta c6 thé quan sat & hinh 2.16 phia trén.

Céu hinh chire nang thay thé I/0 c6 thé bj khda néu can thiét bang céch tuan theo mot
trinh ty cu thé dé tranh 18i ghi sai vao céc thanh ghi 1/0.

Phan ndy giai thich cach sir dung cac cong GPIO lam cong dau ra so bang céch st
dung cac phan dugc lay tir sach hudng dan tham khao cua bo vi diéu khién ARM
STM32F100.

Chuing ta khong thé va khong can phai mo ta tat ca cc chic nang va cac tiry chon cua
b6 vi dicu khién da chirc nang nay. Y tuong la hiéu cach doc sach hudng dan dé co thé
tim thay thong tin can thiét tir do.

Tai liéu sir dung mot sé tir viét tat dugc mo ta trong bang chu giai sau.

Cac thiét bj vi diéu khién STM32F100xx duoc chia thanh Low-density, Medium-
density va High-density theo kich thudc caa bo nha Flash bén trong.

Cac thiét bi ngoai vi c6 san trong bo vi diéu khién ciing phu thudc vao mat do cuaa no.
Dicu nay nén duoc kiém tra trong tai liéu tham khao cé lién quan.

Bang cha thich:

= Word: dir liéu co6 do dai 32 bit.

= Half-word: dix liéu c6 @6 dai 16 bit.

= Byte: dir liéu c6 d6 dai 8 bit.

read/write (rw) Phan mém c6 thé doc va ghi vao cac bit nay.

read-only (r) Phan mém chi c6 thé doc céc bit nay.

write-only (W) Phan mém chi c6 thé ghi vao bit nay. Poc bit s& tra vé gia tri dat lai.

read/clear (rc_w1) Phan mém c6 thé doc ciing nhu x6a bit nay bang céch viét '1'. Viét
‘0" khdng anh hudng déen gia tri bit.
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read/clear by read (rc_r) Phan mém c6 the doc bit ndy. Viéc doc bit ndy s& tw dong
x0a no thanh °0’. Viet '0' khong anh hudng den gia tri bit.

read/set (rs) Phan mém c6 thé doc cling nhu thiét 13p bit nay. Viét ‘0" khong anh
hudng dén gié tri bit.

read-only write trigger (rt_w) Phan mém c6 th¢ doc bit nay. Viéc viét ‘0 hodc '1' s&
kich hoat mét su kién nhung khong anh hudng dén gia tri bit.

toggle (t) Phan mém chi c6 thé chuyén doi bit ndy bang cach viét '1'. Viét '0' khdng c6
hiéu luc.

3.1.3. M0 ta chire nang GPIO
MJi cong GPIO da niang c6 (x chi ra tén cong A-E):

Thanh ghi cau hinh 32-bit cho phan GPIO Thap (GP1Ox_CRL).
Thanh ghi cau hinh 32-bit cho phan GPIO Cao (GP1IOX_CRH).
Thanh ghi di liéu dau vao 32-bit (GPIOX_IDR).

Thanh ghi di liéu dau ra 32-bit (GPIOx_ODR).

Thanh ghi thiét lap/dat lai Bit 32-bit (GPIOx_BSRR).

Thanh ghi dit lai Bit 16 bit (GPIOXx_BRR).

Thanh ghi khéa 32-bit (GP1Ox_LCKR).

N o g~ bR

MJdi mot bit cong 1/O c¢6 thé lap trinh ty do; tuy nhién, cac thanh ghi cong I/O phai
dugc truy cap dudi dang cac word 32 bit (khdng cho phép truy cap half-word hoic
byte).

ARM ’kh()ng co lénh thao tac bit. Cé}c Iénh nay cho Qhép dinh dia chi va thao tac mot
bit nhat dinh ma khéng anh hudéng dén bit khac cua cong.

Thao tac bit trén cong dau ra c6 the dat duoc bang cach doc dit ligu cong dau ra va
thuc hién phép toan AND (dé dat lai) va OR (dé thiet 1ap) trén dix liéu va ghi di liéu
tro lai cong dau ra.

MOt van dé c6 the xay ra khi viéc doc va ghi cc bit khac trong cong dau ra bi thay doi
béi mot so doan chuong trinh ngat. Ching ta phai nhé rang moi bit cong dau ra c6 thé
thuoc vé mot mach phan cirng khéc.

Muc dich cua thanh ghi GPIOX_BSRR va GPIOx_BRR la cho phép thao tac nguyén tu
(chu ky CPU don) doc/stra doi quyen truy cap vao bat ky bit dau ra nao cua GP10 ma
khong anh hudng dén cac bit dau ra khac. Bang cach nay, khong c6 rui ro rang IRQ
Xay ra gitra quyen truy cap doc va truy cap stra doi.
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Ty thudc vao dac diém phan cing cu the cuia timg cong 1/0 duoc liét ké trong bicu dix
liéu, moi bit cua cac cong GPIO c6 thé dugc dinh cau hinh riéng bang phan mém ¢
mot so che do:

= Pau vao floating

= Pau vao pull-up

= Pau vao pull-down

» Tuong tu (analog)

= Pau ra open-drain

= Pau ra push-pull

= Chtic nang thay thé push-pull
= Chtic ning thay thé open-drain

Vi du, dudng dau vao cé thé duoc doc truc tiép dudi dang dau vao tuong tu (Analog
Input) boi mot ADC.

N6 c6 thé duoc sir dung lam dau vao s6 (digital input) (sau bo dém TTL Schmitt
Trigger) boi mot dau vao chirc nang thay thé (Alternate Function Input) nhu 14 giao
tiép ndi tiép, bo dém xung, yéu cau ngat (interrupt request — IRQ), V.v.

NG c6 thé duge doc dudi dang mot bit word 32 bit trong thanh ghi dit liéu dau vao
(Input Data Register). Cac bit phan cao (bit 16-31) cua IDR 1a '0".

Khi cong I/O duoc lap trinh lam dau vao:
» Bo dém dau ra bi vo hiéu hoa.
= Pau vao Schmitt Trigger duoc kich hoat.

= Cac dién tro yéu pull-up va pull-down duoc kich hoat hay khong tly thudc vao cau
hinh dau vao (pull-up, pull-down hozc floating).
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= Dir ligu hién tai trén chan /O duoc lay mau vao thanh ghi di liéu dau vao mdi chu
ky xung APB2 dugc xac dinh bang phan mém sur dung thanh ghi cho phép dong ho
ngoai vi APB2 (RCC_APB2ENR).

= Quyén truy cap doc vao thanh ghi dir liéu dau vao dat duoc trang thai 1/0.
Pau vao floating:

Nhu da thay trong hinh 2.17 bén trén, duong dau vao c6 hai cong tic dién tir ¢6 thé
duoc thiét 1ap boi phan mem.

O ché @6 nay, hai cong tic dang mo.
Piu vao pull-up:

O ché @6 nay, cong tic dudi dang mo.
Piu vao pull-down:

O ché d6 nay, cong tac trén dang mo.

Analog:

Khi cong /O duoc lap trinh dudi dang cau hinh analog:

= Bo dém dau ra bi vo hiéu hoa.

= Pau vao Schmitt Trigger dugc huy Kich hoat cung cap mic “0” cho moi gia tri
twong tu (analog) cua chén I/O. bau ra cua Schmitt Trigger bugc phai cé gia tri khong
doi ('0").

= Céc dién tra yéu pull-up va pull-down yéu bi vo hiéu hoa.

= Quyeén truy cap doc vao thanh ghi dit liéu dau vao nhan gia tri '0',

Khi dwoc cAu hinh nhw mot dau ra, gid tri duoc ghi vao thanh ghi dir liéu dau ra
(GPIOx_ODR) s& dugc xuat trén chan 1/0. Co6 thé sir dung trinh dicu khien (driver)
dau ra & ché @6 push-pull hoac ché do open-drain (chi c6 N-MOS dugc kich hoat khi
xuat '0").

PAu ra open-drain:

Trong ché d6 nay, bong béan din (transistor) P-MOS khong dugc kich hoat va bong
ban dan N-MOS hoat dong nhu open-drain.

Piu ra push-pull:
Trong ché do nay, cac bong ban dan P-MOS va N-MOS duoc kich hoat.

Ddi véi cac dau ra chirc nang thay thé, cong phai dugc dinh cau hinh ¢ ché do dau ra
churc nang thay thé (push-pull hoac open-drain).

Doi voi cac chire ning thay thé hai chiéu, bit cong phai dugc dinh cau hinh & ché do
dau ra chic nang thay the (push-pull hodc open-drain). Trong truong hop nay, trinh
diéu khién dau vao dugc cau hinh & ché d6 dau vao floating.

Khi mot bit cong dwgc cau hinh 1am dau ra chiic nang thay thé, nd s& ngat két noi
thanh ghi dau ra va két noi chan vai tin hiéu dau ra cua thiét bi ngoai vi bén trong chip.

Néu phan mém cau hinh mot chan GPIO lam dau ra chire ning thay thé, nhung thiét bi
ngoai vi bén trong khéng duoc kich hoat, dau ra cua né sé khong duoc xac dinh.
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C4c thiét bi ngoai vi dau ra chuc ning thay thé c6 thé 1a DAC, giao tiép ndi tiép, tin
hiéu PWM, v.v.

Chire ning thay thé push-pull:
Trong ché do nay, cac bong ban dan P-MOS va N-MOS duoc kich hoat.
Chikc niing thay thé open-drain:

Trong ché do nay, bong ban dan P-MOS khéong duoc kich hoat va bong ban dan N-
MOS hoat dong nhu open-drain.

3.1.4. Thanh ghi GPIO

ARM ST32F100 c6 5 céng GPIO (GPIOA, GPIOB, GPIOC, GPIOD va GPIOE)
duoc két ndi véi 80 chan 1/0.

Mdi GPIO c¢6 7 thanh ghi riéng (CRL, CRH, IDR, ODR, BSRR, BRR va LCRR).
Mbi GPIO c6 dia chi co so tuyét doi, 1a dia chi CRL cua chinh né (offset = 0x00).

MJi thanh ghi khac déu c6 dia chi offset cua 4 byte lién tiép tir dia chi co so.
Mai thanh ghi cé gia tri reset (dt lai) riéng (gia tri mic dinh cua n6 sau khi nghi).
Pia chi co s ciia cac cong GPIO Ia:

GPIOA: 0x40010800

GPIOB: 0x40010c00

GPIOC: 0x40011000

GPIOD: 0x40011400

GPIOE: 0x40011800

Thanh ghi cau hinh cong thap (GPIOx_CRL) (x = A-E):

bia chi bu: 0x00

Gi trj diit lai:  Ox4444 4444

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

CNF7[L:0] MODE7[1:0] | CNF6[1:0] | MODES[L:0] | CNF5[1:0] | MODE5[1:0] | CNF4[1:0] | MODEA4[1:0]
w | w | ow | ow | w | w | w | ow | w | w | w | ow | ow | ow | ow | w

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

CNF3[1:0] MODES3[1:0] | CNF2[1:0] | MODEZ2[1:0] | CNFL[1:0] | MODEL[L:0] | CNFO[L:0] | MODEO[L:0]
w | ow | ow | w | w | w | w | ow | w | w | w | ow | ow | ow | ow | w

Noi dung cua thanh ghi nay dinh cau hinh cho GPIO 8 bit thap GPIO (bit 0 dén bit 7).
Bon Igit cua CRL dinh cau hinh cho mét bit’ cua cong GPIO. Hai bit xac dinh ché do
cua cong va hai bit xac dinh cau hinh cta ché do nay.
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CNF1 | CNFO | MODE1 | MODEO | Chire niing Céau hinh | ODR bit | MOS

0 0 0 0 DPau vao Analog -
0 1 0 0 Dau vao Float -
1 0 0 0 Pau vao Pull-Down |0
1 0 0 0 Dau vao Pull-Up 1
0 0 0 1 Pau ra GP Push-Pull Ohoacl | 10MHz
0 1 0 1 Pau ra GP Open-Drain | Ohoac1l | 10MHz
1 0 0 1 Pau ra AF Push-Pull | - 10MHz
1 1 0 1 Pau ra AF Open-Drain | - 10MHz
0 0 1 0 Dau ra GP Push-Pull  [Ohoicl | 2MHz
0 1 1 0 Dau ra GP Open-Drain | 0 hoac 1 2MHz
1 0 1 0 Dau ra AF Push-Pull | - 2MHz
1 1 1 0 Dau ra AF Open-Drain | - 2MHz
0 0 1 1 Pau ra GP Push-Pull Ohoacl | 50MHz
0 1 1 1 Pau ra GP Open-Drain | 0 hoic1 | 50MHz
1 0 1 1 Dau ra AF Push-Pull | - 50MHz
1 1 1 1 Pau ra AF Open-Drain | - 50MHz

MOS — Téc d6 dau ra lén nhét

GP - ba chtic nang

AF  — Chuc ning thay thé

Céc bit 0-3 dinh cAu hinh cho bit GPIO0
Céc bit 4-7 dinh cau hinh cho bit GP101
CAc bit 8-11 dinh cau hinh cho bit GP102
Céc bit 12-15 dinh cau hinh cho bit GPI103
Céc hit 16-19 dinh cau hinh cho bit GP104
Céc bit 20-23 dinh c4u hinh cho bit GP105
Céc bit 24-27 dinh ciu hinh cho bit GP106
Céc bit 28-31 dinh cau hinh cho bit GPIO7
Thanh ghi cau hinh cong cao (GP1Ox_CRH) (x=A-E):
bia chi bu:
Dia chi dat lai: 0x4444 4444

0x04
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31 30 29 28 27 26 25 24 23 22 20 20 19 18 17 16
CNF7[1:0] | MODE7[1:0] | CNF6[1:0] | MODE6[1:0] | CNF5[1:0] | MODES5[1:0] | CNFA4[1:0] | MODEA4[1:0]
r'w rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw
15 14 13 12 11 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] | MODEL[1:0] | CNFO[1:0] | MODEO[1:0]
r'w rw rw rw rw rw rw rw rw rw rw rw rw rw rw rw

Noi dung cua thanh ghi nay dinh cau hinh cho GPIO 8 bit cao GPIO (bit 8 den bit 15).
Bon bit cia CRH dinh cau hinh cho mét bit cia cong GPIO. Hai bit xac dinh ché do

cua cong va hai bit xac dinh ciu hinh cua ché d6 nay.

CNF1 | CNFO | MODE1 | MODEO | Chire niing Céu hinh ODR bit | MOS

0 0 0 0 Dau vao Analog -

0 1 0 0 Pau vao Float -

1 0 0 0 Dau vao Pull-Down |0

1 0 0 0 Dau vao Pull-Up 1

0 0 0 1 Pau ra GP Push-Pull 0hoic1 | 10MHz
0 1 0 1 Pau ra GP Open-Drain | 0 hoac1l | 10MHz
1 0 0 1 Pau ra AF Push-Pull - 10MHz
1 1 0 1 Pau ra AF Open-Drain | - 10MHz
0 0 1 0 Pau ra GP Push-Pull Ohoacl | 2MHz
0 1 1 0 Pau ra GP Open-Drain | 0hoic1 | 2MHz
1 0 1 0 Dau ra AF Push-Pull - 2MHz
1 1 1 0 Dau ra AF Open-Drain | - 2MHz
0 0 1 1 DPau ra GP Push-Pull O hoac 1 | 50MHz
0 1 1 1 Pau ra GP Open-Drain | 0 hoac1l | 50MHz
1 0 1 1 Pau ra AF Push-Pull - 50MHz
1 1 1 1 Dau ra AF Open-Drain | - 50MHz

MOS — Tbéc d6 dau ra I16n nhat

GP
AF

— Pa chiic ndng

— Chutc ning thay thé

Céc bit 0-3 dinh cau hinh cho bit GPIO8
Céc bit 4-7 dinh cau hinh cho bit GPI09
Cac bit 8-11 dinh cau hinh cho bit GP1010
C4c bit 12-15 dinh cau hinh cho bit GPI011
C4c bit 16-19 dinh cau hinh cho bit GP1012
C4c bit 20-23 dinh cau hinh cho bit GP1013
C4c bit 24-27 dinh cau hinh cho bit GP1014
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C4c bit 28-31 dinh cau hinh cho bit GPIO15
Thanh ghi cau hinh céng cao (GP10x_IDR) (x=A-E):

bia chi bu: 0x08

Gia tri dat lai:  0x0000 XXXX

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 0

IDR15 | IDR14 | IDR13 | IDR12 | IDR11 | IDR10 | IDR9 | IDR8 | IDR7 | IDR6 | IDR5 | IDR4 | IDR3 | IDR2 | IDR1 | IDRO

r

r

r

r

r

r

r

r

r

Céc bit 16-31 duoc bao luu, gitr ¢ gia tri dat lai.
Céc bit 0-15 IDRy[15:0]: dix liéu cong dau vao (y = 0-15)

Céc bit ndy chi dwoc doc va chi ¢é thé duoc truy cap trong ché do Word. Ching chira
gia tri dau vao cua cong I/0 tuong ng.

Thanh ghi di liéu dau ra cong (GP10x_ODR) (x=A-E):

bia chi bu: 0x0C
Gia tri dat lai:  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 0
ODR15 | ODR14 | ODR13 | ODR12 | ODR11 | ODR10 | ODR9 | ODR8 | ODR7 | ODR6 | ODR5 | ODR4 | ODR3 | ODR2 | ODR1 | ODRO
: r : r r : : : : : : : : : : r
Céc bit 16-31 duoc bao Iuu, gitr & gia tri dat lai.
C4c bit 0-15 ODRy[15:0]: dit liéu cong dau ra (y = 0-15)
C4c bit nay c6 thé duoc doc va ghi bang phan mém va chi cd thé duoc truy cap & ché
do Word.
Ghi chu:
Do voi thict 1ap/dit lai (set/reset) bit nguyén tir, cac bit ODR c6 thé dugc thict 1ap va
x0a mot cach riéng lé bang cach ghi vao thanh ghi GPIOXx_BSRR (x = A-E).
Thanh ghi set/reset bit cong (GP1Ox_BSRR) (x=A-E):
bia chi bu: 0x10
Gia tri dat lai:  0x0000 0000
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
BR15 [ BR14 [ BR13 [ BR12 | BR11 [ BR10 [ BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w '\ w w W W w W w W w W w W w
15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO
w w '\ w w W W w W w W w W w W w
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Cac bit 0-15 BSy: cong x thiét lap bity (y = 0-15)

C4c bit nay Ia chi ghi va chi c6 thé dugc truy cap trong ché d6 Word.
0: Khong c6 hanh dong nao trén bit ODRx tuong rng
1: Thiét lap bit ODRx twong ing

C4c bit 16-31 BRy: cong x dit lai bit y (y = 0-15)

C4c bit nay Ia chi ghi va chi c6 thé dugc truy cap trong ché d6 Word.
0: Khong c6 hanh dong nao trén bit ODRx tuong (rng
1: Pat lai bit ODRx tuong ng

Néu ca BSx va BRx déu dugc thiét 1ap (set), thi BSx c6 quyén uu tién.

Thanh ghi reset bit céng (GPIOx_BRR) (x=A-E):

bia chi bu: 0x14

Gia tri dat lai:  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 0

BR15 | BR14 | BR13 | BR12 | BR11 | BR10 | BR9 | BR8 | BR7 | BR6 | BR5 | BR4 | BR3 | BR2 | BR1 | BRO

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

Céc bit 16-31 duoc bao luu

Cac bit 0-15 Bry : cong x dit lai bity (y = 0-15)

Cac bit nay Ia chi ghi va chi c6 thé dugc truy cap trong ché d6 Word.
0: Khdng ¢6 hanh dong nao trén bit ODRx tuwong tng

1: bat lai bit ODRx twong ung

Thanh ghi khéa cau hinh cong (GP10x_LCKR) (x=A-E):

Thanh ghi nay duoc sir dung dé khda cau hinh cua cac bit cong khi mot trinh ty ghi
dung duoc ap dung cho bit 16 (LCKK).

Gia tri cua cac bit [15: 0] duoc sir dung dé khda cau hinh cua GPIO. Trong trinh ty
ghi, gia tri cia LCKR [15: 0] khong duoc thay doi.

Khi chudi LOCK d3 duoc ap dung trén mét bit cong, thi ta khéng con c6 thé sira doi
gié tri cua bit cong cho dén lan reset tiép theo.

MAi bit khoa dong bang 4 bit twong (ng cua thanh ghi diéu khién (CRL, CRH).
Dia chi bu: 0x18
Gia tri dat lai: 0x0000 0000
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31

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

16

LCKK

Reserved
rw
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
LCK15 | LCK14 | LCK13 | LCK12 | LCK1l1 | LCK10 | LCK9 | LCK8 | LCK7 | LCK6 | LCK5 | LCK4 | LCK3 | LCK2 | LCK1 | LCKO
rw rw rw rw rw rw w w rw w w rw rw rw w rw

Cac bit 17-31 duoc bao luu
Bit 16 LCKK][16]: phim khoa

Bit nay c6 thé duoc doc bt ctr 1uc ndo. N6 chi cé thé dugc sira ddi bang cach sir dung
trinh tu ghi phim khoa (Lock Key Writing Sequence).

0: Phim khda cau hinh céng khong hoat dong

1: Phim khéa ciu hinh cong hoat dong. Thanh ghi GPIOX_LCKR bi khéa cho dén khi
reset MCU.

Trinh tw ghi phim khéa:

Write 1

Write O

Write 1

Read 0

Read 1 (Read (doc) nay la tly chon nhung né xac nhan rang khoa dang hoat dong)
Ghi cha:

Trong trinh ty LOCK Key Writing, gia tri cia LCK [15:0] khéng duoc thay doi. Bat
ky 16i nao trong trinh tu khéa sé& hity khoa.

Céc bit 0-15 LCKy : cong x khoa bit y (y = 0-15)
C4c bit nay 1a doc ghi nhung chi ¢6 thé dugc ghi khi bit LCKK bang 0.
0: Cau hinh cong khong bi khoa.

1: Cau hinh céng bi khoa.

3.1.5. Chwong trinh véi GPIO

Sau day 1a chuong trinh Led nhap nhay.

int main (void)

{

inti;

Leds_Init();

while(1)

{

LED PORT->ODR = 0x55; //01010101

22




for (i=1:i!= 0X100000 ; i++);
LED_PORT->ODR = Oxaa; /10101010
for (i=1:i!= 0X100000 ; i++);

}

}
Chuong trinh nay ghi vao thanh ghi dir liéu ngd ra - ODR (Output Data Register) cua
LED PORT céac s6 0x55 va Oxaa vai do tré gitta moi lan ghi.

LED_PORT trong EITPS-3192 |a GPIOE.

Lénh dau ra c6 thé 1a;
GPIOE->ODR = 0x55;

Trong truong hop nay khi chung ta doc chuong trinh, chiing ta nén nhé rang cac dén
LED duoc két noi voi GPIOE. Noi cach khac, chdng ta dinh nghia GPIOE nhu la
LED_PORT véi khai bao nhu sau:

#define LED_PORT GPIOE

ODR la thanh ghi Poc/Ghi. Ching ta c6 thé doc dir liéu ciia né. Trong chuong trinh
sau, ta c0 thé sur dung tinh nang nay.

Ham Leds_Init() s& duoc giai thich trong thi nghiém tiép theo.
Chuong trinh sau ddy ghi vao ODR phan bu dir liéu cia n6. Dau '~' ¢6 nghia 14 bu.
int main (void)

{

inti;

Leds_Init();

LED PORT->ODR = 0x00;

while(1)

{

LED _PORT->ODR =~LED PORT->0ODR;

for (i=1;i!=0X100000 ; i++);

}

}

Trong tat ca cac chuong trinh trudc, ching ta sir dung cac khai bao duoc chuan bi sin
boi Keil (nha phat trién trinh bién dich va cac bo phat trien phan mém).

Chuong trinh sau ddy mé ta cach xdy dung cac khai bao nhu vay.
typedef struct

{

volatile unsigned int Crl;
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volatile unsigned int Crh;

volatile unsigned int Idr;

volatile unsigned int Odr;

volatile unsigned int Bsrr;

volatile unsigned int Brr;

volatile unsigned int Lckr;

}GPIO_struct;

#define GPIOE_leds ((GPIO_struct *) (unsigned int) 0x40011800)
int main (void)

{

inti;

Leds_Init();

GPIOE_leds ->Odr = 0x00;

while(1)

{

GPIOE_leds ->Odr = ~ GPIOE_leds ->Odr;
for (i=1;1!=0X100000 ; i++);

}

}

Dong '#define GPIOE_leds ((GP1O_struct *) (unsigned int) 0x40011800)" thay thé
word GPIOE_leds trong chwong trinh bang mét con tro t&i mot cau tric (dwoce dinh
nghia boi GPIO_struct) tai dia chi 0x40011800, la dia chi cta cac thanh ghi cong
GPIOE.

Thong thuong, khai bao trén dugc thay thé bang hai khai bao nhu sau:
#define GPIOE_PORT (unsigned int) 0x40011800

#define GPIOE_leds ((GPIO_struct *) GPIOE_PORT)

3.1.6. Pén LED va két néi ciaa ching véi cong dau ra

Pén LED (Light Emitting Diode), nhu tén goi caa nd, 1a mot di-6t (diode) phét ra anh
sang khi dong dién chay qua no. Cuong do cua anh sang la mot ham ctaa mat d6 dong
dién qua dén LED. Mot dong dién tir ImA dén 10mA 1a da dé tao ra anh sang co
cuong do nhe.

bén LED co ghé dugc két ndi truc tiép voi Cépg dau ra, nhung tég hon nén két ndi nd
véi "mach dieu khién" dugc van hanh boi cong (port). Mach diéu khién nay cé thé
dugc dung boi mot mach don gian (mot bong ban dan don), nhu trong hinh sau.
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Hinh 2. 18
Gia tri ciia Re va Rg duoc xéc dinh theo mat do dong dién mong muon (lc) dugc thict
ké dé chay qua den LED. Gia st chung ta muon c6 dong dién vai Ic = 10mA. Dién &p
giam trén diode va trén Vce (¢ trang thai bdo hoa) la khoang 1,5V. Do do6, dién ap
giam trén Rc la 3,5V.

VR,

R. = = 3500

C
Két ndi mot dién trd R= 330Q2 khi ching ta muén c6 mot dong dién xap xi 10mA va
mét dién tro R= 680Q khi mudn c6 dong dién 5mA la mot thuc té dugc cong nhan.
B6ng ban dan s& duoc chuyen mach (kich hoat) khi byte dau ra cua cong, dugc két noi
véi bong ban dan, 1a Von (Vput, High), dién dp dau ra cao, Iu6n~la 3,3V cho cac thiét bi
trong mach logic. Dong Iy can thiét dé kich hoat bong ban dan dugc tinh toan théng
qua PBmin:

I 1l0m
Pmin 50
_ Vog—Vge(Sat) 3.3-0.8
B I "~ 0.2m
Ching ta thiy Re la khoang 10KQ. Néu Re duoc lay nho hon gié trj nay, bong ban dan
s€ roi vao trang thai bao hoa sau. Luu y rang cac lan chuyén mach khong quan trong
doi vai cac thanh phan hién thi. Do do, Re thap hon c6 thé dugc dung nap.

=0.2mA

E:

Ry =12.5K

Pén LED ciing c6 thé duoc kich hoat thdng qua mot mach diéu khién tich hop, chang
han nhu 7406 hoac ULN2001, nhu trong hinh 2.19.

Hinh 2. 19
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Pén LED sang khi bit cua cong dau ra & muc cao, giong nhu d6i voi trudng hop trudc.
3.1.7. Mach dén Led cua bd thi nghiém EITPS-3192
Cac dwong E cia cong GP1O:

PEO (chan 97) dugc két ndi voi PEO-LO (LEDO)

PE1 (chan 98) dugc két ndi véi PEO-L1 (LED1)

PE2 (chan 1) duoc két ndi voi PEO-L2 (LED2)

PE3 (chan 2) duoc két ndi voi PEO-L3 (LED3)

PE4 (chan 3) duoc két ndi voi PEO-L4 (LED4)

PE5 (chan 4) duoc két ndi voi PEO-L5 (LED5)

PE6 (chan 5) duoc két ndi voi PEO-L6 (LED6)

PE7 (chan 38) dugc két ndi véi PEO-L7 (LED?)

Mach dén LED:
M~ <t o N — o
| ﬁ ﬂ _.I - - - -
N~ <t o N i o
L ﬁ ﬂ L L LL L L
o o o o o o o [a
~|5 ~G ~ g ~ S ~ |9 ~ |G |5 ~(3
c—‘— = -1 = 1 = . =] _v_ S . S |« = _v_
2 X 2 (W2 [\ 2 [x 2 | 2 | =R 2 |
g g g 2 g 2 S g
OH o\—| OH OH O\—| OH OH OH
o [a)] o [a) [a) [a)] [a)] [a)]
L L L L LU L L L
.| . - - - - - |
PN4
470

DO |H|N|M|IT|O [©

Trong Layout L7 = LO —
GND

Hinh 2. 20

Nhu duoc thdy trong hinh, cac dén LED c6 thé duoc két ndi tryc tiép thong qua cac
dién tré han dong téi cac chan cong ARM. ARM c0 kha nang diéu khién dén LED ma
khong can bat ky trinh diéu khién nao.
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Trinh tw thyc hién:

1. Vao thu vién ARM_Project va nhap dap vao tép ARM_Project. Nhap vao thu
vien ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai li¢u nay,

duong

ARM_V3\ARM_Project”

dan den

tép ARM_Project.uvprojx la“C:\Courses\3192\S-

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
T d & b @Al 9 A o £ IE i | [ printtoPC JRe Q- e ¢
S EEe- 59| ARM_Project JRI AT e Oé
Functions L3 x | ] Main.c*
= _‘| Main.c ~ 850 }
& adc_delay 00 Bs51 L
& adc_delay 10 852 Delay ()
@ Delay () 853 |
@ delay_ms (unsigned char t 854 int i; i -
@ delay_us (volatile uint16_t R for (1 =1 ; 1 != 0X100000 ; 144):
- - B5& }
& DMAI1_Channell_IRQHanc 857
& ee_byte_read (void) 858
® ee_byte_send (volatile uns. 858 int main (void)
& ee_delay (void) 860 [H{
& ee_read (volatile uint16_t e 861
& ee_start (void) 862 [ )
& ee_stop (veid) g:: o g ’ g
& ee_write (uint16_t ee_addr, ses y ; y
& EXT9_5_IRQHandler (void) 866
& Int_Vector_Init (void) 867
& keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) 870
@ led_curser_location (chars 871
@ lcd_data (char d) 212
@ lcd_print_num (unsigned ¢ 574
@ lcd_write_P (charx, chary, 875
g mein (void)| 876
& NVIC_SetVectorTable (uint 877
§ read_adc (unsigned char ¢ 878
@ Read_serial_adc (void) - 879
P . 880 |
881

& Proj 6: {}Fun.. [0y 1em

~
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3. Cuon xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=~ - @9 - | @ printto PC JRe Q-|le [ X
£ [E e~ 35| arm_Project ]
Functions L0 x | _] Mainc
= [=] Mainc ~ 1057 al;
@ adc_delay 00 1058 1<0x300000 ; i++)
& adc_delay 10 1059
& Delay 0 1060
@ delay_ms (unsigned chart iggi‘
@ delay_us (volatile uint16_t 1063
& DMA1_Channell_IRQHanc 1064
@ ee_byte_read (void) 1065 | ‘
§ ee_byte_send (volatile uns 1066
@ ee_delay (void) 10867 | f//IFAIIITITTT / / /4 / /
@ ee_read (volatile uint16_t e 1068 | //
& ee_start (void) 1oes LEAErL ALEEEEErd / / 4 /
& ee_stop (void) ig:g e i
@ ee_write (uint16_t ee_addr, 1072 ‘
® EXTI9_5_IRQHandler (void) 1073 Leds Init():
@ Int_Vector_Init (void) 1074 -
@ keys_delay (void) 1075 while (1)
® lcd_clean_line (unsigned ¢ 1076
@ lcd_command (char d) 1077
& lcd_cursor_location (char» 1078
@& lcd_data (char d) ig;g
® lcd_print_num (unsigned ¢ 1081
@ lcd_write_P (charx, chary, 1082
@ main (void) 1083
& NVIC_SetVectorTable (uint 1084
& read_adc (unsigned char ¢ 1085
@ Read_serial_adc (void) v 1086 |
€ 1087 &}
VOBB | /777 FITTTITEITEITEELETELIIT TR ERTTET LT EL I I LI LTI FTETTETT

& ero

>
@ sooks () Fun... [0, Tem
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Phan nay chira chuong trinh GP10 and LEDs.

4. Kich hoat chuong trinh bang cach stra hai ky hiéu gigi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban

s€ nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools

SVCS Window Help

=" K- B9 4 ™ s = [ print to PC VRS Q-le oo d
£ e $% | ARM_Project SEIN K Bl
Functions LR x| _] Mainc*
B[] Main.c A 1057 LEDs_Cut = val;
@ adc_delay 00 1058 for (i=0 ; i<0x300000 ; i++)
& adc_delay 10 1059
® Delay 0 1060
@ delay_ms (unsigned char k e
@ delay_us (volatile uint16_t ig:;
§ DMAI_Channell_IRQHanc 1064
@ ee_byte_read (void) 1065
@ ee_byte_send (volatile uns 1066
§ ee_delay (void) 1067
& ee_read (volatile uint16_te loés
§ ee_ctart (void) ig:z
¢ ee_srgp (V?Id) 1071 int i:
@ ee_write (uint16_t ee_addr, 1072
§ EXTI9_5_IRQHandler (void) 1073 Leds Init();:
@ Int_Vector_Init (void) 1074 -
@ keys_delay (void) 1075 while (1)
@ lcd_clean_line (unsigned ¢ 1076 ] {
@ lcd_command (char d) 1077 LED_PORT->ODR = 0x55; //01010101
@ lcd_cursor_location (char» L 1078 for (i=0 ; i<
@ lcd_data (char d) 1079 LED_PCRIV'—)ODRV )
) . 1080 for (i=0 ; i<O0x3
@ lcd_print_num (unsigned ¢ 1081
@ lcd_write_P (charx, chary, 1082
@ main (void) 1083
@ NVIC_ SetVectorTable (uint 1084
@ read_adc (unsigned char ¢ 1085
@ Read_serial_adc (void) " 1086
1087 = w
< > 1088 ﬁ] .
E:‘:, @E::- {} Fun... l].,’:‘ <
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5. Quan sat chuong trinh va so sanh nd véi chuong trinh bai tap:

int main (void)
{

inti;

Leds_Init();

while(1)

{
LED PORT->ODR = 0x55; //01010101
for (i=1;i!'=0X100000 ; i++);
LED PORT->0ODR = 0xaa; //10101010
for (i=1;1!=0X100000 ; i++);

}

}
6. Kich hoat EITPS-3192.

7. Luu va bién dich (néu c6 sai s6t thi sira 15i va bién dich lai).
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Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.

8. Quan sat cac dén LED nhép nhay.
9. Nhan RST dé dirng chuong trinh dang chay.
10. Thay d6i chuong trinh thanh chuong trinh sau:
int main (void)
{

inti;

Leds_Init();

LED PORT->ODR = 0x00;

while(1)

{
LED PORT->ODR =~LED_PORT->0ODR;
for (i=1;1!=0X100000 ; i++);

}
}

11. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.

12. Kiém tra xem tdc d6 nhay c6 thay doi khong.
13. Nhan RST dé dumng chuong trinh.
14. Thay doi chuong trinh thanh chuong trinh sau:
typedef struct
{
volatile unsigned int Crl;
volatile unsigned int Crh;
volatile unsigned int Idr;
volatile unsigned int Odr;
volatile unsigned int Bsrr;
volatile unsigned int Brr;
volatile unsigned int Lckr;
}GPIO_struct;
#define GPIOE_leds ((GPIO_struct *) (unsigned int) 0x40011800)
int main (void)
{
inti;
Leds_Init();
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GPIOE_leds ->Odr = 0x00;
while(1)
{
GPIOE_leds ->Odr = ~ GPIOE_leds ->Odr;
for (i=1:i!= 0X100000 ; i++);
}
}
15. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).
Truéc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
16. Kiém tra xem tdc d6 nhay c6 thay doi khong.
17. Nhan RST dé ding chwong trinh.
18. Kich hoat c4c dau '/* */' bang cach x06a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.
Thi nghiém 3.2 - Thao téc bit va Khéi tao GPI1O
Muc tiéu:
= Thao t4c bit v&i cong ARM.
= Nghién ciru thanh ghi BSRR.
= Khoi tao GP10O nhu mét cong ngd ra.
Thiét bi can thiét:
= Bo thi nghiém vi diéu khién EITPS-3192
Thao luan:
3.2.1. Thao tac bit véi cac phép toan logic
Thao tac bit c6 thé dat dugc bang phép toan logic dugc mo ta trong thi nghiém 3.5.
Phép toan AND véi s6 nhi phan:

Phép toan AND duoc st dung dé dat lai (reset) cac bit trong mot s6, bat ké ching c6 gi
trude do.

Vi du:

A =11011011

B =01101010

Sau phép toan logic AND:

Y =A&B;

Chung ta nhan dugc:

Y =01001010

Bit 2 va 5 12 0, bat ké chung 1a gi trudc d6. Phan con lai cia cac bit khong thay doi.
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Phép toan OR véi s6 nhi phan:

Phép toan OR duoc st dung dé thiét lap (set) cac bit trong mot sb, bat ké ching co gi
trudce do.

Vi du:

A =00100100

B =01101010

Sau phép toan logic OR:

Y=A|B;

Chung ta nhan dugc:

Y =01101110

Bit 2 va 5 1a 1, bat ké chung 1a gi trudc d6. Phan con lai cia cac bit khong thay doi.
Phép toan NOT trén sé nhi phan:

Phép toan NOT duoc sir dung dé bu cac bit trong mot sé (tir 0 thanh 1 va tir 1 thanh 0);
Vi du:

A =01011001

Sau phép toan logic NOT:

Y =~A;

Chung ta nhan duoc:

Y =10100110

Chuong trinh sau lam LED2 nhap nhdy ma khong anh huong dén cac den LED khéc
cua cong ngo ra.

int main (void)

{

inti;

Leds_Init();

LED PORT->ODR = 0xff;

while(1)

{

LED PORT->ODR = LED_PORT->0ODR & 0xfffb;
for (i=1;1!=0X100000 ; i++);

LED PORT->ODR = LED_PORT->0ODR | 0x0004;
for (i=1;i!=0X100000 ; i++);

}

}
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S6 Oxfffb 1a 1111,1111,1111,1011. Phép todn AND Vi s6 ndy s& dit lai (reset) bit 2
va khéng anh hudng dén cac bit khac.

Lénh dau tién trong vong lip while, doc cong ODR, dit lai (reset) bit 2 va ghi s6 vao
ODR.

S6 0x0004 la 000,0000,0000,0100. Phép toan OR vai s6 nay thiét lap (set) bit 2 va
khéng anh huong dén céc bit khac.

Lénh tha ba trong vong lap while, doc cong ODR, thiét 1ap (set) bit 2 va ghi s6 vao
ODR.

3.2.2. Thao tac bit véi thanh ghi BSRR

Doan chuong trinh trén 12 tot néu cac bit cdng ngd ra chi duoc thao tac boi chuong
trinh chinh.

Thong thuong, thiét bi ngoai vi duoc xir Iy bai cac doan chuong trinh ngat va trinh xir
Iy ngat.

Vin dé vai doan chuong trinh trén [ 1énh thao tac khdng phai 1a Iénh nguyén ter (chu
ky CPU don). N6 doc ODR, thyc hién thao tac va ghi vao ODR.

Néu giita qué trinh doc va qua trinh ghi ma doan chuong trinh ngat s& thay d6i mot sé
bit khéc, thi viéc ghi sé lam hong thao tdc doan chuong trinh ngat.

Thanh ghi BSRR s& giai quyét van dé d6. N6 cho phép thiét 1ap hogc dat lai cac bit
nhat dinh ma khéng can doc ODR va khéng anh hudng dén céc bit khac trong mét chu
ky CPU don.

BSRR la thanh ghi 32 bit.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

BR|BR|BR|BR|{BR|BR|{B|B|B|B|B|B|B|B|B|B
15114 113|112 |11 | 10 |R9|R8|[R7|R6 |R5| R4 | R3|R2|R1|RO

w W w W w W ilw|lw|fw|lw|W|W|W|W]|W]|W

5 14 13 12 11 10 9 8 v 6 5 4 3 2 1 O

BS|BS |BS|BS|BS|BS|BS|{BS|BS|BS|BS|BS|BS|BS|BS|BS
15114 113|112 |11 |10 9|8 |7|6|5]|4]3 2|10

w W w W w W Ilw|lw|lfw|lwW|W|W|W|W]|W]|W

Cac bit 0-15 Bsy: Cong x thiét lap bit y (y = 0-15)

Cac bit nay la chi ghi va chi c6 thé dugc truy cap trong ché ¢6 Word.
0: Khong c6 hanh dong nao trén bit ODRx tuong g

1: Thiét 1ap (set) bit ODRx tuong tng

Céc bit 16-31 Bry: Cong x dit lai bity (y = 0-15)

Cac bit nay 1a chi ghi va chi c6 thé dugc truy cap trong ché ¢6 Word.
0: Khong c¢6 hanh dong nao trén bit ODRx tuong rng
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1: Bat lai (reset) bit ODRx tuwong rng
Chuy:
Néu ca BSx va BRx déu dugc thiét 1ap (set), thi BSx c6 quyén uu tién.

Chuong trinh sau lam LED2 nhap nhéy ma khong anh huong dén cac den LED khéc
cua cong ngo ra.

int main (void)

{

inti;

Leds_Init();

LED PORT->0ODR = 0x00;

while(1)

{

LED PORT->BSRR = (unsigned int) 0x00000004;
for (i=1;1!=0X100000 ; i++);

LED PORT->BSRR = (unsigned int) 0x00040000;
for (i=1;1!=0X100000 ; i++);

}

}

Khi chling ta gan mot s cho mot thanh ghi, ching ta phai cho trinh bién dich biét kich
thuéc cua so do. Trinh bién dich bo qua cac so “0” ¢ dau cua so. NO coi so
0x00000004 la 0x4. Bé thuan tién, ta viet so do 1a 0x00000004.

3.2.3. Pit lai (Reset) va Kiém soat Xung (RCC)

ARM Cortex M3 c6 mét hé thong Dit lai va Kiém soat Xung (RCC - Reset and Clock
Control) rat phong phu. H¢é thong nay dugc dinh cau hinh va xac dinh béi 11 thanh
ghi:

Thanh ghi kiém soat xung - RCC_CR (Clock Control Register)

Thanh ghi cau hinh xung - RCC_CFGR (Clock Configuration Register)

Thanh ghi ngét xung - RCC_CIR (Clock Interrupt Register)

Thanh ghi dat lai ngoai vi APB2 - RCC_APB2RSTR (APB2 Peripheral Reset
Register)

Thanh ghi dat lai ngoai vi APB1 - RCC_APBI1RSTR (APB1 Peripheral Reset
Register)

Thanh ghi kich hoat xung ngoai vi AHB - RCC_AHBENR (AHB Peripheral Clock
Enable Register)

Thanh ghi kich hoat xung ngoai vi APB2 - RCC_APB2ENR (APB2 Peripheral Clock
Enable Register)
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Thanh ghi kich hoat xung ngoai vi APB1 - RCC_APB1ENR (APBL.1 Peripheral Clock
Enable Register)

Thanh ghi kiém soat mién dy phong - RCC_BDCR (Backup Domain Control Register)
Thanh ghi Diéu khién/Trang thai - RCC_CSR (Control/Status Register)

Thanh ghi c4u hinh xung2 - RCC_CFGR2 (Clock Configuration Register 2)

Dit lai hé théng:

Viéc dat lai hé thdng sé& thiét 1ap tat ca cac thanh ghi thanh gia tri dit lai (reset) cua
chling ngoai trir cac co reset (reset flag) trong thanh ghi CSR cua bd diéu khién xung
va cac thanh ghi trong Backup Domain. Viéc dit lai hé thong dugc khai tao khi mot
trong cac su Kién sau xay ra:

= Pit mot mac thap trén chan NRST (reset bén ngoai)

= Window watchdog két thiic diéu kién dém (reset WWDG reset)

= Independent watchdog két thuc diéu kién dém (IWDG reset)

= DPit lai mot phan mém (SW reset)

= Pit lai quan 1y nang luong thap (xem phan Dit lai quan 1y ning luong thap)

= Pit lai ngudn duqq khoi tao khi dat lai power-on/power-down (POR/PDR reset)
hoac khi thoat khoi ché @ Cho (Standby mode).

= Dit lai Backup domain duoc khoi tao tai Sqftware reset, duoc kich hoat bing cach
thict 1ap bit BDRST trong thanh ghi dicu khién Backup domain (RCC_BDCR) hoic
khi VDD hay VBAT bat nguon.

Tat ca cac tly chon nay duogc giai thich trong tai liéu tham khao STM32F100.

Xung:

Ba nguon xung khac nhau cé thé duoc sir dung dé diéu khién xung hé théng
(SYSCLK):

= Xung dao dong HSI (High Speed Internal) dua trén bo dao dong RC bén trong
nhung c6 thé dugc hiéu chinh dé co tan so6 chinh xac.

= Xung dao dong HSE (High Speed External)
= Xung PLL (Phase Locked Loop)
Cac thiét bi c6 hai nguon xung nhip phu sau:

= Xung nhip téc do thap 40KHz cua RC ngi b (LSI RC) dieu khien independent
watchdog va tuy chon RTC dugc sur dung cho Auto-wakeup tir ché dé Stop/Standby.

= Xung nhip toc do thap 32,768KHz cua tinh the ngoai (tinh the LSE) diéu khién mot
cach tuy chon dong ho thoi gian thuc (RTCCLK).

MGi nguon xung nhip c6 thé duoc bat hoic tat doc lap khi no khong duoc st dung, dé
toi wu hoa muc tiéu thu dién nang.

Cac xung phuc vu cac thiét bi ngoai vi ARM nhu: GPIO, ADC, DAC, Timers, DMA
(Direct Memory Access), USARTS (Universal Synchronous Asynchronous Receiver
Transmitter), Watchdogs.

34



Tat ca cac bo phan nay deu 1a hé théng dong bo va dugc dong bo vai xung. Dong dién
la cao trong qué trinh chuyén doi xung nhip gidp cho cac xung nhip tiéu thu dong dién

nang.

ARM cho phép khod hogc mo xung nhip cho bét ky thiét bi ngoai vi nao dé tiét kiém
dong dién ¢ nhirng noi khong can xung nhip.

Mach sau day moé ta mach xung cua STM32F100.
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Céc thanh ghi RCC dugc khai béo 1a cau tric RCC véi cac khai béo sau.
typedef struct

{

Volatile unsigned int CR;

Volatile unsigned int CFGR;

Volatile unsigned int CIR;

Volatile unsigned int APB2RSTR;

Volatile unsigned int APB1RSTR;

Volatile unsigned int AHBENR;

Volatile unsigned int APB2ENR;

Volatile unsigned int APB1ENR;

Volatile unsigned int BDCR;

Volatile unsigned int CSR;

Volatile unsigned int AHBRSTR;

Volatile unsigned int CFGR2;

IRCC_Typedef

#define RCC((RCC_Typedef *) ((unsigned int) 0x400210000)

Poan chuong trinh Leds_Init ma ching ta sir dung trong moi chwong trinh dugc viét
nhu sau:

Void Leds_Init (void)

{

#define RCC_APB2ENR_IOPEN ((unsigned int) 0x00000040)

#define MODE_OUT_2MHZ_PP_0_7 0x22222222

RCC->APB2ENR |= RCC_APB2ENR_IOPEN;//Enable GPIOE clock
GPIOE->CRL = ((unsigned int) 0x00000000;//clear the CRL register
GPIOE->CRL |- MODE_OUT_2MHZ_PP_0_7;//Set PEO-PE7 as outputs

}

Poan chuong trinh nay dinh cau hinh thanh ghi GPIOE CRL véi s6 0x22222222 dé
khai bdo PEO-PE7 la cong ngd ra 6 2MHZ.

N6 cling kich hoat xung cua GPIOE.

Nhu da giai thich trude do, tot hon 1a tat ca doan chwong trinh khoi tao va khai béo
phan ctng s€ la mot phan cia main.h va khong dugc dua vao chuong trinh.

Trinh ty thuc hién:

1. Vao thu vién ARM_Project va nhap dup vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao tép ARM_Project.uvprojx. Theo tai liéu nay,
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duong

dan

dén

ARM_V3\ARM_ Project”
2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khong:

tép ARM_Project.uvprojx la“C:\Courses\3192\S-

File Edit View Project Flash Debug Peripherals Tools 35SVCS Window Help
" B9 - | o iz % printto PC VR Q- e ok |
& E - $% | Arm_project v & b
Functions a a2 _1 Main.ct
B ] Main.c ~ 850 | }
@ adc_delay 00 es1 L
@ adc_delay 10 8sz Delay ()
@ Delay ) 853 {
® delay_ms (unsigned char t — inc 1; R
@ delay_us (volatile uint16_t BSS for (1 =1 : i = 0X100000 Eark
- - 8se }
& DMA1_Channell_IRQHanc 857
@ ee_byte_read (void) 858
& ee_byte_send (volatile uns 859 int main (void)
& ee_delay (void) D 860 H{
@ ee_read (volatile uint16_t e 861
® ee_start (void) 862 . o P
@ ee_stop (void) ::: SO ’ ’
® ee_write (uint16_t ee_addr, 865
& EXT9_5_IRQHandler (void) BES
& Int_Vector_Init (void) 867
@ keys_delay (void) Be8
& lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) 870
@ lcd_cursor_location (char» 871
& lcd_data (char d) ::’;
@® lcd_print_num (unsigned ¢ 874
® lcd_write_P (char x, chary, 875
& [F id) 876
® NVIC SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878 “/
@ Read_serial_adc (void) = g79
< > 880 |
881 £
& eroy... @ Books {} Fun... |y Tem <

Hinh 2. 25

3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwoc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=2 - IR T YL R B [ 1f| @ printtopc VA Qe o s @&-
& Ee- $5 | Arm_project R Ao O
Functions L0 x | ] Main.c*
B Main.c " 1078
I adec_delay 00 1079
ade_delay_1() 1080
=
delay_ms (unsigned char t 050
delay_us (volatile uint16_t 1084
DMA1_Channel1_IRQHanc 1085
ee_byte_read (void)

L 2K 2R K 2% 2K X R 2% 2% 2 2% 2K ¥ 2 2% 2% % 2K g% 2 2% 2% 2% ¥ 2% 4

ee_byte_send (volatile uns
ee_delay (void)

ee_read (volatile uint16_t e
ee_start (void)

ee_stop (void)

ee_write (uint16_t ee_addr,
EXTI9_5_IRQHandler (void)
Int_Vector_Init (void)
keys_delay (void)
led_clean_line (unsigned ¢
Ilcd_command (char d)
led_cursor_location (char»
lcd_data (char d)
led_print_num (unsigned ¢
lcd_write_P (char x, chary,
main (void)
NVIC_SetVectorTable (uint
read_adc (unsigned char ¢

Read_serial_adc (void) v

< >
& eroj.. @ sooks {} Fun... [0, Tem

A

=

1086 |-

1087
1088
1089
1090
1091
1092
1083
10594
1085
1096
1097 {
1088
1089
1100
1101
1102 }
1103
1104 |
1105
1106
1107
1108
1109

d Bit Manipulation

int i;

Leds_Init();
while (1)

//set bit 2

LED_PORT->BSRR = (unsigned int) 0x00
for (i=0 ; i<0 0 i

LED_PORT->BSRR
for (i=0 ; i<0x3

reset bit 2

Hinh 2. 26

4. Quan sat chuong trinh va so sdnh véi chuong trinh bai tap:

int main (void)

{

inti;

Leds_Init();
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LED PORT->ODR = 0x00;
while(1)
{
LED PORT->BSRR = (unsigned int) 0x00000004; //set bit 2
for (i=1;i!'=0X100000 ; i++);
LED_PORT->BSRR = (unsigned int) 0x00040000; //reset bit 2
for (i=1;i!=0X100000 ; i++);
}

}
5. Kich hoat EITPS-3192.

6. Luu va bién dich (néu c6 sai s6t thi sira 13i va bién dich lai).
Truéc khi tai xuéng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
6. Quan sat dén LED nhap nhay.

Chuong trinh sau ddy lam cho LED2 nhap nhay ma khong anh huong dén cac dén
LED ¢ cong ngd ra khéc.

7. Nhan RST dé ding chuong trinh dang chay.

8. Thay doi chuong trinh dé LED4 s& nhap nhay thay vi LED2 va thoi gian BAT s&
gap doi thoi gian TAT.

9. Lap lai cac budc 3-7 va kiém tra xem toc do nhap nhay co thay do6i khéng.

10. Nhan RST dé ding chwong trinh.

11. Thay d6i chuong trinh d¢ LED2 va LED4 s& nhap nhdy. Khi LED2 BAT, LED4
TAT va nguoc lai.

12. Lap lai cac budc 3-7 va kiém tra xem téc do nhay co thay doi khong.

13. Nhin RST dé ding chwong trinh.

14. Kich hoat cac dau '/* */" bing cach x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thir nghiém 3.3 - Hién thi Led 7 thanh

Muc tiéu:

= Cach van hanh bo hién thi Led 7 thanh 4 s6 théng qua cong ngd ra va bo giai ma.
= Cach viét mot chuong trinh diéu khién Led 7 thanh ¢ ché do ghép kénh.

Thiét bi can thiét:

= Bo thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.3.1. Hién thi Led 7 thanh

Nhu da biét, hién thi Led 7 thanh duoc tao thanh tir bay thanh LED cua chir s6 8 va
LED thu tdm dung cho dau cham.
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D.P.

Hinh 2. 27

Tam dén LED chung mot cyc am. Cuc 4m nay duoc ndi dat. Trén thi trudng cling c6
cac Led 7 thanh véi cuc duong chung. Tam cuc duong c6 thé dugc két néi qua mach
diéu khién véi bit cua cong ngd ra. Bat mot bit ngd ra 1én mac cao s& lam sang mot
dén LED.

Khi can van hanh man hinh hién thi Led 7 thanh, ta c6 thé két ndi mdi Led v&i mot
cong ngod ra khac nhau. Phuong phap nay c6 hai nhugc diem:

1. St dung mét sé lwgng 16n cac cong ngd ra.

2. Mc tiéu thy dong dién cao. Theo phuong phap nay, moi linh kién hpat dong moi
lic. Dong dién yéu cau la tong cua tat ca cac dong dién phuc vu cho tat ca cac linh
kién.

3.3.2. Hién thi led 7 thanh trong ghép kénh

Phuong phap duoc chip nhan dé van hanh nhiéu don vi hién thi song song la sir dung
hoat dong dong. Theo phuong phap ndy, tdm den LED cua b hlen thi duoc két nbi
song song, théng qua mot mach diéu khién, véi cac ngd ra ciia mot cong dau ra.

Hay ky hiéu COng nay 1a cong A. Mot sé nhi phan xuat hién & cac ngd ra caa cong nay,
thuc té s& xuat hién [y tat ca cac dau vao caa 7 thanh. Cac dau vao dién ap cua cac Led
hién thi dugc két ndi thong qua mach diéu khién véi mot cong bo sung - chang han
nhu cong B (xem hinh 3-8).

DISP 1 DISP 2 DISP 3 DISP 4
. DP.
—_— —_— —_— —_— — <7
T e O et I |
4 e .
— S — — <4 CONG A
X c
L |
/I\‘ a
<
1 1 1 1
o<D|5P4
__1 DISP3
< .
o<D|5P2 CONG B
o<D|5P1
Hinh 2. 28
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Céc budc van hanh man hinh hién thi theo phwong phap nay nhu sau:
. Xuat ra s6 danh cho thiét bi hién thi dau tién théng qua cong A.

. Pong mach cua thiét bi nay bang cach sir dung cong B.

. M6t do tré ngan (c6 thé bo qua budc nay).

. Ngat mach khoi bo hién thi (00 d&én cong B).

. Xuat ra s6 danh cho thiét bj hién thi tha hai théng qua cong A.

. Pong mach cua thiét bi nay bang cach sir dung cong B.

~N oo o1 B~ o w N

. Mot @6 tré ngan.

8. Ngat két no| mach khoi bo hién thi, va tiép tuc nhu vay. Sau khi kich hoat thiét
bi hién thi cudi cung, ching ta quay lai don vi hién thi dau tién va ca thé lap di
lap lai.

Khi phuong phap nay duoc thuc hién, CPU lubn hoat dong trong viéc chay man hinh
hién thi. Chuong trinh nay ciing c6 thé dugc xay dung theo cach st dung mot chuong
trinh con thir cip va goi chuong trinh con nay bat ky Iic ndo can hién thi mot sé trén
thiét bi hién thi.

Trong EITPS-3192, cac duong cong A (PORTA) dugc két ndi voi PES-PEL5 cua
GPIOE.

Cac duong cong B (PORTB) duoc két ndi véi PB12-PB15 cia GPIOB.

Céc phan doan cua cac LED 7 thanh duoc két ndi véi GPIOE nhu sau:

D15 -a
D14 -b
D13 -c
D12 -d

D11 -dp. (dau thap phan)

D10 -g
D9 -f
D8 -e

Dé tinh todn cac sb can thiét cho mdi chir sd, chling ta wu tién st dung cac bit thip hon
D0-D7, theo nhu bang sau va dé chuyén so6 do sang trai 8 lan.
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a b ¢ d dp. g f e
D7 D6 D5 D4 D3 D2 D1 DO Gia Giatri

. A a
csr%u 128 64 32 16 8 4 2 1 [ ;235’]
0 1 1 1 1 0 o 1 1 F3 243 f g °
1 0 1 1 0 0 O 0 O 60 96
2 1 1 O 1 0 1 O 1 D5 213 e c
3 1 1 1 1 0 1 0 O F4 244
4 0 1 1 0 0 1 1 O 66 102 d oF
5 1 o 1 1 0 1 1 O B6 182
6 1 0 1 1 0 1 1 1 B7 183
7 1 1 1 0 0 O 0 O EO 224
8 1 1 1 1 0 1 1 1 F7 247
9 1 1 1 1 0 1 1 0 F6 246
Chuong trinh sau day xuit ra cac s6 0-9 trong mot vong lip co do tré dén mot trong

cac Led 7 thanh.

Chuong trinh sir dung mot bang tra dé chuyén sé thap phan thanh 7 thanh theo bang
sau:

int main (void)

{

inti,j;

char seg[10]={243, 96, 213, 244, 102, 182, 183, 224, 247, 246};
Seg_7_Init();

GPIOB->0ODR = (unsigned int) 0x8000; //display at unit 1
while (1)

{

for (i=0 ; i<10 ; i++)

{

LED PORT->0ODR = seg[i] << 8; //to the high part of ODR
for (j=0 ; j<0x300000 ; j++);

}

}

}

Sau ddy la doan chuong trinh khoi tao Led 7 thanh (Seg_Init (). N6 duoc viét don
gian hon mét chit so véi ARM_ Project dé lam cho no r6 rang hon.

//1/O port B clock enable
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#define RCC_APB2ENR_IOPBEN ((unsigned int)0x00000008)

void Seg_7_Init(void)

{

//PB12-PB15 are the Enable of the 7_seg (ground)

RCC->APB2ENR |= RCC_APB2ENR_IOPBEN;//Enable GPIOB clock
//Clear the relevant bits in CRH register

GPIOB->CRH &= ( 0x0000ffff);

//Define PB12-PB15 as outputs

GPIOB->CRH |= (0x20000000 >>12)+(0x20000000>>8)+(0x20000000>>4) +
(0x20000000);

//PE8-PE15 are the DATA to 7_seg

#define RCC_APB2ENR_IOPEEN ((unsigned int) 0x00000040)
RCC->APB2ENR |= RCC_APB2ENR_IOPEEN;//Enable GPIOE clock
GPIOE->CRH &= ((unsigned int)0x00000000);//Clear the CRH register
GPIOE->CRH =0x22222222;//Define PE8-PE15 as outputs

}

Chuong trinh sau ddy hién thj céc s6 tir 0 dén 9 trong bon Led 7 thanh. Chuong trinh
st dung mot ham lay so dé hién thi va s6 don vi dé hién thi.

void Disp_7_Seg (int unit, char numb)

{

GPI1OB->0ODR = (unsigned int) 0x8000;

LED PORT->ODR = numb << 8; // to the high part of ODR
}

int main (void)

{

intij,k;

char seg[10]={ 243, 96, 213, 244, 102, 182, 183, 224, 247, 246};
Seg_7_Init();

while (1)

{

for (j=0; j < 4; j++)

{

for (i=0 ; i<10 ; i++)

{
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Disp_7 Seq (j , seq[i]);

for (k=0 ; k<0x300000 ; k++);

}
}
}
}

Trinh tw thyc hién:
1. Vao thu vién ARM_Project va nhap dip vao t¢p ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai liéu nay,
tép ARM_ Project.uvprojx la“C:\Courses\3192\S-

duong

dan den

ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

S4da B9 s ol =E iE @ printto PC JEAP Q-] e oK |
EEEe- ¥ ARM_Project PEN - ¢ @
Functions L] _] Main.c*
- =] Main.c ~ 850 | }
& adc_delay 00 851 |
& adc_delay 10 1 852 Delayw()
& Delay () 322; { o
@ delay_ms (unsigned char t ;55 ‘;‘:: 1(1 _ : 4 tm QX 1) :
® delay_us (volatile uint16_t 856 - o . ’
& DMA1_Channell_IRQHanc 857
& ee_byte_read (void) 858
& ee_byte_send {volatile uns 859 int main (void)
& ee_delay (void) P se0mEt
@ ee_read (volatile uint16 t e g6l
& ee_start (void) i‘:i =]
& ee_stop (void) ;64 Swi. es to LEDs
& ee_write (uint16_t ee_addr, 265
& EXTIS_5_IRQHandler (void) 86
@ Int_Vector_Init (void) 867 unsigned int temp
® keys_delay (voud) BE8
® lcd_clean_line (unsigned ¢ ges
& lcd_command (char d) 870
@ led_cursor_location (chars 871
® lcd_data (char d) 3_7’2
® lcd_print_num (unsigned ¢ :Tj Read t .
& lcd_write_P (char x, chary, 875 utpu .
¢ 876
@ NVIC SetVectorTable (uint 877
® read_adc (unsigned char ¢ 878
® Read_senal_adc (void) v 879
880 |
< > 281
m; G K “Fun...ll].,' <

3. Cuon xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

Hinh 2. 29
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File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help
NEEd@ ¢ R @ | PR BB EE/EG B ettorc VRe Q-|le oo &
& E @] ¥ arm_project SEIN R XN
Functions L3 x | ] Main.c*
B[] Main.c ~ 1105 || */
- @ adc_delay 0() 1106
@ adc_delay 10 1107
& Delay () 1108 /*
& delay_ms (unsigned char k 1208 | /IS ITFTITTETIIET I IT T IT AT I T i IT T AT I i iiiiiriireiiririies
- 1110 | // Seven Segment Display
@ delay_us (volatile uint16 t Y131 | S7LFTITIIIITIEIETETETITIIIITETIIEITITIETIIITTETIIIIETITIIIITIEIE]
¢ DMA1_Channell_IRQHanc 1112
- @ ee_byte_read (void) 1113 char seg[l0]= {243,96,213,244,102,182,183,224,247,246};
@ ee_byte_send (volatile uns 1114 int i,3;
@ ee_delay (void) 1115
@ ee_read (volatile uint16_t e 1l1¢e Int_Vector_Init():
@ ee_start (void) LU
- @ ee_stop (void) 1118 Seg_T7_Init():
. . 1118
""" & ee_write (uint16_t ee_addr, 1120 GPIOB->ODR = (unsigned int) 0x8000; // display at unit 1
@ EXTI9_5_IRQHandler (void) e
@ Int_Vector_Init (void) 1122 while (1)
@ keys_delay (void) 1123 {
@ lcd_clean_line (unsigned ¢ 1124 for (i=0 ; i<l0 ; i++)
@ lcd_command (char d) 1125 {
.. @ led_cursor_location (chars 1126 LED_PORT->ODR = seg[i]<<&; //shift to high part of ODR
@ lcd_data (char d) 1127 for (3=0 :; j<0x300000 ; j++):
@ lcd_print_num (unsigned ¢ s !
-print.t 1129
@ lcd_write_P (charx, chary, 1130
¢ main (void) 1131
& NVIC_SetVectorTable (uint 1132 xf
@ read_adc (unsigned char c 1133
- @ Read_serial_adc (void) v 1134
1135 /

< >
B rroj.. | @Books {}Fun... [0, Tem

1136ﬁ]/////////////‘//’/////////////////‘///////’//////////////’////////////’//

Hinh 2. 30

Phan nay chira chuong trinh Seven Segment Display

4. Kich hoat chuong trinh bang CéCIj sua hai ky hiéu gig’ri ha_11~1 doan chuong trinh thanh
doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gigi han va ban
s& nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1T d @ @9 ‘ G rERR = IE JE /| @ printtoPC v B f“ Q-|le o .|
SEEe- $% | ARM_Project PN R A
Functions P x| _] Mainc
B[] Main.c A 1105 | */
@ adc_delay 0() 1106
@ adc_delay_1( 1107 |
® Delay() 1108
@ delay_ms (unsigned char t 1109 | //1 VEEETTTTELT T T T LT T T T TV TTET T T CE T E e T T T T d
@ delay_us (volatile uint16_t [
= = 2111 | //77111117111111 11111111117
¢ DMA1_Channell_IRQHanc 1112
® ee_byte read (void) 1113 char seg[l10)= {243,96,213,244,102,182,183,224,2
@ ee_byte_send (volatile uns 1114 int i,3;
@ ee_delay (void) 1115
@ ee_read (volatile uint16_t e 1lle Int_Vector_Init():;
@ ee_start (void) 1117
@ ee_stop (void) iii: Seg_7_Init():
9/ ecverte (ixr10.t e addy, 1120 | GPIOB->ODR = (unsigned int) 0x8000; // display at unit 1
@ EXTI9_5_IRQHandler (void) 1121
@ Int_Vector_Init (void) 1122 while (1)
@ keys_delay (void) 1123 {
@ lcd_clean_line (unsigned ¢ 1124 ] for (i=0 ; i<10 ; i++)
@ lcd_command (char d) 1125 {
@ Icd_cursor_location (char» 1126 LED PORT->ODR = seg[i]<<8; //shifc of ODR
@ lcd_data (char d) 1127 for (3=0 ; 3I<O0x300000 ; J++):
@ lcd_print_num (unsigned ¢ a120 }
8 1129 }
@ lcd_write_P (charx, chary, 1130
@& main (void) 1131
@ NVIC_SetVectorTable (uint 1132 | /7 */
@ read_adc (unsigned char ¢ 1133
® Read_serial_adc (void) 9 1134 :
1135 /*
£ s 1136[14"/,’,/;'.” ,,,,,,,,, L1777 777 7777777777707 17777 777 rr7r77177771710777777777
& pro G' ”Fun...’ﬂ,'w" <

Hinh 2. 31

5. Quan sat chuong trinh va so sanh no va&i chuong trinh bai tap
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main ()
{
char seg[10]={ 243, 96, 213, 244, 102, 182, 183, 224, 247, 246};
inti,j;
Seg_7_Init();
GPIOB->0ODR = (unsigned int) 0x8000; //display at unit 1
while (1)
{
for (i=0 ; i<10; i++)
{
LED PORT->ODR = seg]i] << 8; //shift to high part of ODR
for (j=0 ; j<0x300000 ; j++);
}
}

}
6. Kich hoat EITPS-3192.

7. Luu va bién dich (néu c6 sai s6t thi sira 13i va bién dich lai).

Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.

8. Quan sét cac s6 dang chay trong thiét bi led 7 thanh.

9. Nhan RST dé dimng chuong trinh dang chay.

10. Thay d6i chuong trinh thanh chuong trinh sau:

void Disp_7_Seg (int unit, char numb)

{

GPIOB->0ODR = (unsigned int) 0x8000;

LED_PORT->ODR = numb << 8; // to the high part of ODR

}

main ()

{

char seg[10]={ 243, 96, 213, 244, 102, 182, 183, 224, 247, 246}
intijk;
Seg_7_Init();

while (1)

{

for (j=0; j <4; j++)

{
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for (=0 ; i<10 ; i++)

{

Disp_7 _Seq (j , seg[i]);

for (k=0 ; k<0x300000 ; k++);
}

}

}

}
11. Nhin RST dé ding chuong trinh.

12. Kich hoat c4c dau '/*  */' bang céch x6a hai dau gach chéo & dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.
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Thi nghiém 3.4 - Man hinh LCD

Muc tiéu:

= Man hinh tinh thé long (Liquid Crystal Display - LCD).
= Cé&ch van hanh va ghi I1én LCD.

= Cach viét mot chuong trinh ghi 1én LCD.

Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.4.1. Man hinh tinh thé léng (LCD)

Man hinh tinh thé long dya trén mot dung dich cu thé chira trong khoang trong giira
hai tim thay tinh. Mot tim dwgc pha boi mot 16p vang rat méng, va tim con lai dugc
phu boi mot 16p rat mong 14 vang. Lép vang mong dén mac ching trong sudt. Mot
thiét bi tinh thé long 7 thanh dugc thé hién trén hinh 3-9.

L/
/7

Nén mau

Hinh 2. 32

Déy dan két ndi giira cac chan cua thict b va cac I6p vang mong. Tinh chat doc dao
cua dung dich dugc thé hién la khi c6 moét dién truong Xuyén qua no, cac phan ta sé
dugc sap xép theo dang tinh thé. O trang thai nay, dung dich tré nén trong suot.

Khi cung cap dién ap cho maot trong nhirng 14 trén (so voi tim vang bén dudi), dung
dich nam dudi no sé trg nén trong suot. Néu bat ky loai nén mau nao dugc dat dudi no,
ta déu co thé nhin thay.

Lép ndy tré nén mo duc, che mat nén, khi dién &p bi tit, cac dung dich tré vé trang
thai duc (binh thuong) ctia ching (do d6 mai ¢é tén "man hinh tinh thé long™).

Céc 14 vang co thé dugc dat trong bat ky thiét ké mong mudn nao va do d6 cung cap
nhieu loai man hinh. Mot loi the I6n cua hé thong nay bat nguon tir thuc té rang né
khong yéu cau dong dién - n6 dugc dieu khién bang dién ap.

Han ché I6n nhat cia n6 1a nd yéu cau chiéu sang bén ngoai va nguoi ding [phai nhin
tryc dién dé co thé xem thdng tin r6 rang. Man hinh LCD hién dai bao gom nQUOn
chiéu sang bén trong va céac ciu trac dic biét, cho phép nhan biét mot théng bao (hién
thi) & chat luong cao, ngay ca khi dugc xem & mot géc nghiéng.

Céc man hinh chix va s6 chuyén dung, ciing nhu cic mau do hoa tily chinh, déu c6 sn.
Pham vi cua LCD tr man hinh mét dong ngan 8 ky tu den man hinh 16n ¢6 kich thuéc
bang man hinh may tinh va&i 640*400 pixel (yéu to hinh anh).
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Dé co thé d& dang xir ly khi két ndi man hinh LCD véi hé théng pP, cac nha san xuat
man hinh LCD cung c4p cho cho LCD mét mach vi diéu khién twong thich, gitp diéu
khién cac 1a man hinh. Mach vi diéu khién dugc diéu chinh dé két ndi nhu mot thiét bi
hd trg cia CPU. N6 chira mot RAM bén trong, noi dit liéu dugc ghi vao do.

Mdi byte RAM dai dién cho mot muc hién thi chit va sb. Thiét bi nay ciing bao gdm
mot mach giai ma chuyén dung, dugc goi la trinh tao ky tu (Character Generator -
CG). CG chuyén sd nhi phan do byte cung cap thanh cac sb nhi phan phi hop cho céc
cot khac nhau caa bo hién thi thudc byte nay.

Hay xem xét két ni cua man hinh LCD rat pho bién sau day, dwoc san xuat bsi nhiéu
héng va c6 nhiéu cau hinh da dang. Phuong thic két noi la giong nhau trong moi
trueong hop va khéng phu thudc vao so6 lugng thiét bi hién thi ma no chra.

Thiét bi chiém hai dia chi I/0. Cac lénh diéu khién khac nhau duoc ghi vao dia chi
thap hon. Dir liéu duoc ghi vao hoic doc tir dia chi cao hon. Vi dy, gia st rang ching
ta muén nhap (ghi) mét bién da cho vao mét 6 cu thé cia RAM bén trong. Pia chi caa
6 duoc chi dinh trong Iénh dén dija chi thap hon, va sau d6 bién dugc ghi vao dija chi
cao hon.

Hinh sau thé hién so dd khéi cua thiét bi.

RW! ————»

e — BT
RS Khéi diéu khié RL
8 0i diéu khién VL 3
DB0-DB7 +—~“—» i % oka
) Driver

v
VSS

Hinh 2. 33
Céc duong DBO-DB7 la cac duong dir ligu LCD. Nhur da luu ¥, thanh phan nay chiém
hai dia chi trong b nhé. RS cho lgiét chang ta biét 1a dang truy cép dia chi cao hay dia
chi thap. Dong R/W' cho ta biét néu ching ta dang ghi vao thict bi hoac doc tur no.
Khi RS & muc thap, viéc ghi vao thanh ghi COMMAND dugc thyc hién; con khi RS &
muc thap cao thi viéc ghi vao thanh ghi DATA dugc thuc hién.
Ching ta ¢6 thé bo céc chire nang doc tir man hinh LCD. Ching ta ¢ thé sir dung mot
hinh anh RAM cua dir liéu can thiét trong bo vi diéu khién RAM va doc nd tir do.
Man hinh LCD can thoi gian dé thuc hién cac Iénh va hién thi. Ching ta c6 thé doc
trang thai cua n6 va doi trong khi bg vi diéu khién LCD dang hoat dong. Thay vao do,
ching ta cling c0 thé thay theé trang thai doc nay va cho dgi trong mot khoang thoi gian
tré ngan.
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So dd sau 1a so d6 thoi gian cua thiét bi.

POC DU LIEU

2.2V 2.2V Y
RS <06V 0.6V -

tas tH

'y

&
Al

22V N2.ov
R/WJ ) PWEH J tH \

A
N
'

2.2V 2.2V /
E /
0.6V 0.6V ¢ 06V
— e te —» “—
tH
tobr P
2.4V oo N 2.4V
i Di li¢ ¢
DB0-DB7 0.4V it liéu hop e7 0.4V
teve N
GHI DU LIEU
2.2V 2.2V Y
RS < 0.6V 0.6V
) tas ‘tH
RIW ¥<o.6v 74/
& PWEH > AtH
—> «— te
2N 22V Y /
E 0.6V7/ X< 0.6V 06V
— |t
tosw tH
— ¢
2.4V . N 2.4V
- Dir lig a
DBO0-DB7 0.4V ir ligu hop e7 0.4V
. teve
Hinh 2. 34

Man hinh LCD trén b¢ thi nghiém EITPS-3192 duoc diéu khién boi cac cong ngd ra.
buong R/W' dugc két noi lién tuc voi GND. Chang ta chi ghi vao man hinh LCD ma
khong doc.

Céc duong dir liéu LCD DB0-DB7 duoc két ndi voi PC8-PC15 cua GPIOC.
RS duoc diéu khién boi PC7 cua GPIOC.

E duoc diéu khién boi PC6 ciia GPIOC.

Man hinh LCD dugc khai tao bai chudi sé liéu sau vao thanh ghi 1énh cua né:
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38H, 38H, 38H, 38H, 08H, 06H, OCH

Chudi nay ciing x6a man hinh va bat con tro.

Ghi 80H vao thanh ghi 1énh s& dwa con tré vé dau dong trén caa man hinh LCD.
Ghi COH vao thanh ghi Iénh s& dua con tro vé dau dong dudi ciia man hinh LCD.
Céac doan chuong trinh sau la cac doan chuong trinh LCD cua ARM_Project:

void LCD_Init()\\Initializes the LCD GPIO registers and sends commands to the
to the LCD Command register.

void SYSTICK _Init()\Initializes the core Tick counter for the delay routines

void Icd_command (char d)\\sends d to the LCD command register and makes
delay of 18 ms.

void lcd_data (char d)\\sends d to the LCD data register and makes delay of 200
us.
void Icd_cursor_location (char x, char y)\\moves LCD cursor to X,y position

void lcd_write_P( char x, char y, char *str_pointer\\moves cursor to X,y position
and writes the pointed string at

void Icd_clean_line(unsigned char line)\\clean line (1 or 2)

void lcd_print_num(unsigned char X, unsigned char vy, unsigned short
v)\\converts a number v into a string at write it in X,y position

Chuong trinh sau khéi chay man hinh LCD va hién thi "Hello World" trén hai dong.
main ()

{

LCD_Init();

SYSTICK_Init(); for delay function
//Print ""Hello™ at line 1 character 6
lcd_write P (6, 1, (""Hello™));
Icd_clean_line(2); //clean line number 2
lcd_write P (6, 2, (""World"));
while(1)

{

}

}

Chuong trinh sau day khoi chay man hinh LCD va hién thi céc sd.
main ()

{

unsigned short num_for_lcd = 1000;
LCD_Init();
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SYSTICK_Init(); for delay function
Icd_clean_line(1);//clean line number 1
lcd_write P (4,1, (""Numbers"));
while(1)

{

Icd_clean_line(2);//clean line number 2
num_for_lcd++;

lcd_print_num (5, 2, num_for_lcd );
delay_ms(255);

}

}

Trinh ty thuc hién:

1. Vao thu vién ARM_Project va nhap dbp vao tép ARM_Project. Nhap vao thu
vién ARM_Project va nhap dup vao t¢p ARM_Project.uvprojx. Theo tai li¢u nay,

duong dan

den
ARM_V3\ARM_Project”

tep

ARM _Project.uvprojx la“C:\Courses\3192\S-

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools 5VCS Window Help

4 @ 9 - | o £ ix (# print to PC v ERe Q-

e @ E e %3 | arm Project v K| & D@

& 3 : . F

Functions L x | _] Main.c*

- =] Mainc ~ 850
& adc_delay 0() 851
& adc_delay 10 8s2 Delav()
& Delay () 853 |
@ delay_ms (unsigned chart §54 l’:‘: b _ . _ ) )
@ delay_us (volatile uint16_t ;22 for (1 =1:1:= 144
& DMA1_Channell_IRQHanc 857
@ ee_byte_read (void) 858
@ ee_byte send (volatile uns 859 int main (void)
& ee_delay (void) 860 H{
® ee_read (volatile uint16_t e 861 ik
& ee_start (void) 862 [
& ee_stop (void) 363 N -
@ ee_write (uint16_t ee_addr, ;:: Jwitches to LEDS
& EXT9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867 igned emp
@ keys_delay (void) 868
® lcd_clean_line (unsigned c 869 H
& lcd_command (char d) 870 it
@ lcd_cursor_location (char» 871 )
& lcd_data (char d) ::i 1le (1
@ lcd_print_num (unsigned ¢ 574 - - Sy - e mwitches
@ lcd_write P (char x, chary, 875 LEL it utput LEDs
¢ 876 - '
@ NVIC_ SetVectorTable (uint 877
& read_adc (unsigned char ¢ 878
& Read_senal_adc (void) v 879

88
[ — ’ e;T
™| @ {} Fun... ll..'
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3. Cuon xubng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
TEH@| L DR[| | PR R R EEE | ® pinttorc JRela-le o5 @-
S E - | %8| arM projeat PN R RN
Functions L3 x | ] Main.c*
B =] Main.c ~ 1129 )
9 adc_delay 0() 1130
& adc_delay_1( 1131
@ Delay( 1132 =/
-~ @ delay_ms (unsigned chart bl
- 139 -
9 delay_us (volatile uint16_t 1135 /*
& DMA1_Channell IRQHanc 1386 [ /111111 11HIIETEIEELEEELELIEIIELEILELEEEEL T ELLEEL L IEEILIE11001E
@ ee_byte_read (void) 1137 | // LCD Display
- @ ee_byte_send (volatile uns AA38 | S/ /SLTTTIITIT TIPS E P I I T TE T L AT E T iiiririirss
9 ee_delay (void) 1139
& ee_read (volatile uint16_t e 1140 Int_Vector_Init():
& ee_start (void) 1141 .
§ ee_stop (void) ez “FD—I‘:X_R 0 ~
. . 1143 SYSTICK Init(): //Core Tick counter
9 ee_write (uint16_t ee_addr, 1144 -
¢ EXTI9_5_IRQHandler (void) 1145 //Print "Hello"™ at line 1 character &
- @ Int_Vector_Init (void) 1146 lcd_write_P (6,1, ("Hello")):
@ keys_delay (void) 1147
§ lcd_clean_line (unsigned ¢ 1148 lcd_clean_line(2)://clean second line
$ lcd_command (char d) 1149 lcd write_ P(6€,2, ("World")):
.. @ led_cursor_location (char> 1150
& Icd_data (char d) 1151 )
9 lcd_print_num (unsigned ¢ SOk while (1)
- - 1153 {
® lcd_write_P (charx, chary, 1154 .
- @ main (void) 1155
@ NVIC_SetVectorTable (uint 1156 x/
§ read_adc (unsigned char ¢ 1157
$ Read_serial_adc (void) v 1158 -
= o 1159 [T] /*
1360 | /7777777177 FF171TFETFITIIITITTETTITILTSTESAITILELIITAIEIEITTITTFTT
] Proj.. QE‘:-:M (3 Fun.. | Oy tem... <
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Phan nay chira chuong trinh LCD Display.

4. Kich hoat chwong trinh béng cach chuyén hai ky hiéu gisi han nhan xét thanh céac
ghi chd bang cach thém hai dau gach chéo & dau moi nhan xét va ban sé nhan duoc

man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
=2 N- L|‘) - o ‘:g'g,’, /= | @ printto PC LR Q- e ok .]
S EEe- s ARM_Project PF N ‘-0?@
Functions 3 x | _] Mainc
B[] Main.c ~ 1129
@ adc_delay 00 1130
@ adc_delay 1() 1131
& Delay ) 1132
& delay_ms (unsigned char t s
& delay_us (volatile uint16.t e
- - 1135 | // /™
& DMAT_Channell_IRQHanc V136 | /7177070700000 000 1] 111171 / 777, /
@ ee_byte read (void) 1137 | 7/
@ ee_byte send (volatile uns 1138 | J/SIATITILER RS LILEETLTLTIT IR EL IS iEii sy
@ ee_delay (void) 1139
@ ee_read (volatile uint16 t e 1140 Int_Vector Init():
& ee_start (void) 1141
@ eestop (void) 1142 LCD_Init(): B
B _ 1143 SYSTICK Init(): //Core Tick counter
@ ee_write (Uint16_t ee_addr, 1144 -
@ EXTIS S IRQHandler (void) 1145 //Print "Hello"™ at line 1 character €
@ Int_Vector_Init (void) 1146 lcd_write P (6,1, ("Hello™));:
® keys_delay (void) 1147
@ led_clean_line (unsigned ¢ 1148 1cci_clean_11ne (2)://clean second line
@ lcd_command (char d) 1149 lcd write P(€,2, ("World")):
& lcd_cursor_location (char» ii:f
& lcd_data (char d) 1152 while (1)
@ lcd_print_num (unsigned ¢ 11830 {
@ lcd_write_P (charx, chary, 1154 0 }
@ main (void) 1155 |
& NVIC_ SetVectorTable (uint 1156 //1 */
@ read_adc (unsigned char ¢ 1157
& Read_serial_adc (void) ~ i1s8 |
% 5 1159 /*
-LJ.GO LA rrrrrrrrrrrrrrrrrrrrrrrr i r i r i rirrirrinryy
e G ks ) Fun...l[],'—l". <

Hinh 2. 37
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5. Quan sat chuong trinh va so sanh no6 véi chuong trinh bai tap:

main ()

{

LCD_Init();

SYSTICK_Init(); for delay function
\\Print ""Hello™ at line 1 character 6
lcd_write P (6,1, (""Hello™));
Icd_clean_line(2); //clean second line
lcd_write P (6, 2, (""World™) );
while(1)

{

}

}
6. Kich hoat EITPS-3192.

7. Luu va bién dich (néu c6 sai sot thi sira 16i va bién dich lai).

Truéc khi tai xudng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.
8. Quan sat thdng bao trén man hinh LCD.

9. Nhan RST dé dimg chuong trinh dang chay.

10. Thay ddi chwong trinh dé in céc tin nhin khéc nhau & céc vi tri khac nhau trén man

hinh LCD.

11. Bién dich, tai xudng va chay cac chuong trinh cua ban.
12. Thay doi chuong trinh thanh chwong trinh sau:

int main (void)

{

unsigned short num_for_lcd = 1000;
LCD_Init();

SYSTICK _Init(); //for delay function
Icd_clean_line(1);//clean line number 1
lcd_write P (4,1, (""Numbers™) );
while(1)

{

Icd_clean_line(2);//clean line number 2
num_for_lcd++;

lcd_print_num (5, 2, num_for_lcd);
delay_ms(255);
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}
}

13. Lap lai cac budc 3-7 va xem cac sé dang chay trén man hinh LCD.

14. Nhan RST dé ding chwong trinh.

15. Kich hoat cac ddu '/* */' bang cach x06a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thir nghiém 3.5 - GP10 va Céng tic

Muc tiéu:

= Cach viét chuong trinh doc c6ng tic va xac dinh cong tic nao dang hoat dong.
Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.5.1. Xac dinh cong tic dang dwoc nhan

Két ndi gitra cac bo chuyén mach véi mot cong dau vao di duoc thuc hanh trong
chuong 3, noi ching ta ciing da hoc cach doc trang thai cua cac bo chuyén mach va
chuyén dir liéu dén mot cong dau ra, cong nay sé xuat ra dén LED. Bé phan hoi khi
kich hoat bat ky cong tic nao, can phai xac dinh trong s6 nhi phan nhan duoc tir cac
cong tic, khi nao bit twong tng Ién cao ('1"). Phép kiém tra duoc thuc hién théng qua
phép toan logic "AND".

Hay xem xét vi du: bit D1 (bit thi hai) phai dugc kiém tra va sé nam trong b tich Iiy.
Phép toan AND duogc thyuc hién trén bo tich liiy bang cach sir dung ché do truy cap tic
thi, [AND] véi s6 nhi phan 00000010. Céc s6 0 s& budc cac bit twong ng cua bo tich
lity xubng thap ('0), bat ké ching cé gia tri ndo trude d6. Bit D1 1a bit duy nhat van &
trang thai (gia tri) trudc do caa no.

Néu bo tich liy chira s6 0 sau phép toan nay, thi D1 1a'0". Néu mot s6 khéc 0 ton tai
trong bg tich liy, thi D1 1a'1".

Héy viét mot chuong trinh xuat ra s6 cua cong tac dugc nhan vao dén LED dau ra. Vi

du: nhan cong tac thir tu, ta dugc két qua 1a hién thi s6 04H & dén dau ra (khong phai
s6 08H s& xuat hién & d6 néu trang thai ciia cong tic duoc g truc tiép dén dau ra).

Phép toan AND thay d6i noi dung cua bo tich lity. Do d6, can phai bao quan ndi dung
cua b tich 1y trong mdt thanh ghi va tai lai lam méi bo tich lity sau moi phép toan.

Luu y ring chuong trinh nay kiém tra lan luot tm cong tac, trong mot vong lap. Hay
xem xét dieu gi s€ xay ra khi hai cong tac hoat dong dong thoi.

Muyc dich ctia thi nghiém nay 1a doc trang thai cua céc cong tac trén bo hudéng dan dé
xac dinh cbng tac dang duoc nhan, bang cach chuyén so6 noi tiép ctia n6 sang cac dén
LED dau ra.

Tam cong tic cua EITPS-3192 duoc két ndi véi PDO-PD7 cua PIOD.
Chung ta phai khai bao cac bit nay lam cac ngd vao.
Chuong trinh Swiches_Init sau day thuc hién diéu do.
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void Switches_Init(void)

{

RCC->APB2ENR |= RCC_APB2ENR_IOPDEN;//Enable GPIOD clock
//PD0O-PD7: Switches inputs

GPIOD->CRL &= ((unsigned int)0x00000000);//Clear the CRL register
GPIOD->CRL |= MODE_IN_FLOATING_0_7;//Define PD0O-PD7 as inputs
}

RCC_APB2ENR_IOPDEN dinh nghia la ((unsigned int)0x00000020)
MODE_IN_FLOATING_0_7 dinh nghia 1a 0x44444444

Céc khai bao nay c6 thé duogc tim thay trong EX1_Project.

Chuong trinh sau ddy 12 mot chuong trinh chuyén cac cong tac sang LED_PORT.
int main (void)

{

unsigned int temp;

Leds_Init();

Switches_Init();

while(1)

{

temp = Switches_In;//read switches
LED_PORT->0ODR = temp;//output to LEDs

}
}

Chuong trinh sau chuyén sb cong tic dang BAT t6i cac dén LED. Né sir dung mot
doan chuong trinh quét tra vé bit nao dugc bat.

unsigned int scan (unsigned int val)
{
unsigned int shr, i;
shr=1;
for (iI=1;i<9;i++)
{
if (val & shr) break;
shr <<=1;
}

return (i);
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}

void main (void)

{

unsigned int temp;

Leds_Init();

Switches_Init();

while(1)

{

temp = Switches_In;//read switches

if (temp >0) LED PORT->ODR = scan(temp);
}

}

S6 (két qua) 1a bao nhiéu khi hai céng taic BAT?
Trinh ty thyc hién:

1. Vao thu vién ARM_Project va nhip dup vao tép ARM_Project.uvprojx. Theo tai
lisu nay, duong dan dén tép ARM Project.uvprojx 1a“C:\Courses\3192\S-

ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

Sl Al9 - T s iE Jf #  print to PC JaRe Q- e &
e e 33| aRM_Project o K| L v
Functions Lo x | ] Mainct
B [w] Main.c ~ 850 }
& adc_delay 0() 851
& adc_delay 10 1 852 Delayv()
¢ Delay () 8530 |
@ delay_ms (unsigned char b . i .
@ delay_us (volatile uint16_t i for (1 =17 1 1=0X100000 : i++):
- - -1-1 }
& DMA1_Channell_IRQHanc 857
& ee_byte_read (void) 858
& ee_byte_send (volatile uns 859 int main (void)
¢ ee_delay (void) l} 860 L {
¢ ee_read (volatile uint16_t e 861 1l
& ee_start (void) g6z [
& ee_stop (void) :Zj witcnes to LEDS
@ ee_write (uint16_t ee_addr, e L
& EXTI9_5_IRQHandler (void) 866
$ Int_Vector_Init (void) 867 unsigned int temp;
@ keys_delay (void) 868 )
® lcd_clean_line (unsigned c 869 Leds_Init():
¢ lcd_command (char d) 870 Switches_Init
@ lcd_cursor_location (char» 871 o
© lcd_data (char d) ::g while (1)
¢ led print_num [unsigned ¢ 874 temp = Switches In; //Read the switches
@ lcd_write_P (char x, chary, 875 LEDs Out = temp: cutput to LEDS
‘ &6 | o -
@ NVIC_SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878
@ Read_serial_adc (void) v 879
P, - 880
881
m @ ks ) Fun..|047 <

Hinh 2. 38
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwoc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
15 @9 - /| @ printtoPc JAasr Q-le oo @
éﬁum@- L‘i‘” ARM_Project v“\ ﬁ‘-"}m
Functions L x| 2] Main.c*
= [=] Main.c ~ 1147
© adc_delay 0 1148 lcd_clean line(2)://clean second line
1149 lcd write P(6,2, ("World")):
& adc_delay_1() - —
& Delay () 1150
1151
§ delay_ms (unsigned char b P hile (1
. while (1)
& delay_us (volatile uint16_t 1153 (
& DMA1_Channel1_IRQHanc 1154 }
@ ee_byte_read (void) 1155
& ee_byte_send (volatile uns 1156 *f
§ ee_delay (void) 1157
@ ee_read (volatile uint16 t e 1158
.&7ﬂin(void} iizza Frrr7r777 /7 rr1rrrr7 rr Frr yri 'y yrr I 'y yrri rri 'y f/
ee stop (void FIEELEETETLELEEL LT EEIL TP ELL RSP T ILE PR IS L P EE AR ET i iiiisiisi
$ cestop (void) 1161 | // Switches to LED_PORT
: “Ex:n:";e\r;:ﬁ-:lu-(mzi 1162 | ///IAHIRETTETEEL LR EEEEET A LET i E iR T iR i i it it irddtiidiiiddtiriisd
)5 andler (voi 1163
& Int_Vector_Init (void) 1164 unsigned int temp;
& keys_delay (void) 1165
® lcd_clean_line (unsigned ¢ 1166 Leds_Init():
@& lcd_command (char d) 1167 Switches Init():
& lcd_cursor_location (char» 1leg .
@ lcd_data (char d) Ting | hitetw)
¢ ch_prlrit_num (unsigned ¢ 1171 temp = Switches_In; //Read the switches
¢ lcd_write P (charx, chary, 1172 LED_PORT->ODR = temp; //Output to LEDs
& main (void) 1173
@ NVIC SetVectorTable (uint 1174
& read_adc (unsigned char ¢ 1175 x/
& Read_serial_adc (void) v 1176
< > 1177 |
- 1178 |
EFI-:J GE-J:-. {}Fun...l[],‘(:‘r‘l. <
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Phan nay chira chuong trinh Switches to LED_PORT.

4. Kich hoat chuong trinh bang cach sua hai ky hi¢u gigi han doan chuong trinh thanh
doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gigi han va ban
s€ nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
A=K @B 9 | p : | = ) /o | @ printto PC JRe Q- e S 8-
S EEe- $%| Arm_project R AR e Y@
Functions [ | ] Mainc~
=[] Main.c ~ 1147
& adc_delay 00 1148 lcd_clean_line(2);://clean second line
& adc_delay 10 1149 lcd write_P(6,2, ("World")):
& Delay () 1150
® delay_ms (unsigned char t iii;
§ delay_us (volatile uint16_t 1153 {
& DMA1_Channell_IRQHanc 1154 '
@ ee_byte read (void) 1155
@ ee_byte send (volatile uns 1156
@ ee_delay (void) 1157
@ ee_read (volatile uint16_t e 1158
@ ee_start (void) 1158
& ee_stop (void) iizi
& ee_write (uint16_t ee_addr, 1162
& EXTI9_5_IRQHandler (void) 1163
& Int Vector Init {void) 1164 unsigned int temp:
& keys_delay (void) 1165
@ lcd_clean_line (unsigned ¢ 1166 Leds_Init():
& lcd_command (char d) 1167 Suitches_lnir.[];
@ led_cursor_location (chary lle8
© lcd_data (char d) e | wnile(l)
@ lcd_print_num (unsigned « 11706 . 2
= - 1171 temp = Switches In: //Read
@ lcd_write_P (charx, chary, 1172 LED_PORT->ODR = temp; //Ot
$ main (void) 1173 }
& NVIC SetVectorTable (uint 1174
§ read_adc (unsigned char ¢ 1175 //I wf
@ Read_serial_adc (void) 1176
= & 1177
1178

i Pro GE-:-)-' (}FUI’L.‘I[]"em
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5. Quan sat chuong trinh va so sanh no6 véi chuong trinh bai tap:
int main (void)

{

unsigned int temp;
Leds_Init();
Switches_Init();
while(1)

{

temp = Switches_In; //read switches
LED PORT->ODR = temp; //output to LEDs
}

}
6. Kich hoat EITPS-3192.

7. Luu va bién dich (néu c6 sai sot thi sira 13i va bién dich lai).

Truéc khi tai xuéng, hay nhan RST, sau d6 tai xudng va chay chuong trinh.

8. Thay ddi cac cong tic va quan sat cac dén LED.
9. Nhin RST dé dung chuong trinh dang chay.

10. Thay doi chuong trinh thanh chuong trinh sau:
unsigned int scan (unsigned int val)

{

unsigned int shr, i;

shr=1;

for (iI=1;i1<9;i++)

{

if (val & shr) break;

shr <<=1;

}

return (i);

}

int main (void)

{

unsigned int temp;

Leds_Init();

Switches_Init();

while(1)
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{

temp = Switches_In; //read switches
if (temp >0) LED_PORT->0ODR = scan(temp);
}
}

11. Luu va bién dich (néu c6 sai s6t thi sira 16i va bién dich lai).

Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay churong trinh.
12. Gat tirng cdng tac 1én, tha xudng va quan sat cac con sé trén dén LED.
13. Kiém tra diéu gi xay ra khi hai cong tic BAT.

14. Nhan RST dé ding chwong trinh.

15. Thay hai cau sau cua chuong trinh:

temp = Switchs_In; //read switches

if (temp >0) LED_PORT->ODR = scan(temp);

Thanh mot cau sau:

if (Switchs_In) LED_PORT->0ODR = scan(temp);

16. Phan tich cau nay.

17. Bién dich, tai xuéng va chay chuong trinh ctia ban. Kiém tra xem nd cé hoat dong
giong nhu chuong trinh truéc khong.

18. Nhan RST d¢ ding chwong trinh.

19. Mdi khi cac cong tic khac 0, chuong trinh trén s& ghi vao cac dén LED, ngay ca
khi cac cong tac khong duoc thay doi.

Bing cach thém mot dong vao chuong trinh, chuwong trinh s& ghi vao cac dén LED mot
lan va s& dgi cac cong tac t6i khi tat ca TAT.

20. Thay doi chuong trinh thanh chuong trinh sau:
unsigned int scan (unsigned int val)

{

unsigned int shr, i;

shr =1;

for (iI=1;i1<9;i++)

{

if (val & shr) break;

shr <<=1:

}

return (i);

}
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int main (void)

{

unsigned int temp;

Leds_Init();

Switches_Init();

while(1)

{

do

{

temp = Switchs_In;

if (temp) LED_PORT->ODR = scan(temp);
} while(!temp);

//Waiting for all switches to be OFF
while(Switchs_In);

}

}

21. Bién dich, tai xuéng va chay chuong trinh ctia ban. Kiém tra xem né cé hoat dong
giong nhu chuong trinh truéc khong.

22. Nhan RST dé ding chuong trinh.

23. Kich hoat cac dau '/* */' bang cach x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh lyc.

Thi nghiém 3.6 - Két néi mdt ma tran ban phim

Muc tiéu:

= Cach két ndi ma tran ban phim véi cac cong 1/0.

= Cach viét chuong trinh quét cac phim va xac dinh phim dang dwoc nhan.
Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.6.1. Ban phim

Cac phuong phap quét phim duoc mo ta trong thi nghiém trudc chi dinh két ndi cua
mdi cong tac véi mot bit cua mot cong. Piéu nay yéu cau st dung N/8 céng ngd vao
N/8, trong d6 N 1a sé phim.

M6t ban phim chira nhiéu phim, vi thé phuong phap quét nhu vy 1a mot phuong phap
lang ph| Vi du, mot ban phim (day da) cd 64 phim s& can phai sir dung tdm cong va
mét s6 luong Ion day.
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D¢ khac phuc su can thiét cua viéc két noi mot cong dau vao cho mdi 8 phim, ban
phim dugc sap xep trong mot ma tran gom cac cot va hang; mét cong dau vao va mot
cong dau ra dugc st dung. Vi du sau ddy mo ta cau hinh caa mot mang 16 phim.

D¢ van hanh mang nay, ching ta can hai bit cong ngd ra va tam bit cong ngd vao.
Ciing c6 the str dung bon bit ngd ra va bon bit cong ngd vao. Hay xem xét cau hinh
dau tién trong so hai cau hinh nay.

Trong thi nghiém nay, ching ta s€ st dung ma tran 16 phim duoc két ndi (song song
Vi 8 cdng tic) véi cong dau vao va viét chuong trinh xac dinh phim dang dwgc nhan.

o o—e O o—s 1
1711 —
Toy 7t g
1
T; e T;o_u
1
e e LT
. .
o—4 o—oe
CONG . . 1
PAU VAO T-_ o—4 T-_ o—e
1
T T ;
1
it o
® ® 1
1 T ;
{1
\V4 \V4
Q7 6 |05 s [o3 |02 |1 |Qo
PAU RA CONG A

Hinh 2. 41
Nguyén tic quét phim dua trén thuat toan sau:
a) Xuét'0' dén duong Q7 cua cong dau ra.

b) Quét cac dudng ngd vao caa cong dau vao. Néu khong cé phim nao trong dong nay
duoc nhan, tat ca cac dau vao sé la '1'.

c¢) Néu mét trong cac phim & dong nay duoc nhan, thi tai dudong cia né s& nhan duoc
50 '0". Chuyén den doan (f).

d) Xuét'0' dén dong Q6 cua cong dau ra.
e) Lap lai doan (b) va (c).

f) Sb cua phim dugc nhan Ia s6 caa duong trong Cong dau ra két ndi véi phim dugc
nhan tam lan (8), cong vai sé ciia dudng trong cong dau vao ma tai d6 '0' xuat hién.

Trong hinh 2.41, ta c6 thé dé dang nhhan ra phuong phap m¢ rong ban phim lén 64
phim bang cach thém cac duong phim bo sung.
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Trinh tw thyc hién:

1. Vao thu vién ARM_Project va nhap dbp vao tép ARM_Project.uvprojx. Theo tai
ligu nay, duong dan dén t&p ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”.

2. Kiém tra xem main.c c6 dang m¢ nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
== N @Al 9 - /z| @ printtoPC JRae Q- e & d
'\**} L = @ - b ARM_Project
Functions L > | _] Mainc*
B E‘l Main.c ~ B850 | }
& adc_delay 00 gs1 L
& adc_delay_ 10 A 852 Delav()
@ Delay 853 : {
@ delay_ms (unsigned char t L int 1;
b N 855 for (i = 1 ; i '= OX100000 ; i++):
@ delay_us (volatile uint16_t 856 N
® DMAI1_Channell_IRQHanc 857
® ee_byte_read (void) 858
® ee_byte_send (volatile uns 859 int main (woid)
& ee_delay (void) P se0BH
@® ee_read (volatile uint16_t e 861 |
® ee_start (void) E s
@ ee_stop (void) 4 JCSJ /r';:::‘;/ LTI FLEEA iy
es to L
@ ee_write (Uint16_t ee_addr, FLEFTEETITTT TP EEI LT iiisridys
& EXT9_5_IRQHandler (void)
@ Int_Vector_lnit (void) 867 unsigned int temp:
@ keys_delay (void) 868
@ lcd_clean_line (unsigned ¢ 869 Leds_Init():
& lcd_command (char d) 870 Switches Init():
@ lcd_cursor_location (char» 871 i
@ lcd_data (char d) :;’g ':hllf (1)
@ led_print_num (unsigned ¢ 874 temp = Switches In: //Read the switches
® lcd_write P (charx, chary, 875 LEDs_Out = temp:; //Output to LEDs
[ main (void) 876
& NVIC_SetVectorTable {uint 877
@ read_adc (unsigned char c 878 ~/
® Read_serial_adc (void) T g;g
1]
< > 881 ] /*
Ef‘- 0j QE-: oks “Fun...lﬂ.,’gr-u <
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
1 da @ 9 - 7| @ printtoPC VR Q-|e O &-|B-| X
SEHBEe- 5% | ARM_Project
Functions L | _) Mainc
& [<] Mainc ~ 1177

adc_delay 0
adc_delay_1()

Delay ()

delay_ms (unsigned char t
delay_us (volatile uint16_t
DMA1_Channel1_IRQHanc
ee_byte_read (void)
ee_byte_send (volatile uns
ee_delay (void)

ee_read (volatile uint16_t e
ee_start (void)

ee_stop (void)

ee_write (uint16_t ee_addr,
EXTI9_5_IRQHandler (void)
Int_Vector_Init (void)
keys_delay (void)

COOOOOCOOOOOOOPIOPLIOIOOPOOPOPOPOPOOOO

lcd_clean_line (unsigned ¢ 1196 i key r = scan keys():; //Scan keys and re
led_command (char d) 1197 |
led_cursor_location (char > 1198 if (key_r != NO_BTN) //If any button is pressed
lcd_data (char d) 1199 { g g ooz n
led_print_num (unsigned ¢ 1200 lcd write P (4, ("Key =") ):; //x=4 i ';f- (line number 1)
1201 ressed but
lcd_write_P (char x, chary, 1202
main (void) 1203 |
NVIC_SetVectorTable (uint 1204 |
read_adc (unsigned char ¢ 1205 ‘
Read_serial_adc (void) ) 1206
< > 1207
1208 /*
i Proj GE,‘:M ”Fun...l"..?»:!- <
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Phan nay chira chuong trinh Keyboard + LCD.

4. Kich hoat chuong trinh bang cach stra hai ky hi¢u gidi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban
s€ nhan dugc man hinh sau:

File Edit View Projet Flash Debug Peripherals Tools SVCS Window Help

TYJILE

°

& &-| -

B

& d o @9 - o £ ir @ printto PC
S E e 38| ARM_Project VR ABTOOV@
Functions a2 ] Main.c*
= =] Main.c ~ 1177
@ adc_delay 0() 1178
¢ adc_delay_1() 1179
@ Delay () i1g0
1181
@ delay_ms (unsigned char b 1182
@ delay_us (volatile uint16_t o . ;3
118
® DMA1_Channell_IRQHanc 1184 Int Vector Init()
@ ee_byte_read (void) 1185 i
@ ee_byte_send (volatile uns 1186
@ ee_delay (void) 1187
@ ee_read (volatile uint16_t e l1ss
@ ee_start (void) "zs'
@ ee_stop (void) ‘i;"'
@ ee_write (uint16_t ee_addr, Tl;:
1192
¢ EXTI9_5_IRQHandler (void) 1193
@ Int_Vector_Init (void) 1194 wh
@ keys_delay (void) 1195 {
@ lcd_clean_line (unsigned ¢ 1196 key_r = scan_keys():
@ lcd_command (char d) 1197
1198 if
@ lcd_cursor_location (char>
S
@ lcd_data (chard) 'l: 9 { ;
1200 lcd write P (4, 1, ("Key
@ lcd_print_num (unsigned ¢ 201 1 ':i_p rint num ( Kkey) :
12 c rint_num (9,1, :
@ lcd_write P (charx, chary, 1202 = = *
¢ main (void) 1203
@ NVIC SetVectorTable (uint 1204
@ read_adc (unsigned char c 1205
@ Read_serial_adc (void) " 120e
1207
< > SSeR
m| G {} Fun... [0y

(key_x != NO_BTN) If any button is pressed
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5. Quan sat va phan tich chuong trinh.
6. Kich hoat EITPS-3192.
7. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.

8. Nhan cac phim caa ban phim va quan sat man hinh.

9. Nhan RST dé dimg chuong trinh dang chay.

10. Nhap cac ham cua man hinh LCD va ban phim thdng qua cac ham cua lénh va co
gang hiéu chang.

Piéu nay la rat quan trong.

Céc chuong trinh va ham ma ching ta sir dung hau hét thoi gian déu do nguoi khéac

chuan bi va cai tién.

11. Kich hoat cac dau '/* */' biang cach xda hai ddu gach chéo & dau mdi dong.

Chuong trinh chuyén sang mau xanh lyc.
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Thi nghiém 3.7 - Coi, Ro le va Pong co bwéc
Muc tiéu:

= Coi va cach diéu khién no.

= Ro le va cach diéu khién no.

= Pong co bude va cach diéu khién no.

= Cach doc nit nhan va cdng tic hanh trinh.
Thiét bi can thiét:

= Bo thi nghiém vi diéu khién EITPS-3192

= Day cam thi nghiém

Thao luan:

BO thi nghiém EITPS-3192 bao gom mat cong bén ngoai véi bon dau ra (TP25, TP26,
TP27, TPZS), duoc diéu khién bai 4 bit GPIOC (PC8 dén PC1 1) cho phép diéu khién
cac thiét bi ngoai vi nhu: c0i, ro le va dong co budc trén bo thiét bi EITPS-3192.

B thi nghiém EITPS-3192 ciing bao gém 2 ngd vao GPIOA (FfAl,va PA8) duoc két
noi V(')‘i TP7 va TPS, va 2 dau vao GPIOB (PB8 va PB9) duoc két noi véi TP5 va TP6.
Céc dau vao nay cho phép 1ap trinh chiing theo cac tuy chon GPIO khéc nhau va ciing
cd thé doc cac thiét bi nhu: nat nhan hoac cbng tac hanh trinh trén b thi nghiém
EITPS-3192.

Trong thi nghiém nay, ching ta s& thuc hanh viéc diéu khién cac thiét bi ngoai vi do.
3.7.1. Coi (Buzzer)

Buzzer dugc cau tao boi mot tim kim loai nho c6 gan mot tinh the gom (twong ty nhu
thay tinh). Tinh thé c6 mot dac diém rat dac biét, khi nhan mét hiéu dién the bién
thién, nd s€ co lai va gidn n¢ tuong ung.

Buzzer cd mot mach dién tir, mach nay,tao ra loai dién ap thay doi dang nay, Igim cho
tinh thé co lai va gidn no, do do lam tam kim loai dao dong. Dao dong cua tam Kim
loai tao ra &m thanh ma ching ta nghe thay.

Sau day la mach dién coi trén bo thi nghiém EITPS-3192:

+5V
TP30
CON2 Arduino
2 i R47 03
1 : 10K 2N2222
R49
10K — +
BZ1
— — Buzzer
GND GND
Hinh 2. 45
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3.7.2. Ro le di¢n

Ro le 1a mét thiét bi d6i mach dién, bao gom mét hoic nhiéu tiép diém, né déng hoic
mé mach dién. Doi khi can phai kich hoat mot mach dién hoat dong véi dong dién cao
bang mot mach diéu khién cé dong dién thap. Dé khong Iam hong mach diéu khién véi
dong dién thap, ching ta sir dung mét ro le lam trung gian gitta hai mach.

Ro le dugc khoi dong boi mot nam cham dién van hanh boi mot mach dong dién thép
Kich hoat nam cham dién s& kéo phan tng va dong cac tiép diém ro le, do d6 diéu
khién dong dién chay sang mach khac c6 cdng suat dong dién cao hon.

Role chu yéu duoc sir dung két hqp VoI C&Cﬁ tai tley thu dong dién Ion. Ban than ro le
duogc kich hoat vaoi dong dién thap va co thé chuyén dong dién cao qua cac tiep diém
cua no6 sang mach khéc.

12V

COM

TP36 NC NO
Hinh 2. 46

Ro le ¢6 3 tiép diém: COM (Common - Chung), NC (Normally Close - Thuong déng),
NO (Normally Open - Thuong m¢).

Chan COM duoc néi véi chan NC khi khong c6 dong dién qua cudn day cua no.

Chan COM dugc ndi véi chan NO khi khong c6 dong dién nao chay qua cudn day cua
no.

Sau day la mach ro le trén bo thiét bi EITPS-3192:

N FF
i-. . |=1-|-|I e _|:-- [afairsc
c Y . | g “H

o[- .-

S |

3

VAT S 0P Koo
g
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3.7.3. Dong co buéc

DPong co budc (stepper) 1a mot dong co chuyén dong theo cac bude dinh trude, sau
moi budc, dong co van bi khda & vi tri d6. Cé thé kieém soat s6 budc ma dong co thuc
hién, va diéu nay cho phép chung ta di chuyén dong co & nhirng goc rat chinh xac.

DPong co budc cd 4 cudn diy duoc két ndi theo cach sau:

*—m
*—

Hinh 2. 48

Cac chan ST4, ST3, ST2 va ST1 cua dong co c6 thé dugc két ndi lién tiép voi cac
cong ngd ra Q0 dén Q3. Cac dau ndi E va F phai dugc ndi voi Cuc duong cua nguodn
dién ap. Trong bo thi nghiém EITPS-3192, chung da dugc két ndi thdng qua mot dién
tro t6i diém +12V trén bang diéu khién.

+12V
Q3 | sS4 S3 S2 s1
Q2 )
Q_l_ Driver
Qo0

= Hinh 2. 49

Xuat '0' toi mot trong cac dau ra lam cho cuon day két ndi voi né ngat két ndi, va dong
dién khong chay trong cudn day nay.

Xuat '1' t6i mot trong cac dau ra lam cho dong dién chay trong cuon ddy duoc két noi,
tor diém +12V den GND.

Dong dién trong mdi cuon day chay theo mét chiéu (tir +12V dén ngd ra Q). Pay la ly
do tai sao dong co nay dugc goi la don cuc.

Nhu mo ta trong hinh 3-17, bén dau ra dong co duoc chia thanh hai nhém: S4, S3 va
S2, S1.

Khi dong co hoat dong, mdi cip phai c6 mot bit BAT va mét bit TAT.
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Dé van hanh  dong co, chung ta can tao ra mot sy thay doi trong bit hoat dong, luan
phién cho moi cap cuon day. Vi du, dong co quay theo mot chiéu s& dugc thuc hién
bang cach xuét chudi sé sau téi cong dau ra.

S1|S2|S3|s4
Buwéc s6 | D3 | D2 | D1 | DO | Gia tri thap luc phan
(Hexa)
0 01110 6
1 0o[1]0]1 5
2 1/0[0]1 9
3 110110 A
4 0o[1]1]0 6

Luu ¥ rang buéc s6 4 da dua ta tro lai trang thai bt déu,. NOi cach khéc, (jé quay dong
co, chung ta phai xuat lan Iuot day bon so qtrén lién tiép ¢ phia trén. Tat nhién, mot
trinh ty nhu trén khong thyc hién mot chuyén dong quay hoan chinh cia dong co ma

chi 1a mét phan cua chuyén dong quay tly thudc vao kich thuéce cua mdi budc.

Do tré gitta cac bude xac dinh téc d6 quay. Mdi dong co c6 mot toe do quay cuc dai.

Pé quay dong co theo hudng nguoc lai, ta phai dao thir ty cac sb trong day: 6, A, 9, 5,

6...

Chudi khong nhat thiét phai bat dau bang 6.
Sau day la mach dong co budc trén b@ thiét bi EITPS-3192:

Cr Motor Crange

+
IE:; Br Motor Brown

=H| = -
Motor_Black Motor_Yellow
10T

T, ™y T, ™,
Lo d\.'hd.nd’i'\(l"\! ll.r!ll.ln.‘_I:ﬂ uﬂuv"\(l'\! d\.'ﬁ.v.
a n = | -] = " ] |
“ el el pu
LM RS
1 I a1 16 Metor Orange
2 - = 15 Motor Browa
12 O [T Fow Yalow
5 5 e i
LT 04—
I3 Qi =7
%i I5 os 1
?—- I7 a7
f CHND Com [—=+1I%
@D
Hinh 2. 50
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3.7.4. Nt nhan va cong tic hanh trinh

Bo6 thi nghiém EITPS-3192 c¢6 méot ndt nhan SW21, duoc két ndi nhu moé ta trong
mach sau.

Ngat TP1

CON2 Arduino
SW21 2 2

. . 1
Nat nhan 1

GND

Hinh 2. 51

Bo thi nghiém EITPS-3192 ciing bao gdm mét c¢ong tac hanh trinh cho dong co budc,
duoc két noi nhu mo ta trong mach sau.

+3.3V SwW17
- TP22
| CON2 Arduino
p 3
1 , R29 2 2
1
Cong tic 680 : 1
Hinh 2. 52

Khi ching ta két néi mot cong tic véi mot cong dau vao, chiing ta sir dung dién tré
kéo Ién (pull-up) hodc dién tro kéo xudng (pull-down), dé khong lam cho cong ngd
vao bi tha ndi mirc tin hidéu ma khong cd trang thai rd rang (0 hoic 1).

Nt nhgn can mot dién tro kéo 1én (pull-up) va cong tic hanh trinh can mét dién tro
kéo xuong (pull-down).

3.7.5. Cong dau ra bén ngoai

VCC cua bd vi diéu khién STM32F100 (giong voi hau hét cac bo vi diéu khién hién
dai) 1a 3,3V. N6 cling bi han ch¢ vé kha nang dieu khién dong dién.

Chung ta c6 thé két ndi cac cong GPIO vai c4c tai dong dién thap.

Ddi vai cac tai dong dién cao hon hodc cho cac dau ra da ning khéc, ching ta can mot
cong bén ngoai 1am bo dém, dé diéu khién dong dién can thiét va dé bao vé vi diéu
khién.

8 dau vao dit liéu cua Flip-Flop — FF) loai D 74HC273 duoc ket ndi mot dau ra di liu
GPIO va dau vao dong hd caa nd véi mot bit dau ra GP10 khéc. Khi duong xung nhip
dugc nang tir mac thap 18n mac cao, di liéu trén cac dau vao D-FF duoc truyén va
chét trén cac dau ra D-FF cho dén xung nhip tiép theo.

Tat ci ba dau vao dir liéu 74HC273 dugc ket noi song song voi PC8-PC15 cua
GPIOC, ngoai trir cong ra da nang duogc két noi vai PC8-PC11.

Cac cong LED dau vao CLK dugc diéu khién boi PBO va PB1 cua GPIOB.
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Trong bo thi nghiém EITPS-3192, ching ta str dung ba don vi Flip-Flop loai D
74HC273 Véi cac dau vao reset va xung nhip chung lam bo dém cho ma tran LED va
cac dau ra da nang.

|'|a
NI o5
BCEDEO 3 [ o ]2 1 £ 2 1
e TR e 2 3 T e W
PeloDEr T D2 W ] 3 2
HIDE 5 o By 7 I3 Lm‘ﬁ'”;ﬂ_‘ T , '
BTTET D @ b ; 3 .
Lot o D5 Qs s 2 —=L : ]
BCI3-DB5 12.] ne I3 § I T T i
SCIEDBS 17, o7 o [ i T 2 1
+LE: . W
PCISDRT 18] o o (I8 E e
PBO LERCIEMLL oy e [ 2 e mﬂ?m-‘
+33V 4 ] CIR D ——— o
. .
s M m’b-z
2 1
D
vy
2N b5
B H P
Poemer 3 D1 QP : I
I 1 .
EcmDRr T 07 B[ 3 L
SCIIDES Bl p, g L2 1 3
CLDBS 5] p: g5 D12 5 3
BCI3-DES 151 o P £ L
aciDes 17 o0 @ g 7 0
o n] Y Y E T
; 1
PBl LED CLEMI.L crg woo |20 peaay
+13We— ] CLR. @D j
GHD
D
Output ports
s, DY, ey, T,
COINE Arduing, (TIN2 Ardwing, OUNT Aniuing, ©082 Al
4 o= i = -y - Lo}
g
_‘ﬂ-.':.‘
PCEDB0 3 1 a1
oS - LI
BCI0-DBT 77| oo S Fs -
A —_ T
% D3 31 - o
LT T
il o7 Q7 pif
% DB g8 Rt
PA12 DsCTRL 11| o oo | 20 - =33y
swa— 3d an o
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Cong dau vao da nang CLK duoc diéu khién boi GPIOA PA12.
Cac duong CLR duoc két néi véi VCC.

Tat ca céc bit nay (PC8-PC15, PBO, PB1 va PA12) phai duogc khai bao 1a cac bit cong
dau ra.
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3.7.6. Khéi tao GPIOA, GPIOB va GPIOC

Nhu duge md ta trong phan 3.1.2, 3.1.3 va 3.1.4, mdi bit trong s6 16 bit cua GPI1O c6
thé duoc xac dinh 1a dau vao tuong tu (analog), dau vao sb (floating, pull down, pull
up), dau ra da nang (General Purpose), dau ra chirc ning thay thé (Alternate Function)
trong céc tly chon téc do khac nhau.

C4c tly chon ciu hinh nay duoc xac dinh boi hai thanh ghi cdu hinh 32 bit CRL va
CRH.

Noi dung cta thanh ghi CRL dinh cau hinh 8 bit thap (bit 0 dén bit 7) cho GPIO. Bén
bit cua CRL dinh cau hinh chq mot bit cua cong GPIO. Hai bit xac dinh ché @6 (Mode)
cua cong va hai bit xac dinh cau hinh caa ché do nay.

(;T CF:E MODE1 | MODEO | Chirc niing Cau hinh ODR bit MOS
0|0 0 0 Dau vao Analog -

0| 1 0 0 DPau vao Float -

110 0 0 Dau vao Pull-Down 0

110 0 0 DPau vao Pull-Up 1

0|0 0 1 Pau ra GP Push-Pull 0 hoic 1 10MHz
0 1 0 1 Dau ra GP Open-Drain 0 hoac 1 10MHz
110 0 1 Pau ra AF Push-Pull - 10MHz
1|1 0 1 Pau ra AF Open-Drain - 10MHz
0 0 1 0 Pau ra GP Push-Pull 0 hoac 1 2MHz
0| 1 1 0 Pau ra GP Open-Drain | 0 hozc 1 2MHz
110 1 0 Pau ra AF Push-Pull - 2MHz
111 1 0 Pau ra AF Open-Drain - 2MHz
0 0 1 1 Pau ra GP Push-Pull 0 hoac 1 50MHz
0 1 1 1 Dau ra GP Open-Drain 0 hoac 1 50MHz
110 1 1 Pau ra AF Push-Pull - 50MHz
1|1 1 1 Dau ra AF Open-Drain - 50MHz

Noi dung cua thanh ghi CRH dinh cau hinh 8 bit cao (bit 8 dén bit 15) cho GPIO. Bon
bit cua CRquinh cau hinh cho mot bit cua cong GPIO. Hai bit xac dinh ché do
(Mode) cua cong va hai bit xac dinh cau hinh ctaa ché d6 nay.

MOS — Téc d6 dau ra tdi da (MOS)
GP - banang (GP)
AF  — Chuc ning thay thé (AF)

Bit 0-3 trong CRL/CRH dinh cau hinh bit GPIO0/GPIO8.
Bit 4-7 trong CRL/CRH dinh cau hinh bit GPIO1/GP109.
Bit 8-11 trong CRL/CRH dinh cau hinh bit GP102/GPI1010.
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Bit12-15  trong CRL/CRH dinh cau hinh bit GPIO3/GPIO11.
Bit 16-19  trong CRL/CRH dinh cau hinh bit GPIO4/GP1012.
Bit 20-23  trong CRL/CRH dinh cau hinh bit GPIO5/GPI013.
Bit 24-27  trong CRL/CRH dinh cau hinh bit GPIO6/GPIO14.
Bit28-31  trong CRL/CRH dinh cau hinh bit GPIO7/GP1015.

Khi ching ta xac dinh mét bit, ching ta phai cin than dé khong thay d6i cau hinh céc
bit khéc.

Gia tri reset (0x44444444) cia CRL va CRH xac dinh tat ca cac duong 10 duéi dang
dau vao tha noi (float). Diéu nay duogc thuc hién dé bao vé GPIO. La mot dau vao,
nhitng gi duoc két ndi t6i duong 10 (khdng c6, VCC, GND hoic mot sb dién 4p twong
tu) 1a khéng quan trong.

3.7.7. Pieu khién tai sir dung céc bit GP1O
Chuong trinh dudi day thuc hién nhitng viéc sau:

= Xac dinh GPIOA PA1 la dau vao véi dién tré kéo Ién (cho nit nhan) va chuyén né
den cong bén ngoai TP26 (bit 1).

= Xéc dinh GPIOA PAS la dau vao vei dign tro kéo xudng (cho cong tac hanh trinh)
va chuyén n6 dén cong bén ngoai TP25 (bit 0).

= Xac dinh GPIOA PA12 1a dau ra dé diéu khién cong bén ngoai.

= Xéc dinh GPIOC PC8 dén PC15 lam dau ra.

#defineLATCHO GPIOA->BSRR= (GPIO_BSRR_BR12)://0 to PA12
#defineLATCH1 GPIOA->BSRR= (GPIO_BSRR_BS12);//1 to PA12 for latching
unsigned char temp;

Leds_Init();

IIGPIOA Settings

RCC->APB2ENR |= RCC_APB2ENR_IOPAEN;//Enable GPIOA clock
GPIOA->CRH &= PBIT12_CLR;//0xFFFOFFFF Clear PA12

GPIOA->CRH |= (MODE_OUT _10MHZ PP >> PBIT12);//Shift right 12 bits
and OR for PA12

/IGPIOA->CRH |= (0x10000000 >> 12); //Shift right 12 bits and OR for PA12
GPIOA->CRH &= OxFFFFFFFO;//Clear PA8

GPIOA->CRH |= 0x00000008;//PA8 input with pull-up or down according to
ODR

GPIOA->CRL &= OXxFFFFFFOF;//Clear PAl

GPIOA->CRL |= 0x00000080;//PAl input with pull-up or down according to
ODR

GPIOA->0ODR &= 0Oxfeff;//0 for PA8 pull-down and leave 1 for PAL pull up
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IIGPIOC Settings
RCC->APB2ENR |= RCC_APB2ENR_IOPCEN;//Enable GPIOC clock
GPIOC->CRH &= PBIT8_15 CLR;//0x0

GPIOC->CRH = MODE_OUT_2MHZ_PP_0_7;//0x22222222 to declare C8-C15
as outputs

while(1)

{

temp = (GPIOA->IDR);

temp &= 0x0102;//Clear all bits besides bitl and bit8
if ((temp & 0x100) == 0x100)//Check bit8

{

temp &= 2;//Clear bit8 and leave Bitl as is

temp |= 1;//Set bit0

}

LED PORT->ODR = temp;//Output to LEDs

GPIOC->BSRR = (temp << 8) | ((char)(~temp) << 24 );//move D0-D3 to PC8-
PC11

LATCHO;//Lower PA12to 0

LATCHI1;//Raise PA12to 1

}

Ching ta s& str dung chuong trinh nay dé diéu khién dén LED bén ngoai, coi va ro le.
3.7.8. Chwong trinh diéu khién dong co budéc

Chuong trinh sau s& khién dong co budc quay 20 budc theo chicu kim dong ho va 20
budc nguoc chiéu kim dong ho trong vong lap.

#defineLATCHO GPIOA->BSRR= (GPIO_BSRR_BR12);// 0 to PA12

#defineLATCH1 GPIOA->BSRR = (GPIO_BSRR_BS12);// 1 to PA12 for
latching

unsigned int st[4]={6,5,9,10};

int dir,i,j,K;

int steps = 20;

unsigned int temp;

Leds_Init();

IIGPIOA Settings

RCC->APB2ENR |= RCC_APB2ENR_IOPAEN;//Enable GPIOA clock
GPIOA->CRH &= PBIT12_CLR;//0OXFFFOFFFF Clear PA12
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GPIOA->CRH |= (MODE_OUT_10MHZ_PP >> PBIT12);//Shift right 12 bits
and OR for PA12

GPIOA->CRH |= (0x10000000 >> 12);//Shift right 12 bits and OR for PA12
I/GPIOC Settings

RCC->APB2ENR |= RCC_APB2ENR_IOPCEN;//Enable GPIOC clock
GPIOC->CRH &=PBIT8_15 CLR;//0x0

GPIOC->CRH = MODE_OUT_2MHZ_PP_0_7;//0x22222222 to declare C8-C15
as outputs

i=0;

dir=1;

k=1;

while(1)

{

temp = st[i];

LED PORT->ODR = temp;//Output to LEDs

GPIOC->BSRR = ( temp << 8) | ( (char)(~temp) << 24 );//move D0-D3 to PC8-
PC11

LATCHO;//Lower PA12to 0
LATCHI1;//Raise PA12to 1
for (j=1; j<2000000; j++);
k+=1;

if (k == steps)

{

dir = -dir;

k=1;

}

if (dir > 0)

{

1+=1;

if(i==4)i=0;

}

else

{

i-=1;

if(i<0)i=3;
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}
}

Chuong trinh xuit ra cong bén ngoai cac sé 6, 5, 9 va A theo hudng quay véi do tré
gitta moi budc. B tre quyet dinh toc do quay.

3.7.9. Pén LED ma tran

Nhu dugc m6 ta trong phan 3.7.5, b thi nghiém EITPS-3192 bao gom 16 den LED
dugc két noi vai hai cong bén ngoai trong mot mang 4 X 4.

PC8-PC15 dugc két ndi voi cac duong dau vao dir ligu cua cac cong bén ngoai va
xung dong ho dirng dugc dieu khién bai PBO va PBL.

Trong thi nghiém nay, ching ta s& van hanh mot ma tran 16 dén LED duoc két ndi véi
hai cong dau ra.

#defineLATCHBOL GPIOB->BSRR = (GPIO_BSRR_BRO0);//0 to PBO

#defineLATCHBOH GPIOB->BSRR = (GPIO_BSRR_BS0);//1 to PBO for
latching

#defineLATCHBI1L GPIOB->BSRR = (GPIO_BSRR_BR1);//0 to PB1

#defineLATCHB1H GPIOB->BSRR = (GPIO_BSRR_BS1);//1 to PB1 for
latching

unsigned int LED[9]={1,2,4,8,16,32,64,128,0};

intij,k;

unsigned int temp;

IIGPIOB Settings

RCC->APB2ENR |= RCC_APB2ENR_IOPBEN;//Enable GPIOB clock
GPIOB->CRL &= OxFFFFFFFO;//Clear PBO

GPIOB->CRL |= 0x00000001;//GP output 10MHz for bit0
GPIOB->CRL &= 0xFFFFFFOF;//Clear PB1

GPI1OB->CRL |= 0x00000010;//GP output 10MHz for bitl

IIGPIOC Settings

RCC->APB2ENR |= RCC_APB2ENR_IOPCEN;//Enable GPIOC clock
GPIOC->CRH &= PBIT8_15 CLR;//0x0

GPIOC->CRH = MODE_OUT_2MHZ_PP_0_7;//0x22222222 to declare C8-C15
as outputs

while(1)

{

for (i=1; i<3; i++)
{

for (j=0; j<9; j++)
{
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temp = LED[j];

GPIOC->BSRR = ( temp << 8) | ( (char)(~temp) << 24 );//move D0-D3 to PC8-
PC11

if (i == 1)

{

LATCHBIL;//Lower PB1 to 0
LATCHBI1H;//Raise PB1to 1

}

else

{

LATCHBOL;//Lower PBOto 0
LATCHBOH;//Raise PBO to 1

}

f(j != 8) for (k=1; k<2000000; k++):

}
}
}

Trinh ty thuc hién:

1. Vo thu vién ARM_Project va nhap dip vao tép ARM_Project.uvprojx. Theo tai
lisu nay, duong dan dén tép ARM Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM_Project”

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCs Window Help

= - @ 9 = = = % print to PC VRS, a-| e & &4
& E e %% | ARM_Project o & | 4 ¢ D@
Functions L > | _] Main.c*
B |ze] Main.c ~ 850
@ adc_delay 00 851
@ adc_delay 10 1 8s2 Relay ()
@ Delay () 3:: { e 1
& delay_ms (unsigned char k ;55 f‘_‘; (; -1 ;4 1= : i44):
@ delay_us (volatile uint16_t sse
@ DMA1_Channell_IRQHanc ss57
@ ee_byte_read (void) 858
® ee_byte_send (volatile uns 859 int main (veoid)
@ ee_delay (void) B 860 ¢
@ ee_read (volatile uint16_t e 861
& ee_start (void) ge2 []
@® ee_stop (void) :zj i ehen o F
@ ee_write (uint16_t ee_addr, 865 - 7 o
& EXT9_5_IRQHandler (void) 866
& Int_Vector_lnit (void) 867 ur = n em
® keys_delay (void) s8e8
@ lcd_clean_line (unsigned c 869
® lcd_command (char d) 870
@® lcd_cursor_location (char» 871 .
@ lcd_data (char d) Z;i il=(1
® lcd_print_num {unsigned ¢ 274 - _ i hes - che swi -
® lcd_write_P (charx, chary, 875 LE = temp: utp LE
& 876 -
& NVIC_SetVectorTable (uint 877
® read_adc (unsigned char c 878
@ Read_serial_adc (void) — 879
< > 880
- .no,iitttii 881 |
= & U Fun.. [0, <

Hinh 2. 54
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3. Cuon xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NBE@| 4 2@R|9 @ | PRl ®| =EE | @3 pittorc JRe| @-le o &-|E-| X
S8 E @~ ] ¥ ArM_Project SR R R
Functions Lo x| ] Main.c
B[] Main.c A 1207£
® adc_delay 0 1208 /*
@ adec_delay_1( 1208 | //STITEETHLPPITTEL P LA LTSI EP AT L P EI LT iriirirred
¢ Delay () 1210 | // Switches to External Port (TP25 - TP28)
& delay_ms (unsigned char b i’;’i; LITTTEIETELEI T LRI T LI L IT T LRI EI LI I LI L I I LI I I EiTIiiiiirirey
& delay_us (volatile int16_t 1213 | $define LATCHO GPIOA->BSRR = (GPIO_BSRR BR1Z) ; // 0 to PAl2
¢ DMA1_Channel1_IRQHanc 1214 | #define LATCH1 GPIOA->BSRR = (GPIO_BSRR BS12); // 1 to PAl2 for latching
@ ee_byte_read (void) 1215
-~ @ ee_byte_send (volatile uns 1216 | unsigned int temp;
- @ ee_delay (void) 1217
‘‘‘‘‘ @ ec_read (volatile uint16_t e 1218 | // GPIOA declarations
‘‘‘‘‘ ® ee start (void) 1219 RCC->APB2ENR |= R PB2ENR_IOPAEN: //Enable GPIOA clock
- @ ee_stop (void) L I R ~ ~ ~ S
B te (uint16 t e addr 1221 GPIOA->CRH &= FPBIT12 CLR: //0XFFFOFFFF Clear PAl2
& ee.wite (uint1_t ee_addr, 1222 GPIOA->CRH  |= (MODE_OUT_1OMHZ PP >> PBIT12): //Shift right 12 bits and OR for PAL2
- & EXTI9_5 IRQHandler (void) 1223 | // GPIOA->CRH  |= (0x10000000 >> 12); //Shift right 12 bits and OR for PAl2
& Int_Vecter_Init (void) 1224
@ keys_delay (void) 1225 GPIOA->CRH &= OXFFFFFFFO;: //Clear PAS
@ lcd_clean_line (unsigned c 1226 GPIOA->CRH |= 0x00000008; //PA8 input with Pull up or down according to ODR
@ lcd_command (char d) 1227
. @ led_cursor_location (char3 1228 GPIOA->CRL &= OXFFFFFFOF; //Clear PAl
1229 GPIOA->CRL |= 0x00000080: //PAl input with Pull up or down according to ODR
- @ lcd_data (char d) 1230
& lcd_print_num (unsigned « 1231 GPIOA->ODR &= Oxfeff; // 0 for PAS pull down and leave 1 for PAL pull up
® lcd_write_P (charx, chary, 1232
@ main (void) 1233 | // GPIOC declarations
@ NVIC_SetVectorTable (uint 1234 RCC->APB2ENR |= RCC_APB2ENR_IOPCEN; //Enable GPIOC clock
@ read_adc (unsigned char ¢ 1235
@ Read_serial_adc (void) " 1236 GPIOC->CRH &= PBIT8_15_CLR; //0x0
. 5 1237 GPIOC->CRH = MODE_OUT_2MHZ PP 0_7:; // Ox2 22 to declare C8-C1l5 as outputs
1238
& Proj... | @ Bocks {} Fun... [0, Tem.. <

Hinh 2. 55
Phan nay chira chuong trinh Switches to external port.

4. Kich hoat chuong trinh bang CéCIj sua hai ky hiéu gig’ri ha_u~1 doan chuong trinh thanh
doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gigi han va ban
sé& nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

=" - IRy Y - P I 11| @ printtopC JARe Qe o s @B A
S Ee- |ﬂ ARM_Project vﬂ\|£_ﬁ.ﬁﬁ
Functions L3 x | ] Main.ct
&[] Mainc A 1207 [
& adc_delay 00 1208 r I
& adc_delay 10 1209 | /7777 FFFETEITEETEAIITEITEEY I
¢ Delay 0 1210 | //
. 1211 fELLPTETET A F i iririiiirtrrriiird ST Errirdy /r
@ delay_ms (unsigned char t 1212
@ delay_us (velatile uint16_t 1213 LATCHO GPIOA->BSRR = (GPIC_BSRR_BR12) : // 0 to PAl2
@ DMA1_Channell_IRQHanc 1214 LATCH1 GPIOA->BSRR = (GPIO_BSRR_BS12); // 1 to PAlZ for latching
§ ee_byte_read (void) 1215
® ee_byte_send (volatile uns 1216 | unsigned int temp;
@ ee_delay (void) 1217
® ee_read (volatile uint16_t e 1218 | // GPIOA declaratior
& eestart (void) 1219 RCC->APB2ENR |= RCC_APB2ENR_IOPAEN; //Enable GPIOA clock
[ ] eeistnp (void) L
® - ite (uint16.t dd 1221 GPIOA->CRH &= PBIT12 CLR; /fOxFFFOFFFF Clear PAl2
es_write lumt1D_t ee_add, 1222 GPICA->CRH  |= (MODE_OUT_10MHZ PP >> PBIT12); //Shift d OR for PAL2
¢ EXT9.5_IRQHandler (void) 1223 | // GPICA->CRE  |= (0x10 00 >> 12); //Shift right 12 PA12
@ Int_Vector_lnit (void) 1224
® keys_delay (void) 1225 GPICA->CRH &= //Clear PAS
@ lcd_clean_line (unsigned ¢ 1226 GPIOA->CRH 1= //PA8 input with Pull up or down according to ODR
@ lcd_command (char d) 1227
@ lcd_cursor_location (char> 1228 GPIOA->CRL &= ":-':'*}fa'-' PAL
@ lcd_data (char d) iizz GPICA->CRL = //BPAl input with Pull up
¢ lcd_print_num (unsigned ¢ 1231 GPICA->0DR &= 0 for pull down and
@ lcd_write P (charx, chary, 1232
@ main (void) 1233 | // GPIOC declarations
@ NVIC SetVectorTable (uint 1234 RCC->APB2ENR |= RCC_APB2ENR_IOQPCEN: //Enable GPIOC
@ read_adc (unsigned char ¢ 1235
@ Read_serial_adc (void) ~ 1236 GPIOC->CRH &= PBITS8_15_CLR; //0x0
1237 GPICC->CRH = MODE CUT 2MHZ PP 0 7: //
< > = ==
- 1238
& proj.. (@ Books {}Fun...[O4Tem...| || <

Hinh 2. 56
5. Quan sat va phan tich chuong trinh.
6. Kich hoat EITPS-3192.
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7. DUng mot day cam két néi TP1 cua ndt nhan SW21 véi TP7 caa PAL.

8. Dung maot day cam két ndi TP22 cua cdng tic hanh trinh véi TP8 cua PAS.

9. Dung mét day cam két ndi TP25 cua céng bén ngoai véi TP30 cua coi.

10. Dung mot day cam va day néi dai két ndi TP26 cua cong bén ngoai véi TP32 cua
dén LED mau do ¢ bén trai.

11. Luu va bién dich (stra 13i néu c6 va bién dich lai).

Nhan RST trudc khi tai xudng, sau dé tai xudng va chay chuong trinh.

DPén LED mau do bén trai s& BAT. PA1 dugc kéo 1én véi mot dién tré bén trong.
12. Nhin nit nhan SW21 va dén LED sé& TAT.

13. Nhan cdng tic hanh trinh va coi s& phat ra am thanh.

14. Ngat két ndi TP25 khoi TP30 cua coi va két ndi n6 véi TP36 cia ro le.

15. Nhan cong tac hanh trinh va ro le s& phat ra 4m thanh khi thay doi cac tiép diém.
16. Nhan RST dé ding chuong trinh dang chay.

17. Kich hoat céc dau '/* */' bang cach xda hai dau gach chéo & dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

18. Cudn xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
S dd a9 - | o | S ® print to PC JRe Q- e o' . Rl NS
S E&E e $3 | ARM_Project IR ABOOY®
Functions L4 x | _] Mainc
= =] Mainc A 5
§ adc_delay 00
@ adc_delay 10
@ Delay ()

@ delay_ms (unsigned char t
@ delay_us (volatile uint16_t
@ DMAT1_Channell_IRQHanc
@ ee_byte_read (void)

@ ee_byte_send (volatile uns
@ ee_delay (void)

@ ee_read (volatile uint16_t e
@ ee_start (void)

@ ee_stop (void)

@ ee_write (uint16_t ee_addr,
& EXTI9_5_IRQHandler (void)
@ Int_Vector_Init (void)

@ keys_delay (void)

@ lcd_clean_line (unsigned c
@ lcd_command (char d)

@ lcd_cursor_location (char>
@ lcd_data (chard)

@ lcd_print_num (unsigned ¢
@ lcd_write_P (charx, chary

¢ main (void)

@ NVIC_SetVectorTable (uint
@ read_adc (unsigned char ¢
@ Read_senial_adc (void) v

< >

] ] ()Fun...]ll.. <

Hinh 2. 57
Phan nay chira chuong trinh Stepper motor control.

19. Kich hoat chuong trinh bang cach sua hai ky hiéu gig’yi ha~n doan chuong trinh
thanh doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va
ban s& nhan duoc man hinh sau:
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File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

=~ - a9 ) o L o L S @ printtoPC VRN Q- e o AN RS
SR e 58| ARM_Project SEIN R B )
Functions » B3 ] Mainc*
= |=] Main.c N
adc_delay 0 ()
adc_delay_1()
Delay ()

delay_ms (unsigned char t
delay_us (volatile uint16_t
DMA1_Channel1_IRQHanc
ee_byte_read (void)
ee_byte_send (volatile uns
ee_delay (void)

ee_read (volatile uint16_t e
ee_start (void)

ee_stop (void)

ee_write (uint16_t ee_addr,
EXTI9_5_IRQHandler (void)
Int_Vector_Init (void)
keys_delay (void)
lcd_clean_line (unsigned ¢

PBIT12 R; xFFFOFFFF Clear PAl2
(MODE_OUT_10MHZ PP >> PBIT12);
(0x100 > 12): Shift ri

lcd_command (char d)
lcd_cursor_location (char»
lcd_data (char d)
led_print_num (unsigned «
lcd_write_P (char x, chary
main (void)
NVIC_SetVectorTable (uint
read_adc (unsigned char ¢

COOOOCOOOOOOOOCOCOOCLOEOLFOEOIOIOOOOO

Read_senal_adc (void) v

>

= G 0} Fun... [0, <

~

Hinh 2. 58
20. Quan sat va phan tich chuong trinh.
21. Dung day cim két néi TP25 cuia cong bén ngoai voi ST4 cua dong co budc.
22. Dung day cam két ndi TP26 ciia cong bén ngoai véi ST3 cua dong co budc budc.
23. Dung day cam két ndi TP27 ciia cong bén ngoai voi ST2 cua dong co budc.
24. Dung day cim két ndi TP28 cua cong bén ngoai voi ST1 cua dong co budc.
25. Luu va bién dich (stra 18i néu cd va bién dich lai).
Nhén RST trudc khi tai xudng, sau dé tai xuéng va chay chuong trinh.

Dong co quay 20 budc theo chiéu kim dong ho va sau do quay 20 budc ngugc chicu
kim dong ho trong vong lap.

26. Panh dau cac diém ma dong co thay doi hudng.

27. Ding dong co bang tay dé 1am n6 mat budc.

Diéu nay c6 anh hudng dén cac diém thay d6i hudng khéng?
28. Nhan RST dé ding chuong trinh dang chay.

29. Thay d6i s6 budc cho dén khi dong co hoan thanh mot vong lap trude khi doi
hudng.

30. Thay doi chuong trinh dé dong co chi quay theo mot hudng; thay doi do tré gitra
moi budc va quan sat dieu d6 anh huong dén toc dé quay nhu thé nao.

Tim téc do ti da cia dong co.
31. Kich hoat cac dau '/* */' biang cach xda hai diu gach chéo & ¢au mdi dong.
Chuong trinh chuyén sang mau xanh lyc.

78



32. Cuon xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

=2 K- IR a9 - PRR N EFE/E N @ panttorc VR Q- e S Q- BN
SiEEe- ’“&‘l’iARM_Pro)eﬁ UR AR eYd
Functions L3 x | d Mainc*
= =] Mainc ~ 1321 */
@ adc_delay 0() 1322 +
® adc_delay 10 1323
@ Delay () A28 | /71117 LTTTELEETETT T L i i i iiiiriiiiiiiiriiiiidiiriiiiiiieereire/
§ delay_ms (unsigned char t 1328, | // 2 LEDe, in n:a::zx‘
2 1326 | ///711110100007000018101117 i 111171111111
@ delay_us (volatile uint16_t 1327
¢ OMA1_Channel_IRQHanc 1328 | #define = (GPIO_BSRR_BRO) ; // 0 to PBO
@ ee_byte read (void) 1329 | #define 1L = (GPIO_BSRR_BSO): PBO for latching
@ ee_byte send (volatile uns 1330 | #define = (GPIO_BSRR_BRl) PB1
& ee_delay (void) 1331 | #define = (GPIO_BSRR_BSl); // 1 to PBl for latching
@ ee_read (volatile uint16_t e 1332
@ ee_start (void) 1333 | unsigned int LED[%]={1,2,4,8,16,32,64,128,0});
® ee_stop (void) 1334 | int 1,),k;
1335 | unsigned int temp;
@ ee_write (uint16_t ee_addr, 1336
¢ EXT9_5_JRQHandler (void) 1337 | // GPIOB Settings
® Int_Vector_Init (void) 1338 RCC->APBZENR |= RCC_APB2ENR_IOPBEN: //Enable GPIOB clock
@ keys_delay (void) 1339
§ lcd_clean_line (unsigned ¢ 1340 GPICB->CRL &=
@ lcd_command (char d) 1341 GPIOB->CRL  |=
@ lcd_cursor_location (char> 1342 ‘:-chs— ":F‘:' &=
® Icd_data (char d) e HplonoacaL, I
led, it (unsigned s
® Icid_pant_num (unsigned ¢ 1345 | // GPIOC Settings
& lcd_write_P (charx, chary, 1346 CC->APB2ENR |= RCC_APB2ENR_IOPCEN:  //Enable
® main (void) 1347
@ NVIC SetVectorTable (uint 1348 GPIOC &= PBITS_15
@ read_adc (unsigned char ¢ 1349 GPIOC = MODE_OUT_. C8-Cl5 as outputs
@ Read_serial_adc (void) v 1350
< > 1351 while (1)
1352 {
wrro) o ) Fun... | Oy 1em <

Hinh 2. 59
Phan nay chtra chuong trinh LEDs in matrix.

35. Kich hoat chuong trinh bang cach sua hai ky hiéu gig’yi h@fl doan chuong trinh
thanh doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va
ban s& nhan dugc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

1 BHS| L LB | e | BPRA = JE Ui @ printtorc Jasr Q-lecs &-|B- N\
S 1 E - 0| W ArRMProjeat N R A
Functions 2 3 ) Mainc
&[] Mainc ~ 1321 |
§ adc_delay 00 1322 |
& adc_delay 1() isa23 (/7 /*
® Delay() 1328 | /777717701001 00000 007880 00ELERLT00E0000 0000000000000 0000000700001011
@ delay_ms (unsigned char t gaae | // C i e o MDD MRCELE :
- 1326 | //770070070070 0000000000070 0800808080 1100E01E1117 /117
@ delay_us (volatile uint16_t 1327
& DMAI_Channel1_iRQHanc 1328 = (GPIO_BSRR_BRO) ; //
@ ee_byte_read (void) 1329 LATCHBOH GPIOB->BSRR = (GPIO_BSRR_BS0): //
@ ece_byte_send (volatile uns 1330 LATCHB1L GPIOB->BSRR = (GPIO_BSRR_BR1) :; //
@ ee_delay (void) 1331 LATCHB1H GPIOB->BSRR = (GPIO_BSRR BSl): //
@ ee_read (volatile uint16_t 1332
@ ee_start (void) 1333 | unsigned int LED([%]=(1,2,4,8,16,32,64,128,0);
1334 | int 1,3,k
¢ R'm’.p(w’m 1335 | unsigned int temp:
@ ee_write (uint16_t ee_addr, 1336
¢ EXTI9.5_IRQHandler (void) 1337 | // GPIOB Settings
¢ Int Vector_Init (void) 1338 RCC->APB2ENR |= RCC_APB2ENR_IOPBEN: //Enable G
@ keys_delay (void) 1339
@ lcd_clean_line (unsigned ¢ 1340 GPIOB->CRL &=
@ lcd_command (char d) 1341 GPIOB->CRL 1=
@ lcd_cursor_location (char> 1342 GPIOB->CRL &=
@ lcd_data (char d) 1343 GPIOB->CRL I=
@ lcd_print_num (unsigned ¢ 2331
b 1345 | // GPIOC Settings
® lcd write P (charx, chary, 1346 RCC->APB2ENR |= RCC_APB2ENR_IOPCEN:  //Enable GPIOC clock
@ main (void) 1347
@ NVIC SetVectorTable (uint 1348 GPIOC->CRH &= PBIT8_15_CLR; //0x0
@ read_adc (unsigned char ¢ 1349 GPIOC->CRH = MODE_OUT 2MHZ PP _0_7: // declare C8-Cl5 as outputs
@ Read_serial_adc (void) v 13s0
< 1351 while (1)
1352 H

= GE-::--; “Flm...l(l.’:fﬂ <
Hinh 2. 60
36. Quan sat va phan tich chuong trinh.
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37. Luu va bién dich (stra 18i néu cé va bién dich lai).

Nhén RST trudc khi tai xudng, sau dé tai xudng va chay chuong trinh.

16 dén LED s& BAT lan luot trong vong lap khong doi.

38. Nhan RST dé ding chuong trinh dang chay.

40. Kich hoat cac du '/* */' bang céch x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thir nghiém 3.8 - Van hanh DAC

Muc tiéu:

= Cac DAC song song va ni tiép.

= Céach chuyén mot sé6 dén DAC va quan sat né duoc chuyén do6i thanh mot tin hiéu
tuong tu (dién ap).

= Cach viét mot chuong trinh doc mot s6 nhi phan tir bo chuyén mach va xuat né toi
DAC.

= Cach viét mot chuong trinh tao ra tin hiéu twong tu (chang han nhu song tam giéc)
o dau ra cua DAC noi tiep.

Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

Thao luan:

3.8.1. Trién khai mgt DAC véi mot bo khuéch dai & mot mang dién tré

B chuyén doi s6 sang tuong tw (DAC) la mot mach nhan bat ky s6 nhi phan nao ¢ cac
dau vao cua n6 ya Xuat ra mét dién ép (tin hiéu) ¢ cac dau ra ctia nd. S6 nhi phan duoc
tao tur cac chir so nhi phan (bit) co thé gan gia tri cua logic '0" hodc '1', trong do6 '0" bang
0V va 'l' bang dién ap tham chiéu nhat dinh - V.

Xuyén sudt tai liu nay, ching ta str dung ba thuat ngir sau (cho mdi cong cu chuyén
do61) nhu nhitng tir dong nghia hoan toan tuong duong:

DAC, D/A, D to A - cho Bo chuyén doi s6 sang tuong tu.

ADC, A/D, A to D - cho B chuyén doi twong tu sang so.

Mot mach DAC thuong duoc ciu tao boi mot bo khuéeh dai va mot mach dién tro,
nhu trong hinh 2.61.

Hinh 2. 61
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Tinh dién 4p dau ra Vo dudi dang ham cua V0-V7:

v (RT?+ Rve+ Bvs+ Bvsr B By By B Yl})
= = —_— —_— —_— : —_—
TRV IR TR TSR TR TR - 6aR ' 128R

Chia déu (rat gon céc phan sb) cho R:

vV, (‘s?+1‘sﬁ+1‘l +114+1\3+112 1\1 ! ‘ll])
- N N N -
2 4 8 16 32 64 128

Chia va nhan vai 128:

1
Y”__ﬁ (128V7+64V6+32V5+16V4+8V3I+4V2+2V1+1V0)

Néu mdi dau vao dién 4p bang dién &p tham chiéu nhan véi gia tri caa bit duoc két ndi
véino (‘0" hoac '1):
VI=VR:-DI1

Chung ta nhan dugc:

1
V,= —ﬁ‘s R(128D7 + 64D6 + 32D5 + 16D4 + 8D3 + 4D2 + 2D1 + 1D0)

Do d6, chiing ta nhan duoc dién ap dau ra co gié tri tuyét d6i 1a mot ham cua sb nhi
phéan dugc cap cho cac dau vao cua mach. Hé so cua doan mach nay bang 35 Vr.

Pién 4p & dau ra cia mach bang gia tri thap phan cua s nhi phan, nhan véi Vr va
nhan v&i mot hé sé (hé s6 1a mot ham cua mach). Gia st, vi du rang, so nhi phan la
01001110, bang 7810, dién &p tham chiéu 1a 5V va hé sé dugc xac dinh bgi mach Ia
0,01. Bién &p & dau ra caa mach sé la:

V,=0.01-5-78=0.05-78=3.9V

Dién ap dau ra c6 gia tri am. D& nhan duoc gia tri dién ap dwong, mot by dao (bd
khuéch dai) c6 thé duoc két ndi voi dau ra cua mach. Cling c6 thé c4p cho mach mot
d6 loi (@6 khuéch) cho trude, dé thay d6i hé sé chung cua mach.

Do chinh xac cua cac dién tro 1a mot yéu td quan trong trong cac mach DAC. Van dé
trong cac mach nhu vay 1a két qua cua viéc phai sir dung cac dién tré co gia tri khac
nhau ma van phai duy tri do chinh xac cao gitra cac ty 1€ gitra ching, nhu duwoc mo ta
trong hinh. Do d6, 1ap rap mot mach chinh xéac loai nay 1a mot viéc kho khin va ton
kém. Tuy nhién, co the mua cac mang dién trd chinh xéac trong mét goi duy nhat (do
d6 chiing c6 hiéu sut twong tu trong cac diéu kién moi truong).

3.8.2. DAC nguyén khai

Mot DAC nguyén khéi 1a mot bo chuyen doi sb (digital) sang tuong tu (analog) duoc
ldp rap trén mot chip duy nhat. Diéu ndy dugc thuc hi¢n bang céach san xuat mot mach
tich hop chira mang dién trg, bo khuéch dai va cac mach bl khac nhau. C6 rat nhiéu
loai DAC trén thi truong. Su khéc biét chinh gitra chung la & d6 phan giai (s bit cua
s6 nhi phan), téc o phan hoi va do chinh xac. Hau hét, thiét bi tao ra mot dong dién,
dong dién nay chinh 1a mot ham cua s6 nhi phan tai cac dau vao cia no.

Bo khuéch dai chuyén dobi cac dong dién nay thanh dién ap trong pham vi dugc chi
dinh. Céac dau vao cua DAC duoc két ndi véi cac ngd ra caa cong dau ra.

Ché do két ndi DAC 0830 duoc md ta trong hinh 2.62.
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Hinh 2. 62

Chiét ap dat & dau vao cua bo khuéch dai dugc str dung dé hiéu chinh do loi cia n6
nham dat duoc pham vi yéu cau. Thong thuong, chan 15 dugc ndi voi thé dién ap va
mot nguodn dién ap dugc (da duoc loc va diéu chinh) s& duoc két ndi véi chan 14.

Khi can van hanh mét thiét bi nhat dinh (da chon), dong dién dat yéu cau thuong cao
hon dong dién cé thé duoc cung cap bai bo khuéch dai. Mot bo khuéch dai trong mot
mach nhu hinh 2.63 s€ dugc thém vao mach trong nhitng truong hop nhu vay.

X

IB
DAC—»—‘ RL

Hinh 2. 63
DAC cung cép dong dién 1B {bang IL/(B+1)} cho bdng ban dan. Néu yéu cau can c6
muc tang dong diép cao hon, mdt mach Darlington CQ thé dugc thém noi tiep. Mot
nguon dién duoc kieém soat cd thé duoc tao ra boi mot cau hinh tuong tu.
Chuing ta s& nhan dugc mot mach chinh xac hon néu két néi dién tré phan hoi véi tai
chtr khong phai vai bong ban dan nhu sau:

DAC IE

Hinh 2. 64
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Mot tng dung tha vi caa DAC 1 su tich hop cua nd thanh mot bo khuéch dai diéu
khién pP cho ngudn AC. Mot dién ap xoay chiéu dugc khuéch dai dén gia tri I6n nhat
(tit nhién 1a khong bi méo) duoc két ndi voi dau vao Vrer. Pau ra DAC sau d6 sé 1a
ngudn dién ap xoay chiéu cd gia tri 1A mot ham cua sé nhi phan tai ¢au vao cua no.

Mach DAC bao gom mot chiét ap trimmer, dung dé hiéu chinh b khuéch dai mot lan.
Khi DAC nhan 00 tai cac dau vVao cua noé, bo khuéch dong cung cap OV. Khi DAC
nhan FF & cac dau vao cia nd, bo khuéch dai s€ cung cap 5V.

3.8.3. DAC dién ap kép dau vao ndi tiép 8 bit AD7303

AD7303 la DAC déu ra dién ap kép 8 bit hoat dong tir mot ngudn cung cap +2,7V dén
+5,5V duy nhat. Bo dém dau ra chinh xac trén chip cta n6 cho phép cac dau ra DAC
chuyén hudng. Thiét bi nay sir dung giao dién ndi tiép 3 day linh hoat hoat dong & téc
d6 xung nhip 1én dén 30MHz va twong thich véi cac chuan giao tlep QSPI, SPI,
microwire va bo xir ly tin hiéu ky thuat s6. Thanh ghi dau vao néi tiép rong 16 bit; 8
bit hoat dong nhu cac bit dir liéu cho DAC, va 8 bit con lai tao thanh mét thanh ghi
diéu khién,

Thanh ghi diéu khién trén chip duoc sir dung dé dinh dia chi DAC lién quan, nham tat
ngudn thiét bi hoan chinh hoic mot DAC riéng 1¢, dé chon tham chiéu bén trong hoic
bén ngoai va cung cap co s¢ nap ddng bd cho cap nhat ddng thoi cua cac dau ra DAC
bang phan mém chiic nang LDAC.

AD7303
—\] Thanhghi [N Thanhghi | DAC A » SN
dhuvao |/ DAC ouT
Thanhghi N Thanh ghi
dhu vao _l/ DAC | DACB 1AV} D Vout B
Dir ligu (8) biéu khién (8) MUX Power On
DINOD— T T T T T T T Reset
SCLKO— Thanh ghi dich 16-bit
SYNC O—
GND REF Vb

Hinh 2. 65

AD7303 14 bo chuyén ddi sé sang twong tu dau ra dién ap kép 8 bit. Cau tric cua n6
bao gom mot b khuéch dai tham chiéu va mot nguon dong dién DAC, tiép theo 1a mot
bo chuyén doi dong dién sang dién ap c6 kha nang tao ra cic dién ap trén dau ra cua
DAC. Hinh 3-26 cho thiy mot so dd khéi cua cu trac DAC co ban.
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AD7303 11.7KQ

Vop
B6 khuéch MA
Current
DAC
Vo A'B
11.7KQ
30KQ
\ 4
Hinh 2. 66

Ca hai du ra DAC A va DAC B déu dugc dém bén trong va cac bo khuéch dai dém
dau ra nay co6 dac tinh dau ra rail-to-rail. Bo khuéch dai dau ra c6 kha nang dieéu khién
mot tai 10KQ tdi ca Vpp, GND va 100pF . Lya chon tham chiéu cho DAC c6 thé
duoc tao ,bén trong tr VDD hoac duoc dat bén ngoai thpng qua chan REF. Lua chon
tham chiéu théng qua mét bit trong thanh ghi dicu khién. Pham vi trén dau vao cua
tham chiéu bén ngoai la tir 1.0V dén Vpp/2.

Dién 4p dau ra tir mot trong hai DAC duoc cho bai:

V, AB=2-Viep-(N256)V

Trong do:

Vrer 12 dién ap dat vao chan REF bén ngoai hoic Voo/2 khi tham chiéu bén trong
duoc chon.

N la s0 twong dwong thap phan cia ma duoc nap vao thanh ghi DAC va nam trong
khoang tir 0 den 255.

3.8.4. Pau ra Analog

AD7303 ¢6 hai DAC dau ra dién ap doc 1ap véi do phan giai 8-bit va ché do hoat dong
theo rail-to-rail. Bo dém dau ra cung cap do loi la hai & dau ra. Téc do quay cua bd
khuéch dai dau ra thuong 1a 8V/us va cé su 6n dinh toan thang (full-scale) tgi 8 bit voi
mot tai dién dung 100pF trong 1.2us.
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Ma héa dau vao DAC la ma nhj phan tiéu chuan. Bang sau ddy cho thdy chirc nang
truyén nhi phan cho AD7303. Bat ky dién ap dau ra DAC nao déu cd the duoc biéu thi
mot cach ly tudng bang:

V. =(N/256)2-Vgep

Trong do:

N 1a sé twong duong thap phan cia ma dau vao nhi phan. N nam trong khoang tir 0
dén 255.

Vrer la dién ap dat yao chan REF bén ngoai khi tham chiéu bén ngoai dwoc chon va 1a
Vpop/2 néu tham chiéu bén trong dugc sir dung.

Pau vao ky thuat sé Pau ra twong tu [V]
MSB | LSB

11111111 255/256 X2 XVRrer
11111110 254/256 X2 XV Rrer
10000001 129/256 x2 X VRer
10000000 128/256 X2 X VRer
01111111 1271256 X2 XV rer
00000001 1/256 x2 X Vrer

00000000 0

3.8.5. Giao dién noi tiép

AD7303 c6 giao tiép noi tiép 3 déay linh hoat twong thich véi céc tiéu chuan giao tiep
SPI, QSPI va Microwire, ciing nhu mét loat cac bo xur ly tin hiéu k¥ thuat so.

(SYNC) muc thap cho phép thanh ghi dich nhan dir liéu tir dau vao dit liéu nbi tiép
DIN. Dit liéu dugc khoa vao thanh ghi dich trén canh Ién cta xung nhip noi tiép. Tan
SO xung nhip noi tiep co thé cao téi 30MHz. Thanh ghi dich nay rong 16 bit.

Tam bit dau tién 1a bit diéu khién va tdm bit thi hai 13 bit dit liéu cho DAC.

MGi lan chuyén phai bao gom mot Ian ghi 16 bit hoac hai Ian ghi 8 bit. Giao tiép SPI
va Microwire xuat dir liéu trong cac byte 8 bit va do d6 yéu cau hai lan truyén 8 bit.
Trong truong hop nay, dau vao (SYNC) cua DAC phai & muc thap cho dén khi tat ca
16 bit dugc chuyén den thanh ghi dich. Cac giao tiep QSPI c6 thé dugc lap trinh dé
truyén dix liéu bang cac word 16 bit.

Sau khi dwa tat ca 16 bit vao thanh ghi dich, canh Ién cua (SY}IC] thuc thi Iénh da
dugc 18p trinh. Cac DAC duge dém kép cho phep cho phép cac dau ra cua chung dugc
cap nhat dong thoi.

3.8.6. Bo DAC ARM

Hau hét cac vi diéu khién ngay nay déu c6 céc dau ra DAC. ARM ma ching ta st
dung ciling ¢6 cac dau ra nhu vay. Chang ta sé sir dung mot kénh DAC tich hop san.
DAC nay dugc danh dau 1a DAC1 va dau ra caa no la TP18.
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Trinh tw thyc hién:

1. Vao thu vién ARM_Project va nhap dbp vao tép ARM_Project.uvprojx. Theo tai
ligu nay, duong dan dén t&p ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools 5VCS Window Help
1S d @ a9 - | oI - VI EEE /| @ printtorc JERe Q- e oK . B
& & - | W armprojeat UK AR e @
Functions a2 @3 ] Mainc
=[] Main.c A 850 |}
& adc_delay 00 851 L
@ adc delay 10 a 852 Delay()
® Delay( 8s3[] |
& delay_ms (unsigned char t 854 it 2 ~
855 for (1 =1 1 != 0X100000 i+4)
@ delay_us (volatile uint16_t 856 )
& DMA1_Channell_IRQHanc 857
& ee_byte_read (void) 858
@ ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) P se0 ¢
@ ee_read (volatile uint16_t e
@ ee_start (void)
& ee_stop (void) LIEELIEEIIEIITTTY / / / 1118111111
& ee_write (uint16_t ee_addr, JIIIIIIIEIIIEIETY 111117 JITIIIITET
¢ EXTI9_5_IRQHandler (void)
@ Int_Vector_Init (void) B&7 unsigned int temp;
@ keys_delay (void) 868
& lcd_clean_line (unsigned ¢ 869
@ lcd_command (char d) £70
@ led_cursor_location (chary 871
@ lcd_data (char d) =
@ lcd_print_num (unsigned :;:
@ lcd_write_P (char x, chary, 875
. 876
@ NVIC_ SetVectorTable (uint 877
@ read_adc (unsigned char ¢ 878 /
@ Read_serial_adc (void) v 878
€ > 880
881 [

Eero)

@sooks {}Fun...|0yTem

Hinh 2. 67
3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

File [Edit View Project Flash Debug Peripherals Tools 5VCS Window Help
Juﬂ‘ B9 |- | o 3 L | K IE Jf .-";’|.Q print to PC vi# @- @ @ﬁv
& E e %8| aRM_Project R B2 e 2d
Functions L x | ] Main.c
=] D Main.c -~ 1369
@ adc_delay 0() 1370 if (3 != 8) for (k=1: k<2000000:; k++)
& adc_delay_1( 1371
& Delay 0 1372
& delay ms (”“5'3“":" chark i::i
@ delay_us (volatile uint16_t 1375 | /7
& DMAI1_Channell_IRQHanc 1376
@ ee_byte_read (void) 1377 |
@ ee_byte_send (volatile uns 1378
& ee_delay (void) 1379 FEEELLFEETEIiEiies FIIFEELTEETEEETiTiTiiiiiidisi
@ ee_read (volatile uint16_t e 1330 (TP2)
@ ee_start (void) 1381 f FAFAEIEEY (AT EET A Eririiriririiiy
& ee_stop (void) e . L )
B ) 1383 unsigned char serial dac wval;
@ ee_write (uint16_t ee_addr, 1384 - -
& EXTI9_5_IRQHandler (void) 1385
@ Int_Vector_lnit (void) 1386
& keys_delay (void) 1387
@ lcd_clean_line (unsigned c 1388
& lcd_command (char d) 1389
¢ led_cursor_location (char> ig:i ( serial da al Swi es I //Read the switches to DAC variable
led_data (char d rial_dac_val = Switches_In; // the switch into DAC var -
: ch-prmt(num (\)m;lgned ¢ ga3d
- 1393
& lcd_write P (charx, chary, 1394
& main (void) 1395
& NVIC SetVectorTable (uint 1396 o
& read_adc (unsigned char ¢ 1397
& Read_serial_adc (void) w 1398
< 5 1399
1400 /*
i Proj... | @ Books {} Fun... [0 Ten <

Hinh 2. 68
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Phan nay chira chuong trinh Serial DAC (TP2).

4. Kich hoat chuong trinh bang cach stra hai ky hi¢u gi¢i han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gigi han va ban
s€ nhan dugc man hinh sau:

_] Main.c*
1369

1370 if ( j '= 8) for (k=1; k<2000000; k++);
1371

1372

1373

1374

1375

1376

1377

1378

1379

1380 Serial DAC (TP2)
1381

1382

1383 unsigned char serial_dac val;

1384

1385 Leds_Inic():;

1386 Switches_Init():

1387 Serial ADC Inict():

1388

1389 while (1)

1380 H |

1391 serlal_da\:_val = S*ﬂltc‘nes_ln; Read the switches into DAC wvariable
1392 Serial dac(serial _dac_val):

1393

1394

1395

1396

1397

Hinh 2. 69
5. Quan sat chuong trinh.
6. Kich hoat EITPS-3192.
7. Luu va bién dich (sira 16i néu c6 va bién dich lai).
Nhén RST trudc khi tai xudng, sau dé tai xudng va chay chuong trinh.
8. Chuong trinh doc cac cong tac va xuat né dén DAC trong mot vong lap.
9. Thiét lap tat ca céc cong tac 1én 1.
10. Két ndi day mau den véi diém kiém tra TP33. Pay 1a diém GND ctia mach.
11. Két nbi day mau do vai diém kiém tra TP2 (dau ra DAC néi tiép).
12. Dung von ké dé do hiéu dién ap giira hai dau diy mau do va den.
NO phai co gia tri khoang 3,3V
13. Thay doi cdng tic va cac dién &p giira hai dau.
NG phai duoc thay d6i trong khoang gitta 0V dén 3,3V.
14. Viét dién ap cta cé4c s sau:
0000 0000 =
0000 0001 =
0000 0010 =
0000 0100 =
0000 1000 =
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0001 0000 =
0010 0000 =
0100 0000 =
1000 0000 =
11111111 =
15. Nhin RST dé ding chuong trinh.

16. Su dung “Go to definition of” va nhap cac ham DAC thong qua cac ham Iénh cua
no va co gang hiéu chang.

17. Kich hoat cac ddu '/* */' bing cach x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh lyc.

18. Trong ARM_Project chi sau chuong trinh Serial DAC (TP2), ¢c6 mét chuong
trinh khac tén Ia DAC1 (TP18). Chuong trinh nay danh cho ARM dugc tich hop trong
DAC.

19. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

E d @9 - o riE [# printto PC JRe Q- e & B X
Sl Ee- ¥5 | arM_Project R R Al ]
Functions L | _] Mainc
= ) Main.c A 1393 |
§ adc_delay 00 1394 |
& adc_delay_1( 1395 |
& Delay( 1396 | »
@ delay_ms (unsigned char k 13::
@ delay_us (volatile uint16_t i;;;
$ DMA1_Channell_IRQHanc 1400
@ ee_byte read (void) 1401
@ ee_byte send (volatile uns 1402 DAC1 (TP18
9 ee_delay (void) 1403
9 ee_read (volatile uint16_t e 1404
@ ee_start (void) 1405
§ ee_stop (void) i:g:
$ ee_write (uint16_t ee_addr, 1408
9 EXTI9_5_IRQHandler (void) 1409
@ Int_Vector_Init (void) 1410
@ keys_delay (void) 1411
9 lcd_clean_line (unsigned ¢ 1412
@ lcd_command (char d) 1413
@ lcd_cursor_location (char» 1414
§ lcd_data (char d) dis = DA "?%"“A‘_‘
- 1416 nd the DAC is bit mode
9 lcd_print_num (unsigned « 1417
@ lcd_write_P (charx, chary, 1418
$ main (void) 1419
@ NVIC_ SetVectorTable (uint 1420 | S/77 1717071778000 LT LTI iIIITIiIiLiIiIiIiiiritity
$ read_adc (unsigned char c 1421
@ Read_serial_adc (void) v 1422
& o 1423
1424
= Grooks (YFun... [0, <

Hinh 2. 70

Phan nay chira chuong trinh DAC1 (TP18).

20. Kich hoat chuong trinh bang cach sua hai ky hiéu gig’yi haNn doan chuong trinh
thanh doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu giéi han va
ban sé nhan dugc man hinh sau:
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_] Main.c*

1393

1394

1395

1396

1397

1398

13998

1400

1401

1402 DAC1 (TP18)

1403

1404

1405 unsigned char DACl_Val;

1406

1407 Switches_Init():

1408 DACL Init():

1409

1410 while (1)

1411 [

1412

1413 DAC1l wval = Switches_In; Read the switches
1414

1415 DAC->DHR12R1 = DACl val << 4: output the value to the DAC register
1416 Do shift " 4" pecause DACl val is a char (8 bit) and the DAC is 12 bit mode
1417

1418

i

1420

1421

1422

Hinh 2. 71
21. Quan sat chuong trinh.
Luu va bién dich (sira 15i néu c6 va bién dich lai).
Nhan RST trudc khi tai xudng, sau dé tai xudng va chay chuong trinh.
22. Chuong trinh doc céc cong tac va xuat nd tgi DAC1 trong mot vong lap.
23. Pat tat ca cac cong tic 1én 1.
24. Nbi day mau den v6i diém kiém tra TP33. Pay 1a diém GND ctia mach.
25. Két ndi day mau do véi diém kiém tra TP18 (dau ra ARM DAC1).
26. Dung von ké dé do dién 4p gitra hai dau.
NO phai co gia tri khoang 3,3V
27. Thay ddi cdng tac va cac dién &p giira hai dau.
NG phai duoc thay d6i trong khoang gitta 0V dén 3,3V.
28. Viét dién &p cua cac sb sau:
0000 0000 =
0000 0001 =
0000 0010 =
0000 0100 =
0000 1000 =
0001 0000 =
0010 0000 =
0100 0000 =
1000 0000 =
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11111111 =
29. Nhan RST dé dimg chwong trinh.

30. Str dung “Go to definition of” va nhap cac ham DAC thdng qua cac ham Iénh cua
no va co gang hiéu chang.

31. Nhan RST dé dimg chuong trinh dang chay.

32. Kich hoat cac du '/* */' bang céch x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thir nghiém 3.9 - Sir dung ADC

Muc tiéu:

= ADC-0808 dugc két néi véi bus CPU nhu thé ndo.

= Cach viét chuong trinh chuyén tin hiéu tuong tu (dién &p) thanh sb nhi phan va xuat
ra cac dén LED.

Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

= Von ké

Thao luan:

3.9.1. ADC 0808 - kénh ADC nguyén khéi dwoc ghép kénh

ADC 0808 14 mot trong nhitng ADC duoc két ndi song song vai bus dir liéu vi diéu
khién. Cac thiét bi nay chira bén trong tat ca mach chuyén doi duoc mé ta trong doan
trudc Voi cac phuong thuc chuyén doi khac nhau, bao gom ca bo dém dau ra. Tét ca
nhitng gi ching can dé hoat dong 1a cac xung ddng hd & tan sé thich hop va mot xung
START dé bat dau chuyén do6i. Khi két thdc qua trinh chuyén doi, chlng xuat ra tin
hiéu EOC. Viéc truy cap kénh dau ra dan dén viéc xuat dix liéu ra cac duong dau ra.

Ngay nay, ngudi ta thuong st dung cac thiét bi phirc tap hon ADC dé xir ly mot dién
ap dau vao don. Mot thiét bi ghép nhiéu dau vao (mot bo ghép kénh) duoc sir dung.
Ching ta s& md ta mot thiét bi ghép kénh tdm ngd vao twong tw. Ngoai cac duong
ADC théng thuong, thiét bi ndy c6 ba dau vao dia chi. Tam dau vao twong ty khac
nhau c6 thé dugc két ndi voi thiét bi. Truy cap thanh phan c6 dia chi kénh trong ba
duong dia chi nay, chuyén doi kénh tir twong tu sang so.

ADCO0808, dugc md ta trong hinh 3-28, 1a mot thiét bi nhu vay.

i
—
T

§6548844

By
g

_F
i
i

& & & &
Voo CNDREF(=) REF(-) Outpuat
EEEEEE

Hinh 2. 72
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3.9.2. ADC néi tiép 8 bit ADC0838

Dong ADC0831 1a bo chuyén d6i A/D uéc luong lién tiép 8 bit véi 1/0 ndi tiép va bo
ghép kénh dau vao c6 thé dugc dinh cdu hinh vai téi da 8 kénh. /0 ndi tiép duoc dinh
cau hinh tuan theo tiéu chuan trao doi dit liéu néi tiép NSC Microwire dé dé dang giao
tiép v6i cac vi xtr Iy ho COPS va c6 thé giao tiép vai cac thanh ghi dich tiéu chuan
hodc puPs. B ghép kénh 2, 4 hoic 8 kénh duoc dinh cau hinh cho cac dau vao mot dau
hoac dau vao vi sai ciing nhu gan kénh.

Pau vao dién ap tuong tu Vi sai cho phép loai bo ché do chung va b trir gié tri dién ap
dau vao tuong ty zero. Ngoai ra, dau vao tham chiéu dién &p c6 thé duoc diéu chinh dé
cho phép ma hoa bat ky khoang dién 4p twong tw nhé hon nao thanh d6 phan giai 8 bit
day du.

Thiét ké cua cac bo chuyén doi nay sir dung mot cau trlic so sanh dir liéu mau cung cap
dau vao twong tu vi sai duoc chuyén doi theo doan chuong trinh udc lugng lién tiép.
Dién &p thuc té duoc chuyén doi ludn 1a sy khac biét gitra cong dau vao duoc gan "+"
va cong dau vao "-". Cuc ciia mdi cong dau vao cua cip nay dugc chuyén doi cho biét
duong nao ma bo chuyén do6i ghi nhan 1a tich cuc nhat. Néu dau vao "+" duoc gan nho
hon dau vao "-", bo chuyén d6i s& phan hoi bang mot ma dau ra tat ca logic “0”.

Mot so @6 ghép kénh dau vao duy nhat da dwoc sir dung dé cung cap nhiéu kénh tuong
ty véi mot dau cudi vi sai co thé dugc dinh cau hinh phan mém hoac tly chon gia vi
sai méi s& chuyén do6i sy khac nhau gitta dién ap tai bat ky dau vao tuong ty nao va
dau cudi chung nao. Viéc diéu chinh tin hiéu trong tu can thiét trong hé théng thu thap
dir liéu dua trén bo chuyén d6i duoc don gian héa dang ké vai loai dau vao linh hoat
nay. Mot goi bo chuyén doi hién nay co thé xir Iy cac dau vao tham chiéu thé dién ap
va cac dau vao vi sai thuc su cling nhu cac tin hiéu véi mot sé dién ap tham chiéu tay
y.

Trudce khi bit dau chuyén doi, mot cau hinh dau vao cu thé duoc gan trong chudi dia
chi MUX. bia chi MUX chon dau vao twong tu ndo sé& duoc hoat dong va quyét dinh
dau vao nay 1a dau cudi don hay dau vao vi sai. Trong truong hop vi sai, n6 ciing gan
cuc cho cac kénh. Cac dau vao vi sai bi han ché ddi voi cac cap kénh lién ké. Vi du:
kénh 0 va kénh 1 cd thé duoc chon 1a mot cap vi sai nhung chiing khong thé hoat dong
vi sai véi bat ky kénh nao khéac. Ngoai viéc chon ché do vi sai, dau ciing c6 thé duoc
chon. Kénh 0 cd thé duoc chon 1am dau vao duong va kénh 1 lam dau vao am hoic
nguoc lai.

Dia chi MUX duoc chuyén vao bo chuyen doi qua duong DI. Boi vi ADC0831 chi
chira mot kénh dau vao vi sai vaoi phan cuc co dinh, no khéng yéu cau dinh dia chi.

Dong dau vao chung trén ADC0838 c6 thé duoc str dung lam dau vao gia vi sai. Trong
ché do nay, dién 4p trén chan nay duoc coi 1a dau vao "-" cho bat ky kénh dau vao nao
khac. Bién ap nay khong nhat thiét phai la thé dién ap twong tu; nd co thé la bat ky
dién thé tham chiéu nao chung cho tit ca cac dau vao. Tinh ning nay hitu ich nhat
trong &ng dung nguon cung cap don 1¢ trong d6 mach twong tu ¢ thé bi sai léch vé
dién thé khac véi thé dién ap va cac tin hiéu dau ra déu duoc quy vé dién thé nay.

3.9.3. ADC ARM

Hau hét cac bo vi diéu khién ngay nay déu c6 dau vao ADC va ADC tich hop san.
ARM ma chdng ta st dung ciling c6 cac dau vao nhu vay. Chang ta sé€ thuc hanh mot
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kénh ADC tich hop. ADC nay dugc danh dau la ADC1_IN6 va dau vao cua né I
TP19. Ching ta sé thuc hanh vai ADC nay trong thi nghiém tiép theo.

3.9.4. Chiét ap

Doi khi ching ta can mot dién tro ma gia tri ciia né thay doi duoc trong s6 cac thanh
phan tiéu chuan. Trong trudng hop nay, chung ta st dung bien tro, hoac chiét ap.
Thong thuong, chiet ap c6 ba day dan va mot nam di€u chinh dién tr¢ cua né. Hinh
sau cho thay ket noi bén trong cua chiét ap:

R é <—Thanh trugt

Hinh 2. 73
Day dan & gitta duoc goi 1a thanh trugt. Dién tré thuong duge do gifta day dan thanh
trugt va mét trong cac day dan khac. R rang la dién tro gitra cac day dan bén ngoai la
khong doi va khdng phu thudc vao vi tri caa day dan thanh truot.
Mt khac, dién tré giita day dan thanh trugt va mot trong cac day dan bén ngoai c6 thé
duogc diéu chinh bang cach xoay nim (hoac dich chuyén tay cam trong mot so chiét

ap):
R 0 15 R
R R RS*—
4_
0 R 15 R
Hinh 2. 74

Dé dang nhan thay rang hai dién tro do giira day dan thanh truot va hai day dan ngoai
cung la bu nhau. Dleu nay c6 nghia la tong cua chung ludn bang R. Khi cac day dan
bén ngoai dugc két nbi véi mot nQUOn dién 4p, dién ap trén day dan thanh truot ty 18
Vi vi tri tiép xtc cua n6 bén trong chiét ap, do do ta sir dung bo chia dién ap thay doi.
C6 thé thu duoc bién tré bang cach sir dung mot chict 4p c6 mot trong cac day dan bén
ngoai bi ngat ket noi. Gid tri cua chiét &p phai khéng nho dién tro toi da dugc yéu cau.
Mot s6 chiét 4p dugc ché tao dé truyén cong suét bién doi t6i tai. Chung thuong c6 tre
khang thap va dugc goi la bien tré (rheostat).

Chiét ap thuong c6 dién tro 16n hon va duoc 1am bang than; cac bién tro co dién tro
nho va dugc lam bang thép.

Mach sau day dwa ra vi du vé viéc sir dung mot bién tro dé dat dién ap thay doi cho tai:
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Trinh tw thuc hién:

+

Hinh 2. 75

1. Vao thu vién ARM_Project va nhap dbp vao tép ARM_Project.uvprojx. Theo tai
ligu nay, duong dan dén t€p ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang md nhu trong man hinh sau day khong:

v B e Q-

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
e . - - L
& 5 e %% | ArRM_Project R A
L | _1 main.c~
B [ Main.c 850 | }
@ adc_delay_0(Q ss1 L
@ adc_delay_10 ] 252 Delaw ()
@ Delay 0 8S3E
@ delay_ms (unsigned char b 8514 int 1
> 8ss for (i =
® delay_us (volatile uint16_t 856 N
@ DMA1_Channell_IRQHanc ==
@ ee_byte_read (void) sss L
® ee_byte_send (volatile uns 859 int main (wvoid)
@ ee_delay (void) P> 860 14
® ee_read (volatile uint16_t e g€l
® ee_start (void) 862 1
@ ee_stop (void) 32:
@® ee_write (uint16_t ee_addr, 865
® EXTIS9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867
@ keys_delay (void) 868
® lcd_clean_line (unsigned c 869
® lcd_command (char d) 870
@® lcd_cursor_location (char> 871
@ lcd_data (char d) 872
@ led_print_num (unsigned « g;:
@ lcd_write P (char x, chary, =
[ main (: ) 876
® NVIC_SetVectorTable (uint 877
@® read_adc (unsigned char ¢ 878
® Read_serial_adc (void) 879
S 880 |
881 ]
@ sooks ('Fun‘..l(],’-:ll <
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3. Cudn xudng chuong trinh main() cho dén khi ban nhan dwgc man hinh sau:

view Project Flash Debug Peripherals Tools SVCS Window Help

A== - P | = | | i& = /= /| @ printrorc R Q- e S @-| @~ A
&£ (5 B e~ | %% | ArM_Project VK| e @
L = | _1 Main.c*
= [w] Main.c ~ 1423
@ adc_delay 00 1424
@ adc_delay 10 l42s
@ Delay 1426
@ delay_ms (unsigned char t i:g;’
@ delay_us (volatile uint16_t e
@ DMAT_Channell_IRQHanc 1430
@ ee_byte_read (void) 1431 Init():
@ ee_byte_send (volatile uns 1432 TICK Inict():
@ ee_delay (void) 1433 Serial ADC_Init():
& ee_read (volatile uint16_t & 1434
@ ee start (void) 1a3s while (1)
@ ee_stop (void) t::s !
@ ee_write (uint16_t ee_addr, 1438 lcd_clean_line(l): //clean line number
& EXTI9_5_[RQHandler (void) 1439 lcd clean line(2):
@ Int_Vector_Init (void) laa0 - -
@ keys_delay (void) l441 lcd_write P ( 4, 2
@ lcd_clean_line (unsigned c 1442
& lcd_command (char d) 1443
@ lcd_cursor _location (chars 1444 num_to_lcd = Read serial adc() )
© lcd_data (char d) laas lcd_print_num ( 10, 2
@ lcd_print_num (unsigned ¢ t::: detay me (255
@ lcd_write_P (charx, chary, A -
@ main (void) 1449
@ NVIC_SetVectorTable (uint 1450
@ read_adc (unsigned char ¢ 1451
& Read_serial_adc (void) > 1452
. - 1453 |
1454 [
[ ero)... [ €BE 0 Fun... [0, 7em

Hinh 2. 77
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Phan nay chira chuong trinh Serial ADC (TP3) + LCD.

4. Kich hoat chuong trinh bang cach sta hai ky hi¢u gi¢i han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban
s€ nhan dugc man hinh sau:

1 main.ct

1423

1424

1425

1426

1427 Serial_ ADC (TP3) + LCD
1428

1429

1430

1431 LCD_Init():

1432 SYSTICK_Init(): Core Tick counter
1433 Serial ADC Init():

1434

1435 while (1)

1436 {

1437

1438 lcd _clean line(l): clean line number 1

1439 lcd_clean_line (2): clean line number 2

1440

1441 lcd write P ( 4, 2, ("ADC = ") )z x=4 (Fourth label) y=2 (line number 2)
1442

1443

14494 num to_lcd = Read_serial_adc(): Read TIP3

1445 lcd print _num ( 10, 2, num to_lcd ):; x=10 (Tenth label) y=2 (line number 2
1446

1447 delay ms (255)

1448 }

1449

1450

1451

1452
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5. Quan sat chuong trinh va phan tich no.
6. Kich hoat EITPS-3192.
7. Luu va bién dich (néu c6 sai sot thi sta 16i va bién dich lai).
Trudc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
8. Mot chiét ap dugc két néi véi +3.3V va GND.
Két ndi chan TP4 cua chiét p véi dau vao TP3 cua ADC.
9. Bong thoi két ndi hai day vai GND (TP33) va voi chiét ap (TP4).
10. Chuong trinh doc ADC va in s6 trén man hinh LCD trong mét vong lap.
11. Thay doi chiét &p, quan sat s6 trén man hinh LCD va do dién &p giira hai dau day.
12. Viét céc sé cho cac dién &p sau:
0.2=
04=
0.8=
16=
3.0=
13. Nhan RST dé ding chuong trinh dang chay.
14. Viét mot chuong trinh thuc thi nhu sau:
a) Chuyén d6i dién ap tir dau vao caa ADC (TP3) thanh sé nhi phan.
b) Xuat s6 nhi phan ti cac dén LED duoc két ndi vai cong dau ra.
¢) Chuyén dén doan (a).
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15. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Truéc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
16. Thay ddi chiét ap.

Po dién 4p dau vao ADC va so sanh nd vai sé nhi phan ma ban da thu duoc.
17. Nhin RST dé ding chuong trinh dang chay.

18. Cai thién chuong trinh (cling guri $6 dén DAC).

19. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Truéc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
20. Thay ddi chiét ap va so sanh dién ap & dau vao ADC véi dién &p & dau ra DAC.
21. Nhan RST dé ding chuong trinh dang chay.

22. Kich hoat cac dau '/* */' bang cach x6a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.

Thi nghiém 3.10 — ADC tich heop, dién tré nhiét va by ghép Quang

Muc tiéu:

= ADC tich hop san trong ARM.

= Pién tré nhiét (thermistor) 1am mot cam bién nhiét do.

= Mot dén LED va mot transistor quang (phototransistor) lam bd ghép quang.
Thiét bi can thiét:

= B thi nghiém vi diéu khién EITPS-3192

= DAy cam thi nghiém

Thao luan:

3.10.1. ADC ARM

Hau hét cac bo vi diéu khién ngay nay déu co dau vao ADC va ADC tich hop san.
ARM ma chling ta sir dung ciing c¢6 cac dau vao nhu vay. Chung ta s& thyc hanh mot
kénh ADC tich hop. ADC nay dugc danh dau 1a ADCI1_IN6 va dau vao cua nd la
TP19. Ching ta sé thuc hanh véi ADC nay trong thi nghiém tiép theo.

3.10.2. bién tré nhiét

Dién tro nhiét 1a mot dién tro, gia tri dién tré cua n6 thay doi theo nhiét 6. Moi vat
chét trong ty nhién déu ¢d cc electron chuyén dong xung quanh hat nhan cia nguyén
tir. Trong chat dan dién, mot sé electron 1 electron tw do, c6 thé di chuyén tir nguyen
tr ndy sang nguyén tir khac va thay doi vi tri voi céc electron tu do khac. Cang nhiéu
electron tu do hon trong vat chét s& 1am cho n6 dan dién tét hon va it dién tré hon.

Lam néng mot dién tré thuc té 1 truyén ning luong cho vat dan. Electron chinh 1a
phan tir nhan nang lugng nay va khuéch dai van toc caa no.

Mot dién tra nhiét la mot dién tro nha‘y cam vé'i’nhiét. bién tro nhiét hoat dong trong
pham vi nhiét do tur -50 dén 300°C, dieéu nay khien cho ching hitu ich trong nhicu tng
dung khac nhau.
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Céc dién tro nhiét c6 thé dugc san xuat véi duong kinh nho chi khoang 0,5mm (0,02
inch) véi cong suat nhiét rat nho va thoi gian phan hoi nhanh. Bé do su thay doi dién
tré caa Thermistor, mot dong dién phai chay qua n6 dé tao ra gia tri dién ap ty 1€ vai
nhiét do. Dién tro nhiét trong bd thi nghiém EITPS-3192 la loai NTC (Negative
Temperature Coefficient - Hé s6 nhiét d6 am). B6 1la mot Thermistor hé so6 nhiét do
am. Khi nhiét do tang, dién tré caa no giam.

Trong mot s6 dién trd, nhidu electron duoc giai phéng khoi nguyén tir khi chiing nong
1én va dién tro cua chung giam. Cac dién tré nay duoc goi la dién tro Hé s6 nhiét do
am hoac NTC.

C6 mat sé dién trd ma nhiét do anh huong nghich 18n ching. Khi ching bi dét néng,
dién tro lai tang 1én. Loai dién tro nay duoc goi la PTC (Positive Temperature
Coefficient - Hé so nhiét 6 duong).

Ca hai céi tén trén déu xuat phét tir mot cong thirc md ta gié tri cua dién tré phu thudc
vao nhiét do:

R=Ro+ C(T—To)

Trong cong thirc nay R la gid tri dién tré ¢ nhiét d6 cho trudc T, Ro 1a dién tré ¢ nhiét
do riéng To, thuong la nhiét @6 phong: +20°C. C la hé s6 nhiét do va nd co6 gia tri
duong trong PTC va am trong NTC.

DPé mac mot cdng tac theo nhiét do, ta mac ndi tiép dién tra nhiét véi mot dién trg khac
theo mot trong cac cach sau:

R NTC R PTC

Hinh 2. 79
bién tro R thich nghi véi gia tri dién tro nhiét, tly thudc vao dién 4p ma chdng ta
muon nhan duoc tuong tng vai nhiét d6 cua phong.
Khi nhiét do tang, dién ap Va va Vp cling sé€ tang va khi nhiét d6 giam, dién &p Vs va
V¢ cling s& giam.
Thay vi sir dung dién tré R khong dbi, ching ta c6 thé sir dung mét chiét ap dé xéc
dinh dién 4p mong muon tuong ung vai nhiét do cua phong.
3.10.3. Bong ban din quang (Transistor quang — Phototransistor)

B¢ thu quang hoc dya trén mot transistor quang. Transistor quang la mot transistor
NPN khong c6 chan dé. Thay vao do, linh kién nay nam trong mét boc nhya trong
suot, cho phép anh sang di dén chan de cua no.
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Hinh 2. 80
Mach chuyén doi rat don gian. Tat ca nhitng gi ban phai lam 1a két ni mot dién tro
(mac noi tiep) vai linh kién. Dién ap trén dién trg chuyén doi, chinh Ia ham cua anh
sang trén cam bien.

+12ZWV

Photo WNPN

Sout

Hinh 2. 81

CQ hhirng transistor quang phan ang véi mét dai dnh sang dac bi¢t, nhu anh sang co
thé nhin thay hoac anh sang IR (Hong ngoai).

3.10.4. B9 ghép OPTO

Mot bo ghép OPTO bao gom mot dén LED va mdt transistor quang dugc dat doi dign
véi nhau nhu thé hién trong mach sau.

Vvar 22 = 1oV

Hinh 2. 82

Thay dbi dién &p trong mach LED anh hudng dén anh sang ctia dén LED va dién ap
dau ra trong mach transistor quang.

Bang céach nay, ching ta cd thé chuyén cac tin hiéu dién trong cdc mach khong dugc
ket noi dién.

Bo ghép OPTO c¢6 nhiéu tng dung va di kém véi nhiéu bién thé. Trong hau hét cac
trrong hop, anh sang hong ngoai dugc stir dung dé loai bé anh huong cua &nh sdng moi
truong.

Bo ghép OPTO trong bo thi nghiém EITPS-3192 dya trén mot den LED mau do va
mot transistor quang phan ang voi anh sang IR va anh sang d6. LED va transistor
quang dugc dit ddi dién nhau. Bo ghép OPTO nay duoc sir dung dé xac dinh mot vat
thé di chuyén qua méi trueong gitta chung. N6 ciing dwoc st dung dé truyén tin hiéu
bang anh sang chir khong phai bang két ndi day.
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Trinh tw thyc hién:

1. Vao thu vién ARM_Project va nhap dbp vao tép ARM_Project.uvprojx. Theo tai
ligu nay, duong dan dén t&p ARM_Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang m¢ nhu trong man hinh sau day khong:

File Edit View Project Flash Debug

Peripherals Tools SVCS Window Help

T -d 3 £ ﬂ| ) - i, .} print to PC v i‘ @' L ] & a'
S e %% | ARM_Projea
Functions L x | _] Mainc
B E‘l Main.c ~ 850 | }
® adc_delay 0() 851 L
@ adc_delay 10 A 852 Delav()
& Delay( 8530 |
@ delay_ms (unsigned char t 854 int 1; i
Ny . 855 for (i =1; i !'= 00 2 i++):
& delay_us (volatile uint16_t 856 )
& DMA1_Channell_IRQHanc 857
& ee_byte_read (void) 858
® ee_byte_send (volatile uns 859 int main (void)
@ ee_delay (void) P seoE
® ee_read (volatile uint16_t e 861
® cestart (void) A
@ ee_stop (void) g:i :..;au.f.afw.sz.f.-/x.-.- LA rEirirs
@ ee_write (uint16_t ee_adf.lr, 865 | /1111111110000 00001 TIIIIIEIIIETITIITETT]
& EXT9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867 unsigned int temp;
® keys_delay (void) 868
® lcd_clean_line (unsigned ¢ 869 Leds Init():
@ led_command (char d) 870 Switches_Init();
& lcd_cursor_location (char» 871 .
@ lcd_data (char d) g:’;g 'f""‘llé (1)
@ lcd_print_num (unsigned « 874 ' temp = Switches In:
@& lcd_write_P (charx, chary, 875 LEDs Out = \:e:r.[:?
® 876 | ) N
& NVIC SetVectorTable (uint 877
& read_adc (unsigned char c 878 /
& Read_senal_adc (void) ~ 879
880 |
< ? 881 /*
& proj GE-.‘ oks {} Fun... ([l Tem <
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3. Cuon xudng chuong trinh main() cho dén khi ban nhan dwoc man hinh sau:

File Edit View Project Flash Debug Periphe

rals  Tools SVCS Window Help

1 @ x B9 o @ o | ® oo R = IE M| @ printtorc VR @-le o &-|@E-| X
& U EH 8- o | 8| ARM_Project UK A e @
Functions L = | ] Main.c*
= [w] Main.c -~ 1!535
@ adc_delay 00 1454 /*
@ adc_delay_10 14SS | S/ SITTITIF P IS I AT i ii T i iiiiiiiiiditirirtitiidiiiiiiriiriiiitiriy
@ Delay () 1456 /’ ARM ADC (TP1l9) + LCD
1457 ST TP T 7T i iidilriririitiiiriiiriririririitiri/
@ delay_ms (unsigned char b O
@ delay_us (volatile uint16_t 1459 Int Vector Init():
- @ DMAI1_Channell_IRQHanc 1460 - -
® ee byte_read (void) 1461 LCD_Init();
@ ee_byte_send (volatile uns 1462 SYSTICK_Init(): //Core Tick counter
9 ee_delay (void) 1463 ADC_1_chanel_not_continuous_Init():
. @ ee_read (volatile uint16_t e 1464
@ ecestart (void) 1465 while (1)
® ee_stop (void) 1466 {
- int16.t ddr 1487 lcd clean_line(l); //clean line number 1
& ce_write (uint16_t ee_addr, 1468 lcd_clean line(2): //clean line number 2
- @ EXTI9_5_IRQHandler (void) 1469 - -
@ Int_Vector_Init (void) 1470 lcd write P ( 4, 2, ("ADC = ") ); //x=4 (Fourth label) y=2 (line number 2)
@ keys_delay (void) 1471
@ lcd_clean_line (unsigned ¢ 1472
@ lcd_command (char d) 1473 num_to_lcd = read_adc(6); //Read TP19 (ADCl INE)
@ lcd_cursor_location (char> 1474 lcd print_num ( 10, 2, num to_lecd ):; //x=10 (Tenth label) y=2 (line number 2)
@ lcd_data (char d) I
. . 147¢€ delay ms (255);
- & led_print_num (unsigned ¢ e N -
® lcd_write_P (charx, chary, 1478
@ main (void) 1478 | S/ITTTTITIT RIS TI TP I T T TP ET T T T I I P TP I P E TP iT i rirritiliiz
® NVIC_SetVectorTable (uint 1480 =/
- @ read_adc (unsigned char ¢ 1481
@ Read_serial_adc (void) ~ 1482
< > 1483
1484 [ /=
@& Proj... | @ Books (} Fun...| 0, Tem.. <
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Phan nay chira chuong trinh ARM ADC (TP19) + LCD.

4. Kich hoat chuong trinh bang cach sta hai ky hiéu gigi han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban
s€ nhan dugc man hinh sau:

Functions L x| _] Main.c
- [ Main.c ~ 1453
§ adc_delay 0() 1454
@ adc_delay 1) 1455
& Delay () 1456 ARM ADC (TP1S + LCD
@ delay_ms (unsigned char t i::::
@ delay_us (volatile uint16_t 1450 Int Vector Init():
§ DMAT_Channell_IRQHanc 1460 - -
§ ee byte read (void) 1461 LCD Init():
@ ee_byte_send (volatile uns 1462 SYSTICK Init(); Core Tick counter
@ ee_delay (void) 1463 ADC 1 chanel not_continuous Init():
@ ee_read (volatile uint16_t e 1464
@ ee_start (void) 1465 1 while (1)
§ ee_stop (void) 13661 {
1467 lcd _clean line(l): 1
@ ee write (Lint16_t ee_addr, 1468 lcdicleanillne (2); //c 2
@ EXTI9_5_IRQHandler (void) 1469 - -
@ Int_Vector_Init (void) 1470 lcd write P ( 4, 2, ("ADC = ") ): x=4 (Fourth label y=2 (line number 2
@ keys_delay (void) 1471
@ lcd_clean_line (unsigned ¢ 1472
@ lcd_command (char d) 1473 num to_lcd = read adc(€): Read TP19 (ADCl IN6)
@ lcd_cursor_location (char» 1474 lcd print num ( 10, 2, num to_lcd ); //x=10 (Tenth label) y=2 (line number 2)
@ lcd_data (char d) L i
@ lcd_print_num (unsigned « s delay_ms (255) 7
_print_ g 1477 N
@ lcd_write_P (charx, chary, 1478
@ main (void) 1479
@ NVIC_SetVectorTable (uint 1480
@ read_adc (unsigned char c 1481
@ Read_serial_adc (void) v 1482
2 = 1483 1
1484 [
= e {3 Fun.. (047 <
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5. Quan sat chuong trinh va phan tich no.
6. Kich hoat EITPS-3192.
7. Luu va bién dich (néu c6 sai sot thi sta 16i va bién dich lai).
Trude khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
8. Mot chiét ap dugc két néi véi +3.3V va GND.
Két ndi chan chiét ap (TP4) vai dau vao ADC (TP19).
9. Bong thoi két ndi hai day cam vai GND (TP33) va chiét ap (TP4).
10. Chuong trinh doc ADC va in s6 trén man hinh LCD trong mét vong lap.

11. Thay ddi chiét &p, quan sat s6 trén man hinh LCD va do dién 4p giita hai dau day
cam.

12. Viét céc sé cho cac dién &p sau:
0.2=
04-=
0.8=
1.6=
3.0=

13. Ngat két ndi day khoi TP19 va TP4 va két ndi day téi TP19 va TP29 (dau ra mach
NTC).
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14. Cham vao NTC bang ngon tay cuia ban va quan st n6 anh huéng nhur thé nao dén
cac so trén man hinh LCD. Phan ng la kha nhanh.

15. Ngat két néi day cam khoi TP19 va TP29, va két ndi day toi TP19 va TP38 (dau ra
mach transistor quang).

16. Dung ngodn tay che transistor quang va quan sat xem nd anh huéng nhu thé nao dén
cac con so trén man hinh LCD.

17. Noi cong tac hanh trinh (TP22) véi dén LED mau d6 (TP32) & bén tréi bing day
cam va day noi dai vai.

18. Nhan cong tic hanh trinh va dén LED mau do s& bat. Quan sat né anh huong nhu
thé nao dén cac so trén man hinh LCD.

19. Nhan RST dé dung chuong trinh dang chay.

21. Kich hoat cac dau '/* */' bang cach x6a hai diu gach chéo & dau mdi dong.
Chuong trinh chuyén sang mau xanh lyc.

CHUONG 4 - ARM CORTEX M3

4.1. Cac thanh ghi

Cortex-M3 1a bo vi xur Iy 32 bit. N6 c6 mot duong dan dir liéu 32 bit, mét thanh ghi 32
bit va cac giao dién b nhd 32 bit (xem hinh sau).

Bo xu I}'/ ¢6 cau trac Harvard, nghia 13 n6 c6 mét bus IénhNVél mot bus dir liéu riéng
bi¢t. Bieu nay cho phép cac Iénh va cac truy cap dir liéu dien ra cung mét lic, va do
do, hiéu suat cua b xur ly tang 1én boi vi cac truy cap dir liéu khong anh hudng den
cau trac lénh.

Tinh nang nay dan dén nhiéu giao dién bus trén Cortex-M3, mdi giao dién déu co cach
st dung duoc tdi wu va kha ning duoc s dung dong thoi. Tuy nhién, cac bus lénh va
dir liéu chia sé cung mot khong gian bo nhé (mot he thong bo nhé thdng nhat). Noi
cach khéac, ban khéng thé nhan dugc 8GB dung luong bo nhd chi vi ban ¢ cac giao
dién bus riéng biét.

Cortex-M3
_ Processor core system |
3 = _ Register |8
= SE 8 bank 5
g € ~ S = A J
Interrupts l X 89 25 S £ F_ Debug |~) Trace
V ‘d% 22 o § {1 system
g El
2 J
[ y, [
= Memory interface >
) Memory
Instruction bus L protection = Data bus
unit
. Debu
Bus interconnect 3 Debug < e 9
™ interface [** -
- e - e - =
-~ < L s = = e
Code Memory system Private Ouionid
memory and peripherals peripherals P
Hinh 2. 86
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Déi véi cac ung dung phirc tap doi hoi nhiéu tinh ning hé théng bo nhé hon, bd xir ly
Cortex-M3 c6 Bo bao vé bd nhé (Memory Protection Unit - MPU) tly chon va ta c6
thé sur dung bo nh¢ dém ngoai neu can. Ca hai hé thong bo nhe little-endian va big-
endian déu duoc ho tro.

Bo xur ly Cortex-M3 bao gdm mat sb thanh phan g& 13i noi bo ¢b dinh. Cac thanh phan
ndy cung cip céc tinh ning va hd trg thao tac g& 15i, ching han nhu cac diém ngat
(breakpoint) va diém theo di (watch point).

ARM la mét cau truc 32-bit. Cac thuat ngir sau day khi duoc sir dung lién quan dén
ARM la:

= Byte c6 nghia la 8 bit.

» Half word co6 nghia la 16 bit (2 byte).

» Word c0 nghia la 32 bit (4 byte)

Hau hét cac ARM déu trién khai ba tap Iénh:
» Tap Iénh ARM 32-bit.

» Tap Iénh Thumb 16-bit.

= Tap Iénh Jazelle 8-bit cua ngdn ngir Java.

CPU phai dugc thong béo theo tap Iénh ma chuong trinh st dung.

Tap lénh Thumb c6 thé duoc chon truc tiép khi chuong trinh dugc viét bang hop ngir.
Trong ngdn ngir C, viéc chon dugc thuc hién trong céc tuy chon trinh bién dich.

Nhu da giai thich trong chuwong 1, chuong trinh bo xur Iy 1a mot day sé nhi phan (cac
ma lénh) nam trong b nhé. CPU tim nap hét ma nay dén ma khéc, phan tich va thuc
thi n6. Sau d6 tiép tuc dén sb tiép theo. Cac md ARM c6 thé c6 kich thudc 2 byte
(trong Tap lénh Thumb) hoac 4 byte.

CPU dung chuong trinh dang chay khi xay ra ngat. Ngat dugc tao ra khi mot dong
diéu khien nhe}t dinh cua CPU dugc nang Iér] hoac mot thanh phan bén trong (b6 dinh
thoi, I / O, thiét bi ngoai vi) dua ra mdt yéu cau.

Trong truong hop nay, CPU phai Iuu trang thai cua chuong trinh dang chay va bat dau
chay mot chuong trinh thay thé theo yéu cau ngat va mae d6 uu tién cua no.

C6 nhiéu kiéu ngat chuong trinh khac nhau, dugc goi 1a exception. Ching ta s& tro lai
véi ching trong phan tiép theo.

CPU c06 thé truy cap cac thanh ghi khi dang chay trén mot chuong trinh. Thanh ghi 1a
mot 6 bo nhd trong cua CPU c6 do dai 32 bit. Cac 1énh chuong trinh sur dung cac
thanh ghi nay 1am ndi dung tam thoi. Bo xir Iy Cortex-M3 ¢6 cac thanh ghi RO dén
R15. Thanh ghi R13 (con tré ngan xép - stack pointer) duoc phan chia, ma chi c6 mot
ban sao ciia R13 duoc hién thi tai mot thoi diém.
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Name Functions (and banked registers)
General-purpose register )
General-purpose register
General-purpose register
General-purpose reg!ster > S aae
General-purpose register
General-purpose register
General-purpose register

General-purpose register

N

General-purpose register

General-purpose register

—
(=}

General-purpose register > High registers

~ [&)] WN

R11 General-purpose register

R12 General-purpose register
[ R13(MSP) |[ R13(PSP) | Main Stack Pointer (MSP), Process Stack Pointer (PSP)
Link Register (LR)

R15 Program Counter (PC)

Hinh 2. 87
R0-R12 - Thanh ghi da nang (General-purpose):

RO — R12 la cac thanh ghi da ndng 32 bit cho cac phép toan dit ligu. Mot s6 lénh
Thumb 16-bit chi c6 thé truy cap mot tap hop con cia cac thanh ghi nay (cac thanh ghi
thap, RO — R7).

R13 - Con tré ngin xép:

Thanh ghi R13 14 con tro ngan xép, con duoc goi 1a SP. Noi dung cua né tro dén mot
dia chi nhat dinh trong bo nhé noi ndi dung cua thanh ghi khac c6 thé duoc luu tam
thoi. Vang bo nhé nay dugc goi la ngan xép (STACK) va dit liéu duoc "day" va "xuat"
tur no.

Khi noi dung thanh ghi duoc day vao ngin xép, n6 sé dugc day theo timg byte dén dia
chi ma SP tro dén va thanh ghi SP giam di mot tai mdi thoi diém, dé tro dén dia chi
tiép theo cho noi dung moi duoc day.

Khi néi dung duoc XUAt tur ngan xép, thanh ghi SP ting 1én mot bbn 1an va noi dung 6
nhd duoc xuat tai moi thoi diém.

Cortex-M3 chuaa hai con tré ngan xép (R13). Ching dugc phan chia sao cho chi c6
mot con tro duogc hién thi tai mot thoi diem.

Hai con tré ngan xép duoc hiéu nhu sau:

= Main Stack Pointer (MSP) - con tré ngin xép mic dinh, duoc sir dung bai nhan hé
diéu hanh (OS) va cac trinh xt ly ngoai 1€ (exception handler).

» Process Stack Pointer (PSP) - Bugc sir dung bai mé (g dung cua nguoi dung.

2 bit thap nhat cua con tré ngan xép ludn l1a '0', diéu d6 c6 nghia la chung luén duoc
can chinh thang hang word 32 bit.

Xir ly ngat va ngoai 1¢ c6 thé dugc thuc hién trong hé thong ma khong lién quan dén

chuong trinh cua nguoi dung. Ching c6 chuong trinh hé tro rieng. He thdng sir dung
ngan xép dé luu cac gia tri cua thanh ghi ma né sir dung khi chuyén sang doan chuong
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trinh ngat de khong gay hai cho chuong trinh cua nguoi dung. Viéc sir dung hai con
tré ngan xép gilp ngan chin viéc tron Ian gitra dir liéu ngan x&p dugc luu boi chuong
trinh caa nguoi ding va dir liéu ngan xép duoc hé théng luu.

R14 — Thanh ghi lién két:

Thanh ghi R14 13 thanh ghi noi CPU luu noi dung cta bo dém chwong trinh (R15)
trong cac lénh BL (Branch with Link). Thanh ghi nay con duoc goi la thanh ghi lién
két (LR).

Khi mét ham duoc goi, dia chi tra vé dugc luu tri trong thanh ghi lién két.

R15 — Bo dém chuong trinh:

Thanh ghi R15 1a by dém chuong trinh, con dugc goi 1a PC. PC ludn tro dén dia chi
cua lénh tieép theo s€ duoc tim nap va thuc thi. Khi mét Iénh dugc tim nap, PC s€ tang

thém bén ho;_ic hai tuy theo tap lIénh duoc s dung. Trong tap lénh Jazelle (cac Iénh
byte don), bon Iénh duge doc cung mot ldc.

CPU c6 hai I‘oai I§:nh ré nhanh. Mot 12 ré nhanh ma khong luu dia chi tra vé. Hai 1a luu
dia chi tra vé (giong nhu cac Iénh “call” trong cac bo xur ly khac). Lénh ré nhanh nay
dugc goi la "RE nhanh cé Lién két" - BL (Branch with Link).

Bo dém chuong trinh Ia dia chi chuong trinh hign tai. Thanh ghi nay c6 thé dugc ghi
khi phai thay doi luong chuong trinh.

4.2. Cac thanh ghi dac biét

Bo xu ly Cortex-M3 ciing ¢6 mot s6 thanh ghi dic biét. Ching 1a cac thanh ghi nhu
sau:

= Cé&c thanh ghi trang thai chuong trinh (PSR)

= Cac thanh ghi mat na ngat - Interrupt Mask register (gom PRIMASK,
FAULTMASK va BASEPRI)

= Thanh ghi diéu khién (CONTROL)

Name Functions
I xPSR I Program status registers )
|  PRIMASK |
| FAULTMASK | Interrgpt mask > Special
registers registers
| BASEPRI |
| CONTROL |  Control register
—

Hinh 2. 88
Céc thanh ghi ndy c6 céc chirc ndng dic biét va chi ¢d thé duogc truy cap bang céc Iénh
dac biét. Chdng khdng thé dugc sir dung dé xir ly dit liéu thong thuong.
CPU sir dung mét sé bit PSR 1am céc Iénh diéu kién va cac bit trang thai. Céc bit diéu
kién giup CPU thuc hién cac Iénh diéu kién. Cac pit trang thai cho CPU biét tap Iénh
nao (ARM, Thqmb hoac Jazelle) dugc sir dung, ché do bo xu ly hién tai la gi va khi cé
mot yéu cau ngat duoc kich hoat hoac vo hiéu hoa.
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Cac thanh ghi mat na ngit dugc st dung dé kich hoat hodc vé hiéu héa CPU dé phuc
Vu cac yéu cau ngat

Thanh ghi CONTROL xac dinh trang thai uu tién va lya chon con tré ngan xép, N6 s&
dugc giai thich trong phan sau.

4.3. Ché dd b xir ly

Nhu duoc md ta trong phan 1.7, mot chuong trinh bo xir Iy duwoc ciu tao tir mot tap
hop cac s6 nhi phdn ma bd xu 1y doc lan lwot, sau d6 giai ma chung dudi dang cac
[énh thuc thi va thuc thi ching.

Mot sb 1énh caa bo xur Iy 13 1énh r& nhanh thay ddi the ty tién trinh chuong trinh.
Trong s céc lénh r& nhanh c6 cac 1énh r& nhanh co céc lénh r& nhanh cé diéu kién,
trong d6 viéc phan nhanh dugc thuc hién theo sy ton tai hoac khong ton tai caa mot
diéu kién duoc chi ra trong lénh.

Bo xir Iy duoc yéu cau thyc thi mot sé phan doan trong chuong trinh nhiéu lan. Thay
Vi Viét lai ching & cé4c vi tri khac nhau trong chuong trinh, phan doan duoc viét duéi
dang mot ham. Tai nhitng noi can dén phan doan chwong trinh nay, mét Iénh r& nhanh
tra vé (goi mot ham) sé duoc viét.

Loai chwong trinh ndy duoc goi 1a mot chudi. Mot hé thong véi cac bo xir Iy tién tién
nhu ARM, mét sé chudi cd thé dugc luu trit trong bd nhé cua may tinh va khién bo xi
ly chay mot chuong trinh khac nhau cho mdi 1an, do d6 ¢6 vé nhu bo xir Iy dang thuc
hién nhiéu chuong trinh cung mét lic.

Su khéc biét giira viéc thuc thi nhiéu chudi so véi viéc goi cac ham khéac nhau 1a mdi
chuoi la mot don vi thyce thi doc 1ap bao gom ngan x&p va cac thanh ghi cua riéng no.

Trong moi chuong trinh déu c6 mot dia chi dén cac don vi 1/0. Vi du: ldy mau tin higu
tir bén ngoai dén may tinh, dinh dia chi ban phim, gi di liéu dén may in, giao tiep,
dinh dia chi b6 nhé ngoai, hé diéu hanh, v.v. Loai chuong trinh nay chay trong mét
vong lap.

Ngay ca viéc gui dir liéu dén don vi dau ra hoic don vi giao tiép chi dugc thuc hién
sau khi kiém tra rang don vi dau ra hoic don vi giao tiép di sin sang dé nhan dit liéu.
C6 nhirng tinh hudng trong d6 chuong trinh doi mét dir liéu hoac doi mot don vi ¢6
san dé nhan dit liéu.

Phuong phap don gian nhat dé dinh dia chi cac don vi 1/0 1a théng qua kiém soat vong
(polling). Viéc dinh dia chi c4c 1énh cua cac don vi /O duoc két hop bén trong chudi.
Cac lénh dinh dia chi nay duoc thyuc thi ngay ca khi khong c6 dit liéu nao trong dau
vao dé chuyén di, va khi don vi dau ra khong duoc chuan bi dé nhan né.

Mot phuong phap khac 1a cho phép cac don vi I/O bao hiéu cho bo xir Iy mdi khi
ching sin sang chuyén hodc nhan dit liéu. Chi bao nay duoc thuc hién bang cach sir
dung cac duong dic biét duoc goi 1a duong ngat bén ngoai. Khi duong ngat nay duoc
kKich hoat, bd xtr Iy ngung chay chuong trinh, luu vi tri ciia nd trong chuong trinh va
thuc thi mot chuong trinh dich vy xt ly di ligu.

Trong ca hai phuong phap (klem Soat vong va ngit), dir liéu déu di qua bo xir ly. C6
mot tuy chon thir ba yéu cau can 6 cac don vi 1/O phtc tap. Sau khi van hanh cac don

Vi nay, chung truc tiép truyén dir liéu vao bo nhd hoic Iy dir liéu tir bo nhd ma khéng
can qua trung gian caa may tinh. Chung su dung cac khoang thoi gian khi b xa ly
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khong dinh dia chi b nhé hogc chi bao cho b xir 1y biét rang ching can truy cap truc
tiép. Cach tiép can truy cap nay duoc goi la DMA - Truy cap bo nhé truc tiép.

Thong thuong, cac hé théng may tinh ciing bao gdm mét bo dém thoi gian tao yéu cau
ngit trong mdi khoang thoi gian xac dinh (mdi vai hoic chuc phan nghin giay).
Chuong trinh ngat c¢d thé thuc hién dém bo dém thoi gian, cac gia tri cua bo dém s&
duge luu trong cac 6 nhd nhit dinh. Bang cach nay, hé théng c6 mot bo dém thoi gian
thuc hoat dong & ché do nén.

Mot chuong trinh hen gio 6 thé thuc hién dinh dia chi I/O, va do do dé cai thién
phuong phap kiém soat vong thanh hoat dong & ché d6 nén chur khdng phai trong
chuong trinh chinh.

Trong trudng hop ¢6 nhiéu chwong trinh dwgc dy dinh chay song song, mot chuong
trinh hen gio ¢ thé Chuyen bo Xxur 1y dang chay chuong trinh nay sang chuong trinh
khac va nguoc lai. Bang cach nay, két qua cudi cung 1a mot s6 chuong trinh doc lap
chay cling mét ldc mac du chung déu sir dung ciing mot bo xur 1y.

Bat ctr khi nao bo xir Iy di chuyén tir chwong trinh ndy sang chwong trinh khac hoic
dén mot chuong trinh ngét, n6 phai duy tri cac bién ciia chuong trinh va chii yéu 1a noi
dung cua cac thanh ghi; néu khong, sé xay ra nhiing diéu khdng mong muén trong qué
trinh bo xtr Iy quay tro lai chuong trinh ma né da dé lai.

Trong hau hét cac bo xt 1y khac nhau, cac chuong trinh ngat phai bao gém mét lénh
Push cho noi dung caa cac thanh ghi ma chuong trinh sir dung cho ngan xép. Trudc
khi quay tro lai tir chuwong trinh ngat, 1énh Pop kéo céc noi dung di luu trit tro lai
thanh ghi phai duoc thuc hién.

Qua trinh day va kéo noi dung nay la mot qua trinh twong ddi dai, duoc thuc hién
nhiéu lan va lam cham toc d6 hoat dong cua bo xu ly.

Dé cai thién toc do xir Iy, ARM bao gom mot bo phan ty dong day va kéo néi dung
cua mot vai thanh ghi trong khi chuyén dén chuong trinh ngét va quay tré lai tu do,
nhu chung ta s€ thay ¢ phan sau. N6 giup tiet kiém nhu cau ve céac Iénh push-pull va
dugc thuc hién baoi phan cing cua bo xir ly.

Trong khi mot chuong trinh chay, c6 thé do dir liéu khong thé doan trudc, nhidu trong
hé thong hogc do 16 trong chuong trinh, nén chuong trinh s& thyc hién cac hanh dong
6 thé lam hong hé thong va danh sap nd. Chuong trinh loai nay cé thé ghi vao cac noi
khong cho phép va tham chi gy hon loan chinh no.

Dé ting kha ning mién nhiém cua hé thong d6i voi cac tinh hudng trén, ARM cho
phép van hanh cac chuong trinh & muc ché d6 khéng wu tién va van hanh phan khéc
Cua cac chuong trinh ¢ mac ché d6 uu tién. NGi dung cua thanh ghi CONTROL xac
dinh mtrc dac quyén cua chuong trinh.

ARM c6 7 ché do xir ly:

= User - ché do khong wu tién, theo d6 hau hét cac tac vu déu chay.

= FIQ - Yéu cau ngat nhanh dugc nhap khi ngat & mirc vu tién cao (nhanh) dugc guri
di.

= |IRQ - Yéu ciu ngat dugc nhap khi ngat & muc vu tién thap (binh thuong) dwoc gui
di.
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= Supervisor - dugc nhap khi dat lai (reset) va khi ngit mém duogc (software
interrupt) thuc thi.

= Abort - duoc sir dung dé xu ly cac vi pham truy cap bo nhé.

= Undef - dugc str dung dé xir ly céc Iénh khong xac dinh.

= System - ché d¢ wu tién sir dung cac thanh ghi gidng nhu ché do nguoi dung.

Khi van hanh hé théng, CPU chay chuong trinh chinh & trang thai Supervisor, nghia
Ia voi tat ca cac uu tién.

Chuong trinh chinh c6 thérvén hanh chuong trinh khac va chuyén né sang trang théi
User véi cac quyén han che.

Hé théng c6 hai loai ngat:

» FIQ - Yéu cau ngat nhanh

= |RQ - Yéu cau ngat

Ngoai ra, mot Iénh dinh dia chi dén mot bo nha bi chan hodc by nhé khong ton tai c6
thé sé dugc thuc hién. Trong treong hop nay, mot ngat Abort sé duoc thuc thi.

Néu maot dién ap khéng mong mudn xuat hién hoic viéc doc dir ligu sai xay ra trong hé
thong, bo xur ly sé doc mot ky hiéu khdng thé xac dinh dugc va nd s€ thuc hién ngat
Undef.

Céc ngat Abort va Undef cho phép cai thién do tin cay cua hé thong va khic phuc cac
su kién (;c’) van dé€, doi khi la ngay ca trong khi thuc hién qua trinh tu dong khoi dong
lai h¢ thong.

Bat cu khi nao xay ra ngat, bo xir Iy s& tu dong luu cac thanh ghi PSR, PC, LR, R12,
R3, R2, R1 va RO.

Chuong trinh ngat c6 thé sir dung cc thanh ghi nay mot cach tw do ma khang lam hai
dén chuong trinh bi ngat ma bo xur ly sé quay tro lai khi két thiic chuong trinh ngat.

Old SP —» <previous>
XPSR
PC
LR
R12
R3
R2
R1
SP - RO

Noi dung gdc cua cac thanh ghi nay dugc ty dong tra lai cho chdng khi tré vé tir
chuong trinh ngat.

Khi két thuc qué trinh dy, SP chi béo thanh ghi RO va noi dung ciia n6 s& Ia thir dau
tién duoc tra ve. Hoat dong day tu dong duoc goi la pre-emption. Thao tac nay tiet
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kiém rat nhiéu thoi gian va ting dang ké téc do cua bo xu ly, vi hoat dong thuong
Xuyén cua b xu ly bao gom mot so Iuwgng 1on cac chuong trinh ngat dang chay, nén
viéc nay giup tiét kiém yéu cau luu va khoi phuc dir liéu nhu mét phan cua chuong
trinh ngit.

Thoi gian can thiét dé chuong trinh ngat ké tir thoi diém duoc yéu cau cho dén khi né
bit dau thuc hién nhiém vu cia minh, va thém nita 1a thoi gian can thiét ké tir thoi
diém hoan thanh nhiém vu cho dén khi chuong trinh (chuong trinh ngat dugc phan
nhanh tir d6) tré lai nhiém vu ban dau duoc goi I1a Interrupt Latency. Muc dich 1a dé
thoi gian nady cang ngan cang tot.

Néu chuong trinh ngit can cac thanh ghi, n6 s& diy ching vao ngin xép va kéo ching
trd lai ngan xep trudc khi quay tré lai chuong trinh ma chiing phan nhanh.

MJdi chuong trinh ngét nhian dwoc hai thanh ghi bd sung (SP va LR) dé st dung riéng.
Bang céach nay, chuong trinh ngat co thé sir dung mot ving nhé khac 1am ngin xép va
danh dia chi tra vé cho chinh nd, néu né sir dung cac ham. Phuong phap nay lam ting
kha nang mién dich cua hé théng Ién rat nhiéu.

Mot thanh ghi khac c6 thé duoc tly y sir dung bai moi chuong trinh ngat 14 SPSR.
Thanh ghi nay luu trang thai co cia chuong trinh ma bg xu ly ré nhanh tir d6. Cac co
la mot co ché cho phép bo xu Iy hoat dong theo 1énh dugc diéu chinh. Cac co s& dugc
giai thich & phan sau.

Ngat FIQ nhan céc thanh ghi b6 sung R8-R12 (tong cong 1a 8) dé sir dung riéng. Bang
cach nay, no khong phai day noi dung cia cac thanh ghi nay vao ngin xép va ting toc
do phan tng cua no.

Bang cac thanh ghi ARM thé hién nhu sau:

User supervisor FIQ IRQ Abort Undef
RO
R1
R2
R3
R4
R5
R6
R7
R8 R8
R9 R9
R10 R10
R11 R11
R12 R12
R13(SP) R13(SP) | R13(SP) | R13(SP) R13(SP)
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R14(LR) R14(LR) [ R14(LR) [ R14(LR) | R14(LR)
R15(PC)

SPSR SPSR SPSR SPSR

Ngoai trir c&c ngit trén con cé cac ngat khac. Mot sé 1a boi cac thanh phan cia ARM
nhu ngat giao tiép, bo dinh thoi, cac thanh phan ngoai vi va hon thé nira.

Mot kiéu ngat khac 12 ngat phan mém (software interrupt). O day chung ta giai quyét
cac doan chuong trinh dich vu nhat dinh gidng nhu khi xir Iy mot ngat.

Tat ca cac loai ngat duoc goi 1a cac Ngoai Ié (Exceptions).
Co ché xtr ly ngat duoc goi 1a Trinh xir Iy ngoai & (Exception handler).
4.4. Ché a6 hoat dong

Bo vi xir Iy ARM dugc thiét ké danh cho cac hé diéu hanh (OS). Trong céac hé thong
nay, chuong trinh chinh tai, chay va hd trg nhiéu chuong trinh khac nhau theo yéu cau
ctia nguoi dung hoac nhu cau cua hé thong.

Hé diéu hanh cau tao bsi mot nhan hé diéu hanh (kernel), né bao gom tat ca céac
chuong trinh hd trg va dich vy, dinh dia chi cac doan chuong trinh d6i véi phan cing
cua hé théng, cac chuong trinh giao tiép dé két ndi nhiéu chuong trinh tng dung khac
nhau, yéu cau cta nguoi dung d6i véi cac chuong trinh tng dung, dich vu va hd tro.

Bo vi xt ly Cortex-M3 c6 hai ché d6 va hai muac uu tién. Cac ché do hoat dong (ché do
chudi va ché do xur ly) xac dinh xem bo vi xtr Iy dang chay mot chuong trinh binh
thuong hay dang chay mét trinh xir Iy ngoai 1& nhu trinh xt 1y ngat hoic trinh xa ly
ngoai & hé thong (xem bén dudi). Cac muc wu tién (Mic duge uu tién va mic ngudi
ding) cung cap mot co ché dé bao vé cac truy cap bo nhé tdi cac ving quan trong
cling nhu cung cip mot md hinh bao mat co ban.

Privileged User

When running an exception handler | Handler mode

When not running an exception
handler (e.g., main program)

Hinh 2. 89

Bo6 vi xir ly ¢6 thé ¢ trang thai wu tién hoic & trang thai ngudi dung khi né chay trén
Mot chuong trinh chinh (thread mode). C4c trinh xir ly ngoai Ié chi co thé & trang thal
vu tién. Khi bo vi xtr ly thoat khoi thiét dat lai (reset), no thread mode, voi cac quyen
truy cap uu tién. O trang thai vu tién, mot chuong trinh ¢6 quyén truy cap vao tat ca
cac pham vi bo nhé, ngoai trir truong hop bi cdm bai cai dit MPU (Bo bao vé bo nhé)
va c6 thé sir dung tat ca cac lénh duoc hd tro.

Thread mode | Thread mode

Phan mém & cap do truy cap uu tién c6 thé chuyén chuong trinh sang cap do truy cap
cua ngudi dung bang cach si dung thanh ghi diéu khién. Khi mot ngoai 1& (exception)
xay ra, bo vi xt ly s& ludn chuyén vé trang thai wu tién va tro vé trang thai trude d6 khi
thoat khoi trinh xir Iy ngoai 1. Mot chuong trinh ngudi ding khéng thé thay doi tro lai
trang thai wu tién bang cach ghi vao thanh ghi diéu khién (xem hinh sau).
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Exception
Start exit

(reset)
Privileged
thread

Privileged
handler

Exception

Exception
exit

Program of
CONTROL User thread
register

Hinh 2. 90

N6 phai thong qua mot trinh xir Iy ngoai 1¢ dé 1ap trinh thanh ghi diéu khién gidp
chuyén bo vi xtr ly tro lai mac truy cap uvu tién khi quay tré lai thread mode.

Viéc tach biét cac cap uu tién va nguoi ding gilp cai thién do tin cdy cua hé thong
bang cach ngin cic thanh ghi cau hinh h¢ thong bi truy cap hoic thay doi boi mot s6
chuong trinh khong dang tin cdy. Néu c6 san mot MPU, né c6 thé duoc sir dung cling
VGi cac mic wu tién dé bao vé céc vi tri bd nhé quan trong, chang han nhu chuong
trinh va dit liéu cho hé diéu hanh.

Vi du, véi cac quyén truy cap uu tién, thuong duoc st dung boi nhan hé diéu hanh, tat
ca Céc Vi tri bo nhé déu cd thé dugc truy cap (trir khi bi cam boi thiét 1ap MPU). Khi
HDPH khai chay mot ing dung nguoi dung, né c6 kha nang duoc thuc thi ¢ cap do truy
cap cua ngudi ding dé bao vé hé thdng khong bi 16i do su ¢ cua cac chuong trinh
nguodi dung khong dang tin cay.

4.5. B diéu khién ngit vecto 1ong nhau dwoc tich hop sin

MJdi doan chuong trinh dich vu xuir Iy ngat déu nam & mét vi tri khac nhau trong bo
nhé. Poan chuong trinh dich vu nay duoc goi la doan chuong trinh ngat.

Dia chi (vector) cia doan chuwong trinh ngat duoc dat tai mot vi tri xac dinh trong bd
nho.

Khi nhan duoc mot yéu cau ngét, bo dieu khién ngét dinh dia chi 6 c6 chira vecto ngat
(dia chi), trich xuat dia chi cia doan chuong trinh ngat dugc yéu cau va gilp bo vi xu
1y dé xtr ly doan chuong trinh ngat.

Céc 0 chira cac vecto doan chuong trinh ngat duoc dit 1an luot. VUng nhé nay thuong
la vung co dinh.

Trong céc ngat 1ong nhau (nested interrupt), viing b nhé ¢ chira cac vecto ngét c6
thé dugc thay doi. Co thé dugc mo ta nhu la viéc di chuyén bd xép long vao nhau cua
cac ngat, do chinh la nguon goc cua cai tén ‘nested interrupt’.

BO vi xur ly Cortex-M3 bao gom mot bo diéu khién ngét duoc goi 1a Khéi quan Iy ngat
trén cac dong vi dieu khién (NVIC). N6 duogc két hop chat ché vai 16i bo vi xir ly va
cung cap mat so tinh ndng nhu sau:

= H§ tro ngit 16ng nhau

= HJ tro ngat vector
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= HJ tro thay d6i wu tién dong
= Giam do tré ngat

= Mt na ngat

4.5.1. Hd tro ngit long nhau

NVIC cung cap hd tro ngét 16ng nhau. T4t ca cac ngat bén ngoai va hau hét cac ngoai
16 cua hé thdng déu co thé duoc 1ap trinh theo cdc muc wu tién khac nhau. Khi mét
ngit xay ra, NVIC s& so sanh mirc vu tién ctia ngat ndy véi micc vu tién dang chay
hién tai. Néu mutrc do wu tién ctia ngat mai cao hon muc hién tai, trinh xir Iy ngat cua
ngit méi s& ghi de 18n tac vu dang chay hién tai.

4.5.2. Hd tro ngit vector

BO vi xir Iy Cortex-M3 ¢6 ho tro ngat vector. Khi mot ngat dwoc chap nhan, dia chi bat
dau cua doan chuong trinh phuc vu ngat (ISR) dugc dat tr mot bang vecto trong bo
nhé. Khong can st dung phan mém dé xac dinh va phén nhanh dén dia chi bat dau cua
ISR. Do d6, viéc nay can it thoi gian hon dé xir 1y yéu cau ngat.

4.5.3. Hb tro thay doi wu tién dong

Mirc do wu tién ctia cac ngét c6 thé dugc thay doi bang phan mém trong suot thoi gian
chay. Cac ngat dang cho sé€ bi chan kich hoat 1au hon cho dén khi ISR duogc hoan
thanh, vi vay mirc d6 wu tién ctia ching co thé duoc thay d6i ma khdng gay ra nguy co
vO tinh thir lai.

4.5.4. Giam d¢ tré ngat
Bo vi xir ly Cortex-M3 ciing bao gdm mét sd tinh ning nang cao dé giam do tré ngat.

Ching bao gom ty dong luu va khoi phuc mot s6 ndi dung cua thanh ghi, giam do tré
khi chuyén tir ISR nay sang ISR khac va xur ly cac ngat dén sau.

4.5.5. Mit na ngit

Xt Iy ngit va cac ngoai 1& hé théng cd thé dugc che lai dya trén mic wu tién cua
ching hoic dugc che hoan toan bang cach sir dung céc thanh ghi mat na ngat
BASEPRI, PRIMASK va FAULTMASK. Ching c6 thé duoc sir dung dé dam bao
rang cac tac vu quan trong vé thoi gian c6 thé duoc hoan thanh ding han ma khéng bi
gian doan.

4.6. Ban d6 b nhé

Cortex-M3 c¢d mét ban dd bo nhé duge xac dinh trude. Diéu ndy cho phép cac thiét bi
ngoai vi tich hop sin, chang han nhu bo diéu khién ngit va cac thanh phan g& 16i,
duogc truy cap bang cac Iénh truy cap bo nhé don gian. Do dé, hau hét cac tinh ning
cua hé thong déu c6 thé truy cap dugc trong mi chwong trinh C. Ban d6 bo nhé duoc
xac dinh trudc ciing cho phép b vi xtr ly Cortex-M3 duoc t6i wu hoa cao vé tée do va
dé dang tich hop trong cac thiét ké hé thong trén chip (SoC).

Nhin chung, khdng gian bo nhé 4GB c6 thé duoc chia thanh c&c dai nhu trong hinh
sau.
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OxFFFFFFFF Private peripherals including
build-in interrupt controller
System level (NVIC), MPU control
registers, and debug
OxE0000000 components
OxDFFFFFFF
Estamial davice Ma{nly used as external
peripherals
0xA0000000
Ox9FFFFFFF
External RAM Mainly used as external
memory
0x60000000
Ox5FFFFFFF
Peripherals Mainly used as peripherals
0x40000000
Ox3FFFFFFF . .
SRAM Mainly used as static RAM
0x20000000
0x1EEEEEEE Mainly used for program
CODE code. Also provides exception
0x00000000 vector table after power up
Hinh 2. 91

Thiét ké cua Cortex-M3 c6 co s& ha tang bus noi bo duoc tdi wu hoa cho viéc st dung
bo nhé nay. Ngoai ra, thiét ké nay ciing cho phép cac ving nay duoc st dung khac
nhau. Vi du, bd nhé dit liéu van cé thé dugce dua vao ving CODE, va mé chuong trinh
c6 thé duoc thyc thi tir ving b nhé truy cap tam thoi (RAM) bén ngoai.

Ving bo nhe cap hé thong chira bo diéu khien ngét va cac thanh phan g 16i. Cac thiét
bi nay c6 dia chi co6 dinh, duoc trinh bay chi tiét trong Chuong 5. Vai viéc co duoc dia
chi ¢6 dinh cho cac thict bi ngoai vi nay, ban cd theé chuyeén cac (ng dung gitra cac san
pham Cortex-M3 khac nhau mét cach dé dang hon nhiéu.

4.7. Giao dién bus

C6 mot s6 giao dién bus trén bo vi xir ly Cortex-M3. Chiing cho phép Cortex-M3 thyc
hién tim nap Iénh va truy cap dir liéu cung mét Iic. Co céc giao dién bus chinh nhu
sau:

= Bus bo nhd ma

= Bus hé théng

= Bus thiét bi ngoai vi riéng

Viéc truy cap ving bo nhé ma duoc thuc hién trén cac bus bo nhé ma, vé mat vat ly
bao gom hai bus, mét duoc goi la I-Code va mot duoc goi la D-Code. Ching dugc toi
uu hoda cho viéc tim nap I1énh dé cé toc do thuc thi Iénh tot nhat.

Bus hé thong duoc sir dung dé truy cap bo nhé va céc thiét bi ngoai vi. Piéu nay cung

Cap quyén truy cap vao b nhé truy cap ngau nhién tinh (SRAM), cac thiét bi ngoai vi,
RAM ngoai,cac thiét bi bén ngoai va mot phan cua ving bd nhé cap hé théng.

Bus ngoai vi riéng (PPB) cung cap quyeén truy cap vao mot phan cua bd nhé Cap hé
théng danh riéng cho céc thiét bi ngoai vi riéng, chang han nhu cac thanh phan g& 16i.
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4.8. MPU

Cortex-M3 c6 mot MPU tuy chon. Thiét bi nay cho phép thiét 1ap cac quy tic truy cap
danh cho truy cap wu tién va truy cip chuong trinh ngudi dung. Khi mét quy tic truy
cap bi vi pham, mot ngoai 1¢ 161 s& duoc khoi tao va trinh xt 1y ngoai 18 13i s& ¢6 thé
phan tich 13i va stra chira n6, néu co thé.

MPU c6 thé duogc sir dung theo nhiéu céch khac nhau. Trong cac tinh hudng théng
thuong, hé didu hanh cé thé thiét Iap MPU dé bao vé dix liéu duoc st dung bai nhan hé
diéu hanh va cac chuong trinh wvu tién khac dé duoc bao vé khoi cac chuong trinh
nguoi dung khong dang tin cay.

MPU ciing c6 thé duoc sir dung dé bién cac ving bo nhé thanh ché do chi doc, dé
ngin chin viéc vo tinh x6a dir liéu hodc dé cd lap cac ving bd nhé giira cac tac vu
khac nhau trong mot hé théng da nhiém. Nhin chung, n6 c6 thé gidp 1am cho cac hé
théng nhing manh mé va dang tin cay hon.

Tinh ndng MPU la tuy chon va duge xdc dinh trong giai doan thiét ké vi diéu khién
hoac thiét ké on-chip (SoC).

4.9. Cac ngit va cac ngoai 1é

Bo vi xir ly Cortex-M3 thuc hién mot kiéu ngoai 16 méi, duoc gisi thiéu trong cau trdc
ARMvV7-M.

Kiéu ngoai 1¢ nay khac vai kiéu ngoai 16 ARM truyén théng, cho phép Xu ly ngoai 1¢
rat hiéu qua. N6 c6 nhiéu ngoai 18 hé théng cong thém voi mot s yéu cau ngat ngoai
(IRQ) (cac ngd vao ngat ngoai). Khdng cé ngit nhanh (FIQ) trong Cortex-M3; tuy
nhién, xir 1y wu tién ngat va hd trg ngat 1ong nhau hién dugc dua vao cau triic ngat. Do
do, rat dé dang dé thiét 1ap mot hé théng hd tro cac ngat Iong nhau (Mot ngat c6 mirc
uu tién cao hon co the ghi d¢ hodc chan mot trinh xir ly ngat c6 mirc wu tién thap hon)
va n6 hoat dong gidng nhu FIQ trong cac bd vi xir Iy ARM truyén thdng.

Céc tinh ndng ngit trong Cortex-M3 duoc thuc hién trong NVIC. Ngoai viéc h trg
cac ngat ngoai, Cortex-M3 con ho trg mot so nguon ngoai 1€ bén trong, chang han nhu
xu ly 16i hé thong.

Do d6, Cortex-M3 c¢6 mét s6 kiéu ngoai 1& duoc xac dinh trude, nhu dwoc hién thi
trong bang 2.2.

Bang 2.2 Céac loai ngoai 1¢ Cortex-M3

Exception ) Priority (Default to .

Exception Type . Description
Number 0 if Programmable)

0 NA NA No exception running

1 Reset -3 (Highest) Reset

2 NMI 2 NMI (external NMI input)

3 Hard fault -1 All fault conditions, if the

corresponding

4 MemManage Programmable fault handler is not enabled
fault Memory management fault; MPU

5 Programmable Violation or access to illegal
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6 Bus fault Programmable locations
7-10 Usage fault NA Bus error (prefetch abort or data
11 Reserved Programmable abort)
12 SV all Programmable Program error
Debug monitor Reserved
13 NA Supervisor call
14 Reserved Programmable Debug monitor (break points),
15 PendSV Programmable \r/gc?lggs]gomts’ or external debug
16 SYSTICK Programmable Reserved
17 IRQ #0 Programmable Pendable request for system
IRG #1 service
255 Programmable System tick timer
IRQ #239 External interrupt #0
External interrupt #1
External interrupt #239

S6 lugng ngd vao ngat ngoai duoc xac dinh boi cac nha san xuat chip. Co thé hd tro ti da
240 ngd vao ngat ngoai. Ngoai ra, Cortex-M3 con c6 ngd vao ngat NMI. Khi duoc gan,
NMI-ISR duoc thuc thi vo diéu kién.

4.9.1. COng suat thap va hiéu ning cao

Bo vi xir ly Cortex-M3 duoc thiét ké véi nhiéu tinh nang khac nhau cho phép cac nha
thiét ké phat trién cac san pham tiét kiém ning lwong va hiéu ning cao. Dau tién, n6
hd trg ché do ngi va ché do ngu sau, vi thé c6 thé hoat dong vai nhiéu phuong phap
thiét ké hé théng khac nhau dé giam tiéu thy dién nang khi may tinh nghi.

Thi hai, s6 lwong cong thap va ki thuat thiét ké cua nd 1am giam céc hoat dong cua
mach dién trong bo vi xt Iy dé cho phép giam cong suit hoat dong. Ngoai ra, Vi
Cortex-M3 ¢6 mat d6 ma cao, n6 da lam giam yéu cau vé kich thuéc chuong trinh.
Pong thoi, né cho phép hoan thanh cac tac vu xt ly trong thoi gian ngan, vi thé bo vi
xir ly c6 thé quay lai ché d6 ngii sém nhét c6 thé nham cat giam niang luong sir dung.
Do d6, hiéu ning cuia Cortex-M3 tét hon nhiéu so voi cac vi diéu khién 8-bit hoic 16-
bit.

Bat dau tir phién ban 2 cta Cortex-M3, mot tinh niang méi duoc goi 1a Wakeup
Interrupt Controller (WIC) da c6 san. Tinh ning nay cho phép toan bo 16i bo vi xir ly
dugc tat nguon, trong khi cac trang théi cua bo vi xir 1y dwoc gitt lai va bo vi xu ly ¢6
thé tré vé trang thai hoat dong gan nhu ngay 1ap tac khi xay ra ngat. Piéu nay lam cho
Cortex-M3 tham chi con phi hop hon véi nhiéu ng dung tiéu thu dién nang cuc thap
ma trudc day chi co thé dugc thuc hién véi cac vi diéu khién 8 bit hozc 16 bit.

4.10. Pat lai trinh tw
Sau khi bo vi xur ly thoat dat lai (reset) né sé doc hai word tir bo nhé (xem hinh sau):
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Fetch initial Fetch reset Instruction

SP value vector fetch
Reset Address Address Address | i
0x00000000 0x00000004 reset vector | :
g g ] NPERARgSooah
>
Time
Hinh 2. 92

= Pja chi 0x00000000 - Gi4 tri bt dau caa R13 (SP)

= Dia chi 0x00000004 - Vecto dit lai (dia chi bat dau thyc thi chwong trinh; LSB phai
dugc dat thanh '1' dé bao trang thai Thumb)

Trong Cortex-M3, gid tri ban dau cho MSP dugc dit & dau ban do bo nhé, tiép theo Ia
bang vecto chtra cac gia tri dia chi vecto (bang vecto co thé dugc chuyén dén vi tri
khac sau nay trong sudt qué trinh thuc thi chuong trinh). Ngoai ra, ndi dung cua bang
vecto 13 cac gia tri dia chi chir khdng phai 1a cac 1énh r& nhanh. Vecto dau tién trong
bang vecto (ngoai & loai 1) 1a vecto dit lai, 12 phan dit liéu thir hai duoc bo xir ly tim
nap sau khi dat lal.

Boi vi hoat dong ngn xép trong Cortex-M3 la mot ngin xép day du giam dan (giam
SP trude khi luu trix), gia tri SP ban dau phai dugc dat thanh bé nhé dau tién sau dinh
cia vung ngin xép. Vi du: néu ban ¢ ddi b nhé ngan xép tir 0x20007C00 dén
0x20007FFF (1KB), gia tri ngan xép ban dau phai duoc dat thanh 0x20008000.

Bang vecto bat dau sau gia tri SP ban dau. Vecto dau tién 1a vecto dat lai. Luu y rang
trong Cortex-M3, LSB cua cac dia chi vecto trong bang vecto phai duoc dat thanh “1”
dé bao rang ching 12 ma Thumb. Vi 1y do dé, vi du trudc cd gié tri 0x101 trong vecto
dit lai, trong khi ma khoi dong bat dau ¢ dia chi 0x100 (xem hinh sau).

&
<

Bo nhd khac Gi4 tri SP ban dau
0x200080000 7T 0x20008000
0x20007FFC | Muc xép chéng 1| | Ngin xép
0x20007FFB | Muc xép chong 2 tang dan

lllllllllllllllllllllllllllllllllll , Xuéng du(’yi
................................... Bo nhd ngan xep

—

T U

Bo nhé khac

0x20007C00
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Flash
0x00000100 || Ma khoi dong| | © |
Chc vecto | | vecto dat lai
ngoai l¢ khac | | =
0x00000004 0x00000101
0x00000000 0x20008000
Hinh 2. 93

Sau khi vecto dit lai duoc tim nap, Cortex-M3 c6 thé bat dau thuc hién chuong trinh
tir dia chi vecto dat lai va bat dau hoat dong binh thuong. Can phai khoi tao SP vi mot
$6 ngoai I¢ (Chang han nhu NMI) c6 thé xay ra ngay sau khi dt lai va bo nhé ngan xép
c6 thé dugc yéu cau cho trinh xu Iy cac ngoai 1& do.

Cac cong cu phat trién phan mém khac nhau c6 thé c6 cac cach khac nhau dé chi dinh
gia tri SP bat dau va vecto dat lai. Néu ban can thém thdng tin vé chu dé nay, tot nhat
ban nén xem cac vi du Project dugc cung cap cung vai cac cdng cu phat trién.

4.11. Trinh tw ngat/ngoai 1é

Mot ngoai 1& xay ra c6 thé kéo theo mét sé su kién khac, chang han nhu:

= Xé&p chong (day ndi dung cua tdm thanh ghi vao ngin xép)

= Tim nap vecto (doc dia chi bit dau caa trinh xir Iy ngoai 18 tir bang vecto)

= Cap nhat con tro ngan xép, thanh ghi lién két (LR) va bo dém chuong trinh (PC)
4.11.1. Xép chéng

Khi mét ngoai 1€ xay ra, cac thanh ghi R0-R3, R12, LR, PC va thanh ghi trang thai
chuong trinh (PSR) duoc day Vélp ngan xep. Néu mé dang chay su dung con tro ngan
xep quy trinh (PSP), thi ngdn xep quy trinh s& dugc su dung; néu ma dang chay su
dung con tr6 ngan xép chinh (MSP), thi ngédn xép chinh s€ dugc sir dung.

Sau d6, ngan xép chinh s& luon duoc sir dung trong trinh xir 1y, vi vay tat ca cac ngat
Iong nhau sé stir dung ngan xép chinh.

Khéi 8 word dit licu duoc day vao ngan xep ‘thuong dugc goi la khung ngén xép.
Trong Cortex-M3, khung ngan Xep duoc Sap xep thanh dia chi double word theo mac
dinh, mac du tinh nang mang co thé duoc tit bang cach Iap trinh bit STKALIGN trong
NVIC ve “0”.

Sy sip xép dir lieu bén trong mot khung ngan xép ngoai 1& dugc thé hién trong hinh
2.94
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Stack align adjustment not required Stack align adjustment required

) Address A Address
Previous Previous
Previous SP stacked  prgvious SP stacked
location data location ™ data
xPSR (with bit 9 equal 0) Not used
PC xPSR (with bit 9 equal 1)
LR PC
R12 LR
R3 R12
R2 R3
R1 R2
i o R
Free New SP —- RO
stack location Freo
opace J stack
Previous stack point at double word space

address or STKALIGN Is 0 Previous stack point not at double

word address and STKALIGN is 1

Hinh 2. 94

Thu tu xép chong dugc the hién trong hinh 2.95 (gia sir rang gia tri [SP] cua con tro
ngan xép la N sau ngoai I¢).

Addressbus [N+24 | N+28|] N | N+4 | N+8 [ N+12 | N+16 [ N+20 |

NN N N NN

Data bus [PC [PSR] RO | R1 | R2 | R3 | Ri2 | R |
Time -
Hinh 2. 95

Do ban chat duong ong cua giao tiép Bus hiéu suat cao (AHB), dia chi va dit liéu duoc
bl bai mot trang thai duong 6ng.

Céc gié tri cua PC va PSR duoc xép chong Ién nhau trude dé ¢d thé bat dau sém viec
tim nap Iénh (dicu nay yéu cau thay doi PC) va cé thé sém cap nhat thanh ghi trang
thai chuong trinh ngat (IPSR).

Sau khi xép chong, SP s& duoc cap nhat va cach sap xép dit ligu xép chong trong bo
nhé ngan xep sé giong nhu hinh 2.95.

Ly do céac thanh ghi RO-R3, R12, LR, PC va PSR duoc xép chong 1én nhau vi day 1a
céc thanh ghi dé thay doi (caller-saved), can ct theo cac tiéu chuan C. Su sap xép nay
cho pheép trinh xu ly ngét 1a mot ham C binh thuong bai vi cac thanh ghi co thé duoc
thay d6i boi trinh xir Iy ngoai & dugc luu trong ngan xép.

Céc thanh ghi chung (RO-R3 va R12) duogc dat & cudi khung ngan xép dé ching c6 the
dé dang truy cap bang cach dinh dia chi lién quan dén SP. Két qua 3, that d& ~dang dé
chuyén cac tham sé t6i cac ngat phan mém bang cach sir dung cac thanh ghi xép chong
Ién nhau.
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4.11.2. Tim nap vecto

Mac du bus dir liéu dang ban Xep chdng cac thanh ghi thi bus 1énh thuc hién mot tac
vu quan trong khac cua chudi ngat: N6 tim nap véc to ngoal ¢ (dia chi bit dau cua
trinh xir Iy ngoai 1) tir bang vecto. Vi viéc xép chong va tim nap vecto duoc thuc hién
trén cac giao tiép bus riéng biét, nén ching cé thé duoc thuc hién cing mét ldc.

4.11.3. Cap nhat thanh ghi
Sau khi hoan thanh viéc xép chong va tim nap vecto, vecto ngoai 1§ s& bat dau thyc thi.
Khi nhap trinh xtr ly ngoai I¢, nhi¢u thanh ghi sé dugc cap nhat nhu sau:

= SP - SP (la MSP hogdc PSP) s& duoc cap nhat vao vi tri mai trong qué trinh xép
chong. Trong qua trinh thuc hién chuong trinh phuc vu ngat, MSP s& dugc su dung
néu ngan xeép dugc truy cap.

= PSR - IPSR (phan thap nhat cia PSR) s& dugc cap nhat thanh sé ngoai 1é méi.

= PC - PC s& thay d6i thanh trinh xir Iy vecto khi qué trinh tim nap vecto hoan tat va
bat dau tim nap cac Iénh tir vecto ngoai I€.

* LR - LR s& duoc cap nhat thanh m@t‘gié tri dac biét’ggi la EXC_RETURN.1. Gia tri
dac biét nay dieu khién hoat dong tra vé ngat. 4 bit cuoi cung ctia LR duoc sir dung dé
cung cap théng tin tra vé ngoai lé.

M6t s6 cac thanh ghi NVIC khéc ciing s& duoc cap nhat. Vi du, trang thai dang cho xu
ly cta ngoai 1€ s€ bi x6a va bit kich hoat cua ngoai 1€ s€ duoc thiét lap.

4.12. C4c 16i ra ngoai I¢

O cudi trinh x ly ngoai 1¢, can c6 mot 16i ra ngoai 1¢ (duoc bict dén nhu 14 tra vé ngat
trong mot so bo vi xur 1y) dé khoi phuc trang thai hé thong, do do chuong trinh bi ngat
C0 thé tiep tuc thyc thi binh thuong.

C6 ba cach dé kich hoat trinh tu tra vé ngat; tat ca déu sir dung gié tri dic biét dugc luu
trong LR ¢ phan dau cua trinh xir ly (xem bang 9.1).

Bang 9.1 Cac Iénh cd thé dwoc sir dung dé kich hoat tra vé ngoai 1é

Lénh tra vé M0 ta
BX reg Néu gia tri EXC_RETURN van nam trong LR,
chding ta c6 thé str dung Iénh BX LR dé thuc hién
tra vé ngat. Gia tri cia LR duogc ddy vao ngin xép
sau khi nhap trinh xtr ly ngoai I¢.

Chiing ta c6 thé sir dung Iénh POP, mot POP don 1¢
POP {PC}, or OP {...,PC} | hodc nhieu POP, d¢ dit gia tri EXC-RETURN vao
bd dém chuong trinh. Dicu nay s¢ khien bo xu ly
thuc hién tra lai ngat. Co thé tao ra mot tra vé ngat
bang cach sur dung

Lénh LDR hoédc LDM véi PC 1am thanh ghi dich.
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Load (LDR) or Load
multiple (LDM)

MGt s6 cu trdc b vi xir 1y sir dung cac Iénh dac biét dé tra vé ngat (vi du: reti trong
8051). Trong Cortex-M3, mot Iénh tra vé binh thuong dugc sir dung dé toan bo trinh
xtr ly ngat c6 thé duoc thuc hién nhu mét ham C.

Khi 1énh tra vé ngat dugc thuc thi, cac qua trinh xép chdng va cap nhat cac thanh ghi
NVIC duoc liét ké trong bang 9.1 sé dugc thuc hién.

1. Bé xép Ch("i’ng - Céc thanh ghi dugc day vao ngan xép s& duoc khoi phuc. Thir tu
cua POP sg giong nhu khi xép chong. Con tré ngan xép cling s€ duoc thay doi tro lai.

2. Cap nht thanh ghi NVIC - Bit kich hoat ctia ngoai 18 s& bi x6a. Ddi véi cac ngat
ngoai, néu dau vao ngat van dugc gan, bit dang cho xur ly s€ duoc thiet 1ap lan nira,
khién n6 nhap lai vao trinh xir ly ngat.

4.13. Ngit Iong nhau

Hd tro ngat 16ng nhau dugc tich hop trong 16i bo vi xir Iy Cortex-M3 va NVIC. Khéng
can str dung hop ngir ma trinh bao boc (wrapper) dé kich hoat cac ngat long nhau. Trén
thuc té, ban khong phai 1am gi ngoai viéc thiét 1ap mirc wu tién thich hop cho ting
ngudn ngat. NVIC trong bo xt Iy Cortex-M3 s& sap xép giai ma uu tién. Vi vay, khi bo
Vi xur 1y dang xu ly mét ngoai 1€, tat ca cac ngoai € khac c6 cing murc d6 vu tién hodc
thap hon s& bi chan. Viéc xép chong va bo xép chong phan cang tu dong s& cho phép
trinh xa 1y ngat 16ng nhau thuc thi ma khong c¢6 nguy co mat dit liéu trong céc thanh
ghi.

Tuy nhién, can ch y mot diéu — hdy dam bao rang c6 du khong gian trong ngin xép
chinh néu mot vai ngat 1ong nhau dugc cho phép. Vi m&i mac ngoai 1€ s& sir dung tam
word khong gian ngan Xep va ma trinh xu Iy ngoai 1& cé thé yéu cau thém khong gian
ngan xép, nén nd co thé két thic bang viéc st dung nhiéu bo nhé ngan xép hon mong
doi.

Khoéng cho phép cac ngoai 1¢ Reentrant trong Cortex-M3. Vi mdi ngoai I¢ déu c6 mot
murc vu tién dugc gan va trong qua trinh xur Iy ngoai I¢, cac ngoai I€ c6 cing mirc do
uu tién hodc thap hon s€ bi chan, ngoai Ié twong tu khdng thé duoc thuc hién cho dén
khi trinh xt ly két thuc. Vi ly do nay, khéng thé su dung céc 1énh Supervisor Call
(SVC) bén trong trinh xir ly SVC, boi lam nhu vay sé gay ra ngoai 1€ 16i.

4.14. Ngit Tail-chaining

Cortex-M3 str dung mot s6 phwong phap dé cai thién do tré ngat. Biéu dau tién ching
ta s€ xem xét la Tail-chaining.

Khi mot ngoai 1€ xay ra nhung b vi xur ly dang xu ly mot ngoai I€ khac cé cung muc
vu tién hodc cao hon, ngoai 1é ndy s& chuyén sang trang thai chd xir 1y cho dén khi bo
vi xtr ly hoan thanh viéc tac vu dang thuec thi.

Thi nghiém 4.1 - Yéu cau ngit (IRQ)
Muc tiéu:
= Phan &ng véi yéu cau ngit.
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Thiét bi can thiét:

= Bo thi nghiém vi diéu khién EITPS-3192
= Day cam thi nghiém

Thao luan:

4.1.1. Poan chwong trinh ngat

DPoan chuong trinh ngit duoc xay dung gidng nhu bat ky ham nao. Tén cua doan
chuong trinh yéu cau ngat IRQ (Interrupt Request) cho trinh bién dich biét ring day 1a
mot ngat nhat dinh va trinh bién dich va trinh lién két xac dinh dia chi cua doan
chuong trinh IRQ & dung vi tri cia bang vecto ngit. Poan chuong trinh IRQ duoc goi
12 Bo xtr ly IRQ (IRQ Handler).

B vi diéu khién STM32F100 cd dén 60 kénh ngét cd thé che lai tiy theo loai thiét bi.
M3i kénh c6 thé xir ly bang mot doan chuong trinh xt 1y IRQ dic biét. Bo diéu khién
ngit vecto 10ng nhau NVIC (Nested vectored Interrupt Controller) phan @ng voi cac
kénh yéu cau ngat theo mirc do wu tién va bang vecto ciia ching.

Bang vecto bat dau tai dia chi 0x0000_0010. MGi 4 byte chira dia chi cia mot doan
chuong trinh xt ly IRQ khac. Mot project trinh bién dich ARM C phai bao gom mat
tép khoi dong vai tén cua tat ca cac doan chuong trinh xur ly IRQ.

Sau day 1a doan chwong trinh xir Iy IRQ9:5 (mét trong nhing thiét bi ngat ngoai cua
STM32F100).

void EXTI9_5_IRQHandler (void)

{

EXTI->PR |=NVIC_ISPR_SETPEND_8;//Clear bit 8 in pending register
//must clear every interrupt!

Ext_flag = 1;//Don't blink LO in main()

all_leds_on;

for (dly = 1 ; dly '=0X400000 ; dly++);

all_leds_off;

Ext_flag = 0;

}

Doan chuong trinh nay duoc Xay dung nhu mot ham tiéu chuan. NVIC thuc hién qué
trinh di chuyén bo vi xir ly tir chwong trinh chinh sang doan chuong trinh xt 1y IRQ,
bao gom luu bo dém chuong trinh va cac thanh ghi, dé c6 thé quay lai va tiép tuc Véi
chuong trinh chinh chinh xéc tai noi né da dung.

Project trinh bién dich bao gdm mot tép dac biét startup_stm32f10x_Id_vl.s véi bang
chua tat ca cac dia chi vecto ngoai 1€ (dat lai, ngat va ngat mém). Tén cua doan
chuong trinh xtr ly ngat nay cling c6 & do.

Chuing ta khai bao cac Iénh dé nhé nhu sau:

#define all_leds_off GPIOE->BSRR = ((uint32_t)0x00ff0000)//Port E Reset bits 0-
7
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#define all_leds_on GPIOE->BSRR = ((uint32_t)0x000000ff)//Port E Set bits 0-7

Théng thuong, viéc thuc thi mot IRQ 1a rit nhanh va c6 vé gibng nhu dang chay song
song voi chuong trinh chinh. Trong vi du nay, doan chuong trinh IRQ c6 do tré dé c6
thé biét khi ndo thi doan chwong trinh IRQ nay dugc thyc thi.

Sau déy 1 chuong trinh chinh. Chwong trinh nhap nhay dén LED LO.
Int main(void

{

NVIC_SetVectorTable(NVIC VectTab FLASH,
INTERUPT_VECTOR_START);

External_Interrupt_Init();
__enable_irq(); //(Enable Interrupts)
Leds_Init();

while(1)

{

led LO on;

for(dly=0; dly < 3000000; dly++); //delay
led LO off;

for(dly=0; dly < 3000000; dly++); //delay
}

}

Chuong trinh str dung cac khai bao sau.

#define GP1O_BSRR_BRO ((uint32_t)0x00010000)//!< Port x Reset bit 0
#defineled L0 off GPIOE->BSRR = GPIO_BSRR_BRO//Port E Reset bit 0
#defineled_LO_on GPIOE->BSRR = GPIO_BSRR_BS0//Port E Set bit 0
Chuong trinh goi bang vecto bo NVIC.

Chuong trinh ciing goi ham ngat ngoai. Ham nay xac dinh PB8 cua GPIOB la mot
duong yéu cau ngat IRQ (Interrupt Request).

void External_Interrupt_Init (void)//Define as external interrupt for pin PB8

{

RCC->APB2ENR |= RCC_APB2ENR_IOPBEN;//Enable GPIOB clock
//PB8: TP5

GPIOB->CRH &= PBIT8_CLR;//Clear the relevant bits in CRH register

GPIOB->CRH |= (MODE_IN_PU_PD >> PBIT8);//Define PB8 Input with pull-
up / pull-down

GPIOB->BSRR = GPIO_BSRR_BS8;//Port B Set bit 8 - Input with pull-up
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RCC->APB2ENR |= RCC_APB2ENR_AFIOEN;//Enable clock for Alternate
Function

AFIO->EXTICR[2] |= AFIO_EXTICR3_EXTI8 PB;//Set PB[8] pin to use as
Alternate Function

EXTI->IMR |= EXTI_IMR_MRS;//Interrupt request from Line 8 is enabled
EXTI->FTSR |= EXTI_FTSR_TRS;//Set falling edge at line 8
NVIC->ISER[0] |= NVIC_ISER_SETENA 23;//Enable interrupt EXTI1 9..5
}

Trinh ty thuc hién:

1. Vao thu vién ARM_Project va nhéE dap vao t¢p ARM_Project.uvprojx.
Theo tai liku nay, duong dan dén tép ARM_Project.uvprojx

la“C:\Courses\3192\S-ARM_V3\ARM _Project”

2. Kiém tra xem main.c c6 dang mo nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

T e & @ | 9 - ™ = @ print to PC B a-| e S &8
£ il = e %% | ARM_Project o &S| dh ¢ T @
Functions o B3 _1 Main.c~
=[] Main.c = TR
@ adc_delay 00 851
@ adc_delay 10 2 852 Delav ()
@® Delay 0 853 = 1
854 int i?
@ delay_ms (unsigned char t
855 for (i1 = 1 ; i '= OX1 R
@ delay_us (volatile uint16_t ass .
@ DMA1_Channell_IRQHanc s57
@ ee_byte read (void) 858
® ee_byte_send (velatile uns 859 int main (void)
@ ee_delay (void) [ 860 ¢
& ee_read (volatile uint16_t e g€l |
@ ee_start (void) 262
® ee_stop (void) :2: Switches to LEDs
® ee_write (uint16_t ee_addr, == S
@ EXTIS_5_IRQHandler (void) 866
® Int_Vector_lnit (woid) 267 unsigned int temp:;
@ keys_delay (void) ses
® lcd_clean_line (unsigned c 869
® lcd_command (char d) 870
@ lcd_cursor_location (char> 871
-
@ lcd_data (char d) ;:2
@ lcd_print_num (unsigned ¢ :74 e
@ lcd_write_P (charx, chary, 87S o
- eve
@ NVIC_SetVectorTable (uint 877
® read_adc (unsigned char c 878
@ Read_serial_adc (void) ~ 879
880
< > 881
b=l < €} Fun... | 0,7 <
Hinh 2. 96
3. Cud ong ch inh mai ho dén khi ban nhan duoc man hinh sau:
. Cudn xuong chuong trinh main() cho den khi ban nhan dugc man hinh sau:
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
T e o i | =2 - - E iFE 9 print to PC o = et @ - - S5 o~
£ [E) 3 &8 - BE | Arm_project - & Ay @ T @h
Functions s B3 L] _maain.c~
=) [w] Main.c -~ 1a80
@ adc_delay 00 1481
% adc_delay_10 1482
& Delay O 1483
@ delay_ms (unsigned char k 143: =]
@ delay us (volatile uint16_t i:;a D
® DMAT_Channell IRQHanc 1487 o
® ee_byte_read (void) 1ass
@ ee_byte_send (volatile uns 1489 - NTERUPT VECTOR_START
@ ee_delay (void) 1480
® ee_read (volatile uint16_t e 1451
® ee_start (void) j:z‘;-
@ ee_stop (void) Taoa
@ ee_write (uint16_t ee_addr, e
@ EXTIS_S_IRQHandler (void) lase
@ Int_Vector_Init (void) 1497
® keys_delay (void) 14958
@ lcd_clean_line (unsigned < 1499 1e
@ lcd_command (char d) e
@ lcd_cursor_location (char isoli
& lcd_d 1502 lel
cd_data (char d) Teos
@ lcd_print_num (unsigned ¢ ATEn
® lcd_write_P (char x, chary, 1508
@ main (void) 1506
® NVIC_SetVectorTable (uint 1507
@ read_adc (unsigned char c 1sos
@ Read_serial_adc (void) - 1509
< > is510
1511
=] <5 {}Fun.. |0, <

Hinh 2. 97
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Phan nay chira chuong trinh External interrupt (TP%) + LEDs.

4. Kich hoat chuong trinh bang cach stra hai ky hi¢u gi¢i han doan chuong trinh thanh
doan ghi chu bang cach thém hai dau gach chéo vao dau moi ky hiéu gidi han va ban

s€ nhan dugc man hinh sau:

Functions L3 x | _] main.c*
B[] Main.c A 1480
§ adc_delay 00 1481
& adc_delay_1( 1482
® Delay 1483
@ delay_ms (unsigned char t i:i:
& delay_us (volatile uint16_t 1486 External interrupt (TPS) + LEDs
$ DMAT1_Channell_IRQHanc 1487
@ ee_byte_read (void) 1488
@ ee_byte send (volatile uns 1489 NVIC_ SetVectorTable (NVIC VectTab_FLASH, INTERUPT_VECIOR_START):
§ ee_delay (void) 1490
@ ee_read (volatile uint16_t € 1491 External_ Interrupt_Init():
@ ee start (void) 1452 __enable irqg(): (Enable Interrupts)
. 1483
¢ ee_stolp (\’?Id) 1494 Leds Initc():
@ ee_write (uint16_t ee_addr, 1455 =
& EXTI9_5_IRQHandler (void) 1496 while (1)
@ Int_Vector_Init (void) 1497 0 |
@ keys_delay (void) 1498 led_LO_on;
® lcd_clean_line (unsigned c 1499 for (dly=0; dly < 3000000; dly++): delay
@ lcd_command (char d) 1500
§ lcd_cursor_location (chars 1501 l=d _LO_off;
& Icd_data (char d) 1502 for (dly=0; dly < 3000000 1; dly++); delay
@ lcd_print_num (unsigned « iigz
§ lcd_write_P (charx, chary, 1505
® main (void) 1506 |
@ NVIC_ SetVectorTable (uint 1507
§ read_adc (unsigned char c 1508
& Read_serial_adc (void) v 1508
o = 1510
1511
= G 3 Fun... [ 0,7 <

Hinh 2. 98
5. Quan sat va phan tich chuong trinh.
6. Kich hoat EITPS-3192.
7. DUng day cam két ndi TP1 caa nat nhan véi TP5 cua PBS.
8. Luu va bién dich (néu c6 sai s6t thi sta 161 va bién dich lai).
Truéc khi tai xuéng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
9. Quan sat dén LED L0 nhap nhay.
10. An nit nhan.
Tat ca cac dén LED sé& bat va tit sau 1 gidy.
Pén LED LO sé tro lai nhap nhay.
11. Nhan RST dé ding chuong trinh dang chay.

12. Cudn Ién chuong trinh main.c va tim doan chuong trinh
EXTI9 5 IRQHandler (void).

13. Thay doi doan chuong trinh dé 4 dén LED bén trai s& nhap nhay hai lan.
14. L3p lai cac budc 8-11 va kiém tra phan (ng cua hé théng.

15. Kich hoat cac dau '/* */" bang cach x06a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh lyc.

void
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Thi nghiém 4.2 - Giao tiép néi tiép

Muc tiéu:

= Phan loai cac phuong thirc giao tiép

= Giao tiép khong dong bo ndi tiép

= UART va USART

= Ma ASCII

= Giao tiép véi PC

Thiét bi can thiét:

= Bo thi nghiém vi diéu khién EITPS-3192
Thao luan:

4.2.1. Phan loai cac phwong thirc giao tiép

Trong glao tiép gitra cAc may tinh, chiing duoc két ndi véi nhau bang cac duong giao
tiép. O mdi giai doan cua giao tiép, co mot may tinh truyén va mot may tinh nhan.
May phat truyén théng tin thdng qua moét cong dau ra va may nhan nhan thong tin do
théng qua mot cong dau vao.

May tinh truyén co thé truyén va sau d6 chuyén sang diéu kién nhan va nguoc lai.
Khong may tinh nao c6 thé "nhin thay" nhimng gi dang xay ra trong may tinh kia. Cac
may tinh chi cd thé doc thong tin dugc dugc dat trén cac Cong dau vao cua ching. D6
la ly do tai sao mot phan cua thong tin dugc truyén di bao gdm cac tin hiéu lién quan
dén trang théai cua may tinh truyén va may tinh nhan, cac tin hiéu nhu: "sin sang
nhan", "nhan mot tin nhin", "két thac tin nhan™ v.v

Céac phuong phép giao tiép khac nhau duoc phan thanh ba nhém co ban:
a) Pong b va khong dong bo:

Trong giao tlep ddng bo, cac may tinh duoc két ndi vai mot duong day Chung du:orng
day nay cung Cap tin hiéu dong bo cho ca hai. Tin hiéu ddng bo cho phép cac may tinh
biét khi nao can truyén va khi nao chd nhan mot thong diép qua cac duong giao tlep
Mdi may tinh, truéc khi truyen mot thong diép, s& doi sy xuat hién cua tin hiéu dong
bo va sau d6 méi bit dau truyén. Mot may tinh du kién nhan mot théng bao, phai cho
su xuat hién caa tin hiéu dong bo va sau dé méi thu thap thng tin tir cac céng ngd vao
cua no.

Trong giao tiép khong ddng b, ching ta tranh st dung duong xung dong bo va may
phat xung. Trén cac duong thong tin, ching ta truyén tin hiéu bat dau & dau mdi tin
nhin. May tinh nhan chd nhan mat tin hiéu nhu vay. Sau khi xac dinh vi tri cua né,
may tinh nhan s& thu thap tin nhin, tin nhan nay theo sau tin hiéu d6. Phuong thtc
giao tiép nay duoc su dung phd bién nhat.

b) Song song va ndi tiép:

Trong giao tiép song song, ching ta truyén thong tin & dang song song. Mot byte gom
8 bit duoc truyén qua cap 8 day. MOi bit duoc truyén dong thoi trén mot day riéng biét.
Phuong phéap nay yéu cau can co cap co sé luong day lén.
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Trong giao tiep néi tiép, chiing ta s dung mot s6 lugng it day. Byte duoc truyén qua
mot duong ting bit mot. Ca may phat va may thu déu phai dugc dong bo vai cung mot
tan so lién lac.

c) Polling hoac Interrupt:

Van dé trong giao tiép 1a nhan biét khi nao cudc di thoai bat dau. Mot trong nhirng
phuong phap dé vuot qua tré ngai nay 1a xac dinh mot trong cac may tinh 1a
"MASTER" (‘chu’) va cac may khac la "SLAVES" (‘t6”). Tram chu ludn ludn bat dau
cudc giao tiép. N6 quay sang tram té va hoi liéu co bat ky thong tin nao dé truyén hay
khong. Tram cha doi trong mét thai gian nhat dinh dé nhan duoc tin nhin tir tram t6.
Néu tram t& khéng tra loi trong thoi gian do, thi tram chu s& tré lai chuong trinh chinh
caa no.

Quy trinh trén dugc thuc hién theo cac khoang thoi gian dinh ky dugc xac dinh trudc.
Khi tram té c6 mot thong diép can truyén, nd sé doi tram chia chuyén dén né va khi
diéu nay xay ra, tram té sé tra 10i bang cach truyén maot thong diép mé dau. Tram cha
phan hoi va cudc dbi thoai dién ra. Phuwong phap nay duoc goi 1a "giao tiép bang kiém
soat vong (polling)".

Mot phuong phap khac dé bat dau cudc tro chuyén Ia ngat. Chl]ng ta sir dung céc cong
ngd vao co6 duong nhap nhay (STB). Khi mot may tinh muén ‘néi chuyén’ véi mot
may khac, né gui mot thong bao trén cong dau ra caa chinh nd cung véi mot xung
nhap nhay. Mot cong dau vao thu thap thong bao va thyc hién yéu cau ngat trong may
tinh nhan. May nhan thuc hién chuong trinh ngit, chuwong trinh nay s& xu ly théng bao
nhan duoc.

Phuong phap nay nhanh chéng va thuan tién mac di nd yéu cau sir dung cac cong va
cac chuong trinh ngat thich hop.

Mot céch dién dat khéac trong giao tiép Ia "bat tay". Diéu nay c6 nghia la may truyen
tin nhan dang cho mot xac nha‘n cta may nh@n khi nhan duoc tin nhan d6. Néu khéng
cO x&c nhan nhu vay, may truyen sé khong tiep tuc vai chuong trinh.

4.2.2. Giao tiép khong ddng bd ndi tiép

Pay 1a phuong thic giao tiép phd bién nhit trong céc hé thong may vi tinh. Trong
phuong phép nay, duong giao tiép la t6i thiéu va cé thé chi bao gom hai hoic ba day.
C6 thé truyén va nhan thdng qua duong day dién thoai (véi sy tro gidp caa mot giao
dién duoc goi 1a modem) va tham chi thong qua két néi khong day.

Giao tiép ndi tlep la mét phuong phap trong do mot byte gom 8 bit dugc bién dich
thanh mot chudi cac xung néi tiép, cac 50 “0” va “1”, duogc truyen qua duong giao tiép.
May nhén biét khoang thoi gian cua mo| xung do may truyén truyen di. Trong giao
tiép khong dong bo ndi tiép, c6 mot van dé trong viéc xac dinh diém bat dau cua mdi
byte. Vi thé trinh tu sau day da duoc xac dinh.

Bit bit dau (Start bit):

Trang thai binh thuong cua duong truyén 1a "high". Trudc khi mdi byte dwogc truyén
dué6i dang ndi tiép, mot bit '0' phai dwoc truyén trong ciing mot khoang thai gian can
thiét cho viéc truyén ting bit khac. Pay duoc goi 1a "bit bat dau”. May nhan xac dinh
diém bat dau truyén cia mot ky tu truyén bang cach xac dinh su chuyén d6i tir '1'
thanh '0".
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Céc bit dir liéu:

Khi két thic qua trinh truyén bit bat du, cac bit dir liéu duoc truyén lan luot. Thoi
gian truyén cua moi bit bang thoi gian truyen cua cac bit khac. Vi may nhan biet khi
nao qua trinh truyen bat dau, nén nd c6 the dinh thoi gian lay mau cac bit dix li¢u dé
khac phuc van dé qué trinh chuyén tiep.

Bit chan lé:

Déi khi ching ta stir dung bit tha tdm cua cac bit dir liéu lam bit chan 1¢, n6 dugc sir
dung bai may nhan dé kiém tra 6 chinh xac cua dit liéu nhan duoc boi chinh né. Gia
tri cua bit ('0' hodc '1') dwoc xac dinh theo sb luong bit c6 gié tri 1 trong byte dix liéu.
C6 hai cach dé xac dinh diéu nay: "even parity" (chin) va "odd parity" (1¢). Trong
"even parity", sé lwgng bit c6 gia tri 1 bao gém ca bit chin 1& phai 12 s6 chin. Vi dy,
néu c6 3 bit co gia tri 1 trong mot byte, thi may truyén xac dinh bit chan I¢ 1a '1'. Néu
co 4 bit c6 gia tri 1, thi bit chan I¢ s& 1a'0".

Trong "odd parity", sé bit c6 gia tri 1 bao gém ca bit chin I¢ phai la s 1é.

Bit dirng (Stop bit):

Vao cuoi mdi byte, cac bit logic 1 dugc truyen di (thuong 1a 2). Céc bit ndy duoc sit
dung dé chuyén duong truyén vé trang thai binh thuong trong mét khoang thoi gian,

diéu nay cho phép may nhén thyc hién xur ly so cap thong tin do n6 thu thap va dong
bo lai khi bat dau truyén ky tu tiép theo.

Viéc truyén mot ky ty don (58H) s& nhu sau:

Hinh 2. 99

Téc @6 truyen duoc do bang don vi baud, 1a cac bit duoc truyén trong mot giay. Mot
cach truyén khac la "bit trén giay", nghia la tong Cac bit dir liéu duoc truyen trong mot
giay. Vi dy, néu chiing ta truyén véi toc do 10 ky tu mdi gidy, toc do truyén s& 1a 110.
MJdi Ky tu yéu cau 11 bit truyén cho qua trinh truyén caa nd (bao gém ca bit bat dau va
bit dirng). Tdc d6 nay ciing bang 80 bit/gidy (bit dir licu).

Dé két luan lai, giao tiép ndi tiép khong ddng bo dwoc mo ta nhu trong hinh sau:

HINENNEEN SERERERER
S—— 1 =]
Start bit DATA Stop bit Start bit DATA Stop bit
Hinh 2. 100

125



May tinh truyén chuyen doi mot ky tu tir dang song song cua nd (duéi dang s6 nhi
phan) thanh dang noi tiép, roi truyén nd. May tinh nhan s€ bién dich nguoc lai tir dang
noi tiép sang dang song song.

May nhan can biét toc do truyen va s6 luong bit di ligu trong byte duoc truyen (khdng
phai lac nao cling 1a 7). N6 cling can phai biét liéu bit thir tm [a chan hay ¢, hay Ia bit
c6 gia tri thip, ciing nhu can phai biét s6 cua cac bit dirng.

Trong giao tiép giira cac may tinh - mot may pnh truyén va ~mély kia nhan. Thong
thuong, ca hai mdy tinh déu cd kha nang truyén va nhan. Moi méy tinh c6 dau ra
truyén dit liéu TD (Transmit Data) va dau vao nhan dit liéu RD (Receive Data).

Trong giao tiép, c6 hai hinh thic két néi chinh. Mot dugc goi la: "Full duplex
Communication" — Giao tiép song céng toan phan (Full duplex).

TD RD TD » RD
RD TD RD TD
HALFDUPLEX FULL DUPLEX

Hinh 2. 101

Hinh thtc két néi thi hai duoc goi 1a: "Half duplex Communication" — Giao tiép béan
song cong (Half duplex), va né chi sir dung hai day két néi. Trong giao tiép ban song
cbng, mot may tinh chuyen tur trang thai nhan sang trang thai truyen phai dam bao rang
may tinh kia d4 hoan tat qu trinh truyén va né da xoa duong truyén.

Thong thuong, & dau vao va dau ra cua dudng truyén giao tiép, co cac thanh phan dan
dong, cho phép truyén tin hiéu trén mot khoang cach xa. CO nhiéu phuong phap két
ndi khac nhau gitra cac may tinh. Pho bién nhat 1a RS232, RS422 va vong lap dong
20mA.

Qua trinh nhan théng tin ndi tiép va chuyén ddi cia né thanh dang song song hoat
dong theo phuong thirc sau: May tinh nhan lay mau dudng ngd vao RD va cho bit bat
dau, tirc 12 kéo duong nay vé '0". Ngay khi nhan thay su chuyén ddi nay, n6 s& doi mot
khoang thoi gian bang nira thoi gian ciia mot bit, va sau d6 1ay mau lai duong ngd vao.
Néu duong ngd vao van 13 '0", diéu d6 c6 nghia 1 bit bat dau da dugc nhan. Bay gio né
lday mau duong ngd vao ciia mot bit theo khoang thoi gian ciia mot bit, tng theo sé
lugng bit dir ligu.

Trong khi lay mau, cac bit dugc day lan lugt (LSB dang dwoc nhan trudc) vao mot
thanh ghi dich. Vao cuoi qua trinh, thanh ghi dich chua byte duoc truyén, byte nay co
thé doc duoc ¢ dang song song.
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Qud trinh nay dugc thuc hién véi sy tro gidp cua mot thiét bj phan cimg duoc goi la
UART (Universal Asynchronous Receiver Transmitter) - May phat thu khong dong bo
da nang.

Khi UART xac dinh bit START, nd s& thu thap tat ca cac bit DATA vao mét thanh ghi
dém nhat dinh va sau do6 tao ra mot yéu cau ngat dé bao cho CPU biét rang mot byte
dang doi trong thanh ghi dém.

Mot s6 UART ciing c6 thé l1am viéc & ché do dong bo, co nghia 1a ching chi bat dau
thu thap dit liéu sau khi nhan dugc mot byte hoic word nhat dinh. Ching dugc goi 1a
USART (Universal Synchronous and Asynchronous Receiver Transmitter — May phat
thu dong bd/ khong déng bo da ning).

4.2.3. Ma ASCII

M4 ASCII 1a mot mé tiéu chuan quéc té dugc sir dung dé trao ddi théng tin gitra cac
thiét bi dau vao/dau ra (nhu cac loai may in, ban phim, bo nhd ngoai) va may tinh,
cling nhu gitta c&c may tinh véi nhau. Tén ASCII 1 viét tat caa: American Standard
Code for Information Interchange - Chuan Ma Trao dbi Thong tin Hoa Ky).

MGi ky tu (chit céi, chir s6 hoac ky hiéu khac) duoc gdn mot s6 nhi phan da duoc
thong nhat trugc, theo d6 nd dugc thé hién trong bang ASCILI. Vi du, néu chdng ta
mudn mot may in in ra chit A, n6 phai dugc nap bang sé nhi phan 01000001 hoic 411.

Sau day 1a mot bang voi cac ky tu khac nhau va ma ASCII tuong ing cua chiing, trong
d6 ma ASCII duoc thé hién ¢ dang nhi phan, thap luc phan va thap phan.

32 s6 dau tién (0-31) duoc sir dung lam cac ma dic biét cho hop thoai gitra cac may
tinh nhu: Start Of Message (SOM), End Of Text (EOT), Carriage Return (CR), Line
Feed (LF), v.v.

Dec. | Hex. | Binary | Char. Dec. | Hex. | Binary | Char.
32 | 20 | 00100000 | SPACE 64 | 40 | 01000000 | @
33 | 21 |00100001 ! 65 | 41 | 01000001 | A
34 | 22 |00100010 " 66 | 42 | 01000010 | B
35 | 23 |00100011 # 67 | 43 | 01000011 | C
36 | 24 |00100100 $ 68 | 44 |01000100| D
37 | 25 |00100101 % 69 | 45 |01000101| E
38 | 26 |00100110 & 70 | 46 |01000110| F
39 | 27 |00100111 ' 71 | 47 | 01000111 | G
40 | 28 |00101000 ( 72 | 48 | 01001000 | H
41 | 29 |00101001 ) 73 | 49 | 01001001 I
42 | 2A | 00101010 * 74 | 4A | 01001010 | J
43 | 2B |00101011 + 75 | 4B | 01001011 | K
44 | 2C |00101100 : 76 | 4C |01001100| L
45 | 2D |00101101 - 77 | 4D | 01001101 | M
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Dec. | Hex. | Binary | Char. Dec. | Hex. | Binary | Char.
46 | 2E |00101110 78 | 4E | 01001110 | N
47 2F | 00101111 / 79 4F | 01001111 0]
48 | 30 |00110000 0 80 | 50 |01010000| P
49 | 31 |00110001 1 81 | 51 |01010001| Q
50 | 32 |00110010 2 82 | 52 |01010010| R
51 | 33 |00110011 3 83 | 53 |01010011| S
52 | 34 |00110100 4 84 | 54 |01010100| T
53 | 35 |00110101 5 85 | 55 |01010101| U
54 | 36 |00110110 6 86 | 56 |01010110| V
55 | 37 |00110111 7 87 | 57 |01010111| W
56 | 38 |00111000 8 88 | 58 |01011000| X
57 | 39 |00111001 9 89 | 59 |01011001| Y
58 | 3A | 00111010 90 | 5A |01011010| Z
59 | 3B | 00111011 ; 91 | 5B | 01011011 [
60 | 3C | 00111100 < 92 | 5C |01011100|
61 | 3D | 00111101 = 93 | 5D |01011101 -
62 3E | 00111110 > 94 5B | 01011110 =
63 3F | 00111111 ? 95 S5F | 01011111 _

4.2.4. Giao tiép véi PC

Chuong trinh sau s& lam nhap nhay dén LED LO bang cach dé chuong trinh phan ung
khi théng bao 'hear?' dugc nhan.

Int main(void

{

NVIC_SetVectorTable(NVIC VectTab FLASH,
INTERUPT_VECTOR_START);

USART1 Interupt_Init();

__enable_irq(); /(Enable Interrupts)

//USART1_IRQHandler() send echo to PC and also
//Wait until PC sendthe message ‘h’, *e* ,'I', 'I', o’
//Get the string bytes in USART1_IRQHandler()
//1f the message was received, USART1_IRQHandler() set rx_ix to RX_OK
Leds_Init();

while(1)
{
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//blink LO until Ext_flag will be 1 by the External_Interrupt
dly++;

if (dly == 800000)
{

led_LO_on;

}

if (dly >=1600000)
{

led_LO_off;

dly=0;

}

//Check if message was received

if (rx_ix==RX_OK) //1f message was received
{

delay_us(50);

rx_ix=0;//Allow to get new string in USART1_IRQHandler()
//Send to PC

sc_send("");

sc_send("");

sc_send("");

sc_send( 'H");

sc_send('i');

sc_send("");

sc_send("");

sc_send("");

while((USART1->SR & USART_SR_TC) == 0);//Wait until the
Transmission_Complete flag is set

USART1->SR &= ~USART_SR_TC,;//Reset the Transmission Complete flag

}
}

}

NVIC_SetVectorTable(NVIC VectTab_ FLASH,
INTERUPT_VECTOR_START);
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Khai bao cho CPU noi dét cac doan chuong trinh ngat trong bo nhé. Bang nay dugc
goi la bang diéu khién ngat vecto 1ong nhau NVIC (Nested Vector Interrupt Control).

USARTZ_Interupt_Init(); khoi tao doan chuong trinh ngat USART.
Doan chuong trinh nay khai bao nhu sau:

= GPIOA PA9 la TX va PA10 la RX cua USART.

» Kich hoat USART

= Tbc do truyén 115000 baud

USART nhan mét yéu cau ngit khi nhan duoc mot ky tu. Lénh sau s& kich hoat céc
yéu cau ngat.

__enable_irq(); //(Enable Interrupts)

Leds_Init (); //initializes the LEDs output routine.

Yéu cau ngit USART duogc xt ly bai doan chuong trinh USART1 IRQ Handler bén
dudi.

Poan chuong trinh ndy giri mot 1énh echo cua ky tu di nhan dén thiét bi dau cudi va
phan tich cac ky tu da nhan.

Chi khi nhan duoc chudi ‘hear?’, nd méi thay doi bién rx_ix thanh gia tri RX_OK.

Trong khi 1am nhap nhay dén LED L0, chuong trinh chinh kiém tra bién rx_ix. Khi
RX_OK dugc tim thay, chwong trinh sé gui word ‘Hi’ dén PC.

Chuong trinh x6a bién rx_ix, doi qué trinh truyén két thic va dat lai co hoan tat quéa
trinh truyén dé cho phép nhan mét chuoi khac.

Sau day la doan chuong trinh USART IRQ Handler.

void USART1 IRQHandler (void)//Get from PC

{

unsigned char sc_byte;

sc_byte = USART1->DR;//Take the byte from DATA_ REGISTER
if (sc_byte =="\r")

{

USART1->DR ="\r";//Send carriage return

while((USART1->SR & USART_SR_TXE) == 0);//Wait until Transmit Data
Register Empty

USART1->DR = "\n";//Send new line
}

else

{
USART1->DR = sc_byte;//Send echo to bord

}

switch(rx_ix)
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{

case 0:

if (sc_byte=="h") //Increaserx_ix only if first byte is 'h"
{

rX_ix++;

}

break;

case 1:

if (sc_byte=="e") //Increaserx_ix only if second byte is ‘e’
{/[Else, start to get from case 0

rX_iX++;

}

else rx_ix=0;

break;

case 2:

if (sc_byte=="I") //Increaserx_ix only if next byte is 'I'
{/[Else, start to get from case 0

rX_iX++;

}

else rx_ix=0;

break;

case 3:

if (sc_byte=="I") //Increaserx_ix only if next byte is 'I'
{/[Else, start to get from case 0

rX_iX++;

}

else rx_ix=0;

break;

case 4:

if (sc_byte=="'0")  //Only if next byte is ‘0’

{

rx_ix=RX_OK;//string is ready, the main() is waiting...(RX_OK==99)
}

else rx_ix=0;//Else, start to get from case 0

break;
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}
}

Trinh tw thuc hién:

1. Vao thu vién ARM_Project va nhap dup vao tép ARM_Project.uvprojx. Theo tai
licu nay, duong dan dén tép ARM Project.uvprojx 1a“C:\Courses\3192\S-
ARM_V3\ARM Project”

2. Kiém tra xem main.c c6 dang mé nhu trong man hinh sau day khong:

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
T @9 - o = iE JE /| @ printtorc JRe Q-le oo &-
e e 57 | ARM Project PF3N - L 2l |
Functions L x | ] Mainc
B =] Main.c ~ 850 | }
& adc_delay 0() gs1 L
§ adc_delay_1() ! 852 Delayv()
& Delay () 8530 {
@ delay_ms (unsigned char b e it
S 855 for (i = 1 ; 1 != 0X100000 ; i++):
@ delay_us (volatile uint16_t 856 N
& DMA1_Channell_IRQHanc 857
9 ee_byte_read (void) gsg |
$ ee_byte_send (volatile uns 859 int main (void)
§ ee_delay (void) [) 860 L {
® ee_read (volatile uint16_t e 8€1
@ ee_start (void) 862 ] /*
& ee_stop (void) 863 i I i _1
@ ee_write (uint16_t ee_addr, :Z: "”[_"
& EXN9_5_IRQHandler (void) 866
@ Int_Vector_Init (void) 867
9 keys_delay (void) 868
@ lcd_clean_line (unsigned c 869
@ lcd_command (char d) 870
® lcd_cursor_location (char> 871 o
@ lcd_data (char d) 3_7’2 while (1)
§ led_print_num (unsigned « :7: I temp = ; //Read the switches
@ lcd_write_P (charx, chary, 875 LEDs O o LEDs
® 876 | B
® NVIC_ SetVectorTable (uint 877
@ read_adc (unsigned char c 878
% Read_serial_adc (void) - 879
< > gy
e — 881 [] /*
& pro @i “Fun..‘l[]."-, <

3. Cuodn xudng chuong trinh main() cho dén khi ban nhan dugc man hinh sau:

Hinh 2. 102
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File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

NEE@ 4 B9 0| @@= | B @R ®m M| EE/E G| B pittorc MaR# a-le oo & @
2~ 0| ¥8| arM_project IR AR S OE
Functions n B .1 Mmainc
B [= Main.c ~ 1513 /=
@ adc_delay 0() 1514 | J/FILTEIEITEEEII T IR R E i i TP i i i i i iiiiiiiiiidsiiiiesriiiess
@ adc_delay 10 1515 | // Communication + Leds
@ Delay( ASA6 | //FILTETTITEEEIIT IR R E iR i i i it iiiiiiiiiiissiiiiesrsiiiess
- 1517
@ delay_ms (unsigned char b .
P 1518 NVIC SetVectorTable (NVIC VectTab FLASH, INTERUPT VECTOR START):
“““ @ delay_us (volatile uint16_t 1519 - - - - -
“““ ¢ DMA1_Channell_IRQHanc 1520 USART1_Interupt_Init();
“““ @ ee_byte_read (void) 1521 __enable_irq():; // (Enable Interrupts)
“““ @ ee_byte_send (volatile uns 1522
“““ [ gg_dglay (void) 1523 //USARTliIRQHandlex () send echo to PC and also
“““ @ ee_read (volatile uint16_t e 1524 //Wait until PC send the message 'h', 'e' ,'l1l', '1', ‘o°
“““ @ ee_start (void) 1525 //Get Fhe string bytes in USARTlifRQI-iandl-ex () i
“““ @ ee_stop (void) i:g: //If the message was received, USART1_IRQHandler() set rx ix to RX OK
“““ @ ee_write (uint16_t ee_addr, 1528 Leds Init():
“““ @ EXTI9_5_IRQHandler (void) 1529 -
“““ @ Int_Vector_Init (void) 1530 while (1)
& keys_delay (void) 1531 {
- @ lcd_clean_line (unsigned ¢ 1532 //elink LO until Ext_flag will be 1 by the External Interrupt
- @ led_command (char d) 1533 dly++;
@ lcd_cursor_location (char» 1534 i1f (dly == £00000)
@ lcd_dats (char d) BED {
. - 1536 led LO on:
@ lcd_print_num (unsigned ¢ 1537 N - -
[ Ithwrite__P (charx, chary, 1538 if (dly »>= 1600000)
@ main (void) 1539 {
@& NVIC SetVectorTable (uint 1540 led LO_off:
@ read_adc (unsigned char ¢ 1541 dly=0:
@ Read_serial_adc (void) o 1542 }
- 5 1543
p——-— 1544 //Check if message was received
EPrm QEGDLS {} Fun... [l*Tem. . <

Hinh 2. 103
Phan nay chtra churong trinh Communication + LEDs.

4. Kich hoat chuong trinh bang Céch sua hai ky hiéu gig’yi ha£1 doan chuong trinh thanh
doan ghi chd bang cach thém hai dau gach chéo vao dau moi ky hiéu gigi han va ban
s€ nhan dugc man hinh sau:

Functions 82 [ 7‘_] Main.c*
=[] Main.c - 1512
@ adc_delay 00 28383 | 1/ /*
@ adc_delay 1() LS4 | /7771171077007 0000000000 riiriirriiiiriiriirirriiriririiieiriireiriry
@ Delay() 1515 | // Communication + Leds
© delay_ms (unsigned char t i:ig LITTTTTTETE I I I T T ir i rrriirirriiiriilrririilrilrrirrririz/
¢ delay_us (volatile uint16_t 1s18 NVIC_SetVectorTable (NVIC VectTab FLASH, INTERUPT VECTOR START):
@ DMA1_Channell_IRQHanc 1519 - - = - -
® e byte read (void) 1520 USART1_Interupt_Init():
@ ee_byte_send (volatile uns 1521 _enable_irq():; // (Enable Interrupts)
@ ee_delay (void) 1522
@ ee_read (volatile uint16_t e 1523 //USART1_IRQHandler() send echo to PC and also
@ ee_start (void) 1524 //Wait until PC send the message ‘'h', ‘'e' ,'1', '1', 'O’
° “_sto (void) 1525 //Get the string bytes in USART1_IRQHandler ()
11 Ap S 1526 //If the message was received, USART1 IRQHandler() set rx ix to RX OK
@ ee_write (uint16_t ee_addr, 1527 e - =
@ EXTI9_5_IRQHandler (void) 1528 Leds_Init():
@ Int_Vector_Init (void) 1529
@ keys_delay (void) 1530 while(1l)
@ lcd_clean_line (unsigned ¢ 1531 {
@ lcd_command (char d) 1532 //blink LO until Ext_flag will be 1 by the External Interrupt
@ lcd_cursor_location (char> 1533 dly++; N
@ lcd_data (char d) g T
® lcd_pn.nt_num (unsigned « 153¢ led L0_on:
(Y chfwnte._P (charx, chary, 1537 - }
§ main (void) 1538 if (dly >= 1600000)
@ NVIC_SetVectorTable (uint 1539 {
@ read_adc (unsigned char ¢ 1540 led LO_off;
® Read_serial_adc (void) v 1541 dly=0;
> > 1542 }
1543 |
i) pr o) 06-3{" {} Fun... I(l..?cv-v <
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5. Quan sat va phan tich chuong trinh.
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6. Kich hoat EITPS-3192.
7. Luu va bién dich (sira 13i néu c6 va bién dich lai).
Nhan RST trudc khi tai xudng, sau dé tai xudng va chay chuong trinh.

8. Dé giao tiép vai PC, ching ta phai chuyén PC thanh mot thiét bi dau cudi. Thiét b
dau cuoi truyen m@ ASCII cua bat ky phim nao dugc nhan va hién thi cac ky tu nhan
duoc.

Nhip vao nGt Open Terminal trong phan mém S-ARM V3 va ban s& nhan

duoc man hinh sau.

 Terminal

[

Hinh 2. 105
9. Nhap vao man hinh thiét bi dau cudi dé xem con tro nhap nhay.
10. Nhap vao phim ‘a'.

Hai chix céi 'a’' s& xuat hién trén man hinh. Mot 12 tir ban phim dau cudi va mot 1a echo
duoc gui boi doan chuong trinh IRQ Handler.

11. Bam vao céc chit cai hello.

Ngay sau dau '?", thdng bao "Hi" s& xuat hién trén man hinh.

12. Thir gb cac chir cai khac nhau.

13. Nhan RST dé ding chuong trinh dang chay.

14. Thay ddi doan chuong trinh IRQ Handler dé tranh sending va echo.

15. Luu va bién dich (néu c6 sai sot thi sira 15i va bién dich lai).

Truéc khi tai xudng, hdy nhan RST, sau d6 tai xudng va chay chuong trinh.
16. Kiém tra chuong trinh dang chay.

17. Nhan RST dé ding chuong trinh dang chay.

18. Kich hoat c4c dau '/* */' bang cach x06a hai dau gach chéo ¢ dau mdi dong.
Chuong trinh chuyén sang mau xanh luc.
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Lién hé ho tro ky thuat:
CTCP DI]}:N TU CHUYEN DUNG HANEL
bia chi: Tang 11 toa nha Diamond Flower, s6 48 Lé Van Luong, Thanh Xuéan, Ha Noi

Hotline: 0942195862




