Cortex MO Assembly Programming

SUMMARY

1. Consider you have a simple Cortex MO based Micro-controller with the following memory
map
a. Internal SRAM — 1 KB — Starting Address 0x0000 0000
b. ALED Peripheral — One word — Address 0x5000 0000
2. We will write assembly program to toggle the LEDs and simulate the program
3. We will analyze the resulting binary file and the disassembly file

4. Inthe Next Section we will see how to design AHB-Lite Compliant LED Peripheral

INSTALL KEIL MDK

1. Install KEIL MDK. You can download the software suite from
http://www.keil.com/arm/mdk.asp

2. Install ARM Cortex M Profile Device Pack: KEIL ARMCORTEX:DFP as shown below,

Pack Installer

File Packs Window Help
Q| Device: ARM - ARM Cortex Mo

4] Packs | Examples | 4|~ Devices | Boards |

| Pack Action Description Search:
# ARMECMSIS <& Install Cortex Microcontroller Software Interface Standard (CMSIS) CORE, DSP, RTOS, Driver o S
Keil:ARMCortex DFP & Install | ARM Cortex-M Profile Device Support Template = 9 ARM 10 Devices
#Keil:MDK-Middleware <_Instal LKeil MDK-ARM Professional Middleware for ARM Cortex-M based devices %% ARM CMSDK devices 4 Devices
IwlPswIP & Instal WP is a light-weight i ion of the TCP/IP protocol suite 3R ARM Cortex M0 1 Device
WOIfSSL::CyaSsL & Install ght weight SSL/TLS and Crypt Library for Embedded Systems 45 ARM Cortex MO plus 1 Device
4 ARM Cortex M3 1 Device
4% ARM Cortex M4 1 Device
5 ARM SC000 1 Device
@4 ARM SC300 1 Device
- @ Atmel 118 Devices
- @ Energy Micro 238 Devices
# ¢ Freescale 146 Devices
- @ Infineon 81 Devices
¢ NXP 238 Devices
- @ SONIX 40 Devices
- @ Spansion 283 Devices
# ¢ STMicroelectronics 342 Devices

- @ Texas Instruments 340 Devices
[ @ Toshiba 8 Devices
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3. If you have already installed KEIL MDK-ARM without any packs, you can install the same by
clicking pack installer as shown below,

KA wvision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

gﬁﬁdﬂ| a9 o | ™ m M M| EE JE /| @ sysTick Config [[] 3 | ¢
T ERIEERTT

Project 1} @ Pakinstall
Instal update Software Packs that
contain Sgftware Components

4. Install the license key provided. Steps to install are given in KEIL MDK License Installation
Guide.

CREATE A NEW PROJECT

1. Create a new project
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Buwson ¢ w7 TR TR TR ——t—

File Edit View | Project | Flash Debug Peripherals Tools SVCS Window Help

m\ New pVision Project... Y ot
7” New Multi-Project Workspace...

Open Project...

Save Project in pVisiond format

Close Project

Export

Manage

Select Device for Target...
Remove Item
.\ Options... Alt=F7

Clean targets

|:% Build target F7
|% Rebuild all target files

{2 Batch Build...

2 Translate... Ctrl+F7
{3 stop build

2. Give the project name as “lab”

3. Inselect Device Target, choose ARM > Cortex MO

Select Device for Target Ta
cru |
Vendor: ARM

Device: ARMCMO
Toolset: ARM

Search: I Description:

=@ ARM The Cortex™-M0 processor is an entrydevel 32-bit ARM Cortex processc »
g Vfg ARM Cortex M0 |f:cr:| 3 ctj)inu;:d range of embedded applications. It offers significant b
o * simple, easy-to-use programmers mode
"fg ARM Cortex MO plus : mﬂ ;ﬁ%ﬁx i

%% ARM Cortex M3 * deterministic, high-performance intemupt handling
vtg ARM Cortex M4 *» upward compatibility with the rest of the Cortex-M processor fam
+ ortex
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4. Skip the next step “Manage Run Tim environment” by clicking cancel.

5. Add file cmOdsasm.s into the project,

C:\Users\karshi01\Desktop\Workshop\USB\Full Material - V2\P2\Lab0\Software\Lal
File Edit View Project Flash Debug Peripherals Tools SVCS Window

ﬁﬁaﬂﬁlpﬂﬁl G| ™ BN R|ESE
‘ i et w8 EFESE N

| Target1

=53 Target1

,{\ Options for Group 'Source Group 1'...

Add New Item to Group ‘Source Group 1'...

| Add Existing Files to Group "Source Group 1'...
/ Add Group...
) Remove Group ‘Source Group 1" and its Files
ﬁ Manage Project Items...

Open File
Open List File
Open Map File
Open Build Log

/| Rebuild all target files
Build target F7

Translate File

£ stop build

Show Include File Dependencies

6. Choose “ARM Source Files” in the drop down “File Types” and then select cnOdsasm.s
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"RA Add Files to Group *Source Group 1
Lookin: | J, Software ~| « B e B

Name

Date modified Type

13/04/2014 11:12 CFile
13/04/2014 11:02 CFile

L] main.c
| retarget.c

<

File name: I

C Source file (".c)

C Source file (*.c
Asm Source file (*s™ *src: *a

Image file (*.%)
Al files (*.

7. Once you select the file, click “Add” and then click “Close”

8. The will be added into “Source Groupl” under “Target1”

9. Right click on Targetl in project navigator and click “Options for Targetl”
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KA CiUsers\karshi01\Desktop\Workshop\USB\Full Material - V2\P2\Lab0\Software\Lab0.uvproj - pVision
File Edit View Project Flash Debug Peripherals Tools SVCS Window Help

‘Neda| s @ | | ® om o] == | @ sysTik Config
OB e | B rergens IRy
Project L [#] cmodsasm.s
B-&3 | &N Options for Target Target1'... Alt+F7 lduie4: A Simple SoC Application
H logle LEDs at a given frequency.
Add New Item to Group...
Add Existing Files to Group...
Add Group...
Remove Item ctor Table Mapped to Address 0 at
é Manage Project Items...
PRESERVES
Open File THUMB

Open List File
ARER RESET,

UnesiMap/File EXPORT _ Vect
Open Build Log
ctors DCD 0x0000
] Rebuild all target files DCD Reset_
DCD
DCD
Translate File DCD

{3 Stop build DCD
- DCD
| V| show Include File Dependencies DCD
7y DCD

25 DCD

26 DCD

27 DCD

28 DCD

[=}

Build target F7

00000

00000

10. This opens up the configuration window for your project
CHANGING THE CONFIGURATION OPTIONS

1. Goto the linker tab and delete the R/W Base entry.

—— —
Options for Target ‘Target1' / |

Device | Target | Output | Listing | User | C/C++| Asm  Linker I Debug | Utilties |
j’ Use Memory Layout from Target Dialog

[~ Make RW Sections Position Independent R/O Base: |()(00000000
Make RO Sections Position Ind dent
[~ Make ions Position Indepen RAW Base I—

|~ Dont Search Standard Libraries $

¥ Report ‘might fail' Conditions as Emors \
N

e o e |

disable Wamings: I

Misc
controls

Linker |-cpu Cortex-M0 *.0 —ro-base (x00000000 —entry (x00000000 —entry Reset_Handler first _ Vectors - »
control  |-info sizes -info totals -info unused -info veneers
string -

Cancel |  Defauts | Help

Configuration in Linker Tab
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2. Go to the debug tab and change the choice to “USE SIMULATOR”

-
Options for Target Target 1' g
Device | Target | Output | Listing | User | C/C++| Asm | Linker Debug IUtiIitiesI
@ ise Si Settings I " Use: |ULINK2/ME Cortex Debugger v| Settings |
ﬁ ™ Limit Speed to Real-Time
Y
[V Load Application at Startup [V Run to main() [V Load Application at Startup [V Run to main()
Inttizlization File: Inttizlization File:
| _| Edi.. | | _| Edi.. |
Restore Debug Session Settings Restore Debug Session Settings
[V Breakpoints [V Toolbox [V Breakpoints [V Toolbox
[V Watch Windows & Performance Analyzer [V Watch Windows
[V Memory Display [V System Viewer [V Memory Display [V System Viewer
CPU DLL: Parameter: Driver DLL: Parameter:
|SARMCM3.DLL | |SARMCM3.DLL |
Dialog DLL: Parameter: Dialog DLL: Parameter:
|DARMCM1.DLL |1:CM0 |TARMCM1.DLL |¢cmo
[ ok | Cacel | Defauts | Help

3. Go to USER tab and place these fromelf commands in “RUN THESE COMMANDS AFTER
BUILD” section.

a. fromelf -cvf lab.axf --vhx --32x1 -o lab.hex

b. fromelf -cvf lab.axf -o disasm.txt

More information about fromelf utility can be found here:
http://www.keil.com/support/man/docs/armutil/armutil_caccdhia.htm
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-
LA Options for Target 'Target 1' g

Devicel Targetl Outputl Listing User lC/C-H] Asm I Linkerl Debugl Utilitiesl

— Run User Programs Before Compilation of a C/C++ File
™ Run#: | || posis
Stop Build/Rebuild #1 on Exit Code: | Not Specfied  +|
[~ Run#2: I l._I L
Stop Build/Rebuild #2 on Exit Code: | Not Specfied  +|
—Run User Programs Before Build/Rebuild
™ Run#: | || posie
™ Run #2: I l._I L
— Run User Programs After Build/Rebuild
¥ Run #1: Ifromelf cvf lab.axd —vhx -32¢1 -0 lab hex \ |:I [~ DOS16
,ﬂ ¥ Run #2: Ifromelf -cvf lab.axf -0 disasm b El ™ DOS16
/ ¥ Beep When Complete ™ Start Debugging

‘~.
[ ok || cancel || Defauts | E S~

BUILD THE PROJECT

1. Build Target (Project 2 Build Target)

2. Analyze disasm.txt and lab.hex file generated in your project directory and compare with
the source file cmOdsasm.s
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& disasm.txt (~\Desktop\Workshop\USB\Full Material - V2\P6\Software) - GVIM1 . =lE] = ]

File Edit Tools Syntax Buffers Window Help |
AERE | iaBBRRISESA|TEQ[?2 2 [T codehex (-\D..Software) - GVIM (e o e ]
“Eﬁgltws File Edit Tools Syntax Buffers Window Help
fc  .... DbCD 1020 AEDE 9@ LB B
o : o 1 b o 00000060 g
: T e e 00000000 |
- DI o 00000000
ox 18: eee. DCD B 09060088
ox 1c: eee. DCD B 00060088
b 8 50000000
_': DD 00000000
o poedi 50000000 |
x o e o 86000000 3
" e o 86000000
bre 50000000
ben 8 50000000
: e e 50000000
x : T b e 80000000
o : R 86000000
: brea 50000000
o D o e 00000000
o o T b e 86000000
ox 58 eee. DCD B 00060088
o e e 50000008
c: ben 8 50000000
u: 0 oep o 80866088
o o T e e 86000000
o : T b o 86000000
oo R 00000000
’ 50000000
u: eee. DCD B
thei e e 50000000
x thei T b e 148074966
st 148076068
et DAFDAE4D
48064903
Reset_Handler 48646068 i
0x00000080: 4906 .1 LDR r1,[pc,#24] ; [0x9c] = 0x50000000 111 as%
0x00000082: 4807 H LDR r0,[pc,#28] ; [0xab] = Ox55 .
0x00000084: 6008 B STR ¥8,[r1,40]
0x00000086: 4807 H LDR r8,[pc,#28] ; [6xah] = OX2EFFEF
0x00000088:  1e4d @. SUBS r0,r8,#1
0x0000008a:  d1fd .. BNE 6x88 ; Reset_Handler + 8
0x0000008c: 4903 1 LDR ¥1,[pc,#12] ; [0x9c] = 0x50000000
0x00000068e : 48686 -H LDR r8,[pc,#24] ; [Bxa8] = Bxaa
0x00000090: 6008 a STR ¥8,[r1,40]
0x00000092: 4864 H LDR r8,[pc,#16] ; [6xah] = Ox2FFFFF -
78.51 27%

USING THE SIMULATOR

=

After you have compiled go to Debug —> Start/Stop Debug Session
2. lIgnore the warning message

3. Note that PCis already pointing to the Reset_Handler (This matches the entry point flag set
during compilation)

4. Goto Debug - Memory Map and add the LED peripheral Memory information. Note the
region should be Read and Write.
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KA C\Users\karshi01\Desktop\Workshop\USB\Full Material - V2\P2\Lab0\Software\Lab0.uvproj - |
File Edit View Project Flash Peripherals Tools SVCS Window Help

NS @ » o @&| @ starstop Debug session anFs g g
B O ® B0 0| 8 Resetcr F@
Registers Run ES
Register l Value @ Stop LER
(=] r r
=l Core ?} Step F11
RO (x00000000
R1 (00000000 | O Step Over F10 xo,
R2 00000000 | {} sStep Out Ctrl=F11
R3 (x00000000 . 3
R4 3<00000000 *{} Runto CursorLine Ctrl+F10
R5 (<00000000 5> Show Next Statement ‘_D
Ré (00000000
R7 (<00000000 Breakpoints... Ctrl+=B
£ | .te
R8 (x00000000 | @ Insert/Remove Breakpoint F9 |
RS (00000000 . )
R10 00000000 Enable/Disable Breakpoint Ctrl=F9 ;EAL .
R11 x00000000 | (5 Disable All Breakpoints oy €
R12 (00000000 | & il All Breakpoints Ctrl=Shift=F9
(x00D003FC 1 _
<FFFFFFFF 0S Support 49 -
(x00000080 '
. - 5 -
0x01000000 Execution Profiling R R
* Banked
- System | Memory Map... I
= Intemal Inline Assembly... ~
R R
Mode Thread Function Editor (Open Ini File)™ =5 R
Stack MSP b 100 B
States 0 Debug Settings... . B
Ses SRS 68 LDR\\
69 LDR R
70 STR R
Memory Map g
Cumrent Mapped
000: (00000000 - (x0007FFFF exec read -

001: (x20000000 - (x2001FFFF read write
002: (xEQOOEQQD - (xEQOOEFFF read write

Kill Selected Range
— Map Range - Example: (x40000000, Cx4000FFFF
|msooooooo. (50000100

[V Read

Map Range | \

\.
Close I Help |
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5. View the contents of at 0xX5000_0000 in Memoryl Window.

B CAUserskarshi0i\Desktop Workshop\USBIFull Material - VAP\Lab0\SoftwarellabOuvproj - pision | R T e Sl

File Edit View Project Flash Debug Peripherals Tools SVCS Window Help
NEadd + oa| | & n JE 1| 3 syt Conti EEY
T EIRE RS BED W3- E-| R

Registers L Disassembly L=
Regeter TVae | 58: AGAIN LDR R1, =0x50000000 ;Write to LED with value 0x55 =
T Core 49206 LDR r1, [pc,$24] ; €0x0000009C
o 500000000 59: LDR RO, =0x55 ‘
a1 500000000 0x00000082 4807 LDR 0, [pc,$28]  ; GOX000000A0 g
R 500000000 o 0 STR RO, [R1] .
R3 (0x00000000
«cmo0dsasm.s v x
50 DCD 0 -
51
52 AREA |.text|, CODE, READONLY
53  ;Reset Handler
54 Reset_Handler PROC
55 GLOBAL Reset_Handler
56 ENTRY
RIS (SE) R CD0000SFC :; AGAIN LDR 0x50000000 su LED lue 0x55
B e e os %50000000 sWrite to with value 0xS
R15(PC) 00000080 €0 STR
R PSR 001000000 o
- Banked 62
¥ System
- Inemal e
e 64 LDR ;Delay
65 Loop sUBS o,
Stack
6 BNE Loop
States -
See 000000000 68 LDR sWrite to LED with value OxAA
& LDR £
70 STR RO, 3
71
72 LDR ;Delay
73 Loopl SUBS  F
74 BNE Loopl
75
76 B AGAIN 48
[Eproject | ERegisters < [ - i > _an| >

Command 2 Memory 1
#** Restricted Version with 32768 Byte Code Size Limit B ’—P
*#* Currently used: 172 Bytes (0%) [ Aadres: 60000000

~ |0x50000000: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
< I | » 1C: 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00
: 00 00 0 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00 00

>
ASSIGN BreakDisable BreakEnable BreakKill BreakList BreakSet BreakAccess COVERAGE DEFINE DIR

Simulation

6. Execute the image using Single Step and watch the memory contents change

7. Close the simulation using Debug = Close simuation
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