Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017

Lab 1 - Introduction (Continued) to TI Code Composer Studio v7 IDE
and

TI TMS320F28027 Piccolo Microcontroller

NOTE: THIS DOC IS WRITTEN ASSUMING A LAUNCHPAD IS BEING USED; IF YOU HAVE
ANOTHER PLATFORM, THERE SHOULD BE ONLY MINOR DIFFERENCES TO WATCH OUT FOR

NOTE: SOME OF THE PICS IN THIS DOC WERE TAKEN WITH CCS VERSION 5;
VERSION 7 SHOULD BE SIMILAR

In this lab you will learn how to:

e Add existing files to your new Project, including TI’s header files

e Add an existing main program that flashes an LED on the LaunchPad

e Observe the hierarchical structure of the Peripheral information for the CPU Timers and
GPIO pins in their associated header files

e Observe and modify variables in the Variables window

e Observe the hierarchical structure of the Peripheral information for the CPU Timers and
GPIO pins in the Registers window

e Observe the” look-ahead” context feature when entering a Peripheral in the C code

e Modify the main code to configure an additional GPIO pin as an output (not GPIO0) and
use this line to indicate on a scope the utilization of a simple FIR dot product that you
shall add to the C code

See last page for details on what to submit.
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Introduction (Continued) to CCS and Piccolo

Open CCS and create a new empty CCS project called “ELEX7820-Lab1” in the workspace and configure it
appropriately for the Piccolo target. The project should be configured for Debug (not Release) and set

as Active.

Add Existing Files (from D2L) to New Project (right-click name of project to access menu)

Create a New Project

ELEX 7820 Lab 1 —27Sep2017

File iew  Mwigate Project Run Scripts  Window  Help
i LR R B % CCS Debug [0
P plorw B % 7 =
4 e FLEKTE20-Lab1 TBrshum . Diatuan] 1
Copy CirsC
Delete Delete
Source »
Rename_. (7]
iz Import...
i Esport.
Show Build Setings...
Build Project
| Clean Project
Rebuld Project
Refresh Fs
Close Praject
Build Configurations .
Make Targets "
Index *
At Files... % o =
L ' Insoles to display ot this time. )
Team »
Compare With . |
Restoee freem Local History... |
Refactor » |
Source »
Source ¥
Mo | propte Ate Erter
' ™
¥+ Add files to ELEX7820-labl . [
@GD-| | <« ELEX » 7820 » Labs » Labl » Project Files ~ [ 42| [ search Project Files )
Organize « MNew folder =~ 0 @
L COomP n MName Date modified Type Size I~
L CTMX
cTuM | 1] DSP2802x Adc.h 1/4/201110:34 AM  C/C++ Header 17KB|
. DELX | [n] DSP2802x_BootVars.h 1/4/201110:34 AM  C/C++ Header 2KB|
. DEMX | (0] DSP2802x_Comp.h 1/4/201110:34 AM  C/C++ Header 3KB|
. | (0] DSP2802x_CpuTimers.h 1/4/201110:34 AM  C/C++ Header 6KB| |=
. Document Prep =
— 1 |[n] DSP2802x_DevErnu.h 1/4/201110:34 AM  C/C++ Header 3KB|
. DSON | (0] DSP2802x_Device.h 1/4/201110:34 AM  C/C++ Header 9KB|
. EAsA | (0] DSP2802x_ECap.h 1/4/201110:34 AM  C/C++ Header 6 KB|
. £cHO | (0] DSP2802x_EPwm.h 1/4/201110:34 AM  C/C++ Header 2BKB|
. ECON | | D5P2802x_GlobalVariableDefs.c 1/4/201110:34 AM  CFile 8KB|
. EENG | (0] DSP2802%_Gpio.h 1/4/201110:34 AM  C/C++ Header 12 KB|
= = |[€] D5P2802%_Headers_nonBIOS.cmd 1/4/201110:34 AM  Windows Comma... 6KB|
- LIS | (0] DSP2802x I2ch 1/4/201110:34 AM  C/C++ Header 8KB|
S - | [n] DSP2802%_Nrmilntrupt.h 1/4/201110:34 AM  C/C++ Header 4KB| -
File name: "ELEX7820-Labl-main.c” "DSP2802«_Adc.h" "DSP2802x_BootVars.h” + [*.* v]
i Open |v] ’ Cancel ]
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Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017

«+ File Operation ﬁ

Select how files should be imported into the project:

(70 Link to files

Create link locations relative to: | PROJECT _LOC

Confiqure Drag and Drop Settings...

@:J oK l [ Cancel

&5 CCs Edit - Code Composer Sidiol) e ¥ - A ! - Toc] [ [t |
Eile Edit View Navigate Project Run Scripts Window Help

ti - K- it~ if- i@ G [ ¥ CCSDebug (17

[ Project Explorer £3 B% =08 =8

3

4 (= ELEX7820-Labl [Active - Debug]
4 [l Includes
+ [ Citifcesvs/tools/compiler/c2000_6.1 0/include

4 (= targetConfigs

%) controlSTICK - Piccolo F28027.caxml [Active]

[2] readmetxt
.+ [ 28027_RAM_Ink.cmd
- [n DSP2802x_Adc.h
> [h DSP2802x BootVars.h
. [ DSP2802x_Comp.h
- [n DSP2802x_CpuTimers.h
> [n DSP2802x DevEmuh
> [h DSP2802x Device.h
> [0 DSP2802x_ECap.h
> [h DSP2802x EPwm.h
. [¢] DSP2802x_GlobalVariableDefs.c
» [0 DSP2802x_Gpioh
> | # DSP2802x_Headers_nonBlOS.cmd
- [h DSP2802x I2ch
- [n DSP2802x_Nmilntrupth
> [n DSP2802x_PieCtrlh
- [h DSP2802x_PieVecth
» [0 DSP2802x_Scih
- [ DSP2802x_Spih
. [ DSP2802x_SysCtrl.h
- [n DSP2802x_XIntrupt.h

= - 4 - =
- (€] ELEX7820-Labl-Devinit.c & Console &2 i =]
+ [& ELEX7820-Labl-main.c No consoles to display at this time.
e . w
Licensed : 72 L & ELEX7820-Labl

These files comprise all the files needed to develop a program on the c2000 target (with the exception
that there is no RTOS yet). For example, there is a main program file and many of the .h files contain
structures to support use of the c2000’s peripherals.
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Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017

Build (i.e., Compile & Link) Project (right-click name of project to access menu)

(o W N
& CCS Edit - Code Composer Clido N e . g . Y1 —— [T
File Edit View Navigate Project Run Scripts Window Help
- Reitsr igr @i oy [ % CCSDebug (17
[ Project Explorer £ | B&~ =0 =5
4 [ ELEX7820-Labl [Active - Dehual 1|
4 ) Includes New r
b (= Ci/tifeesvS/tools/
4 (= targetConfigs oy St
2| controlSTICK - Pic; Paste Carl+V
readme. bt 3 Delete Delete
& | 28027_RAM_Ink.cmd Source b
& (K DSP2802x Adch —
& [h DSP2802x_BootVarsh
1 [8 DSP2802¢_Comp.h Hrmuee =
o [ DSP2802 CpuTimers, o Joor..
b B DSP2802 DevEmuh | — .
b (B DSP2802¢ Deviceh | BPort-
i 5] DSP2802x ECap.h Show Build Settings...
i [H DSP2802x_EPwm.h Build Project
& [£ DSP2802x_GlobalVarial 6
& [H DSP2802x Gpioh Clean Project
© [j# DSP2B02x_Headers_no Rebuild Project
1> [0 DSP2802xI2c.h 27 Refresh F5
& [h DSP2802x_Nmilntrupt, Tl
i+ [H DSP2802x_PieCtrlh
1> [n) DSP2802x_Pievecth Build Configurations 3
i 8] DSP2802x Scih Make Targets v
1+ [H DSP2802x_Spih e .
1> [h) DSP2802x SysCtrl.h
> [h DSP2802x XIntrupth | Add Files... S E-5--0
i [€ ELEX7820-Labl-Devni s , i 2|
1> [€) ELEX7820-Labl-main. play at this time.
Team 3
Compare With »
Restore from Local History...
Refactor 3
Source 3
Source 3
o* Licensed : 73 [
Properties Alt+Enter
y
— = 5
R (Lo Edit s Code Composer sudio ™ i e - WY o - [N
File Edit View MNavigate Project Run Scripts Window Help
157 R-it- - i@ivo-D- I #5 CCsDebug "
[ Project Explorer £ | E&~=0 =8
4 [i ELEX7820-Labl [Active - Debug]
b 3 Binaries
> [ Includes
b (= Debug
& (= targetConfigs
& [ 28027_RAM_Ink.cmd
¢ [h DSP2802x Adch
& [H DSP2802x_BootVarsh |
1> [n) DSP2802x_Comp.h
¢ [h DSP2802x_CpuTimersh
. [H DSP2802x_DevEmuh
1> [n) DSP2802x_Device.h
¢ [h DSP2802x ECap.h
i [H DSP2802x_EPwm.h
¢ [€) DSP2802%_GlobalVariableDefs.c
¢ [h DSP2802x Gpioh
i [z DSP2B02x_Headers_nonBIOS.cmd
1> [n) DSP2802x L2c.h
¢ [h DSP2802x Nmilntrupt.h
i+ [H DSP2802x_PieCtrlh
1> [n) DSP2802x_Pievecth
& (K DSP2802x Sci.h
1+ [H DSP2802x_Spih
1> [h) DSP2802x SysCtrl.h
& [H DSP2802x Xintrupt.h
i [€ ELEX7820-Labl-Devlnit.c = =
b [§ ELEXT820-Labl-main.c B Console 52 LB BRI #E-5-78
CDT Build Console [ELEX7820-Labl]
. /ELEX7828-Labl-DevInit.obj . /D5P2882x_GlobalVariableDets.obj™ -1"Iibc.a .. /28827 _RAM_Ink.cmd -
"../D5P2802x_Headers_nonBIOS, cmd
<Linking>
'Finished building targdt: ELEX782@-Llabl.out’
#+++ Build Finished **+* @
0* Licensed : 73 [ = ELEX7820-Labl
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Introduction (Continued) to CCS

and Piccolo

ELEX 7820 Lab 1 —27Sep2017

Look at main.c file (double-click on file name)

%% C{C++ - ELEX7820-Lab1-main.c - Code Composer Studio (Licensed)
File Edit Wiew MNavigate Project Target Tooks Scripts  Window Help
RE®- %0 & -Gl o B B |
B2 Cfc++ Projects 23 = 0O [g] ELE¥7820-Lab1-main.c 23} =0
AR 1 // Fileneme: ELEX 7820-Lebl-main.c (]
=[5 FLEX7820-Lab1 [Active - Debug] 2
© Bnaries 3 // Description: This progrem blinks LED3 (GPIO34) on the Piccolo ControlStick
Y fnchudes 4 47 at a rate determined by Cpu Timer O and the varisble LED_Prd.
= Debug s
8] DSP2E02_Ade.h 6 /f Version: 1.0
[h Dspza0zx_Rootvars.h A
R DSP230s_Comp b g // Target: THS320FZE0E7
[R) DsPzanzx_cpuTimers.h a4 )
[ DSP2E0E_DevEmuh i0 ¢/ Author: David Romalo
[R) DsP2a0Zx_Device h 1L ) ) |
[ DsPzs0ex_ecaph 12 f/include files: 5
[ DsPz802x_EPWm.h 13 #include "DSP2S02x_Device.h"
[K DSPzaD2x_Gpio.h 1
A DsPzEnzs L2k 15 //'?unc:tum protuty[?es:
@ DSP28023_Hmilntrupt.h 16 woid Devicelnit(voeid);
[R) DsPza0zx_Piectlh 17 )
@ DSP2802%_Pievect.h 18 //declare global variables:
[R) DsPza02x_scih 12 )
i) DSPzamz_spih 20 /f'r-maln n?nds ?t.a[t.s here:
[H DSPZBOZX_SysCrrl.h 215void wain(veid)
[K DSPzEO2x_XIntrupt.h 22 ¢ —
@ DSPza02x_GlobalvariableDefs.c 23 /faeclare main varisbles:
(€] ELEX7620-Labl-DevInit.c 24 intl6  LED_Prd:
.¢] ELEX7820-Labl-main.c 25 intl6  LED_Prd ctr;
| g 28027_RAM_Ink,cmd e )
[ /# DSP2802x_Headers_nonBIOS. crnd 27 //inivializacion:
8] xds100-F28027.coxml [ActiveiDefault] gg DevicelInit(): //initialize processor
30 CpuTimerORegs.PRD.all = mSecl:
31
3z LED_Prd = 500; //blink once every sec
33 LED_Prd_ctr = 0;
34

| [

:" [ELER7820-Lab1 [ELEX7E20-Lab1-main.c

n (7 ELEX7&20-Labl ﬂ CJLab1

Look at DSP2802x_Device.h file

.

LMD = 10:46 am

I (= targetConfigs

» [ 28027 RAM_Ink.cmd

» [H DSP2802 Adch

» [F DSP2802x_BootVarsh

» [H DSP2802¢ Comph
>[5 DSP2802x CpuTimersh
o [H DSP2202x DevEmu.h

» [F] DSP2802x Device.h

» [H DSP2802x ECaph

» [f] DSP2202x EPwm.h

» [€] DSP2802¢ GlobalVariableDefs.c
» [H DSP2802« Gpioh

» [# DSP2802x_Headers_nonBIOS.cmd
» [H DSP2802¢ R2ch

» [H DSP2802x Nmmilntrupth
» [f] DSP2802x_PieCtrlh

» [F DSP2802¢ PieVecth

» [H DSP2802« Scih

» [f] DSP2802x_Spih

o [F DSP2802¢ SysCtrlh

» [H DSP2802x Mntrupth

» [€] ELEX7820-Lab -Devlnit.c
o [€] ELEX7820-Labl-main.c

DSP28_DATA_TYPES

192 #define DSP28_DATA_TYPES

103 typedef int intls;
104 typedef long int32;
105 typedef unsigned int  Uint1é;
196 typedef unsigned long Uint32;
107 typedef float float32;
105 typedef long double float64;

199 #endif

112 // Include ALl Peripheral Header
113 //

114

115 #include "DSP2882x_Adc.h”

116 #include "DSP2882x_BootVars.h"
117 #include "DSP28@2x_DevEmu.h”
118 #include "DSP2802x_Comp.h"

119 #include "DSP2882x_CpuTimers.h”
120 #include "DSP28@2x ECap.h"”

121 #include "DSP2802x_EPwm.h"

122 #include "DSP2882x_Gpio.h"

123 #include "DSP28B2x_T2c.h”

124 #include "DSP28@2x_Nmilntrupt.h”
125 #include "DSP2882x_PieCtrl.h”
126 #include "DSP2882x_PieVect.h”
127 #include "DSP2802x_Spi.h"

128 #include "DSP2802x_Sci.h”

129 #include "DSP2882x_SysCtrl.h”
132 #include "DSP2882x_XIntrupt.h”
131

133 #define DSP23_COMPL

134 #define DSP28_COMP2 1

135 #define DSP28_EPWML 1

136 #define DSP28_EPWMZ 1
<

r e iod N
' CCS Edit - ELEX7820-Lab1/DSP2802x_Device.h - Code Composer Studio S waH — - o] 5 o]
File Edit View Navigate Project Run Scripts Window Help
g~ K~ B o~ ¥5 (5 v v B %, CCSDebug [
[ Project Explorer 2 & v =08 ELEX7820-Labl-main.c DSP2802x Deviceh i1 =8
ject Expl =
4 % ELEX7820-Labl [Active - Debug] 97 // For Portability, User Is Recommended To Use Following Data Type Size &
o 4% Binaries 98 // Definitions For 16-bit and 32-Bit Signed/Unsigned Integers:
b @) Includes 135 4
» & Debug 161 #ifndef

ADC Regist
Boot ROM Variables

Device Emulation Registers
Comparator Registers
32-bit CPU Timers

Enhanced Capture

Enhanced Pl
General Purpose I/0 Register:
12C Regi
Interrupt Regi
Control Register
E Vector Table

sc1
System Control/Power Modes
External Interrupts

132 #if (DSP28_28820PT| |DSP28_28021PT||DSP28_28@22PT| |DSP28_28023PT| |DSP28_28@26PT| |DSP28_28027PT)

i

Licensed : 73 [

‘Writable

Senart Insert 29:
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Introduction (Continued) to CCS and Piccolo

ELEX 7820 Lab 1 —27Sep2017

Look at DSP2802x_Headers_nonBIOS.cmd file

«» CCS Edit - ELEX7820-Lab1/DSP2802x_Headers_nanBIOS.cmd - Code Composer Studio

ﬂ@é"

File Edit View MNavigate

& -

[ Project Explorer £2

o5

4 5 ELEX7820-labl [Active
> % Binaries
b [l Includes
> (= Debug
> (= targetConfigs
b Lg 28027_RAM_Ink.cmd
> [ DSP2802v_Adch
> R DSP2802x BootVars.h
» [n DSP2802x_Comp.h
> [h DSP2802x_CpuTimers.h
> [R DSP2802x DevEmu.h
> [ DSP2802x Device.h
> [ DSP2802y_ECap.h
> [R DSP2802x EPwm.h
> [ DSP2802x_GlobalVariableDefs.c
- [h DSP2802x_Gpioh
> |4 DSP2802x Headers_nonBIOS.cmd
> [h DSP2802x L2c.h
> [n DSP2802x_Nmilntrupt.h
> [R DSP2802x PieCtrlLh
> [ DSP2B02x PieVect.h
» [ DSP2802x_Scih
> [R DSP2802x Spi.h
> [ DSP2B02x SysCtrl.h
> [0 DSP2802x_Xintrupt.h
> [ ELEX7820-Labl-Devinit.c
> [ ELEX7820-Labl-main.c

Project Run

f<

=i P

- Debug]

Licensed : 73

Scripts

Window Help
o,

E % ¥ T O| [ ELEX7820-Labl-main.c

B b B W WL W W W W W W R
UnFrFoooYonslmne 0o

Gk

&
@

-
@S

s
o

=

w
=

Wi
ook W

56
57
58
59
61
62
63

653
66

[ %3 CCSDebug [~

[B DSP2802x Device.h |z D5P2802x Headers_nonBIOS.cmd 73 =08

MEMORY -
t , ,
PAGE @: /* Program Memory */
PAGE 1: /* Data Memory */

DEV_EMU : origin = @x@00388, length = BxBB@185 /* device emulation registers *

SYS_PWR_CTL : origin = @x@e@935, length = @xeeees3 /* System power control registers */
FLASH_REGS : origin = @x@@@Asa, length = BxBeEE6E / LASH registers */
csM : origin = @x@eAE®, length = @xoooele / ¢y module registers */
|

ADC_RESULT : origin = @x@@@B2E, length = Ox222828 /* ADC Results register */

CPU_TIMER@ : origin = @x@@8(ea, length = BxBABEE3 /* €PU Timer® registers */ =

CPU_TIMERL : origin = exeeaC8s, length = @xooeee3 /* CPU Timer® registers (CPU Timerl & Timer2 reserve

CPU_TIMER2 : origin = @x@eecle, length - BxPeEEE3 /* CPU Timer@ registers (CPU Timerl & Timer2 reserve|

PIE_CTRL : origin = @x@eeCEe, length = @x@oee28 /* PIE control registers */

PIE_VECT : origin = @x@eeDed, length = BxBeE168 /* PIE Vector Table *

coMP1 : origin = @x886488, length - BxPEEE28 /* Comparator 1 registers */

coMP2 : origin = @xB06428, length = Bx9B8E20 /* Comparator 2 registers */

EPWM1 : origin = @x@@6se8, length = BxBEGEE4E Enhanced

EPWM2 : origin = exeess4s, length = Ox0ooe48 Enhanced

EPWM3 : origin @xee688@, length - 8xBEER4E Enhanced

EPWM4 : origin = @x@068C8, length = OxBoBE42 Enhanced PWM 4 registers

ECAPL : origin = @xBB6ABB, length = BxPEEE26 J/* Enhanced Capture 1 registers */

GPIOCTRL : origin = @x@@6F8@, length - BxBEEE4E /* GPIO control registers */

GPIODAT : origin = @x@@6FCA, length = BxBeBE28 /* GPIO data regist */

GPIOINT 1 origin = @x@@6FE@, length = Bx000020 /* GPIO interrupt/Ll registers */

SYSTEM : origin = exee7els, length = Ox0o0828 /* System control registers */

SPIA : origin = @xea7esd, length = BxBeBE1e /* SPI-A registers */

SCIA : origin = @x@@7058, length = BxBeEE1E /* SCI-A registers */
O T r

Writable Smart Insert 1:1

What is the basic function of the “DSP2802x_Headers_nonBIOS.cmd” file?
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Introduction (Continued) to CCS and Piccolo

Note the Structure Hierarchy in the CPU Timer and GPIO Header Files

DSP2802x_CpuTimers.h file

ELEX 7820 Lab 1 —27Sep2017

r -
¥v CCS Edit - ELEX7820-Lab1/DSP2802x_CpuTimers.h - Code Composer Studio

b

g -

| P=NTET)

s

4 |z ELEX7820-Labl [Active - Debug]
1 47 Binaries
b (&) Includes
b (= Debug
b (= targetConfigs
b [ 28027 RAM Ink.cmd
DSP2802 Adch
DSP2802x_BootVars.h
DSP2802_Comp.h

PRPFFEPFFEPEYPREREEEEDE

D5P2802x_DevEmu.h
DSP2802x_Device.h
D3P2802x_ECap.h
D5P2802x_EPwm.h
D5P2802x_GlobalVariableDefs.c
D5P2802x_Gpic.h
D5SP2802x_Headers_nonBIOS.cmd
D5SP2802x Lc.h
DSP2802x_Nmilntrupt.h
DSP2802x_PieCtrl.h
DSP2802x_PieVect.h
DSP2802x_Sci.h
DSP2802x_Spih
DSP2802x_SysCtrl.h
DSP2802x_XIntrupt.h
ELEX7820-Labl-Devinit.c
ELEX7820-Labl-main.c

1// T1 File $Revision: /main/1 §

2// Checkin $Date: August 14, 2808  16:55:38 §

3/

a7/

5/ F DSP2862x_CpuTimers.h

6//

7/4 TITLE:  DSP2882x CPU 32-bit Timers Register Definitions.

8//

9// NOTES: CpuTimer2 is reserved for use with DSP BIOS and

10 // other realtime operating

1177

12// Do not use these CpuTimer2 in your application if you ever plan
137/ on integrating DSP-BIOS or another realtime 05.

14//

157/

16/

17/ $TI Release: 2802x C/C++ Header Files and Peripheral Examples v1.29 §
18// SRelease Date: January 11, 2011 3

0 R R R R R

20

21 #ifndef DSP28@2x_CPU_TIMERS_H
22 #define DSP28@2x_CPU_TIMERS_H
23

24 #ifdef
25 extern
26 #endif
27

cplusplus
{

294/ CPU
30//
314/
32// TCR: Control register bit definitions:

Timer Register Bit Definitions

33 struct TCR BITS { // bits description

34 Uintl6 | rsvdl:d; // 3:8  reserved

35 uintle Hoa Timer Start/Stop
36 Uintls s Timer reload

37 Uint1 // 9:6 reserved

38 Uintle // 18 Emulation modes
39 Uintle o1

42 Uuintls /1 12:13 reserved

File Edit View MNavigate Project Run Scripts Window Help
B KR B Fvimg e~ 9§ % CCsDebug [ (7
[} Project Explorer 21} £ 5 ¥ T B [g ELEX7820-Labl-main.c ‘I@ DSP2802x_Device.h | 4 DSP2802x_Headers_nonBIOS.cmd “@ DSP2802x_CpuTimersh 52 =

Licensed : 73 L

[H /ELEX7820-Lab1/DSP2802x_CpuTimers.h

Observe the structure of structs and unions in the “DSP2802x_CpuTimers.h” file.

o i w
w'x CCS Edit - ELEX7820-Lab1/DSP2802x_CpuTimers.h - Code Composer Studio

v

. -

|=EEn =)

«

4 15 ELEX7820-Labl [Active - Debug]
& 4 Binaries
& @)l Includes
& (= Debug
& [ targetConfigs
» [ 28027 RAM_Ink.cmd
» [B DSP2802x_Adch
& [B] DSP2802x BootVars.h
& [B DSP2802x_Comp.h
&> | [h] DSP2802x_CpuTimers.h|
» [B DSP2802x DevEmuh
» [B DSP2802¢ Deviceh
& [B DSP2802x ECap.h
& [H] DSP2802x_EPwm.h
&+ [ DSP2802x_GlobalVariableDefs.c
» [H DSP2802x_Gpioh
» [ DSP2802x Headers_nonBIOS.cmd
& [B] DSP2802x Reh
& [F DSP2802x Nmilntrupth
& [H DSP2802x_PieCtrlh
» B DSP2802x_PieVecth
» [B DSP2802x_Sci.h
& [B DSP2802x_Spih
& [B] DSP2802x SysCtrlh
& [K DSP2802x_XIntrupth
5[4 ELEX7820-Labl-Devinit.c
5 [£ ELEX7820-Labl-main.c

96 //
97 struct CPUTIMER_REGS {

98  union TIM_GROUP TIM; // Timer counter register
99 union PRD_GROUP PRD;  // Period register

100 union TCR_REG TCR; // Timer control register
181 Uintlé rsvdl; // reserved

102  union TPR_REG TPR;  // Timer pre-scale low
103 union TPRH_REG TPRH; // Timer pre-scale high
104};

105

106

107 // CPU Timer Support Variables:

108 //

100 struct CPUTIMER_VARS {

116 volatile struct CPUTIMER REGS *RegsAddr;
111 Uint32  InterruptCount;

112 float CPUFreqIndHz;

113 float PeriodInUSec;

114};

115

116 //

117 // Function prototypes and external definitions:
118 //

119void InitCpuTimers(void);

126 void ConfigCpuTimer(struct CPUTIMER VARS *Timer, float Freq, float Period);
121

122 extern volatile struct CPUTIMER REGS CpuTimer8Regs;

123 extern struct CPUTIMER_VARS CpuTimerd;

124

125// CpuTimer 1 and CpuTimer2 are reserved for DSP BIOS & other RTOS. Comment out CpuTimerl and
126 extern volatile struct CPUTIMER REGS CpuTimerlRegs;

127 extern volatile struct CPUTIMER_REGS CpuTimer2Regs;

128

129 extern struct CPUTIMER_VARS CpuTimerl;

130 extern struct CPUTIMER_VARS CpuTimer2;

133 // Ysefull Timer Operations
=

CpuTimer2 if usi

File Edit View Mavigate Project Run Scripts Window Help
e KR itsr i PriE mara i #, CCSDebug [F1(”
[ Project Explorer 23} B G ¥ T O [ ELEXT820-Labl-main.c ‘IB DSP2802x_Device.h [ # DSP2802x Headers_nonBIOS.cmd [IB DSP2802x_CpuTimersh &2 =

Licensed : 73 [

[ /ELEX7820-Lab1/DSP2802x_CpuTimersh

B.C.I.T.
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Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017

Launch the Debugger...

- - - - ™ ) N
¥4 CCS Debug WBzﬁ-bbl/ELExmzu—Lahl-mam( - Code Composer Studio - - - e B [ ]
File Edit View Pn Tools Run Scripts Window Help
v 15 - -¢'@7vm v A [ [#5; CCS Debug | B ¢
#% Debug 2 i3 Do D@ @] v | @ ¥ T O ||60= Variables i3 | G Expressions | #if Registers| ©g Breakpoints 5B e & i~ =0
g ] p g p <l
4 W9 ELEX7820-Labl [Code Composer Studio - Device Debugging] Name Type Value Location
4 of? Texas Instruments XD5100v1 USE Emulator/ C28: (Suspended - SW Brcakpoint) ¢ LED_Prd nt 0 1x00000403@Data
gmain)atF) EXTANE) A k) s 22 WI0M IR (9= LED_Prd_ctr int 32391 0:00000402@Date

_args_main() at args_main.c:92 0:0081B2 (_args_main has only skeletal debug infe)

[€] ELEX7820-Labl-main.c =08

/ Filename: ELEX7828-Labl-main.c -

Description: This program blinks LED3 (GPI034) on the Piccolo ControlStick
at a rate determined by Cpy Timer @ and the variable LED_Prd.

Versien: 1.@

TMS328F28827

m

David Romalo

//include files:
include "DSP2882x_Device.h™

//function prototypes:
0id DeviceInit(void); 4

eclare global variables:

ain code starts here:

oid main(void)

//declare main variables:
intle LED_Prd;

intleé  LED_Prd_ctr;

/finitialization:
DeviceInit(); //initialize processor

Licensed : 73

The Program Counter has been set to point to the beginning of main.

Start the program executing with the Resume button. A blue LED on the LaunchPad should flash
continuously.

At what rate does the LED turn on and off? What is the duty cycle?

Does setting GPIOO to a logical “1” output cause the LED to turn on or off? Why?

B.C.I.T. DNR 8



Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017

- ind - N
¥ CCS Debug - ELEX7820-Lab1/ELEX7820-Labl-mainc - Code Composer Studio i i - Al -—— To] 5 [
Eile Edit View Project Tools Run Scripts Window Help

mj = B - BE-BE P 5 [ CCs Debug | 55 ¢
%7 Debug ZSI % O ‘ 2R .F‘Zl v @" @ ¥ = O ||69= variables 2 @Expresslons“m Raglsters|°e Breakpoints 5 ‘ & 5 % ,-,.,l [ e L=
4 7 ELEXT820-Labl [Code Composer Studio - Device Debugging] Name Type Value Location
a T_exaslnstrumantsXDSlUle USB Emulater/C28xx (Suspended) (9= LED_Prd int 500 0:00000405@Data
(SSamainat FLECEN, | abilsminc 38 0081 86| 69 LED_Prd_ctr int a0 0x00000404@Data
= _args_main() at args_main.c:92 0x008182 (_args_main has only skeletal debug info)
I l
[£] ELEX7820-Labl-main.c &2 =0
intlé  LED_Prd_ctr; -
//initialization:
DeviceInit(); //initialize processor
CpuTimer@Regs.PRD.all = mSecl;
LED Prd = 5@8; //blink once every ? msgg
LED_Prd_ctr = 8;
//infinite loop: |
for(ss)
if(CpuTimer@Regs.TCR.bit.TIF == 1) T |
CpuTimer@Regs.TCR.bit.TIF = 1; //clear flag
if(LED_Prd_ctr < LED_Prd)
LED_Prd_ctr++; //increment counter
else =
GpioDataRegs.GPBTOGGLE.bit.GPI034 = 15 //toggle line
LED _Prd_ctr = @; //reset counter
¥ //endifelse
b //endif
t //endfer.
} //endmain, L
] r
5% [ Licensed:73L

Try modifying the values of variables by editing them in the Variables window.
Example:

1. Suspend
2. Modify value of “LED_Prd”
3. Resume

B.C.I.T. DNR 9



Introduction (Continued) to CCS and Piccolo

ELEX 7820 Lab 1 —27Sep2017

CPU Timer and GPIO Registers in Registers Window

4 % ELEX7820-Labl [Code Composer Studio - Device Debugging]
4 P Texas Instruments XDS100v1 USE Emulator/C28soc (Suspended - SW Breakpoint)

main() at ELEX7820-Labl-main.c:22 0:008178
_args_main() at args_main.c:92 000812 (_args_main has only skeletal debug info)

Licensed: 73 [

Name Value

4 38 CPUTIMER
i TIMEROTIM 0xFEF2
it TIMEROTIMH 0x0000
i TIMEROPRD OxFFFF
%t TIMEROPRDH 0x0000
Wi TIMEROTCR 0x0001
i TIMEROTPR 020000
it TIMEROTPRH 0x0000
Wi TIMERLTIM OxFEF2
i TIMERLTIMH 0x0000
i TIMER1PRD OxFFFF
i TIMERLPRDH 020000
it TIMERLTCR 0x0001
Wi TIMERLTPR 0:0000
it TIMERLTPRH 0x0000
i TIMER2TIM OxFEF2
i TIMER2TIMH 020000
it TIMER2PRD 0xFFFF
Wi TIMER2PRDH 0:0000
it TIMER2TCR 0x0001
i TIMERZTPR 00000
i TIMER2TPRH 020000

. i DEVEMU

. 5% SVSPWRCTRL

o M eCAPL

. &% COMPL

> i comP2

> & ePwWML

, B8 ePWM2

> &% PWM3

» B ePWMY

o B FLASH

% CCS Debug - Code Compaser Studio e ¥ e — ! - [E=REEE=)
File Edit View Project Tools Run Scripts Window Help

milhg i BE-BDEe- & = ¥ CC5Debug | 5 ¢

# Debug 2 S B | v 5] € 7 T O 0= Varisbles 4} Registers 3| &' Expressions S8 et T =0

Description =

]

CPU-Timer 0, Counter Register [Memory Mapped]
CPU-Timer 0, Counter Register High [Memery Mapped]
CPU-Timer 0, Period Register [Memory Mapped]
CPU-Timer 0, Period Register High [Memory Mapped]
CPU-Timer 0, Control Register [Memory Mapped]
CPU-Timer 0, Prescale Register [Memory Mapped]
CPU-Timer 0, Prescale Register High [Memery Mapped]
CPU-Timer1, Counter Register [Memary Mapped]
CPU-Timer1, Counter Register High [Memory Mapped]
CPU-Timer1, Period Register [Memory Mapped]
CPU-Timer1, Period Register High [Memory Mapped]
CPU-Timer 1, Control Register [Memory Mapped]
CPU-Timer1, Prescale Register [Memary Mapped]
CPU-Timer1, Prescale Register High [Memory Mapped]
CPU-Timer 2, Counter Register [Memory Mapped]
CPU-Timer 2, Counter Register High [Memory Mapped]
CPU-Timer 2, Period Register [Memory Mapped]
CPU-Timer 2, Period Register High [Memory Mapped] i
CPU-Timer 2, Control Register [Memory Mapped]
CPU-Timer 2, Prescale Register [Memory Mapped]
CPU-Timer 2, Prescale Register High [Memory Mapped]

m

4 ) ELEXT820-Lab1 [Code Composer Studio - Device Debugging]

4 Texas Instruments XDS100v1 USB Emulator/C28x (Suspended - SW Breakpoint)
main() at ELEX7820-Lab1-main.c:22 0008178
= _args_main() at args_main.c:92 0:0081E2 (_args_main has only skeletal debug infc)

Licensed : 73 [

Name Value

4 B4 oPI0
Wi GPACTRL 0:00000000
inY GPAQSELL 000000000
int GPAQSEL2 000000000
it GPAMUXL 000000000
Wi GPAMUX2 0:00000000
Wi GPADIR 0:00000000
Wi GPAPUD 0x00000FFF
int GPBCTRL 000000000
int GPBQSELL 000000000
it GPBMUIKL 000000000
Wi GPBDIR 0:00000000
Wi GPBPUD 0:00000000
W AlOMUXL ORAAARAARA
int AIODIR 0x00000000
"t GPADAT :300FL0F5
Y GPASET 0x00000000
Wi GPACLEAR 0:00000000
Wi GPATOGGLE 0:00000000
Wi GPBDAT 0x0000006F
int GPBSET 000000000
"t GPBCLEAR 000000000
"t GPBTOGGLE 000000000
Wi AIODAT 0:00000000
Wi AIOSET 0:00000000
Wi AIOCLEAR 0:00000000
it AIOTOGGLE 000000000
i GPIOXINTLSEL 00000
i GPIOXINT2SEL 00000
i GPIOXINT3SEL 0x0000
4 GPIOLPMSEL 0:00000000

, B8 pCA

% CCS Debug - Code Compaser Studio e o ' - Tocnl o 50 [
File Edit View Project Tools Run Scripts Window Help

wi R L E-RD G P 4 (B CCS Debug | B ¢

%5 Debug 5 i3 |2 @ 3 @ @] v & @ 7 = O| = Varibles M Registers 53 | &' Expressions B|&|ri|é~ =0

Description e

)
GPIO A Control Register (GPIOO to 31) [Memory Mapped]
GPIO A Qualifier Select 1 Register (GPIOO to 15) [Memery M
GPIO A Qualifier Select 2 Register (GPIOL6 te 31) [Memery b
GPIO A MUX 1 Register (GPIOO te 15) [Memery Mapped]
GPIO A MUX 2 Register (GPIO16 to 31) [Memory Mapped]
GPIO A Direction Register (GPIOO0 to 31) [Memory Mapped]
GPIO A Pull Up Disable Register (GPIOQ to 31) [Memory Maf.
GPIO B Control Register (GPIO32 te 38) [Memery Mapped]
GPIO B Qualifier Select 1 Register (GPI032 to 38) [Memory M
GPIO B MUX 1 Register (GPI032 to 38) [Memory Mapped]
GPIO B Direction Register (GPI032 to 38) [Memory Mapped]
GPIO B Pull Up Disable Register (GPIO32 to 38) [Memary Ma
Analog /O MUK Register [Memory Mapped]

Analog /O Direction Register [Memory Mapped]

GPIO A Data Register (GPIOC to 31) [Memery Mapped]

GPIO A Data Set Register (GPIOQ te 31) [Memery Mapped]
GPIO A Data Clear Register (GPIOO to 31) [Memory Mapped]
GPIO A Data Toggle Register (GPIOO to 31) [Memory Mappe
GPIO B Data Register (GPIO32 to 38) [Memory Mapped]
GPIO B Data Set Register (GPI032 to 38) [Memory Mapped] |~
GPIO B Data Clear Register (GPI032 to 38) [Memory Mappec
GPIO B Data Toggle Register (GPI032 to 3) [Memory Mapp
Analog /O Data Register [Memory Mapped]

Analog /O Data Set Register [Memaory Mapped]

Analog /O Data Clear Register [Memory Mapped]

Analog 'O Data Teggle Register [Memery Mapped]

XINTL GPIO Input Select Register (GPI00 to 31) [Memory Mz
XINT2 GPIO Input Select Register (GPI00 to 31) [Memory Mz
XINT3 GPIO Input Select Register (GPIOO to 31) [Memory Mz —
LPM GPIO Select Register (GPIOQ to 31) [Memory Mapped]

T

B.C.I.T.
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Introduction (Continued) to CCS and Piccolo ELEX 7820 Lab 1 —27Sep2017
Understand how the timer works by perusing “Operation of CpuTimer0.pdf” and “sprufn3c excerpt
pp64-68 - CPU Timers.pdf”.

Study “Peripheral Structure Hierarchy - e.g. CpuTimer0.pdf” and follow (trace through) the hierarchy of
the structs and unions that define the registers of Timer 0.

Modify the main program by adding code to do the following (retain the flashing LED code):

1. Configure a GPIO pin of your choice (other than the LED one) as an output and initialize it to 0.
(Choose one that is accessible on the LaunchPad board headers.)

2. Write C code for an N-tap FIR filter! that processes non-zero? dummy data once every LED
period.

3. Set your GPIO pin before the FIR filter code and clear it afterwards.

When you type in the struct/union name of the new GPIO line, use the “look-ahead” context
feature.

4. Observe your GPIO pin on a scope to determine a rough upper bound on the processing time for
an N-tap FIR filter and hence a lower bound on the corresponding sampling rate for three
different values of N = 10, 50, 100. (It may be handy to trigger on the (slower) LED waveform.)

5. Take a scope snapshot of the pulse for N = 50 for both array and pointer code.

How many core clock cycles are needed to do N taps? Is this what you expected? Explain.

Submit to D2L a zip file named “LastnameFirstnameELEX7820Lab1.zip” that
contains:

e A Word doc that includes your observations and answers to any questions
that are posed in this handout or on the whiteboard, plus scope
snapshot(s). (In your document that you submit, repeat the question above
each answer and list them in the same order as presented in this handout.)

e Your C code file(s) for any code that you modified (do not submit files that
you did not modify).

Hust do an N-point dot product, no need to do circular buffering of the data.
2 Your dummy data need to be non-zero: If the data are zero, the compiler will optimize out the calculations and
you will not measure a valid processing time.

B.C.I.T. DNR 11
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