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Altair PSIM Tutorial / Auto Code Generation for F2833X Target

PSIM’s SimCoder Module, combined with F2833x Hardware Target, can generate ready-to-run code
for hardware based on Tl F2833x series floating-point DSP.

This tutorial describes, in step by step, how to generate code in PSIM, compile and upload the code
in Code Composer Studio (CCS), and run it on the DSP.

To illustrate the process, we use the circuit “Tl 1-ch DC/DC buck.psimsch’ as an example. This
example is located in the sub-folder “examples\SimCoder\F2833x Target\Tl 1-Ch DC-DC” in the
PSIM directory.

To keep the original example unchanged, we will copy the whole folder to “c:\ TI 1-Ch DC-DC”, and
use this folder as the working folder in this tutorial.

1. PSIM Setup for Code Generation
In PSIM, load the schematic file “TI_DC _DC _ Buck_1_ch.psimsch” as shown below.

[ PsiM - [CATT1-Ch DE-DEVILDC, 1 [0
ﬁ File Edit View DesignSuites Subcircuit Elements Simulate Options Utilities Window Help X
DEEE - 20 AR DEEYIE ) AR
Project View x R
S The is circuit has been tested to run on:
B33 PSIM Projects DC-DC Buck Gonverter Kit (Part No. TMDSDCDG2KIT)
i

B2 TLDC_DC_Buck_1_ch
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As compared to a circuit not for code generation, this circuit contains elements from the F2833x
Target library. In this circuit, there are two F2833x Target library elements: a 16-channel A/D
converter and a 1-phase PWM Generator, as shown below on the left.

The F2833x Target library can be accessed by going to Elements >> SimCoder >> F2833x
Target. A list of the library is shown below on the right.
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F2833x Target library list; 't 3-phase PWH
Tr  2-phase PWM

F28335 Target elements Tt 1-phase PWM |
T1  Single PWM (shared with capture)
used in the circuit Tr  Start PWM
Ty Stop PWM

ADC

Tr  Trip-Zone
RO uo .
Tr  Trip-Zone State
Tr  A/D Converter
T1 Digital Input
T1  Digital Output
Tr  Capture

A1 b1
R b2
Pt R3 b3
1-ph I N
—— A RS o5
B o RE [T
F25335 a2
ED oz
E1 na
k2 Dl0

. T Encoder
B4 D12
E5 012
EE D14
E? 013

T;
L o T D5P Clock

Tr  Capture State
T1  Encoder State
Tr TIF28335 Hardware Configuration

T1  Up/Down Counter

HH&HHHHH‘

Like any other circuits, this circuit can be simulated by selecting Simulate >> Run Simulation.

Simulation Control Parameters

Before performing the code generation, first define the project configuration for Code Composer
Studio. Double click on the Simulation Control block (the clock image). The Hardware Target
should be set to F2833x. Click on the drop-down menu to choose one of the four project settings.
In this case, we will choose RAM Debug, as shown below.

Parameters SimCoder |Color I

(Hardware Target |F2833x

CPU Version |F28335

N _check Fived-Point Pange

DefaultData Type 1020

DMC Library Version  [v4.2

Comments
(Text will be inserted above the C code during code generation)

With the RAM Debug setting, it is easy to debug the program and there is no need to write the
program to the flash memory.

Generating Code

To generate code, select Simulate >> Generate Code. The generated code will be displayed in a
separate window, as shown below.
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[l ¢\ 1-Ch DC-DCTIDC_DC_Buck 1 ch [C codeJ\IL DC_DC_Buck 1 chic - PSh

i File Edit Options Window Help

‘DEEE - | i}
Project View * | B c11-ch DC-DOTLDC_OC Buck 1_chpsimsct] 2 CATIL-Ch DC-DAVTLDC_DC_Buck 1 ch (C code]\TLDC_DC_Buck 1_ch.c =% E=n =
- Bl ;
; [ S
£ E PSIM Projects 1/ This code is created by SimCoder Version 10.0 for Tl F2833x Hardware Target
-4 TLDC_DC_Buck_1_ch 1 E
[ Documents DC-DC Bucl| | 7/ SimCoder is copyright by Powersim Inc., 2009-2014 3
= Study: TLDC_DC_Buck 1 _c
P hematic // Date: January 09, 2015 15:48:22
ot G, /
1

+#% TLDC_DC_Buck_1
B-if h_ - PT_DGUE[ACI_I(_]i B #include <math_h>

T| @ o| | #include “PS bios.h*
- @ CATIL-Ch DC-C Faaas RSN ypedef float DefaultType;
=3 Graphs Board | #define GetCurTime() PS_GetSysTimer()
5 GPIO39 Config l

o 220
O pwm Clock =
£ Vet g
-
o
Vfdbk interrupt void Task():
ot

£ Vol void TaskS2();
£ Vreg F28335

PST_Bufitem aGbISciOutBuf[256];

PST_Data aGblScilnValue[1] = {2.0};

Uint16 aGblSciOutAllow]2] = {0,0};

Uint16 aGblSciOutCnt[2] = {0,0};

Uint16 nGblSciState — 0;

Uint16 aGblSciDateSetPii2] = {1,11;

sa21| | char* aGbiScilnitStr — *10016,1-Vfdbk—100000}003\0016,2:Vreg—100000100310011,1-Vref=21003";
#define PSC_SCI_SENDOUT_FLAG  0x2000

#define PSC_SCI_INITIAL 0

#define PSC_SCI_START 0x5000000
#define PSC_SCI_PAUSE 0x1000000
#define PSC_SCI_RESTART 0x2000000

4 4 . b

< i v

Drawing Object
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PSIM not only generates the C code, but also generates all the necessary project files for four
configurations: RAM Debug, RAM Release, Flash Release, and Flash RAM Release. The project
file and all dependent files are stored in a sub-folder called “c:\TI 1-Ch DC-DC\

TI_DC_DC _Buck_1 ch (C code)”.

2. CCS Setup

The PSIM generated project is for CCS v3.3. If you are using CCS v3.3, the project can be opened
directly; If using CCS 4 or higher, you need to use CCS’s Import Legacy v3.3 Project function. We
use CCS v5.5 to show the way to load and debug the program in this document for the example.

Import Project into CCS

Launch CCS v5.5, if this is the first time you load the project, you need to transfer CCS v3.3 project
to CCS v5.5 project by go to Project >> Import Legacy CCSv3.3 Project. The following dialog
pops up. click on "Browse..." button to choose " C:\TI 1-Ch DC-DC\TI_DC_DC_Buck_1 ch (C
code)\TI_DC_DC_Buck_1 ch.pjt" then click "Next" button.
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Select Legacy CCS Project

Select a legacy CCS project or a directory to search for projects.

(@) Select a project file: CATI1-Ch DC-DO\TI_DIC_DC_Buck_1_ch (C :| |

Browse... |

(") Select search-directory: Browse...

Discovered legacy projects:

Select All

Deselect All

() Copy projects into workspace
(®) Keep original location for each project
Create a subfolder for each Eclipse project (recommended)

When the following dialog is displayed, click the "Finish" button to start project transfer.

Select Compiler

Select a compiler version for each migrated project.

Project Device Fa..  Compiler V...

LITI_DC_DC Buck_1_ch B C2000 6.2.0
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The transformed project will be automatically loaded. The CCS will appear as follows:

v« CCS Edit - Code Composer S

File Edit View Mavigate Project Run Scripts Window Help
o R+ v g~ v
|| |l Project Explorer &3 5% Y =0
s 'I'I_DC_DC_Buck_]_cf [Active - 1_RamDebug] ]
> [nit) Includes
: |4y F28335_RAM_Lnk.cmd
> | g F2833x_Headers_nonBIOS5.cmd
s @ TLDC_DC_Buck 1 _ch.c
[#] F28335_FLASH_Lnk.cmd
@ F28335_FLASH_RAM_Lnk.crmd
& passwords.asm
Bg PsBiosRamF33xFloat.lib
Eil PsBiosRomF33xFloat.lib
By rts2300_fpu32 fast_supplement.lib
[ TLDC DC Buck 1_ch.pjt

Note that the project configuration is set to RAM Debug. With this setting, all program and data will
be loaded to the RAM memory.

Compiling Code

To compile the project, right mouse click on the project name "TI_DC _DC_Buck_1 ch"in the pane
of Project Explorer, then click on "Build Project" in the popped up menu. Or click on the project
name in the pane of Project Explorer to select it as the current project (the project name changes
to bold) then select Project >> Build to build the project or Project >> Rebuild All to rebuild the
whole project). After the compiling is completed, CCS will display the following:

4+ oE) BEEE| s B-i-—0

o~

E Console &2 5"._\ Problems | ' Advice
CDT Build Console [TLDC_DC_Buck_1_ch]

*#*%% puild of cenfiguration 1 RamDebug for project TI_DC_DC_Buck_1_ch *%==

|

"CANVEL veesvE\utils\bin\\gmake” -k all

‘Building file: C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1_ch (C code)/TI_DC_DC_Buck_1_ch.c'

'Invoking: C288@ Compiler’

"C:/ti/cesvS/tools/compiler/c2000 6.2.8/bin/c12000" -v28 -ml --float_ support=fpu32 --include_path="C:/tifccsv5/tools/compiler/c2088 6.2.8/include"
--include_path="/packages/ti/xdais" -g --define="_DEBUG" --define="LARGE_MODEL" --diag_warning=225 --display_error_number --issue_remarks
--diag_wrap=off -k --asm_directory="C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1_ch (C code)/RamDebug” --obj_directory="C:/TI 1-Ch DC-DC/TI_DC_DC_Buck 1 _ch (C
code) /RamDebug” --preproc_with_compile --preproc_dependency="TI_DC_DC_Buck_1_ch.pp" "C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1_ch (C

code)/TI_DC_DC_Buck_1_ch.c"

‘Finished building: C:/TI 1-Ch DC-DC/TI_DC_DC_Buck 1 _ch (C code)/TI_DC_DC_Buck_1 ch.c’

'Building target: C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1 ch (C cede)/TI_DC_DC_Buck_1 ch/../RamDebug/TI_DC_DC_Buck 1 ch.out’

'Invoking: C280@ Linker'

"C:/tifcesvs/tools/compiler/c2@@e_6.2.@/bin/cl2eee” -v28 -ml --float_support=fpu32 -g --define="_DEBUG" --define="LARGE_MODEL" --diag_warning=225
--display error_number --issue_remarks --diag wrap=off -k --asm_directory= TI 1-Ch DC-DC/TI_DC_DC_Buck 1 _ch (C code)/RamDebug”
--obj_directory="C:/TI 1-Ch DC-DC/TI_DC_DC Buck_1 ch (C cede)/RamDebug” -z -m"C:/TI 1-Ch DC-DC/TI_DC_DC Buck 1 ch (C

code) /RamDebug/TI_DC_DC_Buck_1_ch.map" --stack_size=8x7b@ --warn_sections -i"C:/ti/ccsv5/tools/compiler/c2@@8_6.2.8/1ib"
-i"C:/tifcesvs/tools/compiler/c20@8 6.2.8/include” -i"C:/TI 1-Ch DC-DC/TI_DC_DC_Buck 1 ch (C code)/TI_DC_DC_Buck 1 ch™ -i"C:/TI 1-Ch
DC-DC/TI_DC DC_Buck_1 ch (C code)" --reread_libs --priority --display_error_number --diag_wrap=off
--xml_link_info="TI_DC_DC_Buck_1_ch_linkInfo.xml" --entry_peint=code_start --rom_model -o "C:/TI 1-Ch DC-DC/TI_DC_DC_Buck 1 _ch (C
code)/TI_DC_DC_Buck_1_ch/../RamDebug/TI_DC_DC_Buck_1_ch.out™ "C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1_ch (C code)/F2833x_Headers_nonBIOS.cmd" “"C:/TI 1-Ch
DC-DC/TI_DC_DC_Buck_1_ch (C code)/F28335_RAM_Lnk.cmd™ “C:/TI 1-Ch DC-DC/TI_DC_DC_Buck_1_ch (C code)/PsBicsRamF33xFleat.lib™ "C:/TI 1-Ch
DC-DC/TI_DC DC_Buck_1 ch (C code)/rts23e@_fpu32_fast_supplement.lib™ “C:/TI 1-Ch DC-DC/TI_DC_DC Buck_1_ch (C code)/RamDebug/TI_DC_DC Buck 1 _ch.obj"
-1"rts288@ fpu32 fast supplement.lib™ -1"rts28e8 fpu32.lib™

<Linking>

warning #18863-D: entry-point symbol other than "_c_int®@" specified: “code_start”

'Finished building target: C:/TI 1-Ch DC-DC/TI_DC_DC_Buck 1_ch {C code)/TI_DC_DC_Buck_1_ch/../RamDebug/TI_DC_DC_Buck 1_ch.out’

**%* puild Finished ****

The warning message can be ignored. This warning message is displayed when program is not
saved in the flash memory.
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Note: If you use CCS v7.0 or higher, when compiling the project, you will see an error message as
below:

Product ‘XDAIS’ v1.0.0 is not currently installed and no compatible version is available.
Please install this product or a compatible version.

To fix the error, right click on the project and select Properties. On the dialog window, select
General on the left menu, and click on the Products tab, as shown below.

'+ Properties for test_2_ph_PWM_Mode_1_2 3_ O ¥
type filter text General “ T
Resource
General
« Build Configuration: | 1_RamDebug [ Active ] | | Manage Configurations...

~ (2000 Compiler
Processor Options

Optimization B Main =k Products

Include Options [_|=h MSP430 Device Documents Select All
Performance Advisor ' o

Predefined Symbols -
Advanced Options
C2000 Linker
C2000 Hex Utility [Disable
Debug

=i XDAIS Deselect All

[]&# 1.00

Then uncheck the box XDAIS, and recompile.

Setting Target Configuration

Before loading a program to the target, we need to create a target configuration for the target
board. In this example, a TI TMS320F28335 controlCARD is used. Select View -> Target
Configurations. Right mouse click on "User Defined", and select "New Target Configuration” in
the window, as shown below.

7, Target Configurations 2 AP ¢ | B 70
type filter text

: == Projects

= User Define

'E‘l Mew Target Configuration J

Import Target Configuration

Click the New buttor Delete Delete
here to hide this mes Rename =
45 | CH 5B E #"  Refresh E5

Launch Selected Configuration

Set as Default
Link File To Project »

Properties Alt+Enter

Change the file name as you want (in this example, it is called "F2833x"), and click on the “Finish”
button. The file extension will be "ccxml”
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Target Configuration

Create a new Target Configuration file.

File name | F28334

Uze shared location

Location: | C:/Users/JiaKai/ti/CCSTargetConfigurations File System... | | Workspace...

@ Finish | |

In the "Connection" combo box, choose the emulator you will use (for example, "Spectrum Digital
C2000 XDS510LC Emulator"), then check "TMS320F28335" in the list box of "Board of Device".
Click the "Save" button to save the configuration.

[] Encoder.c |ﬁ PS_bios.h [\5] *F2833x.coxml &2 I

Basic I3:3I 2

General Setup Advanced Setup
This section describes the general configuration about the target.

Connection ‘Spectrum Digital C2000 XDS510LC Emulator .,| Target Configuration: lists the configuration options for the target.

Board or Device ‘ type filter text ‘

Save Configuration

[] TMS320F28235 ~

[ Tms320F28332

[] TMS320F28334

| TMS220F28325 Test Connection
To test a connection, all changes must have been saved, the
E TMSS20F28PLCES cenfiguration file contains ne errors and the connection type supports this function.
TMS320F28PLCES
[] TMS320F28PLCI3 Test Connection
[[] TMS320F28PLCY5
[] TMSs320R2810 Alternate Communication

[] TMs320R2812

v Uart Communication v

To enable host side (i.e. PC) configuration necessary to facilitate data
communication over UART, target application needs to include a menitor
implementation. Please check example project in Tl Resource Explorer. If your
target application leverages TI-RTOS, then please check documentation on how to
enable Uart Monitor module.

Note: Suppert for more devices may be available from the update manager.
To add a port in the target application for Uart Menitor, click the Add button. w
Basic | Advanced ‘ Sourcel

Back to the "Target Configurations" dialog, right mouse click on "F2833x.ccxml” configuration,
move mouse to "Link File to Project” in the popped up menu, all projects will be displayed in the
sub-menu. Select "TI_DC_DC_Buck_1_ch" project to add "F2833x.ccxml” to the project. The
Project Explorer panel is displayed on the right.
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7, Target Configurations &% 2 ® | o

| type filter text

1= Projects
4 [= User Defined

E F2833x.coxml

@ Mew Target Configuration

Import Target Configuration

¥ Delete
Rename

Refresh

o %

Launch Selected Configuration

Set as Default

; for the target.

3. Target Hardware Setup

Link File To Project 3 TI_DC_DC_Buck_1_ch
Properties Alt+Enter ]

[t Project Explorer 52| £ 5. ¥ = O
4 5% TI.DC_DC Buck_1_ch
[ ﬁ." Binaries
b [l Includes
> (= 1_RamDebug
I |y F28335_RAM_Lnk.cmd
I |45 F2833x_Headers_nonBIOS.cmd
i g TI_DC_DC Buck_1_ch.c
8] F28335_FLASH_Lnk.cmd
2] F28335_FLASH_RAM Lnk.cmd
L% F2833x.coxml [Active] ]
FES T R
B PsBicsRamF33xFloat.lib
gl PsBiosRomF33uFloat.lib
B rts2800_fpu32_fast_supplement.li
[ TI_DC_DC Buck_1_ch.pjt

Insert TI's TMS320F28335 controlCARD into TI's 2-Channel DC/DC Buck Converter Kit

(TMDSDCDC2KIT), as shown below.

Connect the J1 connector of the board to the JTAG emulator, and then connect the JTAG emulator
to the computer’'s USB port. After connecting the power to the board, turn on Switches SW1 and
SW2 on the board. Switch SW3 is for displaying either Ch1l or Ch2 output. Set SW3 to the Ch2

position.

4. Running Code in DSP Target

Load Code to DSP Target

In CCS, click on "TI_DC_DC_Buck_1_ch" project to set it as the current project (the current project
name displays bold), then select Run >> Debug to connect the computer to the DSP. If the
connection is successful, the program will be uploaded to the target, and the F28335 DSP will

automatically reset and run to the start place of main function as shown below.
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%5 Debug 2

g

N

=8|l
: AR

4 el TI_DC_DC_Buck_1_ch [Code Composer Studio - Device Debugging]
4 f# Texas Instruments XD5100v2 USB Emulator_0/C28:0¢ (Suspended - §

<

| PS_bios.h

7 void main( )I

B R B2 R R BRI

| F2833x.coxml

Initialize();
PS_EnableIntr();
PS_EnableDbgm();

for (53) {

main() at T_DC_DC_Buck_1_ch.c:279 0xD093E1
_args_main() at args_main.c:91 0x009D0A
c_int00() at boot28.inc:223 009CE4 (_c_intD0 does not contair

>

[¢] TIDC_DC_Buck 1 ch.c 52

'/ Enable Global interrupt INTM

_ProcSciWaitStart();

Uploading Code to DSP (Flash Release Version)

There are 4 configuration options in the generated project: RamRelease, RamDebug,
FlashRelease and FlashRamRelease. RamRelease and RamDebug upload program to DSP RAM
area; Instead, FlashRelease and FlashRamRelease upload program to DSP flash memory but
FlashRamRelease will automatically copy the program to RAM and all code will be run in RAM. To
use a different configuration, right mouse click on the project name in the Project Explorer pane,
move mouse to "Build Configurations" in the popped up menu and select a configuration you want

as below.

L[ Project Explorer &5 [ <}==';> = = 8|4 Ps_bios.h

4= TILDC DC Buck 1 ch [Active-1 R

,;:;F'E
> g |
> =1
> L@ R
> Lag f
;@1
[ A
[ A
T F
B
= F
mih |

m 1 2
R

2\ ALTAIR

(%

Mew

Add Files...
Copy
Paste
Delete
Refactor
Source
Move...

Rename...

Import...
Export...

P

Ctrl+C
Ctrl+V
Delete

F2

Show Build Settings...

Build Project
Clean Project
Rebuild Project
Refresh

Close Project

Build Configurations
Make Targets

Index

Debug As

Team
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) F2833x.coeml
F5_Sysiniiiow, 1uj,

wPumClock(@) ;
k

[ TILDC_DC_Buck_1_ch.c 2

(8, @xffififff);

, @, Freg*3, @*le6, PWM POSI ONLY, 24634);
koffset(2, 1, @, 1.8/1);

rType(2, ePwmIntrddcd, 3, @);

tor(2, ePwmIntrddcd, Task);

ct(2, eTZHighImpedance);

teSH(@) ;

2);

[/ pwnii

onvSeq();
WwSeq(eAdc@Intr, @, 2.8);
. 1)

out(39);
/106, @¥18, 115288, @, aGblSciOutBuf, 256, & ProcSci

PvmClock(1);

ri)s '/ Enable Global interrupt INTM

m( )
Manage... |
Set Active , 11_RamDebug
Build Al 2 2_RamRelease
Clean All 3 3_FlashReleaze
Build Selected... 4 4 FlashRamRelease
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After changing configuration, the project need to be compiled again, then the code can be
uploaded to the DSP with the same method described before.
Running Code in DSP

To run the code in the DSP, we can use the toolbar in "Debug" pane as shown right to resume,
stop, step into, step over and step return to run the program.

e B 22220 @S| @7

Monitoring Waveforms with PSIM’s DSP Oscilloscope

At the end of Section 4, the code is running in the targeted DSP to generate a converter output of
3.3V (+/-0.05V). Now, one may use PSIM’s DSP Oscilloscope feature to monitor the variables
inside the DSP and to control the converter output voltage.

Connect the SCI port of the hardware target to the computer.

Launch PSIM. Select Utilities >> DSP Oscilloscope. This will launch the DSP Oscilloscope as
shown below.

N

F28335 Data - = = |

Port settings
Serial port: 10 ¥ Test
Baud rate: 115200 ~

Parity check:  [None -

‘Operation mode
(% Continuous " Snap-shot

All variables Selected variables

l Select output variables

] ‘
|
Setinput variables
Update Al
Timebase scale Variables Trigger
= |variable [ || var| 1
~ || changeBackground || €9 = L] one I —
Scale =
Comect | | == it | Level |
I~ Auto scale pelay [ =
| Hep oc| ac| oo -
T =220z | [ F2803x
Reg_out.
== o =
I | iy
e BGERE @A Qe VOO D 1 BERDEE I BF
Drawing Object f |

Set the correct serial port number, baud rate, and parity check. They must be identical to these in
the SCI Configuration block in the PSIM circuit.

Click the Connect button at the left bottom of the scope panel. All names of SCI output and input
variables will be listed on the left side of the panel, as shown below.
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Wr nm v aws

i Serial port: 0 _'I._..] _I" - |
Baud rate: 115200 el IR | [ U — p—
Parity check:  [rione - [= M=

thia eirenit iz for
b Kix (Farc Fo. TMDSIKDCIKET)

v B HEE ® 4900 HE 09990 T 0aRREDi T

| Ready

The two variables available for monitoring are Vfdbk and Ref_out. Select the variables to display
on the scope screen.

To change the DC-DC converter output voltage, modify the value Vref to 2 and click the Update
button. The LED display of the converter board will change to the new value. The figure below

shows the waveforms with the new value of Vref.
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