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SimCoder Overview

1.1 Introduction

SimCoder? is an add-on option of the PSIM software. It generates C code from PSIM schematics. With specific
hardware target libraries, the C code generated by SimCoder can run directly on DSP hardware platforms.

This manual describes how to use SimCoder.

1.2 SimCoder Setup in Simulation Control

SimCoder setup is done in the SimCoder tab in the Simulation Control block, as shown below. One must select
and set these parameters properly in order for SSimCoder to generate code correctly.

Simulation Control @

Parameters SimCoder |C0l0r ]

Hardware Target |N0ne ﬂ | J
CPU Version F7833x
B F2803x
PE-Pro/F28335
Default Data Type PE-Expert3
DMC Library Version ~ |V4.2 |
Comments

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

The setup process is explained below.

Supported Hardware Targets:

SimCoder supports the following hardware targets:

- None; Generating code for simulation only, and not for any specific hardware setting.

- F2833x: Generating code for hardware using the floating-point TM SF2833x family DSP from
Texas Instruments (TI).

- F2803x: Generating code for hardware using the Tl fixed-point TM SF2803x family DSP

- PE-Pro/F28335:  Generating code for the PE-Pro/F28335 DSP board. PE-Pro/F28335 is a DSP board
produced by Myway Co. (www.myway.co.jp). It uses TI’s floating-point DSP
TMSF28335 and Myway’'s PE-OS library.

1. SimCoder™ is a trademark of Powersim Inc., and is copyright by Powersim Inc., 2008-2015
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1.3

- PE-Expert3: Generating code for the PE-Expert3 DSP hardware. PE-Expert3isa DSP
development platform produced by Myway Co. It uses TI’s floating-point DSP
TMS320C6713 and Myway's PE-OS library.
Project Configuration

For F2833x and F2803x Targets, the project configuration can be set as RAM Debug, RAM Release, Flash
Release, or Flash RAM Release. For PE-Expert3 Target, the project configuration can be set as PE-View9 or PE
-View8.

CPU Version:

For F2803x and F2833x Targets, there are subsequently the CPU version choices.
- For F2833x Target, the choices are F28335, F28334, and F28332
- For F2803x Target, the choices are from F28030 to F28035 with various pin configurations

Check Fixed-Point Range:

Thisisfor the F2803x Target only. If the box is checked, the SimCoder will check the datain the simulation and
provide alist of datarange. In that list, the data which are near or over the range will be highlighted.

Default Data Type

When the hardware target is of floating-point type, this section is automatically chosen. If the hardwaretarget is
of fixed-point type or None, one must select one of the available default data typesin the pull-down menu.

- For F2803x Target, It can be one of the following: Integer, 1Q1, 1Q2, .., 1Q30.
- When there is no target, it can be one of the following: Float, Integer, 1Q1, 1Q2,..., 1Q30
DMC Library Version

Texas Instruments's DMC (Digital Maotor Control) library is composed of C functions (or macros) developed
for C2000 DSP devices for motor control users.

To take advantage of this resource, SimCoder integrated the DMC library functions into the PSIM element
library for code generation.

Some of these macros have different versions released by Tl. SimCoder supports versions V4.0, V4.1, and
V4.2. Please note that, once a specific version is selected, other versions' macros are disabled.

Comments

The Comments area at the bottom of the SimCoder tab allows users to add comments to the code generated by
SimCoder. All text in this areawill be added as comments to the beginning of the C code.

Elements for Code Generation

All the elements under the menus Elements >> Event Control and Elements >> SimCoder are for code
generation.

Elements for each type of hardware targets can be found under the menu Elements >> SimCoder, under the
sub-menus F2833x Tar get, F2803x Target, PE-Pro/F28335 Tar get, and PE-Expert3 Tar get.

Many elements in the standard PSIM library can aso be used for code generation. In order to differentiate the
elements in the standard library that can be used for code generation from the ones that can not, under Options
>> Settings >> Advanced, if the option box "Show image next to elements that can be used for code

generation” is checked, a small image % will appear next to these elements that can be used for code
generation.

Also, when this option box is checked, theimage of T1 will appear next to each of the elements for F2833x and
F2803x Target, Fr for PE-Pro/F28335 Target, and Fe for PE-Expert3 Target.

For alist of elementsin the standard library that can be used for code generation, please refer to Section 4.2.

Chapter 1: SimCoder Overview



2

Code Generation - A Step-by-Step Approach

2.1 Overview

In general, automatic code generation using SimCoder involves the following steps:
- Design and simulate a system in PSIM with the control in continuous domain.
- Convert the control section of the system into discrete domain and simulate the system.
- If there is no hardware target, place the control section in a subcircuit, and generate the code.
- If thereis ahardware target, modify the system by including hardware elements, and run the simulation to
validate the results. Then generate the code.

The first two steps, however, are not mandatory. One could, for example, create a schematic in PSIM and
generate the code directly without simulating the system.

Please note that code can only be generated when control is in discrete domain, not in continuous domain.
Therefore, Digital control Module is needed for SimCoder.

Simple examples are used in the sections below to illustrate the code generation process.

2.2  System in Continuous Domain

Often a system is designed and simulated in continuous domain first. Below is a simple dc converter circuit
with current feedback. The Pl (proportional-integral) controller in the control circuit is designed in the
continuous s-domain. The Pl gain k and time constant T are: k = 0.4, and T = 0.0004. The switching frequency
is20 kHz.

The objective of this exercise is to generate the C code for the control circuit in the dotted box. To perform the
code generation, the first step is to convert the analog Pl controller in s-domain to the digital Pl controller in
discrete z-domain.

0.&ém @
. .
?

@ @2@;. 2000u£ §2.5
I
S

Control in continuous domain

0.4

o)

0.0004

I_fdbk =
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2.3

System in Discrete Domain

To convert an analog controller into adigital controller, one can use the s2z Converter program that comes with
the Digital Control Module. To launch the program, in PSIM, choose Utilities >> s2z Converter.

Different conversion methods can be used to convert an analog controller to a digital controller. The most
commonly used methods are Bilinear (also called Tustin or Trapezoidal) method and Backward Euler method.

In this example, we will use the Backward Euler method. With the sampling frequency the same as the
switching frequency of 20 kHz, we will convert the analog Pl controller to the digital Pl controller. From the
conversion program, we have the digital Pl controller parameters as: k; = 0.4 for the proportional portion and

ko= 1000 for the integral portion.

Thecircuit with the digital controller is shown below:

O o T I
12 2000u 256
I

:
L.

Control in discrete domain

kl Ul
®
s e >

") 20k
L 1000 20k

Digita PI controller

As compared to the control circuit in continuous domain, there are three changes in this circuit, as highlighted
by the yellow boxes. First, the analog Pl controller isreplaced by the digital Pl controller. The "Algorithm Flag"
of the digital integrator is set to 1 (for Backward Euler method), and the sampling frequency is set to 20 kHz.
The gains k; and k, are obtained from the conversion program as described above.

In addition, a zero-order-hold block Z; is used to simulate the A/D converter in digita hardware
implementation for sampling the feedback current i, . A unit-delay block U, is used to model the one-cycle

delay inherent in digital control implementation. The delay is due to the fact that, usually quantities are sasmpled
at the beginning of acycle, and controller parameters are calculated within the cycle. But since it takes time to
perform the calculation, the newly calculated quantities are normally not used until the beginning of the next

cycle.

Note that the converted digital controller should result in a stable control loop and desired performance. If the
simulation results with the digital control are not stable or not as desired, one needs to go back to the analog
control system, re-design the analog controller, and repeat the process.

With the Backward Euler method, we can also represent the output-input relationship in the time domain as
follows:

y(n) =y(n-1) + Ts* u(n)

where y(n) and u(n) are the output and input at the current time, y(n-1) is the output at the previous sampling
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period, and Ty is the sampling period. Using the equation above, we can replace the discrete integrator in the
above circuit with a summer and a unit-delay block, as shown below:

R - s

@ C:Dw 2000u L 25
aE

- Z‘k_\. | fdbk

Control circuit in discrete domain

20k

Note that, due to the factor Tg in the equation, the gain of the proportional block k, needs to be divided by the

sampling frequency of 20kHz. The advantage of this circuit isthat it is easier to start or stop the integration of
the integrator.

With the control circuit in discrete domain, one is now ready to move on to the next step.

System Code Generation for Hardware Target

To generate system code for specific hardware target, the circuit schematic must be modified to include relevant
hardware elements. Also, variables must be scaled properly to take into account the valid ranges of hardware
elements.

Below is the same example circuit but with F2833x Target hardware elements added. For better illustration, the
hardware elements are highlighted in yellow.
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A/D Converter
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In the example circuit schematic, the following changes are made:

- An A/D converter isinserted between the current sensor and the control subcircuit. Special attention must
be paid to the input range of the A/D converter. If the current sensor output is out of the range of the A/D
converter, it must be scaled back accordingly. For this particular example, the A/D converter settings are
as shown below.

- ADC Mode: Sart-stop (8-channel). This means the A/D conversion will be triggered by PWM
generator, and only half of the ADC converter is used.

- Ch AOMode: DC. This set the input signal range from 0 to +3V
-Ch A0 Gain: 1.0.
- The comparator and the carrier wave are replaced with the hardware PWM generator. The PWM generator
settings relevant to this example are:
- PWM Source: PWML. This defines the PWM module in F28335 processor.
- Output Mode: Use PWM A. This defines the PWM output port
- Sampling Frequency: 20k. This defines the sampling frequency at 20 kHz.
- Carrier Wave Type: Sawtooth (start high). This setting will be explained further in Chapter 5.
- Trigger ADC: Trigger ADC Group A. This setting will be explained further in Chapter 5.
- ADC Trigger Position: 0. This setting will be explained further in Chapter 5.
- Peak-to-Peak Value: 10. This defines the range of the input signal to this PWM generator.
- The unit delay block U1 isremoved. Thisis because the PWM generator contains one sampling period
delay inherently,
- In Simulation Controal, go to Parameterstab, in SimCoder section:
- Hardware Typeis set to F2833x, with RAM Debug.
- CPU Version is set to F28335
- Default Fixed-Point Position is hot applicable because it is set to Float

- User can add a comment section to the beginning of the generated code. To create and edit the comments,
in Simulation Control, go to the SSimCoder tab, and enter or edit the comments.

To check the validity of the changes after the hardware elements are added, run simulation for this system. The
results of this system should be very close to the results of the system with the digital control in Section 2.2.

Oncethe simulation results are verified, C code can be generated by clicking Simulate >> Generate Code. The
code generated for F2833x hardware is ready to run without any changes.

Below isthe C code generated by the SimCoder for the system described above.

/*********************************************************************************
// This code is created by SimCoder Version 9.3.3 for TI F2833x Hardware Target

!/
// SimCoder is copyright by Powersim Inc., 2009-2013

// Date: February 24, 2014 14:36:33
**********************************************************************************/

#include<math.h>

#include"PS_bios.h"

typedef float DefaultType;
#defineGetCurTime () PS_GetSysTimer ()

interrupt void Task();

DefaultTypefGbliref = 0;
DefaultTypefGblU2 = 0;

interrupt void Task ()

{

DefaultTypefU2, fSUMP1, fSUMP3, fk3, fkl, £SUM1, f£zl, f£TI_ADCl, £fVDC2;

PS_EnablelIntr () ;
fU2 = fGblU2;
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fTI_ADC1 = PS_GetDcAdc (0) ;
fVDC2 = 2;
£z1 = £TI_ADCI1;
fsuMl = fvDC2 - £fZ1;
fkl1 = £SUM1 * 0.4;
fk3 = £SUM1 * (1000.0/20000) ;
fSuMP3 = fk3 + fU2;
fSuMP1l = fkl1 + f£SUMP3;
PS_SetPwmlRateSH (£SUMP1) ;
#ifdef DEBUG
fGbliref = fVDC2;
#endif
£fGblU2 = f£SUMP3;
PS_ExitPwmlGeneral () ;

}

void Initialize (void)

{
PS_SysInit (30, 10);
PS_StartStopPwmClock (0) ;
PS_InitTimer (0, Oxffffffff);

PS InitPwm(1l, 0, 20000*1, (4e-6)*1le6, PWM POSI ONLY,

outtype
PS_SetPwmPeakOffset (1, 10, 0, 1.0/10);
PS_SetPwmIntrType (1, ePwmIntrAdcO, 1, 0);
PS_SetPwmVector (1, ePwmIntrAdcO, Task);
PS_SetPwmTzAct (1, eTZHighImpedance) ;
PS_SetPwmlRateSH(0) ;
PS_StartPwm (1) ;

PS_ResetAdcConvSeq () ;
PS_SetAdcConvSeq (eAdcOIntr, 0, 1.0);
PS_AdcInit (1, !1);

PS_StartStopPwmClock (1) ;

}

void main()

{

Initialize();

PS_EnablelIntr(); // Enable Global interrupt INTM

PS_EnableDbgm () ;
for (;;) {

}

The generated code has the following structure:

42822) ;// pwnNo, waveType,

frequency, deadtime,

Interrupt void Task (): The interrupt service routine for 20 kHz. It iscalled in every 20-kHz cycle.

void Initialize (): Theinitialization routine. It initializes hardware.

void main (): The main program. It calls the initialization routine, and runs an infinite loop.

Note that in this example, al the control blocks run at the 20-kHz sampling rate. If there were blocks that run at
a different sampling rate, another service routine would be created. One interrupt service routine will
correspond to one sampling rate. For blocks that do not have sampling rates associated with them, the
corresponding code will be placed in the main program.

This code and all necessary project files are stored in a sub-folder in the same directory as the main schematic
file. User can load the project filesinto TI's Code Composer Studio environment, compile the code, and upload

it onto the DSP hardware for real-time operation.

Chapter 2: Code Generation - A Step-by-Step Approach
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Subcircuit Code Generation

In PSIM, a section of the circuit can form a subcircuit. SimCoder can generate code for each subcircuit, given
the condition that all the elements in the subcircuit are supported by code generation. There are some other
restrictions which are listed in Section 2.5.3

To illustrate the code generation for a subcircuit, we continue to use the example system in Section 2.3. The
control circuit within the dotted line is placed inside a subcircuit, as shown below.

S fp
5 #j . -]t

P~ - T T T T s mm—————— === = T T T £> I_fdbk
Subcircuit I
U1

k1l
S SO}
- s 04 +
2 .

|

|

|

| |

| 20% | 51 @

| |

LL 100020k | +] 92 ! i }

| .

: 20k 71 : 10
20k

i ZoH i 1

; 20k ;

To create the subcircuit, select the circuit in the dotted box. Right click the mouse to display the pull-down
menu. From the menu, select Create Subcircuit, and define the subcircuit file name.

The subcircuit for code generation excluded the comparator and the carrier wave source. One of the reasons for
this arrangement is, in most of the hardware setup, these two functions are either implemented by externd
hardware or embedded in microcontroller’s peripheral interface. The other reason is, for simulation, the carrier
wave and the comparator must be calculated at every time step, but the code is executed at the sampling rate of
20kHz. In SimCoder generated code, the sampling rate of every element must be defined. The comparator has
two inputs: oneis from the controller which has 20 kHz sampling rate, and the other is the carrier wave source
which is undefined. In such cases, SimCoder will assume that both inputs of the comparator have the same
sampling rate as the input which is defined.

SimCoder can generate code for a subcircuit either for smulation or for hardware target operation. These two
types of code are not interchangeable. The subcircuit code generated for simulation can not be used in hardware
target, and vice versa. These two situations are explained in the subsections below.

Subcircuit Code Generation for Simulation

To generate code for simulation, follow the steps below:
- While in the main circuit, right click the mouse at the subcircuit block and select Attributes.

- At the bottom of the Attributes dialog window, click the button Gener ate Code, and select the option
Generate Codefor Simulation.

- If wanted, user can add a comment section to the beginning of this code. To create and edit the comments,
in Simulation Control, go to the SimCoder tab, and enter or edit the comments in the dialog window
before clicking the Gener ate Code button.

The beginning of generated code is shown below.

/*********************************************************************
// This code is created by SimCoder Version 9.3.3

//

// SimCoder is copyright by Powersim Inc., 2009-2013

// Date: February 24, 2014 14:55:33

Fohkkkkkkkkkkkkkkhkkkkkkkkhkkhkkkkkhkkkkhkkhkkhkkhkkhkhkkhkkhkkhkhkkkkk k% /
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#include <stdio.h>

#include <math.h>

#define ANALOG_DIGIT_ MID 0.5

#define INT_START SAMPLING RATE 1999999000L
#define NORM_START SAMPLING RATE 2000000000L

typedef void (*TimerIntFunc) (void) ;
typedef double DefaultType;

DefaultType *inAry = NULL, *outAry;
DefaultType *inTmErr = NULL, *outTmErr;

double fCurTime;
double GetCurTime() {return fCurTime;}

/* The input/output node definition for C/DLL block.
The 2nd display node (outAry[1]): From element 'Sl _iref'.

*/

/* The C block for the generated code has the following additional output port(s):
2 - Sl.iref

*/

void _SetVP6 (int bRoutine, DefaultType fVal) ;

void InitInOutArray ()

[ o)

void FreeInOutArray ()

{ e

void CopyInArray (double* in)

{ o)

void CopyOutArray (double* out)

{ e o)

void Task() ;
void TaskS1 (DefaultType fIn0, DefaultType *fOuto) ;

DefaultType fGb1lS1_Ul = 0;
DefaultType fGbls1 U2 = 0;

void TaskS1 (DefaultType £In0, DefaultType *fOut0)

{ e i)

void Task()

{

TaskS1 (inAry [0], &outAry[0]) ;

typedef struct {

TimerIntFunc func;
long samprate;
double tmLastIntr;
} TimeChk;
#define NUM_TIMER_INTR 1
TimeChk 1Gbl_TimeOverChk [NUM_TIMER INTR] = {

{Task, 20000, 0}};

void InitAllTaskPtr (void)

{
1Gbl_TimeOverChk[0] .func = Task;
1Gbl_TimeOverChk [0] .samprate = 20000;

void _SetVP6 (int bRoutine, DefaultType fVal)

{

static DefaultType val = 0.0;
if (bRoutine) {
val = fval;
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outAry[1l] = val;
}
At the end of the generated code from the subcircuit, it contains SmulationSep function, SmulationBegin
function, and SmulationEnd function at the end, as shown below. These functions can be used in C Block
which can replace the subcircuit.
void SimulationStep (
double t, double delt, double *in, double *out,

int *pnError, char * szErrorMsg,

void ** reserved_UserData, int reserved ThreadIndex, void * reserved AppPtr)

{0

void SimulationBegin (
const char *szId, int nInputCount, int nOutputCount,
int nParameterCount, const char ** pszParameters,
int *pnError, char * szErrorMsg,

void ** reserved_UserData, int reserved ThreadIndex, void * reserved AppPtr)

{

InitInOutArray () ;

}

void SimulationEnd (const char *szId, void ** reserved_UserData, int reserved_ThreadIndex, void *
reserved_ AppPtr)

{

FreeInOutArray () ;

}

Replacing Subcircuit with C Block

In the subcircuit attribute dialog, there is a check box called Replace subcircuit with generated code for
simulation. When this box is checked, the simulation will be done as if the system contains a C Block instead
of asubcircuit. User do not need to go through the procedure to replace the subcircuit with a C block.

However, if the user prefer to modify the C-code at will, one can place the generated code in a C Block by
following the steps below.

In the above example, the code generated from the subcircuit contains four sections: SmulationSep,
SmulationBegin, SmulationEnd and the rest of the code. Similarly, the C Block is also composed of these four
sections. A C Block contains the following sections:

#include <Stdlib.hs>
#include <String.h>
#include <math.h>

#include <Psim.h>

// PLACE GLOBAL VARIABLES OR USER FUNCTIONS HERE...

[11171777777777777777777777777777777777717717777777777777777777717717
// FUNCTION: SimulationStep

{

// ENTER YOUR CODE HERE..

}
LITTT000707 777077777 7777777 777777771 77777777177777777177777771177777

// FUNCTION: SimulationBegin

{

// ENTER INITIALIZATION CODE HERE...

}
[17170777777777777777777777777777777777777717777777777777777777777777
// FUNCTION: SimulationEnd

{
}
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To create a C Block in the main circuit, use the pull-down menu Elements >> Other >> Function Blocks>>C
Block. Then, copy the each section of the generated code to each section of the C Block: from the
SmulationSep function to SmulationSep section in the C Block, from the SmulationBegin function to

SmulationBegin section, from the SmulationEnd function to SmulationEnd section, and put the rest of the
code to the User Functions section.

The example circuit with the subcircuit replaced with a C Block is shown below.

O Tk -
o

C Block replaces

the subcircuit \

9

.
$2.5

I_fdbk

T Block

2.5.2 Subcircuit Code Generation for Hardware Target

The same example circuit in Section 2.5.1 can also be used to generate code for targeted hardware.

One sets the desired hardware target type in the Simulation Control dialog's SimCoder tab. As shown below on
the left, the target is selected for F2833x, with CPU version of F28335 for RAM Debug build.

One can select None as the hardware target but can still generate targeted code for a specific default data type.
The example below on the right set the data type as Fixed Point with the position at 1Q24.

Comments

r 5
Simulation Control B3 Simulation Control &J |
Parameters SimCoder l Color ] Parameters  SimCoder l Color ]
Help Help

Hardware Target |F2833x j |R.-'-\M Debug j Hardware Target |N°“E j | J

CPU Version F28335 - CPU Version

I [

Default Data Type 1Q20 Default Data Type 1024 -

DMC Library Version |v4.1 - DMC Library Version -

Comments

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

Go to the subcircuit’s attributes dialog. Click on the Generate Code button and select Generate Code for
Hardware Tar get.

Below is the C code generated by the SimCoder for the subcircuit for F28335 CPU. Unlike the generated code
for the whole system, the code for a subcircuit does not have the main program and the initialization routine. It
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can beinserted into one's own code for F28335 target hardware implementation.

This subcircuit has only one sampling rate. As aresult, the generated code has only one function TaskSL. The
variables fIn0 refers to the subcircuit input |_fdbk, and the variable fOutO corresponds to the subcircuit output
Ctrl.

#defineNULL (0
#ifndef DSP28_DATA TYPES
#define DSP28 DATA TYPES

typedef int intl6;
typedef long int32;
typedef long long inté64;
typedef unsigned int Uintl16;
typedef unsigned long Uint32;
typedef unsigned long long Uinté4;
typedef float float32;
typedef long double floaté64;
#endif

DefaultTypefGblSl Ul = 0;
DefaultTypefGblSl_iref = 0;
// Parameter list for S1
void TaskS1l (DefaultType £In0, DefaultType *fOut0)
{
DefaultTypefSl U1, f£S1 SUMP1, £S1 B4, £S1 k2, £S1 k1, £S1 _SUM1, £S1 21;
DefaultTypefS1l_VDC2;

*fout0 = £GblsSl_Ul;

£S1 VDC2 = 2;

£S1_21 = £Ino;

£S1_SUM1 = £S1_VDC2 - £S1_21;
£S1 k1 = £S1_SUML * 0.4;
£S1_k2 = £S1_SUML * 1000;

{

static DefaultType out A = 0;
£S1 B4 = out A + 1.0/20000 * (£S1 k2);
out_A = £S1_B4;
}
£S1 _SUMP1 = £S1 k1 + £S1 B4;
£GblS1_Ul = £S1_SUMP1;
#ifdef DEBUG
fGblS1l iref = £S1_VDC2;
#endif

}

2.5.3 Restrictions for Subcircuit Code Generation

12

There are a few restrictions for building the subcircuit for code generation using SimCoder. These restrictions
are listed below:

- All the elements in the sub-system must be supported for code generation. To find out if an element can be
used for code generation, in PSIM, go to Options >> Settings, and check the box Show image next to
elementsthat can be used for code generation. Any elementsthat have an image next to the elementsin
the PSIM Elements library can be used for code generation.

- Only uni-directional subcircuit ports can be used. That is, input signal ports must be used for subcircuit
inputs, and output signal ports must be used for subcircuit outputs. Bi-directional ports are not allowed.

- No hardware input/output elements (such as A/D converter, digital input/output, encoder, counter, and
PWM generator) as well as hardware interrupt elements are placed inside the subcircuit. They must be in
the top-level main circuit only.

- If the input of a sub-system has a sampling rate, and the rate can not be derived from the circuit inside the
sub-system, a zero-order-hold block must be connected at the input to explicitly define its sampling rate.
If the zero-order-hold block is not used in this case, thisinput (and subsequent blocks that connect to this
input) will be treated with no sampling rate.
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- If theinput of asubcircuit does not have a zero-order-hold block connected to it, SimCoder will deriveits
sampling rate from the blocks that connect to it in the sub-system. However, to avoid ambiguity, it is
strongly suggested to place a zero-order-hold block at each input to explicitly define its sampling rate.

2.6 System with Event Control

Often a system may include event transitions. The system will transit from one state to another state when
certain condition is met. SimCoder handles the event control through subcircuits. More detailed description of
the event control can be found in Chapter 3.

To illustrate how event control works, the following considerations are added to the examplein Section :

- A manual switch is employed to control the start/stop of the system. As aresult, the system will have two
operation modes. Stop Mode and Run Mode. The system will transit from one mode to another whenever
the switch position changes.

- In Stop Mode, the integrator output is reset to O to prevent saturation.

The example system with event control is shown below.

0.8m

& ?ﬁﬁg AR

|_fdbk ADC
= AD Do |—
‘{\F\ —ok1 D1 |
i i Bz Dz
Subcircuit - e
+@_ I PRy I
: 1-ph P jas DEe
+ |: |—u- ARE DE
Runhode Gl —qn7 ':"":2
o= Fdbk Bl =0  DE |
(E1 DS
F22335 = I
483 Dlll—
B4 D12}
20 Il— 4B D13|
—aEE D14
Stop Integrator S
= Fz833%
Zl
Z0H P—
Z0k
+5 RunSy a1
ZOH blocks are used to Aoode
define sampling rate : unBwitch . =
. - O Bunbode
of each input signal ot
* DIN I ) E0ur
m_l IADD—gg =} 1z
D2
Off = o3 E:: _ )
g Rungw==p __ unsW=
= DE DE|—o g2
07 D07}
ZEEED LIN
—— EQSTOP
Default Event BurdMode
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In the diagram, Blocks S1 and S2 are subcircuits, and the contents of the subcircuits are shown below.

Subcircuit S1 Subcircuit S2
B s EOFn : i °
D
—— 20 e Input Output
s Event Port Event Port

20k RunMode

- _ | Emaat ZOH ‘
= ? l

F22335

Stop
}D | e

F28330

Comparing with the circuit Section , the following changes are made:

- Two event control subcircuits are added to implement the two operation modes: Stop Mode (represented
by Subcircuit S1) and Run Mode (represented by Subcircuit S2).

- The default mode of operation isthe Stop Mode. Thisis defined by connecting the Default Event element
to Port EIN1 of the subcircuit S1.

- Subcircuit S1 has two input event ports EIN1 and EIN2, one output event port EORun, one input signal
port RunSwitch, and one output signal port RunMode. Subcircuit S2 has one input event port EIN, one
output event port EOSTOP, and one signal port RunMode.

- Conditions are defined for the transition from the Stop Mode to the Run Mode, and vice versa. The
variable RunSW used in the conditions is a global variable (refer to Section 5.2 for more details), and is
defined by the global variable element connected to the output pin D8 of the digital input element.

- The hardware digital input element is used to measure the position of the push-button switch SW1. When
the switch is off, the digital input voltageis high (1), so isthe global variable RunSW, and the systemisin
the Run Mode. When RunSW is low (0), the system isin the Stop Mode.

- Multiplexer MUX 1 is added to prevent the integrator from integrating in the Stop Mode. When the system
is not running, the signal RunMode will be 0 and the integrator will not integrate. When the signal
RunMode s 1, the integrator will start to work.

Below is how this system works:

- The position of the manual switch is read through the hardware digital input. Thissignal is sent to
Subcircuit S1 (Stop Mode) through the input signal port RunSwitch. The same signal is aso designated as
the global variable RunSw.

- Initidly the system is in the Stop Mode. When the condition "RunSW == 1" (or RunSWisequal to 1) is
met, the system will transit from the Stop Mode to the Run Mode. Thisis defined by the connection of the
output event port EORun of Sl to the input event port EIN of S2.

- While in the Run Mode, if the condition "RunSW == 0" (or if RunSw is equal to 0) is met, the system will
transit from the Run Mode to the Stop Mode. Thisis defined by the connection of the output event port E
OSTOP of S2 to the input event port EIN2 of S1.

- In the Stop Mode subcircuit, the RunMode signal will be set to 0. Aslong as the RunSwitch signal is0, the
hardware PWM generator will be stopped. But when the RunSwitch is changed to 1, it will start PWM,
and at the same time switch out of the Stop Mode into the Run Mode.

- In the Run Mode subcircuit, the RunMode signal will be set to 1 in order to enable the integrator
operation.

After the system is modified, user may run the simulation to verify that the changes are correct before
generating system code for target hardware operation.
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3.1

3.2

3

Basic Concept

Event Handling

Event is used to describe the transition of a system from one operation state to another. For example, the figure
below shows severa operation states and how the transition occurs.

In the Main Circuit In Subcircuit S2
S1 i o
s3
[F—>EI13
/;>E11 EOl*r\ (> EI6
/ \ N
/ \ >|EI4 EO4 .
Condition B Condiltion A /
f S2 “ Conditlion D Condition C
\ | c‘ sS4 \
| |
\ ‘
\ // \ /
\»Eoz EI2 </ \\ //
~{EO5 EI5K

In the main circuit, there are two states: S1 and S2, both in the form of subcircuits. The schematic of each state
isincluded in asubcircuit. State S1 has two input event ports: El1 and EI 3, and one output event port EOL. State
S2 has one input event port EI2 and one output event port EO2. By default, State S1 is the default state at the
beginning. Thisis defined by the connection of the default event element to the input event port  EI3.

The output event port EO1 of Sl is connected to the input event port EI2 of S2, with the transition Condition A.
This means that when Condition A is met, the system will transit from State S1 to S2. Similarly, the output
event port EO2 of S2 is connected to the input event port EI1. When Condition B is met, the system will transit
from State S2 to S1.

When two or more states can not co-exist and only one state can exist at any time, such as S1 and S2 in this
case, we refer to these states as exclusive states.

The system on the right shows the content inside Subcircuit S2. It in turn has two states, S3 and S4. When the
system transits to State S2, it will start with State S3 by default. If Condition C is met, it will transit from State
S3to SA. If Condition D is met, it will go back to State S3.

Thereisno limit on the number of states that a system can contain.

Elements for Event Handling

The following elements are used to define events and the state transition:
- Input event port
- Output event port
- Default event element
- Flag for event block first entry
- Hardware interrupt element (see Section 5.4)
- Global variable
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Placing an input event port inside a subcircuit will create an event that allows the transition into the subcircuit.
Similarly, placing an output event port inside a subcircuit will create an event that allows the transition out of
the subcircuit.

For example, the figure below shows the image of a subcircuit after an input event port and an output event port
are placed inside the subcircuit.

s3
Signal Port | V&

Input Event Port :ET1 EO1; Output Event Port

The image of an event port is a square, which is different from the image of asignal port whichisacircle.

The connection to an input event port can only come from an output event port or a hardware interrupt element,
using the event connection wiring function. Input/output event ports and hardware interrupt elements can not be
connected to other types of nodes.

For each output event port, a condition must be defined. The property window of the output event port EO1 in
Subcircuit S3 above, for example, is shown below:

Qutput Event Port
Parameters IEUID' ]
Port name ,Em— Output Event Port
Condiion  [RunFlag==1
COOOOC
@ <
<& &
<& &
< <
<& <&
& &
=% £ 2
SOOOOS
The condition "RunFlag == 1" is the condition that will trigger the output event to occur. The condition

statement must be avalid C code expression. For example, the condition statement can be:

(RunFlag == 1) & & (FlagA >=250.) || (FlagB < V const)
Note that only globa variables, numerical values, and parameter constants defined in parameter files or passed
from the main circuit into subcircuits can be used in the condition expression. In the above expression,

RunFlag, FlagA, and FlagB can be global variables, and Vconst can be a constant defined in a parameter file or
passed into the subcircuit from the main circuit.

To create a global variable, connect the global variable element to a node.

Restrictions on Subcircuits with Events

A subcircuit that contains input or output event ports is considered to be a subcircuit with events. Also,
everything inside a subcircuit with events will inherit the event property. That is, if Subcircuit A is within
Subcircuit B, and Subcircuit B is a subcircuit with events, even if Subcircuit A does not have any input/output
event ports, it is still considered as a subcircuit with events.

As subcircuits are used to handle events, there are now three types of subcircuitsin PSIM:

- Regular subcircuits: This type of subcircuit does not contain any event ports and is the same as
conventional subcircuits before.

- Subcircuit with events: This type of subcircuit contains input/output events ports, but there are no
hardware interrupt elements connected to the input event ports.
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- Qubcircuit with hardware interrupt: Thistype of subcircuit contains input event ports only, and only
hardware interrupt elements are connected to the input event ports. Thereis no output event port inside
the subcircuit, and no output event ports are connected to the input event ports. Thisis a special case of
the subcircuit with events as this type of subcircuit is dedicated to handle hardware interrupt only.

Since a subcircuit with events or with hardware interrupt is involved in the code generation only, the following
restrictions are imposed on these two types of subcircuits:

- All the elements inside a subcircuit with events or with hardware interrupt must be supported by code
generation. For example, such asubcircuit can not contain aresistor or arms block, both not supported by
the code generation.

- A subcircuit with hardware interrupt can have multiple input event ports, but can not have any output
event ports. Also, only hardware interrupt el ements can be connected to the input event ports. In addition,
the signal input/output ports of the subcircuit can be connected to hardware elements only, not to other
function blocks. The figure below shows how a subcircuit with hardware interrupt can be connected:

Hardware
DIN interrupt DOUT
o3D0  Dpof—o INT1 S1 —{po Dol
o3p1  Dipo D1 D1{—o
o3Dp2 D2f—o S Eil e —{p2 D2fo
o3p3 D3 D3 D3
o3p4  Dar—o e D4 Dapo
o3ps D5 —{ Ei2 e —ps D5
o3p6 D6 e—D6 D6
o1D7 D7 INT2 X & —D7 D70
o>D8 D8I Si So —{D8 D80
o>D9 D9—o ¢ —>D9 D9 o
°>{D10 D10 e D10 Dlo{—
©o3D11 Dll{—° Subcircuit with ¢ —>D1l Dllf—
o3{p12 D12{—o . e—D12 D12{—
o3{p13 D13{—o hardware interrupt D13 D13{—o
o>{D14 D14 ¢ D14 D14{—
o3D15 D150 ¢—Ip15 D15
€

Thesubcircuit S1 isasubcircuit with hardware interrupt. It has two hardware interrupt el ements connected to it,
INT1 and INT2. It has one signal input port S; connected to the hardware digital input, and one signal output

port S, connected to the hardware digital output.

- If asubcircuit with hardware interrupt contains z-domain blocks with sampling rates, these sampling rates
will beignored as the subcircuit will be called only when a hardware interrupt occurs. For example, if the
subcircuit contains a discrete integrator, the sampling rate of the discrete integrator will beignored. In the
calculation for the integrator, the previous time will be the last time that a hardware device triggers an
interrupt.

- If the signal outputs of two subcircuits are connected, they should be connected directly, not through other
elements. To illustrate this, consider the following circuits:

Connection OK Connection (Blocks P2 and P3) not allowed
S1 Pl s1
o1 % K }—° o1
—>EI3 —>EI3
/>EIl EOlf—\ /i EI1 EO1 —
/ \ /
Condifion B condiltjon A conaifion B c
[ s2 | [ s2
\ 02 ] ‘ 02
\ / \\ /"
- EO2 EI2 </ - EO2 EI2 </

In the circuit on the left, both subcircuits S1 and S2 have one output signal port, O1 and O2. They are connected
externally together to the input of the proportional block P1. The way the circuit works is that the input of the
block P1 will come from either Port O1 or O2, depending on which stateis active. This connection is allowed.

However, in the circuit on the right, Port O1 is connected to Block P2, and Port O2 is connected to P3, and the
outputs of P2 and P3 are then connected together. Such a connection is not allowed. In this case, Block P2
should be moved into the subcircuit S1, and Block P2 moved into the subcircuit S2.
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4

SimCoder Libraries

Overview

SimCoder can be used with or without a hardware target. When it is used without a hardware target, it will
convert a control schematic into C code. While the code can be simulated in PSIM, it is not for a specific
hardware. On the other hand, with a hardware target, SimCoder can generate code that is ready to run on the
specific hardware, or can be adopted for a specific hardware.

SimCoder element libraries include two types of elements: these that are not associated with any hardware
targets or are shared by all hardware targets, and these that are specific to a particular hardware.
SimCoder elements that are independent of any hardware include the following:

- Some of the elements of the standard PSIM library.

- All the elements under Elements >> Event Control.

- The Global Variable element under Elements >> SimCoder.

Simcoder elements that are shared by all hardware targets include the following:
- The Interrupt element under Elements >> SimCoder.
- The TI DMC element under Elements >> SimCoder >> T| DMC Library.

SimCoder elements that are hardware-specific include the following:
- F2833x Target: All the elements under Elements >> SimCoder >> F2833x Tar get.
- F2803x Target: All the elements under Elements >> SimCoder >> F2803x Tar get.
- PE-Pro/F28335 Target: All the elements under Elements >> SimCoder >> PE-Pro/F28335 Tar get.
- PE-Expert3 Target: All the elements under Elements >> SimCoder >> PE-Expert3 Tar get.
The SimCoder elements that are independent or common to all hardware targets are described in this Chapter.

The elements for each specific hardware target are described in Chapter 5 to 8. The elementsin the TI DMC
Library are described in Chapter 9.

Elements from Standard PSIM Library

Many elements in the standard PSIM library can be used for code generation. Under Options >> Settings >>
Advanced, check the option box "Show image next to elements that can be used for code generation”, a small

image %@ will appear next to those elements that can be used for code generation.

Please note that, for al the math function blocks and the Simplified C Block, variablest (for time) and delta (for
time step) can not be used in SimCoder for code generation.

Also, the parameter file element and the sawtooth voltage source element have special usage in SimCoder, as
described in the sections bel ow.

Defining Global Parameters in Parameter File

The parameter file element can be used in the same way as before. In SimCoder, it can also be used to define
global parameters.

In order to make generated code more readable and manageable, sometimesit is better to use parameter names
instead of the actual numerical values in the code. For example, if the gain of a controller is 1.23, rather than
using the number 1.23 in the code, we can define the parameter Kp = 1.23, and use the parameter name Kp in
the code instead.

Thistype of parametersis global to the code, and can be used anywhere in the code. To define a parameter asa
global parameter, in the content of a parameter file, use the " (global)" definition before the parameter name.
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As shown below in the buck converter example circuit, the gain of the proportional controller is defined as Kp.
In the parameter file, if the DSP target is floating-point F28335, the parameter Kp is defined as:

(global) Kp=0.4
If the DSP target is F28035 with fixed-point at 1Q-24, the parameter Kp is defined as:
(global_1g24) =0.4

J: .
2000u T 25
Hardware anc
Config - =
Rl 0l |—=
F23335 uomi
a3 03 (o
Ra Dd |—
Dsp wowlo
Clock T » —
7 07 |—o
F28335 " v o
1—E|_° E1 DS (o
B2 010 f—o
F28335 =omoe
PWM 1 B4 D2 |
freqg 25 Di3fa
Trigger ADC Group 2 26 Dli|
B7 DlE |
o — F28335
Z0H L
== F
freq
0.6m @
1&£T L
1 N .
12
2000u T 2.5
Hardware J:_ -
Config iL - _
{20-pin) o
F2803x : z: :
R4 T
DsP 2 mlo
Clock 1-ph P o
| ) o7
F2803x @ : n »owh
’I—EI_C‘ E1 DS o
2 B2 D0 |
F2303x = ou
B4 D2 [
PIE;_:‘E:I:-I E D13 —o
i ~ BE  Dld |
Trigger ADC ]
freq — = F2803x
OH
= r
Fil £ ighle, sampling fregquency freq
3 < {global ig24)Ep=0.4 //fglobal variable, proportional gain

The generated code for F28335 is shown below. Note that in the code, the parameter Kp is defined as 0.4 at the
beginning, and the parameter name Kp is used in the calculation.
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/*********************************************************************************

/I This code is created by SimCoder Version 9.1 for Tl F28335 Hardware Target

1"

/I SimCoder is copyright by Powersim Inc., 2009-2011

1"

/I Date: November 08, 2011 11:26:37
**********************************************************************************/
#include  <math.h>

#include  "PS bios.h"

typedef float DefaultType;

#define GetCurTime() PS_GetSysTimer()

interrupt void Task();

DefaultType fGbliref = 0.0;
DefaultType fGbIUDELAY 1 = 0;

(DefaultType Kp=04; ) Theglobal parameter Kp is defined here.
interrupt void Task()

{

DefaultType fVDC2, fTI_ADC1, fZOH3, fSUM1, fP2, fSUMP3, fUDELAY 1, fP1, fSUMPL1;
PS_Enablelntr();
fUDELAY1 = fGblUDELAY 1,

fTI_ADCI1 = PS_GetDcAdc(0);
fvDC2=2;

#ifdef _DEBUG
fGbliref = fVDC2;

#endif
fZOH3 = fTI_ADCL;
fSUM1 = fVDC2 - fZOH3;
fP2 = fSUM1 * (1000./20000);
fSUMP3 = fP2 + fUDELAY 1;
fGbIUDELAY 1 = fSUMP3;

((fPL=fSUM1*Kp, ) Theparameter Kpisused here.

fSUMPL=fP1 + fSUMP3;
PS_SetPwmlRateSH(fSUMPL);
PS_ExitPwm1General();

4.2.2 Generating Sawtooth Waveform

A sawtooth waveform can be used in hardware as the system timer, or to generate other periodic waveforms
(such as sinusoidal waveform). The sawtooth voltage source under Elements >> Sources >> Voltage is
implemented using an actual counter in the hardware.

It assumes that there exists a 32-bit counter in the hardware, incrementing in every 20 ns, to generate the
sawtooth waveform.

For the PE-Expert3 Hardware Target, it used the 32-bit free-run counter on the PEV Board, incrementing in
every 20 ns, to generate the sawtooth waveform.
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Event Control Elements

The following elements are used to implement event control.

Input Event

Theimage of an input event element is shown bel ow.

Image:

Input Event

i

The letter "i" in theimage refersto "input".

The input event element is a type of subcircuit interface port. It should be used inside a subcircuit only. After
double clicking on the element, one will define the port name and location, as shown below:

Input Event Port

Parameters ] Color |

Foit name Input Event Port

*OOO

COOOOC
SOOOOG

SOCO

Inthe main circuit that calls this subcircuit, if there isan event connection wire connecting to this port, when the
condition of the event connection is met, the system will transit to this subcircuit through this input event port.

Output Event

The image of an output event element is shown below.

Image:

Output Event

The letter "0" in the image refersto "output”.

The output event element is also a type of subcircuit interface port. It should be used inside a subcircuit only.
After double clicking on the element, one will define the port name, location, as well as a condition, as shown
below:

Qutput Event Port

Parameters \ Color |

Port name Output Event Port

Condiion |

*SOS

COSOOE
COCOOOE

SOOO
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4.3.4

4.3.5

When the condition defined in the output event port is met, the system will transit out of this subcircuit into
another subcircuit.

The condition statement must use format and operators supported by the C language. For example, the
statements below are acceptable condition statements:

A ==

A>=B

(A>B)&& (C>D)

where A, B, C, and D are global variables or numerical constants.

Default Event

The image of a default event element is shown below.

Image:

Default Event

=]

When there are several exclusive states, the default event element is used to define which state is the default
state. It is connected to the input event port of a subcircuit outside the subcircuit.

Event Connection

The event connection is a SimCoder element which connects an output event port or a hardware interrupt
element to an input event port. Note that it should not be confused with the regular wiring tool to connect other
PSIM elements. The event connection can be used for event connection only.

Event connection element can be found at Elements >> Event Control >> Event Connection.

When double clicking on the event connection wire, one can edit the condition statement of the output event
port that the event wire connects to.

Besides the starting point and the ending point, an event connection wire has two points in between. By
modifying the locations of these two points, the shape of the connection wire can be changed. To modify these
two points, highlight the event connection wire. Right click and choose "Modify handle 1" or "Maodify handle
2",

Flag for Event Block First Entry

Sometimes certain actions need to be performed when the program execution enters an event subcircuit block
for thefirst time. To identify this, aflag for event block first entry is provided.

Image:
=
)
Attribute:
Parameters Description

Event Subcircuit Block Name | The name of the event subcircuit block that the flag isfor.

The flag node is an output node. When the event subcircuit block is entered for the first time, the node value
will be 1. Otherwise, it will be 0. For example, to find out when the event subcircuit block S1 is entered the first
time, set Event Subcircuit Block Name to S1.
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Global Variable

A global variableis used in conditional statements and in specia occasions.

Image:
Global Variable
=]
Attributes:
Parameters Description
Name The name of the global variable name
Initial Value The initial value of the global variable

To define asignal asaglobal variable, connect the global variable element to the particular node. Note that only
asignal in the control circuit for the code generation can be defined as a global variable.

As the name suggests, a global variable can be accessed globally. When the initial value of a global variableis
changed, the initial values of all the global variables in that circuit, including subcircuits, are changed at the
same time.

A global variable can be asignal sink or asignal source. When it isasignal sink, it reads the signal value from
the node. When it isasignal source, it sets the value of the node.

One use of the global variables is in the event condition statements. All variables in the condition statements
must be global variables. An exampleis shown below.

Global Variable
+5 RunSW
fRunhiode
EoanSwitoh FunModal D
10
. o o Stop Mode
[ o0 DO
!m_l o mf-
D2 ¥ 0w
on = e B2 i
% —aDd D4 o
+—dos psf- ~
= +—{os o= RSy — 0 RS =1
4oy .
]

|||—

tostee RUN Mode

Bunbodg

In this example, a globa variable, RunSW, is connected to the output pin DO of the digital input. This global
variableisthen used in the conditional statements between the transition of the two modes of operation.

Another use of the global variableisto useit asasignal source. For example, aglobal variable can be used asa
signal source and passes the value to another block.

Note that global variable should not be used as alabel to pass avalue from one node to another, when two nodes
can be physically connected by awire. The use of the global variables has the following restrictions:

- Global variables of the same name can be used multiple times only if they are in the same signal flow
path.

- If they arein different signal flow paths, global variables of the same name are not allowed, unless they
arein different exclusive states (exclusive states are states that can not occur at the same time).
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To illustrate this, the diagram below shows situations where global variables can and cannot be used.

Case 1 &’ﬂ \z’ﬂ
(allowed)

R e LI

Source

-
(nOta”OWed) P1 P2 P3 P4

e A{xf Al el Ax)o

Case 3:

(allowed) 1
Pl P2 Subcircuit 1
- e o)

(Subcircuits 1 and 2 are exclusive)

P3 P4
:
In Case 1, aglobal variable V1 is first used as a source and it assigns the value to the input of the block P1.

After a series of calculation, the output of the block P4 is assigned back to the same global variable V1. Since
both global variables are in the same signal flow path, it is alowed.

Subcircuit 2

In Case 2, however, the global variable V1 is used as alabel to pass values from the output of the block P2 to
the input of the block P3. Thisis not allowed. To pass the value from one node to another, labels should be used
instead, or one should connect these two nodes with awire.

In Case 3, on the other hand, the global variable V1 is used in both Subcircuits 1 and 2. Subcircuit 1 and 2,
however, are two exclusive states. That is, the system will run either Subcircuit 1, or Subcircuit 2, but not both.
The use of the global variablesisalowed in this case.

Interrupt

In a hardware target, elements such as digita input, encoder, capture, and PWM generators (for F2833x and
F2803x DSPs) can generate hardware interrupt. The interrupt block allows users to associate the element that
generates the interrupt with the corresponding subcircuit that represents the interrupt service routine.

Please note that the interrupt element cannot be placed inside a subcircuit. It must be in the top-level main
circuit only.

Image:

Interrupt

INT O
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Attributes:

Parameters

Description

Device Name
Channel Number

Trigger Type

The name of the hardware device that initiates the hardware interrupt

Theinput channel number of the device that initiates the interrupt. For example, if
Channel DO of adigital input generates the interrupt, the channel number should
besetto 0.

Note that this parameter is used only for:
- Digital input
- Capture (PE-Expert3 Target and General Hardware Target only)

It does not apply to encoder and PWM generator.

This appliesto digital input and capture only. It can be one of the following:
- No edge detection: No interrupt will be generated.
- Rising edge:  Therising edge of the input signal will generate interrupt.
- Falling edge: The falling edge of the input signal will generate interrupt.
- Rising/falling edges. Both the rising and falling edges of the input signal will
generate interrupt.

The diagram below shows how the interrupt block is used.

LA LTTTTL

Interrupt £
DIN
Y 51 Parameters ]CO|DI’ ]
D1 D1 f—o
[ ; ;
o2 3 INT (= Einl i
B I-l G e Hardware interrupt Help
D4 Od =
E: EEZ'; Display
el Name | INT1 ]
DIN1 Device Name |DIN1 =]
Channel Number |6 | i
Edge Detection Type |Rising edge _'J [ e
\

In this circuit, the current |_out is measured and compared with the reference value Limit. If the current | _out
exceeds the Limit, the output of the comparator will change from 0 to 1. This will generate a rising edge to
channel D6 of the digital input block DIN1. The interrupt block parameters are set as shown in the graph:

- Device Name: DINL1 for the specified digital input block;
- Channel Number: 6 for the specified digital input channel D6;
- Edge Detection Type: Rising edge for the condition of | _out > Limit.

The rising edge at the output of the comparator will then generate a hardware interrupt and the operation will
transit to Subcircuit S1 through the input event port EI 1.

Please note that the connection between the interrupt block INT1 and the event subcircuit Sl is an Event
Connection, not a piece of wire.
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F2833x Hardware Target

51 Overview

With the F2833x Hardware Target, SimCoder can generate code that is ready to run on any hardware boards
based on Texas Instruments' F2833x floating-point DSP.

The F2833x Hardware Target will work with all F2833x packages. The figures in the next two pages show the
pin assignments of the F2833x DSP in the low-profile flatpack (LQFP) package. The main functions
implemented in the F2833x Hardware Target are marked in color in the figures.
The F2833x Hardware Target library includes the following function blocks:

- PWM generators: 3-phase, 2-phase, 1-phase, and APWM

- Start/Stop functions for PWM generators

- Trip-zone and trip-zone state

- A/D converter

- Digital input and output

- SCI configuration, input, and output

- SPI configuration, device, input, and output

- Capture and capture state

- Encoder and encoder state

- Up/Down counter

- DSP clock

- Hardware configuration
When generating the code for a system that has multiple sampling rates, SimCoder will use the interrupts of the
PWM generators for the PWM sampling rates. For other sampling rates in the control system, it will use the

Timer 1 interrupt first, and then Timer 2 interrupt if needed, If there are more than three sampling rates in the
control system, the corresponding interrupt routines will be handled in the main program by software.

In TI F2833x, PWM generators can generate hardware interrupt. SimCoder will search and group al the
elements that are connected to the PWM generator and have the same sampling rate as the PWM generator.

These elements will be automatically placed and implemented in an interrupt service routine in the generated
code.

In addition, digital input, encoder, capture, and trip-zone can aso generate hardware interrupt. Each hardware
interrupt must be associated with an interrupt block (described in Section 5.4 of this Manual), and each interrupt
block must be associated with an interrupt service routine (a subcircuit that represents the interrupt service
routine). For example, if a PWM generator and a digital input both generate interrupt, there should be one
interrupt block and one interrupt service routine for each of them.

The definitions of the elementsin the F2833x Hardware Target library are described in this Chapter.
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F28335 DSP Port Assignments (Pin 1 - 88)
F
O _]
GPIO30/CANRXAXA1S M1 880 GPI048/ECAP5/XD31
GPIO29/SCITXDAXA19 [12 870 TCcK
\\;‘55 3 SCI & SPI 860 EMU1
po )4 i 850 EMUO
GPIODEPWMIA 045 (in yellow) 8410 VppavFL
GPIO1/EPWM1E/FCAPS/MFSRB O 6 830 Vss
GPIO2IEPWM2A [RT 82 TEST2
Vgg [ 8 810 TEST1
Vopio (19 800 XRS
GPIO3/EPWM2B/ECAPE/MCLKRB [ 10 790 TMS
GPIO4/EPWM3A T} 11| <= PWM 1-6 780 TRST
GPIOS/EPWM3B/MFSRA/ECAP [ 12 77 TDO
GPIOGFPWMAAFPWMSYNCIEPWMSYNCO 413 760 TDI
Vgg [ 14 750 GPI033/SCLA/EEPWMSYNCO/ADCSOCBO
VDD 15 74 GPIOA2/SDAAFPWMSYNCI/ADCSOCAD
GPIO7/EPWM4B/MCLKRA/ECAPZ [] 16 730 GPIO27/ECAP4/EQEP2S/MFSXB
GPIO8/EPWMSA/CANTXR/ADCEOCAD [ 17 720 GPI026/ECAP3/EQEP2I/MCLKXB
GPIO9/EPWMSB/SCITXDF/ECAP3I [ 18 71 VDDIO
GPIO10/EPWMBA/CANRXB/ADCSOCEO [ 19 Counter / Vag
GPIO11/EPWMER/SCIRXDE/ECAPA (120 Encoder A GPIO25/ECAP2/EQEP2B/MDRB
XB 121 FCAP1/
Vgg [f 22 \
\fDD 23 .
GPIO13/TZZ/ICANRXB/MDRB O§ 24|  Trip-Zone 1-6
GPIO14/TZ3/XAOLD/SCITXNREIMCLKXE [} 25 / R4
GPI1015/TZ4/XHN DASCIRXNF/MFSXB [ 26 a2 apIn1a/3PIRTEA/RCIRYNRICANTYA
GPI016/SPISIMOLCANTXB/TZE [ 27 1 GPIO18/SPICLKA/SCITXDB/CANRXA
GPIO17/SPISOMIA/CANRXBITZ6 [ 28 1 Voo
Vpp [§29 ] Vss
Vss (430 0 VpD2a1s
Vpp1ats 0§ 31 1 Vss2AGND
VggiaenDp O 32 [1 ADCRESEXT
VSSAQE 33 ] ADCREFP
Vppaz [} 34 0 ADCREFM
ADCINAT T35 ~\DC Group A ADCREFIN
ADCINAG [ 36| & [ ADCINB7
ADCINAS [ 37 [ ADCINB6
ADCINA4 ] 38 (0 ADCINB5
ADCINA3 ] 39 0 ADCINB4
ADCINAZ ] 40 0 ADCINB3
ADCINA1 [ 41 ] ADCINB2
ADCINAO [ 42 ] ADCINB1
ADCLO 43 4 ADCINBO
Vssaio (J44  ADC Group B 450 Vppaio
h d
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F28335 DSP Port Assignments (Pin 89 - 176)

— F
132 [0 GPIO75/XD4 GPIO76/XD3 [ 133
1310 GPIO74/XD5 GPIO77/XD2 [} 134
1300 GPIO73/XD6 GPIO78/XD1 ] 135
1290 GPIO72/XD7 GPI079/XD0 [} 136
128 | GPIO71/XD8 GPI038/XWED O} 137
127 0 GPIO70/XD9 XCLKOUT C§138
126 @ Vpp Vpp O 139
1251 Vss Vgg ] 140
124 0 GPIO69/XD10 GPIN28/ISCIRXNAXZCSR 1141
1230 GPIO68/XD11 ) GPIO34/FCAP1/XREADY 1142
122 0 GPIO67/XD12 SCI & SPI (in yellow) Vppio O] 143
121 Vppio Vgg [} 144
1203 Vss GPIO36/SCIRXDAXZCS0 Ol 145
1190 GPIO66/XD13 Vpp [ 146
1180 Vss Vee M147
1173 Vop GPIO3&/SCITXDAXRW 148
116 ] GPIO65/XD14 __XrD 149
1150 GPIO64/XD15 GPIO37/ECAP2/XZCST7 cl 150
1140 GPIO63/SCITXDC/XD16 GPI1040/XA0/XWET ] 151
1130 GP1062/SCIRXDC/XD17 GPI041/XA1 [ 152
1120 GPIO61/MFSRB/XD18 GPI1042/XA2 ] 153
1113 GPIO60/MCLKRB/XD19 \\’;DD ] 154
110 d GPIO59/MFSRA/XD20 ss [} 155
1090 Vpp GP1043/XA3 [ 156
1081 Vss GPI1044/XA4 [} 157
107 3 Vopio GP1045/XA5 [ 158
e i oo g
SS

182 % %?LKJN GP1046/XA6 ] 161
1030 Vss GP1047/XA7 [} 162
1020 X2 GPI1080/XA8 ] 163
1010 Vbn GPIO81/XA9 [ 164
1000 GPIO58/MCLKRA/XD21 GPI1082/XA10 [§ 165
991 GPIO57/SPISTEA/XD22 Vss [} 166
98 [1 GPIO56/SPICLKA/XD23 Vpp [ 167
a7 0 GPINSS/SPISOMIAXDN?4 GPIO83/XA11 [} 168
o6 [0 GPI054/SPISIMOA/XD25 GPI084/XA12 [§ 169
951 GPIO53/EQEP1I/XD26 Vppio [f170
94 1 GPIO52/EQEP1S/XD27 Vss [§171
93 Vpooio GPIO85/XA13 [J 172

a2 f Vss GPI086/XA14 1173

010 GPIOS1/EQEP1B/XD28 | Counter/Encoder GPI087/XA15 [} 174

| anb1_GPIOS0/EQFP1A/XD29 | GPI039/XA16 [ 175

aa i GPI049/ECAP6/XD30 GPIO31/CANTXAXA17 [} 176
O

d h

5.2 Hardware Configuration

The F2833x DSP provides 88 GPIO ports (GPIOO0 to GPI0O87), and each port may be configured for different
functions. For a particular DSP board, however, not all the ports are accessible from outside, and often the
functions of some ports are fixed. The Hardware Configuration block provides away to configure SimCoder for
aparticular DSP board.

Image:

F23335
Board
Config
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The dialog window of the block is shown below:

Hardware Board Configuration

Parameters ] Colar ]

Hardware Configuration for TI F28335

GRIOO
GPIO1
GPIO2
GPIO3
GPIO4
GPIOS
GPIOG
GPIO7
GPIOZ
GPIOS
GPIO10
GPIO11
GPIO12
GPIO13
GPIO14
GPIO15
GPIO 15
GPIO17

[~ Digital Input
™ Digital Input
[ Digital Input
[~ Digital Input
[ Digital Input
™ Digital Input
™ Digital Input
[ Digital Input
[~ Digital Input
[ Digital Input
™ Digital Input
™ Digital Input
[ Digital Input
[~ Digital Input
™ Digital Input
[ Digital Input
[~ Digital Input
[ Digital Input

I~ Digital Dutput
[ Digital Output
[~ Digital Output
I~ Digital Dutput
[ Digital Output
I~ Digital Dutput
™ Digital Output
[~ Digital Output
I~ Digital Dutput
[ Digital Output
I~ Digital Dutput
™ Digital Output
[ Digital Output
I~ Digital Dutput
[ Digital Output
[~ Digital Output
I~ Digital Dutput
I Digital Output

[~ PwM
[ PwM
[ PmM
[~ PwM
[ PwmM
™ PwM
[ PwM
[ PmM
[~ PwM
[ PwmM
™ PwM
[ PwM
[ Trip-Zone
[~ Trip-Zone
[ Trip-Zone
[ Trip-Zone
[~ Trip-Zone
[ Trip-Zone

[ Capture
[T Capture
™ Capture
[ Capture
[ Capture

[ Capture

Help | Lock |
.A.
]

For each GPIO port, a check box is provided for each of its available function. If this box is checked, only this
function is used, and al other functions are not allowed in SimCoder. For example, Port GPIO1 can be used for
"Digital Input", "Digital Output", "PWM" and "Capture". If a particular board uses Port GPIOL1 as the "PWM"
output, only the checkbox for "PWM" should be checked and all other check boxes should be left unchecked. If
in the circuit Port GPIO1 is used as "Digital Input”, SimCoder will report an error.

DSP Clock

The DSP Clock block defines the external clock frequency and the speed of the F2833x DSP, as well as the

program space size.

Image:
DSP
Clock
F28335
Attributes:
Parameters Description

DSP Speed (MHz)

External Clock (MHz)

Frequency of the external clock on the DSP board, in MHz. The frequency must
be an integer, and the maximum frequency allowed is 30 MHz.

DSP Speed, in MHz. The speed must be an integer, and must be an integer
multiple of the external clock frequency, from 1 to 12 times. The maximum DSP
speed allowed is 150 MHz.

If the DSP Clock block is not used in acircuit, the default values of the DSP block are used.
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PWM Generators

The F2833x DSP provides 6 sets of PWM outputs. PWM 1 (GPIO0 and GPIO1), PWM 2 (GPIO2 and GPIO3),
PWM 3 (GPIO4 and GPIO5), PWM 4 (GPIO6 and GPIO7), PWM 5 (GPIO8 and GPIO9), and PWM 6
(GPI0O10 and GPIO11). Each set has two outputs that are complementary to each other. For example PWM 1
has a positive output PWM 1A and a negative output PWM 1B, except when the PWM operates in a specia
operation mode.

In SimCoder, these 6 PWM'’s can be used in the following ways:

- Two 3-phase PWM generators. PWM 123 (consisting of PWM 1, 2, and 3) and PWM 456 (consisting of
PWM 4, 5, and 6);

- Six 2-phase PWM generators. PWM 1, 2, 3, 4, 5, and 6, with the two outputs of each PWM generator not
in acomplementary way, but in specia operation mode.

- 1-phase PWM generators. PWM 1, 2, 3, 4, 5, and 6, with two outputs complementary to each other.
- 1-phase PWM generators with phase shift: PWM 2, 3, 4, 5, and 6, with two outputs complementary to
each other.
These PWM generators can trigger the A/D converter, and use trip-zone signals.

Beside the PWM generators described above, there are also 6 APWM generators that use the same resources as
the captures. These PWM generators have restricted functionality as compared to the 6 PWM generators (PWM
1 to 6) asthey can not trigger the A/D converter and can not use trip-zone signals. Also, because of the common
resources, when a particular port is used for the capture, it can not be used for the PWM generator.

Note that all the PWM generatorsin SimCoder include one switching period delay internally. That is, the input
value of a PWM generator is delayed by one cycle before it is used to update the PWM output. This delay is
needed to simulate the delay inherent in the DSP hardware implementation.

The images and parameters of the PWM generators are shown below.

Images:

3-phase PWM 2-Phase PWM 1-Phase PWM 1-Phase PWM APWM
3-ph PWM with Exte:lfnal
Phase Shift

o> u up o
un ——

oAV vp o

Vo e 2-ph PWM 1-ph PWM 1-ph PWM
5 APWM
oSl w wWp o o> A Ao o> Ao >N Ao
wn o =B Bi—o B—— o%phase Bi— o> o
F28335 F28335 F28335 F28335 F28335

3-Phase PWM Generator

In the 3-phase PWM generator image, "u", "v", and "w" refer to the three phases (aternatively they are called
Phase "a", "b", and "c"). The letter "p" refers to the positive output, and "n" refers to the negative output. For
example, for 3-phase PWM 123, "up" isPWM1A, and "un" is PWM 1B.

Attributes:
Parameters Description
PWM Source Source of the PWM generator. It can be either "3-phase PWM 123" that uses
PWM 1to 3, or "3-phase PWM 456" that uses PWM 4 to 6.
Dead Time The dead time T4 for the PWM generator, in sec.
Sampling Fregquency Sampling frequency of the PWM generator, in Hz. The calculation is done and
the PWM signal duty cycle is updated based on this frequency.
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PWM Freg. Scaling
Factor

Carrier Wave Type

Trigger ADC

ADC Trigger Position

Use Trip-Zonei

Trip Action

Peak-to-Peak Value
Offset Value

Initial Input Value u, v,
w

Start PWM at
Beginning

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM frequency (the frequency of the PWM output
signal s used to control switches) can be multiples of the sampling frequency. For
example, if the sampling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM frequency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

The carrier wave type and the initial PWM output state. It can be one of the
following:
- Triangular (start low): Triangular wave, and the initial PWM output stateis
low.
- Triangular (start high): Triangular wave, and the initial output state is high.
- Sawtooth (start low):  Sawtooth wave, and theinitial output state is low.
- Sawtooth (start high):  Sawtooth wave, with the initial output state is high.

Setting whether for the PWM generator to trigger the A/D converter. It can be
one of the following:
- Do not trigger ADC:  PWM does not trigger the A/D converter.
- Trigger ADC Group A: PWM will trigger Group A of the A/D converter.
- Trigger ADC Group B: PWM will trigger Group B of the A/D converter.
- Trigger ADC Group A& B: PWM will trigger both Group A and B of the A/D
converter.

The A/D trigger position ranges from O to avauelessthan 1. WhenitisO, the A/
D converter istriggered at the beginning of the PWM cycle, and when it is 0.5,

the A/D converter istriggered at the 180° position of the PWM cycle.

Define whether the PWM generator uses the iy, trip-zone signal or not, where i
ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei: Disable the i, trip-zone signal.
- One shot: The PWM generator uses the trip-zone signal in the one-shot mode.
Once triggered, the PWM must be started manually.
- Cycle by cycle: The PWM generator uses the trip-zone signal in the cycle-by-
cycle basis. The trip-zone signal is effective within the current cycle, and
PWM will automatically re-start in the next cycle.

Define how the PWM generator respondsto the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The PWM positive output is high, and the negative
output islow.
- PWM A low & B high: The PWM positive output is low, and the negative
output is high.
- No action: No action is taken.

Peak-to-peak value Vi, of the carrier wave
DC offset value Vs Of the carrier wave
Initial value of 3-phaseinputsu, v, and w

When it is set to "Start”, PWM will start right from the beginning. If it is set to
"Do not start”, one needs to start PWM using the " Start PWM™ function.
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5.4.2 1-Phase PWM Generators

The attributes are the same for 1-phase PWM generators with internal or external phase shift. the differenceis
the 1-phase PWM with external phase shift has one extra input for the phase shift (labeled as "phase”). The

phase isin degree, the same as the 1-phase PWM without external phase shift.

Attributes:
Parameters Description
PWM Source Source of the PWM generator. Without phase shift, it can be PWM 1 to PWM 6.

Output Mode

Dead Time
Sampling Frequency

PWM Freg. Scaling
Factor

Carrier Wave Type

Trigger ADC

ADC Trigger Position

Use Trip-Zonei

With phase shift, it can be PWM 2 to PWM 6.

The output mode of the PWM generator. It can be one of the following:
- Use PWM A& B: Both PWM outputs A and B are used, and they are
complementary.
- Use PWM A: Only PWM output A is used.
- Use PWM B: Only PWM output B is used.

The dead time T4 for the PWM generator, in sec.

Sampling frequency of the PWM generator, in Hz. The calculation is done and the
PWM signal duty cycle is updated based on this frequency.

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM frequency (the frequency of the PWM output
signals used to control switches) can be multiples of the sampling frequency. For
example, if the sasmpling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM frequency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

The carrier wave type and the initial PWM output state. It can be one of the
following:
- Triangular (start low): Triangular wave, and theinitial PWM output stateis
low.
- Triangular (start high): Triangular wave, and the initial output state is high.
- Sawtooth (start low):  Sawtooth wave, and the initial output state is low.
- Sawtooth (start high):  Sawtooth wave, and the initial output state is high.

Setting whether for the PWM generator to trigger the A/D converter. It can be one
of the following:
- Do not trigger ADC:  PWM does not trigger the A/D converter.
- Trigger ADC Group A: PWM will trigger Group A of the A/D converter.
- Trigger ADC Group B: PWM will trigger Group B of the A/D converter.
- Trigger ADC Group A& B: PWM will trigger both Group A and B of the A/D
converter.

The A/D trigger position ranges from 0 to avalue lessthan 1. When it is O, the A/
D converter istriggered at the beginning of the PWM cycle, and when it is 0.5, the

A/D converter istriggered at the 180° position of the PWM cycle.

Define whether the PWM generator uses the iy, trip-zone signal or not, where i

ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei: Disable the iy, trip-zone signal.

- One shot: The PWM generator uses the trip-zone signal in the one-shot mode.
Once triggered, the PWM must be started manually.

- Cycle by cycle: The PWM generator uses the trip-zone signa in the cycle-by-
cycle basis. The trip-zone signal is effective within the current cycle, and
PWM will automatically re-start in the next cycle.
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Trip Action Define how the PWM generator responds to the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The PWM positive output is high, and the negative
output is low.
- PWM A low & B high: The PWM positive output is low, and the negative
output is high.
- No action: No action is taken.

Peak-to-Peak Value Peak-to-peak value Vy, of the carrier wave

Offset Value DC offset value Vs Of the carrier wave
Phase Shift Phase shift of the output with respect to the reference PWM generator output, in
degree. (1-phase PWM with phase shift has en input for this attribute)
Initial Input Value Initial value of the input
Start PWM at When it is set to "Start”, PWM will start right from the beginning. If it is set to
Beginning "Do not start”, one needs to start PWM using the " Start PWM™ function.
Phase Shift

A 1-phase PWM generator can generate PWM signal that is phase shifted with respect to another PWM signal.
There are two PWM series: PWM 1, 2, 3; and PWM 1, 4, 5, 6, as described bel ow.

- The reference PWM and the PWM being phase shifted must be from the same series. That is, PWM 1 can
be the reference, and PWM 2 and 3, or PWM 4, 5, and 6, can be phase shifted with respect to PWM 1. Or
PWM 2 can be the reference, and PWM 3 can be phase shifted with respect to PWM 2. Similarly, PWM 4
(or 5) can be the reference, and PWM 5 (or 6) can be phase shifted with respect to PWM 4 (or 5). But
using PWM 2 or 3 as the reference for PWM 4, 5, or 6 is not allowed.

- The reference PWM and the PWM being shifted must be consecutive in the series. That is, it is not
permitted to use PWM 1 as the reference, and phase shift PWM 3 without PWM2, or PWM 5 or 6 wit.

The phase shift valueisin degree. When the value is -30°, the output will be shifted to the right (lagging) by 30°
of the switching cycle with respect to the reference PWM generator output. This is equivalent to shifting the

PWM carrier wave to the right by 30°. When the phase value is 30°, the output will be shifted to the left
(leading) by 30°.
Carrier Wave

There are two types of carrier waveforms: triangular wave (with equal rising and falling slope intervals) and
sawtooth wave. In addition, there are two operation modes: start-low and start-high modes, as explained below.
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The input and output waveforms of a PWM generator with the triangular carrier wave are shown below:

Sart-High Mode
Sart-Low Mode

1 T VH Carrier wave
PWM Vop A v PWM input v,
input v, 4 [ H Vi-(Vmr V1)
vV, v N
L . \ \ Vop \/
LRV t Y Vi,
‘ ! Voffset ot
Ta-p{ [« | PWMxA
] x=12..,6 | |
1 Er e | | PWMxA
=Ty [ PWMxB
[ [ PwMxB
] A Start of the PWM cycle
A/D Trigger
Position A Start of the A/D conversion A Start of the PWM cycle
(I

} Start of the PWM interrupt service routine

The input and output waveforms of a PWM generator with the sawtooth carrier wave are shown below:

Sart-High Mode Sart-Low Mode .
Carrier wave PWM input vy,
b Vi b Vo) Vi
- v -
P\Nl\t/l oo H- (Vi VL - |
nput v, Z. pp l/
v, Y v L~ v v v,
Vet t H Vifron t
T .
—>|<_ | |_P\NMXA | PWMxA
x=12..6
L~ L [Pwmxs | L PWMxXB
A Start of the PWM cycle
A/D Trigger »1_i= A Start of the PWM cycle
Position } Start of the A/D conversion

[
} Start of the PWM interrupt service routine

The figures above show how the dead time is defined, and the time sequence when the PWM generator triggers
the A/D converter. If triggering the A/D converter is selected, from the start of the PWM cycle, after a certain
delay defined by the A/D trigger position, the A/D conversion will start. After the A/D conversion is completed,
the PWM interrupt service routine will start.

If the PWM generator does not trigger the A/D converter, the PWM interrupt service routine will start at the
beginning of the PWM cycle.

The figures above also show how the start-high and start-low modes work. Assume that the PWM input is vy,
and the lowest value of the carrier wave is V| and the highest value is V. In the start-high mode, the PWM

positive output PWMA is high at the beginning of the switching cycle, and it remains high as long as the input
Vp, IS greater than the carrier wave. For example, for a carrier wave from 0to 1, V| =0, and Vy=1. If v,;;=0.2, the

PWM output PWMA will remain high aslong as the carrier islessthan 0.2.

On the other hand, in the start-low mode, the PWM positive output PWMA is low at the beginning of the
switching cycle, and it is high when the carrier wave is greater than the value Vy-(v-V|). For example, for a
carrier wavefrom 0to 1, V| =0, and V=1. If v,;,=0.2, the PWM output PWMA will be high aslong asthe carrier
is greater than 0.8.
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Note: In the start-low mode, the PWM input v, is converted to Vy-(v,-V ) internally beforeit is compared with

the carrier wave to generate the PWM signal. With the conversion, both the start-low and start-high modes will
have the same duty cycle expression. For example, for a sawtooth wave with V|, =0 and V=1, or for atriangular

wave with V= -V, the duty cycle D of the PWMA output in both the start-low and start-high modes is:

D= VrT/VH'

2-Phase PWM Generator

Attributes:
Parameters Description
PWM Source Source of the PWM generator. It can be PWM 1 to PWM 6.
Mode Type The operation mode of the PWM generation. It can be one of the 6 modes. The

Sampling Frequency

PWM Freg. Scaling
Factor

Trigger ADC

ADC Trigger Position

Use Trip-Zonei

Trip Action

waveforms of the 6 operation modes are described below.

Sampling frequency of the PWM generator, in Hz. The calculation is done and
the PWM signal duty cycle is updated based on this frequency.

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM fregquency (the frequency of the PWM output
signals used to control switches) can be multiples of the sampling frequency. For
example, if the sampling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM fregquency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

Setting whether for the PWM generator to trigger the A/D converter. It can be
one of the following:
- Donot trigger ADC:  PWM does not trigger the A/D converter.
- Trigger ADC Group A: PWM will trigger Group A of the A/D converter.
- Trigger ADC Group B: PWM will trigger Group B of the A/D converter.
- Trigger ADC Group A& B: PWM will trigger both Group A and B of the A/
D converter.

The A/D trigger position ranges from O to avalue lessthan 1. When it is O, the
A/D converter istriggered at the beginning of the PWM cycle, and whenitis 0.5,

the A/D converter istriggered at the 180° position of the PWM cycle.

Define whether the PWM generator uses the iy, trip-zone signal or not, where i
ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei: Disable theiy, trip-zone signal.
- One shot: The PWM generator uses the trip-zone signal in the one-shot
mode. Once triggered, the PWM must be started manually.
- Cycle by cycle: The PWM generator uses the trip-zone signal in the cycle-
by-cycle basis. Thetrip-zone signal is effective within the current cycle, and
PWM will automatically re-start in the next cycle.

Define how the PWM generator responds to the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The positive output of the PWM is high, and the
negative output is low.
- PWM A low & B high: The positive output of the PWM islow, and the
negative output is high.
- No action: No action is taken.
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Peak Value Peak value Vi, of the carrier wave

Initial Input Value A, B | Initial value of the inputs A and B.

Start PWM at When itisset to "Start", PWM will start right from the beginning. If it is set to
Beginning "Do not start", one needs to start PWM using the " Start PWM" function.

For 2-phase PWM generators, the outputs are determined based on the mode of operation, as described below.
The carrier wave is either sawtooth or triangular, depending on the mode of operation. It increases from 0 to the
peak value Vyy, and thereis no dc offset.

Operation Mode 1.

The figure below on the left shows the waveforms of Mode 1. In the figure, "CA" and "CB" refer to two inputs
A and B of the 2-phase PWM generator. Each input controls the turn-off time of each output.

Operation Maode 2:

The figure below on the right shows the waveforms of Mode 2. Unlike in Maode 1, each input controls the turn-
on time of each output.

Mode 1: Mode 2:
A A Vi e A o e o A
0 =t =1
CB CA CB CA CB CA CB CA
PWMxA PWMXxA
PWMxB PWMxB

Operation Mode 3:

The figure below on the left shows the waveforms of Mode 3. Input A controls the turn-on and Input B controls
the turn-off of the PWM output A. The PWM output B is on for one complete PWM cycle, and is off for the
next cycle.

Operation Mode 4:

The figure below on the right shows the waveforms of Mode 4. The carrier wave is triangular. Each input
controls both the turn-on and turn-off of its output.

Mode 3: Mode 4:
A
A P s P A //\\ //\\
> >t
CA CB CA CB CACB CBCA CACB CBCA
PWMxA PWMXxA
PWMxXB PWMxB

Operation Mode 5:

The figure below on the left shows the waveforms of Mode 5. The carrier wave istriangular. Similar to Mode 4,
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each input controls both the turn-on and turn-off of its output. Note that PWM output B isinverted in this case.

Operation Mode 6:

The figure below on the right shows the waveforms of Mode 6. Input A controls the turn-on and Input B
controls the turn-off of PWM output A. The PWM output B ison for the first half PWM cycle, and is off for the
second half cycle.

Mode 5: Mode 6:
TN /\ A /\ /\
CA CA | CA da | ot CA |CB CA |cB ~t
CB CB CB CB
PWMxA PWMxA
PWMxB PWMxB

544 APWM Generator:

Attributes:

Parameters Description

PWM Source APWM generators share the same resource as captures. The PWM source can be
one of the six APWM’sin 14 designated GPIO ports, as listed below:

- APWM 1 (GPIO5, GP1024, GPI1034)

- APWM 2 (GPIO7, GPI0O25, GPI0O37)

- APWM 3 (GPI0O9, GPI1026)

- APWM 4 (GPIO11, GPI0O27)

- APWM 5 (GPIO3, GPI1048)

- APWM 6 (GPIO1, GPI1049)

PWM Freguency Frequency of the PWM generator, in Hz

Carrier Wave Type The carrier wave type and the initial PWM output state. It can be one of the
following:

- Sawtooth (start low): sawtooth wave, with the PWM output low initialy.

- Sawtooth (start high): Sawtooth wave, with the PWM output high initially.

Stop Action The output status when the PWM generator is stopped. It can be one of the
following:

- Output low:  The PWM output will be set to low.

- Output high:  The PWM output will be set to high.

Peak-to-Peak Value Peak-to-peak value of the carrier wave

Offset Value DC offset value of the carrier wave

Phase Shift Phase shift of the output with respect to the reference PWM generator, in deg.
Initial Input Value Initial value of the input

Start PWM at When it is set to "Start”, PWM will start right from the beginning. If it is set to
Beginning "Do not start”, one needs to start PWM using the " Start PWM™ function.

Similar to 1-phase PWM generators, an APWM generator can generate a PWM signal that has a phase shift
with respect to another PWM generator. The phase shifting rules are aso the same as the 1-phase PWM
generators.
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As noted before, the APWM generators has reduced number of functions than 1-phase PWM generators. It can
not trigger the A/D converter and can not use the trip-zone signal.

55 Start PWM and Stop PWM

The Start PWM and Stop PWM blocks provide the function to start/stop a PWM generator. The images and
parameters are shown below.

Images:
Start Stop
= BWH = BWHM
F28335 F28335
Attributes:
Parameters Description
PWM Source The source of the PWM generator. It can be: PWM 1-6, 3-phase PWM 123 and
PWM 456, and Capture 1-6.

5.6 Trip-Zone and Trip-Zone State

The F2833x DSP provides 6 trip-zones, Trip-Zone 1 to 6 which use the ports GPIO12 to GPIO17. Trip-zone is
used to handle external fault or trip conditions. The corresponding PWM outputs can be programmed to
respond accordingly.

Onetrip-zone signal can be used by multiple PWM generators, and a PWM generator can use any or all of the 6
trip-zone signals. The interrupt generated by trip-zone signals are handled by the interrupt block.

The trip-zone signal triggers a trip action when the input signal islow (0).

Images:

Trip-Zone

T£1
TZz T=ip-Zona
TZ3 o
-IZ4 Stata

T£5 F28335
T26

F28335

NNV

Attributes for Trip-Zone:

Parameters Description

Port GPIO12 as Trip-Zone 1 | Defineif Port GPIO12 is used as trip-zone 1.
Port GPIO13 as Trip-Zone 2 | Defineif Port GPIO13 is used as trip-zone 2.
Port GPIO14 as Trip-Zone 3 | Defineif Port GPIO14 is used as trip-zone 3.
Port GPIO15 as Trip-Zone 4 | Defineif Port GPIO15 is used as trip-zone 4.
Port GPIO16 as Trip-Zone 5 | Defineif Port GPIO16 is used as trip-zone 5.
Port GPIO17 as Trip-Zone 6 | Defineif Port GPIO17 is used as trip-zone 6.
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Attributes for Trip-Zone State:

Parameters Description

PWM Source The source of the PWM generator. It can be: PWM 1-6, and 3-phase PWM
123 and PWM 456.

The trip-zone interrupt can be generated in either one-shot mode of cycle-by-cycle mode, as defined in the
PWM generator parameter input. In the cycle-by-cycle mode, the interrupt only affects the PWM output within
the current PWM cycle. On the other hand, in the one-shot mode, interrupt triggers a trip action when the input
signal islow (0). will set the PWM output permanently, and the PWM generator must be restarted to resume the
operation.

The Trip-Zone State element indicates whether the trip-zone signal isin one-shot mode or cycle-by-cycle mode
when it triggers a PWM generator to generate an interrupt. When the output is 1, it means that the trip-zone
signal isin one-shot mode. When the output is 0, the trip-zone signal isin cycle-by-cycle mode.

Note that when defining the interrupt block associate with trip-zone, the "Device Name" parameter of the
interrupt block should be the name of the PWM generator, not the trip-zone block name. For example, if a
PWM generator called "PWM_G1" uses trip-zone 1 in the trip-zone block "TZ1". The "Device Name" of the
corresponding interrupt block should be "PWM_G1", not "TZ1". The "Channel Number" parameter in the
interrupt block is not used in this case.

A/D Converter

The F2833x DSP provides a 12-bit 16-channel A/D converter. It isdivided into two groups: Group A and Group
B. Theinput range of the physical A/D converter on the DSP isfrom OV to +3V.

Normally a power circuit quantity (voltage, current, speed, etc.) is brought to the DSP in severa stages. For
example, a power circuit voltage, which could be at a high level, is first converted to a control signal using a
voltage sensor. A scaling circuit isthen used to scale the signal, and an offset circuit is used to provide dc offset
to the signal if necessary, so that the signal at the DSP A/D input is within the OV and +3V. This signal is
converted to adigital valuein DSP, and a scaling block may be used to scale the value back to its original value.
The complete process is shown in the diagram below.

0to+3V or A/D Converter in SimCoder
-1.5V to 1.5V
0to+3V
Power . .
e Voltage Scaling Offset DSP Scaling A/D
\%Irt%:;l(te 1 sensor [ ™| Circit [[™] Circiit [ ™| AD [ ™| Block [ ™ Output
(if necessary)

As shown above, the A/D converter element in SimCoder is not exactly the same as the physical A/D converter
on the DSP. Rather, it combines the functions of an offset circuit, the DSP A/D converter, and a scaling block.
Thisisdesigned for the convenience of AC system applications.

The image and the parameters of the A/D converter in the SimCoder library are described below. In the
following description, "A/D converter" refers to the A/D converter in the SimCoder library, not the DSP A/D
converter, unless otherwise stated.
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Image:
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F28335
Attributes:
Parameters Description
ADC Mode Define the A/D converter mode of operation. It can be one of the following:

- Continuous. The A/D converter performs the conversion continuously. When
the converter valueis read, the result of the last conversion isread.

- Sart/stop (8-channel): The A/D converter only performs the conversion upon
reguest, on only one of the 8-channel groups.

- Sart/stop (16-channel): The A/D converter only performs the conversion upon
reguest, on al 16 channels.

Ch A or B; Mode Input mode of the A/D converter channel A; or B;, wherei isfrom 0to 7. Theinput
mode can be one of the following:

- AC: Theinput rangeis considered from -1.5V to +1.5V. This option includes
the offset circuit into the A/D converter. It provides the convenience in cases
where an external level shifter is needed to shift the AC signal to the 0 to +3V
range.

-DC: Theinputisadc value, and therangeisfrom 0 to +3V.

Ch A or B; Gain Gain k of the A/D converter channel A; (or B;), whereiisfromOto 7.

M ode of Operation:

The A/D converter can perform conversion autonomously when it is set to the "Continuous' mode. The " Start/
Stop" mode is for the conversion to be triggered by a PWM generator.

Note the following restrictions in using PWM generator triggered A/D converter:

- The A/D converter can be triggered by only one PWM generator. That is, if there are multiple PWM
generators, only one can be set to trigger the A/D converter, and the rest should be set not to trigger the A/
D converter.

- Itisnot permitted to have the A/D converter triggered by one PWM generator while some of the signalsin
this group are also used in acircuit that has a different sampling rate than the frequency of the PWM
generator.

In these situations, it is recommended that the A/D converter be set to the "Continuous' mode.

Output Scaling:
The output is scaled based on the following:

Vo=k*
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whereV, is the value at the input port of the A/D converter.

I nput Offset and Scalina:

Note that the input of the A/D converter must stay within the input range. When the input is out of the range, it
will be clamped to the limit, and a warning message will be given.

Also, the signal at the input port of the A/D converter must be scaled such that, when the input channel modeis
DC, the maximum input voltage be scaled to +3V; and when the input channel mode is AC, the maximum peak
voltage be scaled to +1.5V.

In many applications, the circuit variables to be monitored are AC signals, especialy in AC motor drive
systems. For each of this kind of AC signals, an offset circuit must be built in the hardware on circuit board at
the input of the DSP analog input, in order to shift the signal level to the acceptable range of 0 to +3.0V.

SimCoder’s A/D converter for F2833x DSP provides the convenience for such cases. Instead of level-shifting
and scaling the A/D output signals, user may chose to use the offset option and scaling factor in the SimCoder
A/D converter, and the target code will be generated accordingly.

To illustrate how to use the A/D converter, two examples are given below: One with a dc input and the other
with an ac input.

A/D Converter Channel DC M ode Example
Assume that a power circuit voltage is a dc quantity, and the rangeis as follows:
Vi min =0V, Vi max =150V

The input mode of the A/D converter will be set to dc, and the input range is from 0 to +3V. Assume that the
actual value of the voltage at a certain point is:

V; =100V
Let the voltage sensor gain be 0.01. After the voltage sensor, the maximum vaue and the actual vaue of the
input become:
Vi max s=150*0.01=15V
Vi =100*0.01=1V
To utilize the full range of the DSP, a conditioning circuit with a gain of 2 will be used. The combined gain of

the voltage sensor and the conditioning circuit becomes: 0.01* 2 = 0.02. After the conditioning circuit and at the
input of the DSP A/D converter, the maximum value and the actual value of the input become:

Vi max s c=15*2=3V
Visc=1*2=2V
The scaling block after the DSP A/D can be selected such that the original power circuit quantity is restored. In

this example, a gain of 50 will be used. Note that this is the reciprocal of the combined gain of the voltage
sensor and the conditioning circuit. At the A/D output, the maximum value and the actual value are:
Vo max=50* 3=150V

Vo=50*2=100V

The gain of the A/D channel in PSIM will be set to 50. The circuit connection and the settings are shown in the
figure below.
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F28335

Please note that, in this example, if the gain of the proportional block is changed from 2 to 1, and the A/D gain
is changed from 50 to 100, the simulation results will be the same. But the generated hardware code will not be
correct. This is because the hardware code assumes that the maximum input value is scaled to +3V, but in this
caseitisonly +1.5V. Therefore, one must set up the circuit such that, in the dc mode, the maximum input value
is scaled to be +3V.

A/D Converter Channel AC Mode Example
In another example, assume that a power circuit voltage is an ac quantity, and the range is as follows:
Vi max=+-75V
The input mode of the A/D converter will be set to ac, and the input range is from -1.5V to +1.5V. Assume that
the actual value of the voltage has a peak value of:
V, = +/-50V
Let the voltage sensor gain be 0.01. After the voltage sensor, the maximum vaue and the actual vaue of the
input become:
Vi max s=*-0.75V
Vi s=+/-05V
Since the A/D converter input range is from -1.5V to +1.5V, this signal must be scaled before it is sent to the

DSP. A conditioning circuit with again of 2 is needed (i.e. 1.5/0.75 = 2). After the conditioning circuit and at
the input of the DSP A/D converter, the maximum value and the actual value of the input become:

Vi max s 0= H- 15V
Visc=4-1V

The scaling block after the DSP A/D can be selected such that the original power circuit quantity is restored. In
this example, a gain of 50 will be used. Note that this is the reciprocal of the combined gain of the voltage
sensor and the conditioning circuit. At the A/D output, the maximum value and the actual value are:

Vo max =*-75V

V,=+-50V

The gain of the A/D channel in PSIM will be set to 50. The circuit connection and the settings are shown in the
figure below.
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Notice that in this circuit, the ac signal is sent to the A/D converter directly. Thisis because that, when the A/D
input mode is set to ac, theinput rangeis from -1.5V and +1.5V, and the function of the conditioning circuit that
performs the dc offset is already included in the A/D converter block. In the actual hardware circuit, the ac
signal will need to be scaled and offset so that the range is within OV to +3V required by the DSP A/D
converter.

Also, to ensure the correctness of the generated code for the hardware, the maximum peak value of the input
must be scaled to 1.5V at the input port of the A/D converter.

Digital Input and Digital Output

The F2833x DSP has 88 genera -purpose-input-output (GPIO) ports that can be configured as either digital
inputs or digital output. In SimCoder, an 8-channel block is provided for digital input or output. Multiple 8-
channel digital input/output blocks can be used in a schematic.

Images:

Digital Input Digital Output

DIN DouT
o D0 DO[o o DO DO o
o D1 Dl =0 o D1 0l =
o D2 oz o o3 D2 o2 —o
o D2 D2 =0 o—y D2 02 =
o D4 D40 o= D4 D40
o=y D35 D5 =0 o= D35 03 (—o
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FZ8335 F28335

Attributes for Digital Input:

Parameters Description

Port Position for Input | The port position of the Input i, wherei isfrom 0 to 7. It can be one of the 88
i GPIO ports, from GPIOO0 to GPIO87.

Use as External Indicateif this port is used as an external interrupt input.
Interrupt
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Attributes for Digital Output:

Parameters Description
Port Position for The port position of the Output i, wherei isfrom 0 to 7. It can be one of the 88
Output i GPIO ports, from GPIOO0 to GPIO87.

Note that if a GPIO port is used as an input port, this same port cannot be used as another peripheral port. For
example, if Port GPIOL is assigned as digital input and it is aso used as PWM1 output, an error will be
reported.

In the F2833x DSP, up to 7 external interrupt sources can be defined from ports GPIOO0 to GPIO63 (specificaly,
up to 2 interrupt sources from Port GPIO0 to GPIO31, and up to 5 interrupt sources from Port GPIO32 to
GPI063). The priority of external interruptsin Port GPIOO to GPIO31 is higher than the priority of the interrupt
in Port GPIO32 to GPIO63.

Up/Down Counter

The F2833x DSP has 2 up/down counters. Counter 1 can be at either Port GPIO 20-21, or Port GPIO50-51.
Counter 2 is at Port GPI024-25.

Note that Counter 1 at Port GPI020-21 and Port GPIO50-51 uses the same inner function blocks, and cannot be
used at the same time.

Image:
Up/Down
o—Clk Tnto—o
o—Dir
F28335
Attributes:
Parameters Description
Counter Source Source of the counter. It can be one of the following:

- Counter 1 (GP1020, 21): Counter 1 at Port GPIO20 and 21 is used.
- Counter 1 (GPIO50, 51): Counter 1 at Port GPIO50 and 51 is used.
- Counter 2 (GP1024, 25): Counter 2 at Port GPIO24 and 25 is used.

In the image, "CIk" refers to the input clock signal, and "Dir" refers to the signal that defines the counting
direction. When the "Dir" input is 1, the counter counts forward, and when the input is 0, the counter counts
backward.

Note that the "CIk" input corresponds to the first port of the counter, and the "Dir" input corresponds to the
second port. For example, for Counter 1 at Port GPIO20 and 21, GPIO20 is the "CIk" input and GPIO21 is the
"Dir" input.

The output of the up/down counter gives the counter value.

Note that the up/down counter uses the same resource as the encoder, and the same GPIO ports cannot be used
in a counter and encoder at the same time. For example, using both Encoder 1 and Up/Down Counter 1 will
cause conflict and is not allowed.

Encoder and Encoder State

The F2833x DSP has 2 Encoders. Encoder 1 can be at either Port GPIO 20-21, or Port GPIO50-51. Encoder 2
is at Port GPIO24-25. Note that Encoder 1 at Port GPIO20-21 and at Port GPIO50-51 uses the same inner
function blocks, and cannot be used at the same time. The output of the encoder gives the counter value.

The Encoder State block is used to indicate which input signal (either index signal or strobe signal) generates
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the interrupt. Also, hardware interrupt can be generated by the Z (index) signal and the strobe signal, and the
output of the encoder state indicates which signal generates the interrupt. When the output is 0, the index signd

generates the interrupt. W

hen the output is 1, the strobe signal generates the interrupt.

The Encoder Index/Strobe Position block is used to latch the encoder’s intia position. When the input of this
block is 0, the encoder counter is set to 0. Encoder will start to act when the input changes to 1. Encoder will
latch the counter value when it meet the index/strobe event.

Image:
Encoder Ind b
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odz State S
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o>ftrobe F28335

F28335

Attributes for Encoder:

Parameters

Description

Encoder Source

Use Z Signal
Use Strobe Signal

Counting Direction

Z Signal Polarity

Strobe Signal Polarity

Encoder Resolution

Source of the encoder. It can be one of the followings:
- Encoder 1 (GP1020, 21): Encoder 1 at Port GPIO20 and 21 is used, wth
GPI022 as Strobe and GPIO23 as Index (Z).
- Encoder 1 (GPIO50, 51): Encoder 1 at Port GPIO50 and 51 is used, wth
GPIO52 as Strobe and GPIO53 as Index (Z).
- Encoder 2 (GP1024, 25): Encoder 2 at Port GPIO24 and 25 is used, wth
GPIO27 as Strobe and GPIO26 as Index (Z).

Defineif the encoder uses the Z (or index) signal.
Defineif the encoder uses the strobe signal.

The counting direction can be either Forward or Reverse. When it is set to
Forward, the encoder counts up. Otherwise, the encoder counts down.

Define the trigger polarity of Z signal.
- Active High
- Active Low.

Define the trigger polarity of strobe signal.
- Active High
- Active Low.

The resolution of the external encoder hardware. If it is0, the encoder counter will
keep on counting and will not reset. If for example, the resolution is set to 4096,
the counter will be reset to O after it reaches 4095.

Attributes for Encoder

State:

Parameters

Description

Encoder Source

Define which encoder generates the interrupt. It can be one of the followings,
must be the same Encoder used in the same schematic:

- Encoder 1 (GP1020, 21): Encoder 1 at Port GPIO20 and 21 is used.

- Encoder 1 (GPI10O50, 51): Encoder 1 at Port GPIO50 and 51 is used.

- Encoder 2 (GP1024, 25): Encoder 2 at Port GPIO24 and 25 is used.
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Attributes for Encoder Index/Strobe Pos:

Parameters

Description

Encoder Source

Latch Position

Type of Position

Define which encoder generates the interrupt. It can be one of the followings,
must be the same Encoder used in the same schematic:

- Encoder 1 (GP1020, 21): Encoder 1 at Port GPIO20 and 21 is used.

- Encoder 1 (GPIO50, 51): Encoder 1 at Port GPIO50 and 51 is used.

- Encoder 2 (GP1024, 25): Encoder 2 at Port GPIO24 and 25 is used.

Specify the kept counter type, choose from the followings:
- IndexPos, if the setting "Use Z Siganl" isnot "No" in Encoder
- StrobePos, if the setting "Use Strobe Siganl” isnot "No" in Encoder

This can be chosen from the followings:
- Thefirst latched position, or
- The current latched position

The F2833x DSP provides 6 captures. A capture can generate interrupt, and the interrupt trigg

5.11 Capture and Capture State

defined by the interrupt block.

er mode is

Images:
Capture Capture
= State [
F28335 F28335
Attributes for Capture:
Parameters Description
Capture Source Source of the capture. There are in total 6 captures that use 14 designated GPIO
ports, as listed below:
- Capture 1 (GPI105, GPI024, GPI034)
- Capture 2 (GP107, GPI025, GPI037)
- Capture 3 (GPI109, GP1026)
- Capture 4 (GPIO11, GPIO27)
- Capture 5 (GPI1O3, GP1048)
- Capture 6 (GP101, GP1049)
Event Filter Event filter prescale. Theinput signal is divided by the selected prescale.
Timer Mode Capture counter timer mode. It can be either Absolute time or Time difference.

Attributes for Capture State:

Parameters

Description

Capture Source

Source of the capture. It can be one of the 6 captures. Capture 1, Capture 2, ...,

Capture 6.

The Capture State block output is either 1 or O, where 1 means the rising edge and 0 means the falling edge.
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5.12 Serial Communication Interface (SCI)

The F2833x DSP provides the function for serial communication interface (SCI). Through SCI, data inside the
DSP can be transferred to a computer using an external RS-232 cable. PSIM provides al the necessary
functions to transmit and receive data on both the DSP and computer sides, and to display the data on the
computer. This provides avery convenient way to monitor, debug, and adjust the DSP code in real time.

For more detailed descriptions on SCI and the monitoring function, please refer to the document "Tutorial -
Using SCI for Real-Time Monitoring in F2833x Target.pdf".

Three SCI function blocks are provided in SimCoder: SCI Configuration, SCI Input, and SCI Output, as
described below.

Images:
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5.12.1 SCI Configuration
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The SCI Configuration block defines the SCI port, communication speed, parity check type, and data buffer
size.

Attributes:
Parameters Description
SCI Port Define the SCI port. There are 7 sets of GPIO ports that can be used for SCI, as

listed below:

- SCIA (GPI028, GPI029)
- SCIA (GPIO35, GPIO36)
- SCIB (GPIO9, GPI0O11)

- CIB (GPI014, GPIO15)
- CIB (GPI018, GPI0O19)
- CIB (GPI022, GPIO23)
- SCIC (GP1062, GP1063)

Speed (bps) SCI communication speed, in bps (bits per second). A list of preset speedsis
provided at 200000, 115200, 57600, 38400, 19200, or 9600 bps. Or one can
specify any other speed manually.

Parity Check The parity check setting for error check in communication. It can be either None,
Odd, or Even.
Output Buffer Size Size of the data buffer allocated in DSP for SCI. The buffer islocated in the RAM

area, and each buffer cell stores one data point which consists of three 16-hit
words (that is, 6 bytes, or 48 bits, per data point).

Note that the buffer size should be properly selected. On one hand, alarge buffer is preferred in order to collect
more data points so that more variables can be monitored over alonger period of time. On the other hand, the
interna DSP memory is limited, and the buffer should not be too large to interfere with the norma DSP
operation.

For more information on how to select the buffer size, please refer to the document "Tutorial - Using SCI for
Real-Time Monitoring in F2833x Target.pdf".
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5.12.2 SCI Input

The SCI Input block is used to define a variable in the DSP code that can be changed. The name of the SCI
input variable will appear in the DSP Oscilloscope (under the Utilities menu), and the value can be changed at
runtime via SCI.

The SCI input block provides a convenient way to change reference, or fine tune controller parameters, for

example.
Attributes:
Parameters Description
Initial Value Theinitial value of the SCI input variable.

In the schematic, the SCI input behaviors as a constant. While its value can be changed at runtime when the
code is running on the DSP, the value will be fixed at the initial value in the simulation.

5.12.3 SCI Output

The SCI Output block is used to define a variable for display. When a SCI output block is connected to a node,
the name of the SCI output block will appear in the DSP Oscilloscope (under the Utilities menu), and data of
this variable can be transmitted from DSP to the computer via SCI at runtime, and the waveform can be
displayed in the DSP Oscilloscope.

The SCI output block provides a convenient way to monitor DSP waveforms.

Attributes:
Parameters Description
Data Point Step It defines how frequent datais collected. If the Data Point Step is 1, every data

point is collected and transmitted. If the Data Point Step is 10, for example, only
one point of out every 10 pointsis collected and transmitted.

Note that if the Data Point Step is too small, there may be too many data points and it may not be possible to
transmit them all. In this case, some data points will be discarded during the data transmission.

Also, the Data Point Step parameter is used only when then DSP Oscilloscope isin the continuous mode. When
it isin the snap-shot node, this parameter isignored and every point is collected and transmitted.

In simulation, the SCI output behaviors as a voltage probe.

5.13 Serial Peripheral Interface (SPI)

The F2833x DSP provides the functions for serial peripheral interface (SPI). By using the SPI blocksin the Ti
F833x Target library, one can implement the function to communicate with external SPI devices (such as
external A/D and D/A converters) easily and conveniently. Writing code manually for SPI devices is often a
time-consuming and non-trivial task. With the capability to support SPI, PSIM greatly simplifies and speeds up
the coding and hardware implementation process.

For more detailed descriptions on how to use SPI blocks, please refer to the document "Tutorial - Using SCI for
Real-Time Monitoring in F2833x.pdf".

Four SCI function blocks are provided in SimCoder: SPI Configuration, SPI Device, SPI Input, and SPI Output,
as described below.
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5.13.1 SPI Configuration

The SPI Configuration block defines the SPI port, the chip selection pins, and the SPI buffer size. It must be
present in a schematic where SPI is used, and this block must be in the main schematic.

Attributes:
Parameters Description
SPI Port Define the SPI port. The SPI port can be either GPI016-19 or GP1054-57.

Chip Select Pin0, 1, 2,
and 3

SPI Buffer Size

The GPIO port of the chip select pin. PSIM supports up to 16 SPI devices, which
requires four GPIO pins for chip select, as defined by Chip Select Pin0 to Pin3.
These GPIO ports and the SPI slave transmit-enable pin SPISTE are used to
generate the chip select signal.

The buffer size of the SPI commands. Each memory cell of the buffer saves the
index of a SPI command. Normally, one can specify the buffer size as 1 plus the
number of SPI commands (i.e. Start Conversion Command, Receiving Data
Command, Sending Data Command, and Sync. Command) in al SPI Input/
Output elements.

5.13.2 SPI Device

The SPI Device block defines the information of the corresponding SPI hardware device. The number of SPI
Device blocks in the schematic must be the same as the number of SPI hardware devices.

Attributes:
Parameters Description
Chip Select Pins The state of the chip select pins corresponding to the SPI device. When the chip
select pins are at this state, this SPI device is selected.
Communication Speed | SPI communication speed, in MHz.
(MH2z)
Clock Type SPI clock type, as determined by the SPI hardware device. It can be one of the
following:
- Rising edge without delay: The clock isnormally low, and dataiis latched at the
clock rising edge.
- Rising edge with delay: The clock is normally low, and datais|atched at the
clock rising edge with delay.
- Falling edge without delay: The clock is normally high, and dataiis latched at
the clock falling edge.
- Falling edge with delay: The clock is normally high, and datais latched at the
clock falling edge with delay.
Command Word Word length, or the length of the significant bits, of SPI communication
Length commands. It can be from 1 to 16 bits.
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Sync. Active Mode The triggering mode of the synchronization signal of the SPI device. It can be
either Rising edge or Falling edge.

SPI Initial Command The SPI command that initializes the SPI device.

Hardware Interrupt Specify the type of theinterrupt signal that the SPI device generates. Thisisvalid
Mode only when the SPI device's interrupt output node is connected to the input of a
digital output element. It can be one of the following:

- No hardware interrupt

- Rising edge

- Falling edge

Interrupt Timing Specify how a SPI device generates interrupt when it completes conversion. It can
be one of the following:

- Nointerrupt: No interrupt is generated. In this case, DSP sends the command
toaSPI input device. This device starts the conversion and returnsthe result in
the same command

- Multiple interrupt in series: Multiple interrupts are generated in series after
each conversion. Thisisfor a SPI device that has one A/D conversion unit and
multiple input channels. In this case, DSP send the first conversion command,
and the SPI device starts the conversion. When the conversion is complete, the
SPI device will generate an interrupt. In the interrupt service routine, DSP will
send a command to fetch the conversion result, and start a new conversion of
another channel of the same SPI input device.

- One-time interrupt: Only one interrupt is generated at the end of the
conversion. Thisisfor a SPI device that can perform multiple channel
conversions in one request. In this case, DSP sends the command to the SPI
input device, and the SPI device completes the conversion of multiple input
channels. When all the conversions are complete, the SPI device will generate
an interrupt.

Command Gaps (ns) The gap between two SPI commands, in nsec.

Conversion Sequence | Define the names of the SPI input elements, separated by comma, that determine
the conversion sequence. Note that this parameter is valid only when the SPI
device generates multiple interruptsin series.

In a schematic, the chip select pins of all the SPI devices are connected to the chip select pins of the SPI
Configuration block, without defining how the chip select logic is implemented. In the actual hardware,
however, one would need to implement the corresponding chip select logic accordingly.

A SPI command consists of a series of 16-bit numbers separated by comma. In the 16-bit number, only the
lower bits are the significant bits used by the command. For example, if the Command Word Length is 8, Bits0
to 7 are the command, and Bits 8 to 15 are not used.

A SPI device can be either an input device or an output device. For example, an external A/D converter is an
input device. Usualy DSP will send one or multiple A/D conversion commands to the device, and then set the
synchronization signal to start the conversion. The synchronization signal is reset at the next command of the
same device.

A SPI input device using the synchronization signal usually needs an interrupt pin to trigger DSP to enter the
interrupt service routine.

On the other hand, an external D/A converter is an output device. Usually DSP sends one or multiple D/A
conversion commands to the device, and then sets the synchronization signa to start the conversion. The
synchronization signal is reset at the next command of the same device.
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5.13.3 SPI Input

A SPI input device may have multiple input channels. The SPI Input block is used to define the properties of an
input channel for SPI communication, and one SPI Input block corresponds to one input channel.

52

Attributes:
Parameters Description
Device Name Name of the SPI input device.
Start Conversion Command to start conversion, in hex numbers, separated by comma (for example,
Command 0x23,0x43,0x00).
Receiving Data Command to receive data, in hex numbers, separated by comma (for example,
Command 0x23,0x43,0x00).

Data Bit Position

Input Range

Scale Factor

ADC Mode

Initial Value

Define where the data bits are in the receiving data string. The format is:
ElementName = { Xn[MSB..LSB]}

where
- ElementName is the name of the SPI input device. If it isthe current SPI input
device, usey instead.
- {} meansthat the item in the bracket repeats multiple times.
- Xn isthe ny, word received from the SPI input device, and n start from O.

- MSB..LSB defines the position of the significant bits in the word.

Specify the parameter Vmax that defines the input range. This parameter isvalid
only when the SPI deviceisan A/D converter. If the device conversion mode is
DC, the input ranges from 0 to Vmax. If the device conversion modeis AC, the
input ranges from -V max/2 to Vmax/2.

Output scale factor Kscale. If the scale factor is 0, the SPI deviceisnot an A/D
converter, and the result will be exactly the same as what DSP receives from SPI
communication. Otherwise, the SPI deviceisan A/D converter, and the result is
scaled based on this factor and the A/D conversion mode.

The A/D conversion mode of the device. It can be either DC or AC. Note that this
parameter isvalid only when the deviceis an A/D converter.

Theinitial value of theinput.

The formula for the Data Bit Position defines the data length of a SPI input device. For example,
y=x1[3..0]x2[7..0], means that the data length is 12, and the result is the lower 4 bits of the 2nd word and the
lower 8 bits of the 3rd word. If the received data string is 0x12,0x78,0xAF, then the result is OXBAF.

If the scale factor is not O, the output will be scaled based on the following:

In the DC conversion mode;

- In simulation:

- In hardware:

Output = Input - Ky,

_ Result- V.- Keale
- 2Data_Length

Output

In the AC conversion mode;

- In simulation:

- In hardware:

Output

Output = Input - K.,

Data_Length-1

(Result-2 ) Vinax - K

Data_Length-1
2 _Leng

scale

The parameter Data_Length is calculated from the Data Bit Position formula.
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5.13.4 SPI Output

A SPI output device may have multiple output channels. The SPI Output block is used to define the properties
of an output channel for SPI communication, and one SPI Output block corresponds to one output channel.

Attributes:

Parameters Description

Device Name Name of the SPI output device.

Scale Factor Output scale factor K46 If the scale factor is 0, the SPI deviceis not aD/A
converter, and the result will be exactly the same as what DSP receives from SPI
communication. Otherwise, the SPI deviceisan D/A converter, and theresult is
scaled based on this factor and the D/A conversion mode.

Output Range Specify the parameter V5 that defines the output range. This parameter isvalid
only when the SPI deviceisan D/A converter. If the device conversion mode is
DC, the input ranges from 0 to V ;5 |f the device conversion modeis AC, the
input ranges from -V 5,/2 t0 Vi, 2.

DAC Mode The D/A conversion mode of the device. It can be either DC or AC. Note that this
parameter isvalid only when the device isa D/A converter.

Sending Data Command to send the output data, in hex numbers, separated by comma (for
Command example, 0x23,0x43,0x00).

Data Bit Position Define where the data bits are in the sending data string. The format is:
ElementName = { Xn[MSB..LSB]}

where
- ElementName is the name of the SPI output device. If it isthe current SPI
output device, usey instead.
- {} meansthat the item in the bracket repeats multiple times.
- Xn isthe ny, word sent to the SPI output device, and n start from O.

- MSB..LSB defines the position of the significant bits in the word.

Sync. Command The command to synchronize output channels of the SPI output device, in hex
numbers, separated by comma (for example, 0x23,0x43,0x00). This command is
used when the SPI output device does not have the synchronization signal

The formula for the Data Bit Position defines the data length of a SPl output device. For example,
y=x1[3..0]x2[7..0], means that the data length is 12, and the data is the lower 4 bits of the 2nd word and the
lower 8 bits of the 3rd word. If the sending data string is 0x12,0x78,0xAF, then the datais OX8AF.

If the scale factor is not O, the output will be scaled based on the following:
In the DC conversion mode:
- Insimulation:  Output = Input - K ze

Data_Length
Result - K praa g

scale

Y

- In hardware: Output
max

In the AC conversion mode;
- Insimulation:  Output = Input - K, e
2Data_Length—l

2Data_Length + Result - Kscale'
V

- In hardware: Output

max

The parameter Data_Length is calculated from the Data Bit Position formula.
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5.14 Project Settings and Memory Allocation
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When generating the code for the F2833x Hardware Target, SimCoder also creates the complete project filesfor
the TI Code Composer Studio development environment where the code will be compiled, linked, and uploaded
to the DSP.

At the present, the Code Composer Studio version 3.3 is supported. Assuming that the PSIM schematic file is
"test.sch”, after the code generation, a sub-folder called "test (C code)” will be generated in the directory of the
schematic file, and sub-folder will contain the following files:

- test.c Generated C code

- PS _bios.h: Header file for the SimCoder F2833x library
- passwords.asm: File for specifying the DSP code password

- test.pjt: Project file for Code Composer Studio

- DSP28335_Headers nonBlOS.cmd:Peripheral register linker command file

- F28335 FLASH_L nk.cmd:Flash memory linker command file

- F28335_FLASH_RAM_Lnk.cmd:Flash RAM memory linker command file

- F28335_RAM_Lnk.cmd:RAM memory linker command file
Note: The names of the link command files are assigned with the target hardware if it is not F28335. For
example, if the target hardware is F28334, the file names will be F28334 FLASH Lnk.cmd, F28334 FLASH
RAM Lnk.cmd, and F28334RAM Lnk.cmd accordingly.
Besides, the project also needs the following files:

- PS_bios.lib: SimCoder F2833x library, located in the PSIM folder

- C28x_FPU_FastRTS betal.lib:TI fast floating-point library, located in the PSIM \lib sub-folder

These two files"PS _bios.lib" and "C28x_FPU_FastRTS betal.lib" will be copied automatically to the project
folder when the code is generated.

Each time code generation is performed, the .c file and .pjt file (in this example, "test.c" and "test.pjt") will be
created. If you have made changed manually to these two files, be sure to copy the changed files to a different
location. Otherwise the changes will be overwritten when code generation is performed next time.

Project Setting:

In the Code Composer Studio project file, the following settings are provided:
- RAM Debug: To compile the code in the debug mode and run it in the RAM memory
- RAM Release: To compile the code in the release mode and run it in the RAM memory
- Flash Release: To compile the code in the release mode and run it in the flash memory

- Flash RAM Release:  To compile the code in the release mode and run it in the RAM memory

When the RAM Debug or RAM Release setting is selected, Code Composer Studio uses the linker command
file F28335_RAM_L nk.cmd to alocate the program and data space.

When the Flash Release setting is selected, Code Composer Studio uses the linker command file
F28335 FLASH_L nk.cmd to allocate the program and data space.

When the Flash RAM Release setting is selected, Code Composer Studio uses the linker command file
F28335 FLASH_RAM_Lnk.cmd to alocate the program and data space. The memory allocation isthe same as
in RAM Release.

The code compiled in the release mode is faster than the code in the debug mode. Also, the code in RAM
Release or Flash RAM Release is the fastest. The codein RAM Debug is slower, and the code in Flash Release
is the slowest. In a development, normally one would start with RAM Debug for easy debugging. Then switch
to RAM Release and consequently to Flash Release or Flash RAM Release.

Memory Allocation:

In the generated link files, the memory alocation is defined in the following way.
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With the RAM Debug, RAM Release, and Flash RAM Release settings:

RAM Memory
0x0000 - OxO7FF (2K)
interrupt vectors
stack
0x8000 - OxFFFF (32K*)
program and data space

With the Flash Release setting:
RAM Memory Flash Memory
0x0000 - OXO7FF (2K) 0x300000 - 0x33FFFF (256K**)
interrupt vectors program
stack password
0x8000 - OXFFFF (32K*) etc.
data space
Notes:

* The RAM memory predefined by SimCoder for program and data spaceis.
- For F28335, F28334: from 0x8000 to OxFFFF (32K)
- For F28332, from 0x8000 to OXDFFF (16K)
- If the combined program and data space exceeds the size of the RAM space, Flash Release must be
selected as the project setting.
** The flash memory predefined by SimCoder for program spaceis:
- For F28335: from 0x300000 to 0x33FFFF (256K)
- For F28334: from 0x320000 to 0x33FFFF (128K)
- For F28332: from 0x330000 to 0x33FFFF (64K)
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6
F2803x Hardware Target

6.1 Overview

With the F2803x Hardware Target, SimCoder can generate code that is ready to run on any hardware boards
based on Texas Instruments F2803x fixed-point DSP.

The Tl F2803x Hardware Target will work with all F2803x packages. The figures in the next three pages show
the pin assignments of the F2803x DSP in different packages.
The Tl F2803x Hardware Target library includes the following function blocks:

- PWM generators: 3-phase, 2-phase, 1-phase, and APWM

- Start/Stop functions for PWM generators

- Trip-one and trip-zone state

- A/D converter

- Comparator input, output, and DAC

- Digital input and output

- Up/Down counter

- Encoder and encoder state

- Capture and capture state

- SCI configuration, Input, and output

- SPI configuration, device, input, and output

- DSP clock

- Hardware configuration
When generating the code for a system that has multiple sampling rates, SimCoder will use the interrupts of the
PWM generators for the PWM sampling rates. For other sampling rates in the control system, it will use the

Timer 1 interrupt first, and then Timer 2 interrupt if needed, If there are more than three sampling rates in the
control system, the corresponding interrupt routines will be handled in the main program by software.

In TI F2803x, PWM generators can generate hardware interrupt. SimCoder will search and group al the
elements that are connected to the PWM generator and have the same sampling rate as the PWM generator.
These elements will be automatically placed and implemented in an interrupt service routine in the generated
code.

In addition, digital input, encoder, capture, and trip-zone can aso generate hardware interrupt. Each hardware
interrupt must be associated with an interrupt block (described in Section 4.5 of this Manual), and each interrupt
block must be associated with an interrupt service routine (a subcircuit that represents the interrupt service
routine). For example, if a PWM generator and a digital input both generate interrupt, there should be one
interrupt block and one interrupt service routine for each of them.

The definitions of the elementsin the Tl F2803x Hardware Target library are described in this Chapter.
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F2803x 56-Pin RSH VQFN Port Assignment (Top View)
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Hardware Configuration

The F2803x DSP provides a 16 channel analog inputs and up to 45 individually programmable multiplexed
GPIO ports. Many of the GPIO ports can perform one of severa functions. For example, port GPIO1 can be
used either as a digita input, a digital output, or a PWM output. Some of the 16 A/D channels can also be
defined as either digital input, digital output, or comparator input. Therefore, user must assign the functions to

the GPIO ports correctly according to the PSIM circuit schematic.

Image:

Hardware
Config
{80-pin)

F2803x
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The dialog window of the block is shown below:

.
F2803x (80-pin) Configuration [
Parameters ]cgbr ]
Hardware Configuration for F2803x (80pins) Help | Lock
Select All | Unselect All

ADCAD [~ ADCIn =
ADCA1 [~ ADCIn

ADCAZ [~ ADCIn I~ Comparator In [~ Digit In [~ Digit Qut 2
ADCAZ [ ADCIn 1
ADCA4 [ ADCIn [~ Comparator In [ DigitIn ™ Digit Out

ADCAS [~ aDCIn =
ADCAG [ ADCIn [~ Comparator In [ DigitIn [ Digit Out

ADCA7 [~ ADCIn

ADCEO [~ ADCIn

ADCE1 [~ ADCIn

ADCB2 [~ ADCIn I Comparator In [~ Digit In [~ Digit Qut

ADCB3 [~ aDCIn

ADCB4 [ ADCIn [~ Comparator In [ DigitIn [ Digit Out

ADCBS [~ aDCIn

ADCEG [ ADCIn [~ Comparator In [ DigitIn [ Digit Out

ADCE7 [~ ADCIn

GPICD [ Digital Input [ Digital Qutput [ PWM T

L

The Hardware Configuration block is for user to specify the 1/O ports of the F2803x hardware. Every port to be

used must be assigned correctly. The ports not in use can be left unchecked.

For each GPIO port, a check box is provided for each of its available function. When a box is checked, the
GPIO port is configured for that particular function. For example, if the checkbox for "Digital Input” is checked

for port GPIO1, this port is configured as adigital input, and hence, cannot be used for any other functions. If it
isused asaPWM output in the PSIM circuit schematic, an error message will be generated.

6.3 DSP Clock

The DSP Configuration block defines the external clock frequency and the speed of the F2803x DSP, as well as
the program space size.

Image:

F2803x
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Attributes:

Parameters Description

DSP Clock Source There are five ways of providing system clock to F2803x. They are as follows:
- Internal oscillator 1

- Internal oscillator 2

- External oscillator

- External clock (GPIO19)

- External clock (GPIO38)

External Clock (MHz) | Frequency of the external clock on the DSP board, in MHz. The frequency must
be an integer, and the maximum frequency allowed is 10 MHz. This parameter is
ignored if the DSP clock sourceis selected to be internal oscillator 1 or 2.

DSP Speed (MH2) DSP Speed, in MHz. The speed must be an integer, and must be an integer
multiple of the external clock frequency, from 1 to 12 times. The maximum DSP
speed allowed is 60 MHz.

If a DSP Configuration block is not used in a circuit, the default values of the DSP Configuration block are
used.

PWM Generators

The F2803x DSP contains 7 sets of PWM modules. Each set of PWM module has two output ports: PWM 1
(GPIOO and GPIO1), PWM 2 (GPIO2 and GPIO3), PWM 3 (GPIO4 and GPIO5), PWM 4 (GPIO6 and
GPIO7), PWM 5 (GPIO8 and GPI09), PWM 6 (GPIO10 and GPIO11), and PWM 7 (GPIO40 and GPIO41).

The two outputs of each PWM module usually are complementary to each other. For example PWM 1 has a
positive output PWM 1A and a negative output PWM 1B, except when the PWM module is set in one of afew
special operation modes.
In SimCoder, these 7 PWM'’s can be used in the following ways:
- Two 3-phase PWM generators. PWM 123 (consisting of PWM 1, 2, and 3) and PWM 456 (consisting of
PWM 4, 5, and 6);
- Seven 2-phase PWM generators. PWM 1, 2, 3, 4, 5, 6, and 7, with the two outputs of each PWM generator
not in a complementary way, but in special operation mode.
- 1-phase PWM generators. PWM 1, 2, 3, 4, 5, 6, and 7, with two outputs complementary to each other.
- 1-phase PWM generators with phase shift: PWM 2, 3, 4, 5, and 6, with two outputs complementary to
each other.
These PWM generators can trigger the A/D converter, and use trip-zone signals.

Beside the PWM generators described above, there are also 6 APWM generators that use the same resources as
the captures. These PWM generators have restricted functionality as compared to the 6 PWM generators (PWM
1 to 6) asthey can not trigger the A/D converter and can not use trip-zone signals. Also, because of the common
resources, when a particular port is used for the capture, it can not be used for the PWM generator.

Note that all the PWM generatorsin SimCoder include one switching period delay internally. That is, the input
value of a PWM generator is delayed by one cycle before it is used to update the PWM output. This delay is
needed to simulate the delay inherent in the DSP hardware implementation.

The images and parameters of the PWM generators are shown below.
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Images:

3-phase PWM

I-ph PWM

o{u up
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: B =1 . Bf—= : oNEEE B DD_Q
FZ803x
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6.4.1 3-Phase PWM Generator

In the 3-phase PWM generator image, "u”, "v", and "w" refer to the three phases (aternatively they are called
Phase "a", "b", and "c"). The letter "p" refers to the positive output, and "n" refers to the negative output. For
example, for 3-phase PWM 123, "up" isPWM1A, and "un" is PWM1B.

Attributes:
Parameters Description
PWM Source Source of the PWM generator. It can be either "3-phase PWM 123" that uses
PWM 1to 3, or "3-phase PWM 456" that uses PWM 4 to 6.
Dead Time The dead time T4 for the PWM generator, in sec.

Sampling Frequency

PWM Freg. Scaling
Factor

Carrier Wave Type

Trigger ADC

ADC Trigger Position

Sampling frequency of the PWM generator, in Hz. The calculation is done and the
PWM signal duty cycle is updated based on this frequency.

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM frequency (the frequency of the PWM output
signals used to control switches) can be multiples of the sampling frequency. For
example, if the sampling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM frequency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

The carrier wave type and the initial PWM output state. It can be one of the
following:
- Triangular (start low): Triangular wave, and theinitial PWM output stateis
low.
- Triangular (start high): Triangular wave, and the initial output state is high.
- Sawtooth (start low):  Sawtooth wave, and the initial output stateis low.
- Sawtooth (start high):  Sawtooth wave, with the initial output state is high.

Setting whether for the PWM generator to trigger the A/D converter. It can be one

of the following:
- Do not trigger ADC: PWM does not trigger the A/D converter.

- Trigger ADC: PWM will trigger A/D converter.

The A/D trigger position ranges from 0 to avalue lessthan 1. When it is 0, the A/
D converter istriggered at the beginning of the PWM cycle, and when it is 0.5, the

A/D converter istriggered at the 180° position of the PWM cycle.
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Use Trip-Zonei Define whether the PWM generator uses the iy, trip-zone signal or not, where i

ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei:  Disable the iy, trip-zone signal.

- One shot: The PWM generator uses the trip-zone signal in the one-shot
mode. Once triggered, the PWM must be started manually.

- Cycle by cycle: The PWM generator uses the trip-zone signal in the cycle-by-
cycle basis. The trip-zone signa is effective within the current cycle, and
PWM will automatically re-start in the next cycle.

DC Trip Source Specify the digital compare (DC) trip sources. Each PWM channel may have up to
two DC trip sources. For PWM channel A, thetwo sourcesare DCAH and DCAL.
For PWM channel B, the two sources are DCBH and DCBL. Each trip source can
be one of the followings

- Do not use: PWM doesn't use this signal.

- Trip-zone 1: PWM uses trip-zone 1 as digital compare input signal.

- Trip-zone 2: PWM uses trip-zone 2 as digital compare input signal.

- Trip-zone 3: PWM uses trip-zone 3 as digital compare input signal.

- Comparator 1: PWM uses Comparator 1 as digital compare input signal.

- Comparator 2: PWM uses Comparator 2 as digital compare input signal.

- Comparator 3: PWM uses Comparator 3 as digital compare input signal.

DC Trip Type Define how to usethe DC trip signal. PWM may usesit as an one-shot signal or as
acycle-by-cyclesignal. The activelevel of the DC trip signal can be selected from
the followings.

- Do not use: PWM doesn't use this signal.

- Trip source 1 (or 2) islow: PWM istripped if the source signal islow.

- Trip source 1 (or 2) ishigh: PWM istripped if the source signal is high.

- Trip source 1 low & source 2 high: PWM istripped if the source 1 signal islow

and at the same time source 2 signal is high.

Trip Action Define how the PWM generator responds to the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The PWM positive output is high, and the negative
output is low.
- PWM A low & B high: The PWM positive output is low, and the negative
output is high.
- No action: No action is taken.

Peak-to-Peak Value Peak-to-peak value V, of the carrier wave

Offset Value DC offset value Vs Of the carrier wave

Initial Input Valueu, v, | Initial value of 3-phase inputsu, v, and w

w

Start PWM at When itisset to "Start", PWM will start right from the beginning. If it is set to
Beginning "Do not start", one needs to start PWM using the " Start PWM" function.

6.4.2 1-Phase PWM Generator

64

The attributes of 1-phase PWM generators with internal phase shift are the same as the ones with the externa
phase shift. The difference is that the 1-phase PWM with external phase shift has one extrainput for the phase
shift (labeled as "phase"). The phase shift unit is in degree, the same as the 1-phase PWM without externd
phase shift.
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Attributes:

Parameters

Description

PWM Source

Output Mode

Dead Time
Sampling Frequency

PWM Freg. Scaling
Factor

Carrier Wave Type

Trigger ADC

ADC Trigger Position

Use Trip-Zonei

Source of the PWM generator. Without phase shift, it can be PWM 1 to PWM 6.
With phase shift, it can be PWM 2 to PWM 6.

The output mode of the PWM generator. It can be one of the following:
- Use PWM A&B: Both PWM outputs A and B are used, and they are
complementary.
- Use PWM A: Only PWM output A is used.
- Use PWM B: Only PWM output B is used.

The dead time T4 for the PWM generator, in sec.

Sampling frequency of the PWM generator, in Hz. The calculation is done and the
PWM signal duty cycle is updated based on this frequency.

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM frequency (the frequency of the PWM output
signals used to control switches) can be multiples of the sampling frequency. For
example, if the sampling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM frequency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

The carrier wave type and the initial PWM output state. It can be one of the
following:
- Triangular (start low): Triangular wave, and theinitial PWM output state is
low.
- Triangular (start high): Triangular wave, and the initial output state is high.
- Sawtooth (start low):  Sawtooth wave, and the initial output state is low.
- Sawtooth (start high):  Sawtooth wave, and the initial output state is high.

Setting whether for the PWM generator to trigger the A/D converter. It can be one
of the following:
- Do not trigger ADC:  PWM does not trigger the A/D converter.
- Trigger ADC Group A: PWM will trigger Group A of the A/D converter.
- Trigger ADC Group B: PWM will trigger Group B of the A/D converter.
- Trigger ADC Group A& B: PWM will trigger both Group A and B of the A/D
converter.

The A/D trigger position ranges from 0 to avalue lessthan 1. When it is O, the A/
D converter istriggered at the beginning of the PWM cycle, and when it is 0.5, the

A/D converter istriggered at the 180° position of the PWM cycle.

Define whether the PWM generator uses the iy, trip-zone signal or not, where i

ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei: Disable the iy, trip-zone signal.

- One shot: The PWM generator uses the trip-zone signal in the one-shot mode.
Once triggered, the PWM must be started manually.

- Cycle by cycle: The PWM generator uses the trip-zone signa in the cycle-by-
cycle basis. The trip-zone signal is effective within the current cycle, and
PWM will automatically re-start in the next cycle.
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DC Trip Source Specify the digital compare (DC) trip sources. Each PWM channel may have up to
two DC trip sources. For PWM channel A, thetwo sourcesare DCAH and DCAL.
For PWM channel B, the two sources are DCBH and DCBL. Each trip source can
be one of the followings

- Do not use: PWM doesn't use this signal.

- Trip-zone 1: PWM uses trip-zone 1 as digital compare input signal.

- Trip-zone 2: PWM uses trip-zone 2 as digital compare input signal.

- Trip-zone 3: PWM uses trip-zone 3 as digital compare input signal.

- Comparator 1: PWM uses Comparator 1 as digital compare input signal.

- Comparator 2: PWM uses Comparator 2 as digital compare input signal.

- Comparator 3: PWM uses Comparator 3 as digital compare input signal.

DC Trip Type Define how to use the DC trip signal. PWM may uses it as an one-shot
signal or as acycle-by-cycle signal. The active level of the DC trip
signal can be selected from the followings.

- Do not use: PWM doesn't use this signal.

- Trip source 1 (or 2) islow: PWM istripped if the source signal islow.

- Trip source 1 (or 2) ishigh: PWM istripped if the source signal is high.

- Trip source 1 low & source 2 high: PWM istripped if the source 1 signal islow

and at the same time source 2 signal is high.

Trip Action Define how the PWM generator responds to the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The PWM positive output is high, and the negative
output is low.
- PWM A low & B high: The PWM positive output is low, and the negative
output is high.
- No action: No action is taken.

Peak-to-Peak Value Peak-to-peak value Vi, of the carrier wave

Offset Value DC offset value Vs Of the carrier wave
Phase Shift Phase shift of the output with respect to the reference PWM generator output, in
deg. (for 1-phase PWM generator without external phase shift input)
Initial Input Value Initial value of the input
Start PWM at When itisset to "Start", PWM will start right from the beginning. If it is set to
Beginning "Do not start", one needs to start PWM using the " Start PWM" function.
Phase Shift

A 1-phase PWM generator can generate PWM signal that is phase shifted with respect to another PWM signal.
For F2803x DPS, the PWM phase shift must follow the rules described below.

- Any PWM can be phase shifted only if the previous PWM is also set as phase shift. For example, PWM1,
2 and 3isacorrect series for phase shift, but PWM 1, 3, 4 isnot a correct series for phase shift.

- The reference PWM and the PWM being shifted must be consecutivein the series. That is, it is not
permitted to use PWM 1 as the reference, and phase shift PWM 3, or PWM 5 or 6.

The phase shift value is in degrees. When the value is -30°, the output will be shifted to the right (lagging) by
30° of the switching cycle with respect to the reference PWM generator output. Thisis equivalent to shifting the
PWM carrier wave to the right by 30°. When the phase value is 30°, the output will be shifted to the left
(leading) by 30°.

Carrier Wave

There are two types of carrier waveforms: triangular wave (with equal rising and falling slope intervals) and
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sawtooth wave. In addition, there are two operation modes: start-low and start-high modes, as explained below.

The input and output waveforms of a PWM generator with the triangular carrier wave are shown below:

Sart-High Mode Sart-Low Mode
A v A PWM input v,
L i — VH
PWM § Carrier wave [ Vi (Vi VL)
input Vm PP L \ \ Vpp
v N\ 'y,
H Vitret t Vot !
T[] | PWMxA | [ | PwmMxA
] x=12..,6
[T, | [ Pwwmxs | | [ Pwwxs
A Start of the PWM cycle A Start of the PWM cycle
A/D Trigger ==
Position A Start of the A/D conversion
L

A Start of the PWM interrupt service routine

The input and output waveforms of a PWM generator with the sawtooth carrier wave are shown below:

Sart-High Mode Sart-Low Mode
A v Carrier wave A PWM input vy,
u V,
oM 7] < LA Vi e VD) H |
input Vi, PP Vop
A v | Y Ty,
F Vet t  Votreat ot
Ty |
_,l: | PWMxA | ' PWMxA
x=12..,6
‘J‘Td | [Pwmxs | L PWMxB
A Start of the PWM cycle A Start of the PWM cycle
A/D Trigger »_j=
Position A Start of the A/D conversion

L
} Start of the PWM interrupt service routine

The figures above show how the dead time is defined, and the time sequence when the PWM generator triggers
the A/D converter. If triggering the A/D converter is selected, from the start of the PWM cycle, after a certain
delay defined by the A/D trigger position, the A/D conversion will start. After the A/D conversion is completed,
the PWM interrupt service routine will start.

If the PWM generator does not trigger the A/D converter, the PWM interrupt service routine will start at the
beginning of the PWM cycle.

The figures above also show how the start-high and start-low modes work. Assume that the PWM input is vy,

and the lowest value of the carrier wave is V| and the highest value is V. In the start-high mode, the PWM

positive output PWMA is high at the beginning of the switching cycle, and it remains high as long as the input
Vp, IS greater than the carrier wave. For example, for a carrier wave from 0to 1, V| =0, and Vy=1. If v,;;=0.2, the

PWM output PWMA will remain high aslong as the carrier islessthan 0.2.
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On the other hand, in the start-low mode, the PWM positive output PWMA is low at the beginning of the
switching cycle, and it is high when the carrier wave is greater than the value Vy-(v-V). For example, for a

carrier wavefrom 0to 1, V| =0, and Vy=1. If v,;,;=0.2, the PWM output PWMA will be high aslong asthe carrier

is greater than 0.8.

Note: In the start-low mode, the PWM input v,,is converted to V-(v-V ) internally beforeit is compared with

the carrier wave to generate the PWM signal. With the conversion, both the start-low and start-high modes will
have the same duty cycle expression. For example, for a sawtooth wave with V|, =0 and V=1, or for atriangular

wave with V| = -V, the duty cycle D of the PWMA output in both the start-low and start-high modes is:

D= Vn*/VH-

6.4.3 2-Phase PWM Generator

Attributes:
Parameters Description
PWM Source Source of the PWM generator. It can be PWM 1 to PWM 6.
Mode Type The operation mode of the PWM generation. It can be one of the 6 modes. The

Sampling Freguency

PWM Freg. Scaling
Factor

Trigger ADC

ADC Trigger Position

Use Trip-Zonei

waveforms of the 6 operation modes are described below.

Sampling frequency of the PWM generator, in Hz. The calculation is done and the
PWM signal duty cycle is updated based on this frequency.

The scaling factor between the PWM frequency and the sampling frequency. It
canbel, 2, or 3. That is, the PWM frequency (the frequency of the PWM output
signals used to control switches) can be multiples of the sampling frequency. For
example, if the sampling frequency is 50 kHz and the scaling factor is 2, it means
that the PWM frequency is 100 kHz. Switches will switch at 100 kHz, but the
gating signals are updated once per two switching cycles at 50 kHz.

Setting whether for the PWM generator to trigger the A/D converter. It can be one
of the following:
- Do not trigger ADC:  PWM does not trigger the A/D converter.
- Trigger ADC Group A: PWM wiill trigger Group A of the A/D converter.
- Trigger ADC Group B: PWM will trigger Group B of the A/D converter.
- Trigger ADC Group A&B: PWM will trigger both Group A and B of the A/D
converter.

The A/D trigger position ranges from 0 to avalue less than 1. When it is O, the
A/D converter istriggered at the beginning of the PWM cycle, and when it is 0.5,

the A/D converter istriggered at the 180° position of the PWM cycle.

Define whether the PWM generator uses the iy, trip-zone signal or not, where i

ranges from 1 to 6. It can be one of the following:
- Disable Trip-Zonei:  Disable the iy, trip-zone signal.
- One shot: The PWM generator uses the trip-zone signa in the one-shot
mode. Once triggered, the PWM must be started manually.
- Cycle by cycle: The PWM generator uses the trip-zone signal in the cycle-by-
cycle basis. The trip-zone signal is effective within the current cycle, and
PWM will automatically re-start in the next cycle.

68

Chapter 6: F2803x Hardware Target



DC Trip Source Specify the digital compare (DC) trip sources. Each PWM channel may have up to
two DC trip sources. For PWM channel A, the two sourcesare DCAH and DCAL.
For PWM channel B, the two sources are DCBH and DCBL. Each trip source can
be one of the followings

- Do not use: PWM doesn't use this signal.

- Trip-zone 1: PWM uses trip-zone 1 as digital compare input signal.

- Trip-zone 2: PWM uses trip-zone 2 as digital compare input signal.

- Trip-zone 3: PWM uses trip-zone 3 as digital compare input signal.

- Comparator 1: PWM uses Comparator 1 as digital compare input signal.

- Comparator 2: PWM uses Comparator 2 as digital compare input signal .

- Comparator 3: PWM uses Comparator 3 as digital compare input signal .

DC Trip Type Define how to usethe DC trip signal. PWM may usesit as an one-shot signal or as
acycle-by-cyclesignal. The active level of the DC trip signal can be selected from
the followings.

- Do not use: PWM doesn't use this signal.

- Trip source 1 (or 2) islow: PWM istripped if the source signal islow.

- Trip source 1 (or 2) ishigh: PWM istripped if the source signal is high.

- Trip source 1 low & source 2 high: PWM istripped if the source 1 signal islow

and at the same time source 2 signal is high.

Trip Action Define how the PWM generator responds to the trip action. It can be one of the
following:
- High impedance: The PWM outputs are in high impedance.
- PWM A high & B low: The positive output of the PWM is high, and the
negative output is low.
- PWM Alow & B high: The positive output of the PWM islow, and the negative
output is high.
- No action: No action is taken.

Peak Value Peak value Vy of the carrier wave

Initial Input Value A, Initial value of the inputs A and B.

B

Start PWM at When it is set to "Start”, PWM will start right from the beginning. If it is set to
Beginning "Do not start”, one needs to start PWM using the " Start PWM™ function.

For 2-phase PWM generators, the outputs are determined based on the mode of operation, as described below.
The carrier wave is either sawtooth or triangular, depending on the mode of operation. It increases from 0 to the
peak value Vyy, and thereis no dc offset.

Operation Mode 1:

The figure below on the left shows the waveforms of Mode 1. In the figure, "CA" and "CB" refer to two inputs
A and B of the 2-phase PWM generator. Each input controls the turn-off time of each outpuit.

Operation Mode 2:

The figure below on the right shows the waveforms of Mode 2. Unlike in Maode 1, each input controls the turn-
on time of each output.
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A Mode l:/ Vi / A Mode 2: / /
CB CA CB CA CB CA CB CA
PWMXxA PWMxA
PWMxB PWMxB

Operation Mode 3:

The figure below on the |eft shows the waveforms of Mode 3. Input A controls the turn-on and Input B controls
the turn-off of the PWM output A. The PWM output B is on for one complete PWM cycle, and is off for the
next cycle.

Operation Mode 4:

The figure below on the right shows the waveforms of Mode 4. The carrier wave is triangular. Each input
controls both the turn-on and turn-off of its output.

Mode 3: Mode 4:
A
A P - P / //\\ //\\
CA CB CA CB CACB CBCA CACB CBCA
PWMxA PWMxA
PWMxXB PWMxB

Operation Mode5:

The figure below on the left shows the waveforms of Mode 5. The carrier waveistriangular. Similar to Mode 4,
each input controls both the turn-on and turn-off of its output. Note that PWM output B isinverted in this case.

Operation Mode 6:

The figure below on the right shows the waveforms of Mode 6. In this mode, Input A controls the turn-on and
Input B controls the turn-off of PWM output A. The PWM output B is on for the first half PWM cycle, and is
off for the second half cycle.

A NVZAN ANV

CA CA | CA aa | ot CA (OB CA |CB St
CB CB CB CB

PWMXA PWMXA

PWMxB PWMxB
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6.4.4 APWM Generator:

6.5
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Carrier Wave Type

Stop Action

Peak-to-Peak Value
Offset Value

Phase Shift

Initial Input Value

Start PWM at
Beginning

Attributes:
Parameters Description
PWM Source APWM generators share the same resource as captures. The PWM source can be
from one of the three designated GPIO ports:
- APWM 1 (GPIO5, GP1024, GPI1034)
PWM Freguency Frequency of the PWM generator, in Hz

The carrier wave type and the initial PWM output state. It can be one of the
following:
- Sawtooth (start low): Sawtooth wave, with the PWM output in the low state
initialy.
- Sawtooth (start high): Sawtooth wave, with the PWM output in the high state
initialy.
The output status when the PWM generator is stopped. It can be one of the
following:
- Output low: The PWM output will be set to low.
- Output high: The PWM output will be set to high.

Peak-to-peak value of the carrier wave

DC offset value of the carrier wave

Phase shift of the output with respect to the reference PWM generator, in deg.
Initial value of the input

When it is set to "Start”, PWM will start right from the beginning. If it is set to
"Do not start”, one needs to start PWM using the " Start PWM™ function.

Similar to 1-phase PWM generators, an APWM generator can generate a PWM signal that has a phase shift
with respect to another PWM generator. The phase shifting rules are aso the same as the 1-phase PWM

generators.

As noted before, the APWM generators has reduced number of functions than 1-phase PWM generators. It can
not trigger the A/D converter and can not use the trip-zone signal.

Start PWM and Stop PWM

The Start PWM and Stop PWM blocks provide the function to start/stop a PWM generator. The images and
parameters are shown below.

Images:
Start Stop
=3 pn A ram
F2803x F2803x
Attributes:
Parameters Description
PWM Source The source of the PWM generator. It can be: PWM 1-7, 3-phase PWM 123 and
PWM 456, and Capture 1.
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Trip-Zone and Trip-Zone State

F2803x DSP contains 6 trip-zone input signals, 3 from GPIO ports and 3 from Comparators. Comparators can
only be used in Digital Compare to trip PWM

Trip-zone is used to handle external fault or trip conditions. The corresponding PWM outputs can be
programmed to respond accordingly.

Onetrip-zone signal can be used by multiple PWM generators, and a PWM generator can use any or al of the 6
trip-zone signas. The interrupt generated by trip-zone signals are handled by the interrupt block.

Thetrip-zone signal triggers atrip action when the input signal islow (0). The trip-zone signals through Digital
Compare trigger atrip action in specified level (either high or low)

Images:
Trip-Zone
ATt Trip-Zone
4Tz Stat
+ATZ3 ate
——— F2803x
Attributes for Trip-Zone:
Parameters Description
Use Trip-Zonei Specify if this Trip-Zonei is used.

GPIO Port for Trip-Zonei Specify adesignated GPIO port as Trip-Zone input signal.

- GPIO port for trip-zone 1: select either GPIO12 or GPIO13

- GPIO port for trip-zone 2: select either GPIO13, GPIO16, or GPIO18
- GPIO port for trip-zone 3: select either GPIO14, GPIO17, or GPIO19

Use Comparator i Specify if comparator 1, 2, or 3 isused as Trip-Zone input signal i

Attributes for Trip-Zone State:

Parameters Description

PWM Source The source of the PWM generator. It can be: PWM 1-7, and 3-phase PWM
123 and PWM 456.

The trip-zone interrupt can be generated in either one-shot mode of cycle-by-cycle mode, as defined in the
PWM generator parameter input. In the cycle-by-cycle mode, the interrupt only affects the PWM output within
the current PWM cycle. On the other hand, in the one-shot mode, interrupt triggers a trip action when the input
signal islow (0). will set the PWM output permanently, and the PWM generator must be restarted to resume the
operation.

The Trip-Zone State element indicates whether the trip-zone signal is in one-shot maode or cycle-by-cycle mode
when it triggers a PWM generator to generate an interrupt. When the output is 1, it means that the trip-zone
signal isin one-shot mode. When the output is O, the trip-zone signal isin cycle-by-cycle mode.

Note that when defining the interrupt block associate with trip-zone, the "Device Name" parameter of the
interrupt block should be the name of the PWM generator, not the trip-zone block name. For example, if a
PWM generator called "PWM_G1" uses trip-zone 1 in the trip-zone block "TZ1". The "Device Name" of the
corresponding interrupt block should be "PWM_G1", not "TZ1". The "Channel Number" parameter in the
interrupt block isnot used in this case.
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6.7 A/D Converter

The F2803x DSP provides a 16-channel 12-bit A/D converter.

Normally a power circuit quantity (voltage, current, speed, etc.) is brought to the DSP in severa stages. For
example, a power circuit voltage, which could be at a high level, is first converted to a control signal using a
voltage sensor. A scaling circuit isthen used to scale the signal, and an offset circuit is used to provide dc offset
to the signal if necessary, so that the signal at the DSP A/D input is within the range of OV and +3.3V. This
signal is converted to a digital value in DSP, and a scaling block may be used to scale the value back to its
original value. The complete process is shown in the diagram below.

Oto+3.3V or A/D Converter in SimCoder
-1.65V to 1.65V
O0to+3.3V
Power ; i
S Voltage Scaling Offset DSP Scaling A/D
Circuit —  oongor ™ ® Circuit [ ™| Circit | ™| AD [ ™1 Block [ ™ Output
Voltage
(if necessary)

As shown above, the A/D converter element in SimCoder is not exactly the same as the physical A/D converter
on the DSP. Rather, it combines the functions of an offset circuit, the DSP A/D converter, and a scaling block.
Thisis designed for the convenience of AC system applications. It will be further explained in Section 6.5.3.

In many applications, the circuit variables to be monitored are AC signas, especialy in AC motor drive
systems. For each of this kind of AC signals, an offset circuit must be built in the hardware on circuit board at
the input of the DSP anaog input, in order to shift the signal level to the acceptable range of 0 to +3.3V.
SimCoder’s A/D converter for F2833x DSP provides the convenience for such cases. Instead of level-shifting
and scaling the A/D output signals, user may chose to use the offset option and scaling factor in the SimCoder
A/D converter, and the target code will be generated accordingly.

The image and the parameters of the A/D converter in the SimCoder library are described below. In the
following description, "A/D converter”" refers to the A/D converter in the SimCoder library, not the DSP A/D
converter, unless otherwise stated.

Image:
A/D Converter
ADC
o~ RO ) -
o 21 ol [—o
o B2 D2 |—0
o a2 o3 [—o
o B4 Dd |—0
o BE DE [—o
o KE DE |—0
o—{ &7 o7 [—o
o B0 D8 |—0
o—x E1 DF |—0
o0—EBZ D10 o
o—x B3 D1l [0
o B4 012 |0
o BS 013 |—0
o BE D14 |-
o BE7 D15 |—0
F2803x
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Attributes:

Parameters Description

Ch A or B; Mode Input mode of the A/D converter channel A; or B;, wherei isfrom 0to 7. Theinput
mode can be one of the following:
- AC: Theinput rangeis considered from -1.65V to +1.65V. This option
includes the offset circuit into the A/D converter. It provides the convenience
in cases where an external level shifter is needed to shift the AC signal to the 0
to +3.3V range.
-DC: Theinputisadc vaue, and therangeisfrom 0to +3.3V.

Ch A or B; Gain Gain k of the A/D converter channel A; (or B;), whereiisfromOto 7.

Trigger Source:

The A/D converter for F2803x can be triggered from multiple sources. Multiple A/D channels may share the
same trigger source. Each A/D Channel can be triggered by

- One of the PWM generators,
- Timer1 or by Timer2.
- More than one trigger source.

In aschematic, if a A/D channel is not associated with a PWM, user should insert aZOH block at the output of
the A/D channel so that the SimCoder will select the timer as trigger source.

It is not permitted to have a A/D converter channel triggered by one source, but its output signal is used in a
circuit section that has a different sampling rate.

Output Scaling:
The output is scaled based on the following:

Vo=V,

where V; isthe value at the input port of the A/D converter.

I nput Offset and Scaling:

The input of the A/D converter must stay within the input range. When the input is out of the range, it will be
clamped to the limit, and a warning message will be given.

Also, the signal at the input port of the A/D converter must be scaled such that, when the input modeis DC, the
maximum input voltage be scaled to +3.3V; and when the input mode is AC, the peak voltage be scaled to +/-
1.65V.

To illustrate how to use the A/D converter, two examples are given below: One with a dc input and the other
with an ac input.

Assume that a power circuit voltage is adc quantity, and the rangeis as follows:
Vi_min= 0V, Vi max =150V

The input mode of the A/D converter will be set to dc, and the input range is from 0 to +3V. Assume that the
actual value of the voltage at a certain point is:

V, =100V

Let the voltage sensor gain be 0.01. After the voltage sensor, the maximum vaue and the actual value of the
input become:

Vi mex s=150*0.01=15V
Vi ¢=100*0.01=1V
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To utilize the full range of the DSP, a conditioning circuit with a gain of 2 will be used. The combined gain of
the voltage sensor and the conditioning circuit becomes: 0.01* 2 = 0.02. After the conditioning circuit and at the
input of the DSP A/D converter, the maximum value and the actual value of the input become:

Vi max s ¢ =15*2=3V
Vigc=1*2=2V
The scaling block after the DSP A/D can be selected such that the original power circuit quantity is restored. In

this example, a gain of 50 will be used. Note that this is the reciprocal of the combined gain of the voltage
sensor and the conditioning circuit. At the A/D output, the maximum value and the actual value are:
Vo max=50* 3=150V

Vo=50*2=100V
The gain of the A/D channel in PSIM will be set to 50. The circuit connection and the settings are shown in the

figure below.
Gain=50
150vde_max o) Input Mode = DC
i 2 ADC
100 Vdc E — 20 ool 100Vdc
- S
/ o A2 Dz o
DC Signal Input vTHRE pE e
ol B4 D4 |—a
oV ->+3V o A3 D5 o
o BE DE (o
o4 A7 o7 |-
o4 BO DE |—o
oy B1 DS o
o—a B2 D10 —o
B2 D1l o
o—H B2 D12 o
3 BS D13 o
o EBE Dildl a
o—AE7 D15 —o
F2803x

Please note that, in this example, if the gain of the proportional block is changed from 2 to 1, and the A/D gain
is changed from 50 to 100, the simulation results will be the same. But the generated hardware code will not be
correct. This is because the hardware code assumes that the maximum input value is scaled to +3V, but in this
caseitisonly +1.5V. Therefore, one must set up the circuit such that, in the dc mode, the maximum input value
isscaled to be +3V.

In another example, assume that a power circuit voltage is an ac quantity, and the range is as follows:
Vi max=+-75V

The input mode of the A/D converter will be set to ac, and the input range is from -1.5V to +1.5V. Assume that
the actual value of the voltage has a peak value of:

Vi =+-50V

Let the voltage sensor gain be 0.01. After the voltage sensor, the maximum vaue and the actual vaue of the
input become:

Vi mex s =+~ 0.75V
Vi ¢=+-05V

Since the A/D converter input range is from -1.5V to +1.5V, this signal must be scaled before it is sent to the
DSP. A conditioning circuit with again of 2 is needed (i.e. 1.5/0.75 = 2). After the conditioning circuit and at
the input of the DSP A/D converter, the maximum value and the actual value of the input become:

Vi mex s ¢ = +- 15V
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Visc=+-1V

The scaling block after the DSP A/D can be selected such that the original power circuit quantity is restored. In
this example, a gain of 50 will be used. Note that this is the reciprocal of the combined gain of the voltage
sensor and the conditioning circuit. At the A/D output, the maximum value and the actual value are:

Vo max = H- 75V

V= +-50V

The gain of the A/D channel in PSIM will be set to 50. The circuit connection and the settings are shown in the
figure below.

Gain=50
+/- 75 Vac_max 0.01 , Input Mode = AC
i ADC
+/- 50 Vac E —20 po|l-w +-50Vac
T 4= ok
/ o A2 Dz —o
AC Signa Input Ane nel
-15V ->+15V o33  bs|o
oo B DE
o3 A7 D7 o
o—4 BO DE |—o
o Bl D% o
o—A E2 010 —o
o= B2 D11 (—a
o— B2 D12 —o
o—3 ES D13 o
oBE Dld|l-a
o—A BT D15 —o
F2803x

Notice that in this circuit, the ac signal is sent to the A/D converter directly. Thisis because that, when the A/D
input mode is set to AC, the input range is from -1.65V and +1.65V, and the function of the conditioning circuit
that performs the dc offset is aready included in the A/D converter block. In the actual hardware circuit, the ac
signal must be scaled and offset so that the range is within OV to +3.3V required by the DSP A/D converter.

Comparator

The F2803x DSP support three comparator modules. Each comparator block can accommodate two external
analog inputs, or use one external analog input and use the internal DAC reference for the other input. The
comparator output can be sent to the PWM trip-zone and to the GPIO output.

Images:
Comp In
Comp Cut Comp DAC

AT gutl o
o= B1 out! o o in1 outl o
oo A2 out? o out? o oHin2 out2 —o
B2 outd o oA ind outd o
oA A3 outd o
o5 B3 F2803x F2803x

F2803x
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6.8.1 Comparator Input
In F2803x, there are 3 Comparators.The 3 pairs of inputs share the same ADC/AIO ports with ADC input
channels.
- Comparator 1 input A: from port ADCA2 which isalso AIO2
- Comparator 1 input B: from port ADCB2 whichisalso AlO10
- Comparator 2 input A: from port ADCA4 which isaso AlO4
- Comparator 2 input B: from port ADCB4 whichisalso AlO12
- Comparator 3 input A: from port ADCA6 which isalso AIO6
- Comparator 3 input B: from port ADCB6 which isaso AlO14

Only one function can be designated for each port. Simcoder will report error if a port is defined as comparator
input but isused as a A/D converter channel or AIO in the same PSIM circuit schematic.

Attributes

Parameters Description

Comparator i Define how the comparator output to be used. It can be one of the
followings:

- Do not use

- Asanormal comparator

- AsaTrip-Zonesigna

Output Logici Indicate the output logic.
Highwhen A >B
Highwhen A <B

Compare Method i Select the source to be compared with the input-A of the comparator.
- Compare to Input-B

- Compare to Constant Value

- Compare to DAC output

Constant Value i Valid when choosing ‘Compare to Constant Value' in Compare
Method i

For any comparator, its input-A is always from external analog input. If input-B is another external analog
input, the corresponding ADC/AIO port must be defined as a comparator input in the F2803x Configuration
block. If the method is to compare to a constant value, input-B can be left unconnected. The corresponding
ADC/AIO port can be used for other functions. If the method is to compare to DAC output, input-B should be
connected to a Comparator DAC output. The corresponding ADC/AIO port can be used for other functions.

6.8.2 Comparator Output
The output of the comparator can be used as PWM trip-zone signal, as well as the GPIO output.

Attributes:

Parameters Description

Comparator i Output Port position of the comparator output i, wherei ranges from 1 to 3. If the
comparator isin use:
- The output port of Comparator A can be GPIO1, GPI020, or GPIO42.
- The output port of Comparator B can be GPIO3, GPIO21, GPIO34, or GPIO43.
- The output port of Comparator C can be GPIO34.

If the comparator output is enabled, be sure its corresponding comparator input channel is used in the
schematic. Otherwise an error message will be reported.

Chapter 6: F2803x Hardware Target 77



6.8.3 Comparator DAC

6.9
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Each comparator block in F2803x contains a 10-bit DAC reference that can supply the inverter input (B side
input) of the comparator.

Attributes:
Parameters Description
DAC i Range Indicates the input signal range of comparator DAC i. The lower limit is 0.

The DAC output is scaled as 0 to 3.3V. The output of DAC can be calculated as following:
DAC output = DAC input * 3.3/ DAC range

When using Comparator DAC, the corresponding Comparator Input must be enabled in the F2803x Hardware
Configuration block or an error message will be reported.

Digital Input and Digital Output

The F2803x DSP support 45 general-purpose-input-output (GPIO 0 to 44)) ports that can be configured as
either digital inputs or digital outputs. In addition, there are 6 anal og-input-output ports (A10 2, 4, 6, 10, 12, and
14) which also can be used as digital inputs and outputs.

In SimCoder, the digital inputs and outputs are grouped in 8-channel blocks. Multiple 8-channel digital input/
output blocks can be used in the same schematic.

Images:
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F2803x F2803x
Attributes for Digital Input:
Parameters Description
Port Position for Input i The port position of the Input i, wherei isfrom 0 to 7. It can be one of the

45 GPIO ports or one of the 6 AIO ports.

Use as External Interrupt Indicateif this port is used as an external interrupt input.

Attributes for Digital Output:

Parameters Description

Port Position for Output i The port position of the Output i, wherei isfrom 0 to 7. It can be one of
the 45 GPIO ports or one of the 6 AlO ports.

Note that each GPIO and Al O port can be used for one function only. If an 10 port is used as adigital input port,
it can not be used as a digital output or any other peripheral port. For example, if Port GPIOL is assigned as
digital input and it is also used as PWM1 output, an error will be reported.

F2803x DSP supports 3 masked external interrupts (XINT1 to XINT3). There are no dedicated pins for the
external interrupts. XINT1, XINT2, and Xint3 interrupts can accept inputs from GPIO0 to PGPIO3L1 pins.
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6.10 Up/Down Counter
The F2803x DSP supports one up/down counter. The input ports are:

- GPI0O20 for clock
- GPIO21 for direction
Image:
UpiDown
o= Clk Cnt —o
o= Dir
F2503x
Attributes:

In the image, "CIk" refers to the input clock signal, and "Dir" refers to the signal that defines the counting
direction. When the "Dir" input is 1, the counter counts forward, and when the input is 0, the counter counts
backward.

The output of the up/down counter gives the counter value.

Note that the up/down counter uses the same resource as the encoder, and the same GPIO ports cannot be used
in a counter and in an encoder at the same time. For example, using both Encoder 1 and Up/Down Counter 1
will cause conflict and is not allowed.

6.11 Encoder and Encoder State

The F2803x DSP supports an Encoder module. The GPIO ports used by encoder are:

- GPIO20 for clock input

- GPIO21 for direction input

- GPIO22 for Z (or index signal) input

- GPIO23 for strobe signal input
The Encoder State block is used to indicate which input signal (either index signal or strobe signal) generates
the interrupt. Also, hardware interrupt can be generated by the Z (index) signal and the strobe signal, and the

output of the encoder state indicates which signal generates the interrupt. When the output is 0, the index signd
generates the interrupt. When the output is 1, the strobe signal generates the interrupt.

The Encoder Index/Strobe Position block is used to latch the encoder’sintial position. When the input of this
block is 0, the encoder counter is set to 0. Encoder will start to act when the input changes to 1. Encoder will
latch the counter value when it meet the index/strobe event.

Images:
Encoder
Index Pos
;2*; ot Encoder o ot
( —o =0 ntro
oz State
o>Strobe F2803x
F2803x
F2803x
Attributes for Encoder:
Parameters Description
Use Z Signal Defineif the encoder uses the Z (or index) signal.
Use Strobe Signal Defineif the encoder uses the strobe signal.
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Counting Direction

Z Signa Polarity

Strobe Signal Polarity

Encoder Resolution

The counting direction
- Forward: the encoder counts up.
- Reverse: the encoder counts down.

Define the trigger polarity of Z signal.
- Active High
- Active Low.

Define the trigger polarity of strobe signal.
- Active High
- Active Low.
The resolution of the external encoder hardware. If it is0, the encoder counter will

keep on counting and will not reset. If for example, the resolution is set to 4096,
the counter will be reset to O after it reaches 4095.

The Attributes for Encoder Index/Strobe Pos:

Parameters

Description

Latch Position

Type of Position

Specify the kept counter type, choose from the followings:
- IndexPos, if the setting "Use Z Siganl" is not "No" in Encoder
- StrobePos, if the setting "Use Strobe Siganl" isnot "No" in Encoder

This can be chosen from the followings:
- Thefirst latched position, or
- The current latched position

6.12 Capture and Capture State

The F2803x DSP contains an enhanced capture module. A capture can generate interrupt, and the interrupt
trigger mode is defined by the interrupt block.

Images:
Capture
Capture
10— o
State
F2803x
F2803x
Attributes for Capture:
Parameters Description
Capture Source Source of the capture may come from one of 3 GPIO ports, as listed bel ow:
- Capture 1 (GPIO5)
- Capture 1 (GPI019)
- Capture 1 (GP1024)
Event Filter Event filter prescale. Theinput signal is divided by the selected prescale.
Timer Mode Capture counter timer mode. It can be either Absolute time or Time difference.

Attributes for Capture State:

Parameters

Description

Capture Source

Source of the capture. It has only one source Capturel.

The Capture State block output is either 1 or O, where 1 means the rising edge and 0 means the falling edge.
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6.13 Serial Communication Interface (SCI)

The F2803x DSP provides the function for serial communication interface (SCI). Through SCI, data inside the
DSP can be transferred to a computer using an external RS-232 cable. PSIM provides al the necessary
functions to transmit and receive data on both the DSP and computer sides, and to display the data on the
computer. This provides avery convenient way to monitor, debug, and adjust the DSP code in real time.

For more detailed descriptions on SCI and the monitoring function, please refer to the document "Tutorial -
Using SCI for Real-Time Monitoring in Tl F28335 Target.pdf".

Three SCI function blocks are provided in SimCoder: SCI Configuration, SCI Input, and SCI Output, as

described below.
Images:
in oat
csur scl o =3 5(|
onhe F2803x F2803x
F2803x

6.13.1 SCI Configuration
The SCI Configuration block defines the SCI port, the communication speed, the parity check type, and the data

buffer size.
Attributes:
Parameters Description
SCI Port Define the SCI port. There are 7 sets of GPIO ports that can be used for SCI, as

listed bel ow:
- SCIA (GPI028, GPI029)
- SCIA (GPIO7, GPI1012)

Speed (bps) SCI communication speed, in bps (bits per second). A list of preset speedsis
provided at 200000, 115200, 57600, 38400, 19200, or 9600 bps. Or one can
specify any other speed manually.

Parity Check The parity check setting for error check in communication. It can be either None,
Odd, or Even.
Output Buffer Size Size of the data buffer allocated in DSP for SCI. The buffer islocated in the RAM

area, and each buffer cell stores one data point which consists of three 16-bit
words (that is, 6 bytes, or 48 bits, per data point).

Note that the buffer size should be properly selected. On one hand, alarge buffer is preferred in order to collect
more data points so that more variables can be monitored over alonger period of time. On the other hand, the
internal DSP memory is limited, and the buffer should not be too large to interfere with the normal DSP
operation.

For more information on how to select the buffer size, please refer to the document "Tutorial - Using SCI for
Real-Time Monitoring in Tl F28335 Target.pdf".

6.13.2 SCI Input

The SCI Input block is used to define a variable in the DSP code that can be changed. The name of the SCI
input variable will appear in the DSP Oscilloscope (under the Utilities menu), and the value can be changed at
runtime via SCI.

The SCI input block provides a convenient way to change reference, or fine tune controller parameters, for
example.
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Attributes:

Parameters Description
Initial Value Theinitial value of the SCI input variable.

In the schematic, the SCI input behaviors as a constant. While its value can be changed at runtime when the
code is running on the DSP, the value will be fixed at the initial value in the simulation.

6.13.3 SCI Output

6.14
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The SCI Output block is used to define a variable for display. When a SCI output block is connected to a node,
the name of the SCI output block will appear in the DSP Oscilloscope (under the Utilities menu), and data of
this variable can be transmitted from DSP to the computer via SCI at runtime, and the waveform can be
displayed in the DSP Oscilloscope.

The SCI output block provides a convenient way to monitor DSP waveforms.

Attributes:
Parameters Description
Data Point Step It defines how frequent datais collected. If the Data Point Step is 1, every data

point is collected and transmitted. If the Data Point Step is 10, for example, only
one point of out every 10 pointsis collected and transmitted.

Note that if the Data Point Step is too small, there may be too many data points and it may not be possible to
transmit them all. In this case, some data points will be discarded during the data transmission.

Also, the Data Point Step parameter is used only when then DSP Oscilloscope isin the continuous mode. When
it isin the snap-shot node, this parameter isignored and every point is collected and transmitted.

In simulation, the SCI output behaviors as a voltage probe.

Serial Peripheral Interface (SPI)

The F2803x DSP provides the functions for serial peripheral interface (SPI). By using the SPI blocksin the Ti
F803x Target library, one can implement the function to communicate with external SPI devices (such as
external A/D and D/A converters) easily and conveniently. Writing code manually for SPI devices is often a
time-consuming and non-trivial task. With the capability to support SPI, PSIM greatly simplifies and speeds up
the coding and hardware implementation process.

For more detail ed descriptions on how to use SPI blocks, please refer to the document "Tutorial - Using SPI for
Real-Time Monitoring in TI F28335.pdf".

Four SPI function blocks are provided in SimCoder: SPI Configuration, SPI Device, SPI Input, and SPI Output,
as described below.

Images:
SPI Config SPI Device
C50 (o o— C30
C51 o o3 c31 o —
C52 o o4 032 Inktr [0 N op 2 od op| o
C53 o o4 C33
F2803x F2a03x
F22803= o3 3ynec
F2803x
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6.14.1 SPI Configuration

The SPI Configuration block defines the SPI port, the chip selection pins, and the SPI buffer size. It must be
present in a schematic where SPI is used, and this block must be in the main schematic.

Attributes:
Parameters Description
SPI Port Define the SPI port from the options:

- SPIA (GPIO 16-19)
- SPIA (GPIO 3, 5, 18, 19)
- SPIB (GPIO 12-15)
- SPIB (GPIO 24-27)

Chip Select Pin0, 1, 2, | The GPIO port of the chip select pin. PSIM supports up to 16 SPI devices, which
and 3 requires four GPIO pins for chip select, as defined by Chip Select Pin0 to Pin3.
These GPIO ports and the SPI slave transmit-enable pin SPISTE are used to
generate the chip select signal.

SPI Buffer Size The buffer size of the SPI commands. Each memory cell of the buffer saves the
index of a SPI command. Normally, one can specify the buffer size as 1 plus the
number of SPI commands (i.e. Start Conversion Command, Receiving Data
Command, Sending Data Command, and Sync. Command) in al SPI Input/
Output elements.

6.14.2 SPI Device

The SPI Device block defines the information of the corresponding SPI hardware device. The number of SPI
Device blocks in the schematic must be the same as the number of SPI hardware devices.

Attributes:
Parameters Description
Chip Select Pins The state of the chip select pins corresponding to the SPI device. When the chip
select pins are at this state, this SPI device is selected.
Communication Speed | SPI communication speed, in MHz.
(MH2)
Clock Type SPI clock type, as determined by the SPI hardware device. It can be one of the
following:
- Rising edge without delay: The clock isnormally low, and dataiis latched at the
clock rising edge.
- Rising edge with delay: The clock is normally low, and datais|atched at the
clock rising edge with delay.
- Falling edge without delay: The clock is normally high, and dataiis latched at
the clock falling edge.
- Falling edge with delay: The clock is normally high, and datais latched at the
clock falling edge with delay.
Command Word Word length, or the length of the significant bits, of SPI communication
Length commands. It can be from 1 to 16 hits.
Sync. Active Mode The triggering mode of the synchronization signal of the SPI device. It can be
either Rising edge or Falling edge.
SPI Initidd Command The SPI command that initializes the SPI device.
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Hardware Interrupt Specify the type of theinterrupt signal that the SPI device generates. Thisisvalid
Mode only when the SPI device's interrupt output node is connected to the input of a
digital output element. It can be one of the following:

- No hardware interrupt

- Rising edge

- Falling edge

Interrupt Timing Specify how a SPI device generates interrupt when it completes conversion. It can
be one of the following:

- Nointerrupt: No interrupt is generated. In this case, DSP sends the command
to a SPI input device. This device starts the conversion and returnstheresult in
the same command

- Multiple interrupt in series. Multiple interrupts are generated in series after
each conversion. Thisisfor a SPI device that has one A/D conversion unit and
multiple input channels. In this case, DSP send the first conversion command,
and the SPI device starts the conversion. When the conversion is complete, the
SPI device will generate an interrupt. In the interrupt service routine, DSP will
send a command to fetch the conversion result, and start a new conversion of
another channel of the same SPI input device.

- One-time interrupt: Only one interrupt is generated at the end of the
conversion. Thisisfor a SPI device that can perform multiple channel
conversions in one request. In this case, DSP sends the command to the SPI
input device, and the SPI device completes the conversion of multiple input
channels. When all the conversions are complete, the SPI device will generate
an interrupt.

Command Gaps (ns) The gap between two SPI commands, in nsec.

Conversion Sequence | Define the names of the SPI input elements, separated by comma, that determine
the conversion sequence. Note that this parameter is valid only when the SPI
device generates multiple interruptsin series.

In a schematic, the chip select pins of all the SPI devices are connected to the chip select pins of the SPI
Configuration block, without defining how the chip select logic is implemented. In the actual hardware,
however, one would need to implement the corresponding chip select logic accordingly.

A SPI command consists of a series of 16-bit numbers separated by comma. In the 16-bit number, only the
lower bits are the significant bits used by the command. For example, if the Command Word Length is 8, Bits0
to 7 are the command, and Bits 8 to 15 are not used.

A SPI device can be either an input device or an output device. For example, an external A/D converter is an
input device. Usualy DSP will send one or multiple A/D conversion commands to the device, and then set the
synchronization signal to start the conversion. The synchronization signal is reset at the next command of the
same device.

A SPI input device using the synchronization signal usually needs an interrupt pin to trigger DSP to enter the
interrupt service routine.

On the other hand, an external D/A converter is an output device. Usually DSP sends one or multiple D/A
conversion commands to the device, and then sets the synchronization signa to start the conversion. The
synchronization signal is reset at the next command of the same device.
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6.14.3 SPI Input

A SPI input device may have multiple input channels. The SPI Input block is used to define the properties of an
input channel for SPI communication, and one SPI Input block corresponds to one input channel.

Attributes:
Parameters Description
Device Name Name of the SPI input device.
Start Conversion Command to start conversion, in hex numbers, separated by comma (for example,
Command 0x23,0x43,0x00).
Receiving Data Command to receive data, in hex numbers, separated by comma (for example,
Command 0x23,0x43,0x00).

Data Bit Position

Input Range

Scale Factor

ADC Mode

Initial Value

Define where the data bits are in the receiving data string. The format is:
ElementName = { Xn[MSB..LSB]}

where
- ElementName is the name of the SPI input device. If it isthe current SPI input
device, usey instead.
- {} meansthat the item in the bracket repeats multiple times.
- Xn isthe ny, word received from the SPI input device, and n start from O.

- MSB..LSB defines the position of the significant bits in the word.

Specify the parameter V5 that defines the input range. This parameter isvalid

only when the SPI deviceisan A/D converter. If the device conversion mode is
DC, theinput ranges from O to V. If the device conversion mode is AC, the

input ranges from -V ,/2 t0 Vi, 2.

Output scale factor K4 If the scale factor is 0, the SPI deviceis not an A/D
converter, and the result will be exactly the same as what DSP receives from SPI
communication. Otherwise, the SPI deviceisan A/D converter, and the result is
scaled based on this factor and the A/D conversion mode.

The A/D conversion mode of the device. It can be either DC or AC. Note that this
parameter isvalid only when the device isan A/D converter.

Theinitial value of theinput.

The formula for the Data Bit Position defines the data length of a SPI input device. For example,
y=x1[3..0]x2[7..0], means that the data length is 12, and the result is the lower 4 bits of the 2nd word and the
lower 8 bits of the 3rd word. If the received data string is 0x12,0x78,0xAF, then the result is OXBAF.

If the scale factor is not O, the output will be scaled based on the following:

In the DC conversion mode;

- In simulation:

- In hardware:

Output = Input - K.,

_ Result- V.- Keale
- 2Data_Length

Output

In the AC conversion mode;

- In simulation:

- In hardware:

Output

Output = Input - Ky,

Data_Length-1

(ReSUlt -2 ) Vmax : Kscale

Data_Length-1
2 _Leng

The parameter Data_Length is calculated from the Data Bit Position formula.
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6.14.4 SPI Output
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A SPI output device may have multiple output channels. The SPI Output block is used to define the properties
of an output channel for SPI communication, and one SPI Output block corresponds to one output channel.

Attributes:

Parameters Description

Device Name Name of the SPI output device.

Scale Factor Output scale factor K46 If the scale factor is 0, the SPI deviceis not aD/A
converter, and the result will be exactly the same as what DSP receives from SPI
communication. Otherwise, the SPI deviceisan D/A converter, and theresult is
scaled based on this factor and the D/A conversion mode.

Output Range Specify the parameter V5 that defines the output range. This parameter isvalid
only when the SPI deviceisan D/A converter. If the device conversion mode is
DC, the input ranges from 0 to V ;5 |f the device conversion modeis AC, the
input ranges from -V 5,/2 t0 Vi, 2.

DAC Mode The D/A conversion mode of the device. It can be either DC or AC. Note that this
parameter isvalid only when the device isa D/A converter.

Sending Data Command to send the output data, in hex numbers, separated by comma (for
Command example, 0x23,0x43,0x00).

Data Bit Position Define where the data bits are in the sending data string. The format is:
ElementName = { Xn[MSB..LSB]}

where
- ElementName is the name of the SPI output device. If it isthe current SPI
output device, usey instead.
- {} meansthat the item in the bracket repeats multiple times.
- Xn isthe ny, word sent to the SPI output device, and n start from O.

- MSB..LSB defines the position of the significant bits in the word.

Sync. Command The command to synchronize output channels of the SPI output device, in hex
numbers, separated by comma (for example, 0x23,0x43,0x00). This command is
used when the SPI output device does not have the synchronization signal

The formula for the Data Bit Position defines the data length of a SPl output device. For example,
y=x1[3..0]x2[7..0], means that the data length is 12, and the data is the lower 4 bits of the 2nd word and the
lower 8 bits of the 3rd word. If the sending data string is 0x12,0x78,0xAF, then the datais OX8AF.

If the scale factor is not O, the output will be scaled based on the following:
In the DC conversion mode:
- Insimulation:  Output = Input - K ze

Data_Length
Result - K praa g

scale

Y

- In hardware: Output
max

In the AC conversion mode;
- Insimulation:  Output = Input - K, e
2Data_Length—l

2Data_Length + Result - Kscale'
V

- In hardware: Output

max

The parameter Data_Length is calculated from the Data Bit Position formula.
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6.15 Project Settings and Memory Allocation

When generating the code for the TI F2803x Hardware Target, SimCoder also creates the complete project files
for the TI Code Composer Studio development environment, so that the code can be compiled, linked, and
uploaded to the DSP.

At the present, the Code Composer Studio version 3.3 is supported. Assuming that the PSIM schematic file is
"test.sch”, after the code generation, a sub-folder called "test (C code)” will be generated in the directory of the
schematic file, and sub-folder will contain the following files:

- test.c Generated C code

- PS _bios.h: Header file for the SimCoder F2803x library
- passwords.asm: File for specifying the DSP code password

- test.pjt: Project file for Code Composer Studio

- DSP2803x_Headers nonBIOS.cmd: Peripheral register linker command file

- F28035_FLASH_Lnk.cmd: Flash memory linker command file

- F28035_FLASH_RAM_Lnk.cmd:Flash RAM memory linker command file

- F28035_RAM_Lnk.cmd: RAM memory linker command file
Note: The names of the link command files are assigned with the target hardware if it is not F28035. For
example, if the target hardware is F28034, the file names will be F28034 FLASH Lnk.cmd, F28034 FLASH
RAM Lnk.cmd, and F28034RAM Lnk.cmd accordingly.
Besides, the project also needs the following files:

- PsBiosRamFO3xFixpt.lib:SimCoder F2803x library, located in the PSIM folder

- PsBiosRomFO3xFixpt.lib: SimCoder F2803x library, located in the PSIM folder

- IQmath.lib: TI'sIQmath.lib, located in the PSIM /lib folder

- 2803x_IQmath_BootROM symbols.liblQmath symbols library, located in the PSIM /lib folder

PsBiosRamFO3xFixpt.lib, PsBiosRomFO3xFixpt.lib, 2803x_IQmath_BootROMsymbols.lib and 1Qmath.lib
will be copied automatically to the project folder when the code is generated.

Each time code generation is performed, the .c file and .pjt file (in this example, "test.c" and "test.pjt") will be
created. If you have made changed manually to these two files, be sure to copy the changed files to a different
location. Otherwise the changes will be overwritten when code generation is performed next time.

Project Setting:

In the Code Composer Studio project file, the following settings are provided:
- RAM Debug: To compile the code in the debug mode and run it in the RAM memory
- RAM Release: To compile the code in the release mode and run it in the RAM memory
- Flash Release: To compile the code in the release mode and run it in the flash memory

- Flash RAM Release:  To compile the code in the release mode and run it in the RAM memory

When the RAM Debug or RAM Release setting is selected, Code Composer Studio uses the linker command
file F2803x_RAM_L nk.cmd to allocate the program and data space.

When the Flash Release setting is selected, Code Composer Studio uses the linker command file
F2803x_FLASH_L nk.cmd to allocate the program and data space.

When the Flash RAM Release setting is selected, Code Composer Studio uses the linker command file
F2803x_FLASH_RAM_Lnk.cmd to allocate the program and data space. The memory allocation isthe same as
in RAM Release.

The code compiled in the release mode is faster than the code in the debug mode. Also, the code in RAM
Release or Flash RAM Release is the fastest. The codein RAM Debug is slower, and the code in Flash Release
is the slowest. In a development, normally one would start with RAM Debug for easy debugging. Then switch
to RAM Release and consequently to Flash Release or Flash RAM Release.
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Memory Allocation:
In the generated link files, the memory alocation is defined in the following way.

With the RAM Debug, RAM Release, and Flash RAM Release settings:

RAM Memory
0x0000 - OxO7FF (2K)
interrupt vectors
stack
0x8000 - Ox9FFF (8K*)
program and data space

With the Flash Release setting:
RAM Memory Flash Memory
0x0000 - OXO7FF (2K) 0x3E8000 - 0x3F7FFF (64K**)
interrupt vectors program
stack password
0x8000 - OX9FFF (8K*) etc.
data space
Notes:

* The RAM memory predefined by SimCoder for program and data spaceis.
- For F28035, F28034, F28032, and F28032: from 0x8000 to OX9FFF (8K)
- For F28031.: from 0x8000 to 0x97FF (6K)
- For F28030: from 0x8000 to Ox8FFF (4K)
- If the combined program and data space exceeds the size of the RAM space, Flash Release must be
selected as the project setting.
** The flash memory predefined by SimCoder for program spaceis.
- For F28035 and F28034: from 0x3E8000 to Ox3F7FFF (64K)
- For F28033, F28032, and F28031: from 0x3F0000 to 0x3F7FFF (32K)
- For F28030: from 0x3F4000 to Ox3F7FFF (16K)
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7
PE-Pro/F28335 Hardware Target

7.1 Overview

With the PE-Pro/F28335 Hardware Target, SimCoder can generate code for the PE-Pro/F28335 DSP hardware
board, made by Myway Co. (www.myway.co.jp), that is based on Texas Instruments F28335 floating-point
DSP. The generated code uses Myway’s PE-OS library, and it requires Myway’s PE-View software to compile
and upload to the DSP.

One major advantage of the PE-View environment is that it allows users to view waveforms of variablesinside
the DSP and change variable valuesin real time, thus making debugging and parameter adjustment very easy.
The PE-Pro/F28335 Hardware Target library includes the following function blocks:

- 3-phase regular and space vector PWM generators

- Start/Stop functions for PWM generators

- A/D converter

- Combo element of digital input / encoder / trip-zone

- Combo element of digital output / capture PWM
When generating the code for a system that has multiple sampling rates, SimCoder will use the interrupts of the
PWM generators for the PWM sampling rates. For other sampling rates in the control system, it will use the

Timer 1 interrupt first, and then Timer 2 interrupt if needed, If there are more than three sampling rates in the
control system, the corresponding interrupt routines will be handled in the main program by software.

In PE-Pro/F28335, PWM generators can generate hardware interrupt. SimCoder will search and group al the
elements that are connected to the PWM generator and have the same sampling rate as the PWM generator.
These elements will be automatically placed and implemented in an interrupt service routine in the generated
code.

In addition, digital input, encoder, capture, and trip-zone can aso generate hardware interrupt. Each hardware
interrupt must be associated with an interrupt block (described in Section 5.4 of this Manual), and each interrupt
block must be associated with an interrupt service routine (a subcircuit that represents the interrupt service
routine). For example, if a PWM generator and a digital input both generate interrupt, there should be one
interrupt block and one interrupt service routine for each of them.

The definitions of the elementsin the PE-Pro/F28335 Hardware Target library are described in this Chapter.

7.2 PWM Generators

Two types of PWM generators are provided in PE-Pro/F28335: 3-phase PWM generators (PWM 123 and PWM
456), and single capture PWM generator, aso caled APWM (APWM 5 and APWM 6)). The 3-phase PWM
generator is described in this section, and the single capture PWM generator is described in Section 7.6.

There are two kinds of 3-phase PWM generators: regular PWM generator, and space vector PWM generator.
Their images and parameters are described below.
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Images:

3-phase PWM 3-phase Space Vector PWM
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Attributes:
Parameters Description
PWM Source Source of the PWM generator. It can be one of the following:
- 3-phase PWM 123: It consists of PWM 1, PWM 2, and PWM 3;
- 3-phase PWM 456: It consists of PWM 4, PWM 5, and PWM 6.
Dead Time The dead time T4 for the PWM generator, in sec.
PWM Freguency Frequency of the PWM generator, in Hz. For the PE-Pro/F28335 DSP board, the
frequency must be no less than 1145 Hz.
Trigger ADC The option whether for the PWM generator to trigger the A/D converter. It can be

one of the following:
- Do not trigger ADC: PWM does not trigger the A/D converter;
- Trigger ADC Group A&B: PWM will trigger both Group A and B of the A/D
converter (Channel 1 to 16).

ADC Trigger Position | The A/D trigger position ranges from 0 to 1. When it is O, the A/D converter is
triggered at the beginning of the PWM cycle, and when it is 1, the A/D converter

istriggered at the end of the PWM cycle.

Use Trip-Zone Define whether the PWM generator uses the trip-zone signal (Trip-zone 1 and
Trip-zone 2). It can be one of the following:
- Disable: Disable the trip-zone signal;
- Enable: The generator PWM 123 will use the trip-zone signal 1, and the
generator PWM 456 will use the trip-zone signal 2, in the one-shot mode.

Once triggered, the PWM must be started manually.

Peak-to-Peak Value Peak-to-peak value Vy, of the carrier wave

Offset Value
Initial Input Valueu/ v

DC offset value Vi Of the carrier wave

Initial value of the 3-phase inputs u, v, and w (for regular PWM generator), or the

/w or Initia amplitude and angle (for space vector PWM)

Amplitude/ Angle

Start PWM at It can be set to either Sart or Do not start. When it is set to Sart, PWM will start
Beginning right from the beginning. If it is set to Do not start, one needs to start PWM using

the "Start PWM" function.

In the image, "u", "v", and "W" refer to the three phases (alternatively they are called Phase "a", "b", and "c").
The letter "p" refers to the positive output, and "n" refers to the negative output. In the 3-phase space vector
PWM generator image, "amp" refers to the amplitude input, and "ang" refers to the angle input.

For the regular PWM Generator, the PWM carrier waveform is triangular. The input and output waveforms of
the regular PWM generator are shown below. In the figure, the outputs up and un correspond to the up and un
terminals in the PWM generator image, and are the signals at the PE-Pro/F28335 DSP board. Note that when
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the input u is greater than the carrier wave, the output up is low. This is opposite to the definition of the PWM
generator for the TI/F28335 Target. This is because the DSP output is inverted on the PE-Pro/F28335 DSP
board before it is sent to the board output. One needs to be careful with this difference when working with both
the TI1/F28335 Target and PE-Pro/F28335 Target.

The space vector PWM generator generates PWM signals for a three-phase system based on space vector PIWM
technique. Theinput "amp" isfor the space vector amplitude, and the rangeisfrom 0 to 1. Theinput "ang" isfor
the space vector phase anglein rad., and the range is from -2 to 4.

A _ .
li\/pp Carrier wave
y4
Input u
N\
LAV t
T | | | Output up
+=Td [ | outputun

A Start of the PWM cycle
A/D Trigger Position -»{__ =

A Start of the A/D conversion
L

} Start of the PWM interrupt service routine

The figure above aso shows how the dead time is defined, and the time sequence when the PWM generator
triggers the A/D converter. If triggering the A/D converter is selected, from the start of the PWM cycle, after a

certain delay defined by the A/D trigger position, the A/D conversion will start. After the A/D conversion is
complete, the PWM interrupt service routine will start.

If the PWM generator does not trigger the A/D converter, the PWM interrupt service routine will start at the
beginning of the PWM cycle.

Interrupt can be generated by the PWM generator in two ways.
- Periodic Interrupt: Theinterrupt frequency is equal to the PWM frequency. It can be generated in the
following ways:
- If Trigger ADC is not selected, interrupt will be generated by the PWM generator at the beginning
of the PWM carrier wave.
- If Trigger ADC is selected, the PWM generator will trigger the A/D converter to start the

conversion. After the A/D conversion is complete, interrupt will be generated, as shown in the
figure above.

- Trip-Zone Interrupt: There are two trip-zone signals in PE-Pro/F28335. The generator PWM 123 uses
trip-zone 1, and the generator PWM 456 uses trip-zone 2. When the trip-zone 1 signal changes from 0 to
1, atrip-zone interrupt will be generated in PWM 123. Similarly, when the trip-zone 2 signal changes
from 1to 0, atrip-zoneinterrupt will be generated in PWM 456. Before entering the trip-zone interrupt,
all PWM outputs will be set to high impedance.

7.3  Start PWM and Stop PWM

The Start PWM and Stop PWM blocks provide the function to start/stop a PWM generator. The images and
parameters are shown below.
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Images:
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Attributes:
Parameters Description
PWM Source The source of the PWM generator. It can be one of the following:

- 3-phase PWM 123
- 3-phase PWM 456
- APWM 5
- APWM 6

A/D Converter

PE-Pro/F28335 provides a 12-bit 16-channel A/D converter. It is divided into two groups: Group A and Group
B. Theimage and the parameters of the A/D converter are described below.

Image:
A/D Converter EDC
o kO ol |—o
o K1 ol o
o— k2 L2 |—o
o k3 o3 |-
o ki o4 |0
o BE L% |
o3 RE LE |—0
o KT o7 o
O~ EO D8 |—0
o 21 oS |—o
-3 B2 010 |—o
o 23 o1l o
O Ed D12 |—0
o 2E o012 i
O~ BE Dlé |—o
o 27 D1E |
DE-Pro
Attributes:
Parameters Description
ADC Mode Define the A/D converter mode of operation. It can be one of the following:

Ch A, or B; Mode

Ch A or B; Output
Range

- Continuous. The A/D converter performs the conversion continuously. When
the converter valueis read, the result of the last conversionis read.

- Sart-stop (16-channel): It is also called "one-cycle scan mode” in the Myway
PE-OS Manual. In this mode, the A/D converter only performs the conversion
after it istriggered by the PWM generator or by software.

Input mode of the A/D converter channel A; or B;, whereiisfrom 0to 7. Theinput

mode can be one of the following:
- AC: Theinputisan ac value, and therangeisfrom -1.5V to +1.5V.
-DC: Theinputisadc value, and therangeisfrom 0to +3V.

The output range V; gnge Of the A/D converter channel A; or B;, wherei isfrom O to
7.
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The A/D converter can perform conversion autonomously when it is set to the "Continuous' mode. When it is
set to the "Start-stop" mode, if a PWM generator is set to trigger the A/D, the conversion will occur when it is
triggered by the PWM generator. If the PWM generator is set not to trigger the A/D, the conversion will occur
in the software at the beginning of the PWM generator interrupt service routine.

In the dc mode, the input range of an A/D converter channel isfrom 0 to +3V, and the output range is from 0 to
Vrange: I the ac mode, the input range of achannel isfrom -1.5V to +1.5V, and the output range is from -V, 5nge
10 Viange-

The output is scaled based on the following:
In the dc mode: Vo=V * Viange/ 3
In the ac mode: Vo=Vi* Viange/ 1.5

whereV; is the value at the input port of the A/D converter. For example, in the dc mode, if V;znge = 100, and V;
=3, then \;, = 100. In the ac mode, if V;znge = 100, and V; = 1.5, then \/, = 100.

Note that the input of the A/D converter must stay within the input range. When the input is out of the range, it
will be clamped to the limit, and a warning message will be given.

Note the following restrictions in using PWM generator triggered A/D converter:
- The A/D converter can be triggered by one PWM generator only.

- Itis not permitted to have the A/D converter triggered by one PWM generator, but some of the signalsin
this group are also used in acircuit that has a different sampling rate than the frequency of the PWM
generator.

In these situations, it is recommended that the A/D converter be set to the "Continuous' mode.

D/A Converter

PE-Pro/F28335 provides a 12-bit 4-channel D/A converter.The image and the parameters of the converter are
described below.

Image:
DAC
o D0 20 |
P bl A
oo D2 A2 |e
[ b B3 |e
PE-Fro
Attributes:
Parameters Description
Ch D; Mode Input mode of the D/A converter channel D;, wherei isfrom O to 3. The input
mode can be one of the following:
- AC: Theinput is an ac value, and the range is from -V, gnge t0 +V, gnge-
- DC: Theinput isadc value, and therange is from 0 t0 +V;znge-
Ch D; Input Range The input range V; ange Of the D/A converter channel D;, wherei isfrom 0 to 3.

The D/A converter performs the D/A conversion. The output range is from 0 to +5V. In the dc mode, the input
channel range is from 010 +V; 4nqe. In the ac mode, the input channel range is from -V, gnge 10 +Vygnge-

The output is scaled based on the following:
In ac mode; Vo=V, * 25/ Vignge + 2.5
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In dc mode; Vo=V * 5/ Viange

where V, isthe value at the input of the D/A converter. For example, in the ac mode, if Vygnge = 20, and V; = 10,
then , = 3.75. In the dc mode, if Viange = 20, and V; = 10, then \, = 2.5.

Digital Input / Encoder / Trip-Zone

The combo element of Digital Input / Encoder / Trip-Zone can be configured as digital input, encoder, trip-zone,
and external interrupt. The images in each configuration and the parameters are shown below.

Images:
Digital Input Encoder Trip-Zone External Interrupt
DIN DIN DIN DIN
o D0 ol |—o fuc -1 ont (o 0—3 00 od |—a oA Int=  HC |0
oo D1 ol |—a fu e -] HZ |- o bl Ol [—0 o= Ints HC |—0
o— 02 02 |—o O E NI —0 o—q 02 02 |—0 o—q Int=  NC —0
o D3 o3 |—a o D3 o3 [—a o—3 03 03 —0 o= Ints HC |—0
o— D4 Dd |—o o— D4 Dd |—o o—q 04 Od |—o o—q Int=  NC —0
o DS oS |—0 o DS oS |—0 o— DS DS [—0 o= Ints HC |—0
H DE DE |—o H DE DE |—o H DE OE |—0 H Intc HC f—0
o= D7 o7 |—a o= D7 o7 |—a o3 07 L7 |—o o= Int= HC |0
o— D8 DB |—o o— D8 DB |—o o—y 08 OB |—0 o—y Int=  NC 0
o D3 O§ |—0 o D3 O§ |—0 o— D DS [—0 o— D DS [—0
O— 010 Old |—O O— 010 Old |—O o—y 010 D10 (—o o—y 010 D10 (—o
o— 011 011l |—0 o— 011 011l |—0 o— O11 D1l |—o o— O11 D1l |—o
o—y 012 012 —O o—y 012 012 —O o—q T2 D12 |—O o—y 012 D12 |—O
o 0132 D13 |—o o 0132 D13 |—o o—q 013 013 |—0O o—3 Int=  HNT —aO
o—y 014 Ol4 |—O o—y 014 Ol4 |—O o—y TZ1 HC f—0 o— Int= T —0
o~ O1E D1E | —o o~ O1E D1E | —o o—q TZ2 NI — o—3 Int=  NT [—O
DE-Pro DE-Pro DE-Pro DE-Pro
Attributes:
Parameters Description
Ch Di Mode The mode of theiy, channel, where i ranges from O to 15. It can be one of the
following:
- Digital input: For al the channels;
- Encoder: For Channel Din O;
- Trip-zone 1 or 2: For Channel 14 and 15;
- External interrupt: For Channel 1 to 8, and 13 to 15.
UseZ Signd Defineif the encoder in Channel Din 0-1-2 usesthe Z (or index) signal
Counting Direction For the encoder in Channel Din 0-1-2, the counting direction can be either
Forward or Reverse. When it is set to Forward, the encoder counts up. Otherwise,
the encoder counts down.
Encoder Resolution The resolution of the encoder in Channel Din 0-1-2. If it is 0, the encoder counter
will keep on counting and will not reset. If for example, the resolution is set to
4096, the counter will be reset to O after it reaches 4095.
As Encoder:

Channel Din 0, 1, and 2 can be configured as inputs of an encoder, where Din O isfor input A, Din 1isfor input
B, and Din 2 isfor the input of the Z (index) signal. The output, labelled at the Channel Din 0 output as "Cnt",
gives the encoder counter value.

AsTrip-Zone:

Channel Din 14 can be configured as the input for trip-zone 1, and Din 15 as the input for trip-zone 2. When the
input signal of trip-zone 1 changes from 1 to O, it will trigger PWM Generator 123, and when the input signal of
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trip-zone 2 changes from 1 to O, it will trigger PWM Generator 456.

Note that when defining the interrupt block associate with trip-zone, the "Device Name" parameter of the
interrupt block should be the name of the PWM generator, not the trip-zone block name. For example, if a
PWM generator called "PWM_G1" uses trip-zone 1 in the trip-zone block "TZ1". The "Device Name" of the
corresponding interrupt block should be "PWM_G1", not "TZ1". The "Channel Number" parameter in the
interrupt block is not used in this case.

As External Interrupt:

When achannel is defined as the input of the external interrupt, when the input changes from 0 to 1, an interrupt
will be generated.

In PE-Pro/F28335, there is a limitation that up to 7 channels can be set as external interrupts. Up to 2 channels
can be set as external interrupt in Din 3, 4, 5, 6, 14, and 15; and up to 5 channels can be set as external interrupt
inDinO, 1, 2,7, 8, and 13.

Digital Output / APWM

The combo element of Digital Output / APWM can be configured as either Digital Output or APWM in
Channel 8 and 9. Channel 8 can be configured as APWM 5 (GPI048), and Channel 9 can be configured as
APWM 6 (GPI049). The images in each configuration and the parameters are shown below.

Image:
Digital Output Capture PWM
DOUT DoUT
o300 ol —o 300 ol —o
e Ol [—o o Tl ol |0
o— L2 L2 |—o o— 02 0Z —o
o 03 03 |- o O3 o3 o
o— L4 L4 |—o o— Da L& (—o
o DE DE |—o o DX DE |
— DE DE |—o — DE DE [—i
o 07 o7 |—o o I7 oy I -
e LE —o o—yInk KEWME 0O
o—a O DS —0 C—AIng REWME | —0
o=y D10 D10 | oy 010 D10 [
o—a D11 Lll [—o o—y 011 01l |—o
o—a Dl Ll2 o o Dl2 0l2 o
o—a D13 D13 |0 o—y 013 D13 0o
—aDla Ll4 —o — Dl4 0la —o
o—a D1E  D1E |0 o—y D1E  D1E |0
o~ DlE D1E [—0O o~ D1E D1E [—0O
EE-Fro PFE-Fro
Attributes:
Parameters Description
Ch D8 Mode The mode of Channel D8. It can be either Digital Output or APWM 5.
APWMS5 Frequency Frequency of the PWM generator APWM 5, in Hz
APWMS5 Peak-to-Peak Value | Peak-to-peak value of the carrier wave for APWM 5
APWMS5 Offset Value DC offset value of the carrier wave for APWM 5
APWMS5 Initial Value Initial input value of APWM 5
Start APWM5 at Beginning It can be set to Sart or Do not start. When it is set to Sart, APWM 5 will
start from the beginning. If it is set to Do not start, one needs to start
APWM 5 using the "Start PWM" function.
Ch D9 Mode The mode of Channel D9. It can be either Digital Output or APWM 6.
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APWM®6 Frequency
APWM6 Peak-to-Peak Value
APWM6 Offset Value
APWMBG Initial Value

Start APWM6 at Beginning

Frequency of the PWM generator APWM 6, in Hz
Peak-to-peak value of the carrier wave for APWM 6
DC offset value of the carrier wave for APWM 6
Initial input value of APWM 6

It can be set to Sart or Do not start. When it is set to Sart, APWM 6 will
start from the beginning. If it is set to Do not start, one needs to start
APWM 6 using the "Start PWM™ function.

The APWM generators APWM 5 and APWM 6 are limited in functionality. They can generate interrupt, but
can not trigger the A/D converter, and can not use the trip-zone signals.
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8.2

8.2.1

3
PE-Expert3 Hardware Target

Overview

With the PE-Expert3 Hardware Target, SSmCoder can generate the code for the PE-Expert3 DSP devel opment
platform from Myway with the following boards:

- DSP Board MWPE3-C6713 (for PE-View8) and MWPE3-C6173A (for PE-View9)

- PEV Board
When generating the code for a system that has multiple sampling rates, SmCoder will use the PWM generator
interrupts for the PWM sampling rates. It will then first use the Timer O interrupt, and then Timer 1 interrupt if

needed, for other sampling ratesin the control system. If there are more than three sampling rates in the control
system, the corresponding interrupt routines will be handled in the main program by software.

In the PE-Expert3 system, digital input, encoder, and capture can also generate hardware interrupts. An
interrupt must be associated with an interrupt service routine (a subcircuit that represents the interrupt service
routine) through the interrupt block as described in Section 5.4 of this Manual. In PE-Expert3, since interrupts
generated by digital input, encoder, and capture are handled by the same interrupt service routine, al the
interrupt blocks must connect to the same subcircuit block.

The hardware functions and elements of the PE-Expert3 Hardware Target are described in the sections bel ow.

PEV Board

The PEV board contains the following functions and hardware elements:

- PWM generators and Start/Stop PWM functions

- A/D converter

- Digital input

- Digital output

- Up/Down counter

- Encoder

- Capture
Please note that hardware input/output elements, including PWM generators, A/D converter, digital input/
output, up/down counter, encoder, and capture, can not be placed inside a subcircuit. They must be in the top-

level main circuit only. The Start/Stop PWM function elements, however, can be placed in either the main
circuit or subcircuits.

PWM Generators

There are five elements associated with PWM generation: PWM (sub) generator, PWM generator, Space
Vector PWM generator, Sart PWM function, and Sop PWM function. The PWM (sub) element is abuilt-in
module based on the PWM element.
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Images:

PWM Space Vector PWM PWM (sub) Start PWM
PWM PWM PWM (sub) Start
o> u up o o> o Lo o>
up amp EIIDI ﬂ o> a 311?1 - PWM
o> v vp [ vp —o o> b vp o Stop PWM
vn —° vn vn o
Stop
oy w Wwp (o o3ang wp| o o o wp o 2 puM
wn —o wn [—o wn o
Attributes for PWM and Space Vector PWM:
Parameters Description
Board No. The board number of the PEV board that contains the PWM generator.
Channel No. The channel number of the PWM generator. It can be either O or 1.
Dead Time The dead time for the PWM generator, in sec.
Carrier Frequency Frequency of the PWM generator, in Hz
Start PWM at It can be set to either Sart or Do not start. When it is set to Sart, PWM will start
Beginning right from the beginning. If it is set to Do not start, one needs to start PWM using
the " Start PWM" function.
Attributes for PWM (sub):
Parameters Description
Board No. The board number of the PEV board that contains the PWM generator.
Channel No. The channel number of the PWM generator. It can be either O or 1.
Dead Time The dead time for the PWM generator, in sec.
Carrier Frequency Frequency of the PWM generator, in Hz
Peak Value Peak-to-peak value of the carrier wave
Offset Value DC offset value of the carrier wave
Start PWM at It can be set to either Sart or Do not start. When it is set to Sart, PWM will start
Beginning right from the beginning. If it is set to Do not start, one needs to start PWM using
the "Start PWM™ function.

The element PWM generates sinusoidal PWM signals for a three-phase system. The inputs "u”, "v", and "w"
are for three-phase input modulation signals. The input ranges are between -1 to 1. That is, when the input is-1,
the duty cycle is 0, and when the input is 1, the duty cycleis 1. With the input at O, the duty cycleis 0.5. The
carrier wave is a triangular wave with 0.5 duty cycle (the intervals of the rising slope and the falling slope are

equal).

The element Space Vector PWM generates PWM signals for athree-phase system based on space vector PWM
technique. Theinput "amp" isfor the space vector amplitude, and the rangeisfrom 0 to 1. Theinput "ang" isfor
the space vector phase angle, and the range is from -2t to 47t.

Because the input range of the PWM generator is between -1 and 1, whilein PSIM simulation, normally PWM
signals are generated by comparing a modulation signal with a carrier signal, and the modulation signal range
may not be from -1 to 1, scaling may be needed before the modulation signal is sent to the PWM generator.

In order to make it easier to switch from the comparator-based PWM to the hardware PWM generator element,
the PWM (sub) element is provided. It is a built-in block consisting of the PWM element and the scaling
circuit, as shown below.
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Details of PWM (sub) 2 /Vpk
a

.
:

PWM (sub) = PWMup -
o= a up o . 2/Vpk un— —o©
b < =
° K >V vp — o
o>b vp o — _ ! vnp— °
vn —© — 2 /Vpk —w Wg — o
C + WIl — o
e wp o ©
wI —o - fs
1+2*Voffset/Vpk
a Ul
o 1 ]
Z +
s >—< up
Equivalent implementation U2 un
in PSIM using comparators b I N
and carrier wave z > o Vp
fs * ——

o
'_hn
[0)]
[
v
s
©

Voffset
— 0

The circuit on the top right shows the details of the PWM (sub) element. It consists of a scaling circuit and the
hardware PWM element. With the scaling, ranges of the inputs a, b, and ¢ are no longer limited to -1 and 1.
Similar to the definition of a carrier voltage source, the peak-to-peak value and the dc offset can be defined
directly.

The circuit on the bottom right shows the equivalent circuit of the PWM (sub) element, implemented in PSIM
using comparators and a triangular carrier voltage source. The carrier source parameters are:

V_peak_to_peak: Vpk

Frequency: fs
Duty Cycle: 0.5
DC Offset: Voffset
Tstart: 0
Phase Delay: 0

Note the inclusion of three unit delay blocks U1, U2, and U3, as they are used to model the one-cycle delay
effect existing in the hardware PWM element. Also, the carrier wave duty cycle is fixed at 0.5, as the carrier
wave in the hardware PWM element is of triangular type.

To start PWM, apply asignal of 1V to the input of the Start PWM element. To stop PWM, apply asignal of 1V
to the input of the Sop PWM element.

Please note that when the PWM and PWM (sub) generators are ssmulated, the dead time isignored and is not
considered in the smulation.
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8.2.2 A/D Converter

An A/D converter converts an analog signal into a digital signal that DSP can process.

Image:

11111111
T1IILLT]

Attributes:

Parameters Description

Board No. The board number of the PEV board that contains the A/D converter.
Ch Ai Output Range The output range V; ange Of the iy, A/D channel.

The input range of the A/D converter is from -5V to +5V, and the output range is from -V, gnge t0 Vignge- The
output is scaled based on the following:

Vo=Vi* Viange/ 5
For example, if V; = 2, and V; gnge = 20, then \; =2* 20/ 5=8.

8.2.3 Digital Input / Capture / Counter

The hardware provides a 16-pin digital input element. Note that Pins DO through D3 are shared with the capture
element, Pins D4 and D5 are shared with the up/down counter element, and Pin D6 can be used for input of
external interrupt.

Because of the shared pins, a combo element is provided to represent digital input, capture, and counter. |nput/
output pins are assigned to different functions depending on the definition.

The images and attributes of the combo element in different functions are shown below.

Images:

Digita Input Capture Up/Down Counter  External Interrupt
DIN/CNT DIN/CNT DIN/CNT DIN/CNT
o—=>DO0 DO o °o—>Cp0Cnt0|—=o o—=>DO0 DO o o—=>DO0 DO o
o—>D1 Dl1——o o—>Cpl Cntl——o o—>D1 Dl1—o o—>D1 D1—o
o—>D2 D2—o o—>ICp2 Cnt2—o o—>D2 D2 o—>D2 D2
o—>D3 D30 o0—>1Cp3 Cnt3 o o—D3 D3 —0 o—>D3 D3+——o0
o—>D4 D4l—o o—>D4 D4t+—o o—>Up Cnt o o—>D4 D4{—o
o>D5 D50 o>3D5 D5 (HDn NC40> O2D5 D50
o>D6 D6 o>3D6 D6 c>D6  D6[ o (o=>fint  nci—)
o—>{D7 D7——o° o—>D7 D7——©° o—>D7 D7——o o—>D7 D70
o—>D8 D8—o o—>D8 D8—o© o—>D8 D8—o© o—>D8 D8[—°
o—>{D9 D9—o o—>D9 D9r—o o—>D9 D9r—o o—>D9 D9r—o
o—>D10 D100 o0—>D10 D10[—o o0—>D10 D10[—o 0—>D10 D10[—o
o—>D11 Dll——o o—>D11 Dll——o o—>D11 Dll——o o—>D11 Dll——o
o—>D12 D120 o0—>D12 Dl2—o o—>D12 Dl2—o o—>D12 Dl2—o
o—>D13 D130 o0—>D13 D130 o0—>D13 D130 o—>D13 D130
o—>D14 D140 0—>D14 D140 0—>D14 D140 0—>D14 D140
o—>D15 D150 o—>D15 D150 o—>D15 D150 o—>D15 D150
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Attributes:

Parameters Description
Board No. The board number of the PEV board that contains the element.
Input/Capture i Theindex i changes from 0 to 3, corresponding to Inputs DO to D3 respectively.

The parameter can be defined as one of the following:
- Digital Input i: Input pin D; will be adigital input.
- Capturei: Input pin D; will be the input of Capture i, and the output pin D;
will be the counter output of Capturei. The captions of the input/output pins
will be changed to Cap; and Cnt;.

Counter Sourcei Theindex i changes from 0 to 3, corresponding to Inputs DO to D3 respectively.
The parameter The name of the counter source. The parameter can be either
"GP_TIMER" for general-purpose timer, or the name of the encoder.

Input 4 and 5/ Counter | It can be defined as one of the following:

- Digital Input 4 and 5: Input pin D4 and D5 will be digital inputs.

- Counter: Input pin D4 and D5 will be the inputs of the up/down counter, and
the output pin D4 will be the counter output. In the counter mode, the output
pin D5 is not used. The captions of the input pin D4 will be changed to Up
(for up counter input) and pin D5 to Dn (for down counter input). The caption
of the output pin D5 will be changed to Cnt (for counter output), and pin D6
to NC (for not connected).

Counter Mode When Inputs D4 and D5 are defined as counter inputs, the counter mode can be
either Up/down or Direction/pulse.

Input 6 / External It can be one of the following:

Interrupt - Digital Input 6: Input pin 6 will be adigital input.

- External Interrupt: This pin will be the input of the external interrupt. The
caption of theinput will be changed to Int (for interrupt) and the output to NC
(for not connected).

Asa Capture:

The capture element has 4 inputs. When an input changes from low to high (from 0 to 1), it will capture the
counter value of the source, and output it through the output pin. The counter source can be either the general-
purpose timer (which is the 32-bit free-run counter on the PEV Board), or the encoder.

Asa Counter:

The counter has two modes of operations. up/down mode and direction/pulse mode. When the counter isin the
"Up/down" mode, the counter will count up when there is a pulse at the "up" input, and will count down when
thereisapulse at the "dn" input.

When the counter is in the "Direction/pulse” mode, and when there is a pulse at the "pulse" input, the counter
will count up when the "direc" input is 0, and will count down when the "direc" input is 1.

Asan External Interrupt:

When Input pin D6 is defined as the input of the external interrupt, when the input changes from 0 to 1, an
interrupt will be generated.
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The images and attributes of the digital output element are shown below.

Image:
Digital Output DOUT
o—>1D0 DO —o©
o—>D1 Dl1—o
o—>{D2 D2 —o
o—>D3 D3r—o
o—>D4 D40
o—>1D5 D5—o0
o—>D6 D60
o—>D7 D7 o
o—>D8 D8 —o°
o—>D9 D90
o—>D10 D10[—o
o—>D11 D1l
o—>D12 D12
0—=>D13 D13[—o©
0—>D14 Dl4[—o
O0—>D15 D15
Attributes:
Parameters Description
Board No. The board number of the PEV board that contains the element.
Encoder
An encoder is used for position measurement in a motor drive system. It can operate in either "Open Collector”
or "Differential Mode" mode.
Image:
Encoder
o> A+
o> A-
o—>1B+ —o
o>B-
o Z+
o7 -
Attributes:
Parameters Description
Board No. The board number of the PEV board that contains the encoder.
Encoder Mode The encoder mode can be either "Open Collector” or "Differential Mode".
Counting Direction It can be either "Forward" or "Reverse”". When it is set to "Forward", the encoder
counts up, and when set to "Reverse", the encoder counts down.

The output of the encoder output gives the counter value. Also, an interrupt can be generated by the input signal
Z+and Z-.

LED Output

The LED output element is available for the DSP Board MWPE3-C6713A (with PE-View9) only. If the
software environment for PE-Expert3 is set to PE-View8, this element will be ignored.

There are four light-emitting diodes (LED) on the DSP Board MWPE3-C6713A: LEDO, LED1, LED2, and LE
D3.

When the input level of a LED is higher than 0.5, the LED will be on. Otherwise, it will be off.
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Image:

LED

LEDO o =
o> mm

o> mm

LED3 o m

In the diagram, the input with the dot corresponds to the LEDO.

PE-Expert3 Runtime Library Functions

The table below shows the PSIM elements and the corresponding PE-Expert3 runtime library functions.

PSIM Elements

PE-Expert3 Runtime Library Functions

Sineor Sine (inrad.)
Cosineor Cosine (inrad.)
Tangent Inverse

Square-root

abc-a phalbeta Transformation
ab-alpha/beta Transformation
ac-a pha/beta Transformation
alpha/beta-abc Transformation
alpha/beta-dqg Transformation
dg-alpha/beta Transformation
xy-r/angle Transformation

r/angle-xy Transformation

mwsin (float x)

mwcos (float x)

mwarctan?2 (float y, float x)

mwsgrt (float x)

uvw?2ab (float u, float v, float w, float *a, float *b)
uv2ab (float u, float v, float *a, float *b)

uw2ab (float u, float w, float * a, float *b)

ab2uvw (float a, float b, float *u, float *v, float *w)
ab2dq (float a, float b, float *d, float *q)

dg2ab (float d, float g, float *a, float *b)
xy2ra(float y, float x, float *a, float *b)

ra2zy (float r, float a, float *x, float *y)
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Note that this element is for hardware implementation only, and it will be ignored in the simulation. To display
the LED value in the simulation, connect a voltage probe to the input node.

PE-Expert3 provides a runtime library for high-speed calculation. When the code is generated, whenever
possible, functions from the PE-Expert3 runtime library are used.
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9.1

9

Overview

TI DMC Library

The SimCoder library supportsthe Tl Digital Motor Control (DMC) library versions V4.0, V4.1 and V4.2, User
may select the version in the Simulation Control under the SSimCoder tab. Note that only one version can be
used at atime. Once aversion is selected, elements that are not supported in that version will be disabled.

SimCoder’'s TI DMC Library contains the function blocks listed in the table below. A brief description of these
blocks are given in this Chapter. For more detailed description, please refer to the document from Texas
Instruments.

Element Name Description Version
Available

ACI_FE Flux estimator of the 3-phase induction motor 40 | 41 | 42

ACI_SE Speed estimator of the 3-phase induction motor 40 | 41 | 42

ANGLE_MATH Wrap angle within 0 and 1.0 (0 to 2rt) or -0.5and 0.5 (-nt 4.2
to +m)

CLARK Clarke transformation 40 | 41 | 42

COMTN_TRIG Commutation trigger generator 40 | 41 | 42

CUR_MOD Current model 40 | 41 | 42

IMPUL SE I mpul se generator 40 | 41 | 42

IPARK Inverse Park transformation 40 | 41 | 42

PARK Park transformation 40 | 41 | 42

PHASE VOLT Phase voltage reconstruction 40 | 41 | 42

Pl Pl controller with anti-windup correction 40 | 41 | 42

PlI_POS Pl controller with anti-windup and position error 41 | 4.2
wrapper

PI_POS REG4 Pl controller with anti-windup and position error 4.2
wrapper, proportional gain separated.

PI_REG4 PI controller with anti-windup correction, proportional 4.2
gain separated.

PID_GRANDO PID controller grando 40 | 41 | 42

PID_REG3 Digita PID controller with anti-windup 40 | 41 | 42

RAMP_GEN Generate aramp with adjustable gain 40 | 41 | 42

RMP_CNTL Ramp up/down to targeted value and flag when output 40 | 41 | 42
equalsinput.

RMP2_CNTL Ramp up/down to targeted value 40 | 41 | 42

RMP3 CNTL Ramp down to targeted value and flag when output 40 | 41 | 42
equals input

SMOPOS Sliding-mode rotor position observer of PMSM 40 | 41 | 42

Chapter 9: TI DMC Library
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SPEED_EST Speed calculator based on rotor angle without direction 40 | 41 | 42
information

SPEED_FR Speed calculator based on rotor angle from encoder 40 | 41 | 4.2
sensor

SPEED_PRD Speed calculator based on period measurement 40 | 41 | 4.2

SVGEN Space vector generator with quadrature control 40 | 41 | 4.2

SVGEN_COMM Space vector generator using common mode voltage 40 | 41 | 42

SVGEN_DPWM Space vector generator with DPWM approach 40 | 41 | 42

SVGEN_MF Space vector generator using magnitude and frequency 40 | 41 | 42

VHZ_PROFILE Volt/Hertz profile for ac induction motor 40 | 41 | 42

ACI_

This block implements the flux estimator with the rotor flux angle for the 3-phase induction motor based upon
the integral of back emf’s (voltage model) approach. To reduce the errors due to pure integrator and stator
resistance measurement, the compensated voltages produced by Pl compensators are introduced. Therefore, this
flux estimator can be operating over awide range of speed, even at very low speed.

FE: Flux Estimator of 3-phase Induction Motors

The ACI_FE module requires eight constants according to the machine parameters, base quantities, mechanical
parameters, and sampling period. These eight constants are computed by the macro ACI_FE_CONST.

SimCoder combined ACI_FE and ACI_FE_CONST functions into one block to simplifies the process. When
this element isin a circuit schematic, SimCoder copies ACI_FE macro to the generated project folder and the
ACl_FE_CONST sub-modulein ACI_FE'sinitia data structure definition.

The overal of the flux estimator is shown below. The rotor flux linkages in the stationary reference frame are
mainly computed by means of the integral of back emf’s in the voltage model. By introducing the compensated
voltages generated by Pl compensators, the errors associated with pure integrator and stator resistance
measurement can be taken care.
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Attributes:

Parameters

Description

Stator Resistance Rs

Stator Inductance Ls

Motor stator resistance, in ohm

Motor stator inductance, in H

Rotor Resistance Rr

Rotor Inductance Lr
Magnetizing Inductance Lm
Base Phase Voltage Vb
Base Phase Current Ib

Pl Proportional Gain Kp

Pl Integral Gain Ki
Sampling Freguency

Motor rotor resistance, in ohm
Motor rotor inductance, in H

Motor magnetizing inductance, in H
Motor base phase voltage, in volt
Motor base phase current, in ampere
PI controller proportional gain

PI controller integral gain

System sampling frequency

Input and Output Signals:

Name 110 Description
ud Input Stationary d-axis stator voltage
uq Input Stationary g-axis stator voltage
id Input Stationary d-axis stator current
iq Input Stationary g-axis stator current
flux-d Output Stationary d-axis estimated rotor flux
flux-q Output Stationary g-axis estimated rotor flux
theta Output Rotor flux angle, in degrees, range 0 to 360

9.3 ACI_SE: Speed Estimator of 3-phase Induction Motors

This block implements a speed estimator of the 3-phase motor based upon its mathematics model. The
estimator’s accuracy relies heavily on knowledge of critical motor parameters.

The speed estimator of Induction motor module requires four constants according to the machine parameters,
base quantities, mechanical parameters, and sampling period. These four constants are computed by the macro
ACI_SE _CONST.

SimCoder combined ACISE and ACISE_CONST in this block to simplify the process. When this element isin
a circuit schematic, SimCoder copies ACISE macro to the generated project folder and implemented ACISE
_CONST sub-modulein ACI_SE'sinitial data structure definition.

The open-loop speed estimator is derived basing on the mathematics equations of induction motor in the
stationary reference frame. The precise values of machine parameters are unavoidably required, otherwise the
steady-state speed error may happen.

Three equations are mainly employed to compute the estimated speed in per unit:
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Attributes:
Parameters Description
Rotor Resistance Rr Motor rotor resistance, in ohm
Rotor Inductance Lr Motor rotor inductance, in H
Filter Cut-off Frequency fc Cut-off frequency of the low passfilter, in Hz
Base Electrical Frequency fb Base electrical frequency, in Hz
Base Speed in rpm Base motor speed in rpm
Sampling Frequency System sampling frequency
Input and Output Signals:
Name 110 Description
flux-d Input Stationary d-axis estimated rotor flux
flux-q Input Stationary g-axis estimated rotor flux
theta Input Rotor flux angle, in degrees, range 0 to 360
id Input Stationary d-axis stator current
iq Input Stationary g-axis stator current
Wr Output Estimated motor speed in per unit
rpm Output Estimated motor speed in rpm
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9.4

ANGLE_MATH: Angle Wrap

This block wraps angle within 0 and 1.0, or wraps angle within -0.5 and +0.5.

Image:
Angle
TIDMC
Attributes:
Parameters Description
Angle Range

Input and Output Signals:

Define the range of angle output.
0to +1.0: wrap angle within 0 and 2rt (1.0)
-0.5 to +0.5: wrap angle within -rt (-0.5) and +r (+0.5)

Name 110 Description
Input Raw angle input
Output Wrapped angle output
9.5 CLARKE: Clarke Transformation
This block implements the Clarke transformation from balanced 3-phase quantities into balanced 2-phase
quadrature quantities.
3-phase Quadrature: 2-phase
120° 4 ag°
Ya b ic le 1B
A !!‘\r \",I ;J" I.\‘ ; id\ I'.—
\ Vol | \ [ A
[ S O N | a la 1 f |
(NI AR —> — \ [ i\
0 _'_r‘_'_'._'lj_’ Ib | CLARKE | g . A >
Vi yuy Vil § | i
vy oh vy \ 1 | &
(TR \ II | \ i | I;
VR Ty V] i
(WAVAVIRVAY) \V /!
Image:
. Clarke . Clarke
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b
o3b bet-o e beto
TI DMC TI DMC
Attributes:
Parameters Description
Number of Input Phase Define the number of input phases.

- 2-Phase: Inputs are Phases aand b;
- 3-phase: Inputs are Phases a, b, and c.
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9.6
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Input and Output Signals:

Name 110 Description
a Input Phase A component of the balanced 3-phase quantities.
b Input Phase B component of the balanced 3-phase quantities.
a Output Direct axis (d) component of the transformed signal.
be Output Quadrature axis (q) component of the transformed signal.

The transformation equations are given below:

If the number of input phase is selected as 2-Phase, the transformation equations are:
Vo = Va
2Vt Vv,
Vg = ———
SV
If the number of input phase is selected as 3-Phase, the transformation equations are:
V, =V,
Vp — Ve
J3

Vﬁ:

COMNT_TRIG: Commutation Trigger Generator for BLDC Motors

This block determines the back emf zero crossing points of a 3-phase BLDC motor based on motor phase
voltage measurements and then generates the commutation trigger points for the 3-phase power inverter
switches.

The figure below shows the 3-phase power inverter topology used to drive a 3-phase BLDC motor. In this
arrangement, the motor and inverter operation is characterized by a two phase ON operation. This means that
two of the three phases are aways energized, while the third phase is turned off.

The bold arrows on the wires indicate the Direct Current flowing through two motor stator phases. For
sensorless control of BLDC drives it is necessary to determine the zero crossing points of the three Bemf
voltages and then generate the commutation trigger points for the associated 3-ph power inverter switches.

The COMTN_TRIG module computes the neutral voltage, The back emf zero-crossing point, and the time
delay corresponding to the commutation delay angle.

o1 Qs R
=) (2
—1 FULL u
| compare =
UNIT
Q2 a4 @B \
Shunt '@‘ E 3
Resistor B

e Em
—%
ﬂ ADCINY >

N

3

>t
(BT
-

|

N
(.

-

Chapter 9: TI DMC Library



Image:
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Attributes:
Parameters Description
Noise Windows Delta Noise windows delta
Noise Windows Threshold Noise windows dynamic threshold
Input and Output Signals:
Name 110 Description
pnt Input Commutation state pointer
va Input Motor phase a voltage referenced to ground
vb Input Motor phase b voltage referenced to ground
vC Input Motor phase ¢ voltage referenced to ground
time Input Virtual timer for commutation delay angle calculation
trig Output Commutation trigger output, (0 or Ox7FFF)

9.7 CUR_MOD: Current Model

This block calculates the rotor flux position from motor current measurements after Park transformation.

With the asynchronous drive, the mechanical rotor angular speed is not equal to the rotor flux angular speed.
Thisimplies that the necessary rotor flux position cannot be detected directly by the mechanical position sensor
used with the asynchronous motor (QEP or tachometer). The current model module is usually added to the
generic structure in the regulation block diagram to perform a current and speed closed loop for a three phases
ACI motor in FOC control.

This module requires three constants according to machine parameters, base quantities, mechanical parameters,
and sampling period. These constants are computed by the macro CUR_MOD_CONST.

SimCoder combines the functions of CUR_MOD and CUR-MOD_CONST to simplify the process. When this
element in used in a circuit schematic, SimCoder copies CUR_MOD macro into the generated project code
folder and implements CUR_MOD_CONST sub modulein CUR_MOD’sinitial data structure definition.

Image:

Current Model
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Attributes:

Parameters
Rotor Resistance Rr

Rotor Inductance Lr

Sampling Frequency

Base Electrical Frequency

Description

Motor rotor resistance, in ohm
Motor rotor inductance, in H
Base e ectrical frequency in Hz

System sampling frequency

Input and Output Signals:

Name 110 Description
iq Input Synchronous rotating g-axis current
id Input Synchronous rotating d-axis current
Wr Input Motor rotor electrical angular velocity
theta Output Motor rotor flux angle, in degree, range 0 to 360

IMPULSE: Impulse Generator

This block generates a periodic impulse.

Image:
Impulss
TIDMC
Input and Output Signals:
Name /0 Description
Input Period of output in number of sampling period
Output Impulse output.

If sampling time period is Tsand input = N, then, the output period Tout = N times sampling period.

Out = Ox7FFF for one sampling period at the end of Tout.
Out = O for the rest of the time.

Out
Ts

— l—
— t

.T uut:
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9.9 IPARK: Inverse Park Transformation

This block implements the transformation vectors in orthogonal rotating reference frame into two phase
orthogonal stationary frame, as shown below:

4B
Q
i
IQ | A
IQeco P
L
Lo
A ;I 1 >
lo. |Decoss o
Image:
Inverse Park
o—=ad all—
w3
oA sin
ocos be |-
TIDMC
Input and Output Signals:
Name 110 Description
d Input Rotating d-axis stator variable
q Input Rotating g-axis stator variable
sin Input SIN of the phase angle between stationary and rotating frame
cos Input COS of the phase angle between stationary and rotating frame
a Output Stationary d-axis stator variable
be Output Stationary g-axis stator variable

The transformation equations are:

V

o = Vg COSB—V,- sinb

Vg = Vg- SINO +v, - cosO

9.10 PARK: Park Transformation

This block implements the transformation which converts vectors in balanced 2-phase orthogona stationary
system into orthogonal rotating reverence frame, as shown below.
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Input and Output Signals:
Name 110 Description
a Input Stationary d-axis stator variable v,
be Input Stationary g-axis stator variable vg
sin Input SIN of the phase angle between stationary and rotating frame
cos Input COS of the phase angle between stationary and rotating frame
d Output Rotating d-axis stator variable vy
q Output Rotating g-axis stator variable v

The transformation equations are:

Vg =V, - €OSO + v - Sin®

Va

=V, - SiN6 + v - cosO

PHASE_VOLT: Phase Voltage Reconstruction

This element calculates three phase voltages impressing to the 3-phase electric motor (i.e., induction or
synchronous motor) by using the conventional voltage-source inverter. Three phase voltages can be
reconstructed from the DC-bus voltage and three switching functions of the upper power switching devicesin
the inverter. In addition, this software modul e also includes the clarke transformation changing from three phase
voltages into two stationary dg-axis phase voltages.
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Image:
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Attributes:
Parameters Description
Out-of-Phase Adjustment Specify if the input phase signals are out of phase with respect of output.

- Yesif 3-phase input signals are from the lower switching functions.
- No if 3-phase input signals are from upper switching functions

Input and Output Signals:

Name 110 Description
vl, v2,v3 Inputs Modulation voltage phase A, B, and C for inverter upper switching
devices.
vdc Input DC bus voltage
va, vb, vc Outputs Line-to-neutral voltage for phase A, B, and C
a Output Stationary d-axis phase voltage
be Output Stationary g-axis phase voltage

9.12 PID Controllers

SimCoder implemented all the TI DMC PID controller algorithm into different function blocks. The images and
the input and output signals of these PID controllers are show below. All controllers except PID_GRANDO
allow user to select with or without reset. If With Reset is selected, an extrainput rst will be added to the block.
The integrator output will be clamped to zero when the rst input islogically high.

Images:

Without Reset

P Pl (pos PI_REG4  PI_POS REG4 PID_REG3 PID GRANDO
o—ref o—ref o—ref o—ref o>ref PID
o>ref
—0 —0 —0 —o —o0 —o
o> fb
o—fbk o—fbk —fbk —fbk o—fbk TI DMC
TI DMC TI DMC TI DMC TIDMC TI DMC

With Reset

, Pl , PI(pos _PI_LREG4  PI_POS REG4 PID_REG3
o—ref o—ref o—ref o—rxref o—ref
ofbk [ o>fbk [ o>fbk o bk [ o—fbk
o—rst o—rst o—rst o—rst o—rst
TIDMC TI DMC TI DMC TIDMC TIDMC
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Input and Output Signals:

Name 110 Description
ref Input Reference set point
fb Input Feedback
rst I nput When set to logic high (1), the integral output is clamped to zero.
Output Controller output

The functions of these controllers are described in the subsections.

9.12.1 PI: PI Controller with Anti-Windup
This block implements a simple 32-bit digital Pl controller with anti-windup correction. It consists of a basic
summing junction and P+l control law with the following features:
- Programmabl e output saturation
- Independent reference weighting on proportional path
- Anti-windup integrator reset.

The Pl controller is a sub-set of the PID controller. All input, output and interna data are in 1Q24 fixed-point
format. The block diagram of the internal controller structure is shown below.

K

F

+ ) = / o : *l\
rk) - —b{__:._—b‘?{)- *\X j -\X J =-( } Lo s
Reference ‘|‘ = i L
Ren | iy -1 vy s

(k)
Feedback Wi [
(Fbk)

= —> u(k)

Output
(Out)

Attributes:

Parameters

Description

Proportional Gain Kp
Integral Gain Ki

Maximum Output

Minimum Output

Proportional loop gain
Integral gain
Maximum output limit Umax

Minimum output limit Umin

9.12.2 PI_REGA4: PI Controller with Anti-Windup

This module implements a ssimple 32-hit digital PI controller with anti-windup correction. Functionaly, it is
similar to Pl module described above, the difference isin the path of P control such that Kp can be set to zero. It
consists of abasic summing junction and P+l control law with the following features:

- Programmabl e output saturation
- Independent reference weighting on proportional path
- Anti-windup integrator reset.

The PI_POS controller is a sub-set of the PID controller. All input, output and internal data are in 1Q24 fixed-
point format. The block diagram of the internal controller structure is shown below.
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Attributes:
Parameters Description

Proportional Gain Kp
Integral Gain Ki

Maximum Output

Minimum Output

Proportional loop gain
Integral gain
Maximum output limit

Minimum output limit

9.12.3 Pl _POS: PI Controller with Position Error Wrapper

This block implements asimple 32-bit digital PI controller with anti-windup correction, and also with a position
error wrapper. It consists of a basic summing junction and P+I control law with the following features:

- Programmabl e output saturation

- Independent reference weighting on proportional path
- Anti-windup integrator reset.

- Position error wrap around to fit within - and +.

The PI_POS controller is a sub-set of the PID controller. All input, output and internal data are in 1Q24 fixed-
point format. The block diagram of the internal controller structure is shown below.

r{k)——» 1A — u(k)
Re[;reerr;ce \f‘j— C:E}[&l]n
Wrapper
|
y(k)
Feedback
(Fbk)
Attributes:
Parameters Description
Proportional Gain Kp Proportional loop gain
Integral Gain Ki Integral gain
Maximum Output Maximum output limit
Minimum Output Minimum output limit
117
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9.12.4 Pl _POS_REG4: PI Controller with Position Error Wrapper

This module implements a generic, simple 32-bit digital PI controller with anti-windup correction, exactly same
asin the previous section on PI_POS controller but treated asin PI_REG4. This block implements a simple 32-
bit digital PI controller with anti-windup correction, and also with a position error wrapper. It consists of abasic

summing junction and P+I control law with the following features:
- Programmabl e output saturation
- Independent reference weighting on proportional path
- Anti-windup integrator reset.
- Position error wrap around to fit within - and +m.

The PI_POS_REG4 controller is a sub-set of the PID controller. All input, output and internal data are in 1Q24

fixed-point format. The block diagram of theinternal controller structure is shown below.
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Attributes:

Parameters Description

Proportional Gain Kp Proportional loop gain
Integral Gain Ki Integral gain

Maximum Output Maximum output limit

Minimum Output Minimum output limit

9.12.5 PID_REGS: PID Controller with Anti-Windup

118

This block implements a 32-bit digital PID controller with anti-windup correction. It can be used for Pl or PD
controller as well. In this digital PID controller, the differentia equation is transformed to the difference

equation by means of the backward approximation.

The block diagram of this conventional PID controller with anti-windup correction is shown below.
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Attributes:

Parameters Description
Proportional Loop Gain Kp Proportional loop gain
Integral Gain Ki Integral gain
Derivative Gain Kd Derivative gain
Integral Correction Gain Kc Integral correction gain
Maximum Output Maximum output limit
Minimum Output Minimum output limit

9.12.6 PID_GRANDO: PID Controller

This block implements a basic summing junction and PID control law with the following features:
- Programmabl e output saturation
- Independent reference weighting on proportional path
- Independent reference weighting on derivative path
- Anti-windup integrator reset.
- Programmable derivative filter
- Transient performance measurement
PID Grando is an example of aPID structure often called "standard" form, in which proportional gainisapplied

after the three controller paths have been summed. This contrasts with the "parallel” PID form, in which P, I,
and D gains are applied in separate paths. All input, output and internal dataiisin Q24 fixed-point format.

The Grando controller includes a saturation block to limit the range of the control effort, u(k). If the output
saturates, the integrator is disabled to prevent a phenomenon known as "wind-up”. In cases where saturation
may occur in other parts of the control loop, user code should disable integral action by temporarily setting the
integrator gain (Ki) to zero when saturation occurs, and restoring it once saturation has been cleared.

The block diagram of the internal controller structure is shown below.
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Attributes:

Parameters Description

Proportional Ref Weight Kr Reference weighting on proportional path

Proportional Loop Gain Kp Proportional loop gain

Integral Gain Ki Integral gain

Derivative Gain Kd Derivative gain

Derivative Ref. Weight Km Derivative reference weighting

Cut-off Frequency fc Cut-off frequency for the first order filter on derivative path
Maximum Output Umax Maximum output limit

Minimum Output Umin Minimum output limit

Sampling Freguency System sampling frequency, in Hz

9.13 RAMP_GEN: Ramp Generator
This block generates ramp output of adjustable gain, frequency, and dc offset.

Image:
Ramp Gen
o—qgain
oHoffset =
oy freg
TIDMC
Attributes:
Parameters Description
Base Frequency fb Base frequency, in Hz
Sampling Freguency Sampling frequency, in Hz
Input and Output Signals:
Name 110 Description
gain Input Ramp gain, in therange of 0 to 2.
Offset Input Ramp offset, intherange of -1 to +1. The value of offset+gain must
belessthan 1.0.
freg Input Ramp frequency ratio. The ramp output frequency is freq*fb
Output Ramp signal output

The ramp output waveform is shown below.
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The output ramp frequency is the multiple of the base frequency.

The output rangeis limited from -1 to +1. Therefore, the range of Offset isfrom -1 to +1 and the range of Gain
isfrom O to 2. The value of Offset+Gain must be lessthan 1.0.

9.14 Ramp Control

There are three different ramp control blocks corresponding to the three ramp macrosin the TI| DMC library:
- RMP_CNTL: Implements aramp up and down, with an output to flag when output equals input.
- RMP2CNTL: Implements a ramp up and down.
- RMP3CNTL: Implements a ramp down, with an output to flag when output equals input.

Images:
Ramp Cntl Ramp2 Cntl Ramp3 Cntl
- -
e e
flag (= TIDMC flag (=
TIDMC TIDMC

Input and Output Signals:

Name 110 Description
Input Target input value
Output Target output
flag Output Flag to indicate output equals input (not available for
RMP2CNTL).

9.14.1 RMP_CNTL: Ramp Control
This block implements a ramp up and ramp down function with a flag to indicate when the output variable
equalsthe input variable
- The ramp step = 1Q(0.0000305).
- For input > output: output increments one ramp step after delay if it is blow the Maximum Limit.
- For input < output: output decrements one ramp step after delay if it is above the Minimum Limit.
- For input = output: the flag is set to 7FFFFFFFh.
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SetpointValue RampHighLimit

1 |

_1Q(0.0000305)
RampLowLimit
- — N |
TargetValue > SetpointValue TargetValue > SetpointValue
TargetValue < SetpointValue

Example:
SetpointValue = 0O (initial value), TargetValue = 1000 (user specified), RampDelayMax = 500 (user specified),
and sampling loop time period Ts = 0.000025 sec.

This means that the time delay for each ramp step is Td = 500x0.000025 = 0.0125 sec. Therefore, the total ramp
time will be Tramp = 1000x0.0125 = 12.5 sec.

Attributes:
Parameters Description
Max Delay Rate Delay rate for each ramp step, in number of sampling time period
Minimum Output Minimum output limit
Maximum Output Maximum output limit

9.14.2 RMP2CNTL: Ramp 2 Control
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This block implements aramp up and ramp down function. The output follows the input.
- Theramp step = 1.
- If input > output: output increments one ramp step after delay if it is below the maximum output.
- If input < output: output decrements one ramp step after delay if it is above the minimum output.

4 rmp2_out
rmp2_max
rmp2 min

- — - —-
rmp2 desired > rmp2 ot rmp2 desired > rmp2 out
i — i

i rmp2 desired < rmp2 out

» t

Example:

Out = 0 (initial value), Desiredinput = 1000 (user specified), Ramp2Delay = 500 (user specified), and sampling
loop time period Ts = 0.000025 sec.

This means that the time delay for each ramp step is Td = 500x0.000025 = 0.0125 sec. Therefore, the total ramp
time will be Tramp = 1000x0.0125 = 12.5 sec.
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Attributes:

Parameters Description

Delay in # of Period The delay rate for each ramp step, in number of sampling time period.
Minimum Output Minimum output limit

Maximum Output Maximum output limit

Initial Output Value Initial output value

9.14.3 RMP3CNTL: Ramp 3 Control

This block implements aramp down function.
- Theramp step = 1.
- Output decrements one ramp step after delay if it is above the Minimum Limit.
- If output = input: the flag is set to 7FFFh.

rmp3_out

rm p3_desired

Example:
Out=500(initial value), Desiredlnput=20(user specified),
Ramp3Delay=100(user specified), sampling loop time period Ts=0.000025 Sec.

This means that the time delay for each ramp step is Td=100x0.000025=0.0025 Sec. Therefore, the total ramp
down time will be Tramp=(500-20)x0.0025 Sec=1.2 Sec

Attributes:
Parameters Description
Delay in # of Period The delay rate for each ramp step, in number of sampling time period.
Maximum Output Maximum output limit
Minimum Output Minimum output limit
Initial Output Value Initial output value

9.15 SOMPOS: Sliding-Mode Rotor Position Observer

This block implements a rotor position estimation agorithm for permanent-magnet synchronous motor
(PMSM) based on sliding-mod observer (SMO).

The sliding-mode rotor position observer of PMSM module requires two constants (Fsmopos and Gsmopos) to
be input basing on the machine parameters, base quantities, mechanical parameters, and sampling period. These
two constants are computed by the macro SMOPOS _CONST.
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SimCoder combines SMOPOS and SMOPOS _CONST in this block to simplify the process. When a SMOPOS
element is in a circuit schematic, SimCoder copies SMOPOS macro to the generated project folder and
implements SMOPOS_CONST sub-module in SMOPOS'sinitial data structure definition.

The figure below is an illustration of the coordinate frames and voltage and current vectors of PMSM, with a, b
and c being the phase axes, ozand f being a fixed Cartesian coordinate frame aligned with phase a, andd and g
being a rotating Cartesian coordinate frame aligned with rotor flux. vs, is and es are the motor phase voltage,
current and back emf vectors (each with two coordinate entries). All vectors are expressed in o-f coordinate
frame for the purpose of this discussion. The o~f frame expressions are obtained by applying Clarke
transformation to their corresponding three phase representations.

Image:
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TIDMC F*
Attributes:
Parameters Description

Sliding-Mode Control Gain
Sliding-Mode Filter Gain
Stator Resistance Rs

Sliding-mode control gain (Kdlide).
Sliding -mode filter gain (KdIf).

Stator resistance, in ohm.

Stator inductance Ls
Base Phase Current Ib
Base Phase Voltage Vb
Sampling Frequency

Stator inductance, in H.
Base phase current, in Amp.
Base phase voltage, in volt.

System sampling frequency, in Hz
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Input and Output Signals:

All input and output signals are in per unit.

Name 110 Description

v-a Input Stationary apha-axis stator voltage
v-be Input Stationary beta-axis stator voltage

i-al I nput Stationary alpha-axis stator current

i-be Input Stationary beta-axis stator current
theta Output Compensated rotor position angle

z-a Output Stationary alpha-axis stator sliding control
z-be Output Stationary beta-axis stator sliding control

9.16 Speed Calculators

SimCoder built three different Speed Calculator blocks corresponding to the three macros in the TI DMC

library:

- SPEED_EST: calculates the motor speed based on the estimated rotor position when the rotation direction

information is not available.
- SPEED_FR: calculates the motor speed based on arotor position measurement from QEP sensor.

- SPEED_PRD: calculates the motor speed based on a signal’s period measurement.

Images:
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9.16.1 SPEED_EST: Speed Calculator
This block calculates the motor speed based on the estimated rotor position angle when the rotation direction

information is not available. A first-order low-pass filter is used at the output variable.

The typical waveforms of the electrical rotor position angle #in both directions are shown below. Assuming the
direction of rotation is not available. To take care the discontinuity of angle from 360 to O degree (CCW) or
from 0 to 360 degree (CW), the differentiator is simply operated only within the differentiable range as seen in
this Figure. This differentiable range does not significantly lose the information to compute the estimated speed.

In the figure below, = 1.0 pu = 360 degree.
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9.16.2 SPEED_FR: Speed Calculator with QEP Sensor

126

Attributes:

Parameters

Description

Base Frequency fb
Bask Speed (rpm)
Sampling Frequency

Filter Cut-off Frequency fc

The cut-off frequency of the low-pass filter at the output variable, in Hz

Base frequency, in Hz

Base speed, in rpm

System sampling frequency, in Hz

Input and Output Signals:

Name 110 Description

theta Input Estimated rotor position angle, in degrees from 0 to 360.
Wr Output Estimated motor speed, in per unit.
rpm Output Estimated motor speed, in rpm.

This block calculates the motor speed based on the rotor position measurement from QEP sensor. A first-order
low-pass filter is used at the output variable.

The typical waveforms of the electrical rotor position angle g in both directions can be shown as in the figure
below. Assuming the direction of rotation is not available, speed is estimated based on differentiation of angular
values between successive iterations. To take care of the discontinuity of angle from 360 to O degrees (CCW) or
from O to 360 degrees (CW), an error roll over to fit the difference numerically within -180 and +180 degreesis

performed.
8, (pu) N 8 (pu) I
10 Counterclockwise Direction _ Clockwise Direction
/
0 time time
Attributes:
Parameters Description

Base Frequency fb
Bask Speed (rpm)
Sampling Frequency

Filter Cut-off Frequency fc

The cut-off frequency of the low-pass filter at the output variable, in Hz

Base frequency, in Hz

Base speed, in rpm

System sampling frequency, in Hz

Input and Output Signals:

Name 110 Description

theta Input Estimated rotor position angle, in degrees from 0 to 360.
Wr Output Estimated motor speed, in per unit.
rpm Output Estimated motor speed, in rpm.
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9.16.3 SPEED_PRD: Speed Calculator with Period Measurement

This block calculates the motor speed based on the measurement of a signal’s period. Such a signal, for which
the period is measured, can be the periodic output pulses from a motor speed sensor such as a shaft sprocket
together with a Hall effect gear tooth sensor.

A low cost shaft sprocket with n teeth and a Hall effect gear tooth sensor is used to measure the motor speed.
The figure below shows the physical details associated with the sprocket. The Hall effect sensor outputs a
square wave pulse every time a tooth rotates within its proximity. The resultant pulse rate is n pulses per
revolution. The Hall effect sensor output is fed directly to the Capture input pin. The capture unit will capture
(the value of it.s base timer counter) on either the rising or the falling edges (whichever is specified) of the Hall
effect sensor output. The captured value is passed to this s'w module through the variable called TimeStamp.

In this module, every time a new input TimeStamp becomes available it is compared with the previous
TimeStamp. Thus, the tooth-to-tooth period (t2-t1) value is calculated. In order to reduce jitter or period
fluctuation, an average of the most recent n period measurements can be performed each time a new pulseis

detected.
M=t —f sec
- At
360 o
§=S5 =144
25teeth m=252—ﬁ rad/sec
> b,
7l
Attributes:
Parameters Description
# of Sprocket Teeth The number of sprocket teeth, an integer number
Bask Speed (rpm) Base speed, in rpm
Sampling Frequency System sampling frequency, in Hz
Input and Output Signals:
Name 110 Description
t Input Time stamp for a capture event.
Tp Input Event period between time stamps.
in Input Input selection. O for time stamp; 1 for event period
Wr Output Estimated motor speed, in per unit.
rpm Output Estimated motor speed, in rpm.

9.17 Space Vector Generators

Space vector generators calcul ates the appropriate duty ratios needed to generate a given stator voltage using
space vector PWM technique. SimCoder built different space vector blocks corresponding to the two macrosin
the TI DMC library:

- SVGEN: the stator reference DPW voltage is calculated from its al pha-beta components.
- SYVGEN_COMM: The stator reference voltage is calculated using common mode voltage.
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- SYGEN_DPWM: Different than regular SVGEN, this modul ation technique keeps one of the three
switches off during the entire 120 degrees to minimize switching losses.

- SYGEN_MF: The stator reference voltage is calculated from its magnitude and frequency.

Images:
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Input and Output Signals:
Name /0 Description
a Input Reference a pha-axis phase voltage.
be Input Reference beta-axis phase voltage.
Ta Output Duty ratio reference for phase-a switching function.
Tb Output Duty ratio reference for phase-b switching function.
Tc Output Duty ratio reference for phase-c switching function.

For Blocks SVGEN, SVGEN_COMM, and SVGEN_DPWM: There are no parameters for these blocks.

For Block SYGEN_MF:

Attributes:
Parameters Description
Base Frequency Base frequency, in Hz

Sampling Freguency

System sampling frequency, in Hz

Input and Output Signals:

Name 110 Description
f Input Reference frequency, in Hz
0 Input Reference offset voltage, in volt
k Input Reference gain voltage
Ta Output Duty ratio reference for phase-a switching function.
Tb Output Duty ratio reference for phase-b switching function.
Tc Output Duty ratio reference for phase-v switching function.
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9.18 VHZ_PROFILE: Volt/Hertz Profile for AC Induction Motors

Thisblock generates an output voltage for a specific input frequency according to the specific volt/hertz profile.
Thisisused for variable speed implementation of AC induction motor drives.

The relationship between the output voltage and the input frequency isillustrated below.

Voltage

-
>

fmin fmax Frequency
Image:
ViHz
TIDMC
Attributes:
Parameters Description
Low Frequency (pu) Low frequency f i, in per unit

High Frequency (pu)
Maximum Freguency (pu)
Rated Voltage (pu)

Low Freg. Voltage (pu)

High frequency f,4eq at the rated voltage V,4eq, in per unit
Maximum frequency, in per unit

Rated voltage Vg, iN per unit

Voltage at the low frequency fin, iN per unit

Input and Output Signals:

Name 110 Description
Input Frequency
Output Voltage
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