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Overview

1 Overview

The PSC (Programmable Solenoid Controller) Simulator is an integrated design/simulation environment for the firmware required by a
family of Freescale Programmable Solenoid Controllers (PSC). In this chapter, the main functions of the PSC simulator are listed, along
with a suggested development cycle.

1.1 Development Cycle

A software developer follows a general development process:

« Begin with the specification for new/updated software

< Create a new project and classify it, according to application, hardware used, etc

« Implement the specification in firmware suited to the smart driver

« Have the PSC simulator compile the code into machine code

¢ Specify simulation commands and feedback

¢ Simulate the firmware behavior

« Correct errors (debug)

« Release the compiled code for the inclusion into system software

Each of the steps, except the first one, is briefly described hereinafter and in a dedicated chapter.

1.1.1 Specification

This step is entirely assigned to the user.

1.1.2 Creation and Classification

The first step is to create a new project and to classify it. The new project can start either from scratch (a new application) or from a copy
of an existing project (a new version of an existing project). The PSC is a very flexible device, so it can adapt to a number of different
applications where solenoids must be driven. Even considering a single application, a number of different firmware projects are designed
to address either bug fixes or new specifications. Therefore, classification of the project is mandatory. The PSC simulator uses a side tool,
called "Version Manager", which is used during this step to create a new project. The classification of the project is first specified upon
creation, but it can be modified later.

1.1.3 Implementation

From the version manager, it is possible to launch the PSC Simulator together with any project that has been previously classified. When
the PSC simulator has started, it is not possible to change the project to which it is referring (loading a new project). To select a new project,
the PSC simulator must be launched again from the version manager, selecting the desired project. After launching the PSC simulator, it
is possible to enter the firmware needed by the PSC, according to the specification.

1.1.4 Compile

From the PSC simulator it is possible to compile the code designed by the user into machine code. An internal compiler is available, but
it is recommended to link the simulator with a certified compiler. This link can be set up using the version manager and it is global for every
project using the same PSC. The simulator has a log window where the compiler output is shown. The first level of debug is performed
during this step, to obtain a compilation without errors.
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Overview

1.1.5 Simulation Setup

The second level of debug is simulation. The firmware for the PSC is almost never enough to perform a simulation: the PSC in the real
application interacts with other devices, like the loads (through the power stage) and an external controller. To achieve a meaningful
simulation it is necessary to emulate, at least roughly, the devices that interact with the PSC. The simulator supports emulation of:

« Time base stimulus on digital pin of the device (useful to emulate commands received from an external controller)
« Feedback from a power stage, commonly used for diagnosis
e Loads

1.1.6 Simulation

Once the simulation setup is complete, a subset of the signals of the device (input, output and internal) can be selected and the simulation
can be run. The PSC simulator is able to show a time diagram of the selected signals, as well as the current/voltage on the specified loads.
It is possible to simulate for a fixed time, to insert breakpoints or execute code step by step.

1.1.7 Debug

After the simulation is complete, the user can compare the result with the starting specification and modify the firmware and the simulation
setup until the desired result is achieved.

1.1.8 Release

The files used by the PSC simulator can be saved in different formats; one of these formats (hexadecimal) has a syntax which is
compatible with ANSI C, so it is ready to be included in the software of the system into which the PSC is used.

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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Creation and Classification

2 Creation and Classification

Using the "Version Manager" tool, the PSC firmware is categorized for easier retrieval and modifications, according to the following five
parameters:

e The PSC used (e.g. MC33816)

e The Hardware platform (ECU) where the configuration is used (e.g. FreescaleEVB)

« The application into which the configuration is integrated (e.g. Diesellnjector)

« The ID of the device on the Hardware platform (e.g. ID0). This is useful in case of hardware platforms with more than one PSC onboard

« The Version of the configuration (e.g. 1.0)

ﬁ Wersion Manager E’E
File Project Node 7
=@ Al Projects
= MC33816
-] =m0 FreescaleEVE
B5-¢§F Dieselinjection
=-% 100
B0
B
=-% 101
B0
8111
B ¢ Gasolinelnjection
=-% D0
200
g1
=-% D1
810
8111

Figure 1. Classification Example

Each project needs all the five classification parameters. All of the parameters are assigned at the moment of its creation. They can be
modified after the creation. The Version Manager cannot classify two projects that have exactly the same five classification parameters.
It is not possible to add a project to the classification (either new or already existing) for which the five classification parameters have the

same values as one of the project already classified.
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Creation and Classification

2.1  New Project

To create a new project from the very beginning, select "Project->Add New" from the main menu. The following form prompts the user for
the five classification parameters and the directory where the project is saved.

Asic Type V ToPath
ECU V¥ ToPath
Application ¥ ToPath
Device Name ¥ ToPath
Version [V ToPath
File Name Radix

Directory

Add New Project

|MC33816

|FsEVB

|GDI

|iD0

=]
2
=]
=

[1.0

Jodi_1_0_

Existing ECU
Existing Application
Existing Device Name

V:\Microcode\MC33816\FslEVB\GDI\IDO\1.0

(Optional)
Specify Directory

L]
ok | concel |

Figure 2. Creation of a New Project

Since it is a new project, a template is copied to the specified directory. This template contains all the files necessary for the firmware of
the selected PSC; the template contains no code (code files are empty) and all the PSC registers are set to their default values. The
template contains no simulation file (models, stimuli, etc....). The File Name Radix prepends the names of all of the microcode and register

files that are part of the project.
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Creation and Classification

2.2  Copy Project

It is far more common to create a new project as a copy of an existing project than creating it from scratch. It could be a new version

containing bug fixes or additional specifications, or it is a new application that is not too different from an existing one (e.g. creating a

project for a Diesel application starting from a Gasoline project).

To copy a project:

< First select the source project from the classification tree

¢ Select "Copy" from the context menu or "Node->Copy" from the main menu

« The following form prompts the user for the five classification parameters of the copied project and the directory where the copied
project is saved

Copy Project ﬂ

Asic Type ¥ ToPath |MC33816 |
ECU [V ToPath |FSEVB v] Existing ECU
Application [ ToPath |GD! “~| Existing Application
Device Name [ ToPath |ID0 v| Existing Device Name
Version W ToPath |12
File Name Radix |Gdi11_ (Optional)
Directory Specify Directory

V-\Microcode \MC33816\FSIEVB\GDINDO\1 2 |_|

ok | cancel [

Figure 3. Copy of a Project

2.3  Add Existing Project

It is possible to classify an already existing project. This operation is useful in the case of projects developed by other designers, which
need to be used as reference or as a starting point for new designs.

To classify an existing project select "Project->Add Existing". A file dialog opens, prompting for selecting the project main file, "project.xml".
The project file already contains the five classification parameters, which are used to classify the existing project. The operation fails if the
PSC used for the existing project is not already included in the "Version Manager".

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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Implementation

3 Implementation

After the project has been created, it can be used by selecting it from the Version Manager and:
« Double clicking on the project

« Right-clicking on the project and selecting "Run" from the context menu

¢ Selecting "Node->Run" from the main menu

EF0n ivianad

File Project

de 7

Figure 4. Start a Project

When the project is run, the PSC simulator starts loading the following:
« The PSC model appropriate to the project selected (MC33816 as seen in Figure 4, Start a Project)
« All the firmware and simulation files relating to the project
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Figure 5. PSC Simulator
The PSC simulator is composed of nine sub-windows. Each window can be opened (or brought to front if already opened) by selecting
the appropriate command from the "Windows" main menu (e.g. "Show MicroCode").
The "MicroCode" window contains all the tools used to implement the PSC firmware. The layout of the MicroCode window is loaded from
the PSC model, so its appearance is different for different devices. The window contains a variable number of tabs, one for each of the
memory areas of the PSC. The simulator supports three types of memory areas:
* Code RAM: these are RAM areas which contain compiled code. For each of these areas a "Code" tab is created
« Data RAM: these are RAM areas which contain application-specific data. For each of these areas a "Data" tab is created
* Registers: these are groups of memory elements that have a fixed function. For each of these areas a "Register” tab is created
By setting the desired values on these tabs, the operational specification can be implemented.

The window is also supplied with a toolbar (buttons described in order) to perform basic file operations on the firmware files. The
description also indicates if the buttons are used for implementation (I), compilation (C) or simulation (S).

i 2= I s S I T T e s e
Common Registers | Channel 1 ] Channel 2]

Main Corfiguration Registers (MCR) | Diagnosis Configuration Registers (DCR) | Crossbar Configuration Registers (XCR) |

Figure 6. Microcode Window Toolbar

« (I) New: resets the content of the currently selected tab to its reset value
« (I) Open: loads the value of the items in the currently selected tab (code, data or registers) from a selected file

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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(I) Save: saves the value of the items in the currently selected tab (code, data or registers) to a file

(I) Save As: saves the value of the items in the currently selected tab (code, data or registers) to a new file

(C) Compile: enabled only if the selected tab refers to Code RAM. It compiles the code contained in the currently selected tab

(S) Load to model: loads the value of the items in the currently selected tab (code, data or registers) to the simulation. Normally this
operation is executed automatically once at simulation time O

(S) Load from model: all the items in the currently selected tab (code, data or registers) are copied from the simulation to the tab

(I) New All: resets the content of all the tabs to their default value

(I) Open All: loads the values of the items in all the tabs (be it code, data or registers) from a selected file (one for each tab)

(I) Save All: saves the values of the items in all the tabs (be it code, data or registers) to a file (one for each tab)

(I) Save All As: saves the value of the items in all the tabs (be it code, data or registers) to a new file (one for each tab)

(C) Compile All: compiles the code contained in the Code RAM tabs

(S) Load All to model: loads the value of the items in all the tabs (code, data or registers) to the simulation. Normally this operation is
executed automatically once at simulation time O

(S) Load All from model: copies data from the simulation to all of the tabs (code, data and registers)

(I) Syntax Help: enabled only if the selected tab refers to Code RAM. It enables syntax help for code entry

(I) Undo: enabled only if the selected tab refers to Code RAM. Undo the last text entry operation

3.1 Code Entry

For each of the Code RAMs in the PSC, a code tab is available in the MicroCode window.

Figure 7. Code Entry

The tab allows code entry, with basic features (cut, paste, find, etc.) plus the following advanced features:

Custom Syntax: the simulator is supplied with a syntax file, specific to the PSC, when it is launched. This syntax file, which describes

the instruction set used by the PSC, is used for:

« Syntax highlighting: instructions are highlighted in blue, comments in green and numbers in violet

« Content-aware auto-completion: advanced auto-completion feature that proposes values for instructions and parameters by
analyzing the code

Column editing: by pressing the Alt key, it is possible to select multiple columns, to cut, paste and edit in column mode

Row Numbering: for each row, the row text number (basic feature) and the code line number (advanced feature) are shown. The code

line number is the address of the specific instruction in the Code RAM

In the code, it is possible to use aliases to refer to a Data RAM cell, instead of the address. For additional information on the aliases, see
3.3 Register Entry on page 12.
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3.2 Data Entry
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Figure 8. Data Entry

The values contained in the Data RAM are application-dependent. In this tab there are a number of entries, one for each element of the
Data RAM. For each of these entries it is possible to specify:
¢ Value: the number that is contained in the cell of the Data RAM

« Decoding: a formula can be specified, to translate the number in the cell into its corresponding physical value. The formula can be
specified using the context menu:

« Number: no formula, since the cell contains a pure number

« Time: the number in the cell contains a time value. Specify from the sub-menu which of the clocks of the device must be used for

the conversion

¢ Current: the number in the cell contains a current value. Specify from the sub-menu which current measurement block and which
gain must be used for the conversion

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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Implementation

« Boost: the number in the cell contains a voltage value
« Alias: this is an alternate name of the parameter contained in the Data RAM cell. It can be used in the code when reading/writing this
cell in place of its address

3.3  Register Entry

Registers are memory elements of the device that have a fixed function. Registers are commonly grouped by function in the PSC. For
each group of registers in the PSC, a register tab is available in the MicroCode window.

Comman Ragsters. | (hannel 1 | Cranned 2 |

Main Confiuaration Regsters (MCR) | Diagnoss Carfiguraion Rsgstens [DCR) | Crossber Corfiguration Registers (CFY) |

[BeiCO) Clock Prescaler (0003 hfceper 3 | =
(BIC1) Flags Diesction  |1FFF nz n | | m e in [ m |7 e & i [ e o [rom |
noin e in |

[C2) Flags Polarity jood  pfmz & i Er fho & o dc |® & |7 o & b |5 & |u o dr o & |2 & |
node o &

(3C3) Flags Souwrce [F] bz e ]111 i |r|u i I'B Eri lra i |rr B ]‘E pei ||5 i |u Eri |
s ol $¢l¢¢=1h¢!u-nm¢ftuﬂulmnumw11=|

(T 1CE) Ofscomg Prescaler  [0000 h|Ofsemp par  0d | either primany [oaZ] or flag

(105} Driver Config ]

PaBIs3Ow nor  |vpExtEn e [u70w nor  [vbkionEn dis [wbEn g [owTwecEn da  JorEnseen @ |
wbSrcEn s |iwiSecBn dis  ovpSrcBn s [ireSel en  [egSiciEn ds [irgsoc2En dis JugsiciEn se |
IrgSOC1En dis .lr\qa.lc u

(04106} Pl coshiguabon  [0001  b|Spreas en  [Freq 2eMhz |

[(®ePCT) Backup Clock 0004 h|Vioiutsom R Driver  logap IquH:-hl Ing dis SeqOCh? by &8 SeqiChi Irg dis IS-bqu.hI ry dis U kg &0

Foree Bt NoForce  |Using Bdernal |

(B CE) 5P config fooar  plmsosn et [rroecd MedeA v e [wwcnoes W |

{PeetCE) Cipher config oot nfciene |

[ 1CA) Trace Trapger F:ﬂ-m h|Trigger sddress 75 |

[ 1CE) Trace Siop [Baic h|Sopaddress 28d |

(@ PCC)H Temon Conhg |w L‘Eﬂlblr m_ls-tq.-mctr SaghChi Ikw:-&m 15d

(&eBCO} Demaca Lock: W_h. Dﬂ.l.!'ann-.lﬂ.n -l.li;chd Dﬂflﬂ 1 pn-udn. WIHW;?IMHW]

(xICE) ResetBehwviowr  [0001  h|SRSeaicnz mll |5R Sequcnz mal |-.r;n'5--;1'-'oh1 il |5m Seaccnt nl |Diag Seqicnz mal Jousg seqocnz ml
DiagSeqiCnt mull  [Disg Seqtcnt mull Joiversises e |
[ 1CF) Device snlock [cood Code id |

(e 1D0) Global Reset 1 [0000  n|code Ba
(e101) Glabal Resst 2 0000 h|Code 0d
(2]

-

(©2302) Driver Siatus h|ClackLoss no ]I:Iw!nLu:l. Thigh IDn.'En e [mlefT no Iu'u"m-u:L no [u\rc:& (] Iu‘u"lxp- no ]

(D3} 5P Ervor WEUWLW ?ru_::IFrut :n.gtl'ﬂ'nr\d I;::]

(ChetDd) Global betarrupe [000  h|mgncrae Sign CRAMT Ro [CiockLoss re |5n.mm- ™ |mu.:-m m—]
Irq Se31CH2 o Irq Se90ChT pa irg Seq1CA1 B |waseqocnt e |essg seqicrz e |
DingSeq0ChT me [oing seqrcmt re [pisg seqocmt e | =

Figure 9. Register Entry

For each register a horizontal row is present that contains:

« Name and address of the register

« Register value: it is possible to read and enter the complete (all bitfields) value of the register. When the value is changed, the bitfields
are updated, and vice versa

« Bitfields: all the bitfields are presented to the user, in a human-readable interface. Each bitfield has a description of the field in its tooltip.
When a bitfield value is changed, the register value is updated, and vice versa. There are three types of bitfields:
« Boolean: to change (toggle) its value, double-click the bitfield
« Numeric: when clicked, it is possible to enter a value. The simulator checks to see that the number is accepted by the model
« Enumerative: when clicked, a drop-down menu allows the user to choose between the possible values for the field
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4 Compile

When the implementation is complete, the assembler code must be compiled to be translated into machine code. For this operation, both
the Microcode window (already used for the implementation) and the Log window are necessary.

To compile the code for one of the channels, select the tab containing the desired code from the Microcode window and press the
"Compile" button on the Microcode window toolbar. To compile all the code, press the "Compile all" button in the Microcode window toolbar
(no need to select a specific tab).

The result of the compilation is listed in the Log Window.

SMicrocods \MEIB LA FalEVEAGDINIDOL . I\ MicrorodelhinGdill_chl.mgs has bssn succassfally saved
Lausiching assesbler for HCIIBLE freaiscals
Deing dafaulc Syncan fils: config.eyntan. ml Versiom: 1.7 for Deavics: &HGES [PCYI0OEBEAE]
Cespiling sourcs from scurce file © Vi'\Microcods\MCIZELEWFslEVEAGDIVIDOAL.l\MiceocedaChl\Gdill chl.sgs
Einary CRC MSE : 0000000100111011, LEB :© 11010011010111L0
Hex CRC HEE : OQx013B. L3B : (xD3ISE

sembly completed with SUSCESS.

SiMicroccde \ MCIINL G FelEVBAGDIN IDONL . LiMiorooodethinGdill_chl.mge successiully compdled
Docusantarisn pesduced: Cd11]1 skl wsds

PMicrocede \MEIIBL A FelEVEAGDINIDOLL . L Microoodelhd Gdill_chl .mge has bsen sucocsssfally saved
launching assesbler for MCIZEL1E fresscals
Uping dafault Symtax fils: comfigissntax.xml Versiom: 1.7 for Devics: «MHGS (PCDOEABAE)

Epiling ssurcs fro= ssurce fila ! v:xmumuh.msn15'-.n1mu:131unuu.1mﬂmm\mu_¢n.t-q;

Binary CRC MEE : 1000110110100001, LEB : 0010100000000011
Bax CRC MEB : OxBDAl, LSB : Oxis03

sambly compleced with succass.

Hiczocode MCIZAL W FelEVELGDINIDON] . InMicoocodelhd widill_chi.mge successfully compdled
Doecussntatlion produced: Cdill shl .w

Figure 10. Successful Compilation
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PMicrocode MCIIRLE FelEVEAVGDIVIDOY L. LiMicrooodeChl vedill_chi.mge haw been suocoessiully saved
lanszhing assashlar for MCI3B1E fresscals
Deing defauls Syntax files: cenfigiueyntax.xz=l Versicn: 1.7 for Davice: «MGE [(RCHOOEREAE)
Compiling source from source fils : V@' Hiercesds\HCIZ81EhFalEVESGDINIDONL . 1vHicroeodethlwIdill okl . m=ge
ASEDMBLIR ERROR (0011) @ ViMicrecoda \MCINILOFelEVBAGDIAIDOAL. l\MicrocodelhinGdill chl.mge LINE €8 : Unknown
instruction oFr arguessnt. Inscruccion igrored
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seskly Failed.

Figure 11. Failed Compilation

By default, the PSC simulator uses an internal compiler, which is not certified. It is possible to use an external compiler by "linking" such
compiler to a PSC in the version manager. Once this link is established, all the projects using that PSC uses the same external compiler.
If no such link exists, the internal compiler is used.

To link a PSC to an external compiler:

Launch the version manager

Right-click on the desired PSC () and select the "set paths" entry

The "PSC program paths" form is displayed. The content of this form depends on the PSC selected. If the PSC supports an external
compiler, it is listed in this form. Supply the path to the compiler executable and select "OK". The external compiler may use a key to
cipher the compiled code. In this case, the path to the cipher key file can be specified in the same form

To use this newly created link, you have to launch the PSC simulator after the link is created. This link affects already existing projects

) MC33816 Program Paths

—SPlGen

If SPIGen in not installed, it can be dowloaded form the SPIGen website

—FSL Compiler

If no compiler is specified, an internal compiler is used

Specify a cipher file if you want to produce also ciphered code

Figure 12. PSC Program Paths
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Compile

The output in the Log window either confirms a successful compilation or lists the errors found. The internal compiler output includes:
¢ A description of the error

* Text line where the error is located (e.g. the 12th line of the file)

« Code line where the error is located (e.g. the code line, counting from zero and counting only code lines, not comments, or defines)

If using an external compiler, please refer to its documentation for details about its output.

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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5 Simulation Setup

The first level of debug of the code is compilation. When compilation completes successfully, all syntax errors have been removed.

The second level of debug is simulation. Before starting a simulation, some setup steps must be performed, according to the type of
firmware designed:

« Stimuli: the firmware may need commands from a higher level controller. For example if the application is fuel injection, it is very likely
the request to inject fuel is received from an external micro-controller. This step may be skipped if the application can be tested without
higher level commands

* Loads: it is very likely the PSC controls part of its load in a closed control loop (e.g. driving of injectors by controlling the current in the
load). In this case no simulation can be achieved if the device receives no "control" feedback from the driven load (e.g. the current
flowing in the load read back using a shunt resistor). This step may be skipped if the PSC is controlling everything in open loop (e.g.
some pumps)

« Diagnosis: the PSC may have some diagnosis feedback, used to detect faults on the loads it drives. To prevent false diagnosis, and to
test the diagnosis routines, it must be specified which kind of signals are supplied to the diagnosis feedback of the device. This step
may be skipped if the firmware does not implement diagnosis routines (very common in the first drafts of firmware)

The following picture shows an example of the PSC (MC33816) in which the pins concerning the three steps of the simulation setup are
highlighted.

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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Figure 13. Simulation Setup
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51 Stimuli

Using the Stimulus window, it is possible to specify some stimuli on the digital pins of the device. Those stimuli can be based only on time,
not on the outputs of the device, so they are not optimized to simulate feedback. The main purpose of these stimuli is to emulate an
external device communicating with the PSC.

Stimulus El@
i3 @ &=
Input l Data Memory ] List File ]

Signal Name Time Penod Value

Commit
[Start2 _~||500us | lhigh -] =
Target | Time | Periodicity | Value / FileName
Start1 10us high
Start1 1ms lowe
Startd 1500 us high
Start4 2400 us lowe
Start2 500 us high
Start2 1400 us low
Start3 2000 us high
Start3 2600 us low

Figure 14. Stimulus Window

Operations:

« Create a new stimulus: click on the first button of the toolbar (Add) to enter edit mode; enter the details of the stimulus in the top part
of the form. Click the commit button to save the stimulus to the list, or cancel to close editing mode

* Modify a stimulus: select the desired stimulus from the stimuli list (middle low part of the window), this loads the stimulus details in the
top part of the form, then click the second button of the toolbar (Edit) to enter edit mode. Modify the stimulus details in the top part of
the form. Click the commit button to update the stimulus to the list, or cancel to discard the changes and close editing mode

« Delete a stimulus: select the desired entry (or entries) from the stimuli list (middle low part of the window) and press the "Delete" button
(third button of the toolbar)

There are two types of stimuli, selectable from the tab control just below the toolbar:

¢ Input Stimuli: these stimuli are applied to single pin/input of the device
« Signal Name: the name of the signal/pin to which apply the stimulus
¢ Time: the time at which the stimulus must be applied. In case of periodic stimulus, it is the time when the stimulus is first applied

« Period Check: if unchecked, the stimulus is applied only one time. If checked, the stimulus is applied when the time is ["Time" + n *
"Period"], where n is an integer and non-negative

« Period: used only if the "Period check" is set. If the stimulus is periodic, it specifies the period of stimulus
« Value: the value applied to the selected signal at the specified time

Input l Dual Port Memery | List File |

Signal Name Time Pericd Valye
|Start4 j|§_".4DD us [ |‘| me] |Ir_'|w j

Figure 15. Signal Stimulus
« Memory Stimuli: these stimuli are applied to the Data RAM of the ASIC:
¢ Channel: select which Data RAM of the device is the target of the stimulus
« Time: the time at which the stimulus must be applied. In case of periodic stimulus, it is the time when the stimulus is first applied

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
18 Freescale Semiconductor, Inc.




Simulation Setup

« Period Check: if unchecked, the stimulus is applied only one time. If checked, the stimulus is applied when the time is ["Time" + n *
"Period"], where n is an integer and non-negative

« Period: used only if the "Period check" is set. If the stimulus is periodic, it specifies the period of stimulus

« File Name: a file containing the list of values to be written into the selected Data RAM at the specified time

‘nput  Data Memory | List File |

Channel Time Pericd File Mame

|Ch1 j|3ms |F|1m3 ﬂ |

Figure 16. Memory Stimulus

5.2 Loads

The loads can be specified using the Actuator window. The actuator window has a variable number of tabs, one for each load that has
been defined.

Actuators =lfE S|
R o=l = = | =
II'IJ1| inj2 ] inj3 ] inj4 | dede | dedeV |
Output 1 Output 2 Output 3

Load resistance

'mi mOhen |Hs'|C0n1mj|H52C0mmj|Ls1Commz;|

Load inductance
200 uH H=1Cormran | Hs2Comman Ls1Command | “Load
Current Feedback > off off off -50
Im off off on -1
Boost Feedback oLl en off 1
off on on 50
HoGE B3 on off off A
Outputs Used an off on 12
3 = an on off -1
FeedBack Source o on o 50
Form -
Sense resistor
1o mOhm

Figure 17. Actuator Window With Ideal L-R Load

The toolbar of the window is used to create/import/delete/save the definition of each actuator. Each actuator is saved into a separate file.

In order, the icons on the toolbar allow the user to:

« Create a new load: this command opens a dialog which asks the user to select a name for the new load and select a file to where save
its data. If an existing file is selected, the data in the file is imported in the tab

« Delete a load: this command removes the load whose tab is selected at the moment

« Open a load: this command imports the data of a load which has been previously created into the currently selected tab. A dialog
prompts the user for the actuator file, from where the data is to be imported

¢ Save aload: this command saves the data of the actuator whose tab is currently selected

« Save aload As: This command saves the data of the actuator whose tab is currently selected into a new file. A dialog prompts the user
for the name of the file where the data is saved

« Open all the loads: this command applies the "Open a load" command on all the tabs instead of only on the selected one

« Save all the loads: this command applies the "Save a load" command on all the tabs instead of only on the selected one

« Save all the loads As: this command applies the "Save a load As" command on all the tabs instead of only on the selected one

MC33816SIMUG User’s Guide Rev. 1.0 6/2014
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5.2.1 Ideal Model

The PSC simulator provides an ideal R-L series load as a model of the actuator. This can be used as a basic model for most solenoid
loads (injectors, valves). If this model is not adequate, it is possible to define a custom model using the C# language.

; Output 1 QOutput 2 QOutput 3
Lozad resistance

IW g |Hs1Cnmmj|H52C0mmﬂ|Ls1CDmmzﬂ

Load inductance
IF Ukl Hz1Comman | Hs2Comman | Ls1Command| Vioad
Current Feedback L off off off -50
on -

Boost Feedback of i o 50
m on off off -1
QOutputs Used - off an 12
3 hd on on off -1
FeedBack Source on on on 50
Form -

Sense resistor

10 mOhm

Figure 18. Ideal R-L Model

The ideal model must be supplied with the following parameters:

* Feedback Source: select "Form" to use the ideal R-L load

« Current Feedback: select to which input of the device the feedback for this load is sent to. It can be set to "None" if needed; in that case
no feedback is set on the PSC (a load driven in open loop)

* Boost Feedback: set to "None"

« Sense resistor: this is the value of the shunt resistor used to read the current flowing in the load

* Load Resistance: the resistance of the load expressed as mOhm

« Load Inductance: the inductance of the load expressed as uH

« Outputs Used: this control is used to select the number of the outputs of the PSC which affect the driving of this load (e.g. for a GDI/DDI
injector, High-side, Boost and Low-side MOSFETSs are needed, three outputs in total). When this value is changed to a number, the
same number of combo-boxes is displayed in the top part of the tab. From these comboboxes, it must be selected which are the outputs
that affect the state of the load (choosing amongst the outputs of the PSC) must be selected. The middle-right section of the tab is
occupied by the VLoad table. This table has a row for each possible combination of the states of all the selected outputs (the ones
affecting the load) (e.g. eight rows for three outputs). The user must specify the voltage applied over the load for each row, which
represents a possible state of the outputs of the device, the voltage applied over the load

Using all the parameters supplied, it is possible to simulate the current in the ideal load (starting from resistance, inductance and the VLoad

table). Using the "sense resistor" and "current feedback”, the correct feedback is sent back to the PSC.

5.2.2 Custom Model

In some simulations, the ideal model is not acceptable:

* More details are needed: A model of parasitic effects is needed or maybe variable parameters

« A completely different type of load is driven, for example a DC-DC converter

The simulator supports two types of feedbacks for closed loop:

¢ Current: the current closed loop controls are commonly used to drive solenoid loads. In this case, the important load parameter is a
current

« Voltage: the voltage closed loop control is useful to drive some particular loads (e.g. DC-DC converters). In this case, the important
load parameter is voltage

Some loads may need multiple closed loops to be driven (e.g. common DC-DC converters have a low-level current closed loop for the

current in the inductance, plus a high-level voltage closed loop for the voltage in the capacitor). In this case, multiple "virtual" loads need

to be defined, one for each closed loop needed.
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When the ideal model is not acceptable, a custom model can be described:
* Feedback Source: select "External" to use a custom model

Simulation Setup

« Current Feedback or Boost Feedback: select to which input of the device the feedback for this load is sent to. Only one of these controls
can be set to a value different from "None". Both can be set to "None" if needed; in that case, no feedback is set on the PSC

* Sense resistor: this is the value of the shunt resistor used to read the current flowing in the load. Used only if a "current feedback" value

different from "None" is selected
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Figure 19. Custom Model

The user is presented with a C# file describing a function. The user can modify the body of the function, to describe the load behavior.
The function is called at every simulation step (the exact duration depends on the system clock of the PSC used). Starting from:

¢ The output of the PSC (all the function input parameters except the last three) at that simulation step

¢ "time": the time (supplied as the number of periods already simulated)

« "oldCurrentValue": the value of the state variable (current or voltage) of this load at the previous simulation step
« "oldCurrentValues": the value of the state variables (current or voltage) of all the loads at the previous simulation step

The function must return the new value of the state variable ("newCurrentValue").

After the custom model is complete, it must be compiled, using the "Compile" button in the lower-right corner of the form. The Compilation
result is reflected both in the form (lower-left) and in the Log window. The Simulation cannot start if the custom models are not compiled

successfully.
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5.3 Diagnosis

Most of the applications perform diagnosis by reading currents/voltages from the rest of the system and comparing them with the state of
the device (e.g. reading the Drain-Source voltage of a MOSFET and expecting it to be low when the MOSFET is turned on). The
"feedback" is normally tightly related to the outputs of the device itself. The feedback values can be specified in the "feedback" window.

This window is composed of a toolbar and a variable number of tabs, one for each input of the device.

] = sl

=
FeedbackHs1Verc | FeedbackHs2Vds FeedbackHs2Vsre | FeedbackHs3Vds | FeedbackHs3Vare | Feedt 4 | * |
¥ Enable feedback (ctherwise feedback input will be always low)

I+ Enable analog thresheld |1 A
Command reference HsZCommand w | Analog reference |Cuerk1 ﬂ

Feedback above current threshold

\When Hs2Command is high, FeedbackHs2Vsrcis |High - after 500 ns
\when He2Command is low, FeedbackHs2Vsrcis  |Low - after B0 ns

FeedBack below current threshold

\When Hs2Command is high, FeedbackHs2Vsrc is |High - after 500 ns
WWhen Hs2Command is low, FeedbackHs2Wsrcis  |High - after 500 ns

Figure 20. Diagnosis Feedback Window

The toolbar of the window is used to import/save the feedback definitions. The data for all the tabs (feedback for all the inputs) is saved

in the same file. The icons on the toolbar (left to right) allow the user to:

« Import the feedback configuration: this command imports the existing feedback data. A dialog prompts the user for the feedback file,
from where its data is imported

« Save the feedback configuration: This command saves the feedback data

« Save the feedback configuration As: This command saves the feedback data into a new file. A dialog prompts the user for the name of
the file to where the data is saved

Each feedback can be configured into one of three possibilities, by selecting values on the tab with its name:

« Disabled: if the topmost checkbox ("Enable feedback") is disabled, the related input of the device is always low. This setting is used
with inputs which are not used in the application

« Normal: if the topmost checkbox ("Enable feedback") is enabled, but the second one ("Enable analog threshold") is not, the feedback
is in normal mode. Its value is determined by a certain formula applied on one of the outputs of the device

« Double: if both the topmost checkbox (“"Enable feedback") and the second one ("Enable analog threshold") are enabled, the feedback
is in double mode. There are two different formulas to determine the value of the feedback, starting from one of the outputs of the device
(the same for both formulas); one formula is applied when a selected analog signal is above a specified threshold, another formula
when the same analog signal is below the threshold (e.g. use a certain formula when more than 1A is flowing into the injector, another
formula when less than 1A is flowing)

According to the mode selected, only a number of fields needs to be supplied. All the unneeded fields are grayed out when the desired

mode is selected.

« Analog Threshold: this field in enabled only in Double mode. If the reference analog signal is above this threshold, the top formula is
used, otherwise the low one is used

« Command Reference: this reference is used as input for the formula to calculate the feedback. Through a combobox, it must be selected
one of the outputs of the ASIC must be selected

* Analog Reference: this field is enabled only in Double mode. Through a combobox, one of the current feedbacks of the ASIC or one of
the loads must be selected (to each load corresponds an analog signal, e.g. current in an injector or boost voltage)

« Feedback: the formula used to generate the feedback is simple: when the selected reference has a transition, the feedback has a
transition as well, after a specified time. Which type of transition (rising or falling) and the delay between the transition of the reference
and the transition of the feedback can be specified in the formula. It is possible to specify one formula (if normal mode is selected) or
two (if double mode is selected)
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6 Simulation

After the appropriate simulation setup has been specified, according to the needs of the application, it is possible to run a simulation. The
PSC simulator is able to run a cycle accurate simulation, using a model of the PSC. The user can probe:

« The state variable of the defined loads (either current or voltage, depending on the type of load)

* The signals of the PSC, both input, output and internal

Since the number of loads are few (possibly 10-15 in a worst case scenario) while there are a large number of internal signals of the device
(possibly a thousand), all the state variables of the loads are recorded during the simulation, while only a part of the signals of the PSC
are recorded. The user has to specify this PSC signals subset (called "format" by PSC simulator), otherwise none of the PSC signals are
recorded.

After the format has been specified, the simulation can be run, using the commands available on the main toolbar.

6.1 Format

The format and the list of PSC signals that are recorded during the simulation can be specified using the "Structure" and "Signals"
windows.

= Structure o || @ = | Signals = | @ [
= MC33816 A | iputs | itemal  Outputs |
[ Ehanpd Management Fiag 20 =
= Injection Channel 1 Flag10ut
DataRam Rag0Out
Parameters :TIC 3
; s 1Comma
nE é‘L..aftLdﬁLh'rt Hs2Command
& ChSequencers Hs3Command
DualSequencerArbiter Hs4Command
CodeRam Hs5Command
[ MicroMachineSeql Ls 1Command
= MicroMachineSeq1 ﬁ%m;;:
Counters Ls4Command
UProgramCounter Ls5Command
StartlrgGen Ls&Command
e Ls "Command
= :mstmca-onﬁom Onout 1FiagOut +
- A Ozout2FlagOut
Intemal M Start 1AagOut
[#]- Injection Channel 2 Start ZFagOut
= Start 3FagOut
"c“’s;‘g:rﬂ e Stant4FlagOut
c9 Stat5FagOut
ThresholdRegFile Start&FlagOut
SlewRateRegFile Debug
BoostFokFilter Opamp1Gain
o D ’
- DacSwichBox v Pt

Figure 21. Structure and Signals Window
The "Structure" window contains the structure of the model of the PSC (e.g. MC33816). The top item is the whole device; each item is
further divided into sub-blocks, according to the PSC model. When a block is selected in the structure window, its signals are shown in
the "Signals" window, divided between Inputs (of the block), Internal (to the block) or outputs (from the block).
The top block contains:
¢ Inputs: inputs of the PSC
« Internal: signals going from the PSC analog section to the PSC digital section
« Outputs: outputs of the PSC and signals going from the PSC digital section to the PSC analog section
To add signals to the format, select the block containing the signals in the "Structure” window, and then select the desired signals from
the "Signals" window, and then press the arrows button. The format can be saved to/loaded from file to avoid creating it for every
simulation.
From the main menu select "File->Save format" to save the format to file, select "File->Load format" to load the format from a file.
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6.2 Run Simulation

The toolbar in the main window contains four buttons used to control the progress of the simulation:

File Window View 5Scnpt Options 7
T 1z 000 v |‘.‘| |f{}|

Figure 22. Main Window Toolbar

¢ Clock: the first large button, allows the user to specify the clock supplied to the PSC. To be used only if the ASIC requires an externally
supplied clock

* Restart: if selected, clears the current simulated data and reverts simulation time to 0. Disabled when simulation time is already 0

* Run: simulates a fixed amount of time or a fixed number of clock cycles, starting from the current simulation time

« Break: breaks the simulation in progress, showing the partial result achieved. Enabled only when the simulation is in progress

« Step: simulates a single clock cycle

The current simulation time is shown in the low left corner of the main window.

All the details defined during simulation setup (actuator/diagnosis/loads) are not automatically used, but must be enabled: when the "Run”
command is selected, the Auto Load window is shown to the user, requesting which parts of the project must be loaded into the simulation.

Bl Auto Load =] 2 (==

W MicroCodes [ Channell [¥ Channel2
¥ DPrams [+ Channell [¥ Channel2
¥ Channel Param [¥ Channell [¥ Channel2

¥ Main Config

¥ Diagnosis Config
¥ Crossbar Config

¥ Stimulus

¥ Actuator

v ‘Voltage Feedback

W ZoomiPosition

ok | Details <<< Set as default

Figure 23. Auto Load Window

« PSC Data: there is a number of PSC data (code/registers/data), depending on the model of the PSC itself (first six rows in the above
picture, MC33816). Data which is not loaded displays the default values for the simulation

¢ Stimulus: load all the stimuli specified using the Stimulus window

¢ Actuator: load all the load models specified using the Actuator window

* Voltage Feedback: load the feedback formulas specified using the Feedback window

« Zoom/Position: if selected, the current zoom level and position in time of the Wave window are kept, otherwise are reset to the default
values

By pressing the button "Set as default", the displayed configuration of checks can be saved to a file (specific to the project).

It is possible to place breakpoints in the code, using the Code tabs of the microcode window. When the chosen code line is executed, the

simulation halts, regardless of the simulation time requested by the user.
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Figure 24. Breakpoints
To place a breakpoint, double click on the black bar on the left side of the code. Each subsequent double click cycles the breakpoint to
the next state in the following list:
« No breakpoint (default) => no symbol
« Breakpoint of the sequencer 0 executing that code => red '0' symbol
« Breakpoint of the sequencer 1 executing that code =>red 'l' symbol
« Breakpoint of the sequencer 0 and sequencer 1 executing that code => red '0' and 'I' symbol overlapped
If a breakpoint is placed as specific to a sequencer, simulation stops only if that sequencer executes the chosen instruction.

6.3 Simulation Results

The simulation results are available into three windows:

« The actuator currents/voltages are available into the Analog window

e The PSC signals are available into the Wave window

« The program counters are available through the Microcode window

The results are accessible only when the simulation is not running

All the result windows share a common cursor system. When a new cursor is placed in the Current or Wave window (cursors cannot be
placed in the Microcode window), a cursor of the same color is created into the other windows, tracking the cursor placed by the user. At

any time, the windows contain the same cursors, placed at the same time (e.qg. all the windows have a green cursor at time 250 us, a gray
cursor placed at time 920 us and so on).
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Figure 25. Tracking Cursors

6.3.1 Analog

The Analog window is divided into a variable number of tabs, one for each actuator that has been defined in the actuator window. For each
actuator only one signal is represented, the one used as state variable during the description. In case of the ideal R-L model, it is the
current flowing into the inductance. In case of a custom model, it can be either a current or a voltage, depending on the feedback selected:

If Boost Feedback is not set to None, the state variable is a voltage
If Current Feedback is not set to None, the state variable is a current

.

.
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= Analog Waveforms

L |

Figure 26. Simulation Result, Current in Actuator

The Analog window allows the user to zoom the displayed waveform, both horizontally and vertically. Zoom can be performed:

« Middle mouse button: only zoom in is possible; to zoom drag a rectangle on the part of the waveform to be zoomed
« Context menu: right-clicking on the picture opens a context menu, where the zoom level can be chosen

A new cursor can be placed by right-clicking in the lower-left corner of the window, on the list of currently present cursors. To select a
cursor, left-click on its name in the lower left corner of the window.
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6.3.2 Wave

In the Wave window, it is possible to see the behavior of all the signals of the "format”, the subset of PSC signals selected to be recorded
before the simulation.

= Wave =R RER

Figure 27. Simulation Result, PSC Signals
The Wave window allows the user to zoom the displayed waveform horizontally. Zoom can be performed:

« Middle mouse button: drag the cursor, with the middle mouse pressed, from left to right to zoom in, from right to left to zoom out
« Context menu: right-clicking on the wave display opens a context menu, where the zoom level can be chosen

A new cursor can be placed by right-clicking in the lower-left corner of the window, on the list of currently present cursors. To select a
cursor, left-click on its name in the lower left corner of the window.

In case of a numeric signal, by right-clicking on the signal name it is possible to change the representation of the signal
(decimal/binary/hexadecimal).

It is possible to re-order the signals by dragging their names.
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6.3.3 Code

Simulation

When a cursor is placed in the wave or analog window, a tracking cursor is placed also in the Microcode window. The cursor is a mark
placed in the black bar in the left side of the window, with the same color of the cursor in the other windows.
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HoldPhased:
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LdTHsldSegl:
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1dcd rar _ofs kesp kesp ToenFiraw el;
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l1ded rex _ofs off kesp Tpofd ol; * turn off ks for a fixed time
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joce Peaklasus ocurs = if current is belew peak threshold sfter an off pha
sTcs om kesp kesps * turn on hs until current reaches threshold
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_sEaE
Eer ©
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load IHeld dac_ssss _ofs:
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ever WaitKoStars wed rowd:

lded st _ofs off on Theff e; * turn off ks for a fixed cime
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jocr HoldImsue ocurs
Jmpe HoldonPh:

Figure 28. Cursor in Code Window

In the previous picture, in the time instant where the green cursor is placed, the instruction "wait row245" is under execution; in the time
instant where the gray cursor is placed, the instruction "wait row235" is under execution.

A yellow mark is added to the last instruction executed at the end of the simulation ("wait row235" as seen in Figure 28).
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7 Debug

After the simulation is complete, the user can verify the results and check if they are compliant with the specification. If they are not, the
simulation results allow the user to find the issue, which could lie in the code/data/registers or in the simulation setup.

The user can modify and re-run the simulation until the result is satisfactory.
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8 Release

All the firmware can be saved by using the microcode window. Each memory area is saved into a different file. The file formats supported
are:

« Decimal values: one register/memory cell for row, represented in decimal format

* Hexadecimal: one register/memory cell for row, represented in hexadecimal format, followed by a comma. The file also contains

comments starting with "//". The file format is compatible with the initialization of an array in ANSI C. This format is commonly used to
be included into C code

« Decimal values: one register/memory cell for row, represented in binary format. This format can be read easily by digital simulation
languages (e.g. VHDL) and by Freescale SPIGen

All the files needed by the PSC are created when the project is created (or copied): to save the values used in the GUI to files, select the
Save (or Save All) button from the microcode button toolbar in the MicroCode window.

8.1 Automatic Documentation

Every time the code is successfully compiled, the PSC simulator tries to produce a Visio block diagram documentation of the code. To
obtain this documentation, the user must also specify all the addresses relative to code routines. The exact list of addresses to specify
may vary with the PSC, but includes:

« Entry points: starting addresses for code execution

¢ Interrupt routine addresses

Providing incorrect values for those fields may lead either to incorrect documentation or to a failure to create the documentation.

Other than these addresses, also some "conceptual” errors in the code may lead to failing documentation: if a path exists in the code
where the content of a register is used as a target for a jump or wait operation without being initialized, the documentation process fails.
In this case, the user is supplied with an error message detailing the "error" path.

= Log - olEN|

PihelGES Hicsoeede \ Codlicen \ LOGDANGDINIDONL . 0N el \10gda_1_0_chl.=ge has bBedn successfully saved
F:yeMEE\Microcode\ Callicon’ 1060ANGDIYWIDG1 .G\chl\logdn_l_ﬂ_chl.:ql successfully compiled

Documentation could not be produced: Wait instruction on line 65 can be reached without specifing the rowl
destination

ITha sxecution pach is 016-017-013-015-01A-01B-01C-01D-015-01F-020-021-022-023-024-028-025-02A-028-02C-03A—
03B-03C-03D-03E-03F-040-041~

Figure 29. Failed Documentation Due to “Error” Path in the Code

The documentation includes, other than the code, a selection of the comments present in the code: comments marked with a single "*"
are ignored for documentation purposes, while comments marked with a triple "***" are reported in the documentation.

peak oml: =to= on off on: #dd Thnen VHAT om, BOOST off, LS om
wait rowlid: * Fait

peak offl: lded r=t of= keep keep Tpeak off c2: ##¥ Lozd im the coonter 2
=to= off off on: ddk Tpnen WHAT off, BOOST off, LS om
wait mowlid: * Wait

Figure 30. Documentation Comments Example
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In the previous example, three comments are reported in the documentation (in green), while two are not.

¥

Tum VBAT on, BOOST off, LS on
stes on off ong

Load in the counter 2
paak_offl ldcd £st ofs keep keep Tpeak_off c2;
Tum VBAT off, BOOST off, LS on

stos off off ong

Figure 31. Comments in Documentation

It is possible to fragment the documentation in "pages” to produce a number of small diagrams instead of a single large diagram. It is
possible to insert some tags, where the desired name of the page is marked with the "***###" tag.

wé43d 2leakPhare
peak_oml: =tos on off om; ##% Tnen VAAT on, BOOST off, LS5 om
wait rowlid: ¥ Woir

d im the coonter 2
rn VBAT off, BOOST off, LS om

peak offl: lded r=t of=r keep kesp Tpeak off cZ:
=to=x off off omn:
wait rowlid:

##dgdZhypassPhase

bypa==l: lded rest of= keep keep Thypa=s ci;
=stox off off off;
cwer holdl tcd rowd:
wait rowld;

i in the connter 3
VBAT off, BOOST off, LS off
to Bold when tcd

In the example just shown, the produced documentation contains two pages, one named "PeakPhase" with the code of the first five lines,
the second named "BypassPhase" with the code of the last four lines.

8.2

Acronyms
Acronym Definition
ECU Electronic Control Unit
IC Integrated Circuit
&M Ideas & Motion s.r.l.
PSC Programmable Solenoid Controller
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Following are URLs where you can obtain information on related Freescale products and application solutions:

Document Number and
Description

URL

MC33816
Data Sheet

http://cache.freescale.com/files/analog/doc/data_sheet/MC33816.pdf

Freescale.com
Support Pages

URL

MC33816
Product Summary Page

http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=MC33816

KIT33816AEEVM
Tool Summary Page

http://www.freescale.com/webapp/sps/site/prod_summary.jsp?code=KIT33816 AEEVM

Analog Home Page

http://www.freescale.com/analog

Automotive Home Page

http://www.freescale.com/automotive
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