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el Class Obj ective

e When you finish this class you will...

e Understand how to create stimulus to debug code
within the MPLAB® Simulator

e Pin Initialization

Waveform generation / Measurement
Load testing interrupts

Peripheral data injection

Algorithm verification

Simpler Pin stimulus file format

e Understand Complex Breakpoints

e Use Instruction Trace Effectively
e Triggers
e Filters

e Know how to output data without a UART
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EEEEEEEEEEE Agenda

e Using Stimulus within the simulator
combined with the Logic Analyzer to
verify Stimulus generation

Peripheral data injection

Complex Breakpoints

Jsing Instruction Trace effectively
_0ogging data

-Ind out more
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Stimulus Overview

e Stimulus is tied very tightly to and
considered an integral part of the
Simulator

e Used mostly to simulate target hardware
/0 to/from the PIC® Microcontroller

e Asynch stimulus is user triggered
e Synch stimulus is system triggered

e Most cases stimulus Is injection of
sighals and data
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Stimulus Pin
Initialization
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UorVi . ~ o i . "
=== Stimulus Pin Initialization

Code is complete so Firmware ready

With Real Silicon on the Board all 1O pins will
have a known State

® giclf)nl_\gjlator starts at zero, may not change after

XXXXDId
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Stimulus Pin Initialization

e Use Pin/Register stimulus at time zero

a4 MPLAB IDE v7.60.06

figure Window Help
o & &

Debugger Programmer Tools
Select Tool b
Clear Memary 3

oo BT EE|

Il Stimulus - [Untitled] ;IEIEI

HalE F= Fin / Reqister Actions |.-“-‘-.|:I'-.fan|:ed Fin # Hegisterl Clock, Stimulusl Fegister Iniectiunl Feqgister Tracel .-'f-.synchl

Step Into F7
Step Qver F8 Fiepeat [ after: |'| [dec)  restar [dec]
Step Out ;

R 2| INT1 | TICKI
0] | [bin] [I:l“u] [bir) | [bir]

Reset Click here to Add Signals

Breakpoints...
StopWiatch

=gk Do [5
Stimulus
Promie
Clear Code Coverage
Refresh PM

Settings...

Advanced... Apply Hemove Delete Row Save E st | Help |
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=== Waveform Generation Synch.

0 10 20 30 40 50 60
RB1
Constant Even period synchronous clock
RB2
Constant Different period synchronous clock
RB3
Even period synchronous periodic clock
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°°°°°°°°°°° Wavetorm Generation Synch.

e Synchronous Wave forms are looked at
as clocks

e Defined in Cycles (Instructions)
e Different periods
e Periodic pulses

e Most clocks or waveforms are defined in
the Clock Stimulus tab

e Even clocks that are triggered

I Incorporated. All Rights Reserved. ! \ 7
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=== Waveform Generation Synch.

Fin / Register Actionsz I fdvanced Pin / Fegister  Clock Stimulus | Feqizter Injection I Reqizter Trace I Azynch I

al:uel F'in X [ ritial X i 'v igh C egin X tid mments -
EvenClock/RET Lo 1 0 4 Start EVEl tich, Even Period
[Miferd BB = i=ierls Y S ynch e
FPenodClk.  RB3 Lo 4] 20 cyc+ 20 cpo
‘%egiK
f® At Start
CPpC = | hew/label | hexlabel
 Cycle = [20 -:Ien:lafter last clock ' Cycle = (20 dec Ifru:um clock start j
B = =ls| El = s [ =]
Advanced... | Apply | Hemaowe | Delete Baw Sawve | Euit | Help
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=== Waveform Generation Synch.

@ Use Logic Analyzer to view 1O pin changes
e Trace must be enabled through simulator settings

A MPLAB IDE v7.50
File Edit @ Project Debugger Programmer Tools Configure Window Help

| D Foet 7 || T @E0 | v uwd R

Output
Toolbars 3
_ioj x
QSESSETHTLEW Triggerpﬂgitiﬂn T[igger PLC = Time Baze Mode
EEFROM ~ - . |
e —— ’75tartr Center’ End( “ Ko | Clear |Iﬁﬂyc J ISm‘ane < Channels |>
Hardware Stadk = o _
LCD) el F'_Q:l glgl ==K
Locals
Program Memaory
Spedal Function Registers
Watch
1 Intermal Book Flash
2 Internal Flash (User)
2 Intermal Peripherals
4 Imbermal Ram (User)
5 Memory Usage Gauge

it e I I S S S I S . S R B S . S R S R R S R R E— —

Simulator Logic Analyzer > 0o 0.2 0.4 0.E 0.a 10
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LiorIV] Demo 1

@ Synchronous Clock Generation

11016 MS3 Slide 13



UUUUUUUUUUUUUUUUUUUU

0 10 20 30 40 50 60

o 1

Stﬁrt and pulse tﬁice when activated

@ Asynchronous triggered,
synchronous pulses

e Define Synchronous pulses in Clock
Stimulus

e Use asynchronous stimulus to trigger
the start
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=== Waveform Generation Asynch.

e Start and pulse twice when activated
=10l x|

Fin ¢ Register Actionz I Advanced Pin / Register  Clock Stimulus | Reaizter Injection I Reqizter Trace I Azyunch I

Label Fin jtial wiC igh Cy gin End ammemnts -

Pulze 1 iz HighW' 7 cyc+

—End
= Mever

endlabel CPC__= J_%

C & Cycle = |7 dec Ifn:um clock start j >

.ﬁ.dvanced...l Apply Hemave | Delete Fh:uwl Save | Exit | Help

— Begin
i At Start
i~ PC

r
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=== Waveform Generation Asynch.

e Start and pulse twice when activated
Il Sstimulus - [Untitled] ;IQIEI

Fin / Register .-'-‘-.cti::unsl Advanced Pin ¢ Hegisterl Clock Stimulusl Reqizter Iniectinnl Register Trace  Aspnch |

Width | Uitz | Corments £ Meszage

Advanced... Apply Hemave Delete Row Save Exit Help
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Demo 2

e Asynchronous trigger for a
Synchronous Clock
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0 10 20 30 40 50 60

RB2

De

ineL iIrregular Lattern

e Predefined irregular waveform
based on run time

e Define transitions using the
Pin/Register tab of stimulus at
oredefined execution time
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=== Waveform Generation Irregular

e Defined irregular pattern
Il Stimulus - [Untitled] O] x|

Fin / Reqgister Actions | Advanced Pin / Register I Clock Stimulusl Reqgizter Iniectinnl Reqgizter Tran:el Azynch I

. . - i der reskart « | [dec
Time Llr'||t3| oyc Repeat [ after.l [dec] o I I [dec]

ime | BB\ Chck here to Add Signals -

\

[dec)

I
15
18
28
al
a3
a7
42
kO

(== el L= el L= el =

.........................................

Advanced... Apply Hemowe Delete Row Save E uit | Help
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0 10 20 30 40 50 60

RB3

CoFe %riven Irregular pattern

e Execution code can affect the
clock generation

e Use Advanced Pin/Register to define
conditions

e Conditions can be based on Pin state,
SFR value or bit value
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=== Waveform Generation Irregular

e Codedriven irregular pattern using conditions
=10lx|

Fin / Register Actionz  Advanced Fin / Reaister I Claock, Stimulusl Fiegizter Iniectin:nnl Fegister Trace I ﬂs_l,lnc:hl

Fe-trm Delay

0 cyc

.................................................

]
L

-

— Define Conditions

Ennditinny\w B

( W it Camments -

=

Advanced... I Apply | Hemove Delete Row Save Euit | Help
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=== Waveform Generation Synch.
e (OR)Use the conditional trigger to control a synch clock

I 5timulus - [Untitled] _IEllil

Fin / Register Actionz  Advanced Fin / Reaister I Claock, Stimulusl Fiegizter Iniectin:nnl Fegister Trace I ﬂs_l,lnc:hl

— Define Triggers

Enable| Condtion | Type Fe-trm Delay RB3 Click here to Add Signals -
COND1  Cont 0 cye L :
COMDZ Cont 0 cyc 1]

COMND3 Cont 0 cypc 1]
= ~|
— Define Conditionz
Condition When Changed Wit Comrmetts -
COMDYT  SFR TMRIL = 10

COMDZ2 SFR - TMRIL « 10
COMD3 SFR TMRIL = al

Advanced... I Apply Hemove Delete Row Save Euit | Help
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Conditional Stimulus

e Conditional stimulus I1s an advanced
feature useful for:
— Modifying bits or bit fields
— Modifying IO pins
— Modifying SFRs

e Conditions based on
—  SFR values
— 1O pin values
—  Bit or multi bit field values
— True always
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Stimulus for Load
Testing
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e Service multiple Interrupts and ensure priority

IS handled correctly

Int O external IRQ

XXXXDI|d

Timer 1
Interrupt

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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RI=IE3

Fin / Register Actionz | Adwvanced Pin / Reqgister I Clock, Stimulusl Reqizter Iniectinnl Reqister Tran::el Bzunch I

Tirne |_|r'|it3| Y j Repeat [ after:l'l [dec] reztt..art I "'I [dec]

Time §\ PORTE /FIRT.TMRTIF | INTCOM.INTOIF Click here to Add Signals -
[dec) (hiex) (bir] [birn]
50l 0 1 1|

...................................................................................................................

[

Advanced... I Apply Hemawe Delete Raow Save E it | Help
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Load Testing

M Stimulus - [Untitled]

=101 x|

Fin / Register Actions I Advanced Pin / Register I Clock Stimulus I Reqister |njection I Reqister Trace

Azyunch |

|W||:Ith |mms ¢ Meszage

Fire |Fin/SFR | Action

» |RBO Pulze High 1 oy

=10l %]

Pin / Fegister Actions  Advanced Pin / Register | Clock Stimulusl Reqizter niectinnl Reqister Tracel .ﬁ.s_l,lnchl

—_—
Ensble| Condiion |Type| FRedumDelay | PIRT.TMRIF | INTCOM NTOIF |ck here tod Sign| .
COMD1  Cont 200 cye 1 1/ I
S ——
L]
]
4 r | 3
— Define Conditions //
/ ondition When Changed W ait / Comments I;
( |cowot Pn RED - 1 )<
N e
Bdvanced... Apply Hemove Delete Fow Save E xit | Help
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Demo 3

e Simultaneous Interrupts for load
testing
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Stimulus Peripheral
Data Injection
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Peripheral Data Injection

e ADC data injection to test sensor input values
e SPIl data injection for external modules
e UART data injection for communication

e Provide different values on IO ports for each
read

e In all cases the data files are white space
delimited text files
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Peripheral Data Injection

e Attach data file to the SFR of the peripheral or to a Port
=10l |

Fin / Reqgizter Actions I Advanced Pin / Register I Clock St

Label Reqg /VaX | Trigger FC "Jaluey Wi

[optional] ADHRES Demand
[optional
[optional] \FORTE

Register Injection | Fegister Trace .-'-‘as_l,lnc:hl

MPLAE_METADg
MMPLAE_MWETAD G
CAMPLAE_WETADp

[optional)

[optional)

T T T T T T T R T T N RN ANV =

Meszage

Demand

Advanced... Apply Hemave Delete Bow Save E «it Help
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Peripheral Data Trace

e Attach data file to the SFR of the peripheral or to a Port
=10) x|

Fin / Reqgizter Actions I Advanced Pin / Register I Clock Stirmulus I Fegizter Injection  Register Trace | Azunch I

N\
Label Reqg / VarX | Trigger PC "-.-’aluey\-'-.-"iclt race Filename armaly/Comments

[optional Demand SMPLAE _METAD Raw ) [optional) ‘
[optional Demand AMPLAE METSDA Oec \Ji

Advanced... Apply Hemave Delete Row Save E =it Help
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sssssssssss DemO 4

e Data injection into SPI BUFF
Trace onto UART output

® Asynch message to UART
Start conversion on ADC
Data injection into ADC
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Stimulus Algorithm
Verification
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SSSSSSSSSSS Algorithm Verification

e Inject data into a general purpose
register at a specific time

e Log output from a general purpose
register at a specific time

e Between each injection and log
perform some function which needs
to be verified
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e Inject data at address 0x100
e Perform algorithm (RRNCF) 0x104
e Trace data at address 0x108

Algorithm Verification

Il Program Memory - |I:I|E|
Line Address Cpcode Dipassembly -

123 00F4 FFFF HOP -

124 D0F& FFFF HOP

125 QOF8 FFFF HOE

126 O0OFA FFEF HOP

127 QOFC FFEF HOP

128 O0FE FFFF HOP

0100

130 0l1p2 Q000 HOE

131 0104 4010 RENCF 0Ox10, W, ACCHSS <

132 010& eE20D MOVWF Ox20, LCCESS

133 0108 QEQF HOVLW O0xf <

134 010k 6EC1 MCVWFE Oxfecl, ACCESS

135 0l10C 9283 EBCF 0xf53, 0Ox1, ACCESS ~
Opcode Hew || Machine Swmbolic

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Algorithm Verification

e Attach data input file to input GPR address or symbol

B Stimulus - [Untitled] - O] x|
Fin / Regizter Actions I Advanced Pin ¢ Register I Clock Stimulys  Register Injection I Reaqizter Trace I Azunch I
Label eg # ar VT rigger C W alueyfidtbh ¥ ata Filenarne rap Y Format \Comments
IrjectStar MWL = 0100 AMPLAE METWDAW'es Dec optional]
Advanced... Apply Hemaowe Delete Aow Save E uit Help
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Algorithm Verification

e Attach output data file to output GPR address or symbol

Il stimulus - [Untitled] ;IEIEI

Fin ¢ Register Actions I Advanced Fin ¢ Register I Clock Stimulus | Register Injection  Fegister Trace I Azunch I

Label ' race Filename J-ormat | Comments
[optional] AMPLAB_METMDC [optional]

Advanced... Apply Hemaove Delete Aow Save Euit Help
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Demo 5

e Algorithm Verification
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_ _Simple
Pin Stimulus File
Format
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=== Other Formats for Pin Injection

e Pin stimulus supports a simpler format
® Use a.stl extension to allow conversion

cycle RD3 RD2 RD1 RDO RBO :Use this file for 18F458

5 0 0 0 0 0 ; Initialize pin

360 0 0 0 1 0 ; SetC1lVin+,C1Vin+ > C1Vin-
370 o) o) o) 1 0O ;compl

400 0 O 0 1 0 :

410 0O 1 0 0 ; Clear C1Vin+,C1Vin+ < C1lVin-

520 0 O 1 0 0

530 O o) 1 0 0O ;comp2

540 0 1 0 0 0 ;SetC2Vin+,C2Vin+ > C2Vin-
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Using Stimulus Files
=lolx

Fin / Register Actions |ﬂ|:|~.-'anc:ed Fir / Flegisterl Clock. Stimull.ml Reqgister Iniectin:unl Reqgister Tran::el .-'l'«s_lrlnchl

Time Llnit3| cyc j Repeat [ after:l'l [dec] reztt..art I "'I [dec]

Click here to Add Signalz

Time

[dec)
2] =]

Look in: | ) LAB3_Backup =l 2 2@
> [Fess

jTesU:Im:kSErtAﬁerLast ed
TElvende Wharkbook with SCL File j testVinceOnesten.sd
jTest\n'uIEgeU sd

' rta"l'v1 EfdE |

Help
. —l File namss

Generate SCL File |

SCL Files (".scl)

SCL Files * acl)
0ld Stimulus Files (™ sti * ssti = psti = fati)

Advanced... Apply Hermoye Delete How Save E =it

Slide 42
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Complex Breakpoints
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LIV Definition of a Complex
Breakpoint

e Complex breakpoints in simulator are modeled
as in real silicon. This makes operation easy
when switching debuggers

e Traditional breakpoints halt the simulator prior
to execution of an opcode at an address In

program space
e Complex breakpoints | ™™™ =

can do that, but can e B
also halt the simulator
on read/writes of areakpoint Type [Program Memory Exeaton ¥
program or data s pace Pass Count———|TBLRD Program Memory,

Condition | Always Break w

Count dec <=65535 B
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LIV Definition of a Complex
Breakpoint

e Complex breakpoints have a count associated
with them that can be used in two different
ways Set Breakpoint

Program Memory | Data Memory
— break N

Address

Instructions symboipiex [Cear0SCoN [ e

after the event

IS seen resoont e |PrOgam Menory Brecuton 8
— break when this —

event Is seen N S —— 3

tl mes C” Enunt instructions after Event

Event must occur Count times

oK | | Cancel
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el Breakpoints are part of the
workspace

e Any defined breakpoint will halt CPU execution
when the breakpoint conditions are met

M Simulator Complex Breakpoints [Z]@[Zl

Right dick on a breakpoint from the list below to remove, edit, enable or disable it

Breakpoint Type = Address File line #/MNar Name Enabled

Program Memory Q00302 t.c# 110
Program Memory 00035a t.c ¥ 198
Data Q00330 i
Data Q00s04 onelnstance
Program Memory  0002b2 t.c&79
Data Q002c2 PORTA
Program Memory 00034e t.c# 196

Iﬁequenced Breakpoints I l Add Breakpaint

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3 Slide 46
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Sequence

e Multiple complex breakpoints can be combined
Into sequences: break only when all the
breakpoints have been seen in a given sequence

e Two sequences are monitored simultaneously. If
either sequence is satisfied, the simulator breaks

Sequenced Breakpoints E|

Halt when either Sequence 1 OF. Sequence2 is satisfied. A sequence is satisfied when all breakpoints in the sequence are hit

To Add a breakpoint to a sequence, select the breakpoint from the list of available breakpoints, then select the sequence
and dick the Add button. To change the order of breakpoints in a sequence, drag and drop the breakpoints into the
Desired order. Sequence order is determined by top to bottom order of breakpoints in the sequence, with the bottom
breakpoint occurring first and the top breakpoint occurring last.

Available Breakpoints Sequences
Breakpoint Type | Address File line #/Mar Mame = Sequencel
Program Memory 000302 t.c# 110 Data Memory, Address = 000830
Frogram Memory — 00035a t.c #1938 i Program Memory, Address = 00035a
Data Q00830 ui =~ Sequence?
Data 000804 onelnstance Program Memory, Address = 000302
Data Memory, Address = 000304
£ ¥
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=== AND Breakpoints Together

e Two breakpoints can halt execution when they
nappen at exactly the same time. This can only
nappen when aread/write to either
program/data space is combined with the
execution of a given address

AND X

To add a breakpaint to the AMD condition, select it from the list of available breakpoints and dick the Add button
Available Breakpoints - AMDed Breakpoints
I Breakpoint Type = Address File line #Nar N A i | Program Memory, Address = 0002b2 I
Data 000830 i i | Data Memory, Address = 0002c2
Data 00o0s04 onelnstance
Program Memory  0002b2 tc# 79 |
Data 00022 PORTA | |
Program Memory — 00034e t.c # 196 [ i
£ | i | | | [ |
[ K ] [ Cancel

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3 Slide 48
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Example: halt when

A

Anded Breakpoint

Halt
CcPU

Sequence 2
1 —
FAY 2
T T
BPf BPg
Free breakpoints
BPh

© 2007
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Demo 6

e Complex Breakpoint using Table
Write
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Using Instruction
Trace Effectively
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MASTERs 2007

Effectively Capturing
Instruction Trace

e Triggers

Currently possible to set a simple trigger (PC)
to start Instruction trace capture

Access from Logic Analyzer

Set a breakpoint on trigger location in code
OR right click in editor, use “Set PC at Cursor”

Set trigger

Set buffer collection format

I Logic Analvzer

' Trigger Pozition

‘ Start(* Centerf Er‘u:lf-' v

Clear breakpoint
from code

© 2007 Microchip Tech
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=== Instruction Trace (Trigger)

e Start: {10 records, Trigger, remainder of Buffer}
e Center: {half buffer, Trigger, half buffer}
e End: {most of buffer, Trigger, 10 records}

Bl Logic Analyzer - 10| x|

Time Baze| Mode
Mow i Clear ||]EPE j

ISimpIE Charnels |

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3 Slide 53
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LicE V] Effectively Capturing
Instruction Trace
e Filters

Use when there are large delay loops or
specific areas to focus on

Eliminates the need to have large trace
ouffers

—ilter Out will trace all EXCEPT the selected
Ines

=1lter In will only trace the SELECTED lines

© 2007 Microchip Techn
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Instruction Trace (Filters)
e Right mouse click in editor for context menu

\ Add Filker-in Trace

e Filter-In
Use to
trace
specific
loops

o Filter-Out
Use to
eliminate
wait loops

293

295
296
297
298
299

OO

Bl C:\MPLAB_.net'Docs'MSTRS.2005,LAE_908'L AB90S.AS

ZonelitartDone
dect START HEATERL,F
btfss STATUS, Z
return
b=t HEATERIFPORT, HEL
1Ff(PRINT 3TATUS == 1)
mov 1w HEAT1 CN M3G

I C:\MPLAB_.net"Docs'MSTRS" 2005 LAE_908'LAB9

SAMPLE ADC CHANS
ADCONO, CHSO
ADCCONO, CH31

ADCONOD, CHSZ

Low SAMPLE AF

mowwrE FER

Remowve Filker Trace
Remove All Filker Traces
Aadd Filter-out Trace

Zlose

Sek Breakpoint
Breakpaints

Run ko Cursar
Sek PC abt Cursor

|

e jrpy
FPaste
Delete

SAMPLE ARBRAY

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Text Mode
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MASTERs 2007 D e m O 7

e Simple Trace Trigger

e Filter Trace
— Filter out loop
— Filter In specific function

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3
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Log Text Data Without
UART
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55555555555 Log Data Without UART

e Currently under C18 and C30 there is
‘printf’ (sprintf) support to output log
data using the UART

e Occasionally there may be no UARTS
available

e Either the application uses both and the
engineer wants to test them

® A device doesn’'t have a UART

e Using Register trace an engineer can
create a function to output log data
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=*¥  |og Data Without UART

e Easiest: Use an unused SFR in the application
— Set Register Trace on SFR for Demand and Raw format
e SSPBUF
e EEDATA
— Write directly to SFR
— Limitation on this is one Byte at a time (SFR data width)

e More complex: Create a string in GPR
— Write data to the string then call null() function to trigger

— Set Register Trace on GPR (string address) for PC = null()
function. Set width to size of string and Raw format

— When calling null function the Trace is triggered and the
GPR of size width is written to the file
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LJoF V] Demo 8

e Logging data without UART

11111111
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=== Where to find out more

e MPLAB® IDE Help

e Appendix — Useful links & Demo
Instructions

e Forums / Webinars
— _http://forum.microchin.com

Development Tools Hon crosoft Internet Explorer O] x|

Fle Edit Wiew Favortes ZIools Help ‘ e

-
(OO & B e e @] - - B /Web seminars
address [&] http:fjvmw.micrachin comjstellent idepla?1deService=55_GET_PAGEBnadeld=61 B Go |L|rv|6 >

RASHEE e Qmowce |

Corporate What's New

Products Sample Purchase On
RF | | Development Tools
Site Search @ I Documer

Home » Products » Development Tools

Resources

O Cevelopment Tools Home
© Development Tool Selector

Development Tools Features

o — SRR = et

CE? 4000 a MCP6X2Z PGA PICDEM 2
ACET 4000 MOPEX2ZPGA plepemz

MNEW! The latest Developrment System's
O Developrment Systerns Wik wehinar: "Simulator, ICE, or ICD??
Farums —Choosing a Debug Taol"is now
[us available
oo e DLl De pment Tools Showc a‘SﬁLEDEVEWDmENTODlWEblﬂafS
© #rchives - Introduction to MPLABZ Simulator
© Contact Micrachip Software Hardware Demo Boards - Tins and Tricks Using MPLAB IDE

Getting Started Developrment i 7 CEPlC i Bl LGl
4 il MPLAE® IDE Integrated MPLAS® IGD 2 In-Clreuit Flemicro® MeL - Introduction to ¥isual Device Initializer
Tools Home Devel t Deb
evelopmen ebugger Connestivity - Signal Analysis PICtail daughterboard
Enviranment - |ntroduction to MPLAB IDE
O Design Home Fage PICETART® plus TS troduction to Development Tools
o MPLAB® C18 Compiler &
Programming Home &
o ) ) L PICZ4 MCU
Programming Specifications MPLAB C30 for Frogrammer
© Code Examples cEeE T ERIET (Rl PICtail Mainhter ANArds . Ol AD IME 07 91 Dalanna =

S [T @omew .
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EEEEEEEEEEE Summary

e Using Stimulus within the simulator
combined with the Logic Analyzer to
verify Stimulus generation

Peripheral data injection

Complex Breakpoints

Jsing Instruction Trace Effectively
_0ogging data

-Ind out more
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THANK YOU!
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MASTERS2007 A p p e N d I X

e Uart packet data injection format
e Useful Links

e Demo Instructions

e SPI Setup
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=== Uart data Injection format

File data Asynch behavior Synch behavior
/[[comment line
wait 5 ms Wait for fire Wait for 5 ms

“the quick brown ” Msgl the quick brown fox Msgl the quick brown fox
“fox”

wait 20 ms Walit for fire Wait for 20 ms

717273741310 Msg2 GHIJ<CR><LF>

[[comment line Wait for fire Msg2 GHIJ<CR><LF>KL

7576 Msg3 KL

wait 10 ns Wait for fire Wait 10 ns

32 33 34 Msg4 234mix Msg3 234mix

“mix”

rand 15 20 sec Wait for fire Wait Random time (15-20 seconds)
34 3324 32 34 Msqg5 43%24 Msq4 43%24

rand 0 100 min Wait for fire Wait Random time (0-100 minutes)

“message X" Msg6 message X Msgs message X

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3 Slide 65



Uraversimy oF MICROCHIP

UoriVi

=== Where to find out more

® Other useful Links:

— Microchip Change Notification (good way to keep up to date on latest MPLAB® IDE and
C18/C30 releases, as well as important Dev Tool notifications):

- http://cn.microchip.com/sales/product_change.nsf

- Microchip Dev Tools Getting Started (series of many tutorials and overviews):
— http://www.microchip.com/stellent/idcplg?ldcService=SS_GET_PAGE&nodeld=2122

- Microchip archives:

- http://www.microchip.com/stellent/idcplg?ldcService=SS_GET_PAGE&nodeld=1406&dDo
cName=en02307/3

- Development Tool Selector (to find out tool support, accessories, adapteres, etc.):
- http://www.microchip.com/stellent/idcplg?ldcService=SS_GET_PAGE&nodeld=1496

- Third Party Development Tools:

- httpl:(éLIEN\t/)VV\I/.rRicrochip.com/stelIent/idcplg?Ichervice=SS_GET_PAGE&nodeId:1926&typ
e=-1&label=

- MPLAB IDE download page:
- http://www.microchip.com/mplab
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e Open MPLAB® IDE
—  Select “Configure>Select Device” menu item
— Select a “pic18C442” device
—  Select “Debugger>Select Tool>MPLAB SIM”

e Open Stimulus window
—  Select “Debugger>Settings”
—  Select Trace All check box on “Osc\Trace” tab Select OK
—  Select “Debugger>Stimulus>New Workbook”
—  Select “Clock Stimulus” tab
— Select “pin” with drop down list on first row “RB1” (Port B bit 1)
—  Select “initial” drop down list as “Low”
— Enter “10” in “Low cycles”, enter “10” in “High cycles”
—  Select “Start” and “End” boxes to set the default
— Add labels and comments if desired
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Demo 1 Synch clock cont..

Select “pin” with drop down list on second row “RB2” (Port B bit 2)
Select “initial” drop down list as “High”

Enter “5” in “Low cycles”, enter “15” in “High cycles”

Select “Start” and “End” boxes to set the default

Add labels and comments if desired

Select “pin” with drop down list on Third row “RB3” (Port B bit 3)
Select “initial” drop down list as “Low”

Enter “5” in “Low cycles”, enter “5” in “High cycles”

Select “Start” box, select the “Cycle” radio button in Start edit area
Enter “20” in the first box and select “after last clock” in adjacent box
Select “End” box, select the “Cycle” radio button in End edit area
Enter “20” in the first box and select “from clock start” in adjacent box
Add labels and comments if desired
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=== Demo 1 Synch clock cont..

Click “Apply” on bottom of Stimulus workbook

Open new file Type “<Tab> nop <Enter>"

Type “ goto 0 <Enter>; end <Enter>

Select “File>Save as...” menu item

Save file as “testdemo.asm”

Select “Project>Quickbuild testdemo.asm” menu item
Select “View>Simulator Logic Analyzer” menu item
Select “Channels” on the logic analyzer

Add signals RB1,RB2 and RB3; select “OK”

Select “Reset” then “Animate” on the debugger tool bar
Watch signals generated on Logic Analyzer
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Uee Demo 2 Asynch Trigger for
synch clock

e Open MPLAB® IDE
—  Select “Configure>Select Device” menu item
— Select a “pic18C442” device
—  Select “Debugger>Select Tool>MPLAB SIM”

e Open Stimulus window
—  Select “Debugger>Settings”
— Select Trace All check box on “Osc\Trace” tab Select OK
—  Select “Debugger>Stimulus>New Workbook”
—  Select “Clock Stimulus” tab
— Select “pin” with drop down list on first row “RB1” (Port B bit 1)
— Select “initial” drop down list as “High”
— Enter “3” in “Low cycles”, enter “1” in “High cycles”
—  Select “Start” box, select the “Pin” radio button in Start edit area
— Select “RB1” in the pin drop down list and “High” in adjacent box
— Select “End” box, select the “Cycle” radio button in End edit area
—  Enter “7” in the first box and select “from clock start” in adjacent box
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Demo 2 Asynch Trigger for
synch clock cont...

Select the “Asynch” tab

Select “Pin/SFR” drop down list and select “RB1”
Select “Set High” for the “Action”

Click “Apply” on bottom of Stimulus workbook

Open new file Type “<Tab> nop <Enter>"

Type “ goto 0 <Enter>; end <Enter>

Select “File>Save as...” menu item

Save file as “testdemo.asm”

Select “Project>Quickbuild testdemo.asm” menu item
Select “View>Simulator Logic Analyzer” menu item
Select “Channels” on the logic analyzer

Add signals RB1,; select “OK”

Select “Reset” then “Animate” on the debugger tool bar

Fire the Asych stimulus and watch signal generated on Logic
Analyzer

Ensure RB1 is low when you start or else nothing will change
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Interrupts

e Open MPLAB® IDE
—  Select “Configure>Select Device” menu item
— Select a “pic18C442” device
—  Select “Debugger>Select Tool>MPLAB SIM”

e Open Stimulus window
— Select “Debugger>Stimulus>New Workbook”
— Select the “Asynch” tab
— Select “Pin/SFR” drop down list and select “RB0O”
—  Select “Pulse High” for the “Action”
—  Enter “1” for pulse width in “cycles”
— Select the “Advanced Pin/Register” tab
—  Create a condition in the lower “Define Conditions” edit area
—  Click “Pin” In the first drop down box of the first row
— Select “RBO0” as the pin, leave the “=* test and change the value to “1”
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LicFIVE Demo 3 Simultaneous
Interrupts cont...

— Define a Trigger in the “Define Triggers” edit area above

— Select “Cond1” from the drop down list in the first box of first row
— Select “Cont” for the “Type”

—  Enter “200” for the Re-Arm delay in cycles

—  Click the title bar to add signals which one wants to change

— Select bit fields “INTCON.INTOIF” and “PIR1.TMR1IF”

— Select “Add” and “OK” to add them as columns in trigger area

— Enter a “1” under each column “INTCON.INTOIF” and “PIR1.TMR1IF”
In the first row

—  Click “Apply” on bottom of Stimulus workbook

—  Open a watch window “View>Watch”

— Select SFRs “INTCON” and “PIR1” adding them to the watch window
— Reset processor, step a few times

—  Fire the Asynch RBO pulse high action

—  Step once, view the watch window and see both IF flags are set in the
same step
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Uee Demo 4 Peripheral Injection
and Trace

e Open MPLAB® IDE
—  Select “File>Open Workspace...” menu item
—  Select “C:\MASTERS\11016\Demo4\ReqisterinjectTrace.mcw”
—  Code is written to read SPI, UART and ADC; write to UART

\
v recececccscctcsosscscsecscsscscsssscsscscsssecsssscsssscscsscses

Read char to string :

Int UART Ej .

|

! €eeereeennnennennnnenasaeaeeeeeenseesessnnnnnnnssssitlmneeeenreeeeeeeee N ens :

Read char Send to I

Int SPI . “ :

UART Main loo I

P File to Fileto [ ,

SPI ADC I

L e e

String complete —If == “ADC”

Output display < UART

ADC |« v
Start Conversion
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Uee Demo 4 Peripheral Injection
and Trace

e Open Stimulus window
—  Select “Debugger>Stimulus>New Workbook”
—  Select “Clock Stimulus” tab
—  Select pin with drop down list on first row “RC3” (Port C bit 3)SPI SCK
— Select initial drop down list as “Low”
— Enter “800" in Low cycles, enter “2” in High cycles
—  Select “Start” and “End” boxes to set the default
— Add labels and comments if desired
— Select “Advanced Pin/Register” tab
—  Create COND with “Pin” "RC3" “=* “1”
—  Create Trigger using COND type “Cont” re-arm “700” “cyc”
— Select title to add signal “PIR1.SSPIF”
—  Enter “1” below signal
— The SSPIF flag will now be set approximately every 800 cycles
— Select “Register Injection” tab
— Select register “SSPBUF” Trigger set to “Demand”
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Demo 4 Peripheral Injection
and Trace

Select Data Filename and browse for SPIlinput.txt
Select wrap “Yes” and set format to “Raw”

When the SPI receives an interrupt set by clock, it will branch in code
and read a value injected from the file, then send it out on the UART

On the next row select register “ADRESL” Trigger set to “Demand”
Select Data Filename and browse for ADCinput.txt

Select wrap “Yes” and set format to “Hex”

Select “Apply” at bottom of window to apply Synchronous stimulus
Select “Asynch” tab

Create 3 entires, All Pin/SFR “RCREG1” and action “Direct Message”
Set first message ‘ “ADC”

Set second message ‘41 43 44 D’

Set third message ‘A’

Select “Debugger>Settings”

Select “UART 1 10” tab

Enable the UART 1 IO check box

In the “Output” area select the “window” radio button

Select OK
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Demo 4 Peripheral Injection
and Trace

This will create a UART 1 IO tab on the output window
Build and execute the code

The output window will display the message “Input from SPI shows up
on UART IO display” This is the SPI read echoed onto the UART IO

Fire the “ADC” Asynch message
Fire the A to end the string (OxA)
This will start and ADC conversion

AD_CtWiII read data from file on completion and load it into the Result
reqgister

Summary...

-lSt]A\GR'Sl'Pl IS reading raw data from the one file and sending it to the

The UART IO is enabled through the simulator settings window to
output data to the display. This shows the data injected into the SPI
whenever the IRQ flag is set on the SPI

When firing the correct string “ADC” asynchronously into the UART
receive and ending the string with an OxA or OxD the main loop starts
an ADC conversion

The ADC reads the next value from the ADC data file and after the
correct conversion time passes, it places the value into the Result
register and clears the Done bit
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e Open MPLAB® IDE
— Select “File>Open Workspace...” menu item
— Select “C:\MASTERS\11016\Demo5\Algtest.mcw”
— Code is written to perform a RRNC

O Open Excel Algorithm
Open “C:\MASTERS\11016\Demo5\AlgTestData.xIs”
— Select rows 4 to 41 in column ‘A’ only and copy.

- 0 ertl a new file within MPLAB IDE “File>New” and paste the data
INto i

— Select “File>Save As...” and save the file under Demo 5 as
Datalnput.txt
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Demo 5 Algorithm Verification

e Open Stimulus window

Select “Debugger>Stimulus>New Workbook”
Select “Register Injection” tab

Select “Register/Var” in first row, and select BSR to force a PC=
trigger selection

Within the Register box enter the value “0x10”
Enter “0Ox100” in the “PC Value” box
Ensure Data width is set to one

Select the browse button on the Data filename box, and select the
Datalnput.txt file created earlier

Select “Yes” under the wrap
Select “Dec” for the file format
Select the “Register Trace” tab

Select “Register/Var” in first row, and select BSR to force a PC=
trigger selection
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Demo 5 Algorithm Verification

e Open Stimulus window cont...

Within the Register box enter the value “0x20”
Enter “Ox108” in the “PC Value” box
Ensure Data width is set to one

Select the browse button on the Data filename box, and enter
DataOutput.txt

Select “Dec” for the file format

Select the “Apply” button to activate the stimulus
Reset the processor

Execute “Run” for a short time 1 second
Execute Halt

Select “Remove” on the stimulus window to allow closing of the
output file

%pen the DataOutput.txt file, select the first 38 entries and copy
em

Open the Excel spread sheet and paste the values into the column
next to the results so a comparison can be made for each line
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e Open MPLAB® IDE
—  Select “File>Open Workspace...” menu item
— Select “C:\MASTERS\11016\Demo6\Breakpoints.mcw”

—  Code is written to perform Tblwth to location 0x1000 in program
memory

e Open Complex Breakpoints
— Open “Debugger>Complex Breakpoints”
—  Select “Add Breakpoint” from dialog
— Enter in “0x1000” in the Address Symbol/Hex edit box
—  Select breakpoint type “TBLWT Program Memory”
—  Select “Always Break”
— Execute code, it will break after every TBLWT
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=** Demo 6 Complex Breakpoint

E(qutht click on breakpoint in Complex breakpoint dialog box, select
|

Change “Always Break” to “Event must occur count times” enter 2
In count box

Reset and Run. Program will break on halt instruction then after
second TBLWT

ththt click on breakpoint in Complex breakpoint dialog box, select
|

Change “Event must occur count times” to “Break occurs count
Instructions after event”

Enter 5 in count box

Reset and Run. Program will break 5 instructions after the first
TBLWT occurs
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e Open MPLAB® IDE

—  Select “File>Open Workspace...” menu item
—  Select “C:\MASTERS\11016\Demo7\Tracetest.mcw”

e Simple Trace Trigger
— Set a Breakpoint in the Interrupt handler at line 26
— Open the Logic Analyzer window “View>Simulator Logic Analyzer”
— Build the project, and execute
—  Fire the Asynch button for RBO stimulus
— The program should halt at the break point

— Select the “Now” button under the Trigger PC = label on the Logic
Analyzer

— A PC = value of 0x00080 should be entered into the read only box
— Remove the Break point, reset the processor and execute

— Halt the processor open the Trace window “View>Simulator Trace”
— You will notice it states “No items to display”

— Execute again, Fire the Asynch RBO wait 2 seconds and Halt the
processor. The buffer stops collecting when full

— View the data and start point of the trace buffer

© 2007 Microchip Technology #icorporated. All Rights Reserved. 11016 MS3 Slide 83



UniversiTy oF MiCROCHIP

Lori
Lorivi Demo 7 Trace

e Simple Trace Trigger Or_(not on PIC18xxx prior to 7.62)
— Open the Logic Analyzer window “View>Simulator Logic Analyzer
—  Click in editor window where trigger needs to be set
— Right click to get context menu
—  Select “Set PC at Cursor”

—  Select the “Now” button under the Trigger PC = label on the Logic
Analyzer

— A PC = value of 0x00080 should be entered into the read only box
— Reset the processor and execute

—  Fire the Asynch RBO wait 2 seconds and Halt the processor. The
buffer stops collecting when full

— View the data and start point of the trace buffer
— Try different formats of the buffer using start, center and end
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Demo 7/ Trace

e Filter Trace

Select Clear in the Logic Analyzer window under the Trigger PC=to
remove the trigger

Select the source file, highlight the Interrupt routine and right click
Select the “Add Filter-in Trace”

Reset the processor and execute. Fire the Asynch stimulus RBO
button a few times

View the Trace output

Right click in the editor select “Remove all Filter Traces”
Highlight the “While loop”, right click

Select the “Add Filter-out Trace”

Reset and execute. Fire the Asynch stimulus RBO

View the Trace output
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Demo 8 Logging data without
UART

e Open MPLAB® IDE

Select “File>Open Workspace...” menu item
Select “C:\MASTERS\11016\Demo8\LoggingInC.mcw”

Notice within C file a function “void LogError (void)”
(Any Function name can be used, C symbol)

Build the project

e Open Stimulus window

Select “Debugger>Stimulus>New Workbook”
Select the “Register Trace” tab

Select “Register/Var” in first row, and select BSR to force a PC=
trigger selection

Within the Register box enter the value “0x100” the address of the
“readbyte_int" string

Select from the drop down list for the PC value the “LogError” function
name (C Symbol)

Change the data width to 100
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UART

e Open Stimulus window cont...

— Select the browse button on the Data filename box, and create or
select the file ErrorLog.txt

—  Select “Raw” for the file format

— Select the “Apply” button to activate the stimulus

— Reset the processor

— Execute “Run”

— Wait 2 seconds Select “Halt”

— Select the “Remove” button to allow the log file to close

— Open the ErrorLog file from the project window and note the errors

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11016 MS3 Slide 87



MASTERs 2007 E P I

e SPIlrequires multiple stimulus
— Clock to trigger the Interrupt flag
— Data Injection into the buffer

e Clock can be driven by Firmware or stimulus

— Create a clock based on time or firmware and use
conditional stimulus to monitor this, using it to set the
SPIIF flag

e Data injected when firmware reads the SPI
buffer

— Attaching a register stimulus file to SPIBUF on
demand will inject on each read

— Raw text or hex if you need control codes
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e Condition based on Clock out triggers IF bit
=TEY

Piri / Register Actions  Advanced Pin / Register I Clock, Stimulusl R egister |njection I Fegister Tran::el .-i'-.sync:hl

— Define Tnggers

Enable| Condition | Type | Restm Delay | IFSO.SPITIF Click here to Add Signals -
COMD Cont 200 s 11 :

110 00 &

— Define Conditions

Condition When Changed A it Comments -
COMDT  Pin SCL = 1 100 mz

Advanced... Apply Hemove Delete Row Sawve Eait | Help
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e Data file attached to SFR SPI1Buf feeds data
Into SFR when read by firmware

Il stimulus - [Untitled] _|EI|E|
Fin / Beqgizter dotions I A dvanced Fin f Begister I Clock Stimuluz  Fegister Injection | Reqizter Trace I Azyunch I
Label Reg +/War | Trgger PC%alue| “Width| D ata Filenarme Wrap |Farmat | Comments
[optionall SPBUF  Demand & ChbinsTestshTestol Yes Dec
ddvanced... Apply Bemave Delete Row Save E xit Help
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The Microchip name and logo, the Microchip logo, Accuron, dsPIC,
KeelLoq, Kee O%Iogo, microlD, MPLAB, PIC, PICmicro, PICSTART, _
PRO MATE, rfPIC and SmartShunt are registered trademarks of Microchip
Technology Incorporated in the U.S.A. and other countries.

AmplLab, FilterLab, Linear Active Thermistor, Migratable Memory, MXDEV,
MXLAB, SEEVAL, SmartSensor and The Embedded Control Solutions
Company are_reﬂqlstered trademarks of Microchip Technology
Incorporated in the U.S.A.

Analo -for-the-DlgFl)taI Age, AE%hcatlon Maestro, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, ECAN, ECONOMONITOR, FanSense,
FlexROM, fuzzyLAB, In-Circuit Serial Programming, ICSP, ICEPIC, Mindi,
MiWi, MPASM, MPLAB Certified logo, MPLIB, MPLINK, PICKkit, PICDEM,
PICDEM.net, PICLAB, PICtail, PowerCal, PowerIinfo, PowerMate,
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Technology Incorporated in the U.S.A. and other countries.

S%TAP IS a service mark of Microchip Technology Incorporated in the

All other trademarks mentioned herein are property of their respective
companies.
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