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MMMMMMMMMMM Class ObjeCtive

e When you finish this class you will
be able to:

— Create complex, parallel clock signals
using Stimulus

— Create and stimulate multiple A/D
waveform inputs

— Monitor and control parameters in
firmware using DMCI %

— Know how to use Stimulus to log data to
verify program functionality
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eeeeeeeeeee Expectations

e | will not cover fundamental
operations of

— Simulator
— Stimulus dialog

@ Detalls will be in lab handouts

e® Teaching methods

— Run through functionality “How to”
— Lab
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nnnnnnnnnnn Agenda

e Use Stimulus for complex signals

— Repeating, periodic clock
(Keybounce)

— Conditional stimulus injection
(Encoder)

e Create and use multiple A/D channel
signal injection

e Monitor signal injection and control a
firmware parameter with DMCI

e Find out more
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) L Key Bounce

e Short clock burs_t
—i|1]i _!_ j nﬂﬂJ_

e Repeat when desired
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Stimulus Select

# MPLAB IDE v7.60

Fil= Edit View Project | Debugger Programmer Tools Configure Window Help

[ D@ W 4 sckms ' i sERO| cunuRoE

Clear Memaory ]
I stimulus - [Untitled] ;IEIEI

Pin / Register Actions | Advanced Pin / Hegislerl Clock, Stimulusl Reqister Iniectionl Fegister Trace  Aspnch |

Run
Animate
Halk

Step Into
Step Ower
Skep ok
Reset

Firz | Fin / 5FR |.-“-‘-.n:ti|:|r'| |Width |L|nits |Enmment3£ME$sage |
» |RDZ Pulze High B0 cye i 5

Breskpoints. ..

StopWaich
Complex Breakpoints >

Stimulus J

DOpen Workb

Clear Code Coverane Save Workbook
Refresh PM Save Workbook As
Close Workbook

Settings...

Advanced... Bpply Remove Delete Row Save E it Help
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=== Define Asynchronous Button

e Select Pin
— Rx?

— TxCLK il

. S e I e Ct A C't i O n Fin / Register Actions I Advanced Fin / Regizter I Clock Stirnulus I Register Injection I Fiegister Trace Asynch |
— P u Ise - \ Nri Ixumments { Meszage |
— High
- Low
— Toggle

e Select Width

— Dec value
e Units
— ¢yc, ns
u S ’ m S Advanced... Apply Hemove Crelete Row Save E it Help
secC
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Il Stimulus - [Untitled]

Synchronous Clock

Label X'in End

tial (1 ‘

igh Coc | B eqgin

=101 %]

Fin # Reqgizter &ctions I fdvanced Pin # Begister  Clock Stirmulus | Reqizter Injechion I RHeqgizter Trace I Azynch I

N

| F.evbounck ADE

Each row provides a separate clock
Optional label

Select pin to inject the clock into
Initial start state

Low time

High time

Optional comments

A ADZ 1z High 50 cyc+ 5 ozcillations per trigger

ammentzs

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Synchronous Clock
e Begin column edit area ;
determines when the clock will . —
start izter  Clock Shrmulus | Reqgizter [njectior
O TAﬁtl ssgu;th estdaer}g Lﬁt Initial execution. High Coc| Eogin Erd —
' 5 BDZ iz High (50 cyc+ 100
. HPC” Starts at PC Value Or a IE Ig ST I:_||.|I: ...... - I:l

specific label

@ e “Cycle” starts at an absolute
AT Star cycle count from initial program
CoRe - T hesslabel execution. Or starts a relative

cycle count after the last clock

e “Pin” starts when the selected
pin changes to the selected
state. RD2 :- Port D bhit 2

™ Cycle = dec | absolute time |

* Pin = |RDZ * | iz |High =
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Synchronous Clock

. e End column edit area

determines when the clock will
izter  Clock Stmulus | Feqgizter Injectior StOp

e “Never” the clock will never stop.
High Cyc| Begin End Carni This iIs the default.

....................... “pC” stopS at the PC value or a
specific label

e “Cycle” stops at an absolute

cycle count from initial program \_Em_J
execution. Or stops a relative " Never
cycle count after the start CIPC = | hesabel
e “Pin” stops when the selected @ Cycle = |50 dec [from clock start ¥
pin changes to the selected O Pin = EEY

State
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Testin g...

e Do you need code? Sometimes.

— For animation create simple .asm file

— First line nop, Second line goto O

— Third line end directive

Use Quick Build (Project>Quickbuild)

Ensure trace enabled N
2

Run In animation
-ire the button

Halt animation and view the logic analyzer.
Select RD2
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Let’'s do it

e Open Stimulus (Asynch tab)
— Define a high asynch pulse on RD2

e Select Clock tab
— Define clock burst

e Apply (click button)
e Test it

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2
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Results

I Logic Analyzer

=101 %]

Trigger Pozition Trigger PC = Time Baze| Mode
|75tart'f;' Centeri End( |7| M i | Clear ||]Eyc sl ISimpIe | Chaninels I
+ & @l @ BEER
b} ©
= c
LL ()]
e A (b}
O w
= ke -
AD2 S | T P I et 40 --1---{]----4---F c N
v |1 i I e
< _\é 5
c
5 3
<
| I 1 I | 1 | I I 1 | I 1 | | 1 I 1 I I 1 I 1 | I 1 I 1 | 1 |
0.0 10.0 20.0 0.0 40.0 RO.0 BO.O F0.0
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Encoder
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Encoder

e Two pulse trains

RDO

_‘ RD1

90 degree phase shift
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Encoder

e First pulse train
— ldentical method to key bounce
— Use “Clock” stimulus (init high 6L 6H)
— Trigger on pin state
— Run for predetermined time

_‘ RDO
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Encoder

e Second pulse train
— Use “Advanced Pin / Register” tab

— Generate a pulse train based on the first

pulse train, using conditional statements
Il Stimulus - [Untitled] =10 |

Pir / Fegister Actions:  Advanced Fin / Reaizter | Clock Stimulusl Reqgister Iniectin:unl Heaqister Tran:el .-“-'-.synchl

E

Define Conditions |

fConditio
COMDT

Comments -

COMD4 SFR ALRK = g
COMDS Bt ADIC = 0

hd
rrklihnC Mo
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=== Advanced Pin/Register
=101 x|

Pir # Fegister Actions  Advanced Fin / Reqgister | Clock, Stimulusl Reqgizter Iniectinnl Reqizter Tran:el .-'l'-.sync:hl

— Define Triggers
Enable Eu:unu:liticur'u<| Tj,lpej) He-&rm Delay 2 RO < Chck here to Add Signalz > ﬂ
CaoMDM Cont 0 cyc 1
COMD3 Cont 0 cyc a
1/ COMDY Cont B mz 0
ry{afine Conditions |
hor YWhen Changed W it Comments -
COMDZ  Fin ROO = 0 3 oyc
COMD4  SFR ALRM = on
COMDS  Bit ADC = 0

hd
rrkincC Mo

Bdvanced... I Apply Hemowve Delete B o Save E wit | Help
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Results

=101x]

M iode

ISimpIe | Channels I

Start®® Centert” Endf

|' Trigger Position—————— |' Trigger PC = |' Time Baze

I— o | Clear |
[+ < al&) 7 Bl lsi)

Cyc |

) O
=+ 1 c
LL 1] ()
ey a4
2 S
RO - |~
>
7 O
<“ A A
RO ‘
Walit 3 Walit 3
([t 11 r1rrr1 prrrrr1r 1ttt t19 1>ttt 1Pt 1T1T1P1P P17 1717 <1717 1T 7191
.0 10.0 20.0 a0.0 A0.0 A0.0 R0.0 f0.0 a0.0
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MMMMMMMMMMM Let’'s do it

e Open Stimulus (Asynch tab)
— Define a set high asynch event on RDO

e Select Clock tab

— Define clock burst with 12 cycle period on
RDO

e Select Advanced Pin/Register tab
— Define 2™ clock on RD1 based on first

e Apply
@ Testit
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Circult Breaker Project
with Zero Crossing and
Multiple A/D Inputs
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=== Zero Crossing Applications

e Usedin
— AC Power Metering
— Circuit Breaker (Lab 3)
— UPS Systems
— AC Motors
— Appliance Speed Control Applications
e Used to synchronize A/D conversions and
calculations with current line cycle

— Line frequency, phase and A/D timing derived from
Zero Crossing
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Circuit Breaker Project

e What are we trying to do? What is the end goal?
e Verify the code works and the Breaker trips

dsPIC33xxxx @

Current

Voltage
Zero Crossing circuit

e What do we need to verify the code
—  Firmware complete (Lab project code is done for you)
— Input:- Simulated A/D values for voltage and current
— Input:- Simulated zero crossing clock
—  Output:- Ability to monitor trip output for the circuit breaker
—  Output:- Ability to monitor or extract data to compare results
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Stimulus Inputs

e Two waveforms Voltage & Current
e Zero Crossing

1200
- )\//ilﬁa;gg‘l—
169v == 853
% 800 \ 4 v wvl120v == 753
(7]
g 600 | 7/
0 Ov ==512
2 400 Current
200 -120v == 271
-169v == 171
10 bit A/ID o

1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31

Sample Number
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UorM Circuit Breaker
Stimulus Requirements Lab 3

e A/D voltage and current values:- Register Stimulus one file
two data columns inject into AD1BUFO

— Scaled A/D inputs :- Excel spread sheet

e Zero Crossing 60Hz line frequency clock :- Clock Stimulus
Inject into IC1

e Solenoid Trip output:- Watch window LATD/PORTD [Bit 1]

e \Verification:
—  Method A
e Trace intermediate Power values
e Verify in Excel spread sheet VoltageCurrent.xls
— Method B
e Monitor power readings with DMCI
e Adjust power level to test breaker with DMCI

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 25



General A/D File Data

e A/Dreads anew value into the result buffer from
the file whenever it is requested to perform a
conversion

e The format of rows and columns is irrelevant.
White space is used as delimiters for each value.

e For 8-bit PIC® microcontrollers this is one value
each time

e For 16-bit PIC microcontrollers there can be
simultaneous samples. In this case the number
of samples is the number of values read
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=== A/D Data:- EXCEL Spreadsheet

o Create 2
columns
of data,
charting
results

Copy the
2 columns
of data
and paste
INto data
fille xxx.txt

© 2007 Microchip Technology Incorporated. All Rights Reserved.

Ll B LR v | e T S T OZ4 | IRB v Ty G T T D o2 u = = =[9| @ s
=5 - 23

A E C D E [ F | 5 | H | | J | kL
| 3 |Samples Per Cycle 32 Offset 212
| 4 |[Mumber ADC Bits 10 “Yoltage Scale Factor 2011326
| 5 |Current Phase Degrees 30 Current Scale Factor 18.10193
| B |Line RMS altage 120 Load Current Ratio 0.083333
| 7 |Line RM3S Current 10 Real Power 1036
| 8 |Max RMS Line Valtage 180 :
| 9 |Max BMS Line Current 20
10
E Sample # A/'D Voltage A'D Current Power | Line Voltage Line Current
| 12 | 0 312 540 0 0.o 707 00
13 1 579 631 11323 33.1 9.32 Laaiay
= 800
| 14 | 2 543 12 26593 54.9 11.22 '\
|15 3 702 742 43700 94.3 12,68 700 7"#‘“"
| 16 | 4 753 789 59527 120.0 13.66 = GO0 / “-\ \

3
e T R L Py -_——rn
E 7 847 754 81070 166.4 13.39 g 400 Z
| 20 | g 853 734 75702 169.7 12.25 P, 200 .\.\ ;"f /
21 9 847 704 64320 166.4 10.63 'cg-:‘
E 10 827 BES 49140 156.5 B.61 200 "/
| 23 | 1 796 623 32092 1411 6.25 100
| 24 | 12 753 578 155806 120.0 366
25 13 702 529 3230 943 0.92 S
| 2F | 14 E43 479 A7 E40 185 1T 3 9 7 9 1113189171921 2325 2729 31
i 15 a78 430 5484 33.1 -4.55 Samp|e Number
| 23 | 16 512 354 0 0.o -7.07
| 29 | 17 445 343 11323 -33.1 -9.32
| 30| 18 381 309 26593 £4.9 -11.22
| 31 | 19 322 282 43700 -94.3 -12.68
| 32 | 20 271 265 59527 -120.0 -13.66
|35 | iy 228 257 72420 -141.1 -14.11
| 34 | 2 197 258 80010 -156.8 -14.02
| 36 | 23 177 270 81070 -166.4 -13.39
| 36 | 24 171 290 75702 -169.7 -12.25
| 37 | 25 177 320 64320 -166.4 -10.63
| 35 | 26 197 356 49140 -156.8 -8.61
| 39 | e 223 399 32092 -141.1 -6.25
| 40 | 28 271 445 15506 -120.0 -3.66
|41 29 322 495 3230 94.3 -0.92
| 42 | 30 381 345 -4323 £4.9 1.85
43 Kl 445 594 -5494 -33.1 455
P TR L T S =Y P S TR T | Ial
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A/D Data File

E.":' TextPad - [Document1 *]

File Edit Search Wiew Tools Macros Configure W

e White space [oza 8apE |20

==l 212 512

delimited values Documenti* | 531 412

795 228

273 150
936 87

984 39
1013 10

e One line per set of 102 Lo
A/D results 335 %

e N channels of A/D 338 74
sampling equates 333
to N columns of fo 1613
data e

412 611
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A/D Value Injection

Register Injection
txt file 2 Columns

Column

1 2

AN1

voltage

Simultaneous
Sample

Ch0 = AN1 (V)
Ch1l = ANO (1)

ADC

ANO

current

4 Trigger
A/D

ADC1BUF

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Register Injection
IE]

Label ‘ “ rap Fn:urmat ;.
et [ptianal] _____________________ : Pbins T estzh 33w\ N\ es [ 2 '

Comments

[ophional]

e Each row provides a separate Register Injection
e Register or Variable to inject the data into
e Trigger type Demand (when read) or PC= ‘Label’
e Data width

e File name of data
e Wrap around to start (continues until stopped by user)
e Format

@ Optional comments

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 30



" .
Zero Crossing Clock

Bl Stimulus - [Untitled] _ (o] x| |

Label Fin [ ritial /’Lu:u.f-.I/E_l,Ic:Ies High Cycles gin End omments -
SemlCrozzngy [C1 Lo J33333 3333 Start Hever _______ 60 Hz with 40 bIPz

hd
— Bean End
(% At Start % Mever
CpC = | | hex/label CPrC = | | hex/label
e Create a clock to simulate the zero crossing
detection

e Use clock stimulus start always end never

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 31



Let’s do it Lab 3a

e Create A/D data file using:- VoltageCurrent.xls
e Use Workspace CircuitBreaker.mcw

e Create 60hz stimulus clock, attach A/D data file within
Stimulus dialog

e Apply stimulus
e Build, execute code

e View watch window, shows “Power”
Should be equal to real power in spread sheet

O Oﬁ/ltionally view file registers, which shows data results in
DMA ram

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 32
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Verification Method A

Register Trace
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ERY Verification Method A
Register Trace

Label Heq / ‘JaTrigger

=101 %]

PC Ualu Wi Tran:e Filename Farmaty Conmments

f [optional] \ WREG Crermand

10 hirt T estsd 33 W Dec

[ophional]

e Each row provides a separate Register

trace

e Optional Label
e Register or Variable to trace data from
e Trigger type Demand (when written) or

PC= ‘Label’
e Data width

© 2007 MicrﬂTgcinology Incorporated. All Rights Reserved.
- iln narmn fAar Aata
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S Verification Method A
using EXCEL

e Open Excel VoltageCurrent.xls

e Cut and Paste the traced data from file
created during execution

e Compare with the computed Power
values within the spread sheet

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 35
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Verification Method B

Data Monitor and Control
Interface (DMCI)
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e Plug-in tool shipped
Wlth MPLAB® IDE “Tata Monitor And Control Interface =2/t

||

Slider 1 Slider 2 Slider 3
Quadrature Phase Current

0.3112 0.0540 0.0540
Source Symbol: SnepBufl

e Tightly integrated
Into the IDE

e Use to control
application
parameters and/or |
monitor data | ]
(graphically) T e

Motor Velocity

Soumre Symbol: SnepBuf

orr] ort OFF”
e Debug tool .
i n d e p e n d e n t IamicDaInDUt -
L | [ B | [ & | [ ][ % | [ & | [ ® | coforstonfie C:WPLABNETIrclDMCIatest ACIM Coc

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 37
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DMCI

Three types of control

e Sliders (9) provide variable control

between min/max limits

e Built-in fractional conversion for

easy PID control

e Booleans (9) provide on/off

state control

e Built-in support for bit fields

slider 1

0.3112

PIParmD . KD

Boolean 1

Ox0400

[N

Trip

© 2007 Microchip Technology Incorporated. All Rights Reserved.
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Three types of control (continued)

nVoltageLim User Defined Group 1

e User defined groups (6) have e IrVotageLim

5 direct edit entry controls = =
50

41|k

¥

n'oltageLim

e Can specify inc/dec steps FlnvotageLi i
USIng Spln button Eﬂtsfgtléprgrt 5 Volt Steps

. . : . nSpeedLlim
. Can d efl n e C E n u m S tyl e [Increment/Decrement Value = 5| Mator Speed

500 RPM Steps

step entries using spin button

nSpeedLlim

Motor Speed PIPamD qkp
500 RPM St
=R [PID) Cumert

. FI 0 at In p Ut mo d e . Speed 2 : Proportional
(built-in fractional conversion) e W TEC I

[ 1lnput 5

[+] PIPamD qkp ‘

(P10 Cument
Proportional

e
w

0.3112

|In|:rement_-"DE|:rement Factor = 0,0100, Target Value = III><2?D5|

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 39
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e View vector
based
performance
history

e MPLAB® SIM
Real-Time
updates

e MPLAB
REAL ICE™
In-Circuit
Emulator

DMCI
Four Graphs

_| Data Monitor And Control Interface g

Dynamic Data Control | Dynamic Data Input [ Dynamic Data View :

Graph 1 Graph 2

Phase Cuorrent
Sowmra Symbol: SnapBufl

MR I r||\ \'l\:||: i
LRI WM ”|I|!l”1 EUH in'\-}'i"y"*
| | i

53 106 159 212 285 318 371 424 477 530 583 636 689 742 795 848
X Axis

X Axis

[ 2 ] [ (= ] [ ] [ H ] [ ] [ ff» ] [ ? ] Configuration file: | C:\WPLAB_NET\src\DMCI\Latest ACIM Code'\ANSOSACIM. dmc

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 40
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DMCI

Control configuration

e Context based property

dialogs to hook a control
to a software variable or
memory address

Global symbols identified
as you add them and re-
compile

Dynamic selection
provides address, data
Size, and data range
automatically

Data Absolute allows
manual entry of Address,
data size and range

Dynamic Data Control Properties

2

Slider 1 | slider 2 | Slider 3 | Slider 4 || Slider 5 | Slider & | Slider 7 | Slider & | Slider 5

Slider Control Settings
Global Symbols

() Dynamic

=I~ PIFarmD
qdSum
gKp
akl
qkc
qlutMax
qCutMin
gInRef
glnMeas

Selected Variable:
PIParmD.gkp

Address:
O 1E7A

Interactive Behavior
[ ] allow Refresh Update

[ ] apply Run-Time Changes

© 2007 Microchip Technology Incorporated. All Rights Reserved.

+- OpenLoopParm s

qOut w

Absolute Address

() Data

Range:

Address:

Data Size:
Data Range:
Display Format: |Fractional v
Upper Limit; | 1.0000
Lower Limit: | 0.0000

Alternate Label:

QK H Cancel H Help

17015 MS2Z
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Let’'sdo it Lab 3b

e Open DMCI from tools menu
(Tools>Data Monitor and Control Interface)

e Enable 1 slider and 4 graphs
e Right click on slider
® Select parameter to control
— Load
e Right click on each graph
® Select parameters to monitor
— Current
— Voltage
— Solenoid
—  Power

® Rudn the application and adjust Load using
sligaer

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 42
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=== Where to find out more

e MPLAB® IDE Help

e Appendix — Useful links & Lab Handouts

e Forums /Webinars

— http:/forum.microchip.com

— http:/techtrain.microchip.com/webseminars

j Development Tools Hom

crosoft Internet Explorer

Fle Edit yiew Favortes Tools  Help

=10l x|

‘ B

Qe - ©) - [x] (2] 7w | ) search ' Favorites €3| - ; A

address [&] http:fjvmw.micrachin comjstellent idepla?1deService=55_GET_PAGEBnadeld=61

[

s [unks >

Products Sample Purchase On

Corporate

RF |
Site Search @ I Documer

Home » Products » Development Tools

Resources

O Cevelopment Tools Home
© Development Tool Selector

O Developrment Systerns Wik
Forums

CE? 4000 i MCP6X2Z PGA PICDEM 2
ACET 4000 MCPEX2PGA plepemz

us

Taools nHesources De pment Tools Showcs

RASHEE e Qmowce |

o — SRR = et

What's New

| Development Tools

Development Tools Features

MNEW! The latest Developrment System's
wehinar: "Simulator, ICE, or ICD??
—Choosing a Debug Toal"is now
available

Other Development Tool wehinars
include

© Archives - Introduction to MPLABZ Simulator
© Contact Micrachip Software Hardware Demo Boards - l’in;gm[;:! Tri‘cks Usi?g M:—'LAEI IDE
- d=PIC Development Tools
S e IR R MPLAB® IDE Integrated MPLAB® ICD 2 In-Gircuit eI - Introduction to Visual Device Inftializer
ools Home
Developrment Debugger - Signal Analysis PICtail daughterboard
Enviranrment Connectivity  Introduction to MPLAB IDE
O Design Home Fage PICETART® plus troduction to Development Tools
- MPLAE® C18 Compilar LR
Programming Home &
. ! MPLAR P 3 PIC24 MCU
O Programming Specifications MPLAB C30 for Frogramimer
© Code Examples cEeE T ERIET (Rl PICtail Mainhter ANArds . Ol AD IME 07 91 Dalanna =
] & Internet A~
© 2007 Microchip Technology Incorporated. All Rights Reserved. TI0I5 MSZ
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Summ ary

e Complex signals
— Key bounce
— Encoder

e A/D stimulus on multiple channels
e Verification using DMCI or Log data
e More...

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 44
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THANK YOU!
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MASTERs 2007 A p p e n d I X

e Useful Links

e lLab 1l
— Key bounce

e Lab 2
— Encoder

e Lab 3
— CircuitBreaker with Zero Crossing

11015 MS2 Slide 46
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=== 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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wl Key Bounce Lab 1

e Objective: Create pulse train triggered by Asynch stimulus
=10/ x|

Trigger PC = Time Baze| Mode
|V M ow | Clear ||]E_l,ln: -

Start ™ Centerl End(

ISimpIe | Channels I

|' Trigger Pozibion

+ & alal i ==asir

ROZ

0.0 10.0 200 20,0 40.0 50.0 BO.O f0.0
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wl Key Bounce Lab 1

e Open MPLAB® IDE

— Select menu item “Configure>Select Device”
— Select a “pic18C442” device “OK”
— Select menu item “Debuqgger>Select Tool>MPLAB SIM”

® Open Stimulus window. ASYNCH event
Select “Debugger>Stimulus>New Workbook™
— Select “Asynch” tab
— Select pin with drop down list “RD2” (Port D bit 2)
— Select action “Pulse High”
— Enter pulse width “60” cycles




MASTERs 2007

Key Bounce Lab 1

e Stimulus. SYNCH event

Select the “Clock Stimulus” tab at the top
Enter an optional label if desired

Select the “RD2” pin from drop down under “Pin”
column

Select “Low” from drop down under “Initial”’ state
column

Set “Low Cycles” to “5”. Set “High Cycles” to “5”

Select the “Begin” box on the stimulus row. By default
this will be set to “At Start”

Move down to the “Begin” dialog edit area (lower left)

Change from the “At Start” to the “Pin” option (radio
button

Select “RD2” in drop down list for the “Pin” to use
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MASTERs 2007

Key Bounce Lab 1

e Stimulus. SYNCH event cont...

Select “High” in the adjacent drop down box

The clock will begin when RD2 goes to a high state and
the selections in the Begin area will be reflected within
the “Begin” column above

Select the “End” box on the stimulus row. By default
this will be set to “Never”

Move to the “End” dialog edit area (lower right)

Select the option to end on “Cycle” (radio button)

Set cycles to “50”

Select “from clock start” in the adjacent drop down box

The clock will end 50 cycles after the startinﬂ trigger
and the selections in the End area will be reflected
within the “End” column above

Optionally enter a comment within the stimulus row

logy Incorporated. All Rights Reserved. 11015 MS2 Slide 52



wl Key Bounce Lab 1

e Apply Synchronous Stimulus

— Select the “Apply” button at the bottom of the stimulus
window

— Select the “Asynch” tab in preparation to fire the
asynchronous stimulus.

— You are now ready to test

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 53



Key Bounce Lab 1

e Testing. Write code for animation (simple loop)

— Open a new file, “File>New”. No real code needed for
testing

— Enter a tab then a “nop” on the first line

— Enter a tab then a “goto 0” on the second line

— Enter a tab then “end” directive on the third line

— Select “Save”, give the file a name with an ‘asm’ extension

— Select the menu “Project>Quickbuild” (file must be Iin
focus)

e Testing. Enable trace
—  Select “Debugger>Settings” and check the box “Trace All”

— Select the “Animation / Realtime Updates” tab. Set
“animate step time” to 100 ms

— Select OK at the bottom to close the settings dialog

— This allows tracing of IO pin data so we can view it in the
logic analyzer
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wl Key Bounce Lab 1

e Testing. Execution

— Select reset and then animate (double arrow icon in
toolbar)

— Fire the Asynch stimulus “RD2 pulse high 60 cycles” from
the Asynch tab in the Stimulus window

— Due to the animate speed being 0.1 seconds per step halt
after about 6 seconds to allow the synch clock to complete

@ Testing. Verify input pulses
— Open the Logic Display “View>Simulator Logic Analyzer”
— Select the “Channels” button and select the “RD2" signal

— Press the “Add” button to add it to selected signals
— Click OK
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wl Key Bounce Lab 1

e Testing. Verify input pulses
— View the output of the RD2 wave form

— If the Logic Analyzer is already open, you will see it
update on each step during animation

e Extra Objective

— Turn the cursors on within the Logic Analyzer and
measure between the first and last rising edges

— Is it what you expect?

Il Logic Analyzer

Trigger Pozition Trigger PC = Cu 'SOIS
|75tart¢':' Center” End( |7| ] oy
I? ql al&zl == =Y
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Encoder Lab 2

e Objective: Create 2 pulse trains RD1 based on RDO

=101.x]

|'Trigger Pozition——— |'Trigger FC = |'Time Baze| Mode

Start™ Center? End( I I o | Clear | Il:_lr“: I~ ISimpIe | Channels I
[+ &l al&l o ElESi

ROO

RO

0.0 10.0 20.0 200 40.0 50.0 BO.0 f0.0 s0.0
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Encoder Lab 2

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

® Open Stimulus window. ASYNCH event
Select “Debugger>Stimulus>New Workbook”
— Select pin with drop down list “RD0O” (Port D bit 0)

— Select action “Set HI? _ _ .
(The Synch clock will drive this low on completion of

clock)




MASTERs 2007

Encoder Lab 2

e Stimulus. SYNCH clock 1

Select the “Clock Stimulus” tab at the top
Enter an optional label if desired

Select the “RDO” pin from drop down under “Pin”
column

Select “High” from drop down under “Initial” state
column

Set “Low Cycles” to “6”. Set “High Cycles” to “6”

Select the “Begin” box on the stimulus row. By default
this will be set to “At Start”

Move down to the “Begin” dialog edit area (lower left)

Change from the “At Start” to the “Pin” option (radio
button

Select “RD0” in drop down list for the “Pin” to use




MASTERs 2007

Encoder Lab 2

e Stimulus. SYNCH clock 1

Select “High” in the adjacent drop down box

The clock will begin when RDO goes to a high state and
the selections in the Begin area will be reflected within
the “Begin” column above

Select the “End” box on the stimulus row. By default
this will be set to “Never”

Move to the “End” dialog edit area (lower right)

Select the option to end on “Cycle” (radio button)

Set cycles to “60”

Select “from clock start” in the adjacent drop down box

The clock will end 60 cycles after the starting trigger
and the selections in the End area will be reflected
within the “End” column above

Optionally enter a comment within the stimulus row
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MASTERs 2007

Encoder Lab 2

e Stimulus. SYNCH clock 2

Select the “Advanced Pin / Register” tab
Under “Define Conditions”

Select the first box marked “Any” on COND1. From the
drop down list select “Pin”

Under the next column select “RD0O” (The “Pin” the
Condition will be based on)

Leave the “=" comparison, Set the next box value to “1”
Select the “Wait” column and enter “3”

Select units to be “cycles”

Create a “COND2"” the same way by doing the following
Select “Pin”, select “RD0” again on the next row

Leave the “=" comparison, Set the next box value to “0”
Select the “Wait” column and enter “3”

Select units to be “cycles”
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MASTERs 2007

Encoder Lab 2

e Stimulus. SYNCH clock 2

Under the “Define Triggers”, the first row is enabled
Select the “Condition” column and select COND1
Select “Type” to be “Continuous”

Enter “0” in the “Re-Arm Delay”

Click on the column header “Click here to Add Signals”

Select “RD1” and click “Add” then “OK”. This adds the
RD1 signal to allow it to be changed on a condition

Select the column “RD1” and enter “1”

Select the “Condition” column on the next row and
select COND2

Select “Type” to be “Continuous”

Enter “0” in the “Re-Arm Delay”

Select the column “RD1” and enter “0”

The enable check will come on as you enter data

chnology Incorporated. All Rights Reserved. 11015 MS2 Slide 63



Encoder Lab 2

e Apply Synchronous Stimulus

— Select the “Apply” button at the bottom of the stimulus
window

— Select the “Asynch” tab in preparation to fire the
asynchronous stimulus.

— You are now ready to test
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i Encoder Lab 2

e Testing. Write code for animation (simple loop)

— Open a new file, “File>New”. No real code needed for
testing

— Enter a tab then a “nop” on the first line

— Enter a tab then a “goto 0” on the second line

— Enter a tab then “end” directive on the third line

— Select “Save”, give the file a name with an ‘asm’ extension

— Select the menu “Project>Quickbuild” (file must be Iin
focus)

e Testing. Enable trace
—  Select “Debugger>Settings” and check the box “Trace All”

— Select the “Animation / Realtime Updates” tab. Set
“animate step time” to 100 ms

— Select OK at the bottom to close the settings dialog

— This allows tracing of IO pin data so we can view it in the
logic analyzer

© 2007 Microchip Technology Incorporated. All Rights Reserved. 11015 MS2 Slide 65



MASTERs 2007

Encoder Lab 2

e Testing. Execution

Select “reset” and then “animate” (double arrow icon in
toolbar)

Fire the Asynch stimulus “RDO0O Set High” from the Asynch
tab in the Stimulus window

Due to the animate speed being 0.1 seconds per step halt
after about 6 seconds to allow the synch clock to complete

@ Testing. Verify input pulses

Open the Logic Display “View>Simulator Logic Analyzer”

Select the “Channels” button and select the RD0O & RD1
signals

Press the “Add” button to add it to selected signals
Click OK
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Encoder Lab 2

e Testing. Verify input pulses
— View the output of the RD0O and RD1 wave forms

— If the Logic Analyzer is already open, you will see it
update on each step during animation

e Extra Objective

— Define 2 more Triggers using the existing conditions and
make RD1 lead RDO by 90 deg
(switch the pulse train around)

— Use the enable check boxes to turn one set off and the
other on




Encoder Lab 2

e Extra Objective Result
10| x|

kode

Trigger Pozition Trigger PC = Time Baze
|75tartf=' Centerf End( |7| I o | Clear ||]Eyc | |5il'|'||:l|l3 Channels I
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Lo iV | Circuit Breaker
Stimulus Requirements Lab 3

e A/D voltage and current values:- Register Stimulus
one file two data columns inject into AD1BUFO
— AC voltage scaled A/D input:- Excel spread sheet

— AC current scaled A/D input:- Excel spread sheet

e Zero Cro_ssin? 60Hz line frequency clock:- Clock
Stimulus inject into IC1

® és[,))énch Test button:- Stimulus Controller pulse high

® ﬁnch Reset button:- Stimulus Controller pulse
high RD2

e Solenoid Tr|p output:- Watch window LATD [B|t 1]
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Ler Ve Circuit Breaker
Zero Crossing Lab 3a

O Open MPLAB® IDE
Select menu “File>Open Workspace...
— Select the “11015 MS2 / Lab3 / CircuitBreaker.mcw”

—  OR Select menu “File>Recent
Workspaces>CircuitBreaker”

— Build the project

e Preparing stimulus
— Open the Excel spread sheet “VoltageCurrent.xIs”
— View the data and graph representations
— Copy the 2 columns of data to be used as A/D readings

— Within the MPLAB® IDE, open “File>New” and paste
them into a new file

— Save and name the file “XxXxxxxxx.txt”
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Ao Circuit Breaker
Zero Crossing Lab 3a

® Open Stimulus and attach A/D file
Select “Debugger>Stimulus>New Workbook”™

— Select the “Register Injection” tab at the top
— Enter an optional label if desired
— Select Register “AD1BUFO0” to inject data
— Select Trigger type “Demand”
—  Width will be “2” bytes
— Add the data file name as specified in the first step
— Select “Yes” for wrap
— Select “Dec” for decimal data type
— Add optional comment




Ucrivi

MASTERs 2007

Circuit Breaker
Zero Crossing Lab 3a

e Stimulus define ZC clock

Select the “Clock Stimulus” tab at the top
Enter an optional label if desired

Select “IC1” from drop down under “Pin” Column for
InputCapture 1

Select “Low” as “Initial” state from drop down

Set “Low Cycles” to “333333". Set “High Cycles” to
*333333” 60hz clock at 40 MIPS (six 3’s in each)

Select the “Begin” box. Leave at default “At Start”
Select the “End” box. Leave at default “Never”
Add optional comment
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LoV Circuit Breaker
Zero Crossing Lab 3a

e Apply Synchronous Stimulus

— Select the “Apply” button at the bottom of the stimulus
window

— You are now ready to test
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Ler Ve Circuit Breaker
Zero Crossing Lab 3a

e Testing. Execution
— Select “Reset” and then “Run”

— Watch the variables in the watch window. Once the
“Power” value has changed, stop the program

e Testing. Verify Power

- VeriE/ the Power value is equal to the Power value in
the Excel spread sheet for the injected data. (One tab In
the spread sheet for different test data)

— View the File Register window at address 0x4780. Note
the A/D data is placed here using the DMA and
ﬁerlpheral Indirect address mode. (Handled totally by

ardware within the silicon)
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UoriVi

MASTERs 2007

Circuit Breaker
Zero Crossing Lab 3b

e Verification using DMCI. Slider setup

Select “Tools>Data Monitor and Control Interface”
Click “Tiled window view” button (bottom 4t button)
Adjust the tiles so you have 4 graphs and 1slider visible
Enable the slider by setting the check box in upper left

Right click in colored area of slider to bring up the
configuration

Set the configuration up as displayed on next page
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MASTERs 2007

Circult Breaker

Zero Crossing Lab 3b

e Slider configuration

— Dynamic selection
— *“Load” variable

[ ADCReadings =
— Display format Decimal ——{ .b

— Upper limit 150
—  Lower limit 100
— Allow refresh

— Apply Run-Time
changes as
“Halt, Write, Run”

\
\

Dynamic Data Control Properties

Slider 1 |

—Slider Control Settings
—Global Symbaols
& Dynamic

" Data

Range:

Address:

—Absolute Address

\\

I
d
r_na \\
Address;
Px394

DataSize: [1550s -]
Data Range: Im
S Display Format: IDE::imal 'I
Upper Limit: | 150
Lower Limit: I 100
Alternate Label: I

— Interactive Behavior
¥ allow Refresh Update

¥ apply Run-Time Changes IHaIt, Write, Run

=~

o ]

Cancel |

Help
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) Circuit Breaker
Zero Crossing Lab 3b

e Verification using DMCI. Graph Setup

— Enable the 4 graphs by setting the check box in upper
left of each.

— Right click in the center of the first graph
— Select the top item “Configure Data Source”

— Go through each tab, one for each graph and set them
up as shown on the next 4 pages
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MASTERs 2007

Circuit Breaker
Zero Crossing Lab 3b

Dynamic Data View Properties cd |

e Graph 1 configuration
— Dynamic selection

— “ADCReadings.ANQ” variable
— Display format “Decimal
— Sample count “32’

— Persist Previous Run data

— Title “Voltage”

L

/

/

Graph 1 |Graph 2| Graph 3| Graph 4|

Graph Control Settings

 Streaming Data Configuration
[T mata Capture Trigger;

[ simulator Realtime Update

History: Butfier Lengths I 256

View Scaler |100%

w

IGIobaI Symbals
= Dynarmic

—|- ADCReadings -
- AN1

- CurrentCapture

- DMASampleMumber

- Load

[#]- PowerArray ll

mGelected Variable:

CRe 0
Address:

Absolute Address
" Data

Range:
Address: I

Data Size: |1-5 Bits 'I
Data Range: Im
Display Format: IDecimaI 'I
First Index: IU—
Last Index: |32

&

T Sample Count: |32

—Disngs

B

|7 Persist Previous Run Session Data

[ Auto Assign Title

Title: | voltage

¥ Axis Label: I X Axis

¥ Axis Label: | ¥ Axis

oK I Cancel Help
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MASTERs 2007

Circuit Breaker
Zero Crossing Lab 3b

e Graph 2 configuration

Dynamic selection
“ADCReadings.AN1’
Display format “Deci
Sample count “32’

\‘Glnbal Svmbals —_—
{* Dynarmic

'variable
mal”

/

Persist Previous Run data

Title “Current”

i

/

Dynamic Data View Properties

Graph 1 Graph 2 |Graph 3| Graph 4|

Graph Control Settings

 Streaming Data Configuration
[T Data Capture Trigger:

[ simulator Realtime Update

History Butfer Lengths I 256

Wiew Scaler |100%

w

Data Range:

Display Format:

[#]- PowerArray lI

o Selected Variable: First Index:

CRe AN1

Address:

Last Index:
=

Absolute Address
" Data
[=]- ADCReadings - Range:
~J_ | E-AND
‘ﬁ'ﬁ! Address: I
- CurrentCapture
- DMASampleMumber _
= 6 Bi -
- Load Data Size: Il_-BI‘tS I

ILlnsignecI x I
IDecimaI 'I

v Persist Previous Run Session Data

7 Sample Count:
-DisMnga;_

[ Auto Assign Title

\L'ﬁﬂe: I Current

X Axis Label: I ¥ Axis

¥ Axis Label: | Y Axis

Cancel

o]

Help
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MASTERs 2007

e Graph 3 configuration

—rF Simulator Realtme U
— Simulator Realtime M«Wﬁ
— History Buffer “256” .

’i
- Load
. . - MewSamplePeriod
_ - Power
Dynamic selection
- PreviousCapture
.- Solenoid

— View Scale “100%” .

Circuit Breaker
Zero Crossing Lab 3b

Dynamic Data View Properties

Graph 1| Graph 2 Graph 3 |Graph 4|

Graph Control Settings

 Streaming Data Configuration
[T Data Capture Trigger:

History Buffer Length: IIZSG
}w Scale: |1[][]=;.r,, vl

—  “Solenoid” variable
— Display format “Decimal”
— Persist Previous Run data

Range:
Address: I

Absolute Address
|7(" Data

Data Size: IB Bits 'I

-

Display Format: IDecimaI 'I
First Index: I—
Last Index: I

Sample Count: I—

rDisplay Settings

— Title “Solenoid TRIP output”

[ Auto Assign Title

o |7 Persist Previous Run Session Data

p Title: ISolenoidTP.IP outpu

t

X Axis Label: | X Axis

¥ Axis Label: | Y Axis
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MASTERs 2007

e Graph 4 configuration

Circuit Breaker
Zero Crossing Lab 3b

Dynamic Data View Properties

Graph 1| Graph .'ZI Graph 3 Graph 4 I

Dynamic selection

“PowerArray” variable
Display format
Sample count “32”

Persist Previous Run data

Title “Power”

“Decimal”

—

Graph Control Settings

 Streaming Data Configuration
[T mata Capture Trigger;

[ simulator Realtime Update

History: Butfier Lengths I 256

View Scaler |100%

w

IGIobaI Symbals
= Dynarmic

- MewSamplePeriod
- Power
?Puwerﬂrra\r

- PowerTraceValue
- PreviousCapture
- Solenoid

- TestBu
- __SP
- BP_init

h.@hﬁd Variable:

Absolute Address

" Data
;I Range:
Address: I
Data Size: |32 Bits 'I
Data Range: m

FOWEF

Address:

Display Format:
First Index:

Last Index:

T Sample Count:

IDecimaI 'I

\\P\xﬁﬂﬁ
—Diws

|7 Persist Previous Run Session Data
[ Auto Assign Title

\'ﬁﬂe; I Power

¥ Axis Label: I X Axis

¥ Axis Label: | ¥ Axis
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MASTERs 2007

Circuit Breaker
Zero Crossing Lab 3b

e Testing using the DMCI

Reset the application
Start execution
Select the slider control button with left mouse button

Adjust the slider keeping the mouse button down until
you have the desired value.

Release the mouse and the selected value will be
applied into the Load variable

When you raise the value above 116% the trip will
occur

Set an Asynch stimulus to reset the breaker after you
lower the Load percentage
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MASTERs 2007

Circuit Breaker
Extended reach Lab 3b

e Verify by tracing data

Focus on Stimulus workbook

Select the “Register Trace” tab at the top

Enter an optional label if desired

Select Register “PowerTraceValue” to monitor

Trigger type “PC=" will be the default for data variables
Select the label “TracePower” for the PC value

Set width to “4” as the variable is a long (4 bytes)
Provide the file name to log the data into

Select “Dec” for decimal data type

Add optional comment
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LicFIVi Circuit Breaker
Extended reach Lab 3b

e Apply updated Stimulus

— Select the “Apply” button at the bottom of the stimulus
window

e Testing. Execution
— Clear the “Power” value in the watch window
— Select “Reset” and then “Run”

— Watch the variables in the watch window. Once the
“Power” value has changed, stop the program

— Select the “Remove” button at the bottom of the stimulus
window to allow the trace file to be closed




LicFIVi Circuit Breaker
Extended reach Lab 3b

e Open the trace data file. “Select All” data within the file
and “Copy”

e Open the Excel spread sheet “VoltageCurrent.x|s”

e Highlight an empty cell in a free column next to the
highest cell of calculated power values, that you will
compare the data to

e “Paste” the data. This will fill the column adjacent to the
column you are going to compare the data with

e Verify at each row (one set of A/D data) that the power
traced out, matches the spread sheet calculations




MASTERs 2007

Circuit Breaker
Extended reach Lab 3b

e Additional Extra Objective

Create different A/D input files using the different tabs
\c/iVItthm the EXCEL spread sheet, and test each set of
ata.

Use “Over Current” and “Over Voltage” and check if the
“Trip” output is triggered.

The “Trip”Bpin IS RD1, shown as
“LATD [Bit 1]” in watch window

Create asynch button for “Test” (RD3) and test
Create asynch button for “Reset” (RD2) and test




UUUUUUUUUUUUUUUUUU

Lori . "
Circuit Breaker

e Following are block diagrams to explain how
the application has been designed and how the
peripherals are operating within the application

— Overall block diagram

— ZC Input Capture block diagram
— Timer 3 block diagram

— ADC block diagram

— DMAC block diagram
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Llor Vi Circuit Breaker
™ Block Diagram Lab 3

To Load

Input e Trip
m

Current,

Voltage

Divider

Zero Crossjiivde:
Detector

.!

Reset |

Reset Test Test

Button Button




MASTERs 2007

e Inp

Circuit Breaker
Hardware Configuration Lab 3

ut Capture

AC Zero Crossing voltage triggers IC1 on rising edge

Uses TMR2 as time base, free running 16-bit mode
period is 1/16 of TMRS3 rate, no interrupts

IC1 Interrupts firmware to re-calculate A/D sampling
period (TMR3 Period value)

Maintains phase lock with AC line

e Timer 3 configuration

Period is set to 1/32 of AC line period
Creates 32 identically spaced samples per line cycle

Period is adjusted by IC1 to compensate for Phase and
line frequency shifts

Triggers ADC conversions for both voltage and current




LIoFIV] Circult Breaker
Input Capture Interrupt Lab 3

Input Capture : Calculate A/D Sampling
Zero Crossing

Period time from last
Input capture

New Period

Increment PR3 > PR3?

Adjust Period
register for Timer 3

New Period

Decrement PR3 < PR3?

Return )
from Interrupt }
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LcrlV] Circuilt Breaker
TMR3 Interrupt Lab 3

TMR3 Interrupt
Each Sample

TMR3 Period
Match

Initiate ADC
sample & convert

Trip Breaker Over Voltage?

Trip Breaker

Return )
from Interrupt }




LIV Circuit Breaker
Hardware Configuration Lab 3

e A/D configuration
— Simultaneous sampling CHO=AN1 and CH1=ANO
— Conversion Triggered by TMR3 period match

— Uses scatter / gather offset address generation for DMAC
use, maintaining circular buffer computations

— Interrupt detected and handled by DMAC hardware

e DMAC configuration
— Services ADC conversion completion
— Computes final destination address for ADC results

— Moves data from AD1BUFO to either Current[] or
Voltage[] dual port RAM array

— Interrupts firmware when both arrays are completely full
with 32 A/D samples (64 transfers)




Uerivi ~ Circuit Breaker
Simulator ADC Lab 3

MASTERs 2007

Column 1 2

Register
Injection
xt file

2 Columns

1) TMRS3 Period Match Triggers A/D conversion

2) Two columns of Register Injection are read by the
simulator ADC

3) Completed A/D conversion triggers DMAC

4) DMAC reads results from AD1BUFO and writes them to
Current and Voltage arrays

5) One DMA transfer takes place for each conversion

6) ADC computes the offset address based on channel
number & circular buffer; this is read by the DMAC

7) No firmware is involved; this process is completely
automated by hardware

Sample
Ch0 =AN1
Chl =ANO

Trigger
DMAC

Trigger . TMR3
A/D PeriOd MatCh Arrays in dual
ported RAM
can be
Current[] (ANO) ~ccessed

by user code at

Voltage[] (AN1) BeAluC
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LcrlV] Circuilt Breaker
DMAC Interrupt Lab 3

DMACO Interrupt every I  Calculate
32 Samples, 1 AC Line Cycle Real Power

Trip Breaker Test Button?

Reset Breaker Reset Button?

Return )
from Interrupt }
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