JlaopaTtopHbie pa6oTbl MASTERS 2015 Russia

NabopatopHble paboTbl NpoBoaum Ha naate Curiosity, Ha koHTponnepe PIC16F1619

Curiosity  Eiksi:'
Microchip.com/Curlosity "~ ~ ¢

Llenb: N3yuermne MNepudepmmn Hesasmcumoii ot Agpa (MHA) — Code Independent Peripheral (CIP).

Heobxogmnmo numeTb Ha KomnbiloTepe cneaytouee MO:

MPLAB X IDE (cpena paspaboTkn) www.microchip.com/mplabx

Mnarnubl K MPLAB X IDE: MPLAB Code Configurator (MCC) YcraHaBausaetca us MPLAB X
Data Monitor Control Interface (DMCI) | YcraHasausaetca ns MPLAB X

MPLAB XC8 (komnunsTop) WwWw.microchip.com/xc8

JlaGopaTopHas pa6oTa 1
Nzyyaem Monyne Konpurypupyembix Jlornueckux SAueex (CLC), ucnonbzyem Taiimepa u moaymnu [HIMM.

AmnmnapatHo (6e3 y4acTHs nporpaMMbl) (JOPMUPYEM CUTHAI BHIA

CxeMma:

’ Timer 2 |>| WMt I L
‘ Timer 4 l_.| w2 lfi

cLc _|LED 1
(XOR) |

1. 3anyckaem MPLAB X IDE



http://www.microchip.com/mplabx
http://www.microchip.com/xc8

2. Cosmaem npoext B MPLAB X IDE

New Project

Steps Choose Project
; I:Il\onse Project Q Fiker: [ ‘
Categories: Projects:
1) Microchip Embedded (&) 32-bit MPLAB Harmony Project |
) Other Embedded [=Qstandalone Project
@) Samples a Existing MPLAB IDE v8 Project
Q Prebuilt (Hex, Loadable Image) Project
(&3 User Makefile Project
(&3 Library Project
Description:
ic:eates a new standalone application project, It uses an IDE-generated makefile
o build your project.
;

New Project @

Steps Select Device
1. Choose Project
2. Select Device
3. Select Header Family: ‘lAII Families v
4. Select Tool :
S. - Select Plugin Board e |
67 Select Cotapiler Device: v
7. Select Project Name and PIC16F1613
Folder PIC16F1614
gﬁ L ; PIC16F1614 =
PIC16F161S
IC16F1615
[E PIC16F1618
PIC16F1618
arERCE
New Project
Steps Select Tool
1. Choose Project N
2.  Select Device 1) Hardware Tools
3. ©0ICD 3
@ PICkit2
00 PICkit3
O PM3
©0 Real ICE

00
#-{2) Microchip Starter Kits
=} @ Other Tools
0 Licensed Debugger

Steps Select Compiler

1. Choose Project . .
2. Select Device 12 Compiler Toolchains |
3. Select Header (=-mpasm

4. Select Tool

Y -0 mpasm (v5.62) [C:\Program Files\Microchip\MPLABX\v3.0€
S, Select Phoin Board - mpasm [F:\Microchip\MPLABX\v3.00\mpasmx]
6. Select Compiler 4 . i
7. Select Project Name and mpasm [C:\Program Files\Microchip\MPLABX\mpasmx]
Folder. mpasm [C:\Program Files\Microchip\MPLABX\v3.0S\mpasmx]
=-XC8
[RReYXC8 (v1.34) [C:\Program Files\Microchip\xc8lv1.34\bin]
© XC8 (v1.32) [C:\Program Files\Microchip\xc8lv1.32\bin]  + \
2 |




New Project @

Steps Select P and Folder
L \Hfe Proecy Project Name: bt
3. Select Header
4. Select Tool Project Location: D:\MASTERS 2015
5. Select Plugin Board
6. Select Compiler Project Folder: D:AMASTERS 2015\Lab1.X
7. Select Project Name and

Folder

Set as main project

[ Use project location as the project folder

Encoding:  |windows-1251 v

[ <Back (CEnish ][ concel [ bep |

Monyuymnm nycroin (noka npoekT)

MPLAB X IDE v3.06 - Lab1 : default

File Edit View Navigate Source Refactor Run Debug Team Tools Window Help

falalr L W [default v RLF'@‘D'%'%—'
Projects-t... x| Files | Classes 2 |[ start Page x [if pLAB X store x|
=@

@ (i) Header Fies

@& Important Files

(i) Linker Fies
(&) Source Files

@ (6 Libraries

@ (@@ Loadables

Lab1 - Dashboard x | Navigator 5]
&2 [% Labt
o | % Project Type: Appiication - Configurat
Qg @ Device
= @R PICIEF1619
# Checksum: 0x9DED
=% Compiler Toolchain
Y %C8 (v1.34) [C:\Program Files\Mit
U’ Production Image: Optiization: {

o

3anyckaem MCC (Mplab Code Configurator):

AB X IDE  File Edit View Navigate Source Refactor Run Debug Team Window Help

Embedded 3 oma g
Licenses > MPLAB® Code Configurator

Templates & MPLAB® Harmony Configurator
DTDs and XML Schemas

6.0.6 Plugins

MPLAB® Code Configurator R... Iﬂ=
Project Resources

L System

®  TMR2:Timer -

%, PWM3:PWM { x|

<, PWM4::PWM x |

@y — .

®  TMR4:Timer - Hawm nmonano6urcs koHpUTyprpOoBaTh:

. CLC1:CLC x |

» : X
System: McTouHrK TaKTUPOBaHUS, YaCTOTa BHYTPEHHETO reHepaTopa, OUThI

Q, |Search for modules... (x| KOH(bI/IpraLII/II/I
Device Resources - PIC16F1619 o .

> &y ADC Tatimepa: TMR2, TMR4

» O AT

> & CCP Monymu LIUM: PWM3, PWM4

» 3» CLC

» @ CRrC Moaynu koHbUrypupyeMbIx jjorndeckux stueex CLC

y ypupy

> 3% OWG

» lil Comparator

»  DAC

» (=] EUSART e . .

4 /[5_] o ITpum.: JIBoiiHOM KKK 1O pecypcy MukpokoHTposuiepa (Device Resources)
» # GPIO nepeBoAuT pecype B npoekT (Project Resources), T.e. nepudeputo u3
> & MSSP docmynHol IEPEBONT B PAHT UCNOIb3YeMOU B TIPOCKTE.

» () Math Accelerator

» & Memory

» () SMT

> &

» & zcp




000 MPLAB® Code Configurator - Editor

Generate Code (3) << Resources Pin Manager >>

! Tnitialize T
v Clock
=

Current clock: 500.0 KHz

System

@ | Svstem Clock Select | INTOSC
Frequency Select
Internal Clock: | SO0KHZ_MF

© [ Software PLL Enabled

Q [Search for fuse.

 Generate Configuration Bits
¥ CONFIG1L

» Internal/External Switch Over (€S0 ON]

» Broan-out Reset Enable [BOREN ON|

» Power-up Timer Enable [PWRTE OFF)

» Oscilator Selection Bits [FOSC INTOSC)

» Fai-Safe Clock Monitor Enable [FCMEN ON)

¥ MCLR Pin Function Select [MCLRE OFF)

MCLR/ VPP pin function is MCLR

» Flash Program Memory Code Protection [CP OFF)

» Clock Out Enable [CLKOUTEN OFF] .
¥ CONFIG2

» Flash Memory Self-Write Protection [WRT OFF]

» Low-Power Brown Out Reset [LPBOR OFF]

» Peripheral Pin Select one-way control [PPSIWAY ON]

¥ Low-Voltage Programming Enable (LVP ON]

(2) Low-voltage programming enabled
High-voltage on MCLR/VPP must be used for progra

» Zero Cross Detect Disable 8« [2CD OFF)

» Stack Overflow/Underflow Reset Enable [STVREN ON)

» PLL Enable Bt [PLLEN OFF)

» Brown-out Reset Voltage Selection [BORV LO)

.
Taiimep 2
MPLAB® Code Configurator - Editor

MPLAB® Code Configurator €

Generate Code ) | << Resources Pin Manager >>
! #> TMR2 is used in: PWM3
B —
E [ Tinitialize - &) =
&
3
E| | ¥ Enable Timer
&4/ | - Timer Clock Timer Period
&) | Clock Source | MFINTOSC3125khz &
Period Value:
Postscaler 11 :
Timer Period:  32.0us < | 8.16ms | <8.192ms
Prescaler 11 :
Polarity Rising Edge. B Ext Reset Source 7 3
"] Enable Prescalar O/P Sync Control Mode Roll over pulse s
I DEEE IS Start/Reset Option | Software control &

(_J Enable Timer Interrupt Callback Function Rate x Timer Period =

00606 MPLAB® Code Configurator - Editor

Generate Code (2) | <<Resources | [ PinManager>> |

Buytpennnii renepatop INTOSC
TakroBast yacrora 500k 11 (He TPHHIIUITHATLHO)
butel koHpuUrypanuu:

MCLR — Bo3Mo0xHO ncnonp3oBats kak /O
- Low-voltage programming Enabled

Taiimep 4
MPLAB® Code Configurator - Editor

MPLAB® Code Configurator €3

| Generate Code (2) << Resources Pin Manager >>

#> TMR4 is used in: PWM4
Initialize v [+ x

(¥ Enable Timer
Timer Clock Timer Period
Clock Source MFINTOSC 31.25¢h2 &

O TMR4:Timer

Period Value: 0x0d

Postscaler 11 :

Timer Period: 320us s <8192 ms
Prescaler 11 :
Polarity Rising Edge : Ext Reset Source T &
_| Enable Prescalar O/P Sync Control Mode Roll over pulse A
LlEbieCloc e Start/Reset Option | Software control :

(| Enable Timer Interrupt Callback Function Rate x Timer Period =

06006 MPLAB® Code Configurator - Editor

Generate Code (2) | <<Resources | | PinManager>> |

/), The PWM pin is not assigned to the PWM module
€A PWM3 is using: TMR2

5% [initialize v G (=]
Please refer to the selected timer to adjust the PWM frequency

™ Enable PWM PWM Polarity: () inverted (®) not inverted

@ OF pwms:

Select a timer: | Timer2 3| PWM Period: 2.04000 ms
Duty Cycle: | 50 | % PWM Frequency: 490.1961 Hz

PWM Resolution: 9 bits

CCPR Value: 509

£, The PWM pin is not assigned to the PWM module
L| €3 PWMA4 is using: TMR4.
e
3|58 |initialize v (+] [x

Please refer to the selected timer to adjust the PWM frequency

(©)| | ™ Enable PWM PWM Polarity: () inverted (®) not inverted

Select atimer: | Timerd 3 PWM Period: 2.04800 ms

Duty Cycle: | 50 | % PWM Frequency: 488.2812 Hz

CCPR Value: 511 PWM Resolution: 10 bits

Curnansl IIUM ¢ pasHoit yactortoit mogaem Ha oaud u3 CLC (B koudurypain XOR)

A Cote Contrie ©
Generate Code @) <<Resources | | P Manager >>

 Enable CLC ] Enable Riing Interrupt ) Enable Falling Interrupt
oot [

GATE1

GATE 2

\TE3 )—

GATE4

dbd ]

Enable CLC Ioterrupt

CLC snementr OR-XOR

Onun Bxox PWM3_out
Bropoii Bxog PWM4_out




Kondurypupyem Bbixoq CLC Ha oaun u3 cBeTonuoa0B (HopThl MEKpOKOHTpoiuiepa RAS ninn RA2 nnun
RC5)

006

MPLAB® Code Configurator Pin Manager |-

MicrocHIP
PICIGF1619

Package | PDIP20 + Reverse Pin Order

[1sT18[17] 4] 3T 2 13[12[11]10[26[15[14] 7[ 6 [ 5[ 8] 9]
PORTBY | PORTCY |
Module o[1[2[3][4a][s[6]7
TMRZ
PWM3
PWM4
TMR4
ccr
ccl
ccr
ccl
cicl [crciour
—_—

I'enepupyem kop

| Generate Code (6) |

B cBoiicTBax mpoekTa B KauecTBE OTJIaI04YHOIl IuiaThl BeIOpaTh Curiosity

Project Properties - LabSPI @

Categories: Configuration
o General
Family: ice:
5 o Conf:[default] 2ok Device
o Starter Ki (PKOB) Al Families v lpicier1619 v
o Loadng
o e Supported Debug Header: Supported Plugin Board:
© Building None v
S © ¥C8 global options
o ¥C8 compil
i I‘;’:‘ e Hardware Tool: Compiler Tookhain:
@ %CBhnker 00 Real ICE )| |5 Compier Tookhains |
Q0 Sim... =l mpasm ‘
= £ Microchip Starter Kits |  mpasm (v5.63) [C:{Program |
= O Starter Kits (PKOB) =%C8
v 99xC8 (v1.34) [C:\Program Ficll
< > < >
*Tip: double click on serial number (SN) to use a friendly name (FN) instead.
( Manage Configurations. .. )
[ok J[ cancel ][ apetv | [ ]

IIporpaMMupyemM MUKPOKOHTPOJLIED.

Ha BbIOpaHHOM CBETOINO/IC JTOJDKHBI BHJIETh MEPHOHUCCKOE U3MEHEHHE SIPKOCTH.




JlagopaTopHasi pa6oTa N22

N3yyeHune mogyna solumcieHuns CRC, Talimepa nsmepenus curHanos SMT, okoHHoro ctopoxesoro Taiimepa WWDT.

Mpumep ncnonbsyet GyHKUMM 6ubamotekm CLASS B (ctangapT IEC 60730) nporpamMmHOro ckaHMpoBaHWA NamaTu u

Bbluncnenus CRC.

CoBpeMeHHble bbiToBble NPUBOPLI Kak NpaBuUo coaepxaT 3MeKTPOHMKY, K KOTOPOW, B CBOIO o4epeAb, NpeabsaBnsioTca TpeboBaHns
no 6e3onacHoctu. CtaHaapTbl TMNa IEC 60335 ncnonb3yoTcs NpomM3BoaMTENAMY Kak OCHOBa Ans obecrneyeHns 6e3onacHoOCTH
pa3paboTok Ha cucteMHom ypoBHe. CtaHgapT IEC 60730, Ha koTopbiin ccbinaetcs IEC 60335, paccmaTtpuBaeTt 6e3onacHoOCTb
6110KOB 3NEKTPOHHOTrO ynpaBreHus B ObITOBOM TexHUKe. B HacToswee Bpemsa obecneyeHne ctaHgapta IEC 60730 obsi3aTtensHo

ans ObIToBOM TexHUKK, npogasaemow B EBpone. MNpunoxeHne H ctangapta IEC 60730 onpegensieT TpeboBaHms ans
3MNEKTPOHHOrO YNpaBreHUs U Mepbl MO BbISIBNEHNIO OLLMOOK.

B Microchip paspaboTtanv 6ubnnoTekm HN3KOypoBHEBBIX (DYHKLIMIA KOTOPbIE YNPOLL AT BbiNONHEeHWe TpeboBaHui ctaHaapTta IEC
60730 ons npubopos ¢ TpeboBaHnsiMM No 6ezonacHocTh «knacca bx» (Class B). Takvue 6ubnmotekn cosgaHbl U cepTUdUUMpPOBaHbI
ONs Kaxaoro cemencTesa MMkpokoHTponnepos (PIC16, PIC18, PIC24, dsPIC DSC u PIC32).

IIAT 1.
OTKpblBaem npoekT Lab2
Moka npoekT He ncnosib3yet MCC.

Otkpbisaem Window -> Action Items (Ctrl + 6). TyT no waram nokasaHo rae v YTo Aenatb:

Tools Help 006 |
1 5 i t Qi iActioniemsie) I—l
| 'O Projects #®1 SN Description & File Location
g - [_T_'] Files 82 L\’ N 0O /° TODO 1: Crasum Touky octaHosa Ha NOP(); main.c ...Lab2.X/src/main.c:20
. TODO 2: mCC in. .../Lab2.X, in.c:85
& Clsses %o g IR e
Favorites #83 = /% TODO 2: npu uci MCC main.c ...Lab2.X/src¢/main.c:13
P {b % Services 85 @ ‘01. 2 /% TODO 3: pacKOMMEHTMPOBATL main.c ...Lab2.X/src/main.c:14.
= % Dashboard | IN|! U+ /= TODO 3: packommenTMpoBaTh main.c -..Lab2.X/src/main.c:14
.J.‘.L‘.ﬂ:.t N /% TODO 3: pacKOMMEHTHPOBaTh main.c ...Lab2.X/src/main.c: 16
( LAST @ Navigator 87 ,49[ % | T0D03:! PacKOMMEHTUpPOBaTh main.c ...Lab2.X/src/main.c:18!
— 3 : T H in. 2 in.c:
" Action ftems %6 e = ey
@ Tasks %6 C /% TODO 4: pac Th aNNapaTHOE ¢ CRC main.c ...Lab2.X/src/main.c:17
E Output 3g4 /% TODO 5: Bnucats NOCYMTaHHOE 3HaYeHne CRC main.c ...Lab2.X/src¢/main.c:11,
. /% TODO 6: BKNOMUTL KOA CPaBHeHna pesynstata CRC €O 3HaYEHMEM B NAMATH main.c ...Lab2 .X/src/main.c: 10!
ial W Editor #0 It s ‘( /% TODO 7: BkniouuTs WWDT main.c ...Lab2.X/src/main.c:13
i > )D|
set f ReEUQQIng > 1 5 T TODO: 14 (in Lab2)
‘ e T —
IDE Tools >
PIC Memory Views >
uint8 Simulator >
Configure Window >
Reset Windows
Close Window #BW

Close All Documents  {88W
Close Other Documents

Document Groups >
Documents... OFa

TODO 1. Crasum TouKy octaHosa (BP).

Buaum, yto nporpamma pa6OTBET (OCTaHaB!'IMBGETCFI Ha TOYKe OCTaHOBa).

Komnuaupyem, 3anyckaem debug.



AT 2. MCC

3anyckaem MCC, KoHdurypupyem TakToByto YactoTy (4MTIL), reHeprpyem Kog.

[sXsX¢) MPLAB® Code Configurator - Editor

Generate Code << Resources |

MPLAB® Code Configurator £

| Pin Manager >> |

MPLAB® Code Configurator x

[Generate Code (2) |

[ <<Resources | = pin

¥ Clock
Current clock: 4.0 MHz

System Clock Select | FOSC B

© O F svstem

Frequency Select

Internal Clock: | 4MHz_HF 2l

© [ Software PLL Enabled

5
&
@
B8

Q [search for fuse...

@ Generate Configuration Bits

¥ CONFIG1
Internal/External Switch Over [IESO ON]
Brown-out Reset Enable [BOREN ON]
Power-up Timer Enable [PWRTE OFF]
Oscillator Selection Bits [FOSC INTOSC]
Fail-Safe Clock Monitor Enable [FCMEN ON]
MCLR Pin Function Select [MCLRE ON]
(_) MCLR/VPP pin function is digital input
» Flash Program Memory Code Protection [CP OFF]
» Clock Out Enable [CLKOUTEN OFF]
v CONFIG2
Flash Memory Self-Write Protection [WRT OFF]
» Low-Power Brown Out Reset [LPBOR OFF]
» Peripheral Pin Select one-way control [PPSIWAY ON]
¥ Low-Voltage Programming Enable LVP ON]
(%) Low-voltage programming enabled

v

4vvvyy

v

» Zero Cross Detect Disable Bit [ZCD OFF]

¥ Stack Overflow/Underflow Reset Enable [STVREN ON]
» PLL Enable Bit [PLLEN OFF]

» Brown-out Reset Voltage Selection [BORV LO)

() High-voltage on MCLR/VPP must be used for programming

(=) CONFIG3 A
[=-WDT Window Select [WDTCWS WDTCWSSW]
© 12.5 percent window open time
O 25 percent window open time
(O 37.5 percent window open time
(O 50 percent window open time.
O 62.5 percent window open time.
O 75 percent window open time

(O 31.0kHz LFINTOSC
©) 31.25 kHz HFINTOSC (MFINTOSC)
() Software control, controlled by WDTCS bits

(=) Watchdog Timer Enable [WDTE SWDTEN]
(O WOT enabled
(O WDT enabled while running and disabled in Sleep
(5 WOT controlled by the SWDTEN bit in the WDTCON reg
© WOT disabled

[=-WDT Period Select [WDTCPS WDTCPS1F]
O 1:32 (1 ms period)
O 1:64 (2 ms period)
O 1:128 (4 ms period)
O 1:256 (8 ms period)
O 1:512 (16 ms period)
O 1:1024 (32 ms period)
O 1:2048 (64 ms period)
O 1:4096 (128 ms period)
O 1:8192 (256 ms period)
O 1:16384 (512 ms period)
O 1:32768 (1 s period)
O 1:65536 (2 s period)
O 1:131072 (4 5 period)
O 1:262144 (8 s period)
O 1:524299 (16 s period)
O 1:1048576 (32 s period)
O 1:2097152 (64 s period)
O 1:4194304 (128 s period)
O 1:8388608 (256 s period)
(@ Software Control (WDTPS) 3

1:81924

Y6upaem KOMMeEHTapun co cTpok oTMedeHHbIx B TODO 2 (ucnonb3yem dpyHKLMK, creHepupoBaHHbix B MCC —

WHUUMANU3aLNA, CNOBO KOHOUrypaLmuu).

3anyckaem OTAaAKyY, BUAMM, 4TO Kog paboTaeT (ocTaHaBAuBaeTcA Ha TouKe OCTaHOBA).

IIIAT 3. Koupurypupyem GPIO (cBeToauoabl), Taiimep SMT

Hactpansaem SMT, GPIO

0 0 6

Generate Code

MPLAB® Code Configurator - Editor

MPLAB® Code Configurator €3

| <<Resources | | Pin Manager>> |

SMT2 HacTpanBaem TakK Ke.

Window

Window Select: SMTWINx

Input Polarity: high/rising edge enabled
Signal
Signal Select: SMTXSIG

Input Polarity high/rising edge enabled

ol —
g{ i [Initialize v [l .+ Jlex
|
‘g} @ Enable SMT
Gl =
g! |_| Enable Data Acqu After Init
z
¥ | DataAcquisition: (#) Single () Repeat
©
()| Operation Mode: | Timer s
(1]
[ Clock
Clock Select: | Fosc 2
Prescaler: | 1:1 Prescaler )
Polarity Increments On: | rising edge &)
Enable Period Acquisition Interrupt
(] Enable Overflow Interrupt

Enable Pulse Width Acquisition Interrupt




[sXcXs) MPLAB® Code Configurator - Editor

| <<Resources | | PinManager>> |

| Generate Code (3) |

Selected pins: 3

Pin  No. Output SlarLHigh WPUE 10C IDEP IO_CN Custom Name »
Ras 2 || O | | O] |os
RA2 17 D6
RGS |5 @] UrU) o7

@ @ F gpro:6PIO

MmeHyem noptbl Kak D4, D6 1 D7 (kak Ha cxeme
nnatbl Curiosity)

MPLAB® Code Configurator Pin Manager

20
19
18
17
16

MicrocHie '°
PIC16F1619 4
13

12
1

av

Package [ PDIP20

2

| Reverse Pin Order |

|1_9[st17| 4] 3] 2[13[12[11]10[16[15[14[ 7[ 6] 5[ 8] 9
PORTAY. PORTBY. PORTCY.

Module Function
SMT2 SMT2WIN
SMT2 SMT2SIG
GPIO 1/0

[o[1[2[3]4]s

4/5/6/7/0/1|2|3|4|5|6/|7

Y6paTb KommeHTapun oTmedeHHbIx B TODO 3 (Mcnonb3osaHue dyHKumii SMT Talimepos, MHAMKALMA CBETOAUOAOB).

3anyckaem, CMOTPUM BPEMSA BbIMOJIHEHWUA NPOrPaMMHOro ckaHuposaHus Flash u sbiumncnenna CRC.

Variables €3

| @ Name Type Address Value
@ ©SMTITMR SFR oxD8C  |..|ox39813C

& & QMM SFR .| OxD9E .. 0020170

™ © CReaCC SFR lox793 || oxa96E
M € CRC libraryResult unsigned int E] 0x20 E 0x496E

=

(3 <Enter new watch>

IIIAT 4. AnmapatHoe CRC
Hactpansaem CRC.

L]

Decimal
.| 3768636
.| 131440
.| 18798

.| 18798
L.]

Y )

0 0 06 MPLAB® Code Configurator - Editor

Pre-defined Polvmw ) 0x6C01, 0x9300

Polynomial Word Width (bits) 16

Final XOR Value

Seed Shift Directio,

| Startingwiththe Msb 4
Scanner

@ Enable Scanner

Augmentation Mpde data augmented with 0's 5

Data Shift Directfon Starting with the MSb

Memory Access

Data Word Width GNQ | 162 oata Tricaer |
o ata Trigger Input

Click to Compute -->

Generate Code (4) [ << Resources ] [ Pin Manager >> J
g [ [mial TG
[¢]
& | ™ Enable CRC
&5/ | | CRC Polynomials | CRC Calculation
% ™ Use Pre-defined Polynomial Data Sequence

[_] Reverse CRC Result (before Final XOR)

Polynomial 0x8005
)
Seed ‘ OxFFFF,
p— Result

| Enable Interrupt Management

Ode | Burst mode

| wrNTosc

Compute |

[_] Enable CRC Interrupt

[_] Enable Scanner Interrupt

3ameyaHue.

Ona MCC Version: 2.25.2 n PIC16F1619 ectb
«FNIOK» HenpaBuibHOM noacraHosku Seed B

KoA.

Mocne reHepauuun Koga oTKkpoliTe daiin
\MASTERs\Lab2.X\mcc_generated_files\crc.c
M B cTpoke 96 ncnpasbTte seed Ha

seed = OXFFFF;




BbinonHaem TODO 4 (3anyckaem annapaTHOe CKaHMpoBaHue namatv u soiuncaerme CRC)

3anyckaem oTAaAuMK, CMOTPUM BPEMS BbINONHEHWA annapaTHOro ckaHuposaHua Flash u sblumcnennsa CRC.
CpasHueaem c Bpema SMT1 (nporpammHoe ckaHupoBaHue  CRC) n SMT2 (annapatHoe ckaHupoBaHue n CRC).
PasHuua noutum B 30 pas.

Variables €3
& Name Type Address Value Decimal
™ O SMTITMR SFR .| oxDsC .| 0x39813C .|3768636 [.]
& & Q2T SFR .| OXDYE .| 0x020170 .| 131440 ]
™ © CcrReacc SFR lox793 | oxag6E 18798 ]
™ € CRC libraryResult unsigned int D 0x20 E 0x496E D 18798 D
D <Enter new watch> Q [E D IZ]

BbinonHaem TODO 6 (Bkatouaem nposepKy BblumcneHmna CRC ¢ coxpaHeHHbIM 3HaYeHMeM B NamaTh).

IIIAT 5. Beruucasem CRC yrusmtoi CRC Calculator

3anyckaem CRC Calculator St
[“CRC Options [ Data Entry

_ # | Dpata | Acam
7 MSb first Polynomal:hex)  PolyHep | | | T o0 a0 4
[V Augmentationmode | 0xC002/0x8005 ANSL-L... = § ;';05; 2?
(hex) 4 [FF |azs
B o T B
7 3FFF 5C22
—IM 2 B6SD 1's Comp 8 |wFF |cace
Data Width: [16=] G592 Reversed 9 ¥ p®7

10 [3FFF_ |BA

Acaum vidth: [16 [pao Both 11 [FF 615 ol
‘Accumulate Values: {2044}  Decmal & Hex
B MPLAB X IDE oTKpblBaeM OKHO 0TObparkeHusA - =
- Projects Cri+1 LWi0x0 ¢ 0 I
namaTK Nporpamm e St [woonmo] & Z
e x| @ Classes (=) Etmrt.c x| @ mainc x
< EFavorites [S.05) O E U aif
| B services cri+s
% Dashboard
© Navigator crk7
[q Action Items Crie
(& Tasks CrlShift+e
[ output Ccrid
Editor Cr+0
. Ang Debugging 1

PIC Memory Views # Program Memory

i Simulator (& File Registers
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pusiscok (& Configuration Bits
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Close Window Crw & user 1D Memory
Close All Documents  Crkshiftew =777 G e
Close Other Documents

Document Groups 3
Docurnents... Shift+F4,

AT 0

Program Memory x |

Konupyem (Ctrl+C) c 0-ro agpeca o agpeca
OX1FFD (He Tporaem 2 nocnegHve a4einkn — Tam =
6yaem xpaHutb CRC). r
:

[

[

[

[

Line Address Opcode Label DisAssy

3FFF
3FFF

«d P

CoxpaHsem B TekcToBbli dpaiin (File -> new file n
3FFF

T.0). :




Otkpbisaem CRC Calculator 2 B

File

File -> Export File — akcnoptupyem Haw ¢aiin ¢ RC oters Dom ey
AaMMNOM NMaMATH. ] MSb first Polynomiali(hex) [ Poly Help O Decimal @) Hex
[] Augmentation mode < unD::a e
Accumuistor (hex) z;zg |
Bbibupaem nonnmHom ANSI-16 G 1D iy

1's Comp [aFFF
[aFFF
[3FFF
Both 9 [3FFF

10 [aFFF

11 3FFF | |

13 3FFF

WnpuHa AKKymynsaTopa v JaHHbix = 16 6ut
HauyanbHoe 3HauyeHne akkymynatopa FFFF

1
2
3
4
s [2FF4
3
Reversed 7
8

Accum Widt

Boiuncnsaem CRC (Accumulate)

Bnucbisaem pesynbtat 8 TODO 5 (3HaueHune CRC namatu coxpaHaem B 2-x nocnegHux adeitkax Flash namarn).

3anyckaem oTnaguuK. Pe3ynbTaT BbluMCAEHUA CRCs yTuauTe, nporpamMmMmHO U annapaTtHO A0/1XKHbl COBNaaaTh.

AT 6. WWDT
Mozkem 3akommeHTMpoBaTb TODO 6 , BbinonHaem 3agaHue TODO 7 (Bkntoyaem WWDT).

3anyckaem. Pabortaer.

M3meHsAeM TaKToBYIO YacToTy Ha 8MIL, MM MOXKHO 3aKOMMEHTMPOBATb NporpammHoe naum annapartHoe CRC.
3anyckaem. CpabatbisaeT WWDT (c6poc cToporkesoro Talimepa nNpounsoLlen CMLLKOM PaHo)

BbiBoapl. AnnapaTHoe BbluncneHne CRC 8 AeCATKN pa3 6bICTpee, 3aHMMaeT MeHbLUE NaMATH.

OKOHHbIM CTOpO)-KeBOVI Taﬁmep cpa6aTb|BaeT ec/qin ero c6poc nponcxoanT CIMWKOM PaHO Uan CAAUWLKOM NO34HO.
MNo3Bonset 6onee TOUHO KOHTPO/IMPOBATb XOA4 BbINO/IHEHMNA KOAa.

[narHocTmKa xoaa BbINOAHEHWUA NPOrPaMmmbl C CBeveHue CBETOANOA0B
BrAtoueHHbIM WWDT u npoBepKoit pesynbTaTa
CRC (cm. TODO 6)

@ — D7 ~1cek (nporpammHoe ckaHuposaHue, CRC)
@ s — D6 ~0.3cek (annapaTtHoe ckaHuposaHue, CRC)
@ — D4 2cek (while(1);)

MpasunbHble CRC (ecaun nposepsaem)
Q0 = —— D7 ~1cek (nporpammHoe ckaHuposaHue, CRC)
@ e D6 ~0.3cek (annapaTtHoe ckaHuposaHue, CRC)
@ o D7 n D6 2cek

HenpasunbHaa CRC (ecam nposepsem)

Qv D7 (nporpammHoe ckaHuposaHue, CRC)
@ s
@

WWDT c6pacbieaeT MK Ha nporpammHom CRC
[ ) — D7 ~1cek (nporpammHoe ckaHuposaHue, CRC)
@ o - = = D6 <0.3cek (annapaTtHoe ckaHuposaHue, CRC)
@ o

WWDT c6pacbieaeT MK Ha annapaTtHom CRC




JlabopaTopHas pa6oTa Ne3
M3yyeHne maTemMaTMUECKOro akcenepaTopa Ha NpUMepe BbluMcaeHua undposoro ¢uabTpa c KoHeuyHoin imnynbcHoM
XapakTtepuctukoit (KUX, FIR).

KUX dunbTp onucbiBaeTca Gopmyion:

N-1

y() = ) () % x(n — )

k=0 , roe:

y(n) — pesynbTaT dunsTpaumm,
X(n) — BXxogHoO oTCUeT,

h — koadduumeHTbl dUNbTPa (MMNYNbCHAA XapakTepucTuka dunbtpa ansa N-otcueTos).

He BgaBancb B NoApobHOCTH, Byaem cumTaTb, UTO Y HAc ecTb KO3dPpUumMeHTbl GUNbTPA, NONYYEHHbIE HANPUMEP U3
dsPIC Filter Design.

« Lowpass Filter _@ < Lowpass Filter -
FIR Widow Design FlerLengih Esimales:

Fier Speciication Input Reckwode L maL b b
2
Samplng Frequency: [T s
s

Passband
assband Frequency: [50 o
Stopband Frequency:  [100 2
Passband Ripple (8} [3 » Z
Stopband Ripple (cB) [10 7
2

Next Hep Cancel
Enter Desied Fiter Length optional |
Nea Prev Help Concel
Faaty Srvp of 3o

UTOro, anAa KaXkg0oro BXoAHOro OTCHETa HYXKHO NPOBeCTU N yMHO)KeHMﬁ C HakonneHunem.

Kondurypmnpyem MathACC, SMT2
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MPLAB® Code Configurator MPLAB® Code Configurator
Generate Code (4) << Resources Pin Manager >> Generate Code (1) << Resources Pin Manager >>
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i iiaiee M € 3 Initialize ) (=) (=
gl & I h Accels g
e A ey § |  enable sMT Period OX( @ XFFFFFF
Mod ">'
; ‘: Enable Data Acqu After Init
Add/Multiply A H
w “ | Data Acquisition: (®) Single Repeat
Operati only Multiply &
Li] Operation Mode: | Timer
Input o
Clock
Output accumulated
Clock Select FOSC
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- - Prescaler. 1:1 Prescaler
B -32768 = 0 = 32767
Polarity Increments On: | rising edge
C -32768 s | 1 = 32767
Result =(A+B)*C =0
0x00000000
Enable Overflow Interruot
e
Enable Math Accelerator Interrupt

TONbKO YMHOXeEHMe, 3HaKOoBble BXOAHbIe AaHHble, Taﬁmep SMT moskeT nomoub B onpegeneHNn spemeHun
pe3ynbTaT C HakonaeHnem BblYNC/IEHUN




CTaBMMm TOUKY OcTaHoBa nocae ¢punbtpa (TODO 1).

Illar 2. HacrpauBaem DMCI
DMCI kak u MCC yctaHaBnuBaeTcs yepes meHio MaarmHos.

Team Window _Hel veFT
Ebedded » DMCI > DMCI Window
- m Licenses > About
.2 Apply Diff Patch... ) MPLAB® Code Confi
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b b
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[ Gaph 1 ] Graph 1 [IEETED
Select Project | LAB3 Graph Control Settings Graph Control Settings
= Streaming Data Configuration Streaming Data Configuration
Dynamic Runtime Upda... History Buffer Le... 2 Runtime Upda... History Buffer Le... 255
Refresh Rate (Units in Milliseconds) Refresh Rate (Units in Milliseconds)
3 St mTam Thurce Full Spe Full Spe
Configure Data Source Slow o T ITGRE RN Fast Slow TETI] ST e Fust
Remove Data Source — = — — i e
Properties... Array Configuration Array Configuration
™ standa... Circular Required Resources Array ™ standa... Circular Required Resources Array
Copy Data Sources Data Sources
Save as... Global Symbols Absolute Address Global Symbols Absolute Address
Print... @® Dynamic O Data @® Dynamic Amay.. 3 Data
Range Range
Zoomln > Address: Address:
Zoom Out >
Data Size: 16 Bit Data Size: 16 Bits
Auto Range >
Merge Plot Data 06 Data Range Signed Data Range: Signed
: Display Format: | Deci... Display Format: | Deci... &
First Index: 0 First Index:
Selected Variable  input Lastlnger — Selected Variable  output et bt -
Address 0x20C0 Sample c,.,,“ Address 0x2250 Sample c,,,,,
Display Configuration Display Configuration
Persist Previous Run Session Data ¥ Auto Assign Title Persist Previous Run Session Data (@ Auto Assign Title
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¥ Axis Label: Y Axis ¥ Axis Label: Y Axis
Cancel Ok Cancel | | Ok
o o o
lMpaBblii KIVK Ha OKHe BxopgHoi 6ydep BbixogHow bydep

LOo/MKHBI NONYYMTb CAeayoWNiA pesynbTaT:

Source Symbol: output
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3amevaHus.

[aHHbIN Npumep caenaH B 03HAKOMUTEbHbIX Lenax. Mo NpaBuabHOMY, HYXKHO Kak MMHUMYM HOPMUPOBATb

KoapPuumneHTol dunbTpa.

Mpumep ncnonbsyeT bonbwoi bydep, Tak kKak B DMCI mbl xoTum yBUAETb «B0NbLLIYIO» KAPTUHKY. B peanbHol

nporpamme moxet 6bITb LI,EI'IECOO6p33HO XpPaHUTb TO/IbKO nocneaHue N BXOAHbIX OTCHETOB (N —4YunCno oTcHeToB

MMNYNbCHOW XapaKTEPUCTUKK GuabTpa).

Jla6opaTtopHas pa6oTta N2l (aomaiHee 3agaHue 1)

J lomaiuHee 3agaHue J

M3yyeHne moayna popmuposaHus KomnaemeHTapHbix curdanos (Complementary Waveform Generator, CWG).
[Lenaem 1o ke camoe yTo B J/1ab.1, Ho c 2-a KaHanamu B npoTusodase ¢ ucnonbsosaHnem CWG.

l—bl wum1

— LED1

CLC
(XOR)

| o[

I—]— LED2

[ob6asnsem CWG B npoekT.
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 Enable CWG Clock
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MPLADS Code Configurator - Edee

WPADS Code Contoprater ©

Generate Code 2)

<< Resources Pin Manager >

E«w...»m
™ Enale CWG

o

Rising Event

Input Source | a1t

Output Mode |_Seemg moce

e |

slize CLC1

Clock
Clock Source: ) WFINTOSC (16 M2 @ Fose

Dead-band uncertainty. 2.0 us

Ouput P Contiguration [ESEEE] Avio-Shutdomn _ Sceering
Fating vens
Faling Counts | 0.coves

0om 00m

20 20m

CRC
Comparator
DAC
EUSART
FVR

GPIO

MSSP

Math Accelerator
Memory
SMT

Timer

7cn

POODOkRYAHYEOVIRO

000 MPLAB® Code Conbgurator - Edtor
WPARS Code Conturor O

Generate Code @) << Resources e Manager >>

B @ User meeds o inmialize CLCL
Intize Do

© Enable WG Clock

Clock Source: () HANTOSC (16 MHD @ Fosc

Input Source | Gucs aur
Dead-band uncenainty. 20 us
Output Mode | Seeng mase

vt i Contgueation _Evencs ISR Sceerng
Shdown on
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Timerd Postscale Output i output
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Comparator2 Output
CWGA 308 COWGC Shutdown State | wpcs
Shutdown State | naame N

Restart
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Clock
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MPLAB® Code Configurator Pin Manager |

BHewWHW curHan VDD
MOXET annapaTHo HDR S Mals
OTKNIOYaTb BbIXOAbI =

CWG v nepeBogunTtb Mx
B NpeonpeseneHHoe

470R TACT SPST,

GND 5 ’
COCTOAHME. O0R e BB
0402 19]18] 31 2[5

Module
Mbl moxkem s
PWM4
3a4encTBoBaTb Ty
KHonKy S1. o

ABTOpECTapT BKIOYEH

JlaGopaTopHas pa6oTta N2l (aomamHee 3asgaHue 2)
M3yueHmne Talimepa orpaHunderus (Hardware Limit Timer, HLT).

®yHKumA Talimepa orpaHuyeHunii BctpoeHa B Timer2, Timer4, Timer6 v T.4. uan B HeKoTopbix MK npucyTcTeyeT Kak
oTAeNbHbIN Talmep. Mo3BonAET OrpaHNYUTL Bpema paboTbl nepudbepurm, ecnm B 0XXugaemoe Bpemsa He NPULLIO
Kakoe-nnbo cobbiTue.

Mpumep. Ha CIP nepndepmm MUKpOKOHTPOAEPA CTOMM MMMY/bCHbBIA MCTOUHMK MUTAHKA.

— {
MOSFET

I

Cu0BOW K/tOU OTKpbIBaeTcA No Tamepy. Mpu cpabaTtbiBaHMM KOMNapaTopa — 3akpbiBaeTcs. Ho Heobxoammo

KOHTPOAMpOBaTh Bpems oTKpbiToro coctossHna MOSFET 1 He aonycKkaTb, 4To6bl OHO 6b110 60/blUE 3343aHHOIO
BpemeHu (Hanpumep, ecv HeT CMrHana c KomnapaTopa). Ty GpyHKLMo MoxKeT obecneunts HLT Taiimep.

B Hawem npumepe (/labopaTopHan paboTa 1) gononHutenbHblit Taiimep (Timer 6) 6yaet cumtatb umnyabebl CLC
cbpacbiBaTb Ucnonb3yemble ansa dopmuposanus LUMM Ttaitmepa (Timer 2 u Timer 4).



] Timer2 | .| wn ]
I »| LED1
CLC
xor) [T™ e
»| LED2
I Timer 4 | >| wum2 l
A
4

TallMep MOXET CYUTaTb CUrHAAbI C Pa3/INUHbIX
BCTPOEHHbIX reHepaTopos, ¢ Bbixogos CLC,
BHELWHero BXo4a, yr10Boro Taiimepa, geTektopa
nepexoaa yepes Honb.

C6pacbiBaTbcs Tallmepa MOryT OT BHELWHEro
curHana, komnapatopos, CLC, gpyrmx Taiimepos,

wnm, ZCD

NcxoaHaa dopma curHanos 6e3 orpaHuyeHums.

Taimep 6 cumtaet 10 umnynbcos u cbpacbiBaeT Taitmep 2 u Talimep 4
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o Enable Timer
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Enable Timer Interrupt

H
b
Timer Clock Timer Period
0 | Clock source | s
PedodValue:  0x00s [ Oxt7 | = OxiF
Postscaler | 11
Timer Period:  256.0us s | 7.424ms | 565536
Prescaler 11
Polarity e e | ExtResetSource
2 Enable Prescalar O/P Sync Control Mode
o Enable Clock Sync
[mble Cloeh Start/Reset Option | Resets t g TMRA

Enable Timer Interrupt

TMRG6 cuutaet umnynabebl CLC

TMR2 cbpacbisaetca ot TMR6

TMR4 cbpacbiaetca oTr TMR6

JlaGopaTopHas pa6oTa N22 (qomaliHee 3aJlaHUE)

Mocuwutaiite CRC gaHHbIX M3 Bydepa B O3Y.

Mpumepbl cmoTpute B creHepuposaHHom MCC ¢aitne crc.h

MpoBepuTtb pesynbTaT MoxKHO ¢ nomoubio ytrautel CRC Calculator.

JlaopaTopHas pa6oTa Ne3 (aoMmaliHee 3aJaHue)

B nabopatopHoit paboTte Ne3 ncnonb3ytoTcs creHepupoBaHHble ¢ nomotbio MCC dyHKLMKM ncnonb3oBaHuA

MaTeMaTU4eCKoro akcesepartopa.




OHM He Bcerfa onTMmasbHbl. Hanpumep, mbl Bbluncasiem GyHKLMIO BUAA Y += H*X ¢ aBTOMaTMUeCKMM HaKoMIeHMEM
pesynbTaTta. icnonbsyem GpyHKUMIO:

uint32_t MATHACC_MultiplicationResultGet(uint16_tb, uintl6_tc)

T.e. Ha KaXXAOM BbI30BE UCMO/Ib3yeMan GYHKLMA BO3BPALLAET pPe3y/ibTaT YMHOXKEHUA. TaK Kak y Hac MCMo/b3yeTcs
aBTOHaKoM/eHWe, TO HeT HeobXOAMMOCTH B BO3BpaTe pe3y/bTaTa, ciedyeT NLb NO 3aBePLUEHMIO LUK
(nepemHOKeHWe BXOAHOro oTcyeTa Ha Bce KoadduumneHTbl GMAbTPa) B3ATb Pe3ynbTaT HaKoMIEeHM .

n03TOMy MOXHO nepenncaTtb d)yHKLI,VHO Tak, yTObbl OHA HEe BO3Bpallasa pe3ynbrart. 370 AacCT BbIUTPbIW BO BpeMEHU
BbINONTHEHWA.

dyHkuma MATHACC MultiplicationResultGet 6epeT BxoaHble AaHHble, 3aHOCUT Mx B pernctpbl MathAccelerator,
3aMycKaeT BbIUMCAUTENb M XKAET OKOHYaHMA pesynbTaTa. 34eCb TOXe MOMKHO HECKO/IbKO ONTUMMU3NPOBATL —
NPOBEPUTb 3aHATOCTb YCKOPUTENA CPa3y Npu BXoAe B GYHKUMIO M ecin Mart.YckopuTens cBoboeH, TO 3aHeCTm
HOBbIE AaHHbIE U 3aMNyCTUTb BblUMCAEHNE.

CpaBHure:

OpurMHanbHbIN Kog, OnTuMM3MpoBaHHbIV Kog nog, FIR

uint32_t MATHACC_MultiplicationResultGet(uint16_t b, uint16_tc){ | void MATHACC_Multiplication(uintl6_t b, uint16_t c) {
uint32_tresult =0;
while (PID1CONDbits.PID1BUSY == 1); // wait for the module to

PID1K1H = (uint8_t) ((c & OxFFO0) >> 8); complete

PID1K1L = (uint8_t) (c & OXO0FF);

PID1SETH = (uint8_t) ((b & OXFF0O0) >> 8); PID1K1H = HIGH_b(c);

PID1SETL = (uint8_t) (b & 0x00FF); PIDIK1L = LOW_b(c);

PID1INH =0; PID1SETH = HIGH_b(b);

PID1INL = 0; // starts module operation PID1SETL = LOW_b(b);

PID1INH =0;

while (PID1CONDbits.PID1BUSY == 1); // wait for the module to PID1INL = 0; // starts module operation

complete }

result = PIDIOUTLL;
result = (result | ((uint32_t) PIDIOUTLH << 8)) & 0xO000FFFF; #define LOW_b(x)  ((char*)&x)[0]
result = (result | ((uint32_t) PIDIOUTHL << 16)) & OXOOFFFFFF; #define HIGH_b(x) ((char*)&x)[1]

result = (result | ((uint32_t) PIDIOUTHH << 24)) & OXFFFFFFFF;

return result;




