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LED (13447 - FrLAE pin_manager.BEEG A%
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@ Linker Files End of File
R Source Files 5 166 .
# mainc 49 167 E
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/
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fe] -
T1H B {ir 7T 1 HARES - Hi EHAFFEAIRE ] RS +-150nS
T1L B§FE {ir7C 1 F4RES - Low SR e JELS +-150nS
TOH B ] {ir 7T O H4RES » Hi FEHARFEIRE ] ezl +-150nS
TOL 5] {17 O HI4RHE » Low FEHFTEIHINE 0.8uS +-150nS
Reset Low & [BRH5 4% s KFY 50uSEL E

ZORIEHE RS (T1H + TAL = 1.30uS » TOH + TOL = 1.25uS)

B e 4wt AR AR I N EIFTS © BR T B — oo RS Ry 1.25uS SOEBHI TT iR Re T 4Rt
FATT A X o N EKE TOH Ay B A7 F A1 E] 0.35uSe f572—fik MCU HY 1/O il LLE &R H G e
B 5 AP ECR IR R3] o FrDAE ARG KE 1 CIP BY4H & AR S I e 2R (S G g L AR S R -
AL LL—{E/]N PIC fdZefilasmt i DAESFATZEf] WS2812) LED BReR

TIL TOL
T1H TOH
0.7usS 0.6us 0.35usS 0.8us
iz 7T 1 By RS fir 7c 0 HY4RHE
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

LA WS281 275 5K i Y B4R Ui - B/ NAYRY S EEAON £ 0.35uS - iEf@ i A AT PIC DUk

AGBREN 1/O Z5e ki - B Rt EeaT ASIC —1% - FREEHE— N ERGIYEETRA T A ERUL DAL -

1. HoA b Eim—E R TR 1.2uS, H—2 A 8-bit B—4H » —ZEE{E: = ([ Bytest % - FrLIE & H
SPIFY e « R SPUEEZRE AT LLI#E 10MHz K ATF &AM 800KHZ #YEfi R % Ll SPIYEE
SEH: CLK % 800KHz > H: CLK (/] Hi ¥ % 0.75uS> Low #EHAH 5 0.75uS-

2. ZEyNIARE 0.35uSE A PWM EEAEAL: » BEARR T2 A 7 &R 17T Fy OBFIVEHEEE « ATliE
5 PWM Hi Duty % 0.35uS> 5 0.75uS il SCK 1y - F-4& [ -

3. FFRGEEANEAT - EEKEEEM A CLC WAL & IAEFE AR 2 FINVEE (St AND f£ OR#EE)
FEAR Dk ] DU AR BRI 4R -

4. FAGAHE - ¥ SCKEL SDOfl AND BRI EIMT 1 AY4RES - K SCK» /SDO » PWM =fE&:H
Efi AND ERILHISEIM 7T 0 HI4RES - &RHzTT 1 EAfiroT O HY4RESHN L ik OR R R m] 15 IEHERY
ARSI -

w LTI
o LTI AL M UL
SCK & nSDO & PWM W | H W |
<@nsooapwwu(sc@ LW 7 L Lﬂ W _

FHEEE—F CLC HyZEHs » 2531 CLC ¥ 2(HF] OR Gatelfiliii Ay » B [fI5EZHY AND Gateiigy A &3k 2
R > (S

SRR - (RS TR A A B A M (R (Boolean AlgebraliliiEfFEH (De-Morgan's eorem) JKfLL
A TP P I AR & OR Gateliffi i AR T BB > EpB RIS — Rl
FROEEE: AR B (T AT EERAGET)

MBERRSE e AYB = A% B
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

HfPIs b P R G I AR R SRR TV A
HKEE CLC HY#EIHAH SRR

(SCK & nSDO & PWM)||(SCK & SDO)

2

/ (ISCK + SDO + /PWM) + / (/SCK + /SDO)

LL OR TH Ryt AR AR AREB R AR #] CLC B

T B EIE CLC BRI ZNE
OR Gaterii A\TH » BT AL /281 SCK & /
SDO & PWM i BERR A8 i

ABC=ABC= A+B+C

(i H 2 5%)

SCK & /SDO & PWM = /(/SCK + SDO + /PWM)
SCK*SDO = /(/SCK +/SDp

S L ARy W P A
/ (ISCK + SDO + /PWM) +/(/SCK + /SDO)

s LRy 2 E IR EEE OR-DHY CLC B E R ARaT - I FEHRAXTE 2FERFIHIFE K - &g
A B A D-Type [ERZ a5 E 82 FoscHUfS R e s B B AV AN SR (i i Y B 5es -

| AND-OR | OR-XOR | AND [ S-R [ D-Flop | OR-D | 1K [ DLch|

| / (ISCK + SDO + /PWM) + / (/SCK + /SPO)

PWM3_out =

SDO from MSSP -

SCK from MSSP -

/ (/SCK + /SDO)
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

FRERIVEE

iR RA2 (#iHERSRE] mikro BUS F iy MOSI pin (J33) fiitky WS2812 11y
i AR > AP T EFTS ©

|

yo——————— —-—;—»——-1 339 §%2

40 ¢ |
| il ‘ olGl6 00505 o

Page 20 PIC16F1619 CIP #:[&& &34k V1.00




HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

FfFIbL2 AT LA CLC Akl & FF 19 4RH5 BT WS2818 RGB LEDT - # A 440 Timer2> PWM
% SPI SCKAEFIRBI AN - EEE — FIE TR E:

[ 1.25uS = 800KH2\|
|

0.625uS

1.6 MHz | 0.625uS
] Py

TMR2 /
Duty 56%

1.6MHz

PWM3

FH_FJE] A 2 FE{E R AR FH Timer2 2k $2Ediy - Timer2 #i#5k 1.6MHz 1245 PWM3 (0.625 uS Period), SPIfY
SCK Hifiz—f£5 [ Timer2 & 800KHz -

SCK

0.35uS i 0.275uS

L ab2 FRtGH E R

1. BfEX MPLAB X IDE

2. 1 “File” H#:'T » Bt LAB2_RGBLED. X Y& Z

3. £ “Tools” H§%#EsE “Embedded “FFEL” MPLAB Code Configurator” (MCC)
4. BARL TMR2:TimeristE © #48H (0.625uS: 1.6MHz)

FE TMR 2 is used in: PWM3 MSSP
n”‘n Initiglize - E| K

[#] Enable Timer

Timer Clock Timer Period
Clock Source | FOSEf4 -
Period Value: Oxs = OxFF
Postscaler 11 -
Timer Period: 125.0ns < 6525.0 ns = 32.0us
Prescaler 1:1 ek
Polarity Rising Bdoe i ExtReset Source| (T2 -
[¥] Enable Prescalar OfF Sync Control Mode Roll over pulse -
[¥] Enable Clack Sync Start/Reset Optioh | Software control o

5. BHEr PWM3:PWMBYERTE - 5818 PWM3 [ETHEEE A Timer2 - FrLL PMW BYiEHA B 0.625uS- FEHAZE
3K Ry 0.35uS> At DUERARE >K £y 0.35uS/ 0.625uS = 56%
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

<= PWHA3 is nsing: TMEZ
0% Initialize - X
Flease refer to the selected timer to admst the FAWWA frequency

Enable PR FW Polarity: () inverted (@) not inverted

Zelect a timer: :TimEIB ": FWhi Feriod: 625,000 ns

Dt Cj.r-:l

CCFE Walue: 10 F'Whi Eesolution: 4 bits

FWhA Frequency: 1.6 MH=

6. BHEL MSSP::SPI MasteJz4 5 - 5% SPI Mode : 1 ik SCKE#24F Low HYREE (HIHE#E
50uSHy Low B3t & Reset WS2812 9 SPI#ZH TMR2 1.6MHziSAELE TMR2/2 (7 SPI{E
TMR2 (N E R B RS Ayl A&t n BUAEL PWM [E25 1) CLK 800KHz (&R -

= MESE 15 vsing: TMEZ /
453 | Initialize ~| [#][x
Enable SPI Input Data Sfmpled at () Middle (@) End
SPI Mode SPI Clock
Clock Polarity | Idie:Low//Active:High - Clock Source TMR2 -
Clock Edge Idie 6 Active v Clock Divider (w00 = ] = Oxff
SFI Mode 1 SPI Clock 200.0 kHz

7. P E CLC HyZERRFa 5 Fy WS291 20 B4 = UHERIENST - ZefE CLC.CLC{REG R 1V ARk
R# | (/SCK + SDO + /IPWM) + / (/SCK + /SDOYc%7E CLC fyisif

30 Initialize - El x

|| Enable CLC | |Enable Rising Iaterrupt || Enable Falling Intermupt

Graphical | Manual!

|anpor | or xor | aND | s R DrFtp'i ORD [ IK | D Lich|

FOsC

/ (ISCK + SDO + /PWM) +/ (/SCK + /$D0)

PWM3_out

SDO from MSSP

SCK from MSSP

|| Enable CLC Interrupt
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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7

7. B A LEFHEL “Pin Manager” 75815, 5% F RA2 £ CLC1OUT -

mk| [5) mee.c E| MFPLABE®E Code Confignurator E| MFLABE Code Configurator Fin MManager | [ERES]E)

S MicRoOcHIP 1%
7 PIC16F1619

o

Fackage _PDIP20 ": [ Fewverse FPin Order ]

12 15 17 4 2 2 12 12 11 10 16 15 14 7 &6 5 & 9

FORTAW PCRTEW FPORTCW
kadule Function o 1 2 2 4 5 4 5 6 Y 0 1 2 2 4 5 6 7
MESP S
MZEP =SDI
MEEP SCKE
THERE2 T2
CLC1 CLC
CLC1 CLC
CLC1 CLC
CLC1 CLC

CLCL cLClour | | ---------------
PWhi3 |[PWM3OUT [ [ |

8. 1% MCC 11y Generate Code #cjE4: MCC FiaE B BRIV 65 E - Beigfad— T Project T

By main.c - &E— F SPI 241{a[ 34 24-bit BYIREERTE > st 2SOl HAYEE RS -
9. J& N/ main.c BYE R

union{ Il 545 24-bit ZEMER K 8-bit ZEEER
uint24_t Color;
struct {
unsigned char Green;
unsigned char Red;
unsigned char Blue;

} RGB;
} Disp_Color;
Disp_Color.Color= 0x808080; Il FIAEEA E R R E
__delay_ms(50); /I Reset WS2812
while (1) {

I 3£ H, 24-bit SPI &f
SPI_Exchange8bit(Disp_Color.RGB.Green); I %%

SPI_Exchange8bit(Disp_Color.RGB.Red); Il 4T
SPI_Exchange8bit(Disp_Color.RGB.Blue); Il B

Disp_Color.RGB.Green = (Disp_Color.RGB.Green +1) & Ox7F; // (BB REH
Disp_Color.RGB.Red = (Disp_Color.RGB.Red +5) & 0x7F;
Disp_Color.RGB.Blue = (Disp_Color.RGB.Blue -1) & 0x7F;

__delay_ms(50); // Reset WS2812 (CLC1OUT #5458 Low)
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

#it SR E R (CLC10UT) :

& — R B PRSI s AT EIHY 24-bit fiHEHSE (RA2/CLCLOUT) - 24-bit {#igis i &y 34.4uS - Fri#ix
Y&k 01001010, 01110010, 00110110 (4% OXB6A » 4T Ox72 » B 0x36)

DS0-K 20144, MY52010971: Thu Mov 26 10:43:15 2015
1100V 2

14.76%

______ . 1 1.80v

Agilent

EIRE IR I AR F R F IR LY

B — Ry R “0" 4mbS TOH AR ZE/E s 0.35uS » TOL £y 0.90uS - FF& WS2812 H4RHEHFH] °

1.96Y

Agilent
§ u
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

& — Fr 2 MEEEFRAY Logic ORY&miHHN L R FfH] > TR EsAT ISR & 1.25uS-
DSO 20144, MYE2010871: Wed New 25 15:51:08 2015

1.80Y

Agilent

(E=)

f& VU AT S A2 B R AY Logic LAYEmS S R ] > T EsPT ISV & 1.25uS-

DS0-X 20144, MY52010971: Wed Now 25 15:52:14 2015
: 1.80Y
Agilent
o :

(=)
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Lab2- L2 FEMAYEE - #H i main.ciyRR2FAGES] G ~ R~ B R AYIPRE R REE ] -

1. BHRL Lab2-2_RGBLED.X
2. EPEEIESR 0 BE LED V(L -

J&& T E A R WS2812]CE CIP Rl AR EY —LEfE A

30054 RGB LED Far#fsk

BIRETT ASESERURAR

e e b e

e ® & o o
. c W > e o e
o D B ® e > o BB W © ® © 5 a

RBIE T BUTIR

1T ASRECHURAR
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 3

F]* SMT % :f kip| & 3 + e
PWM ﬁ;f] 31 e Duty Cycle

00X 20144 MYERDIOST 1 Thulios 26 1612302015
5005

o -
, =
N A = 2 m
ZCD 37HzIEZ Rzttt (AN Hil) S—o—= l‘ 5
e A I ——— EDDAT®
, LEDGND® e
:
=
S
s f:'_‘:'”v P76 rn D
£ tnegse ree
2 =
o
a
2mSEHIIPWM 75% Dutyiii (RST i)
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Lab 3:
SMT Duty Cycle & ¥ #f e & /]

HEE:

W€ Curiosity f_FHY LEDs (D4 ~ D7) HYEE B _EA/Y LEDs (D1 ~ D3) FrsarHY
fIrg—E
D17: <25% > D272 :26%~50% > D372%:51%~75% > D4 5% :>76%.

AR

FRELFFERXTH RST HfrAH —(EvT e 8 EFH(RL3) FH%5EHY PWM B ER5%
FI| Curiosity £}z EHY AN4/SMT1SIG iz i Fy SMT BYEHsTm A - F% R13 A LIEE|
D1 ~ D4 g A[EHT Duty AcBisz -

[EIREHY » AgiE £ SMT JE#219 “Period and Duty Cycle Acquisition” f&=t 31 HI &
duty cycle #&#%%( Curiosity £ 7 _E#Y LEDs fygER 15 =0 T4 LEDs -

SMT #hifiar A

NE Ry SMT JFBRIER - aloflm A2 T > BEIRARIIE SR - s AREER: - BE
BRI © 2 BHEGERGEE] “SMTXCPR” HEIIETHEE 75 - & "SMTXCPW”
Duty 5+ {745 -

S LIRS
SELIN

Set SMTxPRAIF

— AR e

SMT_window — SMT L

Control
sar |—| Logic

SMT_signet  SMT_signal  ———

i BB S
SMTXTMR N
m—  Burer Duty 5H#0E {725
et Mt do bty | IR—
Reserved — 101
SMT_Window has MFINTOSC/16 —{ 100
same inputs as ERNTOSC ] (011
SMTxSig NFN:(:::: .
plus CCP1&2_ OUT fosc =] 660
STHFAT RASEEE

Page 28 PIC16F1619 CIP #:[&& &34k V1.00




HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

SMT TAEMER :

1. —fi& 24-bit thizas G285 ( 24-bit Timer)

s nininiginipingigininlin

SMTxPR SMTxPREHAZE & 7 N
N\

SMTXGO_sync \ |

SMTXTMR 0 X1 X2X3XaX5X6X7X0X 1

SMTxXIF

LA —AGEER(HY Timer —4% - SCELFHEY] (SMTXPR) s AT DL EE A B (SMTXIF) © 32 25
EEHYRER -

2. Gated Timer Mode (Repeat Acquisition) : Lab3

FEASRMA  svmesen [ | [ ] [ ]
ESERAMA smsemsye [ | [ ] ]
g sece TUTTTUUTUUTUUTUUPTUTTTUTUTUUT U UTUTUIL
B F R RAS4E SMT:EN : \ \ \ \ ! L
BRI TG0 M I \ [ -

e S 3 S
Timer ¥8EA GEHEH) swrer| \‘ 0:FFFFFF¥ ¥ \v |
24-bit Timer SUTCTMR| 0 D880 5 ) ? |
Hi Duty 5B swmceu | 5 [ 7 |
AR PETE L svrewar [] [1

S—fiEl Duty 815 5-0=5 F " Duty &M f 7-5= 2

2
iz

A _EEFR Ll Gate Time ModeskE » SMTXCPW ( Duty: 8 (722) @S0 (SMTXGO =1) ¥
it AR FERY Hi Duty FYETEL > Low Duty SLEF (E51EL - FF( T —( Hi Duty #ERIF ST - &
i AR N &I AR Rl o WSAE RETHRF SMTXTMR ERZHI =] 2071 = ARy Duty -

FrBA > T AEHIEFEAURRE SRR » SR aAFRESE T#F— 1 Data SheedilFffifvsiiH -

)
=
R
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

3. Period and Duty Cycle Acquisition (Repeat Acquisition) : Lab3-1

2 Clock
swesgal [ ][] 1/
SMTx_ﬁgnammm I_Bﬂ
_— L

|

SMTXGO_sync \¥ \ L
SMTXTMR 0 08801 0R000 111h 3 4] 5 |
SMTXCPW Pulse Width 5 2 |
@w' Peroid ! - |
SMTXPWAIF h

SMTxXPRAIF

BABISCA ST A HIESAEAYIIN HI1G Duty B Period - e EIH1% SMTXGO = 1 IBE4ARIH
MIRINEE 558 Hi Duty B 5 (03B FLFE 44 8 (SMTXPWAIF) » Period 8483 HIELS) T
{8 Hi Duty i74¢ » B #7414 655 48 (SMTXPEAIF) Period 34{K 75 11 -

B SRR 1E Repeat Lz T » 5K Duty 177753 (SMTXCPW) Flay Duty 275 81 » LA EIE
Fuffl : 55— (W AR Duty /2 5 FEHAR 11 - 5 (6§ ARY Duty = 2 > B35 SMTGO = 0 FLARH
AT -
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

AR
TRELEFENgH RST i A —(E 0T o & EFH(R13) FHEERY PWM g EH5E
F| Curiosity £}z -HJ AN4/SMT1SIG Filfiz i Fy SMT HUERSEm A - 5% R13 o LEE]
D1 ~ D4 g {K R[]y Duty sRELE o

[EIREHY » AgiE—HEH R SMT #E#219 “Period and Duty Cycle Acquisition” f&=t 31 &
duty cycle 1&1%%l Curiosity fiF_E#Y LEDs #y&ER 5 2 F4k 7 LEDs -

L ab3 G EER

1.
2.
3.

fHEL Lab3_SMT_GatedTMR_LED.X
BLFH MCC

sOE SMT LIRSy “Gated Timer” KR EFRHERUHHEA R “Repeat” > il “ Ena-

ble Pulse Width Acquisition Interrupt”

#i AHKRZHY Duty-Cycle HYETEUEFIAE SMTICPW HiF s - /£ TR Duty FYEE

PO AREEH S R E LEDS HIBDR

. 1£ Gated Timer FYHFAKE =141 - Duty HYETH#U2EE SMTITMR 1% 0y » Bl &7
WAy Duty #ESREGERE - BT DLZEAE FEMERF SMTITMR ERZ DU T ZCH Duty #Y5t
g

g £5% Iniialize v | [#][x

=]

.E (V] Enable SMT Period Ox0= 16777215 = OxFFFFFF

s .

@a V| Enab

'-i '."'.! L'I'J.d ow

E/ Data Acquisition: Single @ Repeat

& . 3 Window Select: | SMTWIN

_‘\“\ Operation Mode:  Gated Timer v : : .

'_‘]‘ Clock Input Polarity: |high/rising edge enabled

o Clock Select: 'HFINTOSC 16 MHz v Signal

Prescaler: 1:1Prescaler v SignalSelect  SMTXSIG
Polaity Increments On:  rising edge - Input Polexity:  highfrising edge enabled
Enable Period Acquisition Interrupt W

| Enable Overflow Interropt
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

6. RETHIALHYEEE QA BT
i38E8% RAL, RA2, RA5 & RC5
i Fs LED BV M (GPIO%% (5
EEEENTY) - BET TAE
GPIO::GPIO % & FE L Ryl
HHl iz & 8 Customer Name

- MCC & H#5% € LEDs ARl
fIE5% - L RE) Peripheral
Pin|Selectfi; SMT1SIGHIFILL
RO (FEIE By RAA 05y
SMT1SIG £ MR A -

& MicrocHiP 12
7 PIC1EFig1s T4
2 13

2 12
10 il

Package DIPZ0 V: Reverse Pin Order

Module

1918 17 4 3 2 131211 016 1514 7% 6 5 8 8

PORTAW PCRTEY PORTCY

0 2 3 4 5 4 56 7 012 3 45067

Function

GPIO G a
SMTI  [SMTIWIT
SMTL [SMTISIC

|

Selected ping: 4, |

Pin Mo, Output Start High WPUE IOC [OCP IOCH Custom Name
FAS |2 D

#include <xc.h>
#include "smtl.h"
#include "pin_manager.h"

RA2 |17 Db

|

<[<<<

EC) |5 D7

RAL (13 D5

=

8. AHErA R E] LEDs 1y E

# ° FRPAFRIA

pin_manager.

Duty £:7F SMT1PWAIF[y
Bk pm s Duty B9 LRI 25 ]
LEDs VT © ik 2R
B £ SMTATMR B2,

BN —{iE Duty HYSTECAERS ¢

{oid SMT1_PW_ACQ_ISR(void) {

/I Clear SMT1 pulse width acquisition interrtipig bit.
PIR4bits. SMT1PWAIF = 0;
if(SMT1CPW > 6000)

D4 SetHigh();
D5 _SetLow();
D6_SetLow();
D7 _SetLow();

}
else if(SMT1CPW > 4000)
{
D4 SetLow();
D5 SetHigh();
D6_SetLow();
D7_SetLow();

}
else if(SMT1CPW > 2000)
{
D4 SetLow();
D5 _SetLow();
D6 _SetHigh();
D7 _SetLow();
}

else

{
D4 SetLow();
D5_SetLow();
D6_SetLow();
D7 SetHigh();

}

SMTITMR = 0; // SMT1 Timer = 0;

:
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

L ab3-1 A E R

1. BFEL Lab3-1_SMT_Grt_Duty.X
2. YA MCC

3. E%IE SMT T {EfE={ s “Period and Duty Cycle Acquisition” K EiFHERMERE R &

“Repeat” > IiELH “Pulse Width Acquisition Interrupt”

03| Initialize hd X
[¥| Enable SMT Period 0Ox0=| 16777215 | = OxFFFFFF

Enable Data Acqu After Init

ata Acquisition: () Single (@) Repeat Window

: r 1 Window Select: |SMTWINX -
Operation Mode: |Period and Duty-Cyde Acquisi... w |
Input Polarits: | high/frising edge enabled -
Clock
Clock Select: HFINTOSC 16 MHz v Signal
Prescaler: :1:1Prescaler v: Signal Select: :SMTXSIG v:
Folarity Increments Cn: :rising edge v: Input Polarity: :high,frising edge enabled v:

[C] Enable Period Acquisition Interrupt. Enable Pulse Width Acquisition Interrupt
[ Enable Crverflow Interrupt

4. RS 2K Er Duty 2RET7R LEDs - 12 -PEMEA A —(EH bit FrE &I
5t SMT_GO_Flag FA25( main.cACHIER L IESE e e A E & & ${T Duty FYEE

bit SMT_GO_Flag; main.c

while (1)
if (SMT_GO_Flag) & smtl.MEAABIAL TTHESR E 2
{ extern bit SMT GO Flag;

SMT GO Flag = 0;

if(SMT1CPW > 6000)

{ 1£ smtl, 2N A EHE SR U -
D4 _SetHigh();
D5_SetHigh(); void SMT1_PW_ACQ_ISR(void) {

D6_SetHigh();
D7_SetHigh();

} . .
else if(SMT1CPW > 4000) interrupt flag bit.

{ D4_SetLow(); PIR4bits. SMT1PWAIF = 0;
D5_SetHigh(); SMT_GO_Flag =1;
D6_SetHigh();

D7_SetHigh(); }

/I Clear SMT1 pulse width acquisition
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Lab 4

F-)
=
a 20
E —
[ [aa]
5 2
e = Tu
005
RID
2 P3¢
& .
. -
o 0"
1.7Pg-
s 0

-
O,
A<
(=)

CoOes

- 4T
xq-s.v Tp7c)Q6 et

‘igee ree

—

(7

ZCD 37HzIF5Z: 7 (AN Hl)

RGB Light Input

POT
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 4:
E R R EE ER(HH] (ZCD)

HEE

A ZCD FEEACH E i AsHSHZ R BRAGHGES » IS Ay SCHGRER it Hi S5 SOl
15 MRy RcBE R E L Low e

o

TSR FR ] (ZCD) fi4H Al BRI AR DRSS (555 (AC) Bsit iz (Ground) HI{E
o TR IE R T = & IR A SR 5 (E B0 I LA G - ZCD pyi—(
0.75V HISETEE » i LU Tl A B EEAE BB E (0.75V) SSHUEI AT S DRI 2K -

ZCD ¥ FIAEARORENE - FHIERA:

R IR Y]
RIFFET AR A R
A HIEHEMH AL &
(& EMI DA % ]

HpwbdPE

ZCD #1 A E— IR B4 LA L4
e EE TR EERE/ IR > g 12 |
350UA - Hi75[8 ZCD FHREIFTT -
iy A ETSELCEE A A FE ZCDX_IN il il
fir (@ Py 25 BRE (Zepinv) 4% S j e
Hhie R il A EEBRELER A B B .

&£ 0.75V > B[] ZCDxIN & —E 4% lﬁD_J?L—LM

£ +0.75V BV ERAENL_E > EReEsHy i
B R 7% 854 ZCDXOUT -

LLIian Rs==:
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

EERrEER

TR AR TP3 2E AR EE H (18K ohm){% # 5] RC2 iyt —1E520 -

RC2 EyF5z izt
RA2 #H&# 5 : ZCD1IN
RAS #i&l 5 : ZCDOUT

FTLIR Bk RC2 2

RA2 B4R -

L ab4 BEIEMEER

1. BHEL Lab4 ZCD Basic.X

2. B MCC

3. $%5E ZCD::ZCD fH4HINAE » 40 FEREATR @ HERE) ZCD Wi Hi H R S -
»:: Initialize - |E| =

[¥] Enable Zero Cross Detection

[ 7] Enable Positive Edge Interrupt

Logic Output Polarity:  inverted 1@ non inverted

[ | Enable ZCD Interrupt

4. i ZCD1 HyHfizig A ZCD1IN Z[EE £ RA2 BRIz - {H ZCD1OUT HyMIHiz 2 7]
PI&E s PPS iz EHy » (EHLE BT a5 E ZCD10OUT pin [y RAS (Bi D4 [E|fiifir)

5. JFEEH . f£EE+ MCC 2.25.2  ZCD frak e VRIALIE A &l MCC HYBHRUILRE
Pin Manager Z FiiiVa5 E sk A HEZK - i2fEZ e MCC fy/\" /(G (Bug) HYRTE -
FrLlECSBaE Lab4 BF5EEE— T Pin Manager HY ZCD1IN (RA2) K ZCDOUT
(RAB) o
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ELP - R PpEF A (Curiosity) # 78 WCC/CIP $tF

VDD kage PDIP20 + Reverse Pin Order |
ZcD1ouT [ 2
RA4 a 191317 4 3 2 13 12 11 10 16 15 14 7
MCLR ] 4 ) Cl PORTAY PCRTBY PORT

fodule Fumeien 0 1 2 3 4 5 4 5 6 7 0 1 2 3 4

RC S MicROCHIR 17
re2 7 micigrigie 14 3 2 [zcpicut] T T T T @&l T T T T T T 11
zep [zepim || fEd T ]

EMEREEFREA MCC gl
ZCD Bifirss £ % BENNERER T GIERE -

6. FHESEERIAELE MCC K ERER -
7. BHEz main.c IA—{7F2= ZCD1OUT _TRIA = 0; & ZCD1OUT &5k H pIfr -

I Ss|'—~‘t"" (e MBS EI[StartPage % B e % l_lplll mAnager.c ﬁ__‘l_-l zed.e | MFLAB®

s—-@LableCDBasm [WHMOW ©E-E- g SR E\ﬁ}’{_)Dl__|
T- [ Header Files RS v

b E

+l§ Important Files 43

EHEB Linker Files 46

= L.‘El Source Files 47 5 i

= ﬁ MCC Generated Files || 48
+@ Libraries 49| =
EHE Loadables

52| H void main(void) {

SYSTEM Imuallze(}

BREREE :

DE02( 20148, MY52010971: Mon Nov 30 13:04:52 2015

110ms 2 100y, 500/

0175V _EFHEHIRS

1. #if A TP3RYIELZ
W > HEAEBETE 0.75V - :
10.0:1
10.01
2. RA2 (ZCD1IN)
ABETE » DA HIAE
0.75VHYEAL -

3. RA5 (ZCD1OUT)#
HORF > B &R TR o '
SEBESL S AT 0.75V Y 46500
S 53R
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 5

F1#* ZCD g R P =izt 2 A%BLS
fx#d: TMR2/HLT &7 Mono-Stable 44
PWM3 ﬂi;f‘] 21 1.6mS 7% R

T_;;;/Z\iﬁ ZCD HLT/Timer2 PWM3
"| e s | 1OMS L,
Mono-Stable Duty FE 28

e TR A e R fF o
ZFxets CIP ¢ p (738 1%
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J};g:_;#/ — ,’?9‘;7’_4,%;'5- (CUfI.OSI.t,V)

4

MCC/CIP # ¥

e AR E R g2 T f#— F #iy HLT/Timer ( Timer with Hardware
HLT/TMR2 =] LUE {EZRAERY Timer2 fiil_E HLT FYZhRE

Limited Timer) fYZhEE - @J’;‘(D

o Rt R ANIA HLT AYTHAE SEEL ([ Timer2 &

AT HINRE R AYSRA - bR 7 SZ PR Timer2 ELERasRaCHYRHIRFDIRES N » B HT T A IHITIAE:

1. Free Running Period (Roll Over Pulse) (B giEfTe =)
2. One-Shot (B g5 s T =)
3. Mono-Stable (EEf&HEE i)

J& T2 TMR2/4/6 + HLT HYJTSRIE - £ 32 M = (EESEAHAK -

: RSEL TMR Reset S

. TxINPPS .

. [~} M

: 7 oo H

: TxIN X ]\ MODE<4:0> LINA H MODE<3>

: - | : r

: : 5:

5 Edge Detector reset .

: External Reset TMRx_ers | Level Detector H CCP_pset

. Sources [ | Mode Control :

. (Table 23-4) (2 clock Sync) —‘ :

g MODE=<4: 3%=01

: enable H D Clear ON

: MODE<4:1>=}011 | | D o——

H § peeeneecenneeen PR T e ) A p
: ckpoL : -

TMRx Set flag bit

: TMRxIF

: CKPS<2:0>  Fosd4 PSYNC _\ TMRx_postscaled|
g Comparator Postscaler — .
: Syno TMR ‘I‘%I - :
: 2 Clocks A TMR3 :
: l. PRx OUTPS<“ 0> u‘l’@ g
: R AR

e

CKSYNC

%&%&5

TMR Reset i ABESE: FEE#E 2 IH 2 A AR Timer HEHE - EZIEBEEES PWMX -

CLCx > TMRx » CCPx » CxOUT > ZCD1 % - {F A ER 51 ZCD1 i B 8y d2e =Rt -

HRd A

TMR 3 M HRACT: 5 BRAY 20 5 PTG b A, » 103 AR T4E Fosc/4 fi B Timer2 gz -G

TMR ST E3Eas d: A Timer2 —4f > B mE A4 P E e R bR 2 F &

HE MY TMR2 +HLT Hﬁﬁﬁ)’(% PWM HYEIZEESS - HAEZ PWM BN 250 A B H S et 8

FEHEME - TEpR IR AR
fEHE (20 T ElE

TR - EEA AR — TREEE S —REVTR - ZCD Ay EHAIELZ B

E]/\j TMRZ_ers ) E MODE | 0b10001 |
oo U U U U U U U U U U U UL
¥ TMR2 Bi4as R ; l
TMR2 - Instruction™ ‘{E: - :::\ :E‘]%:‘BE,

BEE - -
PR2(EH E s - ) Dl

TMR2 TMRx | ) 1z e )5 ) 2 s = 5] 0 Gz« s o |
fﬁ%) Eﬁ? TMRx_postscaled ,_‘ ’_| I_L
= H5 T—(E o ‘
TMR2_ers S | o —

Rising Edge-Trigger Mono-Stable Mode Timing (MODE= 100001)
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 5:
HLT/Timer2 gfEH
A&

7 j2 HLT/TMR2 7k %82 ¢ % o % ZCD 8 BIF] ¢ 5 chE 2 48pF 5 TMR2 2
PWM3 % & # - B % 1.6mS % s

foRAtL:
R R FIR Bl E 5= > FrAgsE HLT/TMR2 7£ “Monostable” f55 NMEEE - ik
2 7ZCD &ff&s—2 THR2 sist#—2x » PWM G55 E 4 1.6 mS HIRE

L ab5 BAgEM B

1. BHEL Lab5 _ZCD_HLT_PWM.X
2. B MCC
3. & 7E ZCD

B Initilize - |I| X
[¥] Enable Zero Cross Detection

[~] Enable Positive Edge Interrupt

|| Enable Negative Edge Interrupt

Logic Output Polarity: inverted (@ non inverted

[ ] Enable ZCD Interrupt

4. %7€ Timer2 5 “Monostable” 2= - 4 M EEMZER F ZCD1 Output > TEHYEL
e E LA GRRCE) - FEES Nimer2 HYEHARE £ 3.2mS (F-Fhim A » AR FHEFAREIZS o)

&b
HE °

= THMEZ is used in: PWIREZ
3% Initialize -

Enable Timer

Timer Clock

Clock Source |FOSC/4
; OxC7 = 0xFF

Postscaler 1:1

r 2z =g,192
Frescaler | l:122 e e
Folarity =)
l:l Enable P onostable -
Biehis Cledk Smne Start/Reset Option :SEFE on rising edge on TM... v:

|| Enable Timer Interrupt Callback Function Rate: * Timer Period =
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

5. FiEAKR G EHE PWM3 T o 3% PWM3 HYEEIEHIEEE B TMR2 » 4 PWM3 /Y8
HA By 3.2ms » 152 ZHig Y, 1.6mS FY Duty Cycle #i2E:%E 1.6mS / 3.2mS = 50%

48 PWhI3 is using: TMEZ

Tnitialize A E| X

Flease refer to the selected timer to adiust the FWh frequency

| Enable FWwhA FWh Polanty: wmverted (@) not mverted
Select a timer: | Timerz = FWh Period: 3.20000 ms

Duty Cwele: | 50 | % FWM Frequency: 3125 He

CCPR Value: 399 FWM Resolution: 9 bits

6. A& FRE— T HIfizAYE ) (ZCD1OUT & PWM3OUT) - #l[E |- Lab5 ZCD Y& kg—
B > EEHTEL AR ZERE > MCC #f1y Pin Manager fYs% & & &2 ZCD MHIiZEE

(ZCD1IN & ZCD1OUT) - SFEHfN —— e
)\E@UﬁlZ%ﬁﬁﬁUEﬁﬁﬁ? 191817 4 3 2 131211 10161514 7 6 5 8 9
ZCD1 OUT ;ﬁﬁ RAS PORTAY PCRTBY PORTCY
__\‘ & Module Fopetion 0 1 2 3 4 5 4 5 6 7 0 1 2 3 4 5 86 7
ZCD1IN 3%1F RA2 7D e T [ e
TME2 T2 |ElE m BhEEEEEEE  BE
PWM3 [PWME0UT A
EEERAR
1: TP3 (9 AP IERZ K 2.: ZCD1OUT (RAS) {1y {0 ililiAdi

3. PWM3 (RC5) (15 1.6mS [&] 7 & /& 1y Hik iz

D0-x 201458, hy52010971: Tue Dec 01 14:35:28 2015

1 100y 2 5004/ 0.00v/

10.0: :I.
10.0:1

oy zE e
—-
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 6

1. M ZCD {5 HI_E 52 Rz A8 el

2. i TMR2/HLT By Mono-Stable g H
AN 1.28 mS HIFRE

3. 1t 1.28mS TEHYHFEIHE B EI LA
TMR4 gYEAERY PWMS3 g 16 ([
Duty Cycle 30% HYH&{E

?fﬁ ZCD HLT/Timer2 TMR4 /PWM3
IR B 4EEsr | —— | ELEL16EH —>
\ Mono-Stable PWM i

rA b ends (TR F A AR 1T o
Fxets CIP ¢ p (738 i%
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 6:
& AC g A ZIIEZHF I C\P AR E 4 248 16 (g%
i ETRIAC ZE5F

HEZ:

FLAAIH ZCD Bl HLT/TMR2 fy2H & » 7EfRF a4 & EABESR) PWM3 DlE4:— 16 {E Duty
Cycle % 30% HYH4E K E

et

REBGHIRAE CIP i TRIAC (SIS - HIFTRIAC {FEH (R BN
SEATAE BTSSR - SRR I RS BOE - SR
AR R TR RS » (B TTRIF ZCD SOMBEAL & Timer (THEREITAIE 5
S -

REERFHEHEIRY CIP Hy#EEA ZCD ~ HLT/TMR2 ~ HLT/TMR4 ~ PWM4 K& R 255
AR FHHY CLC » & MikF— s B HECE R TAEFRK -

1. EENLLEZEF A ZCD BSE|—(E_ LG S it slat fbiss - P Eataflot s
FIFH A ER AR R E B4a HLT/TMR2 fii—{E B AR REE IS ES (Monostable Mode) Fifi
o ERVEHRRR H 2y ZCD i3 — g E 4L 1.28mS HYIFEE -

2. iE(# 1.28mS FYHFRIEFTHEE] DL TMRA4 () PWM3 ZE4: 80uS FEHARY PWM fijH -
A RiE e —EEP RIS H TMR4 Z8% &R Free Run Mode HY T{EfE=X » AT DALE
1.28mS [HEREHE Tk erfi 16 2/ Free Run Over fYE18 > thst S35k PWM3 &
4 16 {& PWM =R (1.28mS / 80uS = 16 %) «

3. PWM3 1y H a5 pk &2 [aid > B Duty On B 5 Low » 35 5E 5K 70% Duty Cycle 1y
i CH B PR HH & 2 30% HY Hi i -

L ab6 BAsGHE R

1. BHEL Lab7_ZCD_TRIAC.X
2. B MCC
3. B IE ZCD::ZCD #E4HIIEE » W M EFTR © HERE) ZCD Wik Hig H AN i =] -

Page 43 PIC16F1619 CIP #2534k V1.00




HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

oh | Initialize - |I| X
[#] Enable Zero Cross Detection

[ 7| Enable Positive Edge Interrupt

[ ] Enable Megative Edge Interrupt

Logic Output Polarity: i inverted (@ non inverted

[ ] Enable ZCD Interrupt

. HHA ZCD1 gyfiMiz#n A ZCD1IN Z[E EE RA2 Bz > {2 ZCD1OUT HRAIfL 2 u LA

K PPS ez ey @ fEHLEEFfTeE ZCD1OUT pin £ RAS (B LED D4 [H]Hl

fir) e

. JEEEIE: 8k MCC 2.52.2 1 ZCD FraE iR &g MCC FVFHFERELRE
Z HiIHY Pin Manager SR EEL AR - iEfEZE MCC RN J\BFE” HIRTRE - Frllsd

EEHRL Lab4d 1525834 — T Pin Manager FffJ ZCD1IN (RA2) 5z ZCDOUT (RA5) -

. BENARRREE HLT/TMR2 - /& ZCD Wyl & g TMR2 Reset Hyifig ASKE » tHik—

X ZCD 1y A ffilss TMR2 —2izE 4R —ZKHY 1.28mS FHIFAE © BRI 2R

Fosc=32MHz fyix =2k - 5% 1:128 #Y Prescaler [F#4E1% 14 TMR2 -

. TMR2 Hy4MI Reset 25 Fy ZCD1 Oxép‘ut » TMR2 TfEf5:{/ “Monostable” » ifi

L ERENAIIS M By “Starts on risino/edqé on TMR2 ers” - {HFEFE7=4Z04 Timer

Period 5 1.28mS > {4 %)% “Ené\bléClock Sync” FAY#EETH o

(0 Initialize v [#x

Enable Timer

Timer Clock Timer Feriod
Clock Sonrce |FOSC/4 -

. . Feriod Valua: 0x00 = Ox4E = (xFF
Fostscaler _ 1:1 ¥

r 1 Timer Period: 1§00 = ns = 4,006 ms
Frescaler | 1:128 >
Polarity (Bising Edoe a4 Ext Resat Source j2 D1_Output vj
D el Brisseelen O Sne Control Mode Monostable h
Enable Clock Syne Start/Feset Option :Smrts on rising edge on TM... v:

BT TMR2 119 1.28mSHEFIE R - e 2 B AR i I R HE i 16 AR
7 > 1.28mS/16 = 80uS Fi LAZERS ([ DL 80uS A ERAN) PWM i - (KB PWM 3R
B (EE R S MES TR AR - BT LLEEF TMR4 & i PeriodfyE 44 E - H TMR4
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

FEIE 1.28mSIYHFEIMEARTR B G AT IR SCERE "Roll Over Pulse't5ix, - B
W& “TMR2_Postscaledfiii A (1.28mS) B5FZEERT “Reset at TMR4_era=1Y
PRI

A TMEd 15 nsed 1n: W3
3% | Initialize - X
Enable Timer
Timer Clock 1mer Period
Clock Source |FOSC/4 w |
i . 0x00 =

Postscaler _ 1:1 -
Prescaler 164 X "
Polarity (@i Exae ad Ext Reset Source :'I'I'“'IRZ_Postscaled
[ Enable Frescalar OfP Syme Control Mode :ROII over pulse
Enable Clock Sync Start/Reset Gption :Resets at TMR4_ers = 1 v:

[ |Enable Timer Interrupt Callback Function Rate: ® Timer Period =

8. CIPHy PWM HYREAHEEET Fy— B R PWM 25 - 20 NEFR « ZHHAE Timer 2 /4/6 1y
PRx (8-bit)zlc¥f Duty (10-bit)fi 1:4 #J#%=% - Duty CyclefJf#ATfE /] LI 10-bit - PWM
i Ay Duty CycledlG BEAF TR ©
RBAE 1.28mSHith 16 {EAK{E > LA . (PWMxDCH:PWMxDCL<7:6>)
PWMH#EHA K 80uS: 5t TMR4 Duty Cycle Ratio = TPRZ+ 1)
HY IS E AT 80USe

Duty cycle registers _— PWMxDCL<7:6>
[ PWMxDCH ] |

| j PWMx_out

10-bit Latch - To Peripherals
‘ (Mot visible to user) /‘7

| Comparator | T R Q
F | D pwms
I;TRIS Control

0
0|

pwmxpoL RWPPS

T2_match
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

NERIR PWM3HYEEE @ FHHE TMRA (Y PRAFTECER) 80uS: PWMA4 £ FHE
e dE H2AH 70% Ky Duty » &K AHTR Ky IE 30%¢HY Duty Cyclediit -

45 PW3 s using: TME4

% Initialize v| [#x
Please refer to the selscted timer to adust the PWh frequency
Enable FWM PWM Polarity: @) inverted () not inverted
Selecta imer: | Timerd ¥ FWhI Period: 80,0000 us
Duty Cwele: | 70 | % W Frequency: 12.5 kHz
CCFR Value: 27 FWhI Resolution: 3 bits

9. & TMR2 Ky Postscaledsitt! (1.28mS)uf: it il o] (00 - 24 ] sh i =V
HANEFEFEA — LG ThRE - [N TMR2_Postscaled st il IE N B ELRz4S CLC HYH
it > FEE AT =] LUFIF CLE TR 15 TMR2_Postscaledyaf5tix %] CLC HIEHTH
Mz EDLBEEO - B N HYBPRELE R E CLCARY TR

/N

257 | Initialize > ||
[¥]Enable CLC || Enable Rising Ingeffupt [ | Enable Falling Interrupt
Graphical \-Manual,

| AND-OR | oR XOR | AND [ 5-R [ D-Flop [ OR-D[ 1K ] D Ltch

T2_postscaled_out

CLCINO {CLCINDPPS)

CLCINO (CLCINGPPS)

CLCINO (CLCINOPPS)

FeAMT A FH 2l ATH (T2_postscaled_ouf#245\CLCA B Al » JEE > RR(E
AND B VMEEAE IR £ 1 0 B LIAE GATE2 JiniE f2 A 4 2k B @l AND
Gate-
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

10. Ffe st ti— N RYEE o WRTHEPTEERY MCC v2.25.2 /Y Bug @ FR{FIFEE—
T ZCD1IN (RA2) k. ZCD1OUT (RA5) - #1_EFfrilt TMR2_Postscaled {45
CLC4 [ AH1% &% %] CLC4OUT (RCS) (HiRZ M » DU & AR E i LA
PWM3OUT (RC3) FiIfr -

9117 4 3 2 1312111011514 7% 6 5 38 8

PORTAYW PORTBY PORTCY
Module  Fupetion O 1 2 3 4 5 4 5 6 7 0 1 2 3 4 5 6 7
ZCD |[ZCDI10UT a8
ZCD ZCDIIN a
TMREZ T2
TMR4 T4

PWhE  |PWM3CUT
CLC4 CLCING
CLC4 CLCINI
CLC4 CLCINZ
CLC4 CLCIN3
CLC4 | CLC4OUT |

11. £1%1F MPLAB X IDE T - 4tEE4: MCC Y % I 4n =8 f st o T B A E il
EAERIGER: 1L TR TP3RVIEZ kA - 2.5y ZCD AZlBErd e o
3. 5 TMR2_postscaledy 1.28mSHE Rt A A FRSEIHY 16 {# PWM
FfEra L -

D504 20144, WYE2010971: FriDec 04 15:27.21 2015

2 B0V B.00V/ 11518 . : EOE

Agilent

10.0; :l-

RAS -
10.0:1

ZCD10OUT §

RA5
(1.28mS) YA

+891.40mb

RC3 AT

PWM3OUT

Page 47 PIC16F1619 CIP #2534k V1.00




HELP - BREAE (Curiosity) # 16 MCC/CIP 37

w5 IR R B I ETE v IEE] (W TRl FTR) 48 1.28mSHIHF R ERE ATk HHey
80uSHEHANY PWM & 30%[1y High Duty -

DS0-¥ 20144, MVE2010971: FriDec 04 15:27:43 2015

1205

Agilen

L1 z\d

10.0: :l.
10.0:1
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 7

1. A ZCD (&l _E -5 B2 28 kG

2. B ZCD T4 & Angular Timer Y
0° AEEEH F N — _LFHEAYFIAK

3. e E Wbz ez HYEL#EREFE (C1 < C2)

4. Rtz asm s 2 CLC NHY RS IE
ISEL o A GENA AL nfas

FR5%N
#HiA ZCD An_glJIar CLC
(RS Timer |\ —— RSFipFlop >

rA b ends (TR F A AR 1T o
Fxets CIP ¢ p (738 i%

Page 49 PIC16F1619 CIP #2534k V1.00




HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 7:
T Angular Timer fELbEgzs =AY ER

HE

{5/ MCC g e Angular Timer 2R REAYEDRA] - BEEE R HRHE 90 FERFER I Hi SREE K
£ 180 fEfFRi AR O

AR

Angular Timer (FEE11F2s) 2 —BEAS BEES FH AROHI e A SRS RHY R A A ELiscas sk
Pt E RIS R YR HY o 40t — 2k ] DAAE 22 48 H B HVERGE S IR R N R E AT A IS HY
fLE - AR r] FERVEERE - R EEierr e i hsE AR ae i T A B A
DAY - M E5 SEfEm R e oAl - FEIfREr - BIERE - s AEEE
fir » HEjEE--% -

TEAEE (Lab7) 2 ZCD 8y EFA-ZEAVEHIE £ Angular Timer By & MR E A - I
S NPT HAYET R ARER 5 N EHY 16MHz B2 AR « (58 R W AE iz (59 1) Bh 2y HY
AP CLC HY RS TR gAY H AR G20 /4 & (FEAn) A ECHT -

Angular Timer A fifE T {Ef5={ Single/Multi Pulse Mode - E4:&— 1 Angular Timer fY
£ Single Pulse Mode Y J7ER[E - & J7¥RE 77l - E—EB o Eim A SHSRHIE 8 A
FEETE > 55 i 2Ehikes o & Angular Timer A = {#EL#ZES -

Set PERIF
SSEL. Diide by
;.T xRES+1 = T
1 J———= ATx_pencik
FRP he
LCA_out—] 111
LC3 out— 110 PREC— 3 " ATEMISS

g
i

LCZ out— 101 -
LL,“'_':u.rL e I Divide by 2
2 i . C Bync ATusg e aTes g
7601 out—| 011 (2 Clocks) Lo ATXPER Differencs
CZOUT_syne— o1o 15 | 10— APMOD
C1OUT_sync— 001
M m :'.r.r./ MPP —hl\@ﬂ:_mssecnu:ss
PHP
- PS 1 Clock . =
= | i :" —= ATz phockk
AN e . ;M
HFINTOSC (16 MHz) 1 Picicis ATxck Divide by Phass
Foss— 0 i ATXPERS 1 Courer
G ] a = Set PHSIF
|~ l | ATxclkee
10
To Capture
. Instructon Craitpsaie.
Single Pulse Mode G| {2 ATeHs ]
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Tl ATICCY Y3k —
JE (BB S T8RS Sst COYF
AT1PHSHH A LL# % H

F| ATlcmpy 5035 E T — ccam_‘»'r ; N
fi CCylF ATy ckec— / AL

Angular TimerJE3ELE RS

L ab7 BRsEH B

1. BHE Lab7_Ang_TMR_ZCD.X

2. FF McC

3. ®E ZCD::ZCD #4HThAE - WATH EiRiE EEx © H 2R ZCD iR Hig A~ i
[ o JERHBRAVEZES > MCCHYZCD [ 52 5 void main(void) {

S ERENSE T RAS 5 ZCDIPUT ] | 8
54 SYSTEM Initialize();

ZZHIr - tE%FEAE main.c AVRZENEITA : SISTRLIni 12l
ZCD1OUT_TRIS = 0; . ZCDIOUT_IR1S=0;

4. Angular Timer (AT) SHARIEERTRSRGE > 8072 AT BV ERGHE T EEEFRR
Heawe fy e A AR AT (Single Pulse) - B2 PG e AIVARALAIE - £
R R 360 6\ 1 EHIRRATIY i 360 ATHIFLE ZCD L4 BRI HI A
FIN— ZCD I \HVEEE \» £ T EHE A I AREE H PI Bl S 2R 16MHz fYRE S - THER
gabk 1:1 Ay ALEREE - di ASRota e (£ 4 ZCD By EG e s RE) AT -

| |48 mitialize +||x
= [
< =

~| | [¥]Enable Ang Tmr
& k4
:] Mode Clock
Ang Tmr Mode Itiple Pulse @ Single Pulse Clock Solyce | HEINTOSE 16Mhz
i i

Missing Pulse () Adaptive (@ Fixed

Prezcalar ATICLKE -

Max Phase Value 1=| 380 < 1023

[ Period Pr is reset at start

Expected Pulse 1= i = 360

Resolution 1.00 deg Input Signal

Resolution Count 380 Active edge @ Rising (7} Faling

Missing Pulse Delay 22,50 us Signal Selection .ZCI) data_out -

Missing Pulse Count -32679 = 1 = A InputFrequency 136Hz = 136 2 44.44KHz
Set Point 1.36Hz = 1,36 = $.99KHz Period 32679.74s

Set Point Count 32679 Period Count 32679

Set Point Error ] Period Error 0.00 %
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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7

5. H MREFRIEHYE AT BELHEEs - RS R M A EEEdE= (Compare) - ELEUAHRTHE
AV BN IR Hi o [N R AN B SR TS K2 W (A FE B (R — 2R R (Bl e » 55—
(B et 2 e Ay 90 E‘IEH#%LH L R EEER S RO A fy 180 R -

\ ] .
Capture/Cympare 1 | CapmrEanrﬁpare?_l CapUJrefCumpareﬂl Cutput P'olanty-. _
Period Active high

Enable Capture/Compare
Phase Active high -

Mode Select (™) Capture (@ Compare

Missing Pulse :.ﬁ.r_ﬁve high -
Output Polarity (@ Active High () Active Low
Input Polarity i@ Rising Egige Falling Edge

Input Selection | AT1CAP pin

1,

Compare Value 0= a0 1023

[] Enable All Ang Tmr Interrupt

Enable Period Interrupt Enable Capture/Comparel Interrupt
Enable Phase Interrupt Enable Capture/Compare? Interrupt
Enable Missed Pulse Interrupt Enable Capture/Compare3 Interrupt
Cutput Polari
| CapmrEICumparel| Capture /Compare2 | CapmreICumparES| tpu ty'. _
Period Active high |
Enable Capture/Compare _ _
Phase Active high
Mode Select (7) Capture i@ Compare ) )
Missing Pulse | Active high
Output Polarity @ Active High  (7) Active Low
Input Polarity (@) Rising Edge Falling Edge

Input Selection | AT1CAP pin

[] Enable All Ang Tmr Interrupt

Enable Period Interrupt Enable Capture/Compare 1 Interrupt
Enable Phase Interrupt Enable Capture/Compare2 Interrupt
Enable Missed Pulse Interrupt Enable Capture/Compare3 Interrupt
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

6. [ ARELEL R 2 W (B bhd gs iy H < 21 CLC AR i - FRAFI8Y B #Y2F A 2 W {E
HEFEE] RS TE a5k Set . Clear HYEHE » FTLARE%EE%E CLC fy SR #2385 - 41 )
[El AT B AT Compl #ify AEFIE 7 2311 Set Ui ; ATComp2 ##%1] Reset i © CLC
s % E (CLCLOUT) RC5 -

Enable CLC [ Enable Rifing Interrupt || Enable Falling Interrupt

Graphical | Manual

| anp-or | or-xoR [ AND | SR | D-Fiop | oRD [ 3K [ D Lich|

Angular TMR. Compl

CLeIo (cLCINoPPS)
S Q
Jingular TR Comp2
R
CLCIN (cLCINOPPS)
7. £x1%%] Pin Manager BRI 5% E L - E#E PPS 2% E CLC1OUT #| RC5 KT -

1918 17 4 3 2 13121110 161514 7 6 5 8 9
FORTAW PCRTEW PORTCW

Module Funetion 01 2 3 4 5 45 6 7 012 3 45 6 7
ZCD [zcotout] | [T T W@l T T T T T T T T 1T 1 11
ZCh [ Z2CDIN a

ATI ATIN

ATI AT

ATI A

ATI ATCC

CLCI | CLC

CLCl [ CLC

CLCl [ CLC

CcLel [ CLC

cLcl_[CLCIouT] | )

NS

8. FZH MCC Code Generator =4 CIP HYpi#i% » £ main.c il A ZCD1OUT _
TRIS=0; HiE=1% > (EFFGR=EESE - Az ss 2 H— MEEHRE
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

B Fa&sE 90 E R 180
EREH -
1.  REZE#AZ ZCD
(TP3) : '
2. ZCD WyZEfirig sl T—— CEW 1D
i (RA5) 10.0:1
3, CLCIOUT (RC5) -
EBRE—THEEX
Mg o)==l g fw A0 . - £
BN 90 +100 00Hz
R 180 & -
HERRE 0 R 270 ) T
FERVESH - T B/ 10.0:1
+100.00Hz
RAWFE
B FeaiE 30 & K 300
ERYEH -

10.0:1
10.0:1
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 8

1. Z2RiHAY Lab7 A1 A% TRIAC fiFSE
HY

2.5/ ZCD Hy_E ~ N&AHIER HLT/
TMR2 HYIEEIHE

3. TEHFEIFE S 5 i PWM Rk fErHY i

TRZE

A ZCD An_gular CLC
(RIS Timer |\——» RS Flip Flop
HLT/TMR4
.| HLT/TMR2 .
"| Monostable F'I’\‘;ngeun — » PWMigH — %
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G ELR - #PFEAHE (Curiosity) #7€ MCC/CIP $#F

Lab 8:
FIFH ZCD # Afft TRIAC fVIE & ffE

HAEE
Ly BIEF CIP R4 TRIAC TE£0BY fa R % e R

ftat -
EEWESG T RIESEE o TS E R AR TRIAC /A2 r il 2E RO ER -
FMEBAIZE TRIAC 1EAT5R

S B IS — | fon a7 St o .

K EELEPER - | ﬁ”/\ﬁ?\@ﬁw

R+ A FILME TRIAC | ) = eSS = = A
TR0 A Ly T &mth;//T- L,/[
sy ] (41 AC J&5 Waveform

B AE) -

REREZEH] TRIAC 7E1E~E1Y 30 fERFEH 5 {E PWM efifiss - fE& - 1Y 30 [
(B[ 210 fEEf) B a8 5 (H PWM {(Efss—%x

FrLlfE ZCD —> AT —> CLC —> HLT/TMR2 —> HLT/TMR4 —> PWM3 %53 82 =4l
s EHY CIP #8155

L ab8 BsEH B

1. BHEL Lab8 AT TRIAC_ZCD.X

2. BYF MCC

3. 4 Lab7 —#%FHEL ZCD HYERIE © FBIRL AT BYEE » seame AMHAL Fy 360 (Max Phase
Value) - 1 JEHYREITIE  Lhimwas 1 3%0E By 30 [ > Eh#as 2 3¢k 210 [ -

4. PEPNAREENE CLC 540 - #1[F Lab7 —f% » HPEtbares 1 & 2 £ RS 1R & »
CLC1OUT HyfiiHi s E £ RC5 LU 258 B -

5. HLT/TMR2 s E: TMR2 Hiig A fl55)i fy ZCD1OUT (R BZH IE ~ AGAESEFT
DlEELE R ENfS T “Start on rising/Falling edge on TMR2_ers” - TMR2 (3R
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

fE% 160US - it
SIETZ O ~ 180 i
e —(BAEE 30
FERY 160uS fHEE]
ME > £ 180 ~ 360 /&
5 —(F 210 [
160uS HYHFEIHE

<55 Initialize v X
Enable Timer
Timer Clock Timer Period
Clock Source |FOSC/4 v | )
; . Feriod Walue: () = (27 =FF
Fostscaler B! )
r 1 Timer Period: 4005 = 1600 us = 1.024 ms
Prescaler | 1:32 M
Polarity | Sising Frke ¥ Ext Reset Source  |cLC10UT -
D Enable Prescalar O/F Syne Control Mode _Monnsmble -
bl Clsak e Start/Reset Option | Starts on rising/faling edge... |

7. _EHHY TMR2 RSO (I 52057 W ks A i

° RF L RO R BB RARS HLT/TMR4

FIPEHERSR - R BE—(E 150\uf RS FEFEN TR L 5 [ PWM gt » ATl TMRA4 Fip
s E R By 32uS Wi A Rol Over Pulse f5sz#HHE -

[ Initialize -
Enable Timer

Timer Clock
Clock Source :FOSC,Jq

0x3F < OwFF
Postscaler 1:1 hd
. ! ™ ] Timer Perio 32008 128008
tescaler L J
Polarity fising Frige i Ext Reset Source | TMR2S b
D Enable Prescalar O/F Syme Contrel Mode :RoII e v:
[#] Enable Clock Syne Start/Reset Option :RESEB atTMR4 ers = 1 v:
8. BELF T PWM HY 32uS EH - # 2K 5% E PWM3 54 - Duty Cycle 5% 5 50% i
N7a A AN AN
tH o SIRE PWM i tH S AR H ©
K0} Tnitialize hd X
Flease refer to the selacted timer to adjust the FW frequency
Enable PR PWM Pelarity: @) inverted () not inverted
Select a timer: | Timerd ¥ PWM Period: 32,0000 us
Dty Cwele: | S0 | % WM Frequency: 31.25 kHz
CCFE WValue: 127 Fbd Resolution: 2 bits
91817 4 3 2 B121I1W0WGIZNMT 6 5 8§ 9
9. EHAHEE— FIIIRE  Hep
Module Funetion o012 3 45 456 7 012 3 4567
UA] = H: SH 2
CLC1O0UT Hﬁﬂﬁmﬁﬁﬁiﬁﬁfraxﬂﬂaﬂﬁﬁ égg zglcaé%ﬂ I In [ T8
N==4 Fio=N SR ATIN
1y E[LX/E%B@ﬁ/E”¥U@E 30 JE& A [anc
ATI ATCC2
=+ 7N 2T H AT1 ATC
210}?%&]@]’\] RS B’Jiﬁﬂ‘iﬂaﬂbﬁ ° cct | cLemo
CLC] Lt
PWM3OUT 2445 TRIAC ffigassf, || oo e
; 2o
’J‘IJEL ° PWM3_[PWhiZoUT
ThiR4 4
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

EERERIAVE LR |

FE NEE RS AR 4 B 0 1 Rl ABVIESZR - 2 Ry ZCD Ayt -
3 RdiarmE iy CLCIOUT(RCS) it - 4 Fy PWM filss i

D301 20144, MY52010971: Thu Dec 10 16:04:59 2015

200 2 5.00%/ 5.00/ 50.0%/ -12.30% . ] g40%

Agilent

T
10.0:1

sE B ik ¥
~-

ME R BOR PWM AYARTEE > B T R HEEE 2] 5 {iH Duty 50% YRR St -

D50
12

44, My¥52010971: Thu Dec 10 16:07:38 2015

2 500V 5.00V/ B0.0V/ 200.0%/ . 1 I

Agilent

10.0: :l-
10.0:1

R IR Hli &
~-

Page 58 PIC16F1619 CIP #:[&& &34k V1.00




HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 8-1

ZEZE Lab8 HYELE » 1A ADC w5 EE[H
s A > FELL AD AYEEHA(E 2R %L
TRIAC f#s et 10 & ~ 170 [E R &
*FERY 190 i ~ 350 FF o

T EHAE
T E A
TR
#A ZCD An_gular cLC
(RS Timer | —— RS Flip Flop
HLT/TMR4
HLT/TMR2 .
"| Monostable Flﬁidzun — »| PWMigH, >
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 8-1:
FIF A EERHHY AD #EHEMUS TRIAC BV IE & &%

A Y2 ]

HE

iEEAAT Lab 8 HYSRERE - i JeEE A ERY TRIAC HYfS% DRI A AT 82 s I 2 i 3
Mgy AR o FEIE-FAEIRy i) S ERPH n] 2] 10 & ~ 170 FERYMEES K & ~F7H 190 [¥ ~ 350
RS -

R =2 (EEF AR - & Lab 8 #y CIP YRR E % AT LISE] PWM fi#2$ TRIAC AYHR
fErEiat - (it U (EE e Ry A (A A St - St E A T S E S A Eey
i ASRIR - ARG — N A AR L H A 5%

£ Lab 8 Bf » Ff A ZEE Angular Timer BYEEIERf0Ry— (8 E52Z0R AR (7 L ES - 4
FHAPIHE ADC HIFER (E A R (10 ~ 170 & & 190 ~ 350 [%) RAHME I RERES
gk A AR RR AR K B e FE !

FIREAMAEOE AT IYEEEGESHIEYE? & — T Data Sheet # 7] LIRIE:

AT1CC1H : ATICCIL (16-bit 35 Hry55— (L 28)
AT1CC2H : ATICC2L (16-bit 35 Hry55 — (i L#28)

ATLURF ADC B {EEKAE IR A S —(EELfss » i ADC {ELIIE 180 JERFEEIERIEA
S EtbdEs - SRR PAEP SRR IR ~ |--ENY AR -

Lab 8-1 FA4G & b

FAEX Lab8-1_AT _ADC_TRIAC.X

A MCC

6] Lab 8 HYEE » 55 F 1A ADC Kz Timerl HYEEE

FrEL ADC1::ADC HVEiE » HH Curiosity i EEES1SA1 » A EE[HZ %] AN4/RCO Fiy
LLEESEAE Pin Manager 2% RCO /& Analog Input ZAE (ANX)

5. 1F£ ADC Select Channels FUs EIE T {HEHANEN  “channel AN4" (4478 » %4415
GHEMEFRAE “pin_mamager.h” LI HEFEEETE A -

P w bR
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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7

Fackage :PDIP2D V: l Eeverse Pin Order

19 18 17 4 3 2 13 12 11 10 16 15 14 ¥ &6 5 8 9
PORTAW FORTEW FORTCW

Meodule Function O L2 3454|3670 1123|4367

ZCD ZCDIloUT]

ZCD ZCD1IN

AT1 ATIN

AT1

AT1

AT1
CLC1
CLCl
CLCl
CLC1
CLC]
TMRZ
I INE]
TMR4
ADC]
ADC]
TMR1
TMRI

BE RCO RyfHtLE ATHRER]

403 | Initialize | |+|[x

[#] Enable ADC Clock: [Fre | Sampling Freq. : -
Fositive Vref: VDD v Result Alignment: (@ Left () Right SRR EVDD

: - 5
Aute-Conversion Trigger: |no_auto_trigger > &$§j‘ﬁ$ﬁj !’:E' EE%%

["|Enable ADC Interrupt  rSelected channels

Pin Pin No. Channel Custon‘l Mame

channel Temp
channel FVE
channal DAC

EC0 16 A4 <__channel AN4

{@E R channel_ AN4 {5 AN4 BN ZFEES

6. HLNIA Timerl fY:4E - HAT Lab 8 LI&EHEA T TMR2 K TMR4 [iftE Timer 7 -
TERLRCH Timerd 7% 50mS (ystHiasficRy ADC fumRERYEET - i@t | HokKiyAfE
SUHrRAE Timerl 50mS #y-HET AR K BHHY » A2 95 while(1); (7R A

0
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

J&& N By Timerl HYEE B > 30E (A P EETRAEIA Callback pi# -

E 3 Initialize A X
E Enable Timer
5 Clock Source |FOSC/4 v | |Reload Value: 00000 = (x3CE0 = OkFFFE
' Prescaler :1:8 V: Timer Period: 1.00000ws = | 50,0000 ms =6p.5360 ms
i
Enable Syachronization External Freq.
["|Enable Gate
Enable Gate Togzle Grate Signal Source  [T16 -
Enable Gate Single-Pulse Mode Gate Folarity (Count when gate 15): High Low
Enable Timer Interrupt Callback Function Rate: 1 x Timer Pdriod = 50,0000 ms
[ |Enable Timer Gate Interrupt j

7. 2GR ¢ RAA B P ETFTLARRAE main.cEREABHRTERTIAE » 40 NEIFTR:

INTERRUFT _GlobalInterruptEnable();

INTERRUFT _PeripheralInterruptEnable();

8. main.alyEEAZ T ADC 1Y 5B [E & i Channeliii A

vid main(void) {
/I initialize the device

SYSTEM_Initialize(); Il ¢ T MCC Fit 2 A4 Y8 IR E
ZCD10OUT_TRIS = 0; Il 3 ZCD1 Fyfigy Rl LA TS (I 2

ADCONObits.ADON = 1; /Il BiEf ADC
ADCONObits.CHS = channel_AN4; // i Ei AKY Channel £ AN4/RCS5 g A

9. Timerl #y Calledback (tmrl.c) Az HA:
void TMR1_CallBack(void)

{
ADCONObits.GO = 1; /I AD B4
While (ADCONObits.GO); ] SR 2
If (ADRESH < 2) ADRESH = 10; Il TE 3 fe iz I4E 10 ~ 170 7
If (ADRESH > 170) ADRESH = 170;
AT1CC1L = ADRESH; I E e 28—y ze

AT1CC2L = (unsigned char)(ADRESH + 180); // &G ZEH4E 190 ~ 350 &
AT1CC2H = (unsigned char)((ADRESH + 180) >> 8);
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

BIEERFTENTEL:

D30-X 20144, WYE2010871: Thu Dec 17 15:53:31 2015

Agilent

Mz 10 & K2 190
JER 3%

E g
10.0:1

SR

D30-X 20144, WY52010871: Thu Dec 17 155428 2015

FEfr 90 & K 270 o
FE N fify 5% g

sEE R

TL{E PWM fifras
HR T e B
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

-\
2
=g
i
Y o

Yo B AL HARTE S AL
0800-717718

Microchip Technology& #4733 5]
BIE TR RS =GR 12F
sEfeEE =g 02-2508-8600
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