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Lab 0: MCC v3.0 # Configuration Words #z2E

EE

BHE AT A E S (BE35HR) PRS2 & PICKit On Board (PKOB) , 7&
SRERY B BYAE T % Configuration #2510 {# KB BREESEIE R, -

fta.
1. BEEER(E M ERERERRES © FE
Config. Word %€ -

¢ GAE(EZE Lab0 Low Voltage Pro
gramming.x
¢+ 1f Tools —>Embedded —>

MPLAB Code Configurator B
MCC

+ B MCC HZEEJHIY System
Module” EFE PIC16F1619 (15
Clock & Config. Words [#J3% E18E
H

CLEIN OB

= Bt (WDT) BRI R
— {8 x4 PLL foigdfi R
= Z4HE%E: 32MHz PR
£0% Easy Setup E Registers A_ No':ifica:io% E:
¥ INTERNAL OSCILLATOR / / / |
7
I Current System clock %m / /
Oscillator SaTee SC oscijfator: 1/Q/functibn on CLKIN pin
System Clock Selgét | Fosc | < |
Internal Cloc | smHzvr | 4| € —~PLL Capable Frequency
External Clgck 1 MHz
PLL Enabled [ | software PLL Enabled
v WWDT
Watchdog Timer Enable | WDT disabled fFREEEA T —CEE WDT RFiEF | - I
Clock
Clock Source | Software control, controlled by WDTCS bits | ~]
Window Open Time | Software WDT window size control (WDTWS bits) | ~ |
Time-out Period | Software Contral (WDTPS) | ~]
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EEIJ:IEI’] E e e E vl AEAT » B HNZERY 8MHz Internal RGE &S £

Hig & x4 PLL &SRR DL 32MHz RBRRE {F Z24tHY Fosc -

ot EE R % 0 sLfeEA H'ERY Configuration WardSZ i e « ik
“Registers’H[Ia]# A Configuration Word§zk i o

| ens I : i - 3
| 507 Easy Setup || = Registers | (4 Notifications : 8 |

¥ System Module

w Register: CONFIGL | 5. Fgq

BOREN | Brown-out Reset enabled

CLKQUTEN | CLKOUT function is disabled. 1/O or oscillater function on the CLKOUT pin

Lz

il
CP | Program memory code protection is disabled | v |
FCMEN | Fail-Safe Clock Monitor is disabled | b4 |
FOSC | INTOSC oscillator: [/O function on CLKIN pin EEIEAE RC EE2E | - |
IESO | Internal External Switch Over mode is disabled | et |
MCLRE | MCLR/VPP pin function is MCLR EHERAIER MCLR | - |
PWRTE | PWRT disabled | > |

w Register; CONFIG2Z 4, 1Fg7

BORY ‘ Brown-out Reset VYoltage (Vbor), low trip point selected. | - ‘
LPBOR ‘ Low—-Power BOR is disabled | A ‘
LVP ‘ Low-voltage programming enabled ﬁﬂa{&@%ﬁfﬁfﬁﬂ ’ E*Iﬁlﬁ’:\ P|Ck|l3‘ﬂ'\j%@%ﬁ§{ﬁﬁ
PLLEN ‘ 43 PLL is always enabled | - ‘

PPS1IWAY ‘ The PPSLOCK bit cannot be cleared once it is set by software

STVREN ‘ Stack Overflow or Underflow will cause a Reset | b ‘
WRT ‘ Write protection off | bd ‘
ZCD ‘ ZCD disable. ZCD can be enabled by setting the ZCDSEN bit of ZCDCON | - ‘

w» Register: CONFIG3  ,3F1F

WDTCCS | Software control, controlled by WDTCS bits

WDTCWS | Software WDT window size control (WDTWS bits)

-

WDTCPS | Software Control (WDTPS) | b |

WDT W JHRAEA

WDTE | WDT disabled

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 11




HEEF - BPEFE (Curiosity)

7 e MCCCIP #& 7

2. BN RS SRV HAR T - SEMEERGE Y USB 4R &8 - 15
5% “Lab0 Low Voltage Programming” HY4H » 252 B A 58 BERLA
% (Properties) 1% - iy V& Conf: [Default] FTLIEE] PKOB HYFFHE
E¥ Project Properties - Lab0 Low Voltage Progr, ing I 28 |
Categories: onfiguration
@ General i
@ File Incluswnr"Exclusw BRa ]
= o 0 All Families -
* Starter Kit (PK‘OB) Supported Debug Header:
2 Leading
@ Libraries Hone b
@ Building
= @ HC8 global options Hardware Tocl:
“ 0 0% compiler Hardware Tools - / Compiler Toolchains
0 XCS linker The
-0 PICKit3
=0 PM3
I 00Real ICE L
0 Simulator Ti
ur1os1ty i Starter its (P|
|' ;....éiﬁ?ﬂ?m - | HEFE XCB 4R
. —IELE “Conf: [default]” Y “Starter Kit (PKOB) ” E]’j SETE [ $5 5
'Fm}ec{?ropzms MASTER CIP Class :
Ca:?g-?”e;eneral Options for 5 r Kit (PKOB)
- © Conf: [default] Option categories: | BIOGTAM GRBOIE. e Reset |
s @ Starter Kit (PKOB)
Lo @ Loading Erase All Before Program /JEJ\
i Z ;i:ill':;_ilzs Enable Low Voltage Programming / & \
g ~—
B > XC8 linker
[Option Description |
Manage Configurations...
Ok ][ Cancel H Apply |T
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—
SR Config, Word HIREESEN, - #T ([ Geneme | )
EK/‘jE/ \%&_“FEL%E@ Generate COde Sygtem Module
ATEARLETS - -
E%é*%fﬁﬁ%g\j}@$i s MCC %U%ﬁﬁ#@@ main z07 Easy Setup | (= Registers | /A Notifications
() MEEE - THERMESERBESL || o | AL OSCILIATOR
main() EE[EQ ° Tf%ﬁ}j@ﬂaﬂﬂ%fﬁﬁﬁ MCC Fﬂ‘%i Current System clock 32 MHz (4x PLL)
Efj mam( ) t”])\ E EUEYJ—J‘?K Oscillator Select | INTOSC oscillator: /O
System Clock Select -
P_Irojec‘ts ® : MPLABE Code Conﬂgurato.r Resources =] ./?j{%)zﬁ MCC ﬁﬁ%éﬁé’]ﬁz&*m* EE!
|:'"@ Lab 0 Low Voltage Programming L
- Header Files B EANIEZRTR K - [BE&S1E

fﬁgiﬁmmmﬁ FIBHTHIA MCC P B Rt g
L b pin_manager.h LIEE/J——ED/\EEJ%?K
H—ﬁ' Important Files
-}J Linker Files ﬁz&#*M\ H
%,:__I_O“;C;Efes ¢+ mcc.h K pin_mamager.h T2
- 5@ MCC Geonerated Files PREFRAIE & > — SRR ES -
j h%ﬁﬁmwc ¢ main.c 2t (7T AEHEL)
-8 Libraries + mcc.c %€ config. Word > Z4ificiz
5 @ Loadables HIRERE B B WTHA R

AR EERTRRIVEARREERER T A2 F T A SCEE ISR (0 N EFTR)
www.microchip.com. tW/Data CD/
¢ MCC v3.0.3 HY#(E » WA A PCRAYES #2534 “ MCC201 v1.00 MPLAB
Code Configuration New!” fVZikf »
¢ XC8 HE2EHE%k “XC8T v1.0 New!” {5kt -
¢+ MPLAB X IDE f{EfzES% “XIDE MPLAB X IDE 37 fi New!” #92#1 o

Development Tools #HEFERTE

XIDE MPLAB X IDE New! XIDET MPLAB X IDE FIZRE New!

8-Bits MCU #IBSE
e S 0
101ASP PIC16F 5 EEREEE (JEW100) WAPOO2 mcm;i :.Ji%)ﬂé%ji
102ASP PIC18FZ:JEERESFZ (FEWA00) WAOZT VL0 PICIRERE R/ s Newd
201ASP PIC16F887 iR TEFE MCU1121T HI-TECH PICC for PICI6F Series 2.0 New!

W301 Advance PICC Application New!
1601CLC New Peripherals : CIP (CLC, NCO & CWG) New!
XC8T v1.0 New!

MCC201 v1.00 MPLAB Code Configurator New!

RELOCASM Re-Locatable MPASM
W201 PICI6F5 7 [ZEREIRAL
W401 v3 MPLAB C18 C Compiler Workshop
PIC18UBL v2 Bootloader with PIC18 New!
T1S2118T v2.0 Getting Started with MPLAB C18 New!
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Lab 1

Labl ¥ MCC A #3RY » F¥

2 * MCC %3k % Timerl et

P 0.25 F) > T 4P $TA - 3F
LED & fy wUBl3# o
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Lab 1. ZEANEEHE (—CETHE)

FIF MCC 3% LED (RA5) FIIThAE » WA 0.25 FPEG)E
_.:k °

HE:

{#F MCC v3.0.3 3L 5E
1. 258 TAFHEZR B 32MHz J Config. Word -
2. RAS5 %% LED Ay EREIHIAL -
3. 3% Timerl & 0.25 #PZE 4 HhlE—K -
4. 1F Timerl gyt Toggle LED -

foEt -
FFE20 main() REFHEE CIP BB ER - BERI#E Awhile(1); A7k ZER -

Labl A% EER

1. BBt MPLAB X IDE i ABE &SR 75 KT —{E 52 “Labl_Blink LED”
2. B#Eh MCC T K - ( Tools —> plugins —> #£H] MCC)

3. JeiiE “ System Module” HYEE (HH[E]A Lab O HYEEIE)

4. £ “Pin Module” &% GPIO (RAS5 Eggf LED)

5. £ Timerl thEF#AY Call Back() i AToggle LED fygiift

e —f 110 HY2ER: 1F Project Resources %53 “Pin Module” #5744 /O FlzG E =1 -
wmEEE S N ARV AL AR EE TS » B RAS Y Output HY$EEE— NREI A8 T 45y F 8RS -
HEeEENRAcANHEEE -

Package: | PDIP20 | > Pin No: 19‘18‘1?‘4 |3 |2 13|12|11|10 16‘15‘14M6 ‘5 ‘8 ‘9
PORT AV gl PORT BYW PORT C¥

Module Function | Direction | 0 |1 |2 (3 | 435080 4| 5(6|7|0 23 |4 5|6 |7
0sC CLKIN input B
0SC CLKOUT |output B
0SC 0OsC1 input i
05C O5C2 input B
Pin Module  |GPIO input RN -0k - A B - - - - - - - B
Pin Maodule GPIO output B8 B ‘M 8 BB Bl s 3B E B B HE
RESET MCLR input a
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PTG Pin Module (198171 » fEiE RAS Al - 36 H “Customer Name” ffgii A
P A Sl 4F5 LED” -

Pin Module

2% Easy Setup l /A Notifications : 0
Selected Package : PDIP20

? | Pin N...a | Module | Function | Custom Na... | Start Hi... Analog Qutput WPU oD 10CP IOCN

RAS Pin Mo... |GPIO — ] L] L] []

GPIO C&8RE TR - #¥ MR SEE Timerl 2KHIFS: 250mS sk P LED -
JeENE) Timerl AECE - HAHRAOVSEE A N RIFTR ©

Prescaler S5 E iy KR 1:8 1% BI0EE] Timer wlas e HEANVEE - RS 5 A"
50mS” ik Timerl BYE I > R A R EE TR -

TMR1

%% Easy Setup | = Registers | /& Notifications : 0

~| Hardware Settings

Enable Timer
Timer Clock Timer Period ﬁfﬁﬁﬁﬁﬁﬁ)\
Clock Source | FOSC/4 | - | Timer Period lus = 50 ms = 65.536 ms
External Frequency 32.768 kHz Saledlarer Penod ms
Prescaler | 1:8 | . | l:‘ Enable Cate

Enable Synchronization . — ]
D Enable Gare Toggle Garte Signal Source | T1G x
D Enable Gate Single-Pulse mode Gate Polarity

Engble Timer Interrupt

nable Timer Gate Interrupt

Software Settings

Callback Function Rate < 5 ’ x Time Period = 0.25 s

PR 248 ] 32MHz R 1:8 BYTHRBRSEEfUAE T 250mS HYEHHF o A LA A eAS i)
sTHFAREEA: 250mS HYEHG - FEE L EMIfEM Callback 5= HLZAE Timerl &y
A —EE SRR BRI A A RATETA (TR CallBack trENIGHRTILET#ES

50mS x 5 = 250mS
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ARy TImer VA EER HENTHRE > FTEAR [ ierupt moaue
FSaLfE "System™ [ FHEL

5% Easy Setup | /A Notifications ; 0

“Interrupt Module" s kgt — 1 HETHY —[ncerrupes
-\E-Qi':—: o : _Vlease remember to enable the Peripheral and Global Interrupts in your code!
. N Interrupt Vector
4 [El B Interrupt Module?J24 & » HEE
. N . Order | 4+ Up || <& Down Preemptive interrupt routine
Timerl {yPEREBER A CIBEHY > [
. . N Order Module Interrupt Egggigd
EE R HE SN ES - 1 [TMRL T™RI )
2 TMR1 TMRGI s
3 Pin Module 1oct D

Please remember to enable the Peripherai
and Global Interrupt in your code!

Timerl hlgstiE 5= > FHE T EHARETEHER (@ T E) $2l24E main( ) #2Z5HR GIE &
PEIERYERTZEH] - R ABHEL Timerlfy T A &5 E TMRLIEE »

NTERRUFPT_Global Interrup :E1:ﬁiﬁi ;{ ) 3
Enable the Peripheral ’:,’:’::;"ilj %Emalnclglﬁ@ ’ ESUEH PIE&GIE%-&%

INTERRUFT PeripherallnterruptEnable();

gL EZ B tmrl.cHHVRES - ZATA$EE] Timerla%ERfA A #| Callback Function Rat#)zz
JE o KRRy Timerl frEn 8 FHERAS 515007 =R

/] get/set LED aliases

fHs#ERk 250mST » FrLl HBEE B Toggle #define LED_TRIS TRISA5
. i #define LED_LAT LATA5
LED zheen%E| TMR1_CallBack ( YUK o | #define LED_PORT RAS
#define LED_SetHigh() do { LATAS = 1; } while(0)

R P TR E GPIOIFF & EZE T RAS | #define LED_SetLow() do { LATAS = 0; } while(0)
- . . e #define LED Toggl do { LATAS = ~LATAS; } while(0
F5 LED 945 » FfLIE pin_manager. Bi& | fioine Leb covale) oAb P

> - ST = =% #define LED_SetDigitallnput() do { TRISAS5 = 1; } while(0)
‘:‘g LED %ﬂfﬁﬁ@%j—imﬁb DXﬁﬁDE}ﬁ ﬁ 4N #define LED_SetDigitalOutput() do { TRISAS = 0; } while(0)

10 void TMR1 CallBack(void)
#Hi LED Bz AVIhRE E R » R L= 178 H {
LED_Toggle()fi%] TMR1_CallBack ( Y4 L2
ST - .
181 {
182 TMRE1 InterruptHandler();
183 }
184| L 3}

FE Tmrl I AETTAEUR - EREE 5 BEsk BUR o Frdmsd Bk se i st vl LB 2] LED
(D4) &b 0.5 FHLME—K
ERET PKOBIA X IDE FAA [EIFE S #IAG - iSO SRRy SR - Bgr EL A m)

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 17



HELP - B*pEA K (Curiosity) # 75 WCC/CIP # ¥

Lab 2

#1% CLC > PWM 5 SPI % i % $= 4]
RGB (WS2812B) ¥ s ;% # 5| LED

» / - = -

Page 18 PIC16F1619 CIP #E[&2 &34k MCC V3.0.3



pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

Lab 2:
#* CLC R¥F+#Is#enE P 738 RGB LED

HEE:

i CLC, PWM, and SPI [{y4H &2 EEE) = 2R B 47 = RGB LED

fRAL
S ERET BRI A A %2 & SPI, CLC, and PWM 74 — & 210 SR 5 R BN ER SR 2k HEE
i2 RGB ZEEH (] 5oV HI(WS2812B) -

WS2812 24| 5 i B 45 (i) RGB LED » APP039 {siFH 4-pin 1 WS2812B fJ7T
ff - BRI DISERK 24-bit (YRR &R > WATTESafS 1] o« R R ER] S 2Ry 24-bit 5145
B5EHEE - BL G(8-bit) R(8-bit) k& B(8-bit) ZH & 1M °

WS2812B iif f5—EEFGHY RGB LED » {HZ A 5 iy 51 H o] DL— B SR e T —(d
WS2812B - FrlA o] DA —& 50 RGB LED #~ffkek RGB LED Znfl

WS2812 24 R FeiEih = 4% » 4T > B
G7, G6, G5, G4, G3, G2, G1, GR7, R6, R5, R4, R3, R2, R1, RB7, B6, B5, B4, B3, B2, B1, BO

W S2182& =
reset code
>=50us reset
— -~ code
<—Datarefreshcycle 1 Datarefresh cycle 2———
first 24bit sze:zriltd third 24bit first 24bit S;ZEIiltd third 24bif
LED1 LED2 LED3 LED1 LED2 LEDS3

H_EEIFR - HEZEE R 50uS Low EEE - WS2812B g & & Bl R RHIRHEE(E
LED1 FRAAHFEUR -

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 19



G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

A WS2812 fg—(EL TSR 4mtl SO RGN > RyfrlA a] LU —f% MCU 1/O HilZE
ERHIERGRIE? & T 2RE — T WS28 12 e 2 & K A7 T4t 77 =

depend on controller
—
vac
5 VDD OUTE OUTG OUTR
E '§ DAT| Dr- DO|—— AN — — —
= wWs2812 3R
§ @ @ @D— - — —

WS2812 2=

RS )2/ 02 ki WS2812& Rl it Frm - H{Fim ey 2838 7] DUEHY 400kps - Z(H
FH 800K bps FYZEE » thpt 2 1 bit fYFfE A 1.25uS.

WS28124 iR 5 zUR A — (L yTHk F B4R Y NZR e > HE =& (VDD > GND »
DIN) Bl &35 2% {li LED - &2 51T LED SAE—fER - Ryt R BEEURAIPIMER S » WS2812
e DL BOOKbpsZRE {#i - &8 T~ A—(EfiyT Hi K Low HY&RwAE 7 ZUERHfE] -

T1H B {ir7¢ 1 HI4RES - Hi FEHARTREAEE RS 0.748 +-150nS
T1L B4 {7 1 E94RHS - Low dBHAFT ATy PLELS +-150nS
TOH 5 {ir7T O FY4RHS » Hi MEHAFTET IR LU +-150nS
TOL 4] {ir7C O HI4REE » Low FEHAFTI R JELE +-150nS
Reset Low 25 A% 4 KA 50uSkL E

LRI B HEEEARSAY ( TAH + TAL = 1.30uS » TOH + TOL = 1.25uS)

B ye4misa RS U A0 R EIFR © bR T B oo {Esikefal & 1.25uS SOnJASH LT
BRI 4RAS 7 205 B Sl 25 - BB T EZKE TOH Ay B A7 FE R AE 21 0.35uSe 22—k MCL
iy /O LA A Ba s )7 2R R SRR EIZER]  Fr A EASREREHE CIP HH S A FI I
o R I A EL AR A R o A0 DA\ PIC {dZe 2wt ] DABERAIZH] WS28121 LED
BURER -

TIL TOL
T1H TOH
0.7usS 0.6us 0.35usS 0.8usS
izt 1 I 4RE% fir 7c 0 HY4RTE

Page 20 PIC16F1619 CIP #E[&2 &34k MCC Vv3.0.3



pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

FE AR WS281 275 5K e 2R Y B4R =\ Ei - e/ NAYAYEH S ATOR RS (& 0.35uS » iB&@ i A FHELARY PIC

DI ASERE) /O 25epHy - EiFEhEatat ASIC —% - TR HE— MERRIVEET R4 J7 v 2R L IIAE -

1. A b — A TS 1.2uS H—EA 8-bit Fy—4H » —XEH £ =(E Bytesti 2  FiLAE &
F SPIHEEE « KFy SPHEEERE AT LUZE 10MHz KR FFE (M 800KHZz #y (iR E - FirA SPI
5% EEL CLK % 800KHz » H: CLK 9 Hi #HA & 0.75uS Low #EHAH & 0.75uS-

2. ZEEwINACE; 0.35uS% [EH PWM ElEsKEAL » BRE E22 R T &R izt Fy OWFAYEREE < A
DIE%5E PWM Hi Duty & 0.35uS» A5 0.75uS> il SCK 1y - F-4%E 5 -

3. FIBRMAEEANGEA T o EEKEEE A CLC (YA & IRE A 18FE 2 FIfZEE (St AND 7£ OR &
5 BV DIE A BRI 4RTS o

4. EARWHIHE K SCKEL SDOfi AND EFERHVSEIfL T 1 HY4RES K SCK» /SDO » PWM =
{EFR5EM AND EERAYEEL T 0 BY4RIE - &Rt 1 A7t O AY4RHRH il OR EE IR /&
15 IERERY 4 5 ) <

23 N T O B

1 0 0 1 1 0 0 0

sDo

i I T
SCK & nSDO & PUIN | ] IR

1 0 0 1 1 0 0 0

HZEBEE—T CLCHYZERS » 453 CLC #i2 /4 OR Gatefijliiy AfY » BAFIFEZEHY AND Gatefiy A 75K
BN B

YRR - TEERRCHY R B B E A B2 B A MR (Boolean Algebralilz#iEEfR iE #: (De-Morgan's eorem)
DL s R — R R T DT & OR Gateiiyii AZER T - BHEEM > HiBEREEE—
T EEAR E R (AR S BT R EERAREEH)

HEERSEf: A+B = A% B

=A+B =
F-A-B

L
D

=1
i A:S;D F-A+B

MFERRSE —5EE: AYB = A + B

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 21



G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

AT R TP B T R AR 1S 2
TR
SR CLC HYZEEHAH & 8RR

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

$

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

Ll OR IF Byl L AR MBS AR & CLC S

TEA B AEIE CLC B HETEN 2
OR Gatefyiiy ATH > BT LA A2 B
SCK & /SDO & PWM f{it JEE R it

ABC=ABC= A+B+C

(4 254

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

i Ry W P < A
/ (ISCK + SDO + /PWM) +/(/SCK + /SDO)

i LAY TR IR B OR-DHY CLC BRI AKGET » i MNEH R AR 2T a IR
oK o Btk AR AE D-Type IR E8(EEE FoscHUS R it BB AYaR e (i dm o &

JI[IEEES
| AND-OR | OR-XOR | AND | SR | D-Flop| OR-D | J:K | D Lich|
FOSC -
|

"""" | / sCK +SDO +/PWM) +/ (/SCK +/SDO)
PWM3_out - ——’ ...... | / (/SCK + SDO +/PWM) |
SDO from MSSP e — ! -  —J S 11 ) LeM— SN
SCK from MSSP - . R

O

/ (/SCK + /SDO)

Page 22 PIC16F1619 CIP #:[&E &34k

MCC v3.0.3



B HELP - #PpEA K (Curiosity) #1¢ WCC/CIP # ¥

PARHVERE:

7 J11 #y RA2 (CLCL) Hy#ftiEfsE] mikro BUS K _E#Y MOSI pin (JEE N &
A =) R WS2812B iy A GRS > HAE R A0 FE TR

-

y

a3 @
16V u:-; !'!s:?

TP3

- ‘ ué .“IIII“I
@

BA—BE WS2812Bfy = LED ZE(HiF] 5V AVEEE » BT J127Y Jumperz 52 5V
LA E -

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 23




G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

HMELATLIA CLC A SRR 4mtb2IEES) WS2818 RGB LEDY - # NG44
Timer2- PWM fz SPI SCKHJIFARBEARRYECE » EIeE— NE NHYHEBIRYER:

|L:25uS = 800KHZ |
|

0.625uS
1.6 MHz | 0.625uS
SCK —
pd pd pd pd
TMR2

Duty 56%

1.6MHz ‘l
PWM3

e F [ AT R0 R R AR 2 FH Timer2 -2y - Timer2 ##5% 1.6MHz %45 PWM3 (0.625 uS
Period) &z SPIfY SCK EH 3R —{£4 5 Timer2 £y 800KHz -

0.35uS : 0.275uS

Lab2 R E

1. FAEtx MPLAB X IDE

2. £ “File” H$% | » Bt LAB2_RGBLED.X HyE 2

3. £ “Tools” H§f#EE#E “Embedded “FAEl” MPLAB Code Configurator” (MCC)
4. BARL TMR2: fVERIE - 3% E#HA (0.625uS 1.6MHz) » 5 H #ii5 A 0.625uS

| 0% Easy Setup | = Registers | /& Notifications : 0

Hardware Settings

Enable Timer
Timer Clock Timer Period
A"}
Clock Source | FOSC/4 | = | || Timer period 125 ns < 0.625 us <32 us
. Actual Period 625 ns (Period calculated via Timer Period)
Postscaler 1:1 -
Prescaler | 11 | = | Ext Reset Source | T2IN | > |
Polarity | Rising Edge | X ‘ Control Mode | Roll over pulse | - |
Enable Prescaler O/P Sync Start/Reset Optio | Software control | - |
Enable Clock Sync /

l:‘ Enable Timer Interrupt

5. 15 Timer2 AR 1.6MHZ IR ABEI SR - i3 1L.6MHz R T PWM3 S
HA K, SPIEY 51 H#% ( 1.6MHz / 2 = 800KHzZ)

Page 24 PIC16F1619 CIP #:[&E &34k MCC v3.0.3



B HELP - #PpEA K (Curiosity) #1¢ WCC/CIP # ¥

5. BHEL PWM3HYEETE -

1R PWM3 HYETHS 28 F Timer2 -
AL PMW Y48 HE B 0.625uS- #EHAZESK & 0.35uS> FiilL
FEHAZE SR B 0.625uS x 56% = 0.35uS

Hardware Settings

Mode | SPI Master -

Enable MSSP

Input Data Sampled at

5PI Mode

Clock Polarity‘ Idle:Low, Active:High | - ‘

Clock Edge ‘ Idle to Active

| M ‘

SPI Mode 1

(SSPXADD)

5P| Clock

7
Clock Source ‘ TMR2 / | 1 ‘
Clock Divider 0x00 = Ox
5PI Clock 8000.0 kHz

6. BHEL MSSP 41k SPI MastefJfE = -

L IgA
KL (RA2)

/ (ISCK + SDO + /PWM)
+

/ (/SCK + /SDO)

asC e i Az

PWM3

c.'.'v.i"f Easy Setup | = Registers | /& Notifica

Hardware Settings

Enable PWM

Duty Cycle

Duty Cycle 56 %
PWMDC Value 10

PWM Parameters

PWM Polarity

—
Eakard
PWM Period

625 ns >
N PWM Frequency 1.6 MH=z

Resolution 4 Bits ol

BIE
SPI Mode : 1 th5iE SCKIEHEE/F Low
AR EE (BITE3E 50uSHY Low R 5t &r Reset
WS2812 ). SPI{#FH TMR2 1.6MHz % fR
&8 TMR2/2 (It £ SPIfsEH TMR2 iy E Bk
ERRS) B AR L AT HUSEL PWM [E25 0T
CLK 800KHz f {5 o

MCC v3.07£ )i SPI Clock& 5 $E sas  pk
1.6MHz f 3 -

7. FREE CLCL Hy#E iR i R WS2812Br SRR A IZRIENE - 8855 CLCL RIS RAYH AR

. 05 Easy Setup = Registers | [\ Notifications : 6

Hardware Settings

Enable CLC

l:‘ Enable CLC Interrupt
D Enable Rising Interrupt D Enable Falling Intarrupt

_—

il

Mod@ flip—flop wit

D

| Fosc

| PwME_cut

| 500 from MssP

| SCK from MSSF

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

__/

¥~/ (/SCK +/SDO)

Fosc

1 (/SCK + SDO + /PWM)

MCC v3.0.3

PIC16F1619 CIP &3 & 3 4k
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G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

7. EetRAEAs LIBRE "Pin Manager” B85, 350E RA2 £y CLCIOUT (k5 [§5) « B85 2 1o B23E RAZ
FYZIRE - W R “Pin Module” AYEIT » RA2 R5CLCL H# AR LK “ Rnalog” AYEETEZE (it
SE{E"Output” HYEERESTZ) «

Pin Module ——
WL
(I |
| 0% Easy Setup I /& Notifications : 6 | \
[Selected Package : UQFN20 ' Package: | UoN20 | ~ | PinNo:N6|15]14]1 [20]19
‘_—'J Pin N...& | Module | Function | Custom I\y( Start Hi...| Analog Output WPU PORT AY
[RAZ CLC1 CLC10UT | paz ¥ l:‘ l:‘ Module Function | Direction | 0 h ol 2 1 P A S
nAS CLC1 CLCING e |:| l:‘ CLC1 CLC10UT |output B w8 AN ]
cLc CLCINO  |input B hlE AN
RAS TMR2 T2IN RAS
D D . cLcl CLCIN1  |input " hlE Bl
RB4 MSSP sDI RB4 v
D D D cLc1 CLCINZ  |input T
RB6 MSSP SCK
Kbo L] L] L] cLc1 CLCIN3  |input ahlale e
RC1 clel aleiNg | gey L] (L] L] oscC CLKIN  |input h
RC3 CLC1  |CLCINO | pes [] i [] osc CLKOUT |output h
RC4 cLc CLCINL || pca D D 05C 0sC1 input B

MCC § « B NS RIRE: fERHEIRAHEN & A AT DAE A P RIBAHERE I - AT EFTR © 24
FEER =M HROE - THZ I Error k. Waring AYRIRRRF— & TR H @ 2EHY

| {5 Easy Setup I = Registers ! /2 Notifications : &
Category | Module Name Type Description
pa MSSP INFO MSSP uses TMR2 Module
A cLci INFO CLC1 uses PWM3
pa cLC1 INFO CLC1 uses MSSP
A cLci INFO CLC1 uses MSSP
pa PWM3 INFO PWM3 uses Timer2
- PWM3 HINT Postscaler setting in Timer2 does not
&y affect the calculated parameters in PWM
module.
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pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

8. 1% MCC iy Generate Code 2Kz £ MCC Fiiat €NV EE B EIGERE » igmE— T
Project T~y main.c - &FE— 1 SPI 240244 24-bit iYZHIERST - WalZ Bt e e

Sl o
9. & & main.c B2

union{ Il ‘B 24-bit =EAVERL K 8-bit &£ B aEk
uint24_t Color;
struct {
unsigned char Green;
unsigned char Red;
unsigned char Blue;
} RGB;
} Disp_Color;

Disp_Color.Color= 0x00; Il FIHEEE R E
__delay_ms(50); /l Reset WS2812

while (1) {
Il 3£ 24-bit SPI &}
SPI_Exchange8bit(Disp_Color.RGB.Green); Il &%

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

Disp_Color.RGB.Green = (Disp_Color.RGB.Green +1) & Ox7F; // [{& B REAE
Disp_Color.RGB.Red = (Disp_Color.RGB.Red +5) & Ox7F;
Disp_Color.RGB.Blue = (Disp_Color.RGB.Blue -1) ;

__delay_ms(150); /l Reset WS2812B (CLC10UT F54& Low)

MCC v3.0.3 PIC16F1619 CIP #:[EZ &34k Page 27



G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

HHERSEE R (CLC10UT) :

o B REBI RS FTIERY 24-bit #HEH5E (RA2/CLC10UT) - 24-bit {#ifigHE i &
34.4uS > FEZEAYEEE 01001010, 01110010, 00110110 (4% OX6A - 4 0x72 » BE 0x36)
DS0- 20144, MYS2010971: Thu Mo 26 10:45:15 2015
" o 1.80V

Agilent

CARE
| |
|

([E—)
o [E T AEER ‘07 4REETh TOH AYRR & A 0.35uS » TOL A 0.90uS @ 574 WS2812 Hy4RHE
BFfE] o

1.96Y

Agilent

10.0:1
10.0:1

([&=)
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pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

(& = AT 2 HIH 2 EFERY Logic OHV4RASHN ki > Rl e AT AlESAYIF A 1.25uS
DS0( 20144, MYS2010571 Wed Nov 25 155108 2015

1.80Y

Agilent

(E=)

VORTEME 2B R Logic 1HI4mMSH R > Rl as AT ARG & 1.25uS

D504 20144, MYB2010371: Wed Mow 25 15:52:14 2015

14768 B00.0Y/ - ' 1.80v
Agilent
A :

3 Jimity

3 Aty

+0.0Y

(=)
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G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

Lab2-1ZAEfAYSRE - B main.ciUfEAZEES] G ~ R ~ B ke H GHYRIGHEURFS] -

1. FHEf Lab2-1_RGBLED.X

2. EPEmREROSERR 0 BE LED (V1L -

J&NE R Ry WS2812fC 5 CIP At i 2R EY —LEfE

30055 RGB LED g~k

2 B ® @ o o
> o .. e -
ol o > © 5 o DG S s o o5 o

KRB T BT

BIRETT ASREERURAR

3D 1rERER

Page 30
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Lab 3

FI* SMT % :# kP& 3 £+ 0
PWM@?J 41 e Duty Cycle

—

IR VR 3% Duty i) PWM B4 (RSTH) ENosen s

[
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G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

Lab 3:
SMT Duty Cycle & it ¥f 0 & B

HEE:

fifg7E Curiosity fii 1 [y LEDs (D4 ~ D7) HYB/REL T4 LAY LEDs (D1 ~ D3) ARy
frE—# -
D15%: <25% > D275%:26%~50% > D3 5%:51% ~75% > D4 5% : >76%.

fta:

FRELEGREAgE RST MirdH—(Er e EEIH(VRL) % Duty Cycle 1y
PWM #rHaH5E %] Curiosity £ AT AN4/SMTASIG Rz R SMT BYEHRIRE A - FH%
VR1 A]LLIEE] D1 ~ D4 (A [EHY Duty sKEESE -

[EIREHY » A4 —HE[E R SMT #E:£#9 “Period and Duty Cycle Acquisition” 540 3l &
duty cycle &% Curiosity 1 Y LEDs By~ /5 20T LEDs -

SMT iz

TNE K SMT J7BiEDR - 1. SR5RE A% TEE - nlBEAPIIERNGE - 2. SHIIGAREEE
g o BERENE R HVRARACR © 3. FrERSR R R 2 B RS AN E i AR - 4. BfR
BNEIR G AT "SMTXCPR” HEIAETHEE 725 > ) "SMTXCPW" Duty 51 +45 °

3. ST EIERE

1. R oknn A2 Period Latch
SMT_wimiow = Geax [ 7] B
Resenved Sync L

MRS_postacaled: T Crcut
:;;:::: SMT SMT_signal —— SMT L ?‘o':‘;co'

ZCD1_output =t ot -=9 Clock
— - St

+
e Buter 4. BH S

SMTXSIG<2.0>

sunmRi Aé:;:' & Duty E‘[‘%lgﬁ%%

Window Lalch 1 Set SMTxPWAIF

Reserved — 111

Reserved — 110

Reserved — 101
SMT_Window has MFINTOSC/16 —{ 100
same inputs as LANTOSC —| o011
SMTXSig HFINTOSC — o010

Fosci4 — o001
plus cCpP1&2_ OUT Eoec. =] 660

2. sHRFIRFAR R
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pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

SMT TPEMER :

1. —fi% 24-bit L2 ETHERS ( 24-bit Timer)

SMTxCLK | | | | I | | | | | I | I | | | | | | | | I

SMTxPR SMTxPR HHAz%E & 7 N
N

SMTXGO_sync \ |

smxme 0 X1 X 2X3XaX5Xe6X7XoX 1

SMTxIF

FRAT— AR EEEGHY Timer —45% > BE4F I (SMTXPR) g o] LU #8524 h i
(SMTXIF) © 75 2 e il B8 10 5 R RF e AR B A

2. Gated Timer Mode (Repeat Acquisition) : Lab3

HIEERSRIA sesgd [ | [ ] ]
FEHEEBA svxsgase [ | [ ] ]
amganeg  soca[ TUTTTUUTUTUUTUTUTUUTUUUTUTUTTUUHUUYUUULTUL
B I EAE4E SMTAEN : \ \ \ \ ! L
BRI TGO [ | | T
e N R N
Timer A CEEHR) swmer| \‘ 0::FFFFFF¥ 1 |
24-bit Timer s sMTwR| 0 [ 2)3)4) 5 lé[’ 7 i
Hi Duty st svmce| I 5 A : |
SMTAPWAIF [] []

FE—FDuty £ 4#%5-0=5 ZF _Duty 4% 7-5= 2

F_EE TR - LA Gate Time ModexiE » SMTXCPW ( Dutyst 808 f7-2%) 1ERIE =M
(SMTxGO =1) g Rt AR5 Hi Duty (Y518 - Low Duty st & {F 1bat8 > SFEI T
— i Hi Duty EAREFEAEETEL - FRAE S AR R g 4 thiE - A SRAE T R
SMTXTMR g HIla] S5l & Ay Duty -

AL TRRAIERE R E R > SOE R R AFRESL T A% — | Data SheedFr iyt -
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G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

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

SMTx_signal | | | /
SMTx_signalsync I | | 5 Clock |

seos T UL UL LU U U U UL LU U UL
e \ | Lo =
e K | ]!

SMTXGO_sync | L \ ' L
SMTXTMR | 0 0880H0E000N0RE 5

SMTXCPW | Pulse Width | 5 2 |
SMTXCPR Peroid | 11 |
SMTXPWAIF h

SMTxPRAIF

e m] DA A BRI SRR Y[Rl IS Duty & Period - f_E[EE HE SMTXGO
= 1 BspAGRUA N ELhAE » 55— {6 Hi Duty EHIH 5 (VETEHAE ML e
(SMTXPWAIF) - Period 4483 %] ~—{E Hi Duty #E2C - [FEIFHTHY 85 S filds i
(SMTXPEAIF) Period 1#{g & 11 -

FEtIETE HAE Repeat 530 - &K Duty #7585 (SMTXCPW) iy Duty #1725
sTEUE - DLEREDRET - 55— (@ ANRERY Duty 2 5 - EAEIR 11 - 55 —(&# AfY Duty
=2 > [Nf SMTGO = 0 FTLANHERHECT -

FEEIR

TEM SMT gREHF - JFATE MCC v2.25. 25 ] SMT1 s ik 298 fErY - {HiEH
MCC v3.0.3# & HEH SMTIWIN i RA4 (D4) falfir Erzefyeds » H #EARHRT SMT1IWIN
Hla ATHRE - EFF A SMT1IWIN i PPSEAL A AT RC7 -

{E FHERSETIRERT » JEEEEIA -

PIC16F161%Y[&sE N £ RAO (ICSPDAT) K, RAL (ICSPCLK) - (A RAL t3:5] D5
(LED) [ - FrDAZE(d FHERSETHRENVEE R &S0 RAL /Y LED #niHs by - thibE R
ZHNF] RALFE RAL A DIBUR EREERICEA - FEReE 2 R B HEAHEE -
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pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

ftat:

TRELEFEAGH RST Rzt H—{E =] H T8 fH(VRL) sH%Ery PWM it ER 5%
| Curiosity £}l Y RA4/SMTLSIG Hfiz i £y SMT HYERSRE A - F5% VR1 A DIEE
D1 ~ D4 E{{R[EHY Duty 2KE o (FRHY PWM Bt C48H25] PIC1I6F1619 (Y RA4
Fm AR - B DUAR SRS fERE P 4R - ELREAT i SMTL H9%RE - )

[EIRERY - T—{& Lab 3-1 4% A SMT &£ “Period and Duty Cycle Acquisition”
= - HIE duty cycle {2 FE LA Curiosity fiz1 EHY LEDs - ZEEIR 72U THRHY
LEDs -

L ab3 FRLGH EER

1. BHEf Lab3_SMT_GatedTMR_LED.X

2. B MCC

3. %1€ SMT1 T/EfE & “Gated Timer” - BRPEFFE= S “Repeat Data Acquisition
"5 3 “ Enable Pulse Width Acquisition Interrupt”

4. EHNIFAREANES “HFINTOSC 16MHz” fif Rya B Ak -

5. 1£ Gated Timer HYEFHKIE A[%1 - Duty AYETEERE SMTITMR 1 81y - Bl E1E
Wiy Duty #EAREFERE » Fr AT FETHLRE SMT1TMR (SERZaVEHE - Sk a LA
By N —2k3 Duty BYESH] -

6. i AR Y Duty-Cycle FVETE & FIAE SMTICPW EfFas - 1 HErfE (i Duty AILE
G AREE R4S SR e% € LEDs HYER -

. ff—"} Easy Setup . = Registers | /%, Motifications : 1

Hardware Settings

Enable SMT
Enable Data Acquisition After Init Period Ox0 = OxFFFFFO = OxFFFFFF
Operation Modé | Gated Timer |\i\ Signal
Data Acquisitiqn | Repeat Data Acquisition | "/I/ il Sithen | SMTSIC | - |
Clock . R -
Input Polarity | high/rising edge enabled | - |
Clock Select | HFINTOSC 16 MH= | - |
Window
Prescaler | 1:1 Prescaler | - J
Window Select | SMTWIMN J - |
Input Polarity | rising edge | - |
Input Polarity | high/rising edge enabled 1 .3 |
I:I Enable Period Acguisition Interrupt Enable Pulse Width Acquisition Interrupt

I:I Enable Match Interrupt
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6. BAFRINLAYEEEW AR » JofE Pin Moduled i1 outputiSETE# » 8% RAL, RA2, RAS &
RC51 fy LED gyl (GPIO &35 FEEATENCEE L SMTIWIN 7Zifs PPSEE T RC7
DLk 6 Default RASHIHAIL ET2€) -

7. FET THE Pin Moduleffy & TE a3 Rl FL 12 K2 7> Customer Name: MCC & H Blj5 &
LEDs HYHiI{iz £ » th & E@Eh Peripheral Pin Selecfiy SMT1SIGHIMIMIXE E ({F LB RA4 fi
By SMT1SIG & HIENS i AR -

Pin Module Package: | PDIF20 | v ’\ Pin No: 19‘18|17‘ 4 |3 |2 13|12‘11hl\3 16‘15|14|7 ‘E |S ‘8 9
PORT AY PORT BY PORT C¥
£ Easy Setup | /2 Notifications : 0 Module Function | D\rection | 0 | 1|2 |3 |4 (5 |4|5|6|7|0O\N1|2|3|4|5|6]|7
; Selected Package : PDIP20 ) 0sCc CLKIN inp\( i1
) | pin N...4 | Module | Function [[Custom Na... Start Hi...| Analog Output WPU osc CLKOUT ou[p\lt [
RA1 Pin Mo... |GPIO D5 D D D 0sC 0sC1 input\ ]
RA2 Pin Mo... |CPIO D6 ™= L i osC 0sC2  |input \ B
T SMTL  |SMTISIG || gas B B O] Pin Module | GPIO input X_ IO I
RAS  |Pin Mo.. |GPIO = ] B :;:rodule :ZER ;:::J I ﬁ'h 6 s s b nE BN E
RES PIfMG... | GRIO D7 L Ll SMT1 SMT1SIC |input o R N (R LW [ R [ A A S
RC7 SMTL  |SMTIWIN | pe7 L] ] L] SMT1 SMTIWIN |input |B || BB B |B B B |E 8| (b B|E b A
smtl.c
TR AR B ER - HIER void SMT1_PW_ACQ_ISR(void) {
Customer Name4(] D5 ~ D7 {HAA
- y _ Gu_ ) AT /I Clear SMT1 pulse width acquisition interrdlpty bit.
SR THEMN 4T » B BT C=Generate PIR4bits.SMT1PWAIF = 0;
if(SMT1CPW > 6000)
D4 SetHigh();
. i s D5 _SetLow();
8. W ErE | LEDSIVMINI EF > At D6_SetLow();
DIZEAE smtl.ciifi A pin_manager.h } D7_SetLow();
dmtl.c else if(SMT1CPW > 4000)
#include <xc.h> D4_SetLow();
#include "smt1.h" D5_SetHigh();
#include "pin_manager.h" D6_SetLow();
D7 _SetLow();
}
9. DutyiEfE SMT1PWAIFH) TR E {
¥ Duty Fy b IG2E] LEDS HY#H D4_SetLow();
s ~ y D5 _SetL ;
T o Rtk SR T 1 De SuLon)
SMT1TMR EEE > i F—( Duty D7_SetHigh();
N }
STECES - SMTITMR=0;  // SMTI Timer = 0;
}
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L ab3-1 ARG E B

2. BrF MCC

1. BEFf Lab3-1_SMT_Grt_Duty.X

:’"é Easy Setup | = Registers | /A Notifications : 1

Hardware Settings

Enable SMT

Inpurt Polarity | rising edge

Enable Data Acquisiti e Period O0x0 =< OxFFFFFOQ = OxFFFFFF
Operatio ode | Period and Duty—-Cycle Acquisition | "\1\ Signal
Data AcqNjsition | Repeat Data Acquisition | "J/ Sighal SElecE | SMTSIG | = |

Elock Input Polarityl high/rising edge enabled | - |

Clock Select | HFINTOSC 16 MH=z | > |

Window
Prescaler | 1:1 Prescaler | > |
| | Window Select | SMTWINx

iz
a | -]

edge enabied

Input Polarity high/rising

l:l Enable Match Interrupt

l:l Enable Period Acquisition Interrupt

Enable Pulse Width Acqui@

4. 110 HIrHYEEE fe e Lab3 FH[E -

bit SMT GO _Flag;
while (1)
if (SMT_GO_Flag)
SMT GO Flag=0;
if(SMT1CPW > 6000)

D4 SetHigh();
D5_SetHigh();
D6_SetHigh();
D7_SetHigh();

}

else if(SMT1CPW > 4000)

{
D4 SetLow();
D5_SetHigh();
D6_SetHigh();
D7_SetHigh();

main.c

& smtl.WME A ARIALTTIES R E 2
extern bit SMT GO Flag;

£ smtl, R AT AR BR RS -

void SMT1_PW_ACQ_ISR(void) {

interrupt flag bit.

PIR4bits.SMT1PWAIF = 0;
SMT GO _Flag=1;

/I Clear SMT1 pulse width acquisition

3. E%IE SMT1 T {EfE= & “Period and Duty Cycle Acquisition” 7By &ERMERIFE = &
“Repeat Data Acquisition” » iiEgF “Pulse Width Acquisition Interrupt”

5. BB ERECHEr Duty 28R LEDs - #£ TEMES AT A —{E ] bit FrE S iy
%t SMT_GO_Flag L2\ main.cACHER HE S E A a e AR E /& 2 #{T Duty HIEE

MCC v3.0.3
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JELP - #PpERHE (Curiosity) #

® WCC/CIP # %

Lab 4

APPO39

vi 509591-9"

ZCD 37HzIEZ M (AN Fl)
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Lab 4:
TR EEER(HH] (ZCD)

HEz

A ZCD FEBAN E i AGHSHZ EEEAGHGRS - IS Ay sCRGRER ) Hi 3R s Ml
15 MRy Rk E L Low e

FBE AL

TR FR ] (ZCD) fi4H Al BRI AR (555 (AC) st B fr (Ground) K
o R E R %S A B & B R T B ERH o] DU - ZCD e —(
0.75V Y2 HEER - F7 - T A TEEELE (L BB (0.75V) SSHRET AT HEHIH K -

ZCD EH FIAR NSRBI - T EAERA:

A IR A

TR 3 5 A A e A
S R HEAE A &
& EMI D) e

P wbdPE

AC g A
MRt

ZCD i \ T E— R B PH LA 1E5E4H
AR > EHE I IREER TR
350uA - Hif5lE ZCD JT8RE T -
fiy A GRGEAL B [ H % A 22 ZCDX_IN il
iR E# Y25 EER (Zepinv) &
Ehias Bl A\ BB BRLEEBIR & — BT
HIfE 0.75V » B[ ZCDXIN &— H 4 FF —_—
£ +0.75V IV ERAE(L | - ELiEshy
fHAEAR ] (XOR Gate) Tt
ZCDxOUT -
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BhRRER

TR EAZR s TP2 (L EplsEElH (18K ohm, R5) 1% 5] AN il — [E520% -
FrLARE#RRBE: » IR —E L AT LAE RA2 EETESZNRAIEES - (RUAEn]REH: ZCD &
BRAEIZ R T o BT AR IESZR 3R AE 5K _EAY TP2 BT -

¢ AN Wl BTF_EAYTESZ Rz~
¢+ RA2 2k : ZCDLIN i Ase
¢ RAS5 ##£]E : ZCDOUT it i

AR Bk —fR AN 2 RA2 YRk
& o (A ERTR)

Labd BIAHEER —

1. EﬁEﬁ Lab4 _ZCD_BaSiC-X 707 Fasy Setup | = Registers :| /4 Notifications : 0 |
2. EQFH MCC — Hardware Settings

3. EE ZCD AR B IR
Y - A IEIRTECERTR @ SR
%j] ZCD jﬁﬂ’%ﬁiﬁ‘ﬁtﬂxﬁflﬁ[ﬁl R Logic Output Polarity: ‘ not inverted | hod ‘

D Enable ZCD Interrupt

Enable Zero Cross Detection

Interrupt flag set on D Positive Edge D Negative Edge

Pin Module
< Package: | UQFN20O | - | Pin No: 16|15 ‘14| 1 ‘20|19 10
‘ {0% Easy Setup I /& Notifications : 0 PORT AV H
Selected Package UQFN2D
) Module Function | Direction | 0|1 | 2 (3 (4|5 |4
= | Pin N...4 | Module | Function | Custom Na... | Start Hi...,.~AnalogN] OQutput WPU e iR T -
input
RA2 zcb ZCDIN RA2 ] ( L[] = B
0s5C CLKOUT |output B
RAS ZCD ZCD10...
RAS L] [] 0sC 0sc1 input [
05C 0sC2 input "
Pin Module GPIO input =Bl R
Pin Module GPIO output BB B B Ra B
RESET MCLR input a
ZCD ZCD10OUT |output BB B 8 &
ZCD ZCDIN input a8
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4. > ZCD1 iy firas A ZCD1IN Z[EEE RA2 BRIfL - R Fy ZCD H4HZ @ EEE
i AFUISAH » FTDIFESRE RA2 B > T RA2 5%k Analog i ATHAE - (Y1 LEFTR)

5. ZCD1OUT 1z ZHEEH PPS it ey » R BRI MEE ZCD1OUT i 2
[a{E RAS HIRAM i (B4 DA [EIRr) -

6. ESERANAESE MCC i ERES - FEANBGETEE SN EUT RSN E Bt v D4R
o~ JERE BT -

D50 20144, hY52010971: Mon MNov 30 13:04:52 2015

1100 2 1.00v/ 500/ 3.240% 10.00%/

075V EFHEHm | 0.75V TR

1. A TP2EVIE5Z
Ko BEHAEETE 0.75V -
BRI

10.0:1

2. RA2 (zCD1IN)E A
HRE T > DA FEHIAE
0.75VHYELL -

3. RA5 (ZCD1OUT)
K - B E& R T
GBS EAE 0.75VHY
AR -
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Lab 5

| #* ZCD B = 32k 2 AXBELS
fxd> TMR2/HLT &3 Mono-Stable #5+1
PWM3 ﬂz;f] A1 1.6mS 7%

72?/2\5&’ ZCD HLT/Timer2 PWM3
" e L | L6MS L,
y Mono-Stable Duty E4: 23

b ed TR E A AR e i
mx s CIP g p FiEir
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HEEF - BPpEFEHFE (Curiosity)

EMCCCIP 37

BE o Bl HLT/TMR2 o] DLUE {E 2 EERY Timer2 il k. HLT EYZAEE -

FERL(E Timer2 & EI’J%E%’E&F%’?{EIJJ EEEAYARA » PR T SCEREGE Timer
Ah o BT N YIRIDIRE

1. Free Running Period (Roll Over Pulse) (/5 fE T 8t
2. One-Shot (A fifadsTEH =)
3. Mono-Stable (EifERE:THE )

JE & TMR2/4/6 + HLT iy 5#iE » FT3HEH= 1Il£iﬁﬂéﬂﬁ

TEE ARG B g ® 7 fE— N Ay HLT/Timer ( Timer with Hardware Limited Timer) HJZf
Wt EREIIA HLT BYThAE

2 LEREs A HYE T I RE

Y TMR2 +HLT K ﬁ‘ﬂﬁ@% PWM HyEEAZE A &5 -
FERESE > ek IR R
HIEHTE (40 B

Az PWM I AZ5R A B
1T > A AR — MREEE— XA TR - ZCD B EHAILE SR

: RSEL TMR Reset gz

¢ TxINPPS :

: : = :

H <7 i (1] :

i TN MODE<4:0> HAER : MODE<z>

: | |:D: r

S Edge Detector reset :

. External Reset TMRx_ers Level Detector H CCP_pset

. Sources [ | Mode Control :

: (Table 23-4) (2 clock Sync)

S .

. - :

enable MODE<4: 3?=61:[> Clear ON

: MODE<4:1>=3011 ,_jw)—D Q—

g S LT YT TS U SO

: ckPoL : o

¢ TMRx_clk :

TMRx Set flag bit

: TMRxIF

: CKPS<2:0>  Fosd4 PSYNC _\ TMRx_postscaled | &

= Comparator Postscaler — 3

5 A ~ 3

: TMR &8 TMR &8

: . PRX OUTPs« 0> :

: AR BRI

Beeeeenntescnnncosennssssnnssliosnnrossnnncosennsssssnsssssnssossnnnsosennssosel eeasccsennssssenntosenatosennntosenassosenstssennnes H
CKSYNC

1. TMR Reset fiif AEESE: PElE#E 2 IH R A AR Timer #UEHE - EREBERES PWMX -
CLCx > TMRx > CCPx - CxOUT » ZCD1 % - {EAE B8 15E ZCD1 i Ros T B ITZERIRRST

2. TMR STERFARACK: FEIFATHR R 2 AT ARER A - FE IS MTEE8E Fosc/4 iR Timer2 HyEHIFF
Ak A -

3. TMR it#Esidin it PRIFGHY Timer2 —#% - #ai o] AL Pk R IR A

frateE

MODE | 0b10001

iy TMR2_ers) is

TMRx_clk

i TMR2 BH4as

P Rx| s ‘
Instruction™ —{gse} \ o (ecr—{esr)
TMR2 = - \ ! =N T
o on__ | | e | L
PR2(EEAR: &8 L N @)
752) TMR2 it e g EE ]

TMRx_postscaled

1

= HE R —(H

Fvgvi I‘Z]uty 3 ‘
TMR2_ers FX P Gutput
é%ﬁ'f‘%ﬁ ° Rising Edge-Trigger Mono-Stable Mode Timing (MODE= 100001)
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Lab 5:
HLT/Timer2 g/EH
o

i f2 HLT/TMR2 sk .82 8 % o §I% ZCD # |5+ % enE 2 ARBLPF 55 TMR2 2
PWM3 % & 4 - B & 1.6mS 7% ik

fta:
R Fsf IR MBS > FrDlEsE HLT/TMR2 £ “Monostable” 5z M E - it
& ZCD Ff#%—X THR2 Fat#—2 > PWM th[E2FZEA 1.6 mS YA -

Lab5 GG ER: (7~ L AN 2 RA2 fYBkaRiE 1727?)

1. BHEL Lab5 ZCD_HLT_PWM.X
2. B MCC

3. BE ZCD - sEUAlE
Fi

£CD

cﬂ:; Easy Setup | = Registers | /% MNotifications : 0

Hardware Settings

Itn

Enable Zero Cross Detection

Logic Output F’olarity'.‘ not inverted | b ‘

I:I Enable ZCD Interrupt
Interrupt flag set on I:I Positive Edge I:I Negative Edge

4. 55 Timer2 £y “Monostable” f5t - NI E B AYiEEE))R £ ZCD1 Output > FTHIEYEL
BEE TR RED - IhEF Tiner2 AYEHARS £y 3.2mS (F-Ehii A) | IGEFEEFAREZE T

ok
RE °

0} Easy Setup | =] Registe /&, Notifications ; 3

Hardware Settings \ \
Enable Timer \ \
Timer Clock Timer Piriod \
Clock Source | FOSC/4 | - I Timer Perigd 16 us =< v 3.2 ms = 4.096 ms
Postscaler | 1:1 | - | N{ Period 3.2 ms (Period calculated {ia Timer Period)
Prescaler | 1:128 | - | Ext ResetS§purce | ZCD1_Output | > |
Polarity | Rising Edge | h.f I Control Mode Monostable | - |
I:I Enable Prescaler O/P Sync Start/Reset Option | Starts on rising edge on TMR2Z _ers | - |
Enable Clock Sync

I:I Enable Timer Interrupt
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5. FIBAHLERRE PWM3 T » 380 PWM3 AU IR Ry [Hadvere sevings
TMR2 - ﬁ[]ﬂil: PWM3 El’ji_ﬁﬂ;% 3.2ms (TMRZ }3 EE@) ﬁn% Enable PWM

g 1.6mS #J Duty Cycle #3345 1.6mS / 3.2mS = S;n,;?
509 -
Duty Cycle 50 %

PWMDC Value 399

¥ A A Duty 50% Ef > JiE Y PWMDC Value “R—E&

PWM Parameters

U[L—IEE 399 E/\j/fﬁ o Iﬁtﬁ%’;‘%%ﬂiﬁ}& A&?J v Register: PWM3DCH .53 PWM PoLarin -
“Registers” 1Y% ETEM » E B AL | o o= PWMperiod  3.2ms
T PWM Frequency 312.5 Hz
Eﬁﬁ/ﬁﬁufﬂﬁ v feomer X0 PWM Resolution 9 Bits

& e E— Nz aYEad (ZCD1OUT & PWM3OUT) -
ZCD1OUT Yt Az 85 e 2 & 17 7 R o s 8001 ZCD Ay HHEReE - FHERHY
ZCD1OUT Wi/ 2fERAS - {HiZ e Bl T2IN fEZEHY - Z#KF T2IN K PPS M e 1E
RB4 o Z4EMHIr T2 ZCD1IN #%17E RA2 - ZCD1 OUT #1{F RA5 - PWM3OUT %

1£ RC5 -
Package:| PDIF20 | » | Pin No: 19‘18‘1?‘4‘3‘2 13‘12‘11|10 16|15‘14|?‘6|5 ‘8|9
PORT AY PORTBY PORT CV
Module Function | Direction | 0 |1 /2|3 |4 (5 (4|5 6(7|0]|1(2|3|4(5|6]|7
PWM3 PWM3OUT [output |B ||| BB B |h s B B |e B 8|5 B
Pin Module  |GPIO input T B R B - - B B - B - - BB
Pin Module  |GPIO output |AB B | B | |B | |E e BB | |B BB A B
RESET MCLR input a
TMR2 T2IN input I R - B - - T - T R T T
ZcD ZCD10UT |output ] N -
o ZCDIN input
Pin Module
0% Easy Setup | &\ Notifications : 3
Selected Package PDIP20
"f'“;-"_ Pin N...4 | Medule | Function | Custom Na... [ 5tart Hi...| Analog Cutput WPU
RA2 ZCD ZCDIN RAZ L] L] [ ]
RAS ZcD ZCD10... | pas [ ] [ ]
RB4 TMR2 T2IN RB4 L] [ ] ]
RCS PWM3  |PWM3... | pcs ] [ ]

T2IN #E2{HH - (A% Digital Inputfypgs - Ryskesein ARLZ#E - TR WPU
(Internal Weak Pull-Up) DU# g0 4 Nl =REY 18
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ERERHIE

1: T-RTP2 i AR IE5Z R
2. ZCD10UT (RA5) My{EH] AC EEASHs;
3. PWM3 (RC5) 1 1.6mS [&| 7 & & R K

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

100/ 2 5.00v/ b.00V/

10.0:1
10.0:1

+316. 1 dmi
3. i +4 B530Y

+3.84175

&T
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Lab 6

1. K ZCD {5 H_E 52 Rz A8 iRk

2. g2 TMR2/HLT Yy Mono-Stable g
EERHY 1.28 mS YRR

3. 1t 1.28mS FEHVEFEIHE [N EREh LA
TMR4 gYEAERY) PWMS3 g, 16 ([
Duty Cycle 30% HYH&{E

A
» 15/%%?% j:é‘%ﬁ%”ééé —> ﬁa_&c 16{ >
e Mono-Stable PWM Hi{E;

YA end TR A AR (T
gk et CIP € p (738 1%
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Lab 6:
=2 AC g A ZIZEZZHHFEFH CIP K EE£ 4 16 (B %
A E TRIAC ZE#F

HEE:

FLFAATHE ZCD Bl HLT/TMR2 f94H 4 » F#iE4H & 5aE) PWM3 DLjE4E— 16 {E Duty Cy-
cle B 30% [ E iR TE

ftat -

AREERE BTN CIP i TRIAC HYZGEERESE - AIFTRIAC £ B BAE K21
BRHYRE BELTIIRE A A 2 S EIm Y - B R IR EE A SRV ECE - AR
AR R R A IR B R > (HE AR ZCD SSREEAC & Timer HYAERERI AL

SERK °

AEEF(HREZN CIP 1yEEA ZCD ~ HLT/TMR2 ~ HLT/TMR4 ~ PWM4 K & i B
HERFE AR CLC » & M F——aRHHEEE M TIEF K -

1. EELEEFA ZCD BSE|—(# LEas iyl sdalat kbits - B mss ot I
LRI RS E 246 HLT/TMR2 fi—{[# RS REE 15 25 (Monostable Mode) it
SV EEISRE R B ZCD i3 — g A 1.28mS HYBFRIFE -

2. 3={H 1.28mS MYRESFEFEEEEILL TMRA () PWM3 2K ZE4: 80uS #EHARY PWM i
A Byig e —(EEFIVENE ETMRA Ei% € K Free Run Mode FY T{EfE=L - AT ATE
1.28mS [IRERIHE Rk & fit 16 2 Free Run Over ({98 » 5tk PWM3 &
11 16 f PWM H5E (1.28mS / 80uS = 16 %) -

3. PWM3 (s %k 7 [ - B Duty On B 5 Low » 355k 70% Duty Cycle 15
i o BRI LR 30% 1Y Hi fiid -

L ab6 FRAMEERE (1K L AN Z RA2 fyBkER:E 17727)

1. BHfL Lab6_ZCD_TRIAC.X
2. Fgf MCC
3. BIE ZCD H4HIIRE @ W e~ © RERE) ZCD b Higy A S ]
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ZCD
‘-”:f Easy Setup | = Registers | 8, Notifications : O
= Hardware Settings
Enable Zero Cross Detection
Logic Output Polarity: | not inverted | v |
I:I Enable ZCD Interrupt
Interrupt flag set on I:I Positive Edge I:I Negative Edge

4. Y ZCD1 HyHfira A ZCDLIN 2 [EEE RA2 HYRAIL » {H ZCD1OUT HYIirZ AT LA
2y PPS e ey - L EERIMEE ZCD1OUT pin 4§ PPS 3%AE RAS (Bl LED
D4 [EHIfr) -

5. BEPNARKEEE HLT/TMR2 - £ ZCD Ky & e TMR2 Reset iy AZKE - tst—
X ZCD i A A s TMR2 — 2 EEA —RHY 1.28mS SHIFHE - Ry 2 (68
Fosc=32MHz fyix=2E - %548 1:128 [ Prescaler [#4E1z 148 TMR2 -

6. TMR2 Y5 Reset 2l £ ZCD1 Output » TMR2 T{Ef#z % “Monostable” » if;
S ERENHIISf% F “Starts on rising edge\on TMR2_ers” - {fHF-& 5 A ELL Timer
Period %5 1.28mS > {3 4)%5E “Ena\ble\CIock Sync” HY#EEIH -

T™R2 / \ O\ /
0 Easy Setup | (= Registers | /A Notifyéations : 4 | \ \ /
@ Hardware Settings / /
Enable Timer / \ \ /
Timer Clock / Timer Period \ /
/ /
Clock Source| FOS% | B | Timer Period \( 16\5[ / 1.28ms ] < 4.096 ms
sereEalEs Z = Actual Period 1.88 ms (Period/calculated via Timer Period)
rosscaer | A -] o | iy
Prescaler 1:128 | X I Ext Reset Source \ZCDl_C;utpu;/ | - |
Polarity | Rising Edge | - | Control Mode Monostable | - |
|:| able Prescaler O/P Sync Start/Reset Option | Starts on rising edge on TMR2 _ers | > |
Enable Clock Sync
l:‘ Enable Timer Interrupt

8. EEHF T TMR2 1Y 1.28mSIFEIETR » FEAHLE SR S EENE T 16 YAk
K7 0 1.28mS/16 = 80uS Fr AT E—1[E DA 80uS Ay #EHARY PWM B, - (R PWM 55
(T as A E MR TI AR » FrLUE] TMR4A E ffi PeriodiyiE 2 - H TMR4
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FERITA -

1EiE 1.28mSHHFEINERE R H B E T 8T LA
&k “TMR2_PostscaledfJii A (1.28mS) BiFrE4 1 “Reset at TMR4 era21y

TEHER “Roll Over Pulse 25 » BrE)

TMR4

5% Easy Setup | = Registers | /A Noti%ns HE:3

N\

Hardware Settings

Enable Timer

Timer Clock

Tin?é\Period

Clock Source ‘ FOSC /4

80 us = 2.048 ms

(Period calculated vja Timer Period)

Timer Perigd Bus =
Actual Period\ 80 us

Postscaler ‘ 1:1 | > |
Prescaler ‘ 1:64 | - |
Polarity ‘ Rising Edge | - |

|:| Enable Prescaler O/P Sync

Enable Clock Sync

’_| Enable Timer Interrupt

/

/
/

Ext Reset Source }TMR2_Postscaled

Control Mode | Roll over pulse

Start/Reset Option | Resets at TMR4_ers = 1

Y Duty Cyclef45 &l A= 0FTm ©

PWMAYEHA B 80uS: trgtE: TMR4
AR EES EAE 80uUSe

FyHAE 1.28mShiit 16 {FEHRE > FlA

8. CIPHy PWM fyfEeHE G Fy— B HET PWM ZEd] 40 NEFTw o 28HAE Timer 2 /4/6 11
PRx (8-bit)zlc¥} Duty (10-bit) {57 1:4 #9#%H( > Duty Cyclef gt & o] LAA 10-bit - PWM

(PWMxDCH:PWMxDCL<7:6>)

Duity Cycle Ratio = PRI+ D)

Duty cycle registers P

[ PwmxDcH | |
|
(Not visible to user) 47
|

‘ 10-bit Latch
| Comparator |

PWMxDCL<7:6>

T2_match

PWMx_out

= To Peripherals

R (o]
PPS I>—|Z PWMx
s a T
PWMxPOL RxyPPS TRIS Control
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9.

HIE R PWM3HYE - (EAREEE | ™

/ﬁ\ﬁ% TM R4 El/\j PR4ﬁﬁ-§§fE—»’E/\j SOUS s :n,j Easy Setup | = Registers | /& Notifications : 4
— st e Hardware Settings
PWM4 £ S i s e A 70% 1Y B

%F Duty Cycle

Duty » &ERAHR Ky
Lifan

Select a Timer : -

Duty Cycle

Duty Cycle 70 %
~] | PWMDC Value 27

P’Wmﬁrsu{ters
PWM Polarity active_lo | -

PWM Period 80 us
PWM Frequency 12.5 kHz
PWM Resclution 5 Bits

Rl TMR2 iy Postscaledsi | (1.28mS)fi i il o] (200 » BEZAH A R s U
SHI(E S FE F— bl S THAE - [RB TMR2_Postscaledflag i DIFE N2 E8244 CLCA 1Y
iy A (RS AEATHL 0T LAFIR] CLLCA K22 TMR2_Postscaledty:f5% £ F] CLCA {5
s R ( RC5) . B DAL S o/ T ERELE S E CLCAHY 7=

CLC4 /

e Easy Setup | = Registers/| /A Notifications ; 4

@ Enable CLC

l:‘ Enable CLC Interrupt
|j Enable Rising Intefrrupt D Enable Falling Interrupt

/
Mode| AND—OR/ | p. |
7

/

| T2_pastscaled_out | =

CLOIND (CLCINGPPS) ‘ >

RC5 (LED 7)

[‘cLomo wicmoresy | =

| cLemo icrcimoees) [-—

Hef A FH 2 (& AIH (T2_postscaled_ouffzis QLCA (Vi Al - JEE > R {E
AND ZERIRFDVEEEAR(E VIO R 1 - BT AFEGATE2 Ji{[E S A (A ) AND

Gate-
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FELF - RS

(Curiosity)

7 e MCCCIP #& 7

10. ffeAtm R — NmttRIfEE © 40 EATi TMR2_Postscaled HyfHia% CLCA [ AH

11.

R AR

zcpiouT |

CLC40UT
(1.28mS)

PWM3OUT g

& FE MPLAB X IDE | » JuzEd: MCC HYHEE N EUR P 4R S S Bt - N El Ry B IR

mAERENLGERE:
1. 57 [ TP2AYIFE 52 et A o

{éif\.z:éj CLC40UT (RCS) ﬁﬁl‘( Package:| PDIP20 | - \ Pin No: 19‘18‘1?‘4 ‘3 |2 13|12|11|10 16|15|14| 7 |6 ‘5 ‘3 ‘9
S AR IR e foponar Lo
Module Function |Direction | 0| 1|2 /3| 4|5(4|5|6|7(0|1|2|3|4|5|6|7
E PWM3OUT (RCS) Hﬁﬂﬁl ° cLc4 CLC40UT |output R R R
cica CLCINO  Jinput KON I BB BB BB S
07 Easy Setu /4 Notifications : 4 5
Sele([edyFa(kaZe:PDWPZO CLC4 CLCINL  |input CRCA ARG CCRIC R CRE
Pin N...4 | Module | Function |Custom Na...|Start Hi...| Analog | OQutput WPU CcLC4 CLCINZ2 input B R B BBl BB B BB BB BB E B llg_\':
RA2 zcp ZCDIN RA2 D D ] 5 =
RAS 2D |2CD10.. | pas = o 0 cLca CLCIN3  Jinput I - R T B - - BB - BB
e AN M3 | ncs D I:‘ El I:‘ 05C CLKIN input K-
RCS cLca CLC4OUT || pes D ‘E D 0sC osc2 input B
RETccE  [ClOMI | per EPREEREERE PWM3 PWMIOUT|outout | @ m @ B B|m B BB B B 8B BB &
s cLes CLCINS | re7 D D EI E‘ Pin Module GPIO input B e B BAB B EElEB'a BB R B
) T o Ol O | [ N Pin Module  |GPIO oupit | B BB BB B BB EEE BB B R
RC7 cLca CLCIN2 || pe7 ™ ] I [v] :
= TR — D D D E‘ RESET MCLR input a8
RC7 TMR4 | T4IN = m - L] TMR2 T2IN input Beh BB EEBE R B R EE R BB E
TMR4 T4IN input RGN O RO R B RS
zcD ZCD10UT |output A mA'bsE'E'EEE'E'EE R B
ZCD ZCDIN input a8

AR - EEEA

3.5 TMR2_postscaledy 1.28mSHyHEfElfE R H
A 1% FTisEHY 16 (& PWM Ak i -

RAS5

RC5

RC3

2y ZCD =Tk ELHE -

VA[1):

+891.40mby

10.0: :1.
10.0:1

— i PPS 5& RC7 » [N R AREFATLL
AT - BIE R EHIMIALAE MCC v2.25.2 AR GBI R -
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& AR AR KR 0 LB E] (W N EIFTR) 78 1.28mMSHYBF IfERE R iA HH Y
8OuSHEHAM PWM K 30%[7 High Duty -

DS0-1 20144, MYS2010971: FriDec 04 15:27.43 2015

100V 2 5.00V/ 5.00%/ 50.0/ ~11.252 - ' 250

Agilent

10.0: :l.
10.0:1

Y1)
+9071. 45mi
T2(2).
+4.9
AY
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Lab 7

1. HMIFH ZCD (M BT 152087 2 ekt

2. 1 ZCD _EFF44HE Angular Timer [

0° HEBEEEI T — EFH&EIVEIRK

3. BXEN
4. KR

TRZK
WA

ZCD
RIS

JEbigasHYLLEdRE] (C1 < C2)
Sl s 252 CLC Y RS I
R a0 FEE (FH ) s L

Angular
Timer

CLC
RS Flip Flop

YA end TR T A AR (T
=® %t CIP ¢ p B i*
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Lab 7:
T Angular Timer fEbbEgzs N HYEF

HE

{5 MCC e Angular Timer Zefios FERY(M] - Elgrhiict(E 90 Rt Hi sHITR
£ 180 e R HARR R O

fRAC:

Angular Timer (F 5T 8s) & AG BEES I AR S A SRR AR AL MGA A LR a5 sk H
FiTase E FE FERF R« S0 — 2k AT DAME 248 H SR ARG IR RV R E Y A Y
firE - FAEETI s nEAEEIREE - R et Re e lH e R i AR A
IneysEtE o ER BB SRR E i SRR - ERRENL - EIRHE - e AT
fir - BEEE---5 -

TEAEE (Lab7) 2K ZCD /Y 7R E ISRy Angular Timer (& HIERSRE A - H
S0 FIT{EE AR TR ARER B Y 16MHz B2 o (# B Wi {EAE 7 (F ) Chi s i o
FEPEH] CLC Y RS TER #sfva 2R 520 /4 5 (RE D) B EH] -

Angular Timer A ifE T {EfE= Single/Multi Pulse Mode - E4:E— F Angular Timer (19
£ Single Pulse Mode FYJ578EE - 75 J78EE 73ISR » S5—80 02l A GRS 3 A
FEETE > o B EhEEs - £ Angular Timer 7 = {EELEES -

Set PERIF
SEEL Dhide by Pariod
;T xRES+1 & Counder —
p———————= ATx_perdi
FRF e
LC4 out—{ 111
LC3 out— 110 FREC— 3 B ATxMISS
LCZ out— 101 =
i e J Divide by 2
= i e Sync ATwsig (D AT RO
ZCD1_out—{ 011 {2 Clodks) [ ATrER Gl
C2OUT_syne— 010 15 | I 0 A APMOD

C1OUT_sync—{ 00l
‘ m oo MPF = ATx_missedpuiss
o L
ATxNPPS L — !

PHP

X

PS 1 Clock

e . : | | ATx phachk
HFINTOSG (16 MHz) 1 Divide iy Phass
Prgscalef Al TxPER"1 Counter

Fosc o DX ) S bl Sei PHSIF

| l | ATacikcs

To Capture/

Compare

Single Pulse Mode Mo (= Amens |
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KoHIfgE ATICCY 1Y%

GERERmwt L fanEel

ATy_okoc—

cCPyPOL K T
AT Lempy 52352 i e ‘, jD_‘ o

CCyIF

ATxPHS Angular TimerN & bL# 28

ATxCCy" Fase Codk

{EEAR T #Es ATIPHS Sync®

——k
e

Set GOyl

L ab7 E;ﬁﬁéf&%% | 0} Easy Setup \ = Registers | /& Notifications ;: 3

Hardware Settings

1- EﬁEﬁZ Lab?_Ang_TM R_ZCDX Enable AT

2. Eﬁﬂ% MCC Clock

3 vew 70D fi o SRR Clock Soupe€ | HFINTOSC 16Mhz | ~
. Dxﬁ *%\\HIjJEb ’ ﬁDEUﬁE%ﬁE /\]DX . R | =

SEER ¢+ RERE) ZCD Wi HER NS || [ rerioa prescalrmreserarsan

}i[ﬁj ° (EE@%KEE}E ZCD E\ gﬁ% Mode

ﬁaﬁ) Ang Tmr MOdi smnode \l' :
Missing Pulse Fixed Missing Pulse mode >
4. Angular Timer (AT) 4475 i@ E R E = ,-on/ ——
g&ﬁ ’ %—ggﬁ% AT E’JEE’%%}S% (f[l:[ L1 Max Phase Value 1 = 1024
HIEIFR) © £ BRI ERE Ry L2 j// o S
BN BT6 S (Single Pulse)® BT ||| seauencoun 30
AR IS - Eg@ﬁ/
$RH 360 Wi ¥ L BRI = dosibvids 507 o
360 FEthFER ZCD FFMEREHM A
ﬁl‘[‘F—A:k ZCD %AE&]@E ° Y_‘g‘l_%:&jca Set point 1.36 Hz = | 976.59 Hz = 44,44444 kHz

fﬂﬂ’gﬂ%ﬁ)ﬁ\ﬁi&ﬂq ng%% 16M HZ E/\j%i' Set point Count 45

(=]

Set Point Error
% TERRERER 1.1 WU ALLEREE - W

AsRgkae e ZCD B’JJ:Q%@%)';% Input Signal

%jj AT ° Actr rising edge | >
Signal Selection ZCD data_out 4
Input Frequency 1.36 Hz = 976.59 Hz = 44.44444 kHz
FEME TR H SR G m R EE P 4551

Period Count 45

R E e Al RERIIHIE © AL Period Error ~1.08%

Clock Source & Signal Selection for the

Output Polarity

ZCD data—OUt H%‘:"iﬁﬁ‘;\z{% ‘ EH%E%gEﬁ?U Period Active high
Registers KiEE > HEIFIHLBEHEED || eoase
E‘E‘ o Missing Pulse
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HEEF - BPpEFEFE (Curiosity) 7

EMCCTCIP %7

5. HRE—EEL AT > T LEER—
(ZCD E#%|— F{# ZCD 4 5B &
360 [ fEITHV IS By 175 - IR FEES
AT RS ] DL A R AT 5%k — Rl Fy 720
& IR nl 2 0.5 & -

K
AL 2 ZCD MY B EE T —(&
(Compare) - LEEAHTTHFHYHH HENE K Hi -

FIRA(E ELReas © 55— (EELEe
180 JE ket

ZCD 1Jim A& £ 180

SCERYE AT HYELHES - £ EH AT By AGRSE ZCD Hyteilr Rt » K=

SEEEE FAIE By 90 FERFE -

ZCD 1Y AFIAZFE 90 ERF pEE —Lhimesfnt Low 2] Hi/fYigH -
FEHEE

Resolution

Max Phase Value 1 = 720 = 1024
Expected Pulse 1< 1 =720
Resolution 0.5deg

Resolution Count 720

H ZCD EF14% - FEIE AP A Eeies =
DRI Ry A B B s SR o {181 A FE A BT A B
F(EEREs TR T AR

“EhiasEnit Low £ Hi AV

Caprure/Comparel Capture{Compare/_ Capture,’CV@ES

CapturefC(:lmpamalI CapturEfCom/{arEZ Capture/Compare3

Enable Capture/Compare /

Enable Capture/Compare / /

354

| compare mu/e | =

-

| Active high' J/' |

| rising r;clg-':/ | = |

| .-::.Tz-::c:/A..; | = |
x

Compare Value 0 = 90 = 1023

Mode Select

Output Polarity

Input Polarity

Input Selection

/
| compare r/ode | N4 ‘
f

Mode Select

| Active hiﬁh
f
ing e/l-_qe
f
| AT‘-_C¢:- pin

Compare Value 0 = 180

Qutput Polarity

Input Polarity | ris

Input Selection

R Ry BT e E Y s R A E Ry 36
JE{EA A4S 360 & -

0 J - ALl B st beaas Y Lbi A

MCC v3.0.3
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fEEP - ROPER

(Curiosity)

7 e MCCCIP #& 7

Jpn o (CLC%UT) RC5 -

6. B NARELE I E M (E Eh e vEm HH 25 2l CLC Bl i - By B AV 2R A 22 M (EEH
FHEE| RS IEZ#5fi Set fv Clear FVENE » FTLARRZEE%E CLC fy SR #28H - 41 M IEl Ay
e & AT Compl B AEZIEZ 2519 Set Ui ATComp?2 ## %] Reset it - CLC Hy#ifi

Mode| SR latch / | - |

7

Angular TMR Compl | - |

CLCINOD (CLCINOPPS) l.'—
l -

5
—X
/ 3

Angular TMR Comp2 | -

CLCIND (CLCINOPPS)

=

~E R
LogicO

TP2 « RA5 ~ RC5 HJJEF -

(R E] Pin Manager RIS EME - 1538 PPS ZiéaE CLC1OUT % RC5 HYHIML - 2
\/RFHZEJE[@HGH{H PPS % %DX Y Package:| F0F20 | ~ |  Pin No: 19‘13|17‘4 ‘3 |2 13|12‘11|10 15‘15|14‘7 |s ‘5 ‘8 |9
RC7 . PORT A¥ PORT BY PORT CY¥
Module Function | Direction | 0 | 1|2 |3 4|5 (4(5(6(7(0(1(2|3[4|5|6|7
AT ATCCL  |input B BB BB BEEEEEEEE B L
i Easy Setup |/ Notifications : 4 AT ATCC2 input NN CHCRCRCRC NN R R Bk
ISelected Package PDIP20 AT ATCC3  |input wlalE BlEBE BREE R A EE R B
Pin N...A | Module | Function | Custom Na...|Start Hi...| Analog Qutput WPU AT ATIN input [Ny e BE BEEEE B BB B
Lt €8 2ChIN RA2 L L L) cLct CLC1OUT |output B hE Bw BB BER B R B R ABE
RAS ZCD ZCD10... | pag ] . cLc CLCINO  |input O TR O R
RCS cLcl CLCIOUT| pes ] - )| et CLCIN1  |input B BB BEBE BB E B R EE B
RC7 cLcl CLCINO | pe7 L] ™ L] ccl CLCIN2  linput R NI R B A B B R B BB
RC7 ccl CLCINL | pe7 L] L] L] Gret CLOING  |inplx B'BB " BB BB BB BB BB SRS
RC7 cct  |cenN? | ey ] Y [] ot CLKINT |inpuc =
osc CLKOUT |output B
RC7 cici CLCIN3
ke L L L 0sc 0sC1 input B
e i et R&Z L] ™ L] 0s5C 0s5C2 input ]
Be7 e Apoes RC7 D D D Pin Madule | GPIO input BhBE BB BB BB EB R R RS
RC7 AT ATCC3 RC7 D |:| D Pin Module | GPIO output B hlE BE BB BEE R BB B E BB S
RCT AT ATIN RCT ] sl L] RESET MCLR input a
ZCD ZCD10UT joutput . (B B8 BB BB B B B|R B
7CD ZCDIN  |input A
8. R MCC Code Generator 4 CIP HYLNE (. - HRREfses: - AR EsEN— T
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B R E 90 R 180 &
HEL

1. R5ZE#AZEl ZCD

(TP2)
2. ZCD WyZEfr i flsam
(RA5)

3. CLCIOUT (RC5) & ;1
E_Tgﬂmgzlﬁﬂqﬁg +100.00H:

AV

BLR: > REBIELN
£ 90 BE K 180 fE o

A RERE 90 B & 270 oW 1001
fEE’S}ﬁEH:’. ° _, oc 10,01

+100.00Hz
AY[1)

Al REUE 30 R D 001
300 ERYENE - 10.0:1

o A 45
1 Fns
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Lab 8

1. Z2ATHEAY Lab7 1A% TRIAC fFst
Y JfE

2. % ZCD Hy | ~ N&AHIER HLT/
TMR2 YIS EIHE

3. TEHFFEEAIM 5 {16 PWM Rk fErHY i

TR
i A ZCD An_gular CLC
" R Timer -—— RS Flip Flop
HLT/TMR4
| HLT/TMR2 _,

Free Run |[——— 3| PWMiHH
Mode

"| Monostable
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Lab 8:
FIFH ZCD @ At TRIAC HYIE & fE %%

HE

e Oa i CIP Bi4A M TRIAC IE & E & e i s e

FRRAL -
EERES TAIHAEEE - WEE M TRIAC A REEHr il 2 CREOMIER -
BAPIER A1 TRIAC fE205% —

riggering

MR TEELEES — | P o e
:jj\ ’ ﬁ%ﬁ%ﬁﬁﬂﬁ%ﬁ%%~ T, / T, Current

R BEATLE TRIAC | 1.

& EERE AT DL S| Th T —
iy HH AHZedh] (40 AC J&E Waveform
HHSE2H]) -

ARGETE ] TRIAC (£ 30 FElrsk ) 5 (& PWM Ziefilss - £ 6148 1Y 30 &
(FIJ 210 FE£7m) By P8¢ 5 (& PWM {Effsg—3K -

Fir LI ZCD —> AT —> CLC —> HLT/TMR2 —> HLT/TMR4 —> PWM3 Z— LR T iy
s EHY CIP 3 -

L ab8 FsAH E B

1. BB Lab8 AT TRIAC_ZCD.X

2. BYF MCC

3. 4 Lab7 —#5FAEL ZCD BYEE © BRI AT BEE » seae AHL £y 360 (Max Phase
Value) - RIS Rl 5 - Lhimes 1 3%0E By 30 & > Ehwes 2 3%k 210 & -

4. PEPNAREENE CLC 540 - #1[F Lab7 —f% » HPEtbares 1 & 2 £ RS IEK & »
CLC1OUT HyiiH& E/F RC5 LU I 23y &30 -

5. HLT/TMR2 iz iE: TMR2 iyl A i385y ZCD1OUT (R BZHIE - E& s hr
plEELERE SR “Start on rising/Falling edge on TMR2 ers” - TMR2 f5A%s]
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ﬂi/j% 160uS - TMR2
;\: =R AC m\ 0% Easy Setup | = Registers | /A Notifications : 6
gt AC i ARYIESZR O e

- 180 gﬁ%@ﬁ—{ﬁi}% 30 = Enable Timer
gé@ﬁ%é& TM R2 5&@1‘—'—:“5’\] Timer Clock mﬂ\

N Clock Source | FOSC/4 - Timer Period 4us = 160 us < 1.024 ms
=+ . N

\I N3 /_1i g :':;’Z'n I i

160uS E H\ FEﬁ*E ’ =% Pesrseiler 1:1 Actual Period 160 us (Period calculated via Timer Period)

180 ~ 360 rgﬁ%m@ﬁ‘—{ Bresger Ext Reset Soufce ‘ cLciouT | = |
4 Polarity Control Mode ‘ Monostable | - I
210 g 160US E@Eﬁ‘ﬁ;ﬁTE ° D Enable Prescaler O/P Sync Start/Reset O t\on‘ Starts on rising/falling edge on TMR2_ers | - |

(FAREZRE AT thgessate) | oo

D Enable Timer Interrupt

7. EHHY TMR2 RHSOR (I8 5205 R (s R A e o e i R BB BE A HLT/TMR4 1y
PEHIERST - R 1605\%2@%%%@??%%%% 5{E PWM #iit - AL TMR4 FraiE

YA Fs 32uS i Roll Over Pulse fEzUEER - HBEHHTE] 32uS iy B EIEFZ HE &t
%o }E#mﬁ\&%}\ R R sz 160 uS HYIFEIIECE] - TMR4 BIEREHEA -

TMR4 \ \
i Easy Setup | (= Registars | /A, NotiﬁcatioN \

Hardware Settings

N\ \
Enable Timer \ \

|

Timer Clock Timer Per% \
Clock Source | FOSC/4 | - | Timer Period 500\ns = 32 us = 128 us
e P | 1:1 | == | Actual Period 3% us (Period calculated via Timer Period)
N \
Prescaler | 1:4 | = | Ext Reset Source |‘TMR2,\{ostscaled | - |
> |

2 2 - <
Polarity | Rising Edge | | Control Mode | Roll over pulse | - |
l:l Enable Prescaler O/P Sync Start/Reset Option | Resets at TMR4_ers = 1 | bt |
l:l Enable Clock Sync

l:l Enable Timer Interrupt

8. EHF T TMRA Iy 32uS M - B Fokg | Pwms
% E PWM3 f54H - Duty Cycle 5% 55 50% &3 Easy Setup | = Registers | /\ Notifications : 6
B - A6 PWM AR -

Bk TMRA 7632 160uS RSEiEMAatt | | [ enavieru
A > S PWM3 s T g 2
6 PWM G801 - BT A3 (T P AT —
L)M%‘?Uﬂal\j PWM E/\ﬁﬁ[dj ° PWMDC Value 127

PWM Parameters

sy [ s ] <]

PWM Period 32 us
PWM Frequency 31.25 kHz
PWM Resolution 8§ Bits

Page 62 PIC16F1619 CIP #:[&E &34k MCC v3.0.3



pHELL - BPREFE (Quriosity) # 1€ WCC/CIP ¥

FlE B AC #5 ALEH ZCD \
SHIEBRL 508 AT fELESE g

&4 CLCL A e il gl
B — 77 .

I 7R A BT B4 R : ; ;
5 TMR2 3¢z 4 Fi{E 160uS

TMR2 160u$j«FEﬁif[

HYBFFEIAE o ~
TMR2 1y 160uSHH 5 HE & B 1
LEEFTMRA [9ETES > DL '4_

32uSHYHYETHF B (4 By
PWM3 1) PWM 50%f Duty

w
N
2]

y a e on it
By st — T M AR - od rhed b b
T‘ AEET HE®M ZCD - PWM3 g TifE PWM
gy A& ZCD gt F{E PWM [ 4

( CLCLOUT Hilfir 2Rl Ak

RIS FY) 3 — S
\E/EUEFHE’]) = @‘Eﬂfj ﬂ Pin N...4 | Module | Function | Custom Na...|5tart Hi...| Analog | Ouftput WPU
YEBERAE IC NEEE & oo oon e [ ] EREED
iy EERREH] PWMS Y RAS CD ZCD10... | pAs ] ]
7 AL, sk EhE .
Eﬁﬂ'ﬁliﬂﬂt{j lemEjEIE CIP E,] RC3 PWM3 PWM3... RC3 D D D
NE B R RIEERE e > 7
X RC5 D
SIMAKIROININE e T T T ]
> e EERGHT A B RC7 cLc1 CLCIN1 D D D
v - s i RC7
INf > SRR By Jfiee
s i (] “ Package: | PoP20 | ~ | pinNo:|19[18[174 [3 |2 |13[12]11]10]16]15[14[7 |6 |5 8 |9
J\ EH;’EEL\% PORT AV PORT BY PORT CV
Module Function (Direction | 0 | 1|2 |3|4|(5|4|5|6|7|0/1|2|3(4|5|6]|7
CLC10UT (RC5)ﬂLl)E§%E@E§E PWM3 PWM3OUT |output BB - S0 - - - - B - -
R . Pin Module  |GPIO input BB TR - B - B A - - - - B
/EU?U@}EE 30 E&ZJ-OEH%‘E/‘] Pin Module  |[GPIO output " hlE BB EBE R B E BB SRS
RS E/\jﬁﬁ}jﬁgﬂ% - PWM3OUT RESET MCLR input i
SRVYIN . N TMR2 T2IN input T R - A BT RCRES
(RC3) eI TRIAC Efjﬂ{@ TMR4 T4IN input B R - A O R B - B R
\zi:“é'f PWM ﬁ%é&‘%ﬂ%}ﬁ ° 7CD ZCD10UT |output B a B k| (B |
ZcD ZCDIN input a
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G HELP - B PpEA K (Curiosity) # 1€ WCC/CIP # ¥

EERE RNV LR

T TEN e v EE 4 BEF
1 By TP2 iy AWYIESZR 2 1y ZCD (RAB)(ifH -

3 Ryl AL R & Y CLCIOUT(RCS) #iith} - 4 & PWM (RC3)fiiy st
DSO:X 20144, MYS2010871: Tha Dec 10 160459 2015

2 B.00v¢ 5.00%/ 50.0v/ -12.30% F1k ] g40%

Agilent

T
10.0:1

sE R IR A

B i
10.0:1
10.0:1

+1.3699kHz
AY[1]:

YRR I
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Lab 8-1

ZEZE Lab8 HYELE » 1A ADC w5 EE[H
[ A > FE L AD AYEEHA(E 2k SR HL
TRIAC s et 10 & ~ 170 B R &
K ERY 190 FEE ~ 350 FF o

A EHA A
A
FRig
LN ZCD An_gular cLC
(IR Timer | —— RS Flip Flop
HLT/TMR4
.| HLT/TMR2 .
"I Monostable Free Run |——» PWMI}
Mode

MCC v3.0.3
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Lab 8-1:
FIFH T8 HRY AD #HE MR TRIAC FVIE& g%
A Y]

HE

iBiEAET Lab 8 HUSR kY - HFSCEE AR TRIAC By plcHl A m] 8 8 H 2k eL
z‘*ﬁ*‘ﬁéﬁéﬁﬁﬁf FE I -0 nT S ERRH AT %Em] 10 JE& ~ 170 Ayt ko s -F4E 190 £ ~
350 [EHYfEEE -

P

B (EEREMH - & Lab 8 1y CIP HYEER 1] LUSE] PWM fifgs TRIAC HYARTERR
598 - (HE W HUREE E R A (B A B Es - S e A o] & B E M A R A
AR > AB G — T A0 e SR AR i A g 2

1f Lab 8 % - F(M7A Z=e%E Angular Timer fYECH 2S5 B —([E 1E 52 A FE fir ELHcEE - 411
PR ADC YA E 48R A E R (10 ~ 170 [ & 190 ~ 350 &) KAHfEHRRE S
L AT DA ER A F2E Il BE K Y A g !

FRZEAMEEE AT IIELERESAYEIE? & — T Data Sheet #a] DUK1E

AT1CC1H : AT1CCIL (16-bit #a1yEE—(E L ES)
AT1CC2H : AT1CC2L (16-bit =TV —(EELEER)

T LLRs ADC $ ?!l@2<<‘ﬂ5‘ft{§f§)\%~{ltb$*“” % ADC {EIIE 180 FEAFHEIERIEA
(b - Bk Al LUEZREEIE - A-F BN A -

Lab 8-1 Gr#a i E b

FHEL Lab8-1_AT_ADC_TRIAC.X

BiA McC

[ Lab 8 #YE%E » 3HFHIIA ADC K Timerl HYE%

FHRL ADC HJs%E > H Curiosity fiEERE{SHN - n] 8 EEIH 24825 AN4/RCO Tl L(E
Rl 3% E T B AEER E RCO & Analog Input THAE (AN4) » 45 48 -

5. f£ Pin Module £y ADC gz EH P EHINERT  “channel_AN4" #y#47H » 32 il EH
HEFRAE  “pin_mamager.h” #LUSHE A B HHH -

P wbdPRE
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AR

ADC R /EFERE = > hat/Esi S
ADRESH Y 8-bit 455 » f2E 5Ky Lsb 2-
Bits - R B2l S RA 0 ~ 180 2 [ » A
L. ADRESHT 8-bit #({E gk /€ #5251 -

s =R T B Ul SR - B8
SEENEZFAEAE TMR1 Y Callback( )i -

1TAD

Conversion Time

1.7 us
Sampling Frequency 51.1509 kHz
=11.5*TAD = 19.55 us

Package; | PDIPZ0 - Pin No:|19|18(17|4 |3 |2 (13|12 |11(10|16|15{14|7 |6 (5|8 |9 SE RCO &
PORT AY PORTBY PORTCY HEEbE ATHAE
Module Functien |Direction {0 (1|2 |3 |4 |5|4|5(6|7|0|1]|2|3|4(5|6]|7
ADC ANx input - (| Bl - B O
ADC VREF+ input B
¢k Easy Setup A Notifications : 6 ADC ﬁﬁﬁﬁ
Selected Package : PDIP20 ' EHLHE -
Pin N...4& | Module | Function Custom Mame | Start Hi...| Analog Qutput WPU L —
RA2 zcD ZCDIN R ] /ﬁ
RAS Zco ZCD10... | paAs [] i
RCO ADC AN4 channal AN4 4T |:| |:| |:|
RC3 PWM3 PWM3... | pc3 b [ ] [ ]
N sy S EEE VDD
6. ADC Modulef s FH e » Br T2 o
[=1 YR
it ADC By AT (RCO/ANA) » -
I ARHE ADC BHERHYFRG © ML | aoc
5&%{%%@%%Eq$$ﬁ%f§ ’ ADC 8% Easy Selup. = Registers | A\ Notifications : 6
Clock B FHNZEAY RCE%HS » 1 Tadffy || o | (e Seines
; ; Enable ADC
e y BZ E
HEE By 1.7uS» 2 {EEEHANS Y A 19.55uS o — T
: Clock Source Frc - Positive Reference VDD -

D Enable ADC Interrupt

Auto-conversion Trigger | no_auto_trigger -

Selected Channels

Pin

Channel

Custom Name

Internal Channel |DAC

channel_DAC

Internal Channel |[FVR

channel_FVR

Internal Channel |Temp

channel_Temp

RCO AN4

channel_AN4 \

{EF channel_ AN4 {5 AN4 N ZTEE S

7. &I Timerl fys5E - HAT Lab 8 E&L(#HA T TMR2 & TMR4 (& Timer T -
TEBEELF Timerl {575 50mS AyETHFasfEft ADC i@ A BT - HEt
FAIE ST EAE Timerl 50mS {y-RET#E e & 5oy - ARG A while(1); Bk

e

K HY
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HEEF - BPpEFEHFE (Curiosity) 7

® WCC/CIP # %

=1 .
HlE B Timerl | s
/j E.T s i Easy Setup | = Registers | /) Notifications : 6
— Hardware Settings
SEERITE | | e
Timer Clock Timer Period
_L+H *i-*_t N7 jJ
3 NI
Al AT Clock Soure [ Fosc/a | =] || Timer Period 1us =< 50 ms < 65.536 ms
)\ Callback &l External Frequency 32.768 kHz Calculaxsd: Perigd B
Prescaler 1:8 - l:l EhableiGaia
EnablleSynchee anie l:l Enable Gate Toggle Carte Signal Source ‘ I -
D Enable Gate Single-Pulse mode Gate Polarity ‘ ]
Enable Timer Interrupt \
__i Enable Timer Gate Interrupt
Software Settings
Callback Function Rate 1 x Time Period = 50 ms
EVAN =] ..
7. 2GR ¢ A BV RETFTDARRAE main.c EFR BRI HETIhAE - a0 N EIFTR:

FRUFT_Globallnterrup

IN

INTERRUFPT Perir

'_:1_:1}_- 1 S F N

1I1 ter

ruptEnable();

8. main.c?BHIAZ M ADC HYBHE R [ E ZiEia Channel s A

void main(void) {
/l initialize the device
SYSTEM _Initialize();

ADCONODbits.ADON = 1; /I B FH ADC
ADCONObits.CHS = channel AN4; //

9. Timerl /Yy Callback (tmrl.c) AYzRHA:
void TMR1_CallBack(void)
{
ADCONObits.GO = 1;

While (ADCONObits.GO);
If (ADRESH < 10) ADRESH = 10;

If (ADRESH > 170) ADRESH = 170;

AT1CC1L = ADRESH;

AT1CC2L =
AT1CC2H =

Il 1T MCC FrZE A=Y IS e B G5 E

(unsigned char)(ADRESH + 180); // &M E 2 4F 190 ~ 350 &
(unsigned char)((ADRESH + 180) >> 8);

12 A Channel & AN4/RCS 155 A

Il AD BRGHE
I EEFASERR?
I IEFAE A FEPZERIAE 10 ~ 170 2

Il ELEEs—HyZed) (1EF )
I L s eI (B 2R )
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BIRERFTENEE:

Az 10 &£ K2 190
JEHY sk

R

54282015

fafr 90 R 270 B S—
FEE 3 o

TL{E PWM figra
i IRE )|
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dof B A IR S A
0800-717718

Microchip Technology& i&45/\ 5]
AL A RS = R UUsR12F
4EEEE=E 02-2508-8600
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