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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7
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TR (CIP V2B) it

OCVPPMCLR

ICSPDAT
ICSPCLK

NC

RB4ANI10QPALIN-'SDI'SDATOCFPS

DNP

RB3/ANIIQPALIN-FIXI0CPPS
RB6/SCK/SCLIOCPPS
RB7T/CEIOCPPS

Tvss
EF

1> RAQ'ANO'VREF-DACIOUTL/CIIN+T0CICSPDAT PPS
RALANLVREF+/C1INO-'C2IN0- TOCICSPCLE PPS
RAYANIDACIQUT2 ZCDTOCKI'COGININT IOC PPS

RA4AN3 TIG/SOSCOTOC/CLEOUT/OSC2PPS
RASTICKI'SOSCI'CLCINIIOC/CLKIN'OSC1PPS

PPSTOC/CLCIN2/CLINI-C2)
PPSTOC/'OPAIOUT/CITND-
PPSIOC/CLCING'CCP2'OPA2OUT/CIIN3-IC2IN3-/ANTRCS

PPSTOC/CIIN+/AN4RLO

ANIRCL Bil
AN6RCY

T2

PWLHOUT T

PPSTOCCLCINTRCA (3~

PPSTOC/CCPIRCS

PPS/I0C/SS/OPAIIN-/ANSRCE
PPSIOC/OPAIIN-/ANSRCT

PIC16F1708-IML

TP

+V
e+
RS R6
DNP 0k
T2 P1 TBS T8
T R10 =2 .
AN P L FWLEOUT
18.0K RST I3 FWALOUT
s RX 5 i
o » F
SCL
o)
i TRI TRI0
J *—0 D
+V
c3
0.1pF
D5
Hvop
%RCB

4ot P pot— oreppar
3vss LEDGND
WSIS128

[&3
PULGOUT
I RsT

Page 7

PIC16F1619 CIP #5334k

V1.20




HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Lab O

Lab0 5 A#RY > 1 & % Kpli# k32 Curiosity
FEFEEF LD FOE;

MPLAB X IDE =& %
MPLAB XC %%
Curiosity @ ¥
MCC # s &+ %

= S

AR EARAL 0 Ty F IR * Lab0 h
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 0: MCC # Configuration Words #Jz2&
HEE:

EhE AT A ERRR (BEER) NEFRSE T H & PICKit On Board (PKOB) , Tfi# Con-
figuration HYEsEE W5 FH R EE R R B =

oA
1. BEEPiR AR EE R RS20 - FF1E Config. Word F 5% E -
+ [HEL LabO Low Voltage Programming.x
¢+ 1f Tools —>Embedded —> MPLAB Code Configurator EZf MCC
¢ BEEE MCC HZEEJHHY System”
FAEL PIC16F1619 Y Clock & LK B8E1 =='Tt¢

H e S
Config. Words Ky &5 H B— N
.
SFE%23 (WDT) % 7 i : o
= A Etires (WDT) FER BG— w ol
= [ x4 PLL &40 _— Porprams
s
= ZRYHE: 32MHz
mosc
= Clock L
< Cnrrent elock: 32,0 MHz (dx PLL) =
Systen Clock Select FOSC ~ m sca
L -a 1 'z
Frequency Select — B | smue
Wiz mANTosc” | | B IO
Internal Clock: | € 8MHz_HF - o o
@ | | Software PLL Enabled '3"Iz"."
intornal Ol R A ke
Biack 4
. ROF <30
[¥] Generate Configuration Bits
SICONFIGL TR LANTOSC™ o
[ Internal/External Switch & Dol > u-\'FEf_l.-'WRT.a-rJ
. Brown-ou Resel Eusble (B0 = ot Perphorais

I
[#-Power-up Timer Enabls
I

Fode (0-0.5 MHz): device clock supplied to CLEIN pins
d o CLEIM pin
:,i: ‘Fail-Safe Clock Monitor Enable [FCMEN GIN]

EI CONFIGE

; Q Low-vol . programming enabled {%Fﬁrf&@iﬁﬁ%*ﬁﬁ ) EK IEJB/Q\ P|Ck|t3 E@%Eﬂi%iﬁ*ﬁﬁ

&)

HWDT Window Select [WDTCWS WDTCWSSW]
WDT Input Clock Selector [WDTCCS SWC]

) Watchdog Timer Enable [WDTE OFF]

{_WDT enabled

" WDT enabled while running and disabled in Sleep

(" WDT controlled by the SWDTEN bat 1n the WD TCON register et — 4

(@) WDT disebled TEFRRSEH N —E =K WDT BipA

WD Period Select [WDTCPZ WDTCPS1F]
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

2. EHEEREERAT USB 4RELAS BT - fEEEZE1LI5E4T LabO Low Voltage Programming
14T A SR RUAN A (Properties) 1% » Hriy AV % Conf: [Default] 7] LG E]

PKOB #y/F9% - (P BBt A —1%)

H Building

=] HC3 global optiom
@ HC8 compiler
-9 KO8 limker

Project Properties - Lab 0 Low Voltage ProgramW

Tguration
= Family:

(All Families
Supported Debug Header:

| None

Hardwrare Tool:

Device:
| |PICIEFI619 -
Supported Plogin Beard:

¥ |Mone -

Compiler Toolchain:

Hardware Tecls

roellD 3

@ PICKkit2

00 PICKit3

o PM3

. 00 Real ICE

90 Simulator

Microchip Starter Kits
tarter Kits (PEOB
VG

La
@M
o MICROSTICK

-2 SKDE 33 AUDIC
@ 5EDE Memory

TR RIS LGTT

cy Starter Kits
HY

»

. Compiler Toolchains

@ mpasm (v5.62) [C:\Program Files (x86)\

“-& mpasm (v5.54) [C:\Program Files (864
(]

Hi

| |« i | »

Manage Confignrations...

*Tip: donble click on serial number (SN} 1o use a friendly name (FIN) instead.

{ K JI Cancel H Applyr I Unlock Help

3. —{E7F “Conf:[default]” #HY “Starter Kit (PKOB) ” fJ75E15 H $% 1815 “Program

Options” {% - GHHEEIE T WiTH

Erase All Before Program

Enable Low Voltageé Programming

)

3K Project Properties - MASTER CIP Class

Categories:
@ General
El- < Conf: [default
Starter Kit (PKOB)
Loading

Libraries
Building
¥C8 global options

LK

@ XC8 compiler
fe @ XCB linker

[ Manage Configurations...

Options for Starter Kit {PKOB)
Option categories: | Program Cptions -~
Erase All Before Program
Enable Low Voltsge Programming
Option Description
oK ] [ Cancel ] [ Apply ] Unlock [ Help ]
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HELR - B pEA K (Curiosity)

7 WCC/CIP %%

HAZE KA Config. Word FYER EEL 58K © BF 2K (

A B — T A Ay
AR -
TEEAEEEAYAE - MCC & HIErA f#f main()
BT » B L S ZAA R ELE main()
PREY o (EEHEITEHEAH MCC FrE4=RY main()
VNGRS

“Generate Code” #kFE

Projects & I MPLABE Code Configurator Resources =
=68 Lab 0 Low Voltage Programming
L:' Header Files
- B & MOCC Generated Filss
'FTJ mee.h
_ e pin_manager.h
@ Important Files
q’ & Linker Fﬂes

:»--[&_E] MCC Generated Files
: ' e

: E pin_manager.c
+ @ Libraries

B & Loadables

>

Generate Cade

£5% Initialize | |+|x
1= Clock

Current clock: 32.0 MHz (d4x FLL)

E [j' E’ Swstem

System Clock Select FOSC v
Frequency Select

Internal Clock: € 8MHz_HF

o

LA

Software PLL Enabled

7 Bsfd I MCC e YRR AAE 28 -
RIELE R R A AR K » B & 1E
FEEHTI0A MCC FrE £ EBIER S
BIAN—— A B B ZE

FAAE ZEE
¢+ mcc.h E& pin_mamager.h 3 3EEfi;
PRERAE & o — BRI ESR °
+ main.c MCC HEjE4Y 2R
¢ mcc.c % E config. Word » Z4tk%Z
HIEETE K A I HRE E

Hiu]%

AR E TERTRE VA RERIER A LASH MY S5 I8k (40 N ElFTR)

www.microchip.com.tw/Data_CD/

¢ MCCv2.5.2 fY#(E > (AP EHIEE » B2

Code Configuration New!” #y##1 o
¢ XC8HSHEHUH

EZ 5%k “ MCC201 v1.00 MPLAB

Fll4k “XC8T v1.0 New!” HyZiff

¢ MPLAB X IDE fyfEFzE£% “XIDE MPLAB X IDE §137ky New!” B3kt o

Development Tools FHEFERFE
XIDE MPLAB X IDE New!

8-Bits MCU FHEES®E

101ASP PIC16F4: I ZEAEERTE (JEW100)
102A5P PIC18FZFIELREERAZ (JHW400)

201ASP PIC16F887[EiEER

RELOCASM Re-Locatable MPASM
W201 PICLGF 25 IR
W401 v3 MPLAB C18 C Compiler Workshop
PIC18UBL v2 Bootloader with PIC18 New!
TLS2118T v2.0 Getting Started with MPLAB C18 New!

1601CLC New Peri

MCC201 v1.00 MPLAB Code Configurator New!

XIDET MPLAB X IDE HS7 7 New!

WAPD0? PIC1SFEL £ s FIREE
WA02T v2.0 PICISFEE £ FE FIEEHE New!

MCU1121T HI-TECH PICC for PIC16F Series 2.0 New!

W301 Advance PICC Application New!
pherals : CIP (CLC, NCO & CWG) New!
XC8T v1.0 New!
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 1

Labl & MCC A #RY » #F

2 * MCC k3 Z_ Timerl =32+

r 0.25 F) » I AP ¥4 k- 3f
LED &g g wip] 38 o
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Lab 1: mEANEERE (—EE T #)
FIF MCC ek LED (RAS) Mz ZhgE » MfEHEAE 0.25
POPAIME—K

HiE:
5 MCC v2.25.2 3RE%7E -
1. 24 T/E#E% B 32MHz K Config. Word -
2. RAS %73 LED AYiigy L BEERAIAL ©
3. &% & Timerl & 0.25 FhE4E thE—X
4. 1% Timerl gy Er# Toggle LED -

ftat -
T2 main() REFGEEE CIP BNt Elk - BERN#E Awhile(1); Y7k ZER -

Labl G E

1. BARL MPLAB X IDE il ARG & A 75 K7 —flE 5 2%E “Labl_Blink LED”
2. B#Eh MCC T K - ( Tools —> plugins —> 7£H] MCC)

3. JuE%E “ System” HUERE (FH[EA Lab 0 HYE%IE)

4. %7€ GPIO (RAS Eidf) LED)

5. 1F Timerl hr# i1 AToggle LED Hygt

7€ GPIO 25 E2: #£ Project Resources £h#5E GPIP:GPIO #5H I/0 flz% E=1m - A Ay
R A EE T - 1KF RAS EEB%%@ETJ:?EM TiE )% RAS Ryl Al - Sk el (i SR8 as
“LED”

Projects | MPLAB®Code Co | || ay, y Eﬁe | JPLAB® Code Confizurator ui )< L2 [mpLass Code(:onﬂguramrmager |
Project Resonrces Bt
5 System / Generats Code (2) | %ces ‘ I P Ma]ﬁg» | voo Bl 1
S KGPIOHGPIO [x] -

20 55

2 12 0
Selected pins: 1 MCLR [ 2 17
resigs AR e
Pin Mo, Output, 3 1igh WFPUE 1oC ICCP 1OCH Custom Mame i “ -
— . = B £ MicrocHe 12

Ras [p | vl 0| [ R 7 picqeriats 14 [EIR
ca 3 4
R 5 12 [ an

s
av
Package PDIPZO\ Reverse Pin Order |

G, Search for modules @

evice Keso - PICIBEIBIY i 19 I | ) <3| 2] 13 A2 L1 10 163 15 14
2 _ﬁ =

B4 PORTRY PORTEY

i - Vioitle: | meiion | 10825 2 ot 2 i

[ sysTEM_initiatize - Havigator = | =

@ [© E epio:6pI0
2
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

GPIO EAGIE e - ## MGRIEE Timerl AHUHY 250mS YR 2K EME LED -
JeRiE) Timerl BYEE - HAHRHRVECE LN ME AR -

R 2148 ) 32MHz K,

{#F 1:8 (yTHPRES E 2
S EFEF 250mS B
0§ o FTLASE RS EHED
SHIFsEES: 250mS Y
STEE - RS AEAK

B A ST — X

D Enable Timer Gate Interrupt

Projects | MPLABE Code Co-- | B || start Page #| MPLAB® Code Configurator “
[Project Resources
U System Generate Code (4) <= Reg
i Interrupt Manager v T
;@ HIPIO RGPS @ E 557 | Initialize - x
© | TMR1::Timer [x] Z | IEaabis Tines
z
: Clock Source Fosc/4 hd Reload Value: 0x0000 = 0x3CB0 = OxFFFF
B
)| Presealer 18 ¥ Timer Period: 100000 ws | 500000 ms | £65.5360 ms
| J
Enable Syachronization External Freq.
LSIEISERY VN
Q, ‘Search for modules... @ [CEnable Gaie
EE R celietim - Enabls Gate Togele Gata Signal Sowrce 715 -
& Memory Enable Gate Single-FPulse Mode Gate Polarity (Count when gate is): High Low
| —
| Enable Timer Interrupt Callback Function Rate: 5 x Timer Period = 250,000 ms

CallBack pr#yg -

Cutput s |

| Projsct Loading Warning = | MPLAB® Code Confizurator = |
Interrupt Manager: Flegase remember to enable the Peripheral and Global Interrupts in wour code!
Interrupt Manager: Please remember to enable the Peripheral and Global Interrupts in your codel

?r??/éﬁ  FERE NG ARERCPERIE S (0 T E) f2EEAE main( )R GIE &

PEIE Yy ErdEsE] o R Ay
BHEL TimerlfyhEn &
2%E TMRI1IE i -

INTE

ptEnable();

=220l mre main.cEmE > B GIP B GPIERTE

BARREZ A tmrl.c#AVIER - Z RTATREE
Timerl % EH57A A5 Callback Function Ratéyz
JE o ARy Timerl rhh 48 FHRAG S T 0T ZURRF ]
Sk 250mST - ALl A ERER: Toggle LEDT)
FENNE] TMR1_CallBack ( Yypk#i -

H E I FIEaE GPIOMIIIFE&LESR T RAS
LED fy#f# - FTLAE pin_manager. BEErA %

/I get/set LED aliases
#define LED_TRIS

#define LED_LAT

#define LED_PORT

#define LED_SetHigh()
#define LED_SetLow()
#define LED_Toggle()
#define LED_GetValue()
#define LED_SetDigitallnput()

#define LED_SetDigitalOutput() do { TRISAS = 0; } while(0)

TRISA5
LATAS5
RA5
do { LATAS = 1; } while(0)
do { LATAS =0; } while(0)
do { LATAS = ~LATAS5; } while(0)
RA5
do { TRISAS = 1; } while(0)

$Hf LED MM AVIIREE S - fEiE A H 2K LED_Toggle()IIE] TMR1_CallBack ( Y1yt EHTa] -

AR R AH T 2% GPIOKYTHAE » FrlAt B #inclu

Projects % | MPLAB® Code Confi- | =
=@ Labl_Blink LED
[ &) Header Filss
EHE MCC Generated Files
L] interrupt_manager.h 44
..... IE mech 15
""" L] pin_manager.h
) tmrlh 46
@ Important Files 47
[ Linker Files 48
- Sousce Files
E main.c 49
e MICC Generated Files 50
""" E interrupt_manager.c 51
h E MECC.C
""" & pin_manager.c 52
) tmrle 53/

pin_manager %] Tmrl.c#f -

163
164

165
166 End of File
167 :

168

161
162 T\Qui TMR1_CallBack(void) {

FE Tmrl eI NSRS, » BRI REsREDT = Frémas RoBesroe il &t i LAIB E LED (D4) &% 0.5

P —K o SR that Start Kit EH H#aS - S0

MR Lo B RT RG A ERTr » SEORT L FalAS TR -
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 2

$1% CLC » PWM > SPI % i % §= 4]
RGB (WS2812) ¥ %\ ¢ 7| LED ¢
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 2:
#* CLC k¥#|®#nEMpP 73% RGB LED

HEE:

i CLC, PWM, and SPI fy4H &2k B &) = 281 B 47 = RGB LED

ftat -
B (EEE R G ER B A A 324 SPI, CLC, and PWM 38 7 4= — = ) ER 5 B S EH SR A He
Bl RGB ZE2IBH (B K e FEnIHEfI(WS2812).

WS2812 Fy— =R BaR ity RGB LED » B R] PASERK 24-bit Y REUR - W AI{ERE
el o N R e SRRy 24-bit ERFIERAGESE - Bl G(8-bit) R(8-bit) 5 B(8-bit) 4H &M
B o

WS2812 24 fir T T &% > 410 B
G7, G6, G5, G4, G3, G2, G1, GRY, R6, R5, R4, R3, R2, R1, RBY, B6, B5, B4, B3, B2, B, BO

WS2812 i fy—FAGHY RGB LED - {HiEME AL YRS d Al DL —E B 8E4s T~ —(d
WS2812 > At LAR] P — R 5HY RGB LED EUR{ikel RGB LED Z/RAl -

W82182$?§TE‘::_‘£ reset code
>=50us reset
¢ code

/

€<—Datarefreshcycle 1 «<Datarefresh cycle 2———

second . .| second . -
first 24bit| 24pit [third 24bif first 24bit] .. [third 24bif

LED1 LED2 LED3 LED1 LED2 LED3

H_EEFR - HEZEE R 50uS Low 3HER » WS2812 gt &y 8 BRIV IE
LED1 FRIAHFEUR -
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

b WS2812 45— (B L TEHRBEHIARS = R0 - F5fe R FTLAF i MCU 1/0 Bt
R SERSRIED I AR — F WS2BL20 bk e (i SEA 405 12t

5V 5V
B |G |R B [G [R
100R s » 100R S »
depend on controller 104 104 —
—
- i | 1 |
5 BR VDD OUTB OUTG OUTR 33R 33R VDD OUTB OUTG OUTR
a'g DAT|— — — — "~ DIN DO| - A — DN DO—— A —— — — —
=] wWs52812 VWs2812 33R
§GND————GND GHD —_— @D D e = = —
WS2812 EB T

PRI %707 i WS2B1 28I FRIFTT: » ELMBIT SRR o] LUER, 400kpskEs:
[ BOOKbpSHY3sfEs » 5t /2 {88y 1 bit (YA A 1.2508

WS28124 R 5 U yT A A B4R Y NZR RS > HE ={k4x (VDD »
GND - DIN) B[ 843225 (5 LED - &2 &1y LED S4E I - Ryl EhREBURAYPIRER
5 - WS281255 LA 800KbpsiR & {#Hiy - J& N Fy—(Efz7T Hi K Low Kyt 7 = By

e
TAH ] fir7E 1AI4RES o Hi MR s R 0.7uS +-150nS
TAL B fir7e 1HI4RTS - Low MR RS 0.6uS +-150nS
TOH Hfi] fir 7T O HYARHES - Hi MEHIFTET i 0.35uS +-150nS
TOL 5] {17 O HI4RHE » Low FEHFTEIHINE 0.8uS +-150nS
Reset Low 8 BR R4 i A 50uSl k.

ZORI 4B HE RS (T1H + TAL = 1.30uS » TOH + TOL = 1.25uS)

B e 4wt AR I N EIFTS © BR T B — o RS Ry 1.25uS ORI TT R RA 4Rt
FATT A o BN EKE TOH Y B A7 F 1 2] 0.35uSe i52—fik MCU HY 1/O il LLE &R H G e
B 5 AP ECR IR R o FrLAE ARSI KrE 1 CIP BY4H & AR S L e 2R A (S G g L AR S R -
AL LL—{E/]N PIC fdZefilasmt i DAESFATZEH] WS2812) LED BReR -

TIL TOL
T1H TOH
0.7usS 0.6us 0.35us 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 22 A 7R 17T Fy OBFIVEEEE - ATliE
& PWM Hi Duty % 0.35uS> 5 0.75uS il SCK 1y - FH-4& [ -

3. FFRGEEANEAT - EERKEEZEM A CLC WAL & IIAE B AR 2 FINYE S (S AND f£ OR#EE)
FEAR Dk ] DU AR B R 4R S -

4. FAGAHE - ¥ SCKEL SDOfl AND ZHEERNEFHIMIT 1 AY4RES - K SCK» /SDO » PWM =fE&:H
SEfi AND ERILHISEIM 7T 0 HI4RES - &RHzTT 1 LAz O HY4RHSHN i OR R R a] M 15 EHERY
ARSI -

ninininipininini
o TLTLIL LT T LTI
SCK & nSDO & PWM W | H 1 |
<@nSDO&PWM)II(SC@ ]}-.\‘ - | - \T 1LH 5 W 5 .

FHEEE—F CLC HyZEfE » 2531 CLC #2(HF] OR Gatelfiliii A1y » B [fI5EZHY AND Gateiigy A &K 2
Ry > (SR

SRR - (RS R TR M A B A M (2 (Boolean AlgebraliliiEffEH (De-Morgan's eorem) fKfLL
AT P I DU & OR Gatelfffiii AR T « BB > E/uB RS — il
FROEEE: AR 5 (T AT EERAGET)

MEERRSE 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 IR #] CLC B

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

ABC=ABC= A+B+C

(i H 2 5%)

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

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

s LRy 2 E IR EEE OR-DHY CLC B E R AaaT - I FEHRAXTE 2FERFIIEXK - &g
A B A D-Type [ERCa5E 82 FoscHUfS R e iU s B B AV AN SR (i i Y B 5es -

PWM3_out =

SDO from MSSP -

SCK from MSSP -

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

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

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

FRRHVEE:

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

|

339 82 40
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

FfFIbL2 AT LA CLC Akl & FF 19 4RH5 BT WS2818 RGB LEDT - # A 440 Timer2> PWM
T SPI SCITEHRBIEIEAE « BB — K THoHRegEw:

[ 1.25uS = 800KH2\|
|

0.625uS

1.6 MHz | 0.625uS
] Py

TMR2 /
Duty 56%

1.6MHz

PWM3

FH_FJE] A 2 R R AR Timer2 2k $Zeiy - 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. BB MPLAB X IDE

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

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

F TMR2 is used in: PWM3 MSSP
£ | Initiglize = E| X

[ Enable Timer

Timer Clock Timer Period
Clock Source | FOSEf4 -
Period Value: Oxs = OxFF
Postscaler 11 -
f Timer Period: 125.0ns = 625.0 ns =32.0us
Prescaler 1:1 ek
Polarity Rising Edoe 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

<= PWHAS is nsing: TMEZ
07 Initialize - X

Flease refer to the selected timer to admst the FAWWA frequency

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

Zelect a timer: _Timer2 > |

Dt Cj.r-:l

CCFE Walue: 10 F'Whi Eesolution: 4 bits

FWhi Feriod: 625,000 ns

FWhA Frequency: 1.6 MH=

6. BHEL MSSP::SPI MasteJz4 5 - 5% SPI Mode : 1 ik SCKE#24F Low HYREE (HIHE#E
50uSHy Low Bt & Reset WS2812 9 SPI#H TMR2 1.6MHzRSAEAE TMR2/2 (7 SPI{E
TMR2 (N E R B RS Ay A&t a BUAEL PWM [E)25 1) CLK 800KHz &% -

= MESE 15 vsing: TMEZ /
<% Initialize - | [#]lx
Enable SPI Input Data Sfmpled at (O) Middle (@) End
SPI Mode SPI Clock
Clock Polarity | Idie:Lowy/Active:High - Clock Source TMR2 -
Clock Edge Idie 46 Active v Clock Divider (w00 = ] = Oxff
SFI Mode 1 SPI Clock 200.0 kHz

7. FEELE CLC HYZERRFa 5 Fy WS291 20 B4 = UHEHIENST - ZefE CLC.CLC (R 1=HVa HiARAk
& | (/SCK + SDO + /IPWM) + / (/SCK + /SDOYc%7E CLC fyisif

2% Initialize - x
Enable CLC [ |Enable Rising Interrupt || Enable Falling Interrupt

Graphical | Mannal

y 4 \
[ aND-oR | oR-30R | AND | 3-R | D-Fibp| OR-D | BE | D Lich|

FOsC

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

PWM3_out

SDO from MSSP

SCK from MSSP

|1 Enable CLC Interrupt
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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7

7. i AE4T BIRL *Pin Manager” B, 3% RA2 % CLC1OUT -

mk| B mec.c E| MMFPLABE Code Configurater E| MFLAB® Code Configurator Pin Manager

[ERESES)

©  MicROcHIP 1%
7 PIC16F1619

o

Fackage _PDIP20 ": [ Fewverse FPin Order ]
12 15 17 4 3 2 132 12 11 10 16 15 14 7 6 5 & 9
PORTAW PORTEW PORTCW
Maodule Function o1 2 3 4 5 4 5 &6 ¥ 0 1 2 3 4 5 &6 7
MESP S
MESP =D
MEEP SCK
THER2 T2
CLC1 CLOCIMO
CLaCd CLCIMN 1
CLiZ CLCTMZ
CLiC1 CLCIME
CLC] CLCIOTT
PWWrAZ  PWKZOUT

CLC1OUT

8. 1% MCC 1y Generate Code zK7E4: MCC st & (Y48 BRI WG E - Ak — T Project
{9 main.c - BwE— T SPI 24044 24-bit fEHIERgE » el o s E

9. J& N/ main.c B2

union{ Il 545 24-bit =HIERH . 8-bit & B E R
uint24_t Color;
struct {
unsigned char Green;
unsigned char Red;
unsigned char Blue;

} RGB;
} Disp_Color;
Disp_Color.Color= 0x808080; Il WIAEEA B 5% E
__delay_ms(50); /I Reset WS2812
while (1) {

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

SPI_Exchange8bit(Disp_Color.RGB.Red); Il 4T
SPI_Exchange8bit(Disp_Color.RGB.Blue); Il 8

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) & Ox7F;

__delay_ms(50); // Reset WS2812 (CLC1OUT #5458 Low)

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

#it SR E R (CLC10UT) :

o B RAEEA R EFTINEIR 24-bit #nHEHsE (RA2/CLCLIOUT) » 24-bit {#igiF] £y 34.4uS » ffr{#ik
Y&k 01001010, 01110010, 00110110 (4% OXB6A » 4T Ox72 » B 0x36)

Agilent

1
10.0:7

OxpA 0x72 0x36

airfe] B 45

1 e 18

(&)

o [BEl— m¥EER “07 4RFECH TOH fYHRT &2 B 0.35uS » TOL & 0.90uS > 54 WS2812 [J4RHENGRT o

Agilent

Ingir‘( In;ir‘n g_in1

+351.000ns

+193.78m\

+857. 10mY
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

o [E=FrENAYZEERAY Logic ONyRtSEN L K Rl - AR PTG AIIREE By 1.25USe

3 4
" i E -

i Agilent

i Uaaic N Lo Wi e "

I LUH'\J \%J I_UH

i iHiE B

: 10.0:1

10.0:1

(E=)

[EPURTENNYZEERAY Logic 1HyRtSEN L R R > NIRRT RIS HYIRE A By 1.25uSe

Agilent

(=)
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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. EHPEGENES o BE LED IWE1L -

JE& T E A B WS2812]CE CIP FirfitH AR EY —LEfE A

BIRETT ASREERURAR

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
5008/ 0

3 -
| =
N / oT+]
ZCD 37HzIE5Z it (AN fil) |
o
§ - Q Is =% ° \:
5 “6 mc-__:‘ @
§ ? | . O
> R < 791.
5 VL ERTP7( ) %6 s
%‘ i.nore 2
# =
(@)
a.
2mSHEEAPWM 75% Dutyiifi (RST )
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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 _EAHY LEDs (D1 ~ D3) FrsERHY
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 EH5%
FI| Curiosity £}z EHY AN4/SMT1SIG iz i Fy SMT BYEHsTm A - F5% R13 A LIEE|
D1 ~ D4 g AR[EHT Duty AcBisz -

[EIREHY » AgiE—HE[E R SMT #E#219 “Period and Duty Cycle Acquisition” f&=t 3/ HI &
duty cycle #&#%%( Curiosity £ 7 _E#Y LEDs fygER 15 =0 T4 LEDs -

SMT #hifiiarR A

NE Ry SMT JFBRIER - aHoflm A2 T8 > BERARAIEENGR - s AREERE - BEs
BRI © mi2 BHGERGEE] “SMTXCPR” HEIIETHEEI 745 - & "SMTXCPW”
Duty 5+ {745 -

S LIRS
SELIN A

SMT_window — SMT L

Set SMTxPRAIF

— AR e

SMT_signet  SMT_signal ——1—

= S e
isﬁ' Duty S+l 7752
—l—SelSM'TxP\NAIF

Reserved —| 101

SMT_Window has MFINTOSC/16 — 100
same inputs as LANTOSC —| o011
SMTxSig NFD:’OSC— .
plus CCP1&2_ OUT Il jpos

o TP e
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

SMT TAEMER :

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

SMTxPR SMTxPREHREE B 7 N
N\

SMTXGO_sync \ |

SMTXTMR 0 X1 X2X3XaX5X6X7Xo0X 1

SMTxXIF

LA —AGEERHY Timer —4% - SCELF Y] (SMTXPR) AT DA SR EE A B (SMTXIF) © 32 25l
EEHYRER -

2. Gated Timer Mode (Repeat Acquisition) : Lab3

HRASRBMA  swxsga [ ] [ ] [ ]
FEISEIMA swmcsonasye [ 1 [ ] 1
agmeEse oo TUTTUTTUTUUTUUPTUTTUUTUTUUUT I UTUTUL
BRI R AEAH SMTEN | \ \ \ \ ' L
BRI SUTGO M I \ [ -

s I N N i H
Timer ¥8EA GEHH) swrer| \‘ 0xF FFFFF ¥ \v |
24-bit Timer smnmg[ 0 I 1 5 I éI 7 |
Hi Duty 5B swmcew | 5 | 7 |
AR PETE L sumewar [] []

F—{E Duty /5 5-0=5 F - Duty= M 7-5= 2

i L@ AT > B Gate Time Modeslé » SMTXCPW ( Dutys HE0Er{725) fERENE M (SMTXGO =1) #tgr
Fiti AGNIRAY Hi Duty #YET# > Low Duty gi& s ket » S5 (& Hi Duty #EARFEGE T - BRI
AR T TG LTl o ARAETEEARF SMTXTMR ERZRIA] S350 HI 24 A Y Duty

AL TR ERURMRE RN - SUERHRAFRES T — | Data SheepArfieyai ] -
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

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

2 Clock
swsga [ [ ] 1/
e [ [Scoa | R
s UL ULU UL UL UUUU U U ULUUL
e S R W M
o o ———
SMTXGO_sync | & \ L

SMTXTMR| 0 XII2X3H4‘H6K?'9!1OXI 1)) 3)4 5

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

SMTxPRAIF

BABISCA ST A HIESAEAIIN HI1G Duty B Period - e EEIH1% SMTXGO = 1 IBE4ARIY
FIRINEE 558 Hi Duty B 5 (03B FLFE 44 8 (SMTXPWAIF) » Period 8483 HIELE) T
{8 Hi Duty i< » B #74 -4 655 4B (SMTXPEAIF) Period 34{K 5 11 -

LB AR 7E Repeat Lz T » 5K Duty 177753 (SMTXCPW) Fldry Duty 275 841 » LU EIE
Fuffl : 55— (W AR Duty 52 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—HE[H R SMT #E#219 “Period and Duty Cycle Acquisition” f&=t 311 &
duty cycle 1&1%%l Curiosity fiF_E#Y LEDs #y&ER 15 2 T4k LEDs -

L ab3 G EER

1.
2.
3.

FHEL Lab3_SMT_GatedTMR_LED.X
BLFH MCC

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

ble Pulse Width Acquisition Interrupt”

fi AHRZHY Duty-Cycle HYEHEUEFIAE SMTICPW HiF2: - £ Duty FYEEL

PO AREEHAE R E LEDS HIBDR

. 1£ Gated Timer FYHFAKE =41 - Duty HYETH#02EE SMT1ITMR 1% 0y » B~ &7
WAy Duty #ESREGERE - BT DAZEAE FEMERF SMTITMR ERZ DU T ZCH Duty #Y5t
g

g £5% Iniialize v | [#][x

=]

.g (V] Enable SMT Period 0xD=| 16777215 = OxFFFFFF

s .

@ V| Enab

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

E/ Data Acquisition: Single @ Repeat

_ . 3 Window Select: | SMTWIN)

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

J‘ Clock Input Polaxity: | high/rising edge enabled

) | -

‘ Clock Select: HFINTOSC 16 MHz v Signal
Prescaler: ' 1:1Prescaler - Signal Select:  SMTXSIG
Polarity Increments On: nsmg edge v Input Polaxity:  high/rising 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
fiFs LED BV M (GPIO%% (5
EEEENTY) - BET TAE
GPIO::GPIO % & FE L Ryl
Rz & 8 Customer Name

> MCC & 5 #5% € LEDs AYHl
I E5% - L RE) Peripheral
Pin|Selectfi; SMT1SIGHIFAILL
RO (FEIE By RAA 505y

SMT1SIG £ MR A -

& MicrocHie 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 —{E 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. B MCC

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

“Repeat” > IELH “Pulse Width Acquisition Interrupt”

03| Initialize A x
[¥| Enable SMT Period Ox0 = | 16777215 | = 0xFFFFFF

Enable Data Acqu After Init

ata Acquisition: ©) Single (@) Repeat Window

: r 1 Window Select: |SMTWINX -
Qperation Mode: | Period and Duty-Cycle Acquisi... ¥ | =
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{rising 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.cACHIERFLIESE e e A E & f ${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

RGB Light

DGND®
ti- V(7

Sinewave

=

z

Y 22157 e
ZCD 37HzIE5Z g (AN B £ ‘Nngseiree

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 AHSHZ BB AGHGES » IS Ay SCRGRER i Hi S5 s ol
15 MRy RcBE s E L Low e

o

TSR FR ] (ZCD) fi4H Al EERH AR (555 (AC) Bshit B iz (Ground) HI{E
I o TR IEERE T = & IR A SR 5 (E B0 I LA G - ZCD pyid—(
0.75V HISETEE » i LUA Tl A B FEAE BB E (0.75V) SSHUEI AT S DRI 3K -

ZCD ¥ I ARORENE - FHIERA:

&

1. SR
2. BESRIEECRITHHER
3. FCHASHEAL &
4. f& EMI bR
ZCD 1 A B E— IR B4 LA L4 e TP
HARHE - L TRE R A
350UA - Hi45[E ZCD JHEEFTT @ i o
iy A SREELT AT A ZCDX_IN il | % ST e

L A TLLE S — B ——
#I7E 0.75V > I ZCDXIN & & 4 e }%m
1E +0.75V I EDFERL b » ELERERY :
i AU M & E Y ZCDXOUT e

RGNS 2B (Zopinv) &K L

Intermpt -
)‘_ det JI—L‘\_‘

ZCDXINTF

1
ZCORINTH -, f_ >_ tag

Infermupt }
R H
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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 Fy1F5% i
RA2 H#(% : ZCD1IN
RAS #i# 5 : ZCDOUT

FTLIRBERE— & RC2 2

RA2 HYBELR -

L ab4 FsA M E B

1. FARY Lab4 ZCD_Basic.X

2. BiFH MCC

3. 37E ZCD:ZCD BUTHEE - ATFRREFR ©  FISEEE) ZCD IS EuH R U -
:: Initialize - |E| %

[¥] Enable Zero Cross Detection

[ 7] Enable Positive Edge Interrupt

Logic Output Polarity:  inverted @ non inverted

[ | Enable ZCD Interrupt

4. i ZCD1 HyHfizig A ZCD1IN Z[EE £ RA2 BRIz - {H ZCD1OUT HyMHiz 2 7]
PI&E s PPS iz e Hy » (R EBRFefia%E ZCD10OUT pin fy RAS (Bi D4 [E|fiifir)

5. JFEEH . f£8E+ MCC 2.25.2  ZCD frak e RRIALIE A &hE MCC 8YBHRUILRE
Pin Manager -~ FijiVa E sk A HEZK - iEfEZ i MCC fY/\" /(G (Bug) HYRTE -
FrPlECSBaE Lab4 BF5EE— T Pin Manager HY ZCD1IN (RA2) K ZCDOUT
(RAB) o
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

lkage PDIP20 = Rewverse Pin Order

19 18 17 4 3 2 13 12 11 10 16 15 14 7

PORTAYW PCRTEW PORT

dule Funchien 0 1 2 3 4 5 4 5 6 7 0 1 2 3

6 15
MicrocHie e ZC0  [zcDiouT] T 1 T | &l
PIC16F1619 zcp [zcDIN [ | @ T | [ T [T 1 [ 1

EMEREEREA MCC BN
ZCD Hifirss £ & X BENSNEARERS GIERE -

6. RESEEZRIAEL MCC % ERER -
7. BHEL main.c JiA—77FE= ZCD10OUT _TRIA = 0; 4 ZCD1OUT & sk AT -

ml'—“b"'"“"es |“PL“' | El|| Start Page # B main.c m|'EIpi1’1_11'1&1]’1::\ger.<: ﬁ|E|z<:d.c ﬁ| MPLAE®

=& Lab4_ZCD_Basic [Souee | Hisory | B -8+ Q@SB | £ & D@
% Header Files [ -
ﬁ' Important Files 45 )
o Linker Files 46
=8 Source Files 47 #include "mcc ecenerated files

68 MCC Generated Files || 48

ﬁ' Libraries 49| [
-EF Loadables 50 )
51| L

52 [ void main(void) {

54 SYSTEM Initialize();

& ZCD1OUT_TRIS = 0;

BREREE :

Agilent
H &

1. ¥ A TP3MYIET%
W o EHIREELE 0.75V

2. RA2 (ZCD1IN)
AR DA FHIE
0.75VHYEELL -

3. RA5 (ZCD1OUT)i#
U > H 4G T
GEEES4:1E 0.75VHY
it 2 R o
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 5

F1#* ZCD g R P A iz 2 ARBLS
fxds TMR2/HLT &7 Mono-Stable 4]
PWM3 ﬂi;f‘] A1 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 g s T =)
3. Mono-Stable (EEf&HEE#i =)

J& T2 TMR2/4/6 + HLT HYJTBRIE - 32 = (EESEAHK -

: RSEL TMR Reset S

. TxINPPS .

. [~} M

H 7 oo .

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

: - | : r

: : 5:

5 Edge Detector | _Teset A

: External Reset TMRx_ers | Level Detector H CCP_pset

: Sources [ | Mode Control :

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

enable —‘ MODE<4: S?ZGID Clear ON

: MODE<4:1>=}011 ,_‘w)—D Q—

H $ peeeeeecececees P S ) A g
i ckPoL : -

TMRx Set flag bit

. TMRxIF

: CKPS<2:0>  Fosd4 PSYNC _\ TMRx_postscaled | :
g Comparator Postscaler — M
: Syno TMR ‘I‘%I - :
: 2 Clock A TMR 3 :
: FARR

B eeeeeneneosennsesenssssennnliosnsresennnsesanntesasaressnetessnnncsssnnsassel eesssesenarecenantcttnttetenattttanttttanarttannnnen

CKSYNC

%&%&5

TMR Reset i ABESE: FElE#E 2 IH 2 A AR Timer HyEHE - EZEREEES PWMX -

CLCx > TMRx » CCPx » CxOUT > ZCD1 % - {F A ER 5% ZCD1 i Bt By f2e Rt -

HRd A

TMR 3 M HRACR: (5 BRA 2 5 PTG A A, » 12 iR T4E Fosc/4 fit B Timer2 gz HEGI

TMR ST E3EaE d: A Timer2 —4 > B 4 P B e R bR e F &

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

FEHEME - e PR IR R
fEHE (20 T ElE

TR - EEA AR — TREEE S —REV TR - ZCD AV EHAIEL 2 SR

E]/\j TMRZ_ers ) E MODE | 0b10001 |
oo U U U U U U U U U U U UL
¥ TMR2 Bi4as R ; l
TMR 2 - Instruction™ ‘{E: - :::\ :E‘]%:‘BE,

BEE _ -
PR2(EH E s - ) Dl

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

Rising Edge-Trigger Mono-Stable Mode Timing (MODE= 100001)

Page 39 PIC16F1619 CIP #:[&& &34k V1.20




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

Lab 5:
HLT/Timer2 gfEH
A&

7 j2 HLT/TMR2 7k %82 ¢ % o % ZCD 8 B|F] ¢ 5 chE 2 4X8EpF 5 TMR2 2
PWM3 % & # - B % 1.6mS % s

foRAtL:
R s IR Bl E 520 > PR DAgsE HLT/TMR2 7£ “Monostable” f55 NMEEE - ik
2 7ZCD &ff&s—2 THR2 sister—2x » PWM [ E4 1.6 mS IR

L ab5 BAsE B

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

‘oL Initialize - |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 » TEHVEL
e E LA GRRGE) - PRI Nimer2 BYEHARE £ 3.2mS (F-Fhigm A » AR FHEFAREIZS o)

&b
HE °

= TMEZ is used in: PWIREZ
% | Initialize ~

Enable Timer

Timer Clock

Clock Source |FOSC(4
; OxC7 = 0xFF

Fostscaler 1:1

[ 2z =3.192
Frescaler 11:128 ms ms
Folarity :ZCD __Output v:
[ EnableF Vonostable v:

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 - BPFEAE (Curiosity) 775 WCC/CIP ¥

5. Filsk 2% E PWMS T - 3¢ PWM3 AV EEAETIEES B TMR2 » 41t PWM3 HYiE
HA By 3.2ms » 152 ZHig Y, 1.6mS FY Duty Cycle #i2E:%E 1.6mS / 3.2mS = 50%

<A PWhA3 is using: TMEZ

% Initialize v | |#]x
Flease refer to the selected timer to adiust the PWM frequency
Enable PWM PWM Polarity: () inverted (@) not inverted
Select a timer: :Timeﬂ?r ": FWhA Period: 3.20000 ms
Duty Cwele: | 50 | % FWM Frequency: 3125 He
CCPR Value: 399 FWM Resolution: 9 bits

6. F % e E— NIAHYEG L (ZCD1OUT & PWM3OUT) - #1[E | Lab5 ZCD HYEE—

B > EE A - MCC #1Y Pin Manager (935 & & &4 ZCD WM 3% &
T ° %‘EE 71y r .

(ZFDlINL& ZCD10U 1 ST

AL 2 55 78 204 [ A J

ZCD1 OUT z%1E RAS5

;n-f g
ZCD1IN 34E RA2 R 'n#ﬁ‘%‘;ﬁ
TME2 T2
PWM3  [PWM3CUT

ERERIHE :

191817 4 3 2 131211 10161514 % 6 5 & 9
PORTAYW PCRTEW PORTCW

1: TP3 [yt ALY IE2 2.: ZCD1OUT (RA5) F{H ke
3. PWMS3 (RC5) (fJ 1.6mS [&] & & 1t AAR Rz

Agilent

ol Sl v 1001
10.0:1

. +1.
=] = o] 2 YA

+816.1dm\

= +4 6580

—~a-

Page 41 PIC16F1619 CIP #:[&& &34k V1.20




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

Lab 6

1. M ZCD {5 HI_E 752 Rz A8 el

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

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

?fﬁ ZCD HLT/Timer2 TMR4 /PWM3
IR B 4mEsr | —— | EEL16EH —>
\ Mono-Stable PWM &

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% A48k E

et

REBGHIRAE CIP i TRIAC (M SLEEIIIEE: - HIFTRIAC {FEIH (R B 5N
SEATRE BTSN S RN - SRR I RS BOE - SRR
AR R TR RS » (B TTFIF ZCD SOBEAL & Timer (HEME]TEIE 5
S -

REERRHEAEIRY CIP Hy#EEA ZCD ~ HLT/TMR2 » HLT/TMR4 ~ PWM4 K& R 255
ARG FHHY CLC » & MikF— s B H S E R TAEFR K -

1. EENLLEZEF A ZCD BSE|—(E LG Mt slat Rbiss - P Eataflot s
FIFH A BB AR E E B4a HLT/TMR2 fii—{E B AR REE IS ES (Monostable Mode) Fifi
o ERVEHRRE H Y ZCD i3 — g E 4L 1.28mS HYIFEE -

2. iE(# 1.28mS FYHFRIEFTHEE] DL TMRA4 () PWMS ZE4: 80uS FEHARY PWM fijH -
A RiE e —EEP RIS H TMR4 Z3% &R Free Run Mode HY T{EfE=X » ArALE
1.28mS [HEREHE Tk erfi 16 2/ Free Run Over {18 > thst Sk PWM3 &
4 16 {& PWM =R (1.28mS / 80uS = 16 %) «

3. PWM3 s H a5 pk 2 [aid > B Duty On B 5 Low » #5555 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 V1.20




HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

f5% | 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 gyMiMizsn A ZCD1IN Z[EEE RA2 Bz > {2 ZCD1OUT HRAIfr 2 v LA

K PPS fiaz el @ EHLEEFfTeE ZCD1OUT pin £ RAS (B LED D4 [H]H

fir) e

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

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

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

X ZCD i A ffilss TMR2 —2iE 4R —ZKHY 1.28mS FHIFAE o BFART 2R

Fosc=32MHz fyix =2k - %548 1:128 #Y Prescaler [#4E1% 14 TMR2 -

. TMR2 Hy4MI Reset 2k 5 Fy ZCD1 Oxép‘ut » TMR2 TfE#5:{/ “Monostable” » ifi

L ERENAIIS M By “Starts on risino/edqé on TMR2 ers” - {HFFE7=4Z04 Timer

Period 5 1.28mS » {4 %)% “Ené\bléClock Sync” HYJHEETH -

(7 Initialize v |4

Enable Timer

Timer Clock Timer Feriod
Clock Sonrce |FOSC/4 -

. . Period Walue: 0x00 = OxdE = (xFF
Fostscaler _ 1:1 ¥

r 1 Timer Period: 1§00 = ns = 4,006 ms
Frescaler | 1:128 >
Folarity Rising Edge ad Ext Reset Source jz 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

7 TMEZ 15 nsed tn: PWRS
£33 | Initialize - x
Enable Timer
Timer Clock 1mer Peniod
Clock Source |FOSC/4 w |
i . 0x00 =
Postscaler _ 1:1 -
Prescaler 164 X "
Polarity (R Exiae ad Ext Reset Source :TMRZ_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 iyIEZHEET Ry —EL AT PWM 2] » W1 N@F - #EHEAE Timer 2 /4/6 1Y
PRx (8-bit)zlc¥f Duty (10-bit)fi 1:4 ##%% - Duty CyclefJf#ATfE /] LI 10-bit - PWM
i Ay Duty CycledlG BEAF TR ©
RYBAE 1.28mSHiitth 16 {HAK{ET > Hril . (PWMxDCH:PWMxDCL<7:6>)
PWMH#EHA K 80uS: st TMR4 Duty Cycle Ratio = TPRZ+ 1)
HY A% EAE 80uS.

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

| j PWMx_out

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

| Comparator | 4R R Q B
F | e
I;TRIS Control

w
ol

pPwmxpoL RYPPS

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 -

<5 PW3 s using: TME4
% Initialize v| [#x

Flease refer to the selected timer to adust the FWM 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] (&0 - 24 Y shEiE =V
HANEFEFEA — LG ThRE - [N TMR2_Postscaled st il IE N B ELz4S CLC HYH
it > FEE AT =] LUFIF CLE 7R 15 TMR2_Postscaledyaf5tix %] CLC HIEHTH
Mz _EDLBEEI - B N HYBPRELE R E CLCARY TR

<57 | Initialize | |+[x

7N

Enable CLC [ |Enable Rising Ingeffupt || Enable Falling Interrupt

Crraphical | Manual

| AND-OR [ oR-20R | AND | 5-R| D-Flop | 0R-D [ 1% | D Lich

T2_postscaled_out

CLCINO (CLCINOPPS)

CLCINO (CLCINOPPS)

CLCINO (CLCINOPPS)

P A FH 2l ATH (T2_postscaled_ouf##45\CLCA B Al » JEE > RRE
AND B VMEEAE IR £ 1 0 BRI AE GATE2 JinfiE f2 A 4 2k B @ AND
Gate-
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fELL - B rpEA K (Curiosity) # 15 WCC/CIP %7

10. gt skieti— N IEVEE  WRTHEIFTEERY MCC v2.25.2 119 Bug » AMTFEER—
N ZCD1IN (RA2) J ZCD1OUT (RAS) - 411 [t TMR2_Postscaled {4 H14%
CLC4 [tH{E &£ %] CLCAOUT (RCS) izl - AR g Ik E i A
PWM3OUT (RC3) Hilfir -

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. §f&1E MPLAB X IDE T > JuE4: MCC HYHEE B FidRas gk - TR E RN
EAERIGER L AT E TPIHYIEZRH A - 2.5 ZCD 2 -

3. B TMR2_postscaledy 1.28m S fEfESdH - A% PTEERY 16 PWM
IREE ol

Agilent
TP3 :
RA5S e 1 I:I_I:I:ﬁIE

ZCD10ouUT — 10.0:1

RA5
(1.28mS) 3p _m - V{1
- +391.40mb
Y2[2)
+4. 8052y
RC3
PWM3OUT **

QU1 b

s Edt
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

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

M T ..

QU B 45 &5

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

Lab 7

1. KA ZCD (& _E -5 B2 28 HiRh

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

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

4. Rtz asm s 2 CLC NHY RS IE
IS o A GENA AR nfas

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

rA b ends (TR F A AR 1T o
Fxets CIP ¢ p (738 i%
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HELP - BREAE (Curiosity) # 16 MCC/CIP 37

Lab 7:
T Angular Timer fELbEgzs =AY ER
Sl

{# FH MCC 7k € Angular Timer i/ A - B EaRAE 90 R Hi 315
1E 180 JERF AR /5 O -

AR

Angular Timer (F[EE11F2s) 2 —BEAS BEES FH ARHI e A SR S7HY A A A FH EL i as sk
Fras e Hl EERF gyt b — i ] AR 248 H SR 1R e RV R e By A Y
I E - AEEHFs O EANVEERE - NALEtEie Ao IsE R T A B A
DAY - M E5: SEfEm R e O oAl - FEIfREfr - BIEREE - s AEEE
fir » HEjEE-% -

TEAEE (Lab7) 2 ZCD 8y EFA-ZEAVEHIE £ Angular Timer By & HIER5E A -
EFRFFTEEHAYET R ARER 5 N EPHY 16MHz B2 AR « 58 R W (EAE iz (59 1) Bh 2 iy HY
AP CLC HY RS TR gAY H AR G20/ & (FE A B ECHT -

Angular Timer A ifE T{EfE={ Single/Multi Pulse Mode - E4:&— 1 Angular Timer fY
£ Single Pulse Mode Y5 8R[E - & 7 SRR Wi - SE—EB o2l A SHSRHIE T8 A
FEats - B E ) 2 EhEREs < S Angular Timer A ={H#[L#ES -

[ AmRes | =
15
el

St PERIF
SSEL Divide by Period
ATZRES+1 Counter -
= |T >—- ATx_perck
J PRP —] -
LC4_out—] 111
c PREC—| ~ 15
LC3_out—] 110 —_! 3 [ ATaass |
LC2_out—] 101
Dirv
LC1_out—] 100 Sync ATxaia I,—
1 ~ " Lo ATxPER v
2601_out—] 011 {2 Clodks) I_x:l Diference
B =
C20UT_syne—y 010 - | APMOD
C10UT_sync— 001
s | oo o
ATumpps L [ Compersor |
PS

HFINTOSC an:‘ Dhide
. . ATx g J
}* Pre el ATXPERS

Single Pulse Mode e T A ]
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

Ml s ATICCY fE%
FEAE B A5 8L Es
AT1PHSHH A L% H
F| AT1cmpy EEE E FPET
fif44 CCylIF

ATx_dkce

Angular TimerJE3ELE RS

Fosc Clock
Sync™
N chwDLﬁD_. ATx_ompy™
_/-' /.

Set COyIF™"

.
"

L ab7 BRAEH R

1. BB Lab7_Ang_TMR_ZCD.X

2. B{H MCC

3. BE ZCD:ZCD H&HThRE » AT EERHYSCEED R © HEEE) ZCD AR H i A i

Rt - SERFBIENIRE S - MCC #ZCD [[5;
SEREMIEE T RAS 1 ZCDIPUT i | =
22 » HIFAE main.c FIRZELEEAIA

ZCD1OUT_TRIS = 0;

void main(void) |

55 Z(CD10UT_TRIS=0;
A

54 SYSTEM Initialize();

4. Angular Timer (AT) 4836 BB TARE - 55— 50 AT Ay LS. FEEIERHY
S B L MO SAR T A SR, (Single Pulse) - 8 FARRSE AR fir Ftry (e - 1E

s MERH 360 jﬂ%g@ﬂ\ 1 FERVERIE - 45 360 EEtlE ZCD L& mRREMIE A

bR 101 A A LD

i \ERSRE B ZCD (Y R4 s BEh AT -

AYEEE \» (25T EE A I AREE HI PO Al S 2R 16MHz FYREE - THER

i ke JE TR -
ﬂ 03 _.In!tlahze | 1#) =
< (e
~| | [¥]Enable Ang Trmr
" L
:] Mode
..‘ Ang Tmr Mode
1,

Missing Pulse () Adaptive

Max Phase Value 1=
Expected Pulze 1=

Resolution 1.00 deg
Resolution Count 360

Missing Pulse Delay 22,50 us

Missing Pulse Count -32679 =
Set Point 136Hz =
5et Point Count 32679

Set Point Error a

ltiple Pulse @ Single Pulse

Clock Sotrce |HFINTOSC 16Mhz -

(@ Fixed

Prezcalar ATIOLK -
= 2 ] Period Pr is reset at start
= 360

Input Signal
Active edge @ Rising (7) Falling
signal Selection  ZCDdata_out v
1 = EL InputFreguency 1.36Hz = 1.38

136 | = WKz Period 32679.745

Period Count 32678

Period Eror 0,00 %

= 44.41KHz
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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 -

AN T )
Capture/Compare1 |::apmrefc::r]1pare2| CapmrefCumpare3| Output Pulanty-. ]
Period Active high
Enable Capture/Compare
Phase Active high

Mode Select (7 Capture (@ Compare

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

Input Selection | AT1CAF 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| b 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 | AT1CAF 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 A EFIE 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

CLemo (cLCINoPPs)
S Q
Jngular THR 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 M@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 - BPFEAE (Curiosity) 775 WCC/CIP ¥

B Fea%E 90 FE R 180

FERTERHH -

1.  REZEBIAZI ZCD
(TP3)

2. ZCD Hy#frigileg
4 (RA5)

3. CLCIOUT (RC5)
ERETHRIEZ
BRI
REBEZKN 0
FE R 180 f& -

B RERE 90 R 270
FERTER

G Rk sE 30 BBz 300
FERTER -

"

i o] A 45

{3 AR

Agilent

10.0:1
10.0:1

-+100.00Hz
AY[1]
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HELR - &0 pA K (Curiosity) 7 1F NCC/CIP #7

Lab 8

1. Z2RiTHEAY Lab7 A1 A% TRIAC fiF2E
HY

2. /% ZCD Hy_E ~ N&AHIER HLT/
TMR2 HYIEEIHE

3. TEIFEIFE 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
£y BEF CIP AL TRIAC TE£0BY fa i % HEFY

ftat -
EEWES T RIESEE o S E AR TRIAC /2 r i3 GBI ER -
FAMEBAIZE TRIAC 1EAT5R

SR S — | | fon a7 Istailies o ki

% EF B | 7 @|f\fs\%%r

R+ EREAFILME TRIAC | 1. = T = Tas
T A ] L R T SUp,,,y/|\_//T- Lq//
sl ] (4] AC Kk Waveform

B 55T -

RERE Z2EH] TRIAC 7E1E~E1Y 30 fERFEH 5 {E PWM scfifgs - £ &£ 1Y 30 [
(B[ 210 fEEf) B35 5 (H PWM {(Efgss—%x

FrLlfE ZCD —> AT —> CLC —> HLT/TMR2 —> HLT/TMR4 —> PWM3 %53 88 =4l
s EHY CIP #8155

L ab8 BrgE

1. BHEL Lab8 AT TRIAC_ZCD.X

2. BYF MCC

3. 4 Lab7 —#%FHEL ZCD HYERIE © FBIRL AT BYEE » sxam AMHAL Fy 360 (Max Phase
Value) - 1 JEHYREITIE  Lhimgs 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 /&
i —(F 210 [
160uS HYHFRIFE -

<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 | Rising Frke ¥ Ext Reset Source  |cLC10UT -
D Enable Prescalar O/F Syne Control Mode _Monosmble -
bl Clsak e Start/Reset Option | Starts on rising/faling edge... |

7. _EHHY TMR2 RSO (I 52057 R (b A i

° RF L EOR BB RARS HLT/TMR4

FPEEERSR - R E—(E 150\uf RS FEFEN TR L 5 ([ PWM gt » ATl TMRA4 Fip
s EHYZEHA By 32uS Wi A Rol Over Pulse f5s7#HEE -

[ 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 :ROH gsspube v:
[#] Enable Clock Syne Start/Reset Option :RESEB atTMR4 ers = 1 v:
8. BELF T PWM HY 32uS A - # 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 HﬁHﬁZIE)EH%]%}\%B/EUEiFH égg zggé%ﬂ I Ia [ TE
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 ke
; 2o
’J‘IJEL ° PWM3_[PWhiZoUT
ThiR4 4
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

EERERIAVE LR |

FE NEE RS AR 4 B 0 1 Rl ABVIESZR - 2 Ry ZCD Ayt -
3 RdE A LLE{&HY CLC1OUT(RCS) #itt - 4 Fy PWM filss i

Agilent

1.0

18 g
10.0:1
10.0:1

YRR I

| ) 10.0:1

AAAARA

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

Lab 8-1

ZEZE Lab8 HYELE > 1A ADC w5 EE[H
s A > FE L AD FYEEHA(E 2R %L
TRIAC f#s et 10 & ~ 170 B R &
- yEHY 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 - iR JCEE A ERY TRIAC HYffSE TR A TS s i 2 i 3
Mgy AR o FEIE-FAEIRy i) S ERPH n] 2] 10 & ~ 170 FERYMEEE K & -F7H 190 £ ~ 350
RS -

i =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 - S EstE A T2 s E S A Ee
g ASRIR - ARG NS AR L H A 5%

£ Lab 8 Bf » Ff A ZEE Angular Timer BYELIIERf0Ry— (B E52Z0R AR (7 L ES - 4
FHAPIHE ADC IR (E A R (10 ~ 170 & & 190 ~ 350 [%) RAHME T HEIRES
gk A AR A R K B e FE !

FIREAMAEOE AT IYEEEGESHI(EYE? & — T Data Sheet # 7] LIRIE:

AT1CC1H : ATICCIL (16-bit 35 Hry55— (L Es)
AT1CC2H : ATICC2L (16-bit 35 Hy55 — (i L#28)

FTLLRF ADC B EEEAE IR A S — (B ELfss » i ADC {ELIIE 180 JERFEEIERIEA
FEtbdEs - SRR PAERP SRR IR ~ R--ENY AR -

Lab 8-1 F46 & 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 ZCDICUT | |

ZCD ZCD1IN

AT1 ATIN

AT1

AT1

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

BE RCO RyfHtLE ATHRER]

<03 | Initialize | |+|[x

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

: - 5
Auto-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 Y2 TR ES

6. EALNIA Timerl fY:4E - HAT Lab 8 LI&EER T TMR2 K TMR4 [iftE Timer 7 -
TERLRH Timerd 7% 50mS (ystHFas iRy ADC fumRERYEDET - i@ | HokKHyAE
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: 1.00000uws = | 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 ETFTDARRTE main.cEREABARTERTIAE » 40 NEIFTR:

INTERRUFT _GlobalInterruptEnable();

INTERRUFT PeripherallInterruptEnable();

8. main.alyEHsAZ T ADC Y5 B [E & i Channelfiii A

vid main(void) {
/I initialize the device

SYSTEM_Initialize(); Il ¢ T MCC Fit A4 Y8 BBV AR E
ZCD10OUT_TRIS = 0; Il 35 ZCD1 Fyfigy Rl LA TS (M2

ADCONObits.ADON = 1; /Il BiEf ADC
ADCONObits.CHS = channel_AN4; // &% 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); ] 5 R
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 - BPFEAE (Curiosity) 775 WCC/CIP ¥

BIEERFTENTEL:

I i J Agilent
Ffr 10 & R 190
gé@ﬁ% ’§§? = ‘:ff. :;;:-1 l;_: d‘\:‘ # i
3 4
] Agilent
Mz 90k 270,

e

LR 2 Hzt
~P-

Agilent

I

H{E PWM fiigs%
HR T e B

i I
|

‘_____._________.__________J‘_.______f___"
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HELP - BPFEAE (Curiosity) 775 WCC/CIP ¥

-\
o
=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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