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Regional Training
Centers

* ADC : Analog Digital Conversion,Etb%ﬂﬂﬁﬁﬁl%ﬁ
—{[& o 7 R LG A 518 B8 #4 B BfT & R B9 1= 4E

o ADCHYEEIRIBIZE, olDl oy BMELD B, 40 N E PR, B o 4AL01E
st 17 BRAR”, FIF SN EB RV SR LLRT SR B ADCA B R/ VBB R E,
S/ SN LN SRR A B R AR S R Ll i,
ESEtBNEUER -

SALCATLER g LR 0x030

/TN AN .
/\/\/ Ifl> // V \\N/ Ifl>/ Yﬁ[ }V/ o

0x000

™\
A
/|

© 2008 Microchip Technology Incorporated. All Rights Reserved. 2016 Winter Elite Slide 2



R .
MICROCHIP PIC24F ADC Architecture

Regional Training
Centers
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M.c?;?cmp ADC Data Buffer

Regional Training
Centers

o ADCE16/EBuffer HLA A7 #5145 R (ADCXBUFO ~ ADCXBUFF),
ErMS TN A UM o EiF (A /MR, /\EY/EE) -

o BEHIALZLRBETENEADCXBUFOREIRXFFTEHIL ° SMPI(Sample Per
Interrupt) 0] LURTE N EE1R12, 38 1 PEIFE K (Interrupt
Request) ° BN PERE, EIRAER S H RNIEADCXBUFOR IR TE
R -

ADCxBUFO0
ADCxBUF1
ADCxBUF2

by y

ADC E—

\% ADCxBUFF
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mecrociie - ADC Sample, Conv. Trigger Source

Regional Training
Centers

° ADCE/J HET@HE&_EIE%KK%E— Sample Conversion
&, B EFEER B % SAMP=1 - SAMPSO
SAMP{IIJG(A/D Sample Enable bit), o ADC
SAMP=1FE T, 3
—0BI|3E7HEEA - 1.FE(SAMP = 1;) E3 - 0))
SAMP O,E\BE\{:.I'LT\?! o e v 1 Z.Slﬁ_ll\_/(I)P 0
o ADCHIENEWVEITTEITHUR, 1 3T™Rs
R T - —
o ADCA2{E"HUk" B8 3R
S&), F&) -

o ADCHZE]” #1228 )5 :
F &), BE), ISP ER, Timer3 Match, etc..
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mcrociie - Sample and Conversion Sequence

Regional Training
Centers
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M.c?f‘\ocmp ADC Channel Select

Regional Training
Centers

o ADCHYIEImEN A O] DIZEIZANO~ANT2 - Blmig A Bl O] 1EE1E
VR-(Vger.BK AV

CHOSA/Bx
o Blmim At o] o Sl
E@&@JANI L AN1
RS iR ENERES
A AADC :
(EBlnZ=8E) - 5 +
o ElnZEH), A1 anzz X . 8
“EE)"HIME,
EMEEMEER | as }

Vref-

I (GND) - 3
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M'c:?cmp Analog Mode for GPIO

Regional Training
Centers

0|15 NMOE &, 28L6E A (ANN)ERGPIOFZ M (Rxn) 2L FHRY -
FT A9 B 58 E 15 I A Analog Mode, ADA BEIE B ENE -

e PIC24F16KA10275#8AD1PCFGKRELIE °
1A Digital mode, 0 Analog mode °

ADXPCFGL/H
BitO(| 1 |[F> ANO | X] = Digital mode
Bit1|| O | > AN1 [ X]| = Analog mode
& (AN4Jc1IN-RP2M/CNEJRB2)
Bit2|| o |F> AN2 [X] - Analog mode AN5/C1IN+/RP3(1/CN7/RB3
ANB/DAC1RM/RP16(1/CN8/RCO —
AN7/DACILM/RP171)/CNO/RC1
B/CVREF/RP18(1/PMA2/CN10/RC2 ]
VDD
. . . OSC1/CLKI/CN30/RA2
Bltn 1 = > ANn """"" Dlgltal mOde 0SC2/CLKO/CN29/R
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MICROCHIP MCC’s ADC Function

Regional Training
Centers

e MCCHHIZ{EADCKE FERIE]:

void ADC1 _Initialize(void);
// BIFBADC1, 5% EADC1 L {FHET -

void ADC1_ChannelSelect(ADC1_CHANNEL channel);
/] FEIIRADCIRVEVAR 3B 18 -

void ADC1_Start(void);
/] FENEREEEUAR(SAMP <-1) ©

void ADC1_Stop(void);
/] FENEHEEEMI(SAMP<-0) ©

uintl6_t ADC1_ConversionResultGet(void);
// FEENADC1EE Y45 R (ADC1BUFO)

uintl6_t ADC1_ConversionResultBufferGet(uintl6_t *buffer);
// FBEVADC1EE 1 Y 45 SR (ADC1BUFO ~ ADC1BUFn -> buffer[ ])
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M.c?f‘\oc.q.p Lab9 ADC Single CH Manually

Regional Training
Centers

B 1Z

o EMFEEMCCHIEEIE, TELaboZR 18 NI AADCIHIEEE - Kl
ANOEYBVR1E B {E, I #8 7~ 7ELCD Module_t -

o ADCIN L EETNERE &, BHENM LI, FENAHELEEIR, JaL0E
‘B R EASANO, FEIRE LT - ANOIBX BlI# A&Channel_VR1 °

o FAIRTTimerl, FENBEEZADCEITE( ADC1 Stop() ), BFIH
Polling ADC Flag(_AD1IF)Jy 5 TV EFPADCE S HERTE A - =&
HEMEE L, B UARTIEERPCER - B NEAIREER L -

. EZQD@E%%?
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R\ Lab9

MICROCHIP

eenarenne— ADC Single CH Manually Result
m S EQ E%ﬁ%ﬁ—%(C:\Exercises\Exams\Lab9 ADC Single CH Manually.X)
) EEBRIMCC, FTIZADCIER, IRIBEBHEKTHEE

BT cOM12-9600baud.

File Edit Setup Control Window Help
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k) Lab9 ADC Single CH Manually

MICROCHIP
Regional Training B I O C k D i ag ra m

Centers

——>»| ADCxBUFO

>
T~
Sample Conversion
SAMP =1 SAMP =0
o\i ADC
. ADC1 St ;
1L.FB(SAMP=1;) =— 1.FE(SAMP =0;) < Stop ()
2. B E)(ASAM = 1;) 2.INTO
1 3TmR3
= 4.8
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R Lab9 ADC Single CH Manually

MICROCHIP

Regi%lzanltZasining M C C’ S S Ett i n g

Generate Code (2)
(] RT
= Initialize - | |4||x
NE
o 7] Enable ADC
2 s
o 7| Enable Ein Samping Differential Sampling ATER -
5 ADC Clack Conversion Trigger Clearing sa... -
.-\ Conversion Clock Soumee | FORCZ - Cutput Format Abmlute de... -
Conversion Clock 4 TCY Positive Voltage Fef AYDD -
Anguisttion Time 1 - T4D Wegative Voltage Ref AVER -
J
TAD: 125E-7
Selected Channels
Fin Fin No. Channel Custorn Name W19 4 5 6 7 11 14 15 16 17 18 21 72 23 24
Chanmnel VB
Charmel VEG/2 FCRTBY
%hﬁmlli{}‘;g T IR R 0 T 0 e L R T e
r—emm#%iml_-
Ra0 2 ANO | Channel VE1
C
TERTI TTT a8
TARTI TIRX ﬂ
TARTL TIRT:
TARTI TICTR
TARTI MBCLE
ADC1 VEEF- H
ADCY TREF+
soct [ aN @il || u Bh
J
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R Lab9 ADC Single CH Manually

MICROCHIP

Resloral ralning Code Example

main.c

ADC1_ChannelSelect(ADC1_CHANNEL_VR1);

while (1)
if (T2Flag)
{
T2Flag = 0;

KDCl_Stop() ;
}

if (_AD1IF)

_AD1IF = 0;

sprintf((char *) UARTString, "VR1 Value : %4d\r\n",
ADC1_ConversionResultGet( ) );

UART1_WriteBuffer(UARTString, strlen(UARTString));

}
UART1_TasksTransmit( ) ;
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MICROCHIP

Regional Training

Lab10 ADC Single CH Timer3 Trigger

Centers

2R FEBMCCHIEEE, FELab10Z2

-5 AR B2 B -> Timer3/id

1|¥E$ZADC1§§EE
=2 ETimer3gy:E

HHJ BRIRSCHHTIimer1 &) ﬁ%%ADCE’ﬁz‘EH EZ, ADC1EEIR = LI

BHAA50mS °

Timer3 B &858, 50mS—X

B A HPolling ADC Flag(_AD1IF)3 5 T iESRADCEZ G ERTE A -
BANEAL IRt S

BB EEE L, FEUARTLEZE 2 PCE -

=T

18 _LIZ2ZADCIHY
SHEIA -

A=

A AE °
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R Lab10

MICROCHIP

Reglonal Training ADC Single CH Timer3 Trigger Result

Centers

m B FSZ E%ﬁ-_l-ﬂ? C:\Exercises\Exams\Lab10 ADC Single CH Timer3 Trigger.X)

) #Z=RIRIMCC, (EXADCIE R, RIEEBEH EREMERTE -
() R RE2EEN, BB ERRE LSS E 1 (TMR3) -

BT cOM12-9600baud.

YR1 VYalue :
YR1 Value :
YR1 VYalue :
YR1 Value :
YR1 Value :
YR1 Value :
YR1 Value :
:Rl Value :

W
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R\ Lab10 ADC Single CH Timer3 Trigger

MICROCHIP
Regional Traini i
egional Training Block Diagram
— >  ApcxBuro
>
T~
Sample Conversion Trigger ADC
SAMP =1 SAMP =0 (Timer 3 Only)
? TGATE PR3
: Eqpal v
o\; ADC — )0/ «——o—Comparator
A
i > TMR3
1.FEN(SAMP =1;) — 1.5 E)(SAMP = 0;) S Reset
2.HE)(ASAM = 1;) 2.INTO
1 3.TMR3 <
= 4.8 80 .
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R\ Lab10 ADC Single CH Timer3 Trigger

MICROCHIP

Regi%l:::'ltZasining M C C’ S S Ett i n g

enerate Code ()

Q| €1 ADCI i using: TMR3
| |5 Indtialize x
a Lev
2 Ensble ADC
@ Ensbls Auto Sampling Ditferential Sampling AVSS v
@ ADC Clack Conversion Trigger TMR3 = ]
o Conversion Clock Soume FOSC.Q - Cutput Format Abmlute de... -
Conversion Clack 4 TV Pasitive Toltage Ref AYDD -
Acquisition Time 1 - TAD e gative Toltags Ref A¥ES -
TAD: 1 25E-7s
Selected Chennels Generede Code (4)
Pin Pin No. Channel % = TME2 iz nsed 1: ADC1
| 5| |55 Initialize - | [#][=
m
B Bl T [F] Ensble Crate
— =
: hidj Timer Clock Timer Period
— r .
LD 2 e B & ClockSouce  |FOSCE = Period Value 0wl = |O:30D4 < OxFFFF
i)
y Input Frequency 16,000,000 H= [ Timer Perind Onz=  S0ms = 262.140 ms]
Frescoler 164 -]
[7] Enable ADC Intermupt
[ "] Enable Timer Intermupt Callback Fonction Rate: |1 % TimerPeriod = 50.000 ms
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R\ Lab10 ADC Single CH Timer3 Trigger

MICROCHIP

Resloral ralning Code Example

main.c

ADC1_ChannelSelect(ADC1_VR1);

while (1)

{
if (T2Flag)

T2Flag = 0;
\ =
if (_AD1IF)
_AD1IF = 0;
sprintf((char *) UARTString, "VR1 Value : %4d\r\n",
ADC1_ConversionResultGet());
UART1_WriteBuffer(UARTString, strlen(UARTString));

}
UART1_TasksTransmit( ) ;
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MicrocHIP Auto Channels Scan
Regional Training
. ﬁ__DDATE'ZTEEEﬂ BIRHED, BB E(CSCNA = 1), OIfF
RUBE IR g 3 % 3
® %F&E@J%?* ADXCSSL | 0 1{of1
ANO .\[:___
&, ADCEE &) . HETRER T,
E/JL /\tﬂjﬁ\lh - RTREZBEENMARHEEHEHD -
=, BIEITAD . MuXE—
HEE .
® EI: EBSMP”H/J AN15 L S/H ADC
%7, IR
QEUEEi$g§nEJE¥%%EE AVSS

VR-

Buffer PV 1F

R
M| EHL

VCFG

CHONA
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MICROCHIP Channel Scan Select

Regional Training
Centers

ADxCSSL
Bit 15 Bit 8
CSSL12 CssL11 CSSL10

Bit 7 Bit 0
CSSLS CSSL4 CSSL3 CSSL2 CSSL1 CSSLO

o [RT FRBUGERIEEZEIUINADXCON2bits.CSCNA = 1) » IEMN/BIEE
BPLEBIE ZEITIR I - B L VI 2K EADXCSSLE =8 © %
SEATLREE, MBI -

o ADCUIBIEN;, SkBERE, H/NEAXBTY)REE, iEig

=
:%l:l °
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mecrociie — [MJCC’ Channel’s Scan Support

Regional Training
Centers

o EMCCH, REZTEADCIHE BRI T, iFSelect ChannelsEHY
ScanF] AV who]LFERIChannel ScanIhEE, W isE sz @BENIA
Scan List °

Generate Code (3) <« Resurces ] ’ Pin Manager ==
8 4= ADCI is nging: TMR32
< Initialize -~ | |H]|x
E &
% Enable A10C
@ Ensble Auin Sampling Differential Sampling :AVSS -
=) ADC Clack Cameminm T "TMR3 -
— I
Converson Clock Souree | FOBCE2 - Chatput Format Absaolute de... -
Converdon Clock 32 TCY Positive Voltage Ref AYDD -
Aeguisition Time 2 - TAD Negative Yoltage Fef ATES -
T4l 1.0E-gz
Selected Channels
Pin Pin No. Channel Custom Naime Sean Enable
Channel ¥R
ERZ 14 ANZ YE1 i
ERz 13 ANE YR i
—
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M?:%\CH,F, Lab11 ADC Multi CH
R o i"E Timer3 Trigger Interrupt

o EMEBMCCHIERTE, ELab1122 48 HENADCIERE, 15
ADC1cd B R 2215, R ENETEIE5E73” - W B FRRIADC
Channel Scan, 1§VR1, CDSEL K Temperature SensorfVE{EZE 38
EHE T S -

o FRACSMPIRVER TE, AR 2| B AL R EBufferT INTEI A T,

o EEFHATimerEHIRUAEVRL, CDSEL K Temperature SensorfYE]
BEE - BBEEEE, FEUARTIEZEEPCHR » BANIELR
M= E - -
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MicROCHIP MCC’s Bug Fix for ADC Scan

Regional Training
Centers

e MCCV2.25.2 RESRIADCHERE LK E], H BRI BBug, ERIFEINEE
BAEVERBEIINEEAIES - BRIMBFFZN, A 8elE=EFHFE -
e ADC1_Initialize( ), FBIMAA &7 1ZZNEE
AD1CON2bits.SMPI =2; // BlE = IR 1HBEZ -1, (3-1)

e ADC1_lInitialize( ), iFIENAL 2B} 7 1ZZNEE
adcl_obj.intSample = AD1CON2bits.SMPI + 1; // {E IFEVE R &R IR 2

adcl.c adcl.c

}/oid ADC1_Initialize(void) }/oid ADC1_Initialize(void)
AD1CON1 = 0x8044; AD1CON1 = 0x8044;
AD1CON2 = 0x0400; AD1CON2 = 0x0400;
AD1CON3 = 0x021F; AD1CON3 = 0x021F;
AD1CHS = 0x0000; AD1CHS = 0x0000;
AD1CSSL = 0x000C; AD1CSSL = 0x000C;
AD1CSSH = 0x0000; AD1CSSH = 0x0000;
AD1CON2bits.SMPI = 2; AD1CON2bits.SMPI = 2;
adcl obj.intSample = AD1CON2bits.SMPI; adcl obj.intSample = AD1CON2bits.SMPI + 1;

} IECODbits.AD1IE = 1; } IECODbits.AD1IE = 1;
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R Lab11 ADC Multi CH

MICROCHIP
Regional Training Timer3 Trig_ger Interru pt

Centers

() FREEEEXR

(C:\Exercises\Exams\Lab11 ADC Multi CH Timer3 Trigger Interrupt.X)

) EZRBIMCC, IZ2iZADCIE R, IRIEE B BEKBAEEE -
0 AR RO DIERER = EELBENER -

Ll COMS - Tera Term

File Edit Setup Control Window Help

CDS Value : 240
Tempature VYalue : 243
VR1 Value : 137
CDS Value : 241
Tempature VYalue : 243
YR1 VYalue : 1735
CDS Value : 248
Tempature VYalue : 243
YR1 Value : 734
CDS Value : 248
bl - Tempature VYalue : 244

m5‘ Oseer
" q? et “_ "" YR1 Value : 736
L CDS Value : 241
;_E_..-._.-'.i(" Tempature Yalue : 243

YR1 VYalue : 735

ﬂllﬁll-l:g:g.\ CDS Value : 262
Tempature Yalue : 243

0@
1
?
7

3
FETTTTTTTTOTTTT
G 0P s PP PSP
R i .
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R\ Lab11 ADC MultiCH Timer3 Trigger Int.

MICROCHIP

Regi%l;anlt:rrasining M C C’ S S Ett i n g

(renerate Code (4) <= Fesoumes ] [ Pin Manager =
[MPLAB® Code Configuratar Module Compaser|
g
5 To set the interrupt vector's prioxity, vee the Priority colummn.
T
Generate Code (4) E Vector Number Source Description Priority
2 3 TMR1
8 3 ADCI isusing: TMR3 E 7 TMR2
=4 - 1- - 11 TARTL
I Il | - S
(] i
% Enable ADC ;f'_] |
hi} Enable Auto Sampling Differential Sampling |_.°,VSS - | r
©)| | ADCClock Conversion Trigzer ‘TMR3 2
L Conversion Clock Souree | FOSC/2 - Output Format | Absolute de.. v |
Comversion Clack 4 Y Fositive Voltage Ref [47DD -
Acquisition Time 1 - 14D Negative Voltage Ref A¥Ss |
TAD: 1.25E-7s
Selected Channels
Pin Pin Na. Channel Cusztom Mame Scan Enable
Channel YBG
Channel TEG2
Channel CTHU
Channel AVSS
Channel A¥DD
T Y Chasel_VRI
R4l 3 AN1 Channe]l CDE
RE12 23 AN12 Channe] MCPI700
Enable ADC Interrupt
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R\ Lab11 ADC MultiCH Timer3 Trigger Int.

MICROCHIP

Resloral ralning Code Example

adcl.c
extern volatile unsigned char AD1Flag;
extern volatile unsigned int AD1Buffer[3];

void __ attribute_ ((__interrupt__, auto_psv)) _ADClInterrupt(void)

{
// clear the ADC interrupt flag

IFSObits.AD1IF = false;

AD1Flag = 1;
ADC1_ConversionResultBufferGet
((uintl6_t *) AD1Buffer);

d

— e

main.c

volatile unsigned char AD1Flag = 0;
volatile unsigned int AD1Buffer[3];

while (1)

|f (AD1Flag)

AD1Flag = 0;

sprintf((char *) UARTString, "VR1 Value : %4d\r\n",
AD1Buffer[0]);

UART1_WriteBuffer(UARTString, strlen(UARTString));

sprintf((char *) UARTString, “CDS Value : %4d\r\n",
AD1Buffer[1]);

UART1_WriteBuffer(UARTString, strlen(UARTString));

UART1_TasksTransmit( ) ;
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