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et What’s ADC ?

Regional Training
Centers

e ADC : Analog Digital Conversion, 28 Lt Sy B #1385,
— B AT #& FE L B SR B L By E R VAR A

e ADCHVEIBE, Tl AMEI R M TEFR & EEELE
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MicrocHie PIC32’s ADC Architecture
Centers
e PIC32MX450E8H — i A A [
AIRFSARGERIE | | e L LT
L13£)8910-Bits ADCo | | = [ B el By
BEDIZELE | e R
% T &, iﬁi%ﬁiﬁ D e S
ERIEE, o e
» EMESTHAR | | i
E5EHA, %InnAS'Z?E e - - :
Lﬁh}mﬁ?ﬁ' Ihee,
B ERERERA vatue,. Voo Ve
R+ _VR—
 Vio, Vo IR Vier, , Vagr BAVp, AVs o




MICROCHIP PIC32’s ADC Architecture

Regional Training
Centers

o ADCAZEBuffer(ADCXxBUFO ~ ADCxBUFF, £ 1618), A LA Z &R

S R. ERRARBN\ENEEB/ER, NB/EY,
32/16 BItS)o

e Bufferf&AIndex, IndexARIEEE R EIREZ L R T AHE

Buffer (ADCxBUFO ~ ADCxBUFF)o ¥Can't Access.
o Index% ﬁ Ebij_]l] ﬂ‘gé H:II *Auto Increment
per Conversion.
EE %ﬁ(lnterru pt Request)é, *Reset by
Ind exgﬁﬁ :__’E . |I1dex ADC Interrupt Event.
S 414N % —> X
. ADCHSRE LR B, — W
%5‘% H:II I:F' %ﬁ-%l%;k —>  ADCxBUF2

(1~ 16X)0 o—< ADC >
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mecrociie - ADC Sample, Conv. Trigger Source

Regional Training
Centers

o ADCE"J ET@&EE—%E%‘BZ;@ Sample Conversion
M TEEFHESERE S
SAMP{M. JT(A/D Sample Enable bit), ° ADC
SAMP=1RFHE1THUER, \
SAVP-ORIETHR, | LEBEL: TaFBeme-e

o ADCHYBE)ELAZE L HETTEUE, 1 373
B TER, s

o ADCH 2{E"HUEK“#E 2R
HE),FE.

o ADCHEAE"EH “HEEEIR:
F &), 88, AR ET S Timer3 Match,
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Regional Training
Centers

* SARADCIFE) 7 & HUA” :
B 5 B, RILEE
HYBK B K A 7\ SR EA 535

== I == : EHRNERR
ADCRBHNEREAE | | ,@<“ BABERR
BN ERE. - - | msomanms

e | mEmEpns
ERGAIBRISHER | | RERER ) BRRR | sassns.
EREHER BE 24 B gﬁ; WaEE

o ADCHY B4 HRF ] B #2484

Sample and Conversion Sequence

i B 808 B 2 B K I B RY AR &8, 3R AT e &4 i B T BERE IR EF R

e

-, B3R &0 0] &EfDatasheetERIFHEE &,

o PIC32MXZRFIHIEUAR BF R A B KT, (FEMREFE S 2
Datasheet), EH#ARF BB E F KM 12T,,(1 T, =65nS) o
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M.c?;?cmp ADC Channel Select

Regional Training
Centers

o ADCHY IEim#a A A] LUZIEANO~AN3L, B imia A Bl o181 i
VR-(V¢gr. B AV )o

CHOSA/Bx
o SlmE A th o [l
FERZANLE
WA A B ARG 1R, anz
BJx AADC :
(IR Z BN, : .
° Ejﬁ%@) *’E{H AN31 L s ADC
,’EEJ”EIJEE 7\,15 AN1
MEBHRNS | v BN }

Vref-

(GND), 3

CHONA/Bx
VCFG
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et Analog or Digital Mode

Regional Training
Centers

e BE—T, BIHIRIB, B 1082M(Rxn)AY T EEER 25 LL i A (ANN)
H AW, {EMCUTEReset/Power Onf& MY FE % {E A Analog Mode,
EEMABNVE L AFEA, FIANMRNEEHEER, E£4E A
Digital Mode 1018 3 B 24 78 5E BB Analog Mode, RIBXREE
{EADCHY Bl A B, BIIE 5% E AAnalog ModeF BEIE B B 1E,

e PIC32MX450F2456HiZEIBANSELXIREX TE
Ex: ANSELBbits.ANSB13 = 1; //5% & £ Analog Mode(AN13 Enable)

ANSELx
1 = 3> AND | X ceeeeeeen 101
Bito|| 0 ANO Digital Mode ANS/RPBS/CTED10//RBS
Bit1|| 7 |F> ANz [X] ~on Analog Mode AN9/RPBY/CTED4/PMA7/RBI |\
. /RPB10/CTED11/PMA13/RB10 []
Bit2|[ 1 [F>AN2 | X] = Analog Mode TDO/AN11/PMA12RB11 []
TCK/AN12/PMA11/RB12 J
Bitn!l 0 |F> ANn X1 v Digital Mode TDI[AN13JPMA10[RBZ
{CTEDSPMAL”

© 2008 Microchip Technology Incorporated. All Rights Reserved. 2014 Winter Elite Slide 8



R .
MICROCHIP XC32 ADC Function & Macro

Regional Training
Centers

o EHABADCEHE
OpenADC10( ); // BXFAADC, X EADCTEE R,
SetChanADC10( ); //FEENYIADCXHY ERERIBIE .
ConvertADC10( ); // BN E I SAMP ->0) o
BusyADC10( ); // BIERADCR B ICERA?
ReadADC10( ); s _ S
A=Y MNs - 15 W)= 6 Ee B R R B —

Peripheral Librai

ConfigIntADC10( ); o (| I

= @ 4octo Macros

E}'L = EO q: ﬁ{g %*E q: %mm ADC\mmudnuc::]unns
// X EADH: ) o Sl

ADC10 Example AcquireADC10 Starts ADC acquistion by setting
0 ADC10 Types sample bit (SAMP)

& BUS MATRIX
@ CAN BusyADC10 Returns the status of the ADC DONE
@ CONPARATOR oz
@ COMPARATOR REFERENCE CloseADC10 Switches off the ADC and disables the
0 DMA interrupt
Eth
@ 12c ConfigIntADC10 Configures ADC interrupt
@ INPUT CAPTURE
INTERRUPT
@ 10 PORT
@ Nl EnableADC10 Enables ADC
@ OSCILLATOR
@ OUTPUT COMPARE OpenADC10 Configures ADC using passed
0 PP parameters

@ POWER SAVE ReadActiveSufferADC10  This function returns the buffer that is
& rPs currently being filled by the ADC

0 PREFETCH CACHE
0 RESET ReadADC10 This function reads from one of the

16 ADC Buffers (ADCBUFO -
@ RrTCC ADCBUFF)

= & sPl

@ SYSTEM SetChanADC10 Configures the ADC MUX inputs
m o TIMER

ConvertADC10 Starts ADC conversion by clearing
sample bit (SAMP)
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MICROCHIP ADC Open Example

Regional Training
Centers

e ADCIOMYV#IR1LEa45I:

void OpenADC10( unsigned int config1 , unsigned int config2 ,
unsigned int config3,
unsigned int configport,
unsigned int configscan );
configl , config2 , config3 : ADC10MY T4EHE =,
configport : 5% TE $E L BB FY1EERE X ( Digital Mode / Analog Mode ),
configscan : SR EF BB EFHEENR, ERHENEE,

Ex:

OpenADC10(ADC_MODULE_ON | ADC_IDLE_CONTINUE | ADC_FORMAT INTG16 |
ADC_CLK_MANUAL | ADC_AUTO_SAMPLING_ON | ADC_SAMP_OFF,
ADC_VREF_AVDD_AVSS | ADC_OFFSET_CAL_DISABLE | ADC_SCAN_OFF |
ADC_SAMPLES PER _INT_1 | ADC_ALT BUF_OFF | ADC_ALT _INPUT_OFF,
ADC_SAMPLE_TIME_31 | ADC_CONV_CLK_SYSTEM | ADC_CONV_CLK_32Tcy,
ENABLE_AN11 ANA,

SKIP_SCAN_ALL );
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MicRocHIP ADC Select Channel Example

Regional Training
Centers

o ADC1F EptNH#LEUE B IERY S04
void SetChanADC10( unsigned int channel0 );
channelO : % EChannelOd % T88AN 2% T 28BHY IE S inim A,

Ex:

SetChanADC10(ADC_CHO POS SAMPLEA AN1 |
ADC _CHO NEG SAMPLEA NVREF |
ADC_CHO POS SAMPLEB ANO |
ADC _CHO NEG SAMPLEB NVREF );

© 2008 Microchip Technology Incorporated. All Rights Reserved. 2014 Winter Elite Slide 11



T —
m

MICROCHIP LCD Module Functions

Regional Training
Centers

E P 2R RS B AILCD ModuleBIFunction, AT A B A
(APP026-3_LCM.c)o

o RMLATZEFunction:
void LCM_Init( ) //#1#31LLCD Modules
int LCM_IsBusy( ) //fEHILCD ModuleRy BUSY Flagif & E] AR BE,
1:Busy,0:Not Busyo.
void LCM_PutASCII( unsigned char ) // B = JT,
Void LCM_SetCursor( char X, charY) // iR EiFEN B .
Void LCM_PutROMString( const unsigned char *String ) // i tHconst F &,
Void LCM_PutRAMString( unsigned char *String ) //% HH &R,
Void LCM_PutHex( unsigned char Hex ) //#& S &8 SHex#i .
void LCM_PutNumber( unsigned int Number, unsigned char Digit );

/) B,
e BMFEKRIEMEFEHTCRITIEE, ATLABITIER,

A
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ﬁ
Mlcg?mmp Lab8 ADC Single CH Manually

Regional Training
Centers

o Hlab7HEEREMR L, EFMAADCHER FE. FIFAADCIO
REVIEVRIVEELL BB {E, IWHE /R1ELCD Module k.,
ADCHI THEERARE S, BBEUR, FHEMR HILBEREA
AN11, 16Bits IR BRI, THRBEE R,

e ADCHYERELETimerE#E %, 5 E L EFE ML, KRB H X,
T #EADC FunctionfVIis R A2, EDWET R
OpenADC10( ),SetChanADC10( ), ConvertADC10( );
BusyADC10( ),ReadADC10( ), 3%,

o EiBBootloaderi$TENEREZKIEIMCUF, ARRBEREEFRE
NHITHE N, [EMEERETKE, ] BALCD Module £ & Fl|VR1
BY{E (0~1023),
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k) Lab8 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 [
1L.FB(SAMP=1;) = 1. FE)(SAMP = 0;) <[ CMVertADC10();

2. BB (ASAM = 1;) 2.INTO
|1 3TMR3
— 4.88
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M,C*?m Lab8 ADC Single CH Manually
Regi(g;altzasining St e p 1

2RADCHY T/, BB RIEE AR E 2

\Il

B EX0penADC10( )EdSetChanADC10( )EEE IR 2 8, REE

B X B EIADCHIER B, A% R IR Y 3B 0 @ 25

A B B ADCES 14 EE 4t P

Ho

ADCH 5 TE 2 F B B S IR R 3\, AT DA 78 B 1T WP AL R AF 3%

ADCRA R E #ConvertADC10( )o

A

2 A ATimerlE 4 100mSH FETE 4, 5

ETimer A B A 40

A ConvertADC10( ), BEADCE 100mSEHE 1T — X B,
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k) Lab8 ADC Single CH Manually

MICROCHIP

Regional Training St e p 2

Centers

o H{AIENEADCEE LY it B P

A LA 1B Read ADC10(n)EXEADCBUFnE E RV E &l

78 BN & R B 4 28 5 B

ADCH @Tﬁﬁg‘luNTGetFIag(lNT_ADl);)EEBusy Flag (BusyADC10( );)KEEEADC
ERTER FRBEENES ERIER,

e Interrupt FlagiR

A ? Sample :

Busy FlaghYZ= £ ! ! amee h . - c
EADCEEEN1ERF,

SRR R 4, ; : .
25 FEERU. ADCXIF [ | R
KB Bl ,

BUSV FIag*BZEQE, Done(Busy Flag) S
B AT RE R A K IR,
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MicROCHIP Lab9 ADC Single CH Timer3 Trigger

Regional Training
Centers

o FIFLabSHIEZNERE, iSADCHY B 12 % 2% IR F T Bp #& 2% UK
TMR3f§EE, SRETMR3E20mS, MEEEADCE#E,

o BEIADCHHETIRIEE S, WHIBADCHYFRET, SREB L, B
RHEREATERE"Y .

o #GIR 5tPolling AD1IFRVAE S, SR AKX A AP Ef IR 78 % =X T o

o BIFBADC FunctionBfVERBA 4, T #EADC FunctionBV 8 A 5 7%,
T R AN4al £ FH OpenADCx( ) 2 1y #5 2% 2R R IR
ConfigIntADCx( ); B9 A%,

o EiBBootloaderi$TENEREZKIIMCUF, ARRBEREEFRE
AHITHIER. [EMEERETTE, 0] LALCD Module E & ZIVR1
BY{E (0~1023),
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R\ Lab9 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
1L.FE(SAMP=1;) — 1.5 E)(SAMP = 0;) e e Reset
2. B EI(ASAM = 1;) 2.INTO
1 3.TMR3 <
=~ 4EB ~

© 2008 Microchip Technology Incorporated. All Rights Reserved. 2014 Winter Elite Slide 18



R\ Ping-Pong Buffer Mode
MiCROCHIP g
(Buffer Fill Mode)

o ADCHYBufferfEiR{ERF, B R sE 2 2 £ ADCEECPU[T] BF 17 HUAY AR
T EKER N — S BUENE .

o BEMNIBI 2, BEBufferfYiE E X 18,CPUIE % {m B EXBuffer
BF, ADC th [5] BRF 7E 7S ¥ Y B8 38 45 SR 17 A Buffer R,

e ADC Buffer ] LA4]) Zl 5 /R 32 2% 8 Y 32BitsAY Buffer, ¥E & Ping-Pong
Bufferfd F§ (ADCxBUF0~7,ADCxBUF8~F ), % A5 RE ,

o ADCEBAXRHER EXBNFIMMREESE, I IEBBUFSRER
B ey R [EBiF, CPULZE M EBUFS, 1S AADCHY FELEHE,
REB S —HRZEE IEBER,

e BUFS=0RF FBLEADCXBUFS~FERBE X!, BUFS=1F ik H
ADCxBUFO~7EUB & £,
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R Ping-Pong Buffer Mode

MICROCHIP

(Buffer Fill Mode)

*Accessible.
* BUFS = 0 written to first Buffer,
Otherwise Second Buffer.
*Auto Change per
ADC Interrupt Event.

*Can't Access

*Auto Increment

per Conversion.
*Reset by

ADC Interrupt Event.

BUFS Index Index
JO/ J/ ——>  ADCxBUFO —) ADCxBUFS8
—>  ADCxBUF1 ——>  ADCxBUF9
ADC e > ——>  ADCxBUF2 > ——>|  ADCxBUFA
1 ——>  ADCxBUF7 ——>  ADCXBUFF
——— ——— ———
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MIZXE»\CHIP Lab10 ADC Single CH Timer3 Trigger
Rogional Traning with Ping-Pong Buffer

e ERELbINTENER L, ISRADCKY TR,

e REABBEKHETMRIERER, Y FEBEEHELEEA
AN11, FARAPing-Pong Buffer Mode, EABR BB R IEEIhEE,

o ERXETimer3E20ms, MEADCEE,

o HRADCHETEEVADFENREEN. LRADFEREE X
FEVSADEIREE,

o A FIRAPing-Pong Buffer Mode, SBEXBufferf¥, & 7 i % IRAD

B FZE— B [E ], 4 B IEIBBUFS Bits REESZADC B 85I ZELAY

= .

o FEiBBootloaderiGENEREHKEIMCUP, HRIEBZRFFE
ANHITHIER. [EMERETTE, ] LALCD Module E & ZIVR1
BY{E (0~1023),
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