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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
sRIE 1T AV, R A AN SRV L SR SADCA SR NEBR T E,
EMESASELEHRNER EEHRBESHER ML EL,
ESE{LRBHBIEFR,
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MICROCHIP PIC32’s ADC Architecture

Regional Training
Centers

e PIC32MX470E.75 — T o wmw e e
47 FSAR(EEIR o [T 11

| |

| . |
119\{ 3%) EI\J lo_BitS ADCO : CTHM%EEE_ : e ADC1BUFD
BE2¥ 128t = Ll e
ZTEE i&%ﬁﬁ = ] i/——:: N |
il 5 - T =

|

|

o ,—\mfl{ﬂglnn, E.I-BIE
BER STEALE - J
RS . =

M EHRERERA

 Vio, Vo IR Vier, , Vagr BAVp, AVs o
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MICROCHIP PIC32’s ADC Architecture

Regional Training
Centers

o ADCAZEBuffer(ADCXxBUFO ~ ADCxBUFF, £ 1618), A LA Z &R
FTIB2iER, ERRALEN\ENREH/ER, NE/EE,
32/16 Bits) o

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

Buffer (ADCxBUFO ~ ADCxBUFF), ¥Can't Access.
e |Index®= B Ebij_]l]’ SN n *Auto Increment
) per Conversion.
EE %ﬁ(lnterru pt Request)Tﬁ, *Reset by
Indexéﬁﬁ = . |I1dex ADC Interrupt Event.
. ADCTIERTE £ R iR, > e
%ﬁ H:II I:FI gﬁ' o5 3}2 —>|  ADCxBUF2

(1~ 16X)0 o—< ADC >
For Example:

AD1CON2bits.SMPI = 0; Or
AD1CON2bits.SMPI = 15; —_—>|  ADCXBUFF
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o .
mecrociie - ADC Sample, Conv. Trigger Source

Regional Training

Centers
e ADCHYEEIAHE B —BLEIT~4E AD1CON1bits.SAMP
#, A B ESERE ! |
SAMPLTT(A/D Sample Enable bit), | Samele 7 | Conversior
T SH 4= B i B
SAMP=1RFHE 1T EUER, . 4
SAMP=0 Rl E 1T, N T
. ADCE@_@JW%E%iE?THRﬁ, 1L.FB(SAMP=1;) = 1.FB(SAMP = 0;)
HiETEE, 2. &I H(ASAM = 1;) 2.INTO
. | 3.TMR3
o ADCH2fE"HUER“ 53 IR A:]
B &), F &,

o ADCHEAE"EH “HEEEIR:
F &), 88, AR ET S Timer3 Match,
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"X
Mlit:x?cmp

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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ﬂ/
M.c?;?cmp ADC Channel Select

Regional Training
Centers

o ADCHYIE i A B LUZIEANO~AN30, B imia A Bl 888
VR_(VREF-j?' AVSS) ° CHOSA/Bx

o S A thTE o [k
FREZEIANL =R
P RH B AR LR, anz
A5 AADC
(EimEEE),
° Ejﬁi‘é@_] *Eﬂ;{ AN30 | IS ADC
,’EEJ”EIJEE 7\,15 AN1
MERMHRRM | A

(GND), 3

VR-

Vref-

CHONA/Bx
VCFG
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R .
MICROCHIP XC32 ADC Function & Macro

Regional Training
Centers

o EHABADCEHE
OpenADC10( ); // BUEADC, 52 EADCTEER,
SetChanADC10( ); //FEENYIADCXHY ERERIBIE .
ConvertADC10( ); //F BN R ELEEIE( SAMP ->0) »
BusyADC10( ); // BIERADCER B ICEkF?
ReadADC10( ); O

o OE o« W &

—. = @’- = L
// g A D B Uffe rﬁgﬂyA D % }ﬁfé Eg I%E % o f:@ | ::w ]ifr;:@ | ;ﬁrﬂ%ﬁiﬁl 1 ""’ PICSIMX o ients | Index | Home  Previous | Up | Next

Peripheral Library

ConfigIntADC10( ); o (| I

= @ 4octo Macros

s EIJ q:l ﬁ@ %*E I:I:I %Fﬂ&m ADC\mmudnuc::]unns
/] "X TEADHY : o o

ADC10 Example

AcquireADC10 Starts ADC acquistion by setting
@ 4DC10 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 ConvertADC10 Starts ADC conversion by clearing

sample bit (SAMP)
@ 10 PORT
L EnableADC10 Enables ADC
@ OSCILLATOR
0 OUTPUT COMPARE OpenADC10 Configures ADC using passed
0 PMP parameters

@ POWER SAVE ReadActivesuffers 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

0 RTCC 16 ADC Buffers (ADCBUFO -

ADCBUFF)
& sPl
@ SYSTEM SetChanADC10 Configures the ADC MUX inputs

m o TIMER
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m
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_AN19 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 AN109 |
ADC _CHO NEG SAMPLEA NVREF |
ADC_CHO POS SAMPLEB ANO |
ADC _CHO NEG SAMPLEB NVREF );
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/(/ °
Mé?cmp How to Display
Reglonal Tralning Additional Information ?

Centers

e APP028-1N R BIRMAKZHE R E, {EPICI6F1455WEE
USBEYModule, & 1tk E AP FI FHUSB ModuleE {EUSB CDCEE BIHY
USB to UART Bridge(USB Serial Emulator)o

e PIC32R] LAEIBUARTAS B BIE#EPIC16F1455, B HUSB Serial
EmulatoriZ#5PC,

o PCLAITJLUZEIR KK mEEREREREMN,

e PIC32LHHBEMHIBILER ERTK, REFEAprintf( )X, B
a] ARG E EH3E 1B USB Serial EmulatoriZ 45 PCo

e For Example
printf( "Hello, This is Microcihp PIC32 Demo\r\n" );
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@
MICROCHIP USB CDC Emulator

Regional Training
Centers

o TxMIAPin6(RC4), RxMI BPin5(RC5)s D1, D247 Bl & 1E 3% B 32
WERFEIE 15~ B el ERERNEI,

o B EEHEAMHIAIUSB Connector FBEFEFHUSB to UART
Bridge(USB Serial Emulator)AY ZH &E.

o IEEREFLS, IR L ERRETEEN, EHEPIC232EEPIC1I6RY UART,
T B ﬁﬂ
'“'1 AT i ] Univer sit
Po e-l l 18 20 25 24 26 28 30 32 Qaly 7 _J.,r_‘]u'

= :::::::} M ..

18 21 23 25 27 25 A UﬁIQT C on. EN

— 5 = :

[ o Sn Tan S W W S mgg

CON? i pltrsz"’l:] lllllll@ 2Pu LED"

- L
] L]
s  DANAEL N ST
S 12713 14 _

i :

O m
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M,CF}?,CH,F, Driver Install for
USB CDC Emulator

Regional Training
Centers

e USB CDC Emulatorfy £ 88 B &£ 78 St 1& 8%,
E%Mml USB Cable@%con\ls JtI:HTPCf%tHIE”?iz I FAEEE AV ;

= o b |
B EEFREZXEENEERIER, =
BED ITA BREV =AW
(Path:\USB Serial Emulator Drlver\mchpcdc.lnf) e E e
\ N 4 {5 AdamSyu-PC
s IDE ATA/ATAPI 232

ZREBEZ H—EcoM Port, KPIAGFEIB e

s+ ==

APIC32RYUART BB

iE {ElCOM PortKE

i,.' ﬁEHE FIEmEERE
» Y5 EHE (COM A LPT)
Fl sER=miEEss

-y EHEFEREESE
4 --"? W|EIE (COM 7 LPT) B W
? Intel(R) Active Management Technology - g el

.7 USB Serial Port (COM11) & o
._i_!. BEEREMNEERE

m

o I BEEE

TETESEEHENE xj

EE— MEELERGARE -

Ty
1

~
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k) Setup Terminal

MICROCHIP
Regional Training Te ra Te r m

Centers

e HMRWindows XPEHVOST B HEMMKR i MR HEH
Windows 7, 82 0S, Bt T B EEE, = o] LLEE#2COM Port
FY AR RE

e FBIEEEKTera Term, AREBFARAETera Term,

}E ECOM Port, X E 49600, N, 8, 1,

(Path:\Tools\ teraterm-x.xx.exe)

Tera Term: Mew connection Léj ¥ COMS5-9600baud - Tera Term VT = | B |t h Tera Term: Serial port setup
File Edit [Setup| Control Window Help

o TCPIP myhost.example.com COMS - oK

Terminal

=
s =
o
=

History
Window...

Font...

Telnet 2
@ SSH S5H2
Other
UNSPEC

o Serial Port: [COM3 -]

=
=]
o
-

3

o

Iz &

13 S
-‘: : E
v,

Keyboard..

T 9 @ 3
¥ & w o

38

Serial port...

Proxy..

SEH..

SSH Authentication

lea
£

]

a =]
5 £ 5
a o

=

S5H Forwarding..
55H KeyGenerator.
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ﬁ
Mlcg?mmp Lab6 ADC Single CH Manually

Regional Training
Centers

o TELabsHEERER L, EXEMAADCHER BT, FAADCIO
REVSVRIWE LLERE, WiEBprintf( B FE RERTEPC
Lo
ADCH THEEXREA, BBEE, FEEMR B BEEREAS
AN19(VR1), 16BitsESEE H K X,

o ADCHIERE LETimerEHM R %, 58 E L EE /0, 5t BB R BA S,
T #ADC Function®fER G E. EDMET#E
OpenADC10( ),SetChanADC10( ), ConvertADC10( );
BusyADC10( ),ReadADC10( ), %,

o {FFBootloaderigiEN /B &R EAPP028-1, BEEXHITHIE R
BB EERE U LAPCEEE|IVRIM{E(0~1023),
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k) Lab6 ADC Single CH Manually

MICROCHIP
Regional Traini 1
egional Taining Block Diagram
——>{  ApcxBuFo
>
T~
Sample Conversion
SAMP =1 SAMP =0
o\ ADC |-
1L.FB(SAMP=1;) = 1. FE)(SAMP = 0;) <[ CMVertADC10();
2. BB (ASAM = 1;) 2.INTO
| 3TM™R3
= 4.88
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m

Mcroctie - L ab6 ADC Single CH Manually step1

Regional Training
Centers

2RXADCH THE, BEREENARE D

Ny

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

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

o N{AAEESADCRI S I 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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ﬁ
Mlc?f'\ocmp Lab6 ADC Single CH Manually step2

Regional Training
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( L')HUIEEADC
ERTER FRBEENES ERIER,

e Interrupt FlagiR

A ? Sample :

Busy FlaghYZ= £ ! ! amee h . - c
EADCEEEN1ERF,
BRERERE, ; : >
25 BB, ADCIF | R
LENME, S i

BUSV FIag*BZEQE, Done(Busy Flag) S
B A RE R K HIER,
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ﬂ{? Option!

MICROCHIP Channel Scan

Regional Training
Centers

e PIC32ADCEEEBEERE HREEREEINADCE B EY

I B : s
"‘EJ:L’,E'E’_
A Eﬁj:ﬁ] AN C ADxCSSL | © = 1(0]|1
EATHR, ANL __ HBUTRER,
o PR " FRERBEEMABHEES,

£{(SMPI<3:0>) . Muxp—
HY &% XE A LA E )
R BERE wl) " h =
FHF EBuffer
PRI AN | s ™

N -

< /H CHONA

VCFG
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ﬂ’? Option!

MICROCHIP Channel Scan Initial

Regional Training
Centers

EE&FH Channel Scan, A] BAT£0penADC10H & EADC_SCAN_ON,

W HigE B BIE:

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_ON |
ADC_SAMPLES_PER_INT 2 | ADC_ALT BUF_OFF | ADC_ALT_INPUT_OFF,
ADC_SAMPLE_TIME_31 | ADC_CONV_CLK_SYSTEM |

ADC_CONV_CLK 32Tcy, feE AR EE
ENABLE_AN19 ANA | ENABLE_AN18 ANA,

SKIP_SCAN_ANO | SKIP_SCAN_AN1 | SKIP_SCAN_AN2 | SKIP_SCAN_ANS3 |
SKIP_SCAN_AN4 | SKIP_SCAN_AN5 | SKIP_SCAN_ANG | SKIP_SCAN_AN?7 |
SKIP_SCAN_ANS | SKIP_SCAN_AN9 | SKIP_SCAN_AN10 | SKIP_SCAN_AN11 |
SKIP_SCAN_AN12 | SKIP_SCAN_AN13 | SKIP_SCAN_AN14 | SKIP_SCAN_AN15 |
SKIP_SCAN_AN16 | SKIP_SCAN_AN17 |

SKIP_SCAN_AN20 | SKIP_SCAN_AN21 | SKIP_SCAN_AN22 | SKIP_SCAN_AN23 |
SKIP_SCAN_AN24 | SKIP_SCAN_AN25 | SKIP_SCAN_AN26 | SKIP_SCAN_AN27 |
SKIP_SCAN_AN28 | SKIP_SCAN_AN29 | SKIP_SCAN_AN30);

© 2008 Microchip Technology Incorporated. All Rights Reserved. 10th University Competition : Basic Course

Slide 21



m Option!
MicrRocHIp Lab7 ADC Multi CH Manually

Regional Training
Centers

o ElLabeMERER L, EXEFMBEEERETIEE. FIFHADC
EN{§VR1, VR2BVEE L ERRE, WiFE B printf( ) EIENE RERE
PCt,

ADCH THEE R E A, BEHUR, FEEH, 16BitsHEIE BB
I, FRUEIE R IE(AN18, AN19),

o BIFBADC FunctionfVERBA I, T #EADC FunctionfV{E A 75 %o
T R INA{E A OopenADCx( BN B BV BB, Y T #ENMAE
BERHEENXT, f£HReadADCIO( ) EVE E

o {FEMHBootloaderEIENIEEKIEAPP028-1, BEEAINITHIE M-
mEEE RS YW LAPCEEZIVRL, VR2RY{E(0~1023),




m . Option!
. Lab7 ADC Multi CH Manually
Regional Training Block Diagram
—}—>]  AbcxBUFO
— ADCxBUF1
>
T~
Sample Conversion
SAMP = 1 SAMP =0
o] E ADC =
\
LFB(SAMP=1;) —— 1L.EH(SAMP = 0;) «|COnVertADCIO();
2. Bh(ASAM = 1;) 2.INTO
1 3.TMR3
= 4.8
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m Option!
MicROCHIP Lab8 ADC Single CH Timer3 Trigger

Regional Training

o FHALab7MITENERE, ASADCHY B 2 % 3% 2R F = B % 22 2O
TMR3f§2%, FRETMR3F50mS, G ADCE,

o EIVADCHHETIREER, XWFHBADCHYFER, SREELHE, &
SRR EATERE"S" .

o &R 5EPolling ADLIFRVARE S, S P BT AR #E % X T Mo

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 {FEMHBootloaderEIENIEEKIEAPP028-1, BEEXINITHIE M-
BRREARRAYLUPCEEFE|VRI, VR2BV{E(0~1023),
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N Opion!
’ Lab8 ADC Single CH Timer3 Trigger
MICROCHIP g 8
Regional Training Block Diagram
—}—>]  AbcxBUFO
—>  ADCXBUF1
>
T~
Sample Conversion Trigger ADC
SAMP = 1 ; SAMP =0 (Timer 3 Only)
i TGATE PR3
i Eqpal v
o\: ADC — )0/ «——o—Comparator
0
1.¥!b(SAMP =1;) —| 1.¥!b(SAMP =0;) T3IF (_ Reset > TMRS
2. Bh(ASAM = 1;) 2.INTO
3.TMRS3 <
— 1
4.8E N
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S i Option!
M,Z‘?cmp Ping-Pong Buffer
T enters (Buffer Fill Mode)

o ADCHYBufferfEIR{ERF, B I eE S B £ ADCEECPU[E BFZER AV AR
n, BRERT — S HEBIENEE.

« BEMNIEIZE, BHBuUfferfVIEE K18, CPUIE Z{mEEBufferks,
ADCh [5] BF1E AS T BV B 3 45 SR 17 A Buffer i,

e ADC BufferA] LAt El 55 W 12 & 8 AV 32BitsAY Buffer, YE A Ping-Pong
Bufferf$ F§ (ADCxBUF0~7,ADCxBUF8~F ), % L iRERE ,

o ADCEENXHE R SRXRENEIRIRES,WIFEIBBUFS
(AD1CON2bits.BUFS)2R1Z/R B Bl BN B8, CPUNLE T E
BUFS, S HIADCHY RN E R, RE B 5 —HRZEE, B EFL,

o BUFS=0FF, LIEADCXBUF8~FERBE #l, BUFS=1FF, FiclH
ADCxBUFO~7HXUE & #l,
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k) Ping-Pong Buffer optont

MICROCHIP

Regional Taining (Buffer Fill Mode)

Centers

*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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%, Optlon'
MIZXE»\CHIP Lab9 ADC Multi CH Timer3 Trigger
Rogional Traning with Ping-Pong Buffer

e ERTELabsENEMR I, {ERADCH TR, BARPing-Pong
Buffer Modeo

o R FIRAPing-Pong Buffer Mode, fBEXBufferb, & 7 i 52 BRADC
EEFE—EES], 2478 1FEIBBUFS Bits(AD1CON2bits.BUFS) 3R #&
seADCE BIFE [EIR, T 2N EFNEERRK LB GINE
%,

o {FHBootloaderfG B\ E IR HEAPP028-1, BEEXHITHIB M.
mEEE RS YW LAPCEEZIVRL, VR2RY{E(0~1023),
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R
4 [ [ [ ptlon -
. Lab9 ADC Multi CH Timer3 Trigger
Regional Training P.P. Buffer Block Diagram
— —>{ AbcxBUFO
BUFS =0 —>|  ADCxBUF1
— —>{ ADCxBUFS
BUFS = 1 > ADCXBUF9
Sample Conversion Trigger ADC
SAMP =1 SAMP =0 (Timer 3 Only)
i TGATE PR3
i Eqpal v
o\: ADC — )0/ «——o—Comparator
0
1.¥!b(SAMP =1;) —| 1.¥!b(SAMP =0;) T3IF (_ Reset > TMRS
2. B Bh(ASAM = 1;) 2.INTO
1 3.TMR3 <
=~ 4GB ~
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